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| I.—Stereoisomerism of Disulphoxides and Related 
Substances. Part V. The Dioxides of 3:5- 
Dimethylthiolbenzoic Acid. 


By Ernest VERE Bett and Gzorce MacponaLD BENNETT. 


) In Part IIT (J., 1928, 3189) a number of pairs of diastereoisomeric 
) disulphoxides of the fype A*‘SO-B-SO-A were described. Of the 
: two isomerides in such cases, one should be an internally com- 
pensated substance, the other externally compensated and potenti- 
ally optically active. Confirmation of this view was not possible in 
| the examples referred to, owing to the absence of any group in the 
» molecule which would allow of a resolution into the optically active 
| antipodes. The isolation of a suitable pair of disulphoxides is now ” 
7 described, one of which is shown to be separable into enantio- 
 morphous forms. 
' The substance first studied proved to be unsuitable, for although 
’ 8-diphenylthiolethane-mm'-dicarborylic acid, C,H,(S*C,HyCO,H),, 
' when oxidised in the form of its dimethyl ester, yielded a pair of 
| dioxides, of m. p. 195° and 126—129° respectively, the hydrolysis of 
| the ester dioxides was accompanied by a disruption of the molecule 
' so that the isomeric free acids were not isolated. This reaction, 
' which has not yet been investigated in detail, is reminiscent of the 
) scission of | : 4-disulphones by alkalis (Stuffer, Ber., 1890, 23, 1408, 
© 3226). 
' Attention was then directed to 3 : 5-dimethylthiolbenzoic acid, 
» which was synthesised as follows. 
'  Carboxybenzene-3 : 5-disulphonyl chloride, the method of prepar- 
) ation of which was improved, was reduced in the usual manner, and 
| the resulting 3 : 5-dithiolbenzoic acid isolated in the form\of its 
| disulphide, 3 : 5-disulphidobenzoic acid. Methylation of the regener- 
| ated dithiol yielded the required dimethylthiolbenzoic acid. The 
| product of oxidation of this acid by hydrogen peroxide was separ- 
/ated by fractional crystallisation into the «-diowide, m. p. 251° 
'(decomp.), and the §-dioxide, m. p. 209° (decomp.), which were 
present in approximately equal proportion. 
B 
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Considerable difficulty was found in effecting a resolution of either 


of these isomerides into optically active forms, perhaps on account 


of the weakness of the acid caused by the presence in the molecule 
of two sulphoxyl groups of definitely basic properties. The salts of 
these acids with strychnine, cinchonine, quinine, /-menthylamine 
and the active phenylethylamines could not be obtained crystalline, 
but those with brucine were suitable for study. The brucine salt of 
the «-dioxide was recrystallised unchanged, whereas that of the 
8-isomeride showed a continuous increase of rotatory power when it 
was fractionally crystallised from chloroform. Owing to lack of 
material, the process had to be interrupted after seven crystallis- 
ations when it was still evidently incomplete. The acid recovered 
from the salt of highest rotation was 1-3 : 5-dimethylthiolbenzoic 
acid dioxide of m. p. 200—202° (decomp.) and had [«], —99-6° for a 
1-89°% aqueous solution. 

From the mother-liquors of the separatiort an acid was recovered 
having a positive rotation [«])p +9-1° in 2% aqueous solution. 
When this was fractionally crystallised, the mother-liquors furnished 
a dextrorotatory acid having [«], +22-7° in 2-64°% aqueous solution. 
The purification could not be carried further with the amount of 
acid available. 

Although the optically active acids were thus not isolated in a 
state of optical purity, the results afford confirmation of the stereo- 
chemical relationship of the pairs of disulphoxides under discussion : 
the «-dioxide of dimethylthiolbenzoic acid has the meso-configur- 
ation, the 8-dioxide being potentially active. 


EXPERIMENTAL. 

s-Diphenylthiolethane-mm’-dicarboxylic | Acid.—m-Dithiobenzoic 
acid (92 g.) was reduced by heating with glucose (92 g.) and sodium 
hydroxide (48 g. in 100 c.c. of water) in alcohol (300 c.c.) under 
reflux and addition of a further equal amount of alkali during 4 
hour, followed by ethylene dibromide (65 g.). The solution was 
cooled and acidified, and the diphenylthiolethane-mm’ -dicarboxylic 
acid collected, washed, and dried (yield, 86 g.). It separated from 
boiling acetic acid as a white micro-crystalline powder, m. p. 265° 
(decomp.), insoluble in most solvents (Found: C, 57-1; H, 4-45. 
C,,H,,0,8, requires C, 57-5; H, 4:2%). 

Oxidation of the sodium salt with hydrogen peroxide in aqueous 
solution yielded a product so sparingly soluble that a pure substance 
could not be isolated. 

The acid (48 g.), dissolved in alkali (17-2 g. of potassium hydroxide 
in 30 c.c. of water), was added to methyl sulphate (37-6 g.) on the 
steam-bath. The dimethyl ester obtained, after crystallising thrice 
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from methyl alcohol, formed prisms, m. p. 73°, soluble in all the 
ordinary solvents (Found: C, 59-7; H, 5-0. C,,H,,0,8, requires 
C, 59-7; H, 5-0%). 

Isomeric Dioxides of Dimethyl Diphenylthiolethanedicarboxylate.— 
The ester (25 g.) in glacial acetic acid (500 c.c.) was oxidised with 
hydrogen peroxide (18-4 g. of 25-9% H,0,). After 48 hours the 
solution was evaporated, and the residue fractionally crystallised 
from 50% acetic acid. The less soluble «-dioxide was readily 
obtained pure (yield, 10 g.) and the m. p., 195° (decomp.), was 
unchanged by further crystallisation (Found: C, 54-2; H, 4-9. 
C,,H,,0,8, requires C, 54:8; H, 46%). 

This substance, reduced with zinc dust and hydrochloric acid in 
acetic acid, yielded the parent disulphide, m. p. 73°, as proved by 
direct comparison and the m. p. of a mixture. 

From the mother-liquors of the above crystallisation a much 
more soluble 8-dioxide was isolated; after being recrystallised 
several times from methyl alcohol, it melted at 126—129° (decomp.). 
Like the «-isomeride it yielded the parent disulphide by reduction ; 
there can be little doubt that it is a disulphoxide, but by an oversight 
the specimen was hydrolysed without having been analysed. 

Hydrolysis of these dioxides by alcoholic potassium hydroxide 
caused some profound disruption of the molecule, the crude acid 
obtained having an equivalent of 113 (in place of the expected 185). 

Disulphonation of Benzoic Acid.—By the following modification 
of Barth and Senhofer’s method (Annalen, 1871, 159, 217) the use 
of a sealed tube was avoided and the product isolated as‘sulphonyl 
chloride. Benzoic acid (120 g:) was heated in an open flask with 
fuming sulphuric acid (240 c.c. of 40% SO,) and phosphoric oxide 
(180 g.) at 200° for 1 hour and at 250° for 2 hours. The mixture was 
cooled, chlorosulphonic acid (600 c.c.) added, and the temperature 
raised to and kept at 150—180° for 1 hour so that the chloro- 
sulphonic acid boiled without escaping. The liquid when cool was 
run slowly into ice-water, and the crude disulphonyl chloride 
filtered off, washed, and dried (average yield in four preparations, 
102 g.). 

The carboxybenzene-3 : 5-disulphonyl chloride crystallised from 
benzene in stout needles, m. p. 193° (Found: Cl, 22-0. Cale. : Cl, 
223%). Hopegartner (Monatsh., 1893, 14, 690) gives m. p. 183°. 

Preparation of 3 : 5-Dimethylthiolbenzoic Acid.—Carboxybenzene- 
disulphonyl chloride (120 g.), dissolved in glacial acetic acid (1800 
c.c.) in a 10-litre flask, was reduced by the addition of concentrated 
hydrochloric acid (280 c.c.) and then, in small portions and with 
vigorous mechanical stirring, zinc dust (72 g.). When all had 
dissolved, like amounts of acid and zinc dust were added in a 
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similar manner. The mixture was allowed to become hot during 
the process (2—3 hours). The solution was warmed on the steam- 
bath, and ferric chloride (240 g.) added. Precipitation of the 
disulphide was hastened by dilution with water and the product was 
collected, washed, and dried at 100° (average yield, 66 g.). 3: 5-Di- 
sulphidobenzoic acid was thus obtained as a white powder, m. p. 
195—200° (decomp.), so sparingly soluble in all available solvents 
that it could not be crystallised. It has no doubt a much higher 
molecular weight than that indicated by the formula (Found: §, 
33°7. C,H,O,S, requires 8, 34-8%). 

Reduction of this disulphidobenzoic acid (46 g.) was effected by 
heating with glucose (53 g.) and alcohol (250 c.c.) during the gradual 
addition of sodium hydroxide (50 g. in 100 c.c. of water). The 
mixture was then cooled, and methyl sulphate (63 g.) carefully added. 
After several hours the alcohol was removed in steam and the product 
precipitated by acidification was collected, washed, and dried at 
100° (yield, 38 g.). 3: 5-Dimethylthiolbenzoic acid crystallises from 
ethyl acetate in square or hexagonal-shaped plates, m. p. 153° 
(Found : §, 29-9; equiv., by titration, 214. C,H,,0,S, requires §, 
29:9%; equiv., 214). The sodium salt is very readily soluble in 
water, but crystallises well from ethyl acetate in clusters of radiating 
needles, m. p. 283° (decomp.) (Found: Na, 9-5. C,H,O,S8,Na 
requires Na, 9-7%). 

Oxidation of Dimethylthiolbenzoic Acid to a Pair of Dioxides.— 
Hydrogen peroxide (132 g. of 25% strength), diluted with acetic 
acid (350 c.c.), was gradually added to a solution of dimethylthiol- 
benzoic acid (104 g.) in acetic acid (2420 c.c.). After 12 hours, the 
solvent was removed in steam, and the solution evaporated and kept 
in @ vacuum over sodium hydroxide. The crude mixture of dioxides 
(119 g.) was powdered and extracted with boiling 90% aqueous 
alcohol (480 c.c.). The residue (39 g.), «-3 : 5-dimethylthiolbenzoic 
acid dioxide, was recrystallised from 90% alcohol. The substance 
crystallises from hot water in long prisms, m. p. 251° (decomp.) 
(Found: §, 26-0; equiv., by titration, 245-6. C,H, 0,8, requires 
8, 26-0%; equiv., 246-2). 

The alcoholic extract of the crude dioxides deposited crystals of 
8-3 : 5-dimethylthiolbenzoic acid dioxide on cooling, which were 
purified by several crystallisations from ethyl alcohol (yield, 20 g.). 
The substance crystallises from water in tufts of fine needles, m. p. 
209° (decomp.), and is much more soluble in ethyl alcohol and water 
than the a-isomeride (Found: 8S, 25-9%; equiv., by titration, 
245-3). 

Examination of the «- and $-Dioxides as to the Possibility of 
Resolution into Optically Active Components.—«-3 : 5-Dimethyl- 
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thiolbenzoic acid dioxide was dissolved with brucine (1 mol.) in hot 
chloroform, and the brucine salt obtained in large plates containing 
chloroform of crystallisation. The solvent was removed at 100° 
in a vacuum; the residual powder had m. p. 170—175° (decomp.) 
(Found: N, 4:5. C,.H,,0,N,S, requires N, 44%). The salt, 
which was very soluble in chloroform, was recrystallised twice from 
this solvent. 

A solution of the ammonium salt of this acid, recovered from the 
brucine salt by the action of aqueous ammonia and repeatedly 
extracted with chloroform to remove all the alkaloid, was found to 
be optically inactive. 

The brucine salt of 6-3 : 5-dimethylthiolbenzoic acid dioxide was 
prepared in chloroform solution, from which it crystallised in large 
plates containing solvent of crystallisation. The solvent was lost 
gradually in air and completely at 100° ina vacuum. The dried salt 
had m. p. 130° (Found : N, 4-7%) and was readily soluble in chloro- 
form, but sparingly soluble in other solvents. The optical rotatory 
power in chloroform was [«]p —28-4° (c= 10-3, 1=0-5) and 
became, after successive crystallisations from this solvent (c = 10), 
—28-4°, — 36-5°, — 41-5°, — 46-4°, — 48-7°, — 50-0°, — 52-0°, 
— 59-7°. At this point the salt had m. p. 184° and was not optically 
pure, but the quantity of material was not sufficient for further 
fractionation. The salt (3-5 g.) was decomposed by aqueous 
ammonia and freed from brucine by repeated extraction of the 
solution with chloroform. The ammonium salt was converted into 
the barium salt by means of an excess of barium hydroxide, the 
ammonia driven off, and carbon dioxide passed in to remove the 
excess of baryta. ‘The solution was filtered, and the exact equivalent 
of sulphuric acid (determined on a portion) added. After the barium 
sulphate had been removed, the solution was evaporated to dryness 
on the water-bath. The 1-3: 5-dimethylthiolbenzoic acid dioxide 
thus obtained (1-4 g.) crystallised from 50% alcohol in minute 
needles with a straight extinction, m. p. 200—202° (decomp.). It 
was readily soluble in water or alcohol. Its rotatory power in water 
was [a]) — 99-65° (c = 1-887, 1 = 2, « = — 3-76°) (Found: §, 
26-0. C,H,,0,8, requires 8, 25-9%). 

From the chloroform mother-liquors a brucine salt was recovered 
which had m. p. 140° (decomp.) and a rotatory power of [a]p 
+ 0-59° in chloroform (c = 10, 1 = 0-5). 

The salt was freed from brucine and, by the method described 
above, an optically impure acid (9 g.) was recovered which had 
[«]» + 9-09° in water (c = 1-980, = 2). When this was recrystal- 
lised from ethyl alcohol, the more active portions were found in the 
mother-liquor, and by fractional crystallisation an optically impure 
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d-3 : 5-dimethylthiolbenzoic acid dioxide was obtained, m. p. 190— 
205° (decomp.), having [«]p -+- 22-7° in water (c = 2-640, 1 = 0-5) 
(Found: 8, 25-4%). 


THE Untversiry, SHEFFIELD. [Received, November 8th, 1929.] 





II.—Pellitorine, the Pungent Principle of Anacyclus 
pyrethrum. 


By Joun Masson GuLLAND and GEraLtp UERN Hopton. 


WITH one exception, the pungent acid amides of known constitu- 
tion which occur in nature are alike in containing an aromatic 
nucleus either in the basic or in the acidic radical. For example, 
piperine and chavicine (Ott and Eichler, Ber., 1922, 55, 2653; 
Ott and Liidemann, Ber., 1924, 57, 214) are piperides of piperic 
acid and its geometrical isomeride, chavicic acid, respectively, and 
capsaicin has been shown to be a decenovanillylamide by Nelson 
(J. Amer. Chem. Soc., 1919, 414, 1115). This characteristic is 
shared, moreover, by the synthetical pungent amides, which are 
either derivatives of benzylamine (chiefly vanillylamine) (Nelson, 
ibid., p. 2121; Ott and Zimmermann, Annalen, 1921, 425, 314; 
Jones and Pyman, J., 1925, 127, 2588) or piperides of arylated 
(chiefly phenylated) aliphatic acids (Scholtz, Ber., 1895, 28, 1196; 
Staudinger and Schneider, Ber., 1923, 56, 699; Staudinger and 
Miiller, ibid., p. 711). 

The sole exception to these statements is spilanthol, the pungent 
principle of para cress, Spilanthes acmella, Murr. (S. oleracea) (Asahina 
and Asano, J. Pharm. Soc. Japan, 1920, 503), whose dihydro- 
derivative is n-decoisobutylamide (ibid., 1922, 85). It is therefore 
a matter of considerable interest to record the isolation of a purely 
aliphatic, pungent acid amide, pellitorine, from Anacyclus pyrethrum, 
DC., a plant native to North Africa and gathered chiefly in Algeria. 
The root of this plant is used medicinally under the names Pyrethri 
radix and pellitory root to stimulate the activity of the salivary 
glands, and an alcoholic extract was formerly prescribed for the 
alleviation of bronchitis. The powdered root resembles snuff in 
appearance, and when chewed causes a persistent tingling sensation 
and partial insensibility of the tongue, accompanied by profuse 
salivation (Brit. Pharmacopeeia, 1914, p.322; Squire’s ‘Companion ”’ 
to the B.P., 1916, p. 1112). 

The pungent constituent of pellitory root was first examined by 
Buchheim (Arch. exp. Path. Pharm., 1876, 5, 455), who isolated a 
syrup which slowly solidified to a mass of waxy microscopic needles 
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of very low melting point. He named this material “ pyrethrin ”’ 
and classified it as an amide allied to piperine. By hydrolysis he 
obtained an oily acid and a base, of which the sulphate was erron- 
eously stated to exhibit all the properties of piperidine sulphate. 
Later, Dunstan and Garnett (J., 1895, 67, 100) obtained a brown 
resin which partly crystallised on long standing. They called this 
product “ pellitorine ’ * and stated, without advancing any real 
experimental support, that on hydrolysis it gave rise to what 
appeared to be a pyridine derivative possessing basic properties. 
In the following year, Schneegans (Pharm. Zeit., 1896, 41, 668), 
having used a more laborious process of extraction, recorded the 
isolation of a somewhat purer specimen of the active principle, 
which formed colourless needles, m. p. 45°, but no attempt was 
made to ascertain the constitution of this material. 

During the earlier experiments of the present investigation of 
pellitorine, the method of extraction used by Schneegans was 
employed, but later it became evident that the simpler procedure 
of Dunstan and Garnett was equally efficacious when followed by 
the complex fractional distillation which has been found essential 
to free the crystalline principle from neutral oily by-products. 
Earlier workers have commented on the extreme difficulty of 
eliminating the latter substances. The syrup obtained by evapor- 
ating an alcoholic extract of the dried powdered root + was extracted 
thoroughly with ether, and the ethereal solution was freed from 
acidic impurities and evaporated. The residual syrup was distilled 
under highly reduced pressure (0-2—0-5 mm.), and the distillate 
was subjected to a series of fractionations which are described in 
detail in the experimental section. Ultimately fractions were 
obtained which rapidly crystallised in the receiver, and crystallis- 
ation of these from light petroleum yielded colourless feathery 
needles of pure pellitorine, m. p. 72°. Considerable quantities 
remained in the mother-liquor, from which further amounts were 
obtained by distillation, crystallisation of the solid distillate, and 
repetition of the process. The yield of pellitorine obtairied from 
13 kg. of root was 5 g., or 0-04%, but the actual content is probably 
of the order of 0-06%. Pellitorine is flavourless, but a milligram 
causes profuse salivation when placed on the tongue. The pungency 


* We propose to retain this name in preference to the earlier ‘‘ pyrethrin ”’ 
in order to avoid possible confusion with the constituents of Pyrethri flores 
(‘‘ The Extra Pharmacopoeia,’ 1928, 879), the dried flowers of pyrethrum 
species which are used in powdered form as insecticides (see Staudinger and 
Ruzicka, Helv. Chim. Acta, 1924, '7, 177, and other recent papers). 

+ The commercial alcoholic extract is very much less satisfactory for 
experimental purposes than the product freshly obtained in the laboratory. 
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value was 20 as compared with piperine (100), and was determined 
by diluting an alcoholic solution until the effect of placing one drop 
on @ cover-glass on the tip of the tongue was just perceptible. 

Pellitorine is optically inactive, neutral in character, and un- 
saturated, since it rapidly decolorises permanganate solution. 
Elementary analyses and the determination of its molecular weight 
showed that the formula is C,,H,,ON, and the presence of one 
oxygen atom and one nitrogen atom, and the physiological analogy 
with piperine, led to the assumption that pellitorine is an acid 
amide. This view was confirmed by hydrolysis, which took place 
extremely slowly in boiling alcoholic potash, but was effected more 
rapidly by heating with dilute hydrochloric acid in a sealed tube. 
In this way, a crystalline amine hydrochloride, an oily acid, and an 
oily neutral fraction were obtained. 

The neutral fraction contained nitrogen, but as all attempts to 
crystallise it were unsuccessful and the amount available was small, 
its further investigation was abandoned. 

The basic fraction was shown to be a primary amine by the 
nitrous acid reaction, and was identified as isobutylamine by 
comparison of the melting points of the hydrochloride, chloro- 
platinate, and p-toluenesulphonyl derivative with those of authentic 
specimens, by analysis of the first- and last-named derivatives, 
and by the determination of the melting point of a mixture with 
authentic p-toluenesulphon:sobutylamide. 

The acid fraction had the characteristic odour of the higher 
aliphatic acids, was sparingly soluble in water, to which it imparted 
an acid reaction, and was unsaturated, since it decolorised per- 
manganate solution. In an attempt to purify it by distillation, a 
small amount of a clear, pale brown oil was collected at 160— 
200°/0-5 mm., but most of the acid carbonised. This distillate was 
acidic and unsaturated, but the molecular weight was 271 when 
determined by titration, a figure considerably higher than that of 
pellitorine itself. It seemed probable, therefore, that polymeris- 
ation or condensation had occurred during the distillation and that 
the examination of this material would be of little value in arriving 
at the constitution of pellitorine. 

Since the basic portion of the pellitorine molecule is isobutyl- 
amine, the acidic component must have the formula C,H,,°CO,H, 
and thus lacks four atoms of hydrogen for saturation. Acetylenic 
linkages being unknown in nature, this deficiency may be accounted 
for by the presence either of two double bonds or of an alicyclic 
ring and one double bond, and the choice between these alternatives 
was made by estimating the amount of hydrogen absorbed during 
the catalytic reduction of pellitorine. A methyl-alcoholic solution, 
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when shaken with palladised charcoal in an atmosphere of hydro- 
gen, absorbed the volume corresponding to four atoms of hydrogen, 
and reduction then ceased completely. The tetrahydropellitorine 
thus prepared was therefore acyclic, and being a decoisobutyl- 
amide, it was subjected to direct comparison, and found to be 
identical, with a synthetical specimen of n-decoisobutylamide. It 
follows that pellitorine is the isobutylamide of a n-nonadienecarb- 
oxylic acid, but the position of the double bonds must for the 
present remain indefinite. 

Three observations may be made as the result of this investig- 
ation. Firstly, spilanthol and pellitorine are very closely related, 
differing only in the presence of an extra double bond in the latter, 
and it is an interesting but not entirely unexpected fact that the 
plants which yield them are also related, both being members of 
the order Composite. Secondly, one double bond at least is neces- 
sary for the pungent character of this molecular structure, since 
n-decoisobutylamide is not pungent whereas the two unsaturated 
compounds are both pungent. m-Decoisobutylamide causes no 
reaction when placed on the tongue, but, after swallowing, a local- 
ised tingling sensation lasting for several minutes is felt on the 
pillars of the fauces. Thirdly, the suggested identity of pellitorine 
and piperovatine, the pungent principle of Piper ovatum (Dunstan 
and Garnett, J., 1895, 67, 94), is erroneous, since the latter substance 
has the formula C,,H,,0,N and melts at 123°. 


EXPERIMENTAL. 

Isolation of Pellitorine—Powdered pellitory root (13 kg., in 
batches of 1-5 kg.) was extracted three times with boiling 95% 
alcohol, and the combined extracts were evaporated to a thin gum, 
mixed with clean sand, and extracted repeatedly with boiling 
ether. During this process the mass was stirred as efficiently as 
possible, but with each extraction the residue became harder, until 
finally further working became impossible. The ethereal solution, 
which contained almost all the pellitorine, was shaken twice with 
dilute sodium carbonate solution, washed with water, dried with 
sodium sulphate, and evaporated to small volume. The residue, 
after being transferred to a Claisen flask and freed from ether 
under diminished pressure, was distilled at the lowest possible 
pressure attained by a Hyvac pump. During this operation 
frothing was extremely troublesome. A pale yellow oil was col- 
lected at 150—275°/0-3 mm.; extensive decomposition then set in, 
and a hard varnish remained in the flask and was discarded. The 
distillate was submitted to two fractionations at 0-3 mm. pressure 


with the following results : 
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Fraction C was again distilled : 17% was collected at 170—190°/0-3 
mm. and solidified (D); the higher fractions were dark-coloured 
oils. The solid fractions A, B, and D were combined and crystallised 
repeatedly from light petroleum (b. p. below 40°) by keeping the 
clear solutions in a refrigerator for some days and washing the 
deposited crystals with ice-cold solvent. Pellitorine forms colour- 
less needles, m. p. 72° (corr.), b. p. 162—165°/0-3 mm., which dis- 
solve very easily in organic solvents but are sparingly soluble in 
water [Found in material dried at 80°: C, 75-2, 75-0; H, 11-4, 
113; N, 6-2; M in camphor (Rast), 224. C,,H,,ON. requires 
OC, 75-3; H, 11:2; N, 63%; M, 223]. It is insoluble in dilute 
hydrochloric acid and sodium hydroxide solutions, but forms a very 
faintly yellow solution in concentrated sulphuric acid. Decomposi- 
tion takes place when a specimen is exposed to the air for some time. 

Hydrolysis of Pellitorine.—Isolation of isobutylamine. Pellitorine 
(1 g.) and 2N-hydrochloric acid (20 c.c.) were heated in a sealed 
tube at 150° for 48 hours. There was no increase in pressure in 
the cooled tube. The products of four experiments were combined 
and extracted thoroughly with ether (E, see below), and the clear 
almost colourless acid solution was evaporated to dryness first on 
the water-bath and then in a desiccator. The residual crystalline 
isobutylamine hydrochloride (1-8 g.) formed colourless needles, 
m. p. 174° (Walden, Ulich, and Laun, Z. physikal. Chem., 1925, 
114, 290, give m. p. 175-5°), when precipitated from absolute 
alcoholic solution by means of ether (Found : ©, 43-7; H, 11-0. Cale. 
for C,H,,N,HCl: C, 43-8; H, 11-0%). The chloroplatinate formed 
irregular plates, decomp. 217°, when prepared in alcoholic solution. 

p-Toluenesulphonisobutylamide. isoButylamine hydrochloride 
(0-24 g.) obtained from pellitorine, recrystallised p-toluenesulphony] 
chloride (1-3 g.; 3 mols.), ether (25 ¢.c.), and 2N-sodium hydroxide 
solution (25 ¢.c.) were shaken mechanically for 12 hours; the smell 
of the acid chloride could not then be detected. The ethereal layer 
was separated, washed with water, dried, and freed from solvent. 
The residual p-toluenesulphonisobutylamide crystallised when cold 
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and separated from light petroleum (b. p. 60—80°) in colourless 
rhombs, m. p. 75—76° (Found: C, 58-2; H, 7-6. C,,H,,0O,NS 
requires C, 58-2; H, 7-5%). A specimen prepared in a similar 
manner from authentic isobutylamine formed colourless rhombs, 
m. p. 75—76° alone or when mixed with the material prepared from 
pellitorine. 

Examination of the ethereal extract E (see above). The ethereal 
solution was shaken repeatedly with sodium carbonate solution to 
remove the acidic contents, and was then washed with water, dried, 
and evaporated. The neutral oily residue (1-6 g.) distilled at 
160—190°/0-5 mm.; the clear distillate, which had an odour not 
unlike that of peaches, contained nitrogen and did not crystallise 
when kept in a refrigerator for some days. It was not examined 
further. 

The acidic fraction (1-8 g.), which was liberated as a dark oil 
from the carbonate solution, was perceptibly purified neither by 
treatment with charcoal nor by repeated precipitation from alkaline 
solution, and an attempt was made to distil it. Much carbon- 
isation took place, and the distillate (0-5 g.; b. p. 160—200°/0-5 
mm.; mol. wt. 271) failed to crystallise. The acid chloride, pre- 
pared by means of phosphorus pentachloride in chloroform solution, 
yielded an oily anilide and an amide; the latter crystallised from 
very dilute methyl alcohol in colourless plates, m. p. 35°, which 
dissolved very readily in organic solvents. 

Tetrahydropellitorine (n-Decoisobutylamide).—A solution of pelli- 
torine (0-342 g.) in methyl alcohol (25 c.c.) was run into a suspension 
of palladised charcoal (from palladous chloride, 0-2 g., and char- 
coal, 1-5 g.) in methyl alcohol (25 c.c.) which was stirred mechanically 
in an atmosphere of hydrogen: the absorption of hydrogen (69-6 c.c., 
corrected to N.T.P.) ceased completely after 3 minutes. The volume 
of hydrogen required for the addition of 4 atoms of hydrogen to 
C,,H,,ON is 68-2 c.c. The solution was filtered from charcoal, the 
methyl alcohol distilled, and the residual oil dissolved in ether and 
dried. Removal of the solvent yielded tetrahydropellitorine as a 
colourless oil which rapidly crystallised in flat needles, m. p. 35° 
{corr.), very soluble in organic solvents (Found: C, 74:1; H, 12-7. 
Cale. for C,,H,,ON: C, 74:0; H, 12-8%). This material melted 
at 36° when mixed with synthetic n-decoisobutylamide, m. p. 36°; 
the necessary decoic acid, m. p. 31°, was obtained by the hydrolysis 
of a carefully fractionated sample of commercial ethyl decoate, and 
the amide was obtained by the action 8f isobutylamine on the acid 
chloride in benzene solution. 


THe Dyson Perrins LABORATORY, 
OXFORD. [Received, November 9th, 1929.] 
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12 GIBSON: 1 : 3-DITHIOLAN. 


III.—1 : 3-Dithiolan. 
By Davin T. Grsson. 


Hag CHe and of 1 : 3-dithian, 


although inferred (Baumann and Walter, Ber., 1893, 26, 1129; 
Autenrieth and Wolff, Ber., 1899, 32, 1375), has not been described. 
The preparation of ethylene dimercaptan (Meyer, Ber., 1886, 19, 
3263; Fasbender, Ber., 1887, 20,461; Frasetti, Ber., 1905, 38, 491) 
may be more conveniently effected by an extension of Purgotti’s 
method (Gazzetta, 1892, 22,416). The condensation of formaldehyde 
and ethylene dimercaptan actually yields two products, dithiolan 
and a voluminous solid polymeride. Dithiolan could not be obtained 
by the reduction of ethylene trithiocarbonate (compare Hurtley and 
Smiles, J., 1926, 1821), but it is directly obtained by distilling a 
mixture of formaldehyde, sodium ethylene thiosulphate, and 
hydrochloric acid. 

Dithiolan is converted by hydrogen peroxide into a liquid monozide, 
the green solution of which in sulphuric acid immediately becomes 
deep red on addition of a drop of anisole. With platinic chloride the 
monoxide gives an orange-red compound, (C,H,S,),PtCl,,H,O 
(compare Tschugaev and Benewolenski, Z. anorg. Chem., 1913, 82, 
420). In presence of hydrochloric acid, one molecule of the monoxide 
undergoes oxidation at the expense of another, one-half of the 
material being recovered as dithiolan, and the remainder precipit- 
ated as an insoluble amorphous dioxide (compare the first oxidation 
product of tetramethoxythianthren; Fries, Koch, and Stunken- 
brock, Annalen, 1929, 468, 166). 

1: 3-Dithian was obtained by treating trimethylene dibromide 
with sodium thiosulphate, formaldehyde, and hydrochloric acid. 


TuE isolation of 1 : 3-dithiolan, a 


EXPERIMENTAL. 


Ethylene Dimercaptan.—Ethylene dibromide (200 c.c.), water 
(20 c.c.), sodium thiosulphate (100 g.), and alcohol (100 c.c.) were 
mechanically shaken for 6 hours at 50—60°. The stiff pasty product 
was collected, boiled with excess of hydrochloric acid, and distilled 
in steam, yielding 9 g. of the mercaptan, b. p. 144°. Ifthe hydrolysis 
is conducted with alkali, no mercaptan is formed. 

Condensation of Ethylene Dimercaptan with Formaldehyde.—The 
mercaptan was slowly added to formalin solution, containing a trace 
of hydrochloric acid, below’ 25°. The clear solution, when gently 
warmed, suddenly became turbid with separation of 1 : 3-dithiolan 
and its polymeride. The former was distilled in steam and purified 
as described below. The polymeride, m. p. 105—110°, after being 
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washed with ether, was practically insoluble in any organic solvent ; 
it dissolved with effervescence in nitric acid, giving a red solution 
[Found : C, 34-1; H, 6-1. (C,H,S,), requires C, 34-0; H, 5-7%]. 

1: 3-Dithiolan was more conveniently obtained by treating 
sodium ethylene thiosulphate, prepared as described above, with a 
mixture of hydrochloric acid and twice the calculated «mount of 
formalin. Steam distillation furnished a 50—60% yield of the 
dithiolan, which was purified by refluxing it for several hours with 
aqueous alkali; it then boiled at 175°/760 mm. and 61°/11 mm. and 
had d’” 1-259, nif’ 1-5975, whence [Rz]) = 29-7 (cale., 29-8) (compare 
Le Bas, Trans. Faraday Soc., 1920, 15, 231) (Found: C, 34:2; H, 
58; M, 111. C,H,S, requires C, 34:0; H, 5-7%; M, 106). It 
yielded a mercurichloride, m. p. 119°, on treatment with mercuric 
chloride, and gave Baumann and Walter’s disulphone (loc. cit.), 
m. p. 224°, in 80% yield on oxidation with perhydrol in glacial 
acetic acid at 50°. 

1 : 3-Dithiolan Monoxide.—Perhydrol (9 c.c.) in 20 c.c. of glacial 
acetic acid was added very slowly to specially purified 1 : 3-di- 
thiolan (10 c.c.) in 20 c.c. of glacial acetic acid. After several days, 
the solvent was removed below 40°, first at 11 mm. and finally at 
1 mm. (neglect to remove every trace of solvent at as low a tem- 
perature as possible causes complete decomposition in the sub- 
sequent distillation) and the residue was distilled over a trace of 
magnesium carbonate, giving 8 g. of an oil, b. p. 115—120°/1 mm. 
(Found : C, 30-1; H, 5-3; M,118. C,H,O8, requires C, 29-5; H, 
50%; M, 122). ‘ 

The monozide is miscible with water, and is decomposed by warm 
hydrochloric acid into dithiolan (identified by its mercurichloride, 


m. p. 119°) and a dioxide, m. p. 134° (Found: C, 26-3, 26-4; H, 


4:7, 4-3. C,H,O,S8, requires C, 26-0; H, 4-4%). It is insoluble in 
all the usual solvents, including aqueous alkali. 

With platinic chloride, an aqueous solution of dithiolan monoxide 
yields a flocculent precipitate, which may be recrystallised from hot 
water; m. p. 146—150° (decomp.) [Found: C, 14-0; H, 2-7; Ci, 
20:3; Pt, 36-7. (C,H,S,).PtCl,,H,O requires C, 13-6; H, 2-3; 
Cl, 20-1; Pt, 36-8%]. 

With methyl iodide, dithiolan monoxide yields a methiodide, 
m. p. 96° (Found: I, 47-7. C,H,OIS, requires I, 48-1%). 

1 : 3-Dithian.—Trimethylene dibromide (30 c.c.), sodium thio- 
sulphate (120 g.), and alcohol (100 c.c.) were shaken at 60° for 2 days. 
The solid which separated was distilled in steam with formalin and 
hydrochloric acid, and the distillate extracted with ether. The 
dithian crystallised readily and melted at 54° (Found: C, 40-1, 
40-0; H, 7-1, 6-6. C,H,S, requires C, 40-0; H, 6-7%). On oxid- 
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ation with perhydrol in glacial acetic acid, it gave Autenrieth and 
Wolff’s disulphone (loc. cit.), m. p. 330°, in almost quantitative yield. 


The author is indebted to the Carnegie Trustees for a Teaching 
Fellowship and to Imperial Chemical Industries for a grant towards 
the cost of materials. 


UNIVERSITY OF GLASGOW. [Received, April 29th, 1929.] 





IV.—The Influence of Substituents on the Benzoin 
Reaction. 


By Herspert Henry Hopeson and Woir RosENBERG. 


THE present investigation in conjunction with the results of 
Ekecrantz and Ahlqvist (Arkiv Kemi Min. Geol., 1908, 3, No. 13) 
shows that substituents inhibit the benzoin reaction in varying 
degrees according to their electronic character. On Lapworth’s 
theory (J., 1903, 84, 1004) that the possibility of the benzoin 
condensation depends on the mobility of the hydrogen atom * in the 
initially formed mandelonitrile (I), (a) a meta-directing group (R) will 
activate this hydrogen * (II) but deactivate the carbonyl group of 
the second molecule of the reacting benzaldehyde (IIT), and (b) when 
R is op-directing, H* (IV) is deactivated but CO (V) is activated. In 
case (a) the benzoin condensation of (II) and (III) would appear to 
depend on.the relative activation and deactivation: e.g., when R is 
NO, (strong), it over-activates H* but renders the CO (IIT) much less 
capable of forming the initial cyanohydrin, hence excessive pro- 
duction of nitrobenzoic acid occurs (compare Lapworth and Manske, 
J., 1928, 2533); when R is Cl (weak), only 5% of o-chlorobenzoic 
acid can be isolated, and benzoin formation ensues. In case (b), 
although cyanohydrin formation may readily occur, the subsequent 
benzoin condensation of (IV) and (V) may be inhibited because of 
the deactivated hydrogen *: e.g., (1) attempts to produce a benzoin 
from any monohydroxybenzaldehyde have all failed owing to the 


presence of anionoid oxygen (R = 0), and (2) although the alkyloxy- 
benzaldehydes all give benzoins, the introduction of a second group 
as in p-benzyloxy-m-methoxybenzaldehyde brings about the 
necessary deactivation and no benzoin is formed. 

On the above theory, 2-chloro-3-methoxybenzaldehyde produces 
a benzoin more readily than does 3-methoxybenzaldehyde owing to 
a reduction by chlorine of the hydrogen deactivation produced by 
the methoxyl group (VI). 3-Chloro-2-hydroxybenzaldehyde (80%) 
and 3-chloro-4-hydroxybenzaldehyde (25%), however, appear to 
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react only as far as the cyanohydrin stage, and Ekecrantz and 
Ahlqvist (loc. cit.) found that p-hydroxybenzaldehyde and vanillin 
were unreactive towards alcoholic potassium cyanide, the complete 
internal satisfaction of the electronic demands of the carbonyl group 
thus being exhibited. 
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The possibility of the benzoin reaction taking place might also be 
considered from the standpoint of the influence of groups on the 
stabilities of the respective hypothetical intermediate: benzoin 
eyanohydrins (VII and VIII) (Lapworth, Joc. cit.) : 
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(a) When R is meta-directing (VII), the H* tends to be ionised, 
formation of hydrogen cyanide thereby being promoted, so that, 
when R is sufficiently strong (e.g., NO,), the initial formation of 
mandelonitrile is prevented and no benzoin reaction can occur. 
(b) When R is op-directing (VIII), the hydrogens * are deactivated 
and CN is activated. Subsequent reaction can and, so far as the end- 
products are evidence, does occur in two ways: (1) the formation 
of a benzoin, and (2) the intermediate formation of the isomeride 
(IX) of this benzoin, which is hydrolysed, giving a benzyl alcohol 
and an unstable phenylorthoformic acid (X), the latter changing to 
a stable benzoic acid (XI); e.g., from o- and p-anisaldehydes, con- 
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siderable quantities of o- and p-anisic acids are produced together 
with the o- and p-anisoins. 
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ExPERIMENTAL. 


2 : 2’-Dichlorobenzoin.—Solutions of o-chlorobenzaldehyde (5 g.) 
in alcohol (10 c.c.) and of potassium cyanide (1 g.) in water (4 c.c.) 
were heated together under reflux on the water-bath for 1 hour and 
poured into aqueous sodium bicarbonate, which dissolved the 
o-chlorobenzoic acid formed (5%); after 1 hour, the whole was 
extracted with ether, and the extract shaken with aqueous sodium 
bisulphite to remove unchanged o-chlorobenzaldehyde. (Benzoins 
and benzils do not easily form hydrazones or sodium bisulphite 
addition compounds, a fact which has been utilised for the removal 
of unchanged initial material in the various reactions studied.) The 
2: 2’-dichlorobenzoin (40% yield) was obtained by removal of the 
ether and extraction of the residue with acetic acid or alcohol, from 
which it separated in white prisms, m. p. 56—57° (Found : Cl, 25-0. 
C,,H,,0,Cl, requires Cl, 25-2%). The final resinous residue 
(40%) contained nitrogen, presumably as cyanohydrin, but no 
alcohol corresponding to o-chlorobenzoic acid was isolated (compare 
Ekecrantz and Ahlqvist, loc. cit.). The acid may have been formed 
partly by air oxidation, since the amount increased when the 
reaction mixture was kept for several days. 

An alcoholic solution of 2 : 2’-dichlorobenzoin when treated with 
aqueous-alcoholic sodium hydroxide gives a brownish-red colour, 
deeper than that given by unsubstituted benzoin, which deepens on 
boiling but disappears on shaking (compare Hantzsch and Glover, 
Ber., 1907, 40, 1520), returns on keeping but disappears again on 
shaking, and so on. 

2 : 2'-Dichlorobenzil was prepared by the usual nitric acid method, 
but better results were obtained when 2 : 2’-dichlorobenzoin (1 g.), 
dissolved in glacial acetic acid (10 c.c.), was heated with a slight 
excess of chromium trioxide on the water-bath for 1 hour. After 
dilution with water and extraction with ether, the benzil crystallised 
from benzene in pale yellowish-green prisms, m. p. 128° (Found : 
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Cl, 25-2. C,,H,O,Cl, requires Cl, 25-4%), which were sparingly 
soluble in boiling alcohol, ether, and glacial acetic acid. 

3 : 3’-Dimethoxybenzoin  (m-Anisoin).—Powdered potassium 
cyanide (1 g.) was added to a boiling solution of m-methoxybenz- 
aldehyde (10 g.) in 50% aqueous alcohol (30 g.). After boiling for 
2 hours, the mixture was kept over-night in a freezing mixture, and 
the oily yellowish-brown solid obtained was removed, freed from 
oil, and washed with ether; the residue crystallised from alcohol in 
micro-prisms (2 g.), m. p. 41—42° (Found: C, 70-8; H, 5:7. 
C,,H,,0, requires C, 70-6; H, 5-9%). 

2 : 2’-Dichloro-3 : 3'-dimethoxybenzoin, readily obtained by the 
ordinary method, crystallised from alcohol in prisms, m. p. 133— 
134° (Found: Cl, 20-6. C,,H,,0,Cl, requires Cl, 20-8%). The 
p-nitrophenylhydrazone crystallised from glacial acetic acid in yellow 
needles, m. p. 129° (Found: N, 9-0; Cl, 14-8. C,.H,,0,N,Cl, 
requires N, 8-8; Cl, 14-:9%), which gave a reddish-violet colour with 
aqueous-alcoholic sodium hydroxide. 

2 : 2'-Dichloro-3 : 3'-dimethoxybenzil, prepared in the same way 
as 2:2’-dichlorobenzil, crystallised from benzene in very pale 
greenish-yellow prisms, m. p. 200° (Found: Cl, 20-8. C,,H,,0,Cl, 
requires Cl, 20-9%). 

2 : 2’-Dichloro-3 : 3'-dimethoxybenzilic acid, formed by boiling 
2 : 2’-dichloro-3 : 3’-dimethoxybenzil (5-5 g.), dissolved in alcohol 
(11 g.), with a mixture of potassium hydroxide (5-5 g.) and water 
(11 g.) for 10 minutes, crystallised from water in colourless needles, 
decomp. 182—185° (Found: Cl, 20-0. C,,H,,0;Cl, requires Cl, 
19-9%). 

2-Chloro-3-methoxybenzoic acid was prepared by gradually adding 
a saturated aqueous solution of potassium permanganate to a boiling 
aqueous suspension of 2-chloro-3-methoxybenzaldehyde until it was 
no longer decolorised and the aldehydic odour had disappeared. 
The excess of permanganate was destroyed by sulphur dioxide; the 
solution on cooling deposited colourless needles, m. p. 161-5° after 
recrystallisation from water (Found: Cl, 19-1. C,H,0,Cl requires 
Cl, 19-0%). 

Approximate Determination of the Reactivities of Various Aldehydes 
from the Quantities of Resinous Products formed.—These experiments 
were undertaken to investigate the combined influence of two groups 
of opposed electronic effects. In each case the benzoin reaction 
mixture was poured into water and acidified with acetic acid, the 
precipitate dissolved in ether, and the solution washed with aqueous 
sodium bisulphite to remove unchanged initial material, and dried ; 
the ether was then removed, and the residue weighed. 
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Unchanged Reaction 


Benzaldehyde. material (g.). product (g.). 
SEU S - Lisancisntpnsdasaicssegsepdoegescccoece 4-0 9-5 
3-Chloro-2+hydroxy-  .........sececcccsscceveces 0-4 29 
$-Chloro-4-hyGroxy- — -ccssscccsseccceccecsveeves 4:5 15 


From the resinous products, and from the corresponding synthetic 
eyanohydrins, nothing could be obtained crystalline. 


The authors desire to thank the British Dyestuffs Corporation for 
gifts of chemicals. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, October 4th, 1929.] 





V.—dl-£-Phenylisopropylamine and Related 
Compounds. 


By Donatp HotroypE Hey. 


@-PHENYLisoPROPYLAMINE has been obtained by Edeleano (Ber., 
1887, 20, 618) by the action of bromine and aqueous potash on 
phenylisobutyramide and its chloroplatinate also is described. 
The hydrochloride of the d-form was obtained by Jones and Wallis 
(J. Amer. Chem. Soc., 1926, 48, 180) by the hydrolysis of d-«-benzyl- 
éthylearbimide with concentrated hydrochloric acid. In the 
present investigation the racemic base was readily obtained by the 
reduction of benzyl methyl ketoxime by means of sodium amalgam in 
dilute acetic acid solution. Benzyl methyl ketoxime, previously 
described as a thick oil by Dollfus (Ber., 1892, 25, 1918; 1893, 26, 
1971), has now been obtained in a pure crystalline form, melting at 
70°. 

The acetyl derivative (I) of the base, on treatmeat with phosphoric 
oxide in boiling toluene (compare Pictet and Kay, Ber., 1909, 42, 
1973), gave 1 : 3-dimethyl-3 : 4-dihydrotsoquinoline (II), which was 
isolated in the form of its picrate. 


CH, CH, | 
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The reduction of isonitrosopropiophenone under various conditions 
gives rise to a variety of products, generally in poor yield (Gudeman, 
Ber., 1889, 22, 562; Behr-Bregowski, Ber,, 1897, 30, 1521; Gabriel, 
Ber., 1908, 41, 1127; Rabe, Ber., 1912, 45, 2166; Calliess, Arch. 
Pharm., 1912, 250, 141), but the only instance of its direct 
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reduction to dl-§-hydroxy-$-phenylisopropylamine (norephedrine), 
OH-CHPh-CHMe-NH, (compare the reduction of benzil monoxime 
to §-hydroxy-«$-diphenylethylamine; Polonowska, Ber., 1888, 21, 
488), has been reported by Rabe, who obtained the base in small 
yield by using colloidal palladium. Since the inception of this work, 
however, Hartung and Munch (J. Amer. Chem. Soc., 1929, 51, 2262) 
have obtained $-hydroxy-$-phenylisopropylamine (phenylpropanol- 
amine) in good yield from isonitrosopropiophenone by catalytic 
reduction with palladised charcoal. In the present investigation, 
although a number of reducing agents were employed under various 
conditions, the desired result was not effected, since the isonitroso- 
propiophenone exhibited a very marked stability [compare the 
relatively facile reduction of benzyl methyl ketoxime (see experi- 
mental part) and of propiophenone oxime (Billon, Compt. rend., 1926, 
182, 470)], and much of it was recovered unchanged. The great 
stability of this oximino-ketone has been the subject of comment by 
Coles, Manske, and Johnson (J. Amer. Chem. Soc., 1929, 51, 2269). 

Melting points of isonitrosopropiophenone varying from 108° to 
115° are recorded in Beilstein’s ‘‘ Handbuch der organischen 
Chemie.”’ The specimen prepared by Hartung and Munch (loc. 
cit.) and crystallised from toluene, melted at 106—106-5°, whereas the 
preparation used in this investigation was crystallised from water, 
melted at 114-5°, and gave rise to metallic complex formation with 
iron, cobalt, and copper (compare «- and §-benzil monoximes, 
Tschugaev, Z. anorg. Chem., 1905, 46, 148; Taylor and Ewbank, 
J., 1926, 2818; Pfeiffer and Richarz, Ber., 1928, 61, 103). 


EXPERIMENTAL. 

Benzyl Methyl Ketoxime.—Solutions of 18 g. of, benzyl methyl 
ketone in 40 c.c. of alcohol and of 10 g. of hydroxylamine hydro- 
chloride in 20 c.c. of water were mixed and, after addition of 6 g. of 
sodium hydroxide in the minimum quantity of water, heated on a 
boiling water-bath for 141—2 hours, The solution was then diluted 
considerably, acidified, and extracted with ether. After being 
washed with a concentrated solution of calcium chloride and dried, 
the ether was evaporated ; the residual thick red oil, which solidified, 
after several recrystallisations from light, petroleum (b. p. 60—80°), 
gave the oxime in white prismatic crystals, m. p. 70° (Found: C, 
72-8; H,7-4; N,9-5. C,H,,ON requires C, 72-5; H, 7-4; N,9-4%). 
Reduction of Benzyl Methyl Ketoxime.—To a well-stirred solution 
of 10 g. of benzyl methyl ketoxime in glacial acetic acid, diluted 
with water, 300 g. of 3% sodium amalgam were gradually added. 
After 6 hours the solution was made alkaline and extracted with 
ether and the base was extracted from the ethereal solution with 
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dilute hydrochloric acid; or alternatively the alkaline solution was 
steam-distilled, the base being collected in dilute hydrochloric acid. 
The free base, liberated by the addition of alkali, was extracted with 
ether and dried over solid caustic potash. Evaporation of the ether 
left a yellowish oil with an ammoniacal odour, which on distillation 
gave pure dl-§-phenylisopropylamine as a colourless oil, b. p. 205° 
(Edeleano, loc. cit., recorded 203°). The base readily combines with 
carbon dioxide. 

The acetyl derivative, formed in the usual manner, crystallised 
from aqueous alcohol in fine white needles. These melted initially 
at 64°, but at 93° after being kept for some time in a vacuum 
(Found: C, 74:7; H, 8-6; N, 8-1. C,,H,,ON requires C, 74-6; H, 
8-5; N, 7-9%). 

The picrate, prepared from picric acid and the base in concentrated 
solution and recrystallised from alcohol, gave yellow transparent 
prisms, containing one molecule of alcohol, which melted at 143° 
(Found : C, 49-9; H, 5-5; N, 13-8. .C,;H,,0,N,,C,H,-OH requires 
C, 49-8; H, 5-4; N, 13-7%). 

The hydrochloride, prepared from hydrogen chloride and the base 
in dry ether, was rapidly collected, washed with pure dry ether, and 
transferred to a desiccator evacuated over solid caustic potash. It 
is extremely hygroscopic and melts at 145—147° (Found: C, 63-3; 
H, 8-6; N, 81; Cl, 20-8. C,H,,N,HCl requires C, 63-0; H, 8-2; 
N, 8:2; Cl, 20-7%). 

Action of Phosphoric Oxide on Aceto-dl-6-phenylisopropylamide.— 
A solution of 2 g. of the acetyl compound in toluene was boiled for 
3 hours with 4 g. of phosphoric oxide (compare Pictet and Kay, 
loc. cit.). The solution was then made alkaline, the base extracted 
with ether, the toluene and ether evaporated, and the small residue 
of oil converted into picrate in concentrated alcoholic solution. 
Recrystallisation from alcohol gave 1 : 3-dimethyl-3 : 4-dihydroiso- 
quinoline picrate in yellow fern-like crystals, m. p. 136° (Found: C, 
52-9; H, 4-4; N, 14:35. C,,H,,0,N, requires C, 52-6; H, 4:1; N, 
14-4%). 

iso N itrosopropiophenone.—This was prepared from propiophenone 
and amyl nitrite by Claisen and Manasse’s method (Ber., 1889, 22, 
529); it crystallised from water in fine needles, m. p. 114-5°. 

Complex formation. (a) With iron. When aqueous ferrous 
sulphate solution was shaken with isonitrosopropiophenone and 
dilute caustic soda solution added, a blue colour was produced 
which, on shaking with benzene, passed into this solvent. 

(b) With cobalt. To a solution of 3 g. of isonitrosopropiophenone 
in very dilute alcohol was added an aqueous solution containing 
4-5 g. of cobalt acetate. A dense yellowish-brown precipitate 
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formed almost immediately, which was collected after a while and 
washed with water, dilute alcohol, and finally with a little ether 
(Found : Co, 10-9; C, 59-9; H, 4-5; N,7-8. Co(C,H,O,N), requires 
Co, 10-8; C, 59-45; H, 4-4; N, 7-7%]. 

(c) With copper. Inasimilar way, from 3 g. of copper acetate and 
2 g. of isonitrosopropiophenone, a dense dark bluish-green precipitate 
was obtained, which was washed with water, dilute alcohol, and 
ether [Found : Cu, 25-9; C, 44-7; H, 3-8; N, 5-75. CuOH(C,H,O,N) 
requires Cu, 26-2; C, 44:5; H, 3-7; N, 5-8%]. 
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ViI.—Natural Glucosides. Part I. The Constitution 
of Phloridzin. 


By Francis RaBaN JOHNSON and ALEXANDER ROBERTSON. 


THE glucoside phloridzin, which occurs in the bark of apple, pear, 
plum, and cherry trees, was first isolated in 1835 by De Koninck 
(Annalen, 15, 75, 258) from the root bark of the-apple tree, and 
was correctly analysed by Stas (Ann. Chim. Phys., 1836, 61, 367), 
who found that it was decomposed by mineral acids into phloretin 

and a sugar which he believed to be glucose. The glucoside was 
subsequently examined by a number of workers and the empirical 

formula C,,H,,0;9,2H,O was established by Rennie (J., 1887, 51, 

634), who effected the hydrolysis by dilute sulphuric acid with the 
production of phloretin, C;;H,,0,;, and glucose. The latter result 

was confirmed independently by Fischer (Ber., 1888, 21, 988) and 

by Schunck and Marchlewski (Ber.,.1893, 26, 942; Annalen, 1894, 

278, 349). A synthesis of phioretin by Fischer and Nouri (Ber., 
1917, 50, 611) definitely established its constitution (compare i 
Zemplén and co-workers, Ber., 1928, 61, 2486; Rosenmund and 
Rosenmund, ibid., p. 2608). That the glucose residue of phloridzin 
is attached to the phloroglucinol nucleus was shown by Cremer and 
Seuffert (Ber., 1912, 45, 2565), who, by the action of warm baryta 
water, obtained phloretic acid and phlorin, phloroglucinol §-glucos- 
ide. This glucoside had previously been synthesised by Fischer 
and Strauss (Ber., 1912, 45, 2467). 

As the result of previous work, phloridzin may be represented 
by formula (I) or (II), and therefore should, on methylation of the 
phenolic hydroxyl groups and hydrolysis of the product, give a 
trimethylphloretin (IV or V). The glucoside was methylated in 
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acetone solution by means of methyl iodide and anhydrous potassium 
carbonate, a method which has been shown by Robinson (J., 1928, 


1457) to effect the methylation of O-benzoylphloroglucinaldehyde. 


In order to ensure complete alkylation of the phenolic groups, 
prolonged treatment with an excess of the methylating agents was 
essential, The product, which gave no evidence of the presence of 
an unprotected phenolic hydroxyl group, appeared to be partly 
methylated in the sugar residue and could not be purified. Hydro- 
lysis of the crude material, however, with aqueous wer ad alcoholic 
sulphuric acid gave 6-hydroxy-2 : 4: 4'-trimethoxy-8-phenylpropio- 
phenone (IV); the filtrates containing the sugar residue were not 
examined. In a subsequent experiment the alkylation was stopped 
when a sample of the product no longer gave a ferric chloride 
reaction: a crystalline hydrate of trimethylphloridzin (II1) was 
isolated which gave the ketone (IV) on hydrolysis. Methylation of 
phloridzin in a methyl-alcoholic-ethereal solution with diazo- 
methane and hydrolysis of the product also gave (IV). 


HO’ SOx MeO’ Sox MeO’ NOH 
COR-H 0 R*Me > O-R-Me 
OMe OMe 
(I.) , (III.) (IV.) 


XO’ OH HO’ OMe MeO CMe 
\ CORH O-R‘Me CH,-C,H,-OMe 
OMe MeO CX 


(II.) (V.) 
[X = C,H,,0,; R =-CH,-CH,: my Ye 


The orientation of the ketone (IV) is established by ring closure 
with sodium acetate and acetic anhydride to the 1 : 4-benzopyrone 
(VI). The conclusion that this product is a benzopyrone and not 
a coumarin is based mainly on the behaviour of analogous ketones 
under the same conditions (Kostanecki and Rézycki, Ber., 1901, 
34, 107; Crabtree and Robinson, J., 1918, 113, 859; Robinson 
and co-workers, J., 1929, 61, 152, which see for further references). 
Ciamician and Silber (Ber., 1894, 27, 1627; 1895, 28, 1393), how- 
ever, by acetylating phloretin, obtained a substance which they 
believed to be a coumarin. In any case ring closure can take place 
only if there is a hydroxyl group in the o-position to carbonyl in 
the hydroxytrimethoxy-$-phenylpropiophenone obtained by hydro- 
lysis of the methylated glucoside. The constitution of phloridzin 
is therefore represented by formula (I). 

The experimental proof of the constitutions of (VI) and of 
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Ciamician and Silber’s product (loc. cit.) will be the subject of a 
future communication. 

The compound (IV) was prepared by an independent method : 
condensation of phloroglucinol dimethyl ether and £-4-methoxy- 
phenylpropionitrile by the method of Hoesch produced a mixture 
of ketimine hydrochlorides’ which, on hydrolysis and separation, 
gave (IV) and the isomeride (V) in almost equal quantities. 

Convenient methods for the preparation of p-methoxycinnamic 
acid (compare Perkin, J., 1877, 31, 408; Einhorn, Annalen, 1883, 
243, 363; Knoevenagel, Ber., 1898, 31, 2606) and of §-4-methoxy- 
phenylpropionyl chloride (compare Barger and Walpole, J., 1909, 
95, 1723) are described. Dehydration of §-4-methoxyphenylpro- 
pionamide (Barger and Walpole, loc. cit.) with thionyl chloride gave 
the mitrile. 


EXPERIMENTAL. 


Methylation of Phloridzin. Trimethylphloridzin—(A) Methyl 
iodide (14 c.c.) was added to a solution of phloridzin (15 g.) in dry 
acetone (80 c.c.) containing powdered potassium carbonate (25 g.) 
in suspension, and the mixture refluxed for 40 hours; a further 
quantity of iodide (28 c.c.) was added in two portions at intervals 
of 10 hours. After separation from potassium salts the mixture 
was acidified with acetic acid and the acetone and the excess of 
methyl iodide were removed by distillation. The pale straw- 
coloured viscous residue, which could not be crystallised, was in- 
soluble in cold 10°% alkali solution and did not give a ferric chloride 
reaction. A solution of the product in a mixture of 50% methyl 
alcohol (120 c.c.) and 15% sulphuric acid (50 c.c.) was refluxed for 
20 minutes; on cooling, 6-hydroxy-2 : 4 : 4'-trimethoxy-B-phenyl- 
propiophenone (IV) separated, which crystallised from alcohol in 
colourless squat prisms (7-2 g.), melting at 110° [Found: C, 68-5; 
H, 63; OMe, 29-4. C,;H,,0,(OMe), requires C, 68-3; H, 6-4; 
OMe, 29-4°%]. This substance is slightly soluble in methyl alcohol 
and insoluble in warm water and in cold 2% aqueous sodium 
hydroxide solution. Ferric chloride added to an alcoholic solution 
gives a wine-red coloration. Acetylation with acetic anhydride 
and sodium acetate on the steam-bath during 3 hours gave the 
acetyl derivative, which separated from warm methyl alcohol in 
rhombic prisms, m. p. 62—63° (Found : C, 67:3; H, 6-2. CypH 0, 
requires C, 67-0; H, 69%). It is readily soluble in warm alcohol 
and in ether, and does not give a ferric chloride reaction. Hydro- 
lysis in alcohol with a little concentrated potassium hydroxide 
solution gave the parent ketone (III). 

Phloridzin (10 g.) in acetone (50 c.c.) was methylated during 20 
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hours with methyl iodide and potassium carbonate. The product, 
isolated as before, solidified, but separated from warm benzene as 
an oil which gradually crystallised [Found in material dried at 110° : 
OMe, 20-7. C,,H,,0,(OMe), requires OMe, 19-5%]. Repeated 
crystallisation from warm water (charcoal) gave a monohydrate of 
trimethylphloridzin (II1) in colourless élongated prisms, m. p. 63— 
65° after softening at 60° {Found in material dried at 110°: C, 60-2; 
H, 5-9; OMe, 19-8. C,,H,,0,(OMe), requires C, 60-2; H, 6-3; 
OMe, 19:5%. Found: loss on drying at 110°, 7-5. A mono- 
hydrate requires loss, 7-0%]. The hydrate is readily soluble in 
alcohol and does not give a ferric chloride reaction. Hydrolysis 
gave (IV), m. p. and mixed m. p. 110°. 

(B) Diazomethane (3-5 g.) in dry ether (400 c.c.) was added to a 
solution of anhydrous phloridzin (5 g.) in absolute methyl alcohol 
(70 c.c.). A brisk evolution of nitrogen ensued and after 12 hours 
the ether and alcohol were removed under diminished pressure. 
The residual syrup, which was readily soluble in alcohol and in 
warm water and did not give a ferric chloride reaction, could not 
be crystallised. The crude product on hydrolysis with aqueous 
methyl-alcoholic sulphuric acid gave (IV), m. p. and mixed m. p. 
110° after crystallisation from alcohol. 

5:7: 4'-Trimethoxy-3-benzyl-2-methyl-1 : 4-benzopyrone (VI).—A 
mixture of the ketone (IV) (6-5 g.), acetic anhydride (100 c.c.), and 
fused sodium acetate (40 g.) was heated at 180° for 16 hours. Water 
(400 c.c.) was then added to the cooled mixture and after 3 days 
the semi-solid product which had separated was extracted with 
ether. The benzopyrone (VI) remained as an insoluble residue, 
which crystallised from alcohol (charcoal) in clusters of colourless 
needles, m. p. 165—166° (Found: C, 70-7; H, 6-0. C, 9H, 0; 
requires C, 70-6; H, 5-9%). It is soluble in cold concentrated 
sulphuric acid to a colourless solution exhibiting a blue fluorescence 
in the light of a carbon arc, and in warm concentrated hydrochloric 
acid to a pale straw-coloured solution. An alcoholic solution is 
non-fluorescent. 

The ether-soluble fraction of the reaction mixture consisted 
mainly of impure acetyltrimethylphloretin, which, on being refluxed 
with acetic anhydride and sodium acetate at 180° for 18 hours, 
gave a further quantity of the benzopyrone, m. p. 165—166°. 

8-4-Methoxyphenylpropionamide—A mixture of anisaldehyde 
(50 g.), malonic acid (45 g.), pyridine (150 c.c.), and piperidine 
(0-5 c.c.) was heated on the steam-bath for 9 hours and then under 
reflux for 2 hours. After dilution with water (400 c.c.) and acidi- 
fication with concentrated hydrochloric acid (300 c.c.), it deposited 
p-methoxycinnamic acid (47 g.), which crystallised from alcohol in 
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colourless needles, m. p. 186—187° after sintering to an opaque 
mass at 169—171°. Reduction with sodium amalgam gave an 
almost theoretical yield of 8-4-methoxyphenylpropionic acid, m. p. 
101—-103° (Perkin, loc. cit.). 

§-4-Methoxyphenylpropionyl chloride was prepared by warming 
a mixture of the acid (60 g.) and thionyl chloride (84 c.c.) on the 
steam-bath until the evolution of hydrogen chloride ceased. The 
excess of thionyl chloride was removed by distillation, the residual 
acid chloride dissolved in benzene (120 c.c.), and the solution 
saturated with ammonia; the amide (32 g.) then separated, m. p. 
123—124° after crystallisation from water (compare Barger and 
Walpole, J., 1909, 95, 1723). 

8-4-Methoxyphenylpropionitrile—A mixture of -4-methoxy- 
phenylpropionamide (31 g.) and thionyl chloride (45 c.c.) was 
heated under reflux for 1 hour. The excess of thionyl chloride 
was removed by distillation and an ethereal solution of the residue 
was washed with dilute sodium carbonate solution and then with 
water. The dried solution was freed from solvent and the resulting 
oil, on distillation under diminished pressure, gave the nitrile (16 g.) 
as a colourless oil, b. p. 172—173°/17 mm. (Found: C, 74-1; H, 
7-0; N, 8-6. C, 9H,,ON requires C, 74-5; H, 6-9; N, 8-7%). 

Condensation of (-4-Methoxyphenylpropionitrile with Phloro- 
glucinol Dimethyl Ether—A solution of phloroglucinol dimethyl 
ether (13-8 g.) and 6-4-methoxyphenylpropionitrile (14-5 g.) in dry 
ether (160 c.c.) was saturated with dry hydrogen chloride at 0° 
in the presence of anhydrous zinc chloride (7 g.). The mixed 
ketimine hydrochlorides separated as a semi-solid and after 4 days 
a further quantity was precipitated on the addition of dry ether 
(500 c.c.). A suspension of the mixture in water’ (250 c.c.) was 
heated on the steam-bath for 15 minutes; on cooling, the pro- 
duct solidified. Ethyl acetate extracted the ketone (IV) (6-5 g.), 
which crystallised from alcohol in squat prisms, m. p. and mixed 
m. p. 110° (Found: C, 68-2; H, 64%). Acetylation with acetic 
anhydride and sodium acetate at 100° gave the acetyl derivative, 
m. p. and mixed m. p. 62—63°. The latter, on being heated with 
acetic anhydride and sodium acetate at 180° for 18 hours, was 
converted into the benzopyrone (VI), which separated from warm 
alcohol in clusters of colourless needles, m. p. and mixed m. p. 
165—166°. 

The residue insoluble in ethyl acetate consisted of unchanged 
ketimine hydrochloride and was readily soluble in warm alcohol, 
from which it separated in colourless prisms on the addition of an 
excess of ethyl acetate. It was hydrolysed by boiling for 2 hours 
with water (300 c.c.). A solution of the solid product in cold 2% 











26 CHALLENGER, HIGGINBOTTOM, AND HUNTINGTON : 


aqueous sodium hydroxide (filtered to remove traces of insoluble 
impurities), on acidification with concentrated hydrochloric acid, 
gave 4-hydroxy-2 : 6 : 4'-trimethoxy--phenylpropiophenone (V) (8 g.), 
which, on recrystallisation from 70% methyl alcohol and then from 
benzene, was obtained in colourless rectangular plates, m. p. 142° 
(Found: C, 68-2; H, 6-4. C,H 0; requires C, 68-4; H, 63%). 
It is more readily soluble in alcohol and in benzene than the isomeric 
ketone (IV) and does not give a ferric chloride reaction. The 
acetyl derivative could not be crystallised. 


The authors desire to express their thanks to the Chemical 
Society for a grant which has defrayed a part of the cost of this 
investigation. 


East Lonpon CoLieGceE, 
University oF Lonpon. [Received, November 4th, 1929.] 





VII.—T he Nitration of Aromatic Thiocyanates. 


By FREDERICK CHALLENGER, CONSTANCE HIGGINBOTTOM, and 
ALFRED HUNTINGTON. 


THE 0: p ratio for the nitration of phenyl thiocyanate (Challenger 
and Collins, J., 1924, 125, 1377) has been found to be 1 : 4. The ratio 
for phenyl selenocyanate (Challenger and Peters, J., 1928, 1368), 
which is being determined, may be expected to be greater, since rise 
in the atomic number of the halogens increases ortho-substitution 
(Lapworth and Robinson, Mem. Manchester Lit. Phil. Soc., 1927-8, 
72,49; Ann. Rep., 1928, 141). 

The preparation and nitration of o-chloro-, o-bromo-, and m-chloro- 
phenyl thiocyanates are now described. The ortho-compounds 
yielded almost exclusively 2-chloro(or bromo)-4-nitrophenyl thio- 
cyanates. About 0-1 g. of the 5-nitro:derivative was obtained from 
5-4 g. of o-chlorophenyl thiocyanate and from 5 g. of the o-bromo- 
compound. The results obtained in this and earlier communications 
are summarised on p. 27: the yield of mononitro-compound is 
recorded against the nitro-group, and the position of the nitro-group 
in the isomeride produced is shown by NO, in parentheses. 

Both the thiocyano-group and the halogens, owing to their large 
number of unshared electrons, tend to transfer these to the carbon- 
sulphur or carbon-—halogen linkage in phenyl thiocyanates or 
halogenobenzenes. A drift of electrons (conjugative effect) is thus 
set up which activates the o- and p-positions (Allan, Oxford, Robin- 
son, and Smith, J., 1926, 409). The dissociation constants of 
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thiocyanoacetic acid (Ostwald, Z. physikal. Chem., 1889, 3, 179) and 
of chloro- and bromo-acetic acids are 2°65 x 10°, 1-55 x 10°, and 
1-38 x 10% respectively. Thiocyanogen is therefore analogous to 
chlorine in attracting electrons more strongly than hydrogen and 
imposing on the benzene nucleus a positive field (negative general 
effect) which opposes the o: p-orienting conjugative effect. It is 
well known, however, that no meta-substitution has been detected 
with the halogenobenzenes, nor have we observed it with phenyl 
thiocyanate. 


SON SCN SCN SCN 
“Me fe 
O + Qe, OO +0 
(= 60% Xo, 
(>70%) 
SON SCN SCN SCN 
(BrCl) _, (Br)C (NO,) 
(NO a} a . 
No, 
(390%) 
a SCN SCN NCS (790) 


Jeter Olin > Oy 


The results obtained on nitration of p-tolyl thicoyanste may be 
regarded as in agreement with the much greater ortho-directing 
influence of methyl as compared with that of thiocyanogen; the 
0: p ratio for CH, is 58-8 : 36-8 and that of SCN is 20: 80. Here in 
the major product the “‘ general effects ’’ of methyl (positive general 
effect) and of SCN support each other. 

In o-tolyl thiocyanate, where the p-positions with respect to both 
substituents are unoccupied, the effect of SCN predominates. No 
vicinal derivatives such as C,H,(NO,)(SCN)(CH,)[6 : 1:2] were 
isolated and the o-effects of SCN and CH, appear to play a subor- 
dinate part. The result appears to be largely determined by the 
conjugative effect of SCN at position 4. Some substitution occurs 
to a less extent at 5, the position activated by the methyl group and 
least inhibited by the general effect of SCN. 

With o-chloro- and o-bromo-phenyl thiocyanates examination 
shows no trace of vicinal derivatives in the nitration products. 
The conjugative effect of SCN and the general effect of halogen 
both tend to favour substitution at position 4, and only traces of 
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the 5-nitro-compounds are formed. With m-chlorophenyl thio- 
cyanate vicinal substitution is again absent and two products are 
formed by the reinforced conjugative effects of SCN and chlorine at 
positions 4 and 2 respectively, the 4-nitro-compound predominating. 

The most interesting feature of these results is the relation of the 
effects induced by SCN to those induced by methyl and chlorine. 
It appears from the nitration of the tolyl thiocyanates that the speeds 
of substitution induced by the CH, and the SCN group are not 
very different, since in comparing ortho-effects (p-tolyl thiocyan- 
ate) methyl predominates, and in comparing para-directing effects 
(o-tolyl thiocyanate) SCN predominates. On the other hand, the 
results for halogenophenyl thiocyanates clearly show that the speeds 
of substitution o- or p- to SCN are incomparably greater than those 
o- or p- to chlorine or bromine in these molecules. In Holleman’s 
series OH>NH,>I>Cl>Br>CHsg, chlorine is slightly more 
powerful than methyl (compare Challenger and Collins, loc. cit.). 
Further work is in progress and a study of the physical properties of 
certain thiocyanates will be made. Attempts to prevent elimination 
of iodine on nitration of p-iodophenyl thiocyanate were unsuccessful 
(compare Challenger and Collins, loc. cit.; Kérner, Gazzetta, 1875, 4, 
385; Mayes and Turner, J., 1928, 691). 

Ingold, Smith, and Vass (J., 1927, 1245) showed that the decom- 
position of substituted aryl iododichlorides to chloroiodobenzenes is 
an intermolecular reaction, the position entered by chlorine being 
determined not necessarily by the iodine, but by the strongest group 
present. Attempts to decompose the dichloride of p-iodophenyl 
thiocyanate so as to induce nuclear chlorination failed, loss of chlorine 
and regeneration of the iodothiocyanate usually occurring. In 
sunlight pp’-di-iododipheny! disulphide was formed. This decom- 
position possibly proceeds by liberation of cyanogen chloride and 
formation of the p-iodophenyl thiolchloride I-C,H,SCl. Thiol- 
chlorides of this type yield disulphides with alcchol. It has there- 
fore been impossible to compare the orienting effects of iodine and 
thiocyanogen. 

Our results may be compared with those of Werner (J., 1907, 91, 
240, 529), who found that a nitro-group in the o- or p-position to 
ICl, prevents nuclear chlorination. With a halogen atom in the 
p-position, this effect is slightly less, some nuclear chlorination 
taking place. 


EXPERIMENTAL. 


0-Chlorophenyl Thiocyanate.—o-Chloroaniline was diazotised at 
0°, added to an aqueous solution of ferric chloride and potassium 
thiocyanate, and left over-night. The thiocyanate was extracted 
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twice with benzene, distilled in steam, and again extracted with 
benzene. After three fractionations in a vacuum it was almost 
colourless, boiled at 160—160-5°/42—47 mm., and solidified in ice. 
Yield, 18 g. (53% of the theoretical). It has an unpleasant odour 
and the vapour attacks the eyes and skin (Found: Cl, 20-7, 21-1; 
S, 19-1, 19-15. C,H,NCIS requires Cl, 20-9; 8S, 18-9%). 

The o-bromo-, p-iodo-, and m-chloro-derivatives of phenyl thio- 
cyanate were similarly prepared (see table below). Extraction 
with benzene prior to steam distillation removes inorganic salts 
which may facilitate disulphide formation during treatment with 
steam. 

The irritant effect of m-chlorophenyl thiocyanate is much more 
pronounced than that of the other halogen derivatives. 

2-Chloro-4-nitrophenyl Thiocyanate.—2-Chloro-4-nitroaniline was 
obtained by the method of Chattaway, Orton, and Evans (Ber., 
1900, 33, 3061), but hot dilute sulphuric acid was found to be most 
suitable for hydrolysis of the 2-chloro-4-nitroacetanilide, the free 
base separating on cooling. 

2-Chloro-4-nitroaniline was diazotised at —5° and treated as 
described above. The produci, when crystallised from alcohol, 
acetone and finally from light petroleum, formed colourless needles, 
m. p. 85° (Found: N, 13-3. C,H,OQ,N,CIS requires N, 13-05%). 

The other halogenonitro-thiocyanates were prepared similarly 
(see table), cuprous thiocyanate being occasionally employed in place 
of ferric chloride. 

2-Chloro-5-nitrophenyl thiocyanate melts at 107° (Feund: C, 
39-6; H, 1:3. C,H,0O,N,CIS requires C, 39-2; H, 1-4%). 


Wt. o 
Substituted by H,SO, Water NaNO, KSCN Cu,(SCN), FeCl, M. p. or b..p. 
aniline. (g.). (c.c.). (c.c.). (g.). (g.). (g.-). g.). of product. 
2-Cl 25°5 40 160 18-7 38-8 ~—- 30 B. p. 160°/ 
42 mm. 
2-Br 30 40 160 18:0 38-0 —— 63-6 B. p. 161—165°/ 
10—12 mm. 
3-Cl 40 54 200 25-0 60-0 — 30-0 B. p. 135°/ 
12-5 mm 
4-SCN 5 39 86 3-0 9g. KI — — M.p. 53° 
2-Cl-5-NO, 10 60 120 5-0 12-0 —- 10-0 ys Hay? 
2-Cl-4-NO, 1-7 20 40 0-9 1-9 —= 1-6 ” 85° 
2-Br-5-NO, 2-5 15 30 1-1 1-5 2-0 - »» 124-5° 
2-Br-4-NO, 1-0 8 16 0-5 0-6 0-8 —_ ”” 93° 
3-Cl-4-NO, 6:0 100 100 3-0 6-2 --- 5-3 ” 59° 
3-Cl-6-NO, 6-0 100 100 3-0 6-2 — 5-3 » 104-5° 


The product contained SCN in place of the NH, of the original base in every 
case except that marked *, where p-iodopheny! thiocyanate was formed, 


Nitration of o-Chlorophenyl Thiocyanate.—The thiocyanate (5-4 g.) 
was slowly added to well-stirred nitric acid (d 1-5; 18 c.c.) at —6°, 
left for 4 hours at room temperature, and poured on ice. The crude 
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product, m. p. 76—78°, weighed 6-6 g., t.e., 96%, of the amount re- 
quired for a mononitro-derivative. Fractional crystallisation from 
alcohol and then from light petroleum gave a main product (A), 
m. p. 85°, and about 0-01 g. of (B), m. p. 107°. 

A and B did not depress the m. p.’s of synthetic specimens of 
2-chloro-4-nitrophenyl thiocyanate and of 2-chloro-5-nitrophenyl 
thiocyanate respectively (Found for A: Cl, 16-6; S, 14-7; N, 13-3. 
Found for B: N, 13-2. C,;H,0,N,CIS requires Cl, 16-5; 8, 14-9; 
N, 13-05%). 

A was boiled with animal charcoal in alcohol : the solution yielded 
a small quantity of white crystals (E), m. p. 165°, which were less 
soluble in alcohol and gave no thiocyanate reaction. Since (A) was 
previously pure, the formation of sulphide or disulphide was suspected 
and the behaviour of synthetic 2-chloro-4-nitrophenyl thiocyanate 
towards charcoal was studied. The production of E was confirmed 
and shown to be due to the charcoal and not to the alcohol. The 
charcoal gave an alkaline reaction in water. After being boiled 
with hydrochloric acid and washed, it was found not to affect the 
thiocyanate even when boiled for several hours in aleohol. When 
the thiocyanate was left with 10°, sodium hydroxide solution for 
7 days and recrystallised from acetone, the same product (E,), 
m. p. 165, was obtained, as also on treatment with warm alcoholic 
ammonium sulphide (E,). The m. p. of E was not depressed on 
admixture with E, or E,. The method of formation of E, shows it 
to be a disulphide (compare Miiller, Z. farb. Text. Ind., 1906, 5, 357), 
a conclusion confirmed by the formation of diphenyl disulphide, 
m. p. and mixed m. p. 60°, and of di-o-nitropheny! disulphide from 
the corresponding thiocyanates and sodium hydroxide. o0-Nitro- 
phenyl thiocyanate also gave the disulphide when boiled with the 
contaminated charcoal in alcohol. 

Preparation and Nitration of o-Bromophenyl Thiocyanate.—(a) 
The preparative details are given on p. 29. The product formed 
white needles, m. p. about 24° (Found: 8, 14-9, 14-8; Br, 37-65. 
C,H,NBrS requires S, 14:95; Br, 37-39%). (b) The thiocyanate 
(5 g.) was added during 45 minutes to nitric acid (d 1-5; 18 ¢.c.) at 
—5° to —6°, left at room temperature for 15 minutes, and poured 
on ice. The yield of crude product, m. p. about 83°, was 5:8 g. 
_ (97% of the amount required for a mononitro-derivative). Frac- 
tional crystallisation from alcohol and from light petroleum gave a 
main product (C), m. p. 93°, and a trace of (D), m. p. 126°. These 
did not depress the m.p.’s of synthetic specimens of the 4-nitro- and 
5-nitro-2-bromophenyl thiocyanates respectively (Found for C: N, 
11-0; Br, 310, 30-9. Found for D: N, 11-0. C,H,0,N,Br8 
requires N, 10-8; Br, 30-9%). 
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2-Bromo-4-nitrophenyl Thiocyanate.—2-Bromo-4-nitroaniline was 
prepared from o-bromoacetanilide and nitric acid (d 1-5) at —s° 
to —10°. Having been kept for 30 minutes in the freezing mixture 
and for 1} hours at room temperature, the reaction mixture was 
treated with ice. The solid obtained, m. p. 120°, was fractionally 
crystallised : the less soluble portion, m. p. 130° (Chattaway, Orton, 
and Evans, loc. cit., give 129° as the m. p. of 2-bromo-4-nitroacet- 
anilide), was treated for 1} hours with sulphuric acid at 100° and 
poured into water, giving the yellow base, m. p. 105° (Hiibner, 
Ber., 1877, 10, 1709, gives m. p. 104-5°). The preparation by this 
method has not been described. 

The thiocyanate was prepared as usual (see p. 29). It formed pale 
yellow crystals, m. p. 93°, from light petroleum and gave the thio- 
cyanate reaction (Found: N, 10-9. C,H,0,N,BrS requires N, 10-8°%). 

2-Bromo-5-nitrophenyl Thiocyanate——The corresponding amine 
was prepared by the method used by Chattaway, Orton, and Evans 
(loc. cit.) for the chloro-derivative, the application of which to the 
bromo-compound does not appear to be described. The pale yellow 
thiocyanate (see p. 29), after crystallising from alcohol and finally 
from light petroleum, melted at 126° (Found: C, 32-6; H, 1-5. 
C,H,0,N,BrS requires C, 32-4; H, 1-16%). 

Preparation and Nitration of m-Chlorophenyl Thiocyanate.—(a) 
See p. 29 for preparative details. Shortly after the addition of the 
m-chlorobenzenediazonium chloride to the ferric thiocyanate there 
was a violent reaction and the temperature rose considerably. This 
was also observed in a second experiment when the mixture was 
standing in ice. The pure thiocyanate boiled at 135°/12-5 mm. 
(Found: N, 86. C,H,NCIS requires N, 8-3%). 

(b) The thiocyanate (5 g.) was slowly added to well-stirred nitric 
acid (d 1-5; 15 .c.) at —10°. After an hour the liquor was left at 
room temperature for 2 hours and poured on ice. Fractional 
crystallisation of the washed and dried crude product (5-9 g., 
m. p. 44—48°) from ethyl alcohol and then from methyl alcohol 
yielded (F), m. p. 48—51°, and (G), m. p. 104°. Crystallisation of F 
did not alter the m. p. Distillation with steam failed to purify it, 
since the product ceased to give the thiocyanate reaction (Challenger 
and Peters, J., 1928, 1368) and melted at 130—135°. Repetition of 
the nitration and further crystallisation from light petroleum 
finally gave a large fraction (H), m. p. 59°, and a very small one (K), 
m. p. 104—105°. There was no evidence of any other isomeride. 
H and K did not depress the m.p.’s of the thiocyanates of the same 
melting points prepared from 3-chloro-4-nitroaniline and 3-chloro-6- 
nitroaniline, respectively (Found for H and K: N, 13-2 and 13:1 
respectively. C,H,O,N,CIS requires N, 13-05%). 
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Preparation of the 6- and the 4-Nitro-derivative of m-Chloropheny 
Thiocyanate-—The corresponding amines were prepared by the 
method of Mayes and Turner (J., 1928, 693). The 6-nitro-thiocyanate, 
after crystallising from ethyl alcohol and twice from methyl alcohol, 
melted at 104—105° (Found: Cl, 16-2, 16-7; N, 13-3; 8S, 146). 
The 4-nitro-compound, m. p. 59°, was crystallised first from alcohol 
and then from light petroleum (Found : N, 13-3, 13-2. C,H,0,N,CIS 
requires N, 13-05; Cl, 16-5; S, 14-9%). 

Preparation and Attempted Nitration of p-Iodophenyl Thiocyanate. 
—This substance was obtained by Challenger and Collins (loc. cit.), 
but was not analysed. It melts at 53° (Found: I, 48:3; S, 11-9. 
C,H,NIS requires I, 48-5; S, 12-3%). 

p-lodophenyl thiocyanate was attacked neither by nitric acid 
(d 1-41) at —10° or at 15°, nor, in acetic anhydride solution, by 
nitric acid (d 1-5) at 0°. On slow addition of the thiocyanate (1 g.) 
to a mixture of sulphuric acid (10 ¢c.c.) and nitric acid (d 1-41; 10 
c.c.) at —14°, most of it dissolved, forming a pale brown solution, 
but iodine did not appear to be liberated. After remaining for 
3 hours at —10° to —5°, the mixture was poured on ice; a black 
solid then separated, becoming paler in air and giving only p-nitro- 
phenyl thiocyanate, m. p. and mixed m. p. 133°, on fractional 
crystallisation. The acid liquor contained free iodine. Similar results 
were obtained with nitric acid (d 1-5) at —16°. With equal volumes 
of nitric acid (d 1-5) and (d 1-41) at —12°, reaction was very slow, 
but on addition of more acid (d 1-5) a black solid separated. The 
p-nitro-derivative was isolated as before. 

Preparation of p-Dichloroiodophenyl Thiocyanate——The iodo- 
thiocyanate in three times its weight of chloroform was cooled in ice 
and treated with chlorine for about 30 minutes and the pale yellow 
needles were washed with light petroleum; m. p. 111°. The 
substance was analysed by Willgerodt’s method (‘‘ Die Organischen 
Verbindungen mit mehrwertigem Jod,”’ 1914, p. 22) using potassium 
iodide and sodium thiosulphate (Found : Cl, 21-4, 21-3. C,H,NCI,IS 
requires Cl, 21-4%). 

When heated in an open vessel to 100°, the iododichloride evolved 
chlorine. The solidified residue, m. p. 49°, had m. p. 51° after 
recrystallisation and did not depress the m. p. of p-iodopheny! 
thiocyanate (52—53°). The thiocyanate was also formed in (a) 
boiling carbon tetrachloride and (b) light petroleum (b. p. 40—50°) ; 
addition of iron filings to (a) did not affect the result. After re- 
maining for 24 hours in ultra-violet light, the iododichloride was 
completely converted into the thiocyanate. The iododichloride 
(3 g.), exposed to sunlight in a closed bottle, liquefied after 2 weeks 
but became solid a few days later. Much pressure developed, 
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hydrogen chloride was present, and a very pungent odour which 
may have been that of cyanogen chloride. The yellow solid produced 
melted at 53°; after recrystallisation from alcohol, it became 
colourless, melted at 126°, and did not depress the m. p. (126°) of 
pp’ -di-iododiphenyl1 disulphide. 

Preparation of Phenyl Thiocyanate and Quantitative Study of its 
Nitration.—Challenger and Collins (loc. cit.) prepared phenyl thio- 
cyanate by Gattermann’s method (Ber., 1890, 23, 738), using 
potassium and cuprous thiocyanates. A better yield is obtained 
with ferric chloride and potassium thiocyanate (Korczyhfski, Bull. 
Soc. chim., 1922, 31, 1179), although in this and other cases (see 
p- 31) the evolution of nitrogen tends to lag and then suddenly 
to become violent. The steam-distilled product was carefully frac- 
tionated; b. p. 143—145°/64 mm. (Found: S, 23°4, 23-3. Cale. : 
S, 23-7%. Phenyl mercaptan and phenyl disulphide, which are 
possible impurities, contain 29-1 and 29-3% of sulphur respectively). 

The o-, m-, and p-nitro-thiocyanates required for thermal analysis 
were prepared by the diazo-reaction (Miller, Z. farb. Text. Ind., 
1906, 5, 357) by means of copper salts. Steam distillation was im- 
practicable and the thiocyanates were purified by extraction of the 
solid product with alcohol and decoloration with carefully purified 
charcoal. 

Nitration of phenyl thiocyanate. The thiocyanate (10 g.) was slowly 
added to nitric acid (d 1-41; 24 c.c.) and sulphuric acid (27 c.c.) at 
0—5°. After 5 g. had been added, a solid separated. After remain- 
ing for 5 hours at 0°, the mixture rose to room temperature, but, as 
the odour of phenyl thiocyanate was still perceptible, another 6 c.c. 
of each acid were added. After 4 hours, the mixture was poured on 
ice, thiocyanate odour being absent. The oil-free solid was washed, 
triturated with cold water, shaken with water for several hours, 
dried at about 90°, and left in a desiccator. Yield, 12-5 g. (94% of 
the theoretical yield for a mononitro-derivative). The washings 
and spent acid were extracted with benzene, but yielded only a small 
amount of oil with an odour of phenyl thiocyanate. The nitration 
product was examined for compouads other than e- and p-nitro- 
phenyl thiocyanates. When fused, it had a very slight odour of 
phenyl thiocyanate. The smell of this substance is very powérful 
and only minute traces could have been present. Repeated frac- 
tionation failed to detect any o- or p- or dinitro-derivative of phenyl 
disulphide which might have been produced by oxidation of the nitro- 
thiocyanates. These substances are difficultly soluble. A test was 
made for the presence of 2 : 4-dinitrophenyl thiocyanate. Addition 
of o- or p-nitrophenyl thiocyanate to a mixture of acetone and 


sodium hydroxide gives an orange colour to the acetone layer, the 
c 
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alkali being coloured pale yellow. A trace of the dinitro-compound 
colours the mixture almost black and the alkali red. With the 
nitration mixture the colour was orange-yellow, indicating the 
absence of the dinitro-derivative. 

Thermal analysis of the nitration mixture. The setting point (S.P.) 
of the well-washed and dried nitration mixture was 121-9°, results 
differing by not more than 0-1° being obtained on remelting. A 
second nitration of phenyl thiocyanate gave a product of 8.P. 121-7°. 
The eutectic point was difficult to observe but appeared to be about 
95°. The S.P. of various mixtures of o- and p-nitrophenyl thio- 
cyanates were then determined by adding increasing quantities of the 
o-derivative to the p-compound of 8.P. 131-0°. 


OE UENO 65 ds ceeedesses ] 2 + 6 10 
Sh ebinccandoucaeticahus 130-3° 129-5° 128-5° 127-6° 126-1° 
Res Bete | i ccgcastetos 15 20 21 30 

| OR Se 124-0° 121-9° 121-5° 114-5° 


From these figures the nitration product would appear to contain 
20%, of o-nitrophenyl thiocyanate. The eutectic point of one of 
the synthetic mixtures was found to be about 96-5°, in fairly good 
agreement with that of the nitration product. 

The nitration product being assumed to consist solely of 80%, 
of para- and 20% of ortho-thiocyanate, sufficient o-nitrophenyl 
thiocyanate was added to form a 30% mixture. TheS.P. was 114-9°, 
and that of a synthetic mixture is 114-5° (see table), the results being 
therefore in agreement. Further evidence was afforded by examina- 
tion of mixtures containing m-nitrophenyl thiocyanate. A synthetic 
mixture containing 76-2°%, of para-, 19-0°% of ortho-, and 4-8%, of 
meta- had §.P. 118-6°. On addition of 0-2094 g. of m-nitropheny! 
thiocyanate to 41870 g. of the nitration product, the resulting 
mixture should contain 4:8% of meta-. The observed 8.P. was 
118-9°. 


Part of the cost of this investigation was defrayed by a grant 
from the Research Fund of the Chemical Society, for which the 
authors desire to express their thanks. 


THe UNIVERSITY, MANCHESTER. [Received, November 8th, 1929.] 
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VIII.—The Parachor of Chlorine Dioxide. 


By GrorrrEY HERBERT CHEESMAN. 


THE structure of chlorine dioxide, ClO,, has always been the subject 
of much speculation, and the electronic ideas of valency do not solve 
the difficulty, for the total electron content (19 outer-sheath elec- 


trons) is an odd number. As usual 


Fie. 1. rh : ae tig 
i ; with inorganic compounds, it is difficult 
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this case it seemed reasonable to try 
Sugden’s parachor method. Chlorine 
dioxide, being liquid between —59° 


and +10° under 
atmospheric 
ceom Pressure, is suit- 
cf, able for surface- 
Generator tension and den- 
A sity measure- 
ments. Through- 
out this work the chlorine dioxide— 
carbon dioxide mixture produced 
by Bray’s method was frozen out 
and fractionated. 
Quantities of liquid up to about 
1 c.c. were condensed and, fraction- 
ated in the simple vacuum appar- 
atus shown in Fig. 1. The material 
was condensed in A, and warmed 
to 0°, whereupon all the carbon 
dioxide passed off. About one- 
quarter of the liquid was allowed 
to evaporate away through tap D. 
The remainder was frozen out, the 
apparatus pumped out, and two- 
thirds of the remainder distilled 


into B by surrounding the latter with liquid air. From this, one- 
quarter was again rejected, and the middle portion distilled as 


before into C. All the material 


was then frozen in liquid air, and 


the apparatus evacuated and sealed between C and B. About 


0-2—0-4 c.c. was thus obtained. 


The purity of the material was followed by vapour-pressure deter- 
minations with the mercury manometer and sulphuric acid buffer 


on the left of the apparatus. 





Reproducible pressures were obtained 
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in good agreement with those of King and Partington (J., 1926, 
925). 

Two sets of density determinations were made, the first by a 
method of balancing columns, and the second by a pyknometer 
method. The first method is illustrated by Fig. 2a. The inner 
tube of the apparatus, B, was a uniform capillary, and the material 
was distilled into the lower portion of A through the side tube C. 
Suction was gently applied at D, and the heights of the liquid in 
the capillary and of the water in the U-tube E were measured with 
a sliding microscope. About 20 readings were taken, and the height 
of liquid plotted against the height of water. The points lay on a 
straight line, the gradient of which gave the relative density of the 
liquid at the temperature of the experiment (0°). 

‘T'wo experiments on these lines gave rather different results, and 
hence the second method was tried. The actual pyknometer 
resembled a small thermometer (Fig. 2)) with a mark at A on the 
capillary stem, and a file scratch at S; it was sealed to the frac- 
tionation apparatus at X. Sufficient material was distilled in to 
fill it nearly to A when at 0°, and then frozen out. The apparatus 
was evacuated, sealed off at Z, and maintained at 0° till the meniscus 
remained steady, and the distance below A was measured with the 
sliding microscope. (Further readings at other temperatures gave 
the corresponding densities, which it is hoped to communicate later.) 
The instrument was then weighed, the contents frozen, and the 
apparatus carefully broken open at 8, any small fragments (which 
were only produced on one occasion) being retained. The contents 
were allowed to evaporate, the apparatus dried in a vacuum, and 
reweighed. A previous calibration with mercury gave the volume 
to the mark A and the volume per mm. of stem below the mark. 
Hence the density of the liquid could be calculated. The densities 
(g./¢.c. at 0°) obtained by the two methods were as follows, the mean 
of all five determinations being 1-642. 

Balanced-column method: 1-622, 1-645. Pyknometer method : 
1-661, 1-639, 1-644. 

The surface tension was measured by capillary rise, the mean of 
seven consistent experiments in different apparatus giving y/D = 
20-1. Combination of this with the density above gives the surface 
tension as 33-1 dynes/cm. at 0°, and hence the parachor is 98-7 units. 

The data of King and Partington (loc. cit.) and cryoscopic measure- 
ments of Bray (Z. physikal. Chem., 1906, 54, 569) appear to indicate 
absence of association, and a determination in the present work of 
the Ramsay-Shields coefficient confirms this. (The experiments 
upon the surface tension, density, and other properties at lower 
temperatures will be published later.) The determined parachor 
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may therefore be compared with the sum of the atomic parachors 
of the elements, viz., 94-3, leaving a structural parachor of +-4-4 units. 

On the assumption that all octets are completed, there are eleven 
possible electron distributions for chlorine dioxide. Of these, three 
do not yield readily caleulable parachors, but are improbable on 
account of large polarities accumulated on single atoms; five others 
are unlikely because they give large negative structural constants. 
The remaining three are shown below : 


—boan + ib osteh mbionjat 
(1) O=CI=0 a) C=O=90.. .. qm C70S0 


3-2 Semipolar singlet — 12-4 Semipolar singlet — 12-4 
11-6 3-Membered ring + 17-0 Double bond + 23-2 
17-0 


—_ Structural const. + 4-6 Structural const. + 10-8 
Structural const. .....0..0. + 2°2 


On the assumption that formula (I) contains only one integral 
dipole, the structural parachor amounts to + 3-6 units. Formule 
(I) and (II) therefore give the closest agreement with the observed 
value, and further work is now in hand to adduce other evidence 
for the structure of the dioxide and other halogen oxides. The 
structure (IJ) herein suggested appears somewhat novel, but accords 
quite well with the known reactions of the oxide. 


2 Semipolar double bonds — 
Non-polar singlet ......... _ 
3-Membered RIM peosepoce, . 











The work was carried out in the laboratory of Professor Baker, 
and thanks are due to him for his interest in it. 


RoyaL CoLLeGce or SCIENCE, 
SoutH KENSINGTON. [Received, November 30th, 1929.] 





IX.—The Chlorination of Anilides. Part VI. The 
Rates of N-Chlorination of Acetanilides and Aceto- 
benzylamides and the Effects of Substituents. upon 


Side-chain Reactivity. 

By Gwyn WILLIAMs. 
In a previous paper (Orton, Soper, and Williams, J., 1928, 998) a 
method was described for measuring the rates of reaction of anilides 
with chlorine in aqueous acetic acid media and Wegscheider’s test 
was applied to show that N-chlorination and C-chlorination proceed 
simultaneously, so that, under these conditions, the reactions may 
be represented thus, 
ee Ar-NClAc + HCl 
Cl, + Ar-NHAc 

~—* 1-(Ar — H)-NHAc -++ HCl 

The ratio ky/ko (where ky and k, are the velocity coefficients for 
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N- and C-chlorination respectively) is constant for each anilide 
throughout the reaction, but varies widely for different anilides, 
having the values 0-00873, 0-0548, 0-850, 10-40 for acetanilide and 
m-, p-, and o-chloroacetanilides respectively in 40% acetic acid, 
whilst N-chlorination predominates in nitroacetanilides and aceto- 
benzylamides with almost complete exclusion of simultaneous 
C-chlorination. The object of this paper is to consider the influence 
of the substituents NO,, Cl, and CH, upon the rates of these reactions, 
with special reference to the N-chlorination which takes place in 
40% acetic acid and aqueous media (Soper, J. Physical Chem., 
1927, 31, 1192) but is absent under the conditions prevailing in 
other investigations of the rates of chlorination of anilides (Orton 
and King, J., 1911, 99, 1369; Orton and Bradfield, J., 1927, 986). 
The influence exerted by substituents in the benzene nucleus upon 
side-chain reactivity is closely allied to the general problem of 
orientation, and the above substituents have been chosen so as to 
furnish a contrast in orienting activities, those of NO, and CH, 
being opposed, whilst the action of Cl depends upon whether its 
“tautomeric ”’ or its “ inductive” influence has the greater scope. 

Table I gives the results for 22 anilides. Each value is the average 
of three or more experiments * and the mean deviation from the 
mean is estimated, in general, at + 2—3%; it is often less than 
this (see Orton, Soper, and Williams, loc. cit.) and never more than 
5%. Where no value is given for k,, nuclear chlorination is too slow 
in comparison with NV-chlorination to be distinguished with certainty 
from accidental loss of chlorine. The figures in parentheses are sub- 
ject to qualifications discussed in the experimental section. 


TABLE I. 
Temp. 18° (+ 0-02°). Medium, 40% acetic acid (6-90). 
ky. ke. ky. 
Acetanilide ............ 96 11,000 Acetobenzylamide... 172 
Substituent : Substituent : 
<0 Oa 550 dice rgeesecenealen 16-1 
OI | odeiicedeens 87 — an’, Re 32-9 
aR 60 ie Si cisnieneines 27-7 
2: 4-Di-NO, ...... ~- == 
ee ee 286 28 eo OE ES 28-9 
i Wide ediske 172 3,140 on ee eer AL 63-5 
DD vinicespeesesr an} 115 135 DE is «555 son5e5eu 99 
2: 4-Di-Cl .....20¢ 504 “= 
UE Sedat etetcesste 140 1,390 
ns eee ae (150) (50,000) 
SPIEL Grerdicarssceve 2540 18,500 Aa lin bea seeies (285) 
Aceto-8-phenylethylamide ...................0e008 205 
EE vos wie ibe Wedineiennivesedsdgiessereocencaie (237) 


+ Chloroamine equilibrium unsuitably placed. 


* I am indebted to Mr. S. P. Hughes, B.Sc., for help in checking values 
for three substances. 
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The electronic theory has recently been applied to the classification 
of benzene side-chain reactions (Ann. Reports, 1927, 1928) and, with 
certain reservations (see below), it may be used to interpret Table I, 
which illustrates the effects of substituents upon the speed of N- 
chlorination for a particular set of conditions. To this end, Table II 
has been constructed so as to investigate (a) how far the effects of 
substituents are consistent in a number of side-chain reactions; 
(6) whether, .if consistency is found, it is such as to support the 
electronic schemes; (c) to determine whether N-chlorination finds 
a place in the scheme; (d) to seek analogies in other reactions for 
certain peculiarities observed in N-chlorination. 

Table II gives the effects of the substituents NO,, Cl, and CH, 
upon 36 reactions, the rates for each reaction being calculated 
relative to that for the unsubstituted compound as unity. Only 
those reactions are included in which more than one substituent has 
been investigated. 

The electronic theory suggests that it should be possible to group 
side-chain reactions in two main classes accordingly as they are 
favoured by accession of electrons to the point of reaction or by 
recession from that point. The influence of CH, should be in the 
opposite sense to that of NO, and Cl (if its inductive influence is 
predominant), and superimposed on these general effects there should 
be alternating effects where the substituent can initiate covalency 
changes. Table II shows that a general measure of consistency 
exists in the effects of groups in accelerating or retarding side-chain 
reactions and that the reactions tabulated fall into two main groups ; 
19 are in Group A with the nitro-group accelerating and the methyl 
group retarding, and 12 are in Group B, in which the reverse holds. 
It has been observed in drawing up the table that other substituents 
fall into line with those tabulated, the same sharp contrast existing 
between those which are op- and those which are m-directing in the 
usual substitution reactions. Five reactions (Group C) cannot be 
allotted with certainty to either class. 

In the following scheme the alternating effects suggested by theory 
are compared with those observed : 


Group A. Group B. 
Agree- Agree- 
—-NO,>H>-CH;3. ment. -CH,>H>-NO,. ment. 
For -NO, m-<(0)p- 7 out of 9 m->(0)p- 7 out of 8 
For —CH, m->(0)p- 7 out of 9 m-<(o)p- 8 out of 9 


There are also many instances, not included in Table IT, of alternat- 
ing effects in the expected sense when only one substituent has been 
investigated. In Group C of Table II, also, the alternating effects 
for a given substituent are generally as anticipated. It is seen in 
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Taste II. 
o- m- D- 
o-NO,. m-NO,. p-NO, o0-Cl. m-Cl. p-Cl. H. CH,;. CHy. CHsy. Medium. 
Group A 
5 — — — 1:8 1-2 1-6 1 Small? Glacial acetic acid 
6 -- 3-01 -—- a= = -- 1 — — 0-726 Aq. acetone 
7 a 1-85 = -- a = 1 -— — 0917 Aq. alcohol 
12 — 172 17-7 3-44 3-17 1-74 1 3-32 — 0-567 Alcohol 
13 Large 1-37 Large 1-06 1-00 1-02 1 0-889 0-857 0-953 Water 
14 9” 1-70 = 0-97 1-03 0-96 1 0-222 0-981 0-972 a 
16 lly — 500 140 1-59 1 0962 1-42 0-713 Ls 
18 8-20 5-90 3-45 8-84 6-09 7-78 1 (0-378 0-485 0-494) Alcohol 
26 «1-08 3-27 2-48 1-16 —. 171 1 0-506 1-01 0-946 Methyl alcohol 
27 «1-99 3-82 4-07 —_ —- ee © OO .— OOF “ a 
28 _— _ — 113 «61-98 1-19 1 0412 0-465 0-446 sid 
29 Very large 289 894 3-83 1 0-247 0-746 0-507 Alcohol 
30 «(6-71 62-1 104 1-92 7-41 4-33 1 — 0-704 0-467 Aq. alcohol 
31 — — 719 — — 95 1. .— .— 917 i 
32 — — —_ -- — 41-50 1 -- = -- * 
33 = 8-00 7-52 9-80 1-99 — 2-02 1 — — 0-709 ” 
35 (0-554) 5-61 6-67 0-518 — 1-91 1 0-054 0-797 0-660 Water 
87 — -- -- os — 493 1 — — 0518 Aleohol 
38 61-90 — 100 “= — 1-53 1 -- — 0-64 isoPropy! alcohol 
Group B. 
1 573 0-906 0625 298 1-79 1-20 1 1°46 (1°56) 26°5 40% Acetic acid 
2 0-0936 0-191 0161 0-168 0-369 0-575 1 — — (1-66) ea 
3 0-084 0-090 0-074 0-35 0-24 0-62 1 484 1-39 10-58 Aq. alcohol 
4 0-134 0-152 0-134 0-392 0300 0830 1 3-24 1:15 4-15 ms 
8 —_ 0-064 — 0-50 1 -- — 800 ‘Benzene 
11 = 0-0095 0-045 0-42 1 2-86 2-06 18-76 Alcohol 
15 0-000455 0-00264 0.00828 - os — 1 273 291 0-114 Water 
17 0-099 0-167 0-136 0-196 0-173 1 0-189 121 2-09 Alcohol 
19 06-0356 0-156 4 bess 0-507 0-493 0-527 1 #110 41:25 1-36 na 
20 00466 0-203 0-100 0-666 0-573 0-560 1 104 IL1l 1:35 ” 
21 — — — 0-476 0-396 0-560 1 1-03 1-15 1-31 pi 
36 _- _ -- 121 063 1-05 1 289 1-11 226 Water 
Group C. 
9 1-77 6-93 11-5 1-46 1-46 0-85 1 Large 1-46 2-89 Aq. acetone 
10 — — — 109 138 1-95 1 2-53 1-12 1-58 Alcohol 
24 0-0654 0-692 0-610 =p — — 1 0259 1:10 0-563 iz 
25 0-050 0-559 8 0-673 = -- ++ 1 -- ds 
34 00258 0940 1-13 0-153 — 0959 1 0-105 0- 926 0- 844 Water 
References. 


(1) and (2) N-Chlorination re-caleulated from Table I, 

(3) Hydrolysis of benzyl chlorides at 83°, Olivier et al., Rec. trav. chim., 1922—1926. 

(4) Reciprocals of times of half completion of hydrolysis of benzyl bromides at 76° and 60°, Lap- 
worth, Shoesmith, et al., J., 1922—1926. 

(5) Same data for reduction of benzyl bromides by HI at 101° and 25°; refs. as (4). 

(6) and (7) Hydrolysis of benzenesulphonyl chlorides at 25° in 1:1 acetone—water and alcohol- 
water respectively, Berger and Olivier, Rec. trav. chim., 1927, 46, 516. 

(8) Friedel-Orafts reaction with same compounds, Rec. trav. chim., 1914, 33, 244; 1927, 46, 605. 

(9) Hydrolysis of benzoyl chlorides at 0°, Berger and Olivier, loc. cit. 

(0) rr chlorides and sodium ethoxide at 30°, Franzen and Rosenberg, J. pr. Chem., 1921, 101, 


(11) k, he diphenylchloromethanes and ethyl alcohol at 25°, Norris, Z. physikal. Chem., 1927, 130, 662. 

(12) Same for benzoyl chlorides at 0°. 

(13) k, for hydrolysis of formanilides by NaOH at 100°, Davis, J., 1909, 95, 1397; Z. physikal. Chem., 
1912, 78, 353, 369. 

(14) Same data for acetanilides. 

(15) Decomposition of diazo-compounds, Cain and Nicoll, J., 1902, 81, 1412: 1903, 88, 206. 

(16) Diazotisation of anilines at 0°, Béeseken, Brandsma, and Schoutissen, Proc. K. Akad. Wetensch. 
Amsterdam, 1920, 23, 249; compare Tassilly, Bull. Soe. chim., 1920, 27, 19. 

(17) Anilines and 1-chloro-2 : 4-dinitrobenzene at 7°, change % after 15 hrs., Linke, Ber., 1923, 56, 


848. 

(18) Saponification of phenylsuccinimides at 25°, Sanna, Gazzetta, 1927, §7, 761; —CH, results not 
directly comparable, Miolatti and Longo, "Atti R. Accad. Lineei, 1895, 1, 351. 

(19) &, for sodium phenoxides and ethylene oxide at 70-4°, Boyd et al., J., 1914, 105, 2117; 1919, 
115, 1239. 


(20) Same data for propylene oxide. 

(21) Modified &, for sodium phenoxides and ethyl iodide at 42-5°, Goldsworthy, J., 1926, 1254. 

(22) Phenols and acetic anhydride at 100° (Panoff, A., 1903, ii, 357), in non-polar medium (benzene). 
Figures only for -CH,. Not quoted in table. 

(23) Benzoylation of phenols; all results not directly comparable and not included in table; Ber- 
souls — Goar, Helv. Chim. Acta, 1926, 9, 730; compare van Duin, Rec. trav. chim., 1927, 


46, 1 
(24) B-terifeation by 2% HCl at 25°, Goldschmidt, Ber., 1895, 28, 3218. 
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(25) Esterification in alcohol with 0-3533M-HCl and 0-05M-water, Kailan, Monatsh., 1906—1907; 
Annalen, 1907, 351, 186. 
(26) wise aa nD. oberape of added catalyst at 135°, % change after 5 hrs., Michael et al., Ber., 
(27) Saponification of methyl benzoates at 25°; % changed after 2 hrs, 
(28) Same after 65 mins., Kellas, Z. physikal. Chem., 1897, 24, 221. 
(29) Saponification of ethyl benzoates at 30°, McCombie and Scarborough, J., 1915, 107, 156. 
(30) Hydrolysis of ethyl benzoates by NaOH at 30°, Kindler, Annalen, 1926, 450, 1; 1927, 452, 90; 
1928, 464, 278. Figures also for compounds of types (81) Ar-CH,’U0, Bt, 
(32) Ar-CH,-OH,-O0,Et, (33) Ar-CH =CH-CO,Bt. 
(34) and (35) Hydrolysis of benzamides by HCl and baryta respectively, Reid, Amer. Chem. J., 1899, 
21, 284; 1900, 24, 397. 
{36) Reduction of phenylhydra7vines by stannous chloride and HCl, Franzen, J. pr. Chem., 1918, 97, 61. 
(37) ‘aa hydrogen sulphide to nitriles at 60-6° and 1-75 atm. with NaSH as catalyst. Ref. 
(38) Benzoyl chlorides and isopropyl alcohol at 25°; ref. as (12) and also Norris and Gregory, J. 
Amer. Chem. Soc., 1928, 50, 1813. 
the table that the effect of chlorine is in almost all reactions in the 
same sense as that of the nitro-group, its inductive influence thus 
predominating. Analysis of the superposed alternating effects shows 
that here the results are complex. It may be noted that there is 
little evidence in Table IT for the occurrence of “ steric hindrance ” 
due to a single ortho-substituent, though there are indications in 
reactions in which a carbonyl group is involved (24—35; compare 
Olivier, Rec. trav. chim., 1929, 48, 227). Another instance is recorded 
by Pfeiffer, Engelhardt, and Alfuss (Annalen, 1928, 467, 158) in the 
esterification of benzonitriles. 

In considering, now, the place to be taken by the results of 
Table I, we see that N-chlorination of acetobenzylamides falls 
unequivocally into Group B. With acetanilides, the results are 
more complex. When the acetamido-group is directly attached to 
the nucleus it can act as a strong op-directing group, and, in fact, 
with acetanilide, N-chlorination comprises less than 1% of the total 
reaction. . The allocation of N-chlorination to Group B of Table II 
suggests that it is a reaction which is facilitated by flux of electrons 
towards the nitrogen, so that N- and C-chlorination are competing 
processes. Factors tending to obstruct the sharing of electrons 
between the nitrogen atom and the nucleus will assist V- as against 
C-chlorination; thus acetobenzylamide is N-chlorinated twice as 
fast as acetanilide, and C-chlorinated at a negligible rate. The 
results show that in the acetanilides, the introduction of chlorine 
atoms into the nucleus also reduces the preponderance of C-chlorin- 
ation, an effect only partially offset in m-chloroacetanilide by the 
mutual reinforcement of the op-directing activities of the two 
groups. Indeed, in the acetanilides, chlorine in all positions 
accelerates N-chlorination. This may be ascribed in the o- and p- 
compounds to a dominant tautomeric influence by the halogen 
atom, but the result with the m-compound is unexpectedly high. 
At the same time, chlorine retards the reaction with the aceto- 
benzylamides in all positions without alternation, the inductive 
efiect of the halogen atom presumably dominating the situation, 

c2 
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owing to the methylene group’s intervening between the nitrogen 
atom and the nucleus. The nitro-group depresses reactivity in 
both series, but, somewhat unexpectedly, far more effectively in the 
acetobenzylamides than in the acetanilides. The high value for 
o-nitroacetanilide is unexpected, as is also the extraordinarily high 
rate of reaction of aceto-p-toluidide. The p-methyl group produces 
no such effect in the acetobenzylamides, but it may be noted that it 
has marked effects in reactions 3, 11, and 15 of Table II. There 
seems to be no analogy in Table II for the special effect of the 
o-nitro-group, unless it be in reaction 35, where it appears to upset the 
normal reaction completely. (For “ ortho-effects,’’ compare also 
van Duin, Rec. trav. chim., 1927, 46, 256; Kindler, Annalen, 1928, 
464, 278.) 

The view that N-chlorination is a reaction favoured by factors 
tending to produce a crowding of electrons at the nitrogen atom is 
supported by the fact that the rates for acetamide, aceto-f-phenyl- 
ethylamide, acetobenzylamide, and acetanilide lie in a continuous 
decreasing series; for the phenyl group acts as an “ electron sink ” 
towards the nitrogen atom, since (a) these substances are chlorinated 
or nitrated in positions op- to the nitrogen atoms, and (b) the 
approach of the phenyl group towards the nitrogen atom lowers the 
basic properties. Since N-chlorination cannot proceed by the 
separation of an anion, it seems probable that the vital stage is 
the attraction of the positive component of an incipiently ionised 
chlorine molecule, much as in the process of nuclear chlorination. 

Nuclear Chlorination.—Table I contains two new results for nuclear 
chlorination—those for m-chloroacetanilide, mentioned above, 
and for aceto-m-toluidide. The latter, as we should expect, is C- 
chlorinated far more rapidly than acetanilide. On the other hand, 
the high rate of C-chlorination of the para-isomeride is another un- 
expected effect of the p-methyl group. This effect has been observed 
before, as is shown by Table ITI, which gives the relative values of k, 
in glacial acetic acid (Orton and King, loc. cit.), in 40% acetic acid, 
and also in water (Soper, 1927, loc. cit.). The figures in parentheses 
are the values of ky/ke. 


TaBLe III. 
Acetanilide. 

Medium. Abs. Rel. o-Cl. p-Cl. o-CH;3. p-CH;3. 
Glacial acetic... 40 1 0-0018 0-0053 0-23 1-93 
40% Acetic ... 11,000 1 0:0025 0-0123 0-126 1-68 

(0-0087) (10-4) (0-85) (0-101) (0-137) 
Waker ie sitti 17,000 1 0-0026 0-0124 — _ 
(0-0076) (13-6) (0-91) 


Limitations of Solvents—It is to be noted in Table III that a 
parallelism in the values of k, exists in spite of the change in medium, 
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and also despite the intrusion of simultaneous N-chlorination in 
the aqueous media. The change in solvent is, however, compara- 
tively slight, and it should also be observed that in all the reactions 
in Table II, the solvents are very similar, only one being non-polar. 
This fact limits the generality of the conclusions to be drawn from 
the experiments. The results shown in Tables I and II are based 
upon experiments in which a standard substance is made to react 
with a series of compounds having various substituents inserted 
at positions remote from the point of reaction; a connexion is then 
traced between the changes in the reaction rate and the influence 
supposed to be exerted by the inserted groups upon the bond 
actually concerned in the reaction (e.g., compare Norris, Z. physikal. 
Chem., ¥927, 130, 662; Norris et al., J. Amer. Chem. Soc., 1925— 
1929). The electronic theory permits clearer definition since it 
ascribes the effects of substituents to their varying “ electron 
affinities,’ which modify electronic configurations at the reacting 
atom, and external physical evidence (e.g., from electric moments) 
is sometimes available as to the quality of the electron affinities. 
Consequently the process is now sometimes inverted, and the 
mechanism of a reaction is inferred from the effects of substituents 
on its speed (see above, also Ann. Reports, 1927, 1928). But these 
comparative experiments are usually made with solutions, wherein 
reaction velocity is notoriously susceptible to the influence of 
environment, the action of which may be specific to each reacting 
substance (Christiansen, Z. physikal. Chem., 1924, 113, 35; Mc- 
Combie, Scarborough, and Smith, J., 1927, 802; Norrish and 
Smith, J., 1928, 129; Richardson and Soper, J., 1929; 1873). 
Hence, although identical conditions of solvent, vessel, and tempera- 
ture are employed, so that the only variable is the constitution of 
one reactant, yet, owing to variations of environmental influences 
with constitution, the resulting series of reaction rates may fail to 
register the effects of substituents upon the point of reaction in the 
molecule. Little information is available on the effect of changing 
the medium upon comparative rates of reaction of a series of com- 
pounds with a standard substance, but this view is supported by 
the fact that changes of solvent alter the order of the relative rates 
of reaction of benzyl chloride and its nitro-derivatives with tri- 
methylamine (McCombie, Scarborough, and Smith, loc. cit.), and 
similar effects were observed in other reactions by Berger (Rec. trav. 
chim., 1927, 46, 856), by Menschutkin (Z. physikal. Chem., 1900, 34, 
157), and by Blakey, McCombie, and Scarborough (J., 1928, 2863). 

On the other hand, it may happen that for a series of related 
substances, the effects of environment are sufficiently similar to 
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directly with the influence of constitution upon reactivity (see 
Bradfield and Jones, J., 1928, 1006, 3073; also Hiickel, Ber., 1928, 
61, 1517; 1929, 62, 2040). Bearing in mind this possibility, 
together with (a) the inevitable variation in precision in the different 
measurements quoted in Table II, and (6) the possibility of un- 
suspected wall effects in certain cases (Bailey, J., 1928, 1204), the 
general measure of consistency observed in Table II suggests that 
the only positive conclusion which can be drawn from the available 
data is that comparative velocity measurements can be used as 
indications of the effects of substituents upon the point of reaction 
in the molecule when an assembly of reactions can be examined, 
Individual anomalies in particular reactions (such as those observed 
in N-chlorination) may be genuine effects of the substituent upon 
the position of attack in the molecule, or may, at least in part, be 
due to the imperfect separation of environmental factors as indicated 
in the foregoing discussion. 


EXPERIMENTAL. 


Materials —Acetanilides were prepared by acetylation of purified 
anilines, and repeatedly recrystallised from alcohol or dilute acetic 
acid. Aceto-$-phenylethylamide (from the amine) and acetamide 
were purified by two distillations at 0-5 mm. Benzylamine and its 
monochloro- and mononitro-substituted derivatives were made (as 
hydrochlorides) from the corresponding benzyl chlorides by the 
method of Ing and Manske (J., 1926, 2348), m-chlorobenzyl chloride 
being prepared by chlorination of m-chlorotoluene at its boiling point 
(Kenner and Witham, J., 1921, 119, 1460). The acetobenzylamides 
were obtained by acetylation of the benzylamine hydrochlorides by 
warming with excess of acetic anhydride and sodium acetate. In 
each case, the excess of acetic anhydride was hydrolysed with water, 
the solution made alkaline with potassium hydroxide, and the 
{partly precipitated) acetyl derivative extracted with chloroform 
and recrystallised several times, usually from alcohol or hot water. 
The following compounds could not be traced in the literature: 
Aceto-p-chlorebenzylamide, m. p. 109-5°, after crystallisation from 
hot water until of constant m. p. (Found: Cl, 19-1. C,H,jONC 
requires Cl, 19-3°/,); aceto-m-chlorobenzylamide, m. p. 38°, purified 
by distillation at 0-5 mm. (Found: Cl, 19-0%). The low m. p. of 
the m-compound as compared with its isomerides is in accord with 
the rule for disubstituted benzenes (Ann. Reports, 1926, 144). (I 
am indebted to Messrs. W. O. Jones, B.Sc., and G. I. Davies, B.Sc., 
for the analyses.) 

p-Methylbenzylamine was made by reducing p-toluonitrile with 
sodium and alcohol, and the other materials required—reaction 
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medium, chlorine, etc.—were prepared as described by Orton, Soper, 
and Williams (loc. cit.). 

Velocity Measurements.—The experimental method employed, the 
precautions taken, and the control experiments applied were those 
described previously, alternate portions of the reaction mixture 
being analysed at known time intervals (a) for chlorine by titration 
with N/500-sodium thiosulphate, and (6) for chloroamine by 
removal of chlorine with saturated aqueous p-cresol and subsequent 
titration. The initial concentrations of chlorine and of anilide were 
of the order 0-0005—0-0010M and 0-001—0-005M respectively, and, 
as before, hydrochloric acid was always present in 0-01M concen- 
tration in order to suppress the hydrolysis of chlorine. In view of 
the more strongly basic character of the acetobenzylamides as 
compared with the acetanilides, it was considered advisable to test 
the effect of hydrogen chloride upon the rate of N-chlorination. 
With 0-01M-, 0-05M-, and 0:10M-hydrochloric acid present, the 
values of ky for acetobenzylamide were respectively 170, 176, and 
173, showing that there is no appreciable effect over this range of 
concentration. The heat of reaction was shown to be negligible. 

The velocity coefficients were calculated as before from the 
equations for a bimolecular reaction following two courses simul- 
taneously. The following experiment is typical of the results with 
| benzylamides. 

Expt. 133. Aceto-m-nitrobenzylamide = 0-004109M ; chlorine = 
0-001232M; HCl = 0-01M; thiosulphate = 0-949 x N/500. 

Time (mins.) 0 1:10 3-10 5-00 5-90 8-10 10-20 13-40° 15-10 
Titre (c.c.) .... 1-44 11-98 4-81 11-90 680 11-75 8-62 11:62 9-72 


From curves constructed with these figures, we have : 


Time. KI titre. -NCI titre. Diff. Change, %. k. 
0 12-08 1-44 10-64 18-0 — 
1-00 12-03 2-73 9-30 28:3 35-3 
3-10 11-93 4°81 7-12 45-1 35-0 
5-90 11-83 6-80 5-03 61-2 35-4 

10-20 11-71 8-62 3-09 76-1 35-2 

13-40 11-62 9-38 2-24 82-8 34-5 

Mean 35-1 


Corrected value for ky = 33-5. 


In experiments such as the above, in which the fall in potassium 
iodide titre is slight and may be due partly or wholly to accidental 
loss of chlorine, no reliance can be placed on the result for kc; ky 
is corrected for the fall of potassium iodide titre. Two methods of 
calculation are possible, on the assumptions (a) that the fall is due 
entirely to C-chlorination; (b) that it is due entirely to accidental 
loss, in which case there is no corresponding consumption of 
anilide. As, however, the anilide is always present in large excess, 
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the two methods give results which do not differ greatly : in the 
above experiment, ky as calculated by method (6) lies between 
32-9 and 34-4. Method (a) has been used throughout, since C-. 
chlorination does actually take place slowly with some of the anilides 
in question (unpublished work by Dr. B. Jones). 

The results in parentheses in Table I are provisional only. That 
for aceto-m-toluidide is the mean of five experiments in which 
potassium iodide was added to the whole of the reaction mixture at a 
noted time, less than 0-1 min. after mixing. A trial of the method 
with acetanilide gave a result k, = 10,400 compared with the pre- 
vious value 11,000. The ratio ky/k, was found by a separate 
experiment (see Orton, Soper, and Williams, Joc. cit.; method for 
acetanilide). The value given for acetamide is the mean of three 
concordant experiments, but certain other experiments suggest 
that complications may arise in the reaction with this substance. 
The figure for aceto-p-methylbenzylamide is the mean of two experi- 
ments only and awaits confirmation. 

Measurements were also made with 2: 4-dinitroacetanilide. One 
experiment is shown below. Zero time was about 1 min. after mixing. 

Expt. 145. 2: 4-Dinitroacetanilide = 0-001542M; chlorine = 
0-000623M ; HCl = 0-011M; thiosulphate = 0-972 «x N/500. 
Time (mins.) ......... 0 1:00 1-85 2-75 3-80 4:70 6-40 7-50 
UES COUT serssesssces 6-30* 2-75 2-86 2-61 6-09* 2-87 2-76 65-81* 

The titres marked * were those with potassium iodidealone; p-cresol 
was used with the others. N-Chlorination evidently takes place 
rapidly until the chloroamine concentration reaches a certain value, 
after which its titre remains constant, although there is still a large 
amount of free chlorine left. Moreover, the final chloroamine 
titre was lowered by increasing the intial hydrogen chloride concen- 
tration. It thus appears that the chloroamine equilibrium (Orton 
and Jones, J., 1909, 95, 1456), C,H,(NO,),“-NHAc + Cl, == 
C,H,(NO,),*NClAc + HCl, lies much further to the left in 40% 
acetic acid than with the other anilides examined. This observation 
with 2 : 4-dinitroacetanilide is in accord with the fact recorded by 
Soper and Smith (J., 1928, 138) that the introduction of a single 
nitro-group into the benzene nucleus greatly increases the hydrolysis 
constant of a chloroamine. 


I wish to express my sincerest thanks to Professor K. J. P. Orion, 
F.R.S., and to Dr. F. G. Soper for their most valuable advice and 
help. It is a pleasure, also, to acknowledge the assistance I have 
received by discussion with Dr. A. E. Bradfield. 
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X.—The Dehydration of Copper Sulphate Pentahydrate. 
By Witi1amM E. Garner and M. G. TANNER. 


MEASUREMENTS of the rates of evaporation of water vapour from 
salt hydrates have usually been made by placing crystals of the 
hydrate in an atmosphere of air over a suitable dehydrating agent 
(compare Rae, J., 1916, 109, 1229; Crowther and Coutts, Proc. 
Roy. Soc., 1924, 106, 215). Under such conditions, an induction 
period is frequently observed, due to the slow rate at which centres 
of dehydration are formed on the surface (Langmuir, J. Amer. Chem. 
Soc., 1916, 38, 2263). In such cases, the maximum rate of evapor- 
ation is not attained until the crystals have undergone considerable 
decomposition. Removal of the air increases the rate of evaporation, 
but the induction period is not thereby removed (compare Bruzs, 
Z. physikal. Chem., 1929, B, 3, 434). 

The haphazard formation of centres of dehydration on the surfaces 
of crystals leads to the formation of curved surfaces of evaporation, 
the areas of which, after a given time, are dependent on the number 
of centres formed, their position, and their time of origin. The 
area of the interface from which the water is liberated is thus 
dependent on chance, and is so uneven that it can neither be measured 
accurately nor evaluated. 

These difficulties can be avoided by employing large single 
crystals of known area which have been activated by rubbing with 
the product of the dehydration. For example, a crystal of the 
pentahydrate of copper sulphate, after being rubbed with the 
monohydrate and placed in a vacuum, forms innumerable centres 
all over its surface, and the interface which is ultimately formed 
between the pentahydrate and the monohydrate consists of a series 
of planes running parallel to the original surfaces of the crystal. 
This makes it easy to determine the area of the interface from the 
dimensions of the crystal and the weight of water which has been 
lost at any time from the beginning of the dehydration. Thus, 
values for the rate of evaporation from unit area of interface can 
be calculated. 

For an absolute measurement of rate of evaporation, it is clear 
that the water molecules must evaporate into a space from which 
return to the surface is impossible. Such an arrangement cannot 
readily be obtained in practice, but the rate of return can be made 
very small by using high vacua and suitably shaped containing 
vessels. An experimental arrangement is described below, which, 
as a result of many trials, has been found to be satisfactory for this 
purpose. 

From the temperature coefficient of the rate of evaporation, the 
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critical increment of the process of evaporation can be obtained. 
The significance of this energy is uncertain, unless the unit process 
to which it refers is known. There will be at least three possible 
rates to take into account—(1) the rate of loss of water at the inter- 
face CuSO,,5H,O-CuSO,,2H,O, where x may be 3, 1, or 0, (2) the 
rate of diffusion of water vapour across the layer of dehydrated 
substance, which increases in thickness with time, and (3) the rate 
of evaporation of water from the external surface of the crystal. If 
(1) is the rate which determines the velocity of evaporation, then 
v/A, where v is the velocity and A the area of the interface at any 
time, will be constant throughout the whole process; if (2) is 
important, then v/A should decrease as the crystal is dehydrated ; 
and if (3) corresponds to the process measured, then the velocity of 
evaporation will be independent of the time. Experiment shows 
that v/A does not change very markedly with the thickness of the 
dehydrated layer, so that in the case of the pentahydrate of copper 
sulphate, the slowest process is the change occurring at the interface 
between the unchanged and the dehydrated substance. 


EXPERIMENTAL. 


Crystals of the pentahydrate of copper sulphate weighing 0-2— 
0-5 g. wereemployed. These were grown slowly from small crystals 
at room temperature, and during growth, were turned over fre- 
quently. In the selection of these crystals, attention was paid to 
their freedom from defects, and those with numerous facets were 
rejected. Their thickness was measured by a micrometer screw 
gauge, and the other dimensions were measured by means of a Zeiss 
glass scale calibrated in 0-5 mm. The surfaces of these crystals 
were activated by 15 minutes’ rubbing with copper sulphate 
monohydrate enmeshed in a piece of silk. 

The crystals of copper sulphate were suspended singly in the 
apparatus described below by means of four thin pieces of platinum 
wire attached to a quartz-fibre spring made after the manner of 
McBain (J. Amer. Chem. Soc., 1926, 48, 690).* The quartz springs, 
made by winding on a steel rod, were calibrated by measuring the 
elongation under known weights, a Wilson travelling microscope 
being used for this purpose. 

Apparatus.—Several forms of apparatus were tried, in all of which 
the water was removed in a high vacuum by pumping the vapour 
through U-tubes immersed in liquid air. In the earlier forms, the 
water was pumped off below the crystal by one exit (Apparatus A), 


* This balance has been used by Hume and Colvin in a study of the decom- 
position of potassium hydrogen oxalate hemihydrate (Proc. Roy. Soc., 1929, 


A, 125, 642). 








in 
ve 
W: 
ar 





ned, 
cess 
sible 
iter- 
the 
ited 
rate 
If 
hen 
any 
) is 
ed; 
y of 
ows 
the 
per 
ace 


4 


als 


to 
ere 
ew 
iss 
als 
ate 





THE DEHYDRATION OF COPPER SULPHATE PENTAHYDRATE. 49 


but in the later types, in order to prevent the return of water 
molecules to the crystal from above, it was removed by two exits, 
one above and the other below the crystal (apparatus C; see Fig. 1). 
The bulb containing the crystal was placed in a constant-temperature 
oven in the earlier experiments, and surrounded by the vapour from 
a constant-boiling liquid in the later experiments. 

In Fig. 1, A is a Pyrex vessel, 5 cm. in diameter and 15 cm. long, 
in which the crystal is suspended. It was surrounded by the 
vapour from C or else by water at a constant temperature. The 
water vapour was withdrawn through wide tubing 2 cm. in diameter, 
and via the two U-tubes B immersed in liquid air. — 


Fia. 1. 





























A Hyvac pump and a mercury condensation pump were used in 
evacuation, and the pressures read on a McLeod gauge. The rates 
of evaporation were affected when there was a small leak of air into 
the apparatus, but no effect was observed if the pressure was kept 
lower than 10-* cm. 

The dehydrated crystals were found to consist of CuSO,,H,O 
unless the experiment was unduly prolonged. The rate of loss of 
water from the monohydrate is very slow: even at 80°, a crystal 
originally weighing 0-339 g. (see Expt. I) lost only 0-00093 g. per 
hour after it had been converted into monohydrate. 

Partly dehydrated crystals show a core of unchanged hydrate, 
and the surfaces of this core run parallel to the surfaces of the 
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original crystal. The thicknesses of the dehydrated substance, 
CuSO,,H,O, were practically the same on all faces.* This simplified 
the calculation of the change in the area of the interface with time. 

Area of Interface.—The boundaries of the areas of the faces of the 
crystal and of the area of its chief cross-section were first drawn on 
squared paper. On the same diagrams were drawn the boundaries 
of the faces and cross-section of the core of pentahydrate which 
remained at various stages in the dehydration: the stages chosen 
were those corresponding to definite thicknesses of the shell of mono- 
hydrate. From these diagrams, the areas of the interface and the 
volumes of the core for four stages in the process of dehydration 
were evaluated. This treatment gave the volume of unchanged 
pentahydrate and the area of interface for each of four values of the 
thickness of the shell of changed salt. The loss of water and the 
related values, the changes in length of the quartz spring corre- 
sponding to the areas of interface so calculated, are readily obtained 
from the volumes. The values of the area of interface were then 
plotted against decrease in length of the quartz spring. 


Experimental Results. 

The decrease in the length of spring depends on the weight of the 
crystal and the sensitivity of the spring; on an average, it was about 
0-6 cm. Such a change could be measured to about 1 part in 600 
parts. The dehydration was in general followed until the penta- 
hydrate was completely converted into the monohydrate; beyond 
this point, loss of water was very slow, and the crystal became dark. 
The decrease in length of spring, calculated from the original weight 
of the crystal, assuming that dehydration proceeds to monohydrate, 
was in two cases 0-602 and 0-374 cm. The observed values were 
0-604 and 0-370 cm., respectively. Typical curves of length of 
spring plotted against time are given in Fig. 2. The curve for 56° 
(Curve IT) is curious in that, when 2 mols. of water had been lost, 
there was a marked decrease in the rate of evaporation (see later). 

The following results (Expts. I and IL) were obtained with an 
early form of the apparatus in which water was removed by one 
exit only. The tables give the dimensions of the crystals, the 
time in hours,t the decrease in length of the spring (x), the change 
in length of spring per hour (dx/dt), the area of the interface, A, 
and the velocity of dehydration, k, expressed as g. of water lost per 

* These were measured by breaking a partly dehydrated crystal and 
examining the depth of penetration under the microscope. These depths 
were the same within 10%. ; 

t The first of the times given for each experiment includes that required to 
heat the crystal to the temperature of the experiment, and hence has little 
significance. 
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minute from unit area of interface. The total elongation given is 

the change in length of spring at the end of the dehydration to 

CuSO,,H,0. 

Expt. I. Temp. = 365°; weight = 0-339 g.; area of crystal = 
2:40 cm.?; thickness = 0-205 cm.; sensitivity of spring = 
6-15 cm./g.; total elongation = 0-60 cm. 


Lr eee 0-75 1-8 2-8 4-0 5-2 6-6 9-7 13-8 

ee 0-05 0-10 0-15 0-20 0-25 0-30 0-40 0-50 

dz|/dt ......... 0-050 0-048 0-046 0-042 0-088 0-036 0-030 0-023 

A, cm.*...... 2-32 2-29 2-20 2-11 2-00 1-85 1-52 1-13 

&kx.10° .... 58 5-7 5-7 5-4 5-2 5-3 5°3 5-5 
Fia. 2 


Dehydration curves for Cu8O,,5H,O. 


oat Curve @ Temp uw 
Guave w. Temp st 
Curve m. Teme 3¢ 
Curveiw Temp 20° 


teed ete id 
-- 





Decrease in length of spring, cm. 








Hours. 


The loss of water was measured up to a composition of CuSO,,H,O, 
at which the rate of evaporation decreased abruptly to about 
0-0002 g. per hour. The extrapolated value for k at zero time is 
5-8 x 10°, and its value is practically constant throughout. 


Expt. II. Temp. = 36-5°; weight = 0-216 g.; area of crystal = 
1:96 cm.2; thickness = 0-144 cm.; sensitivity = 6-15 cm./g.; 
total elongation = 0-35 cm. 


a aeskacsthadeecuéhaaaasesen 10 2-2 3°5 5-1 6-9 9-2 
Rl AR tee PES 0-05 0-10 0-15 0-20 0-25 0-30 
CT 56. sho cos sacnmtepart 0-044 0-040 0-036 0-030 0-023 0-0175 
ie MT anconsnsgmanpeeou™ 1°85 1-72 1-60 1-40 1-25 1-00 
BIO O Gua a0. 6-4 6-3 6-1 5-4 5-0 4-8 
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In Expt. IT, the crystal was smaller than that in Expt. I, and it 
had a greater ratio of area to volume. The values of k decreased 
with time from 6-4 to 4-8 x 10° g./min. Similar decreases occurred 
in Expts. III and IV, and a drift is also observable in Expt. VIL, 

Apparatus B.—The results given in Expt. III were obtained with 
an apparatus similar to that shown in Fig. 1, except that the 
constant temperature was obtained by placing the apparatus in an 
air thermostat. The water was removed both above and below the 
crystal, without, however, changing the magnitude of k appreciably. 


Expt. III. Temp. = 36-5°; weight = 0-282 g.; area of crystal = 
2-33 cm.2; thickness = 0-150 cm.; sensitivity = 6-91 cm./g.; 
total elongation.= 0-57 cm. 


B  seccccoscccccccdsocadpgyoes 16 3°1 5-2 76 9-2 10°8 
Be OMA Nescvirdiasterr ds 0-1 0-2 0-3 0-4 0-45 0-50 
GBIEE ocsccccecschseWisiece 0-063 0-054 0-046 0-036 0-030 0-024 
gS vavndespiecuncenes 2-22 2-00 1-74 1-48 1-30 1-10 
BIE is cdetavceedes 6-8 6-5 6-4 5-9 5-6 5-3 


Apparatus C.—A further change was then made in which the 
dehydration chamber was jacketed and the crystal maintained at 
constant temperature by the vapour of boiling ether. 


Expt. IV. Temp. = 35-1°; weight = 0-479 g.; area of crystal = 
3°10 cm.?; thickness = 0-190 cm.; sensitivity = 6-91 cm./g.; 
total elongation = 0-95 cm. 


S$  accccescccccces 1-25 2°5 4°1 58 77 9-9 12-4 15-4 
By CMM. sovcegeee 0-10 0-20 0-30 0-40 0-50 0-60 0-70 0-80 
er 0-076 0-070 0-062 0-055 0-049 0-042 0-037 0-033 
Ay OM? vies 3°00 2°85 2-7 2-52 2°32 2°15 1-95 1-75 
BMW ....000 6-1 5-9 55 5-3 5: 4:7 4-6 4-6 


Expt. V. Temp. = 35-1°; weight = 0-205 g.; area of crystal = 
1-86 cm.?; thickness = 0-1135 em.; sensitivity = 10-52 cm./ 
g.; total elongation = 0-60 cm. 


3°1 5-0 7-2 
0-2 0-3 0-4 
0-057 0-050 0-0425 
1-60 1-47 1-35 
5-7 5-4 5-3 





Expt. IV shows a very appreciable fallin the values of k. In the 
calculation of the critical increment, it will therefore be necessary 
to use the value for the velocity coefficient obtained. by extrapolation 
back to zero time. In Expt. V, with a much smaller crystal, the 
rates per unit area are practically constant. 

Experiments in the Neighbourhood of Room Temperature.—At this 
temperature, the rate of evaporation is so slow that the dehydration 
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was not followed up to the monohydrate stage, so that there is not 
so large a drift in the values of k. 


Expt. VI. Temp. = 26-5°; weight = 0-266 g.; area of crystal = 
2-10 cm.”; thickness = 0-134 cm.; sensitivity = 6-91 cm./g. 


B ancecencegringespccorcovegs 1-1 2-8 4-6 6-6 8-6 10-8 

By WREES knccvcsccvsosonsss 0-05 0-10 0-15 0-20 0-25 0-30 
GORE | crib scien scipiecces 0-030 0-027 0-027 0-025 0-0245 0-0205 
Mb) Ca F550 Linen tdi 2°05 2-00 1-90 1-84 1-73 1-62 
BX TOP, «dawns tarpnasys 3°5 3°3 3-5 3°3 3-4 3-1 


Expt. VII. Temp. = 21-5°; weight = 0-348 g.; area of crystal = 
2-31 cm.*; thickness = 0-156 cm.; sensitivity = 10-52 cm./g. 


O  ceccccccccccece 1°5 20 25 3°5 4-0 6:5 8-0 
Dy CIM. “siscee 0-068 0-084 0-103 0-140 0-153 0-230 0-270 
dae [dt 4.42.00 0-040 0-037 0-035 0-034 0-031 0-030 0-028 
fh, CMM.” 500005 2-22 2-20 2-16 2-10 2-07 1-98 1-94 
be x'10® 3... 29 2°7 2-6 2-6 2-4 2-4 2-3 


Expt. VIII. Temp. = 20-5°; weight = 0-202 g.; area of crystal = 
1:75 cm.?; thickness = 0-106 cm.; sensitivity = 0-52 cm./g. 


B pecoccccgeoecgoopgoospuccpeecpees 2-20 3°25 5°25 7°30 
Dy OUER. sogecs toes bststessooes 0-075 0-10 0-15 0-20 
Df Ob 60 rn cbobisic esiceshindévss 0-0265 0-0245 0-0245 0-024 
BE IDS so chchciOenieowss she 1-67 1-65 1-60 1-55 
De ST ed hectivsssnresisenne 2-5 2-35 2-4 2-45 


Results at the Temperature of Boiling Carbon Disulphide, 46°.— 
Expts. IX, X, and XI were carried out at 46°. On account of the 
rapidity of the change, no measurements could be made of the rate 
in the very early stages of the dehydration. At this temperature, 
the values of k do not decrease with time in the manner found with 
some of the experiments at 36°. There was, however, evidence of 
an induction period. Only the early part of Expt. XI was 
satisfactory. 


Expt. IX. Temp. = 46-25°; weight = 0-263 g.; area of crystal = 


2-49 cm.?; thickness = 0-111 cm.; sensitivity = 10-52 cm./g.; 
total elongation = 0-85 cm. 


© wecodsdsebeosossccesocesioosce 1-08 1-78 2°8 3°6 4:8 5-7 
By COB Sibeccccccesccvvacshs 0-15 0-25 0-40 0-50 0-65 0-75 
GEIR: 121). . cccccscnct bless 0-140 0-149 0-138 0-123 0-119 0-102 
My CIF cise cdsisic Beach 2-30 2:17 1-97 1-80 1-64 1-42 
BM BORE Lccasbonacnnphes 9-7 11-0 11-1 10-8 11-5 11:3 


Expt. X. Temp. = 46-0°; weight = 0-325 g.; area of crystal = 
2-41 cm.?; thickness = 0-152 cm.; sensitivity = 10-52 cm./g.; 
total elongation = 0-99 cm. 


b  cecccoseesocece 2-4 3°25 4-1 5-1 6r1 7-2 8-4 9-0 
Ly CMM. = seccee 0-25 0-35 0-45 0-55 0-65 0-75 0-85 0-90 
AG [Bb op o000000 0-117 0-114 0-109 0-102 06-093 0-087 0-085 0-071 
A, cm,?...... 2°12 2-00 1-86 1-70 1-60 1-45 1-30 1-12 
&x.10.,... 89 9-1 9-4 9-6 9-2 9-5 10-3 10-0 
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Expt. XI. Temp. = 45-7°; weight = 0-282 g.; area of crystal = 
2:31 cm.?; thickness = 0-143 cm.; sensitivity = 10-52 cm./g. 


Ws \. dip inddEAtb sb Cichiidedgsieedocaduntdaadiandentescdaan 1-0 2-5 3-5 
OE, GE da dii cA becbnddN ea icdbccbcdcbetebodsases 0-118 0-307 0-417 
GIOTAN 5 0 epi} vce oxnssWedicbiddanabier oes acbhiiaeons 0-125 0-121 0-101 
EG ML Goa teicdladncicedcoumesoesedbigdactas 2-14 1-91 1-79 
3 AE 2 ae: 9-3 9-9 9-0 


Results at the Temperature of Boiling Acetone, 56°.—At this 
temperature also, the dehydration proceeds at a constant rate per 
unit area of interface, but there is a curious difference between the 
dehydration at this temperature and that at lower temperatures 
(see Fig. 2). A break occurs on the dehydration curve at the 
composition CuSO,,3H,0, and if the crystal is broken at this stage, 
there is no core of pentahydrate. The interface thus moves into the 
crystal at a relatively faster rate than is the case for experiments at 
lower temperatures, since only 2 mols. of water are lost instead of 4. 
The dehydration of CuSO,,3H,O proceeds slowly, and after partial 
dehydration to CuSO,,H,O, the crystal shows a more amorphous 
structure than when it has been dehydrated to CuSO,,H,0 directly. 
In the latter case, the pseudomorph breaks along the old cleavage 
planes of the crystal, but crystals dehydrated at 56° do not show 
this feature when broken. 


Expt. XII. Temp. = 56-0°; weight = 0-423 g.; area of crystal = 
2-57 cm.”; thickness = 0-180 cm.; sensitivity = 10-52 cm./g.; 
elongation at break = 0-65 cm. 


B idcticdacddvacods sicsdtisasasoosss 1-0 1-45 1-95 2°55 
Be DBs. cca ticccccnccesesepesase 0-25 0-35 0-45 0°55 
ENE”  nccccocecdsnsssocccnctes 0-236 0-231 0-183 0-163 
Bye... costs cnodoccsibegee 2-12 1-85 1-64 1-40 
We Ie knasdacciignumesinnes 17-7 19-8 17-8 18-4 


Expt. XIII. Temp. = 55-85°; weight = 0-325 g.; area of crystal = 
2-31 cm.?; thickness = 0-145 cm.; sensitivity = 10-52 cm./g.; 
elongation at break = 0-48 cm. 


ee ictdasscetedinctese De Rdecescdbeiiesies 0-75 1-25 1-75 
a eee ee oo ee 0-180 0-290 0-390 
GED ecccckibkrdbeecccdtdvadoosestldedsecsect 0-226 0-208 0-174 
MCG ccc ciebewctes iibncgedeedetidicccess 2-00 1-75 1-49 
Ek ge TY Re ee aes Oe 18-0 18-9 18-5 


Expt. XIV. Temp. = 56°; weight = 0-249 g.; area of crystal = 
2-26 cm.?; thickness = 0-206 cm.; sensitivity = 10-52 cm./g.; 
elongation at break = 0-56 cm. 


BS  cpcpoapeccecapeccgesoncosagesoccs 1-0 2-0 2-5 3-0 
Be QRS i 60 opicerccsvagsngatabes 0-252 0-392 0-460 0-518 
GUID pkccsnugedecigs htonsans 0-180 0-133 0-126 0-103 
Mig GE ceéshebapeccssgoayene 1-77 1-36 1-16 0-93 
DP eA naa 16-1 15:5 17-3 17-6 
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The dehydration of CuSO,,3H,O occurs at: the following rates: 
For Expt. XII, 0-0022 g./hour; for XIII, 0-0019 g./hour; and for 
XIV, 0-0021 g./hour. 

Temperature Coefficient of the Dehydration.—The following table 
gives the rates of evaporation per unit area. Where the rates show 
a drift, the value for zero time has been taken, but where there is 
evidence of an induction period, this has been ignored in the 
evaluation of k. 











Temp. ...... 20-5° 21-5° 26-5° 35-1° 36-5° 46-0° 56-0° 
k x 105 2-55 3-0 3-5 5°8 5°8 9-4 16-8 
6-3 6-4 9-7 18-4 
6-8 11-1 18-4 
Fie. 3. 
» Temperature coefficient of rate of dehydration of CuSO,,5H,0. 
4-3} 
4-2 
4-1 
4-0F 
we 5-9 
r 
my 5-87 
5-7 
5-6 
5-5 fo} 
5-4 4 rn 1 ie 
0-0030 0-003 1 0-0032 0-0033 0-0034 


i/T. 

The values of log k are plotted against the reciprocal of absolute 
temperature (1/7') in Fig. 3, and the values at 56-0° lie on the same 
straight line as those for the other temperatures. The value for 
the critical increment is 10,300 * calories, and the value of yu calcu- 
lated from this is 2-77, which corresponds to one of the vibration 
frequencies of the water molecule. 


Discussion. 
Any detailed discussion of the results can have but little value 
until further hydrates have been studied. The main features which 


* This critical increment is very much smaller than that found by Topley 
and Hume (Proc. Roy. Soc., 1928, A, 120, 211) for the decomposition of 
CaCO,,6H,0. 
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are of interest may, however, be examined. It is rather surprising 
that the rate of evaporation is so little affected by the thickness of 
the dehydrated salt. Experiment shows that there is a constant 
unidirectional streaming of molecules from unit area of the inter- 
face CuSO,,5H,O-CuSO,,H,O to the surface of the crystal. The 
structure of the material through which the molecules escape can 
only be guessed. Its nearest analogue is probably that of the 
structure of amorphous carbon. The molecules probably escape 
through capillary passages, the diameter of which is of the same 
order as that of the molecular diameter of water. Thus the move- 
ment occurs within the range of the attractive forces of the molecules 
forming the capillaries, and will thus correspond to that which 
occurs in an adsorbed gas film. There will be a pressure gradient 
in the adsorbed film which lies between the interface and the surface 
of the crystal. This is necessarily the case, since the molecules after 
leaving the interface expand from regions of small to regions of 
greater volume. The rate of return of water molecules to the 
interface will depend on the pressure exerted by the water molecules 
at the interface, just as in the case of a three-dimensional system, 
and this rate will be negligible only if the pressure in the neighbour- 
hood of the interface is negligible. It is unlikely that this is the case 
when the interface is covered by a layer of dehydrated substance, 
so that the constancy of the values of k may mean that the pressure 
in the neighbourhood of the interface is constant at constant tem- 
perature and independent of the thickness of layer of dehydrated 
salt. Thus the values of k so far obtained may not be the true rates, 
and hence the temperature coefficient may not give the true critical 
increment of the dehydration process. Evidence for this view must 
be sought in measurements of the rate of evaporation in the very 
early stages of the dehydration of the crystal, when the dehydrated 
layer is thin, and such measurements can be accurately made only 
at low temperatures. The curves obtained for 20° (compare curve 
IV, Fig. 2) are practically linear, but if the linear portion of the 
curves be extrapolated back to ¢ = 0, they do not pass through the 
origin. The rate of dehydration over the first hour is much larger 
than the steady rate reached subsequently. 

The change in the nature of the dehydration phenomena which 
occurs between 46° and 56° also provides an indication that the 
constant rates are not true rates. At 56° the dehydration product 
is the trihydrate, whereas at 46° it is the monohydrate. This 
behaviour can be explained in terms of the pressure of the water 
molecules in the surface gas film of the dehydrated layers. As the 
temperature rises, this pressure increases until it may become 
greater than the equilibrium pressure of water over the trihydrate. 
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Since at 56°, this hydrate is not dehydrated until the whole of the 
pentahydrate has disappeared, it is evident that the surface pressures 
in the dehydrated layers must be greater than the dissociation pres- 
sure of the trihydrate. If such pressures prevail, then the possibility 
of return of water molecules to the interface is always present. 

The slow rates of dehydration of the monohydrate and the tri- 
hydrate are also of interest. The trihydrate on dehydration does 
not give a visible interface similar to that obtained when the penta- 
hydrate is dehydrated. Evaporation appears to proceed from the 
whole of the internal surface of the pseudomorph. The movement 
of the water molecules may therefore be restricted by the production 
of discontinuities in the internal surface of the dehydrated substance. 


Summary. 

The rates of dehydration of single crystals of CuSO,,5H,O have 
been measured in a vacuum over a range of temperatures from 20° 
to 56°. Crystals of known weight and area were activated by 
rubbing with the powder of the monohydrate. Such crystals after 
partial dehydration gave a core of pentahydrate, the surfaces of 
which ran parallel to the original surfaces of the crystal. The rate 
of loss of water divided by the area of the interface between the 
pentahydrate and the dehydrated product was practically constant 
for the higher temperatures, but in some experiments at the lower 
temperatures, the velocity coefficient decreased as dehydration 
proceeded. 

Below 46° the dehydrated product was the monohydrate, which 
remains in the form of a pseudomorph which loses water very slowly. 
At 56°, the first product of the dehydration is the trihydrate, which 
does not decompose until all of the pentahydrate has disappeared. 
The trihydrate then slowly gives up its water at a constant rate. 

A straight line is obtained by plotting log k against the reciprocal 
of the absolute temperature, k being the velocity coefficient per unit 
area of interface. The critical increment of the process is 10,300 
calories, and up = 2:77, which corresponds to one of the vibration 
frequencies of the water molecule. 

It is concluded that the rates measured may not be the true rates 
of evaporation, and that the critical increment may not be the true 
value for the unit process which occurs at the interface. 


Our thanks are due to Imperial Chemical Industries Ltd. for a 
grant for the purchase of apparatus. 
THe University, Bris7Tou. (Received, November 18th, 1929.] 
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XI.—Low-temperature Oxidation. Part II. The 
Ignition of Some Hydrocarbons in Oxygen. 


By Joun Stantey Lewis. 


Ir is now generally recognised that paraffin hydrocarbons react 
readily with oxygen at comparatively low temperatures. The 
temperatures at which rapid oxidation sets in during the slow 
heating of mixtures of hydrocarbons and oxygen in glass bulbs 
have been investigated by the author, and some of the conditions 
noted (J., 1927, 1555; 1929, 759). In the pressure-temperature 
curves, peculiar increases of pressure occurred at points termed 
“critical inflexion temperatures” (C.J.7'.). The slope of the 
curve above the point of inflexion was influenced by factors such 
as the rate of heating and the concentration of oxygen and hydro- 
carbon. This is accounted for by a variation in the velocity of the 
reactions; increase in concentration caused a more rapid rise in 
pressure, but on the other hand, a faster rate of heating permitted 
less time for chemical action to proceed. 

The above experiments in slow heating of oxygen—hydrocarbon 
mixtures occasionally resulted in explosions, and since these 
occurred at temperatures near the C.J.7'., it was surmised that the 
chemical actions pertaining to the C./.7'. were closely connected 
with explosion or self-ignition temperatures of these mixtures, the 
main difference being one of velocity. The following work is an 
investigation of this relationship. 

The various methods in use for the measurement of ignition 
temperatures give discordant results to such an extent that it has 
become necessary to introduce the qualifying term “ relative 
ignition temperatures ’’ (Mason and Wheeler, J., 1922, 121, 2079), 
for comparable values can only be obtained when important govern- 
ing factors (e.g., material and surface area of the igniting vessel, 
volume of the chamber, concentration of reacting gases, pressure, 
etc.) are maintained constant. The current methods can be classi- 
fied as (a) crucible method, (b) dynamic tube method, (c) bomb 
method, and (d) adiabatic compression of the mixture. The gradual 
heating of mixtures until explosion occurs does not appear to have 
been described. It is not suggested that the following method, 
though simple in design, can supersede any of the foregoing methods, 
but the results help to illustrate many well-established facts con- 
nected with ignition temperatures and the difficulties of obtaining 
even relative values. 








225 
tubi 
of r 
end 
bull 
wat 
exp 
qua 
at o 
wit] 
the 
ton 
spec 
in a 
con: 


Oxy 
rise 
a cc 
tem 
the 
cop 
shie 
of 1 


in « 
plo: 
mi> 
diff 
nur 
mil 
cur 


nec 
wil 


bul 
of | 


exe 
the 





act 
‘he 
ow 
lbs 
ns 
ire 
ed 


ch 
ro- 
he 


ed 


on 
se 
he 
ed 
he 


an, 











LEWIS : LOW-TEMPERATURE OXIDATION. PART II. 59 


EXPERIMENTAL. 


The apparatus consisted simply of a cylindrical bulb (of 125 or 
225 c.c. capacity) of good soda glass fitted with a piece of glass 
tubing 33” long, the end of which was corrugated to enable a piece 
of rubber pressure tubing 4’’ long to be firmly attached; the open 
end of the latter was closed by a stout clip before the mixture in the 
bulb was heated. The bulb was cleaned with chromic acid and 
water and dried in a hot air oven by a current of dry air. In an 
experiment, the cooled bulb was filled with oxygen, and the desired 
quantity of hydrocarbon was introduced in a small tube drawn off 
at one end to a sealed capillary, the rubber tubing then being closed 
with the clip. The capillary was broken when required by shaking 
the bulb. For experiments of a comparative nature, it is sufficient 
to measure out the hydrocarbon with a capillary pipette. A bulb of 
specified dimensions, and filled at atmospheric pressure, being used 
in a series of experiments, the mass of oxygen remains practically 
constant. 

The conditions requisite for the exploding of the hydrocarbon-— 
oxygen mixtures by progressive heating are (a) sufficiently rapid 
rise in temperature, (b) adequate concentration of oxygen, and (c) 
a concentration of hydrocarbon above a certain minimum. At the 
temperature of explosion the rubber tubing is burst, and occasionally 
the bulb itself is shattered. The bulbs were therefore enclosed in a 
copper-gauze cage, and the observer was protected by a plate-glass 
shield. The explosion temperature is governed by many factors, 
of which the following have been studied. : 

Concentration.—Other conditions remaining constant, an increase 
in concentration of a paraffin hydrocarbon tends to lower the ex- 
plosion temperature until a minimum is obtained. For dilute 
mixtures, results were only reproducible to within 3° or 4° owing to 
difficulty in adjusting the rate of heating, and as a mean of a large 
number of experiments the curves in Fig. 1 were drawn; the 
minimum temperature, however, is correct to within 1°. The 
curves exhibit certain points of interest. 

(a) For a particular rate of heating, a minimum concentration is 
necessary to obtain an explosive action, and more dilute mixtures 
will not explode. This minimum increases rapidly with rise of 
molecular weight in the case of paraffins. Thus, with a 225 c.c. 
bulb and a rate of heating of just under 1° per min., concentrations 
of hexane below 10% failed to explode, but extensive oxidation had 
occurred, as revealed by analysis and by the fact that when the 
exeriment was repeated with a mercury manometer attachment, 
the pressure-temperature curve showed a well-defined C.J.7. at 
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234—235°. Therefore, it is assumed that, although rapid oxidation 
had set in at this temperature, the conditions were not such as to 
give rise to ignition. For octane a concentration of at least 33% 
was necessary for explosion, whereas all concentrations of isodecane 
(diisoamyl) failed to ignite unless a greater rate of heating was 
employed. 

The foregoing affords a rough measure of the ease of oxidation of 
these hydrocarbons, and, in general, it seems that the minimum 
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percentage for ignition by this method increases with the instability 
towards oxygen. This applies also to unsaturated hydrocarbons, 
which will not explode except at high concentrations and rapid 
rates of heating, the hexylene minimum being much higher than 
that for amylene. 

(6) The character of the explosion is controlled by the concen- 
tration of the original mixture. With rich mixtures a minimum 
explosion temperature obtains, but in the case of paraffin hydro- 
carbons the explosion is a mild one with a low note, often an absence 
of flame, and no carbon deposit—just sufficient pressure has been 
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suddenly generated to burst the rubber tubing. The residual gases 
in the bulb contain traces of carbon monoxide and dioxide, and the 
liquid condensed on the walls gives aldehydic reactions. It must 
be emphasised that the mixture is well outside the usual explosive 
range of hydrocarbons and in the neighbourhood of equimolecular 
concentrations. With a reduction in the hydrocarbon content, the 
violence of the explosion seems to increase until a maximum is 
reached when the ratio approaches that necessary for complete 
combustion. In such cases the explosions were sufficiently intense 
at times to shatter the glass bulb and were always accompanied by 
flame. 

(c) The fall of the curves to the minimum is not without signi- 
ficance. The lighter members of the series are more resistant to, 
or react more slowly with, oxygen; they can be heated well above 
the minimum ignition temperature, especially in dilute mixtures, 
and are less liable to pre-ignition in internal-combustion engines. 

Rate of Heating.—A more rapid rate of heating tends to raise the 
ignition temperature. The chemical reactions occurring at the 
C.I.T'. are comparatively slow, and in the case of dilute mixtures 
may be insufficient to give rise to explosion. It will therefore be a 
simple matter to “‘ superheat,” as it were, the mixture to a temper- 
ature above the ignition point obtained by a slower rate of heating, 
thereby accelerating the chemical action and causing an explosion 
which is far more violent than with the slower speed, An increase 
in the hydrocarbon ratio has an opposing effect because it increases 
the velocity of the reaction and tends to lower the explosion point. 
It will therefore be more difficult to “‘superheat ”’ rich mixtures 
above the ignition temperature. These facts are illustrated in Fig. 
1, where the variations of ignition temperatures are given for two 
widely different rates of heating and for various concentrations. ° 

The olefins, however, do not show this great rise of ignition 
temperature with speed of heating, and, moreover, because they 
are more readily oxidised, their minimum concentration for ignition 
is much higher than that of the corresponding paraffin. Thus, for 
all conditions tried with amylene, the explosion temperatures only 
varied between 240° and 244°, but even with rich mixtures violent 
explosions were obtained. 

A combination of the two factors already mentioned, viz., a high 
concentration of hydrocarbon and a slow rate of heating, must tend 
towards a minimum explosion temperature, These minima can be 
taken as relative ignition temperatures formany of the hydrocarbons, 
and Table I contains some results obtained by this method. They 
are of interest in that they are much lower than the ignition temper- 
atures recorded in the literature, which have been obtained by 
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other methods, and also because they approximate to the C./.T.’s 
of these hydrocarbons. 


TABLE I. 

Hydrocarbon. Minimum ignition temp. C.1.T. 
OU. csccithrntinentbidiadmeeakarates 255—257° 255° 
EEN - setarncsmeapsarxedtesnaekesitares 232—233 230 
ec et OOP LPC Ley HOOT ee BP 218—220 209 
PE ROURIND, |: cisssusnccmenrosarsss3qgebeo<anay 203—204 197 
isoDecane (Diisoamy)) ................++ 210 -— 
EN “kcacdiarenserecaqassscencedegeute 241—-242 240 
Trimethylethylene — ............ssesseees 243—244 —- 
Methylethylethylene — ..............+4. 251—252 — 
PEE | anciavaiiitibinsssedhorsavciesces 229—230 — 


The lowest ignition temperature obtained for isodecane (210°) is 
higher than that of octane (204°). In order to bring about the ex- 
plosion of isodecane, which is very readily oxidised at 200°, it is 
essential that a high concentration be used and a rapid rate of 
heating, about 4—5° per min., otherwise the experiment fails. A 
strict comparison, therefore, can only be made where equimolecular 
concentrations are subjected to the same rate of heating. Two 
bulbs containing octane and isodecane of about equal concentrations 
were very rapidly heated in the same bath with sufficient speed to 
explode them : the former ignited at 217° and the latter at 211°. 

Presumably there is no distinction between the C./.7’. of a mixture 
and the explosion temperature, éxcept one of degree. The curves 
of Brunner and Rideal (J., 1928, 1162) for hexane-oxygen, main- 
tained at constant temperatures below the C./.7'., terminate in a 
rapid rise in pressure. An examination of the curves (a), (b), and 
(c) (ibid., p. 1166) reveals the fact that the slope at the C.J.T. is 
more inclined to the vertical, and the angle with the vertical increases 
with the lowering of temperature. This is as one would expect, since 
the chemical changes involved decrease in velocity with lowered 
temperature. It might be reasoned that these changes can be 
accelerated by concentration, and thus explosive reactions might 
be obtained below the C.J.7. by keeping the gases at a constant 
temperature. A 50°, hexane mixture in a 225 c.c. bulb was main- 
tained at a temperature just below the C.J.7’. At 228° an explosion 
resulted, but lower temperatures failed to cause ignition. A weaker 
mixture, with 35% hexane and immersed in the same bath, also 
failed to explode. It may happen that the 50° mixture would 
explode at a still lower temperature if initially compressed, but it 
is not possible to attempt this in glass bulbs. 

Catalytic Actions.—Many investigations have been carried out 
upon the influence of surface and of positive and negative catalysts 
on ignition temperatures, but the results are frequently conflicting. 
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In comparison with metallic surfaces, it is usually stated that glass 
and silica surfaces have a very low activity on the oxidation of 
hydrocarbons, so that the result with a plain glass surface will be 
taken as a zero. This problem of catalytic action is so complex 
that the following experiments must be regarded as qualitative 
and introductory. The oxidation of these hydrocarbons proceeds 
in stages, and it is clear from what follows that the course of the 
reactions and the nature of the final products are dependent on the 
surface in contact with the reacting gases. 

(a) Powdered glass. The ignition point of paraffins is raised in 
all cases, the amount depending on the rate of heating and the 
concentration, but variation in the weight of glass between 0-2 and 
1-0 g.had little effect. In one set of experiments, the ignition 
point of octane was raised from 204° to 218° and that of hexane 
from 232° to 257°, but the differences diminish greatly with rich 
mixtures and slower temperature rise. On the other hand, the 
ignition temperature of amylene underwent little change in the 
presence of powdered glass, but the violence of the explosion was 
considerably decreased. Powdered pumice behaves similarly. 

(b) Charcoal. The action of this catalyst is noteworthy in that 
it affects paraffins and olefins in opposite directions, and the extent 
varies with the nature of the charcoal. The ignition temperature 
of paraffins was raised, whilst that of amylene was lowered con- 
siderably ; with wood charcoal (0-5 g.) which has been powdered, 
sieved (60 mesh), and strongly heated in a covered crucible, and 
with the same rate of heating, 40° mixtures of the various hydro- 
carbons gave the following results : 


Hydrocarbon ...........+++. C,H,, C,H, C,H, C;H,, 
Blank expt. .........0r00e 205° 220° 233° 240° 
Charcoal present ......... 220 249 254 210 


Amylene appears to vary more widely with different charcoals, 
and explosions at 200°, 210°, and 227° were obtained with three 
samples. Decolorising charcoal failed to cause an explosion under 
any conditions of concentration and rate of heating, although the 
hydrocarbon was considerably oxidised. 

(c) Metals. Metals may have no effect on the ignition point, or 
may raise the temperature or even inhibit explosion in some instances, 
according to the metal employed, extent and condition of the surface, 
concentration of hydrocarbon, and the speed of heating. 

(i) Silver. In one set of experiments the silver was deposited 
on the inside of the bulb, and in another set a strip of the metal 
was enclosed. The explosion temperatures were raised considerably 
in every case; thus, octane gave 204° (blank), 212° (silver coating), 
and 214° (silver strip). 
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(ii) Platinum. The results were much as those for silver. Octane 
gave 205° (blank), 218° (strip), and 212° (coating), whilst hexane 
gave 232° (blank) and 249° (strip). 

(iti) Tin, Zinc, and Aluminium. There was no appreciable rise 
in explosion temperatures with 4’’ x }”’ strips of metal with freshly 
cleaned surfaces. All hydrocarbons in the presence of any one of 
them detonated within 0—2° of the blank. The metallic surfaces 
remained bright, and light yellow liquids condensed in the bulb on 
cooling. 

(iv) Lead. The temperature of ignition is considerably raised 
and explosion may even be inhibited. A 4’ x 4” strip of the 
metal was heated with 50% octane-oxygen at a rate of about 2° 
per min. No ignition occurred up to 275°, and examination of the 
bulb after cooling showed that the surface of the metal had been 
attacked, yielding a loose greyish powder easily rubbed off; a dark 
brown viscous gum collected on the bottom of the bulb, but the 
walls remained clear. When opened under water, the bulb became 
about three-quarters filled with liquid, and qualitative examination 
denoted the presence of carbon dioxide and monoxide, a trace of 
oxygen, and a small remainder of combustible gases that burned 
with a non-luminous flame. 

(v) Copper. This metal also prevented the ignition of octane, 
but the appearance of the bulb was very different from that in 
which lead had been heated. A ‘brownish skin was deposited over 
the whole surface of the glass, and the copper was only tarnished 
if it had not had a preliminary cleaning, but was blackened by a 
film of oxide if the surface had been freshly scraped. Opening the 
bulb under water gave a residue of gas appreciably more than in 
the experiments with lead, but it was qualitatively similar. 

The effect of these two metals diminishes with decrease in molecular 
weight of the hydrocarbon, and the ignition temperature of pentane 
was raised only 2° and that of hexane 7° by approximately the 
same sized strips of metal. 

(vi) Iron. A 50% octane mixture was slowly heated with a strip 
of steel: a violent explosion occurred at 207°, shattering the glass bulb. 
This was the first instance of such an event with this hydrocarbon, 
for under all other conditions the bulb remained intact. The surface 
of the steel remained bright. 

The results obtained in the foregoing experiments may be dis- 
counted because the metals are coated with oxide films at the temper- 
ature of explosions. As will be suggested later, the lag is a far 
more satisfactory measurement than the ignition temperature, and 
experiments are now in progress on the effect of metal surfaces and 
metallic oxides on the time of lag. 











ane 
ahe 


rise 
hly 
» of 
ces 


sed 
the 

99 
the 
en 
rk 
he 
ne 
on 


ed 


1e, 


ed 
he 
ar 


1€ 
1€ 


ip 


a, 
e 


ee he Py 





LEWIS : LOW-TEMPERATURE OXIDATION. PART II. 65 


(d) Lead tetraethyl. The minimum explosion temperature was 
raised in every case, sometimes as much as 40°, depending on the 
concentration of lead tetraethyl (up to a maximum effect), the rate 
of heating, and the surface area of the glass in contact with the 
gases. The last factor was illustrated by heating 50% hexane- 
oxygen mixtures in a bulb with various proportions of powdered 
glass and lead tetraethyl, the rate of heating being the same in 
each experiment. In presence of 1 g. of powdered glass, the ignition 
temperature with a 0-9% lead tetraethyl solution in hexane was 
260°, and for 0-2 g. of the glass it was 274°. Again, a 0-25% solution 
of the lead compound raised the ignition temperature of hexane 
to 269° in the presence of 0-1 g. of powdered glass, but only to 240° 
with 1-0 g. It is apparent that the ratio of lead tetraethyl to 
powdered glass is a controlling factor in the rise of ignition temper- 
ature, the latter tending to inhibit the action of the lead compound. 

The effect of increasing concentration of lead tetraethyl on the 
explosion temperature of octane is shown in the following results. 


NE Spent 0 l 2 3 4 5 
Explosion temp. ...... 204° 230° 232° 238° 239° 238° 

Volume of Bulb.—Two bulbs of 125 c.c. and 225 c.c. capacity 
were filled with oxygen—hydrocarbon mixtures of as nearly as possible 
the same composition. They were connected by a piece of pressure 
tubing and heated in the same bath to about 160°, so that equalis- 
ation of pressure (and possibly also of concentration) was effected ; 
they were then separated by clamping the tubing at two points and 
cutting the rubber between the clamps. Both bulbs exploded within 
a few seconds of each other on further heating. 

Concentration of Oxyyen.—lt is usually stated that the ignition 
temperature as determined by the usual method is lower in oxygen 
than in air, but it must be stressed that other variables are intro- 
duced: when determinations are made with air, the oxygen, on 
account of its lower concentration, may be consumed before ex- 
plosion is possible; with pure oxygen, a higher concentration of 
hydrocarbon can be introduced, thereby reducing the explosion 
temperature to a minimum. When air was substituted for oxygen 
in the glass bulbs, the hydrocarbons could not be ignited by rapid 
heating in a bath, although this can be done when the rate of heating 
is much greater, as in the crucible methods, etc., or when the mixture 
is suddenly heated in a tube or bomb initially at a high temperature. 
An atmosphere of 50% oxygen-nitrogen failed to ignite a given 
weight of hexane heated at a rate of 3° per min., whereas with 75% 
oxygen content in the bulb originally, explosion took place at 247°. 
On repeating the latter experiment and comparing it with a bulb 

D 
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containing pure oxygen and the same weight of hexane as a check, 
the latter exploded at 245°. Many such experiments with paraffins 
indicated that increase in oxygen content tends to lower the ignition 
temperature, but the effect is small compared with that of the 
hydrocarbon. Amylene, however, showed practically no change of 
ignition temperature when exploded in various concentrations of 
oxygen. The presence of nitrogen in the lowered concentrations 
may have some effect, but this has not been investigated. By 
making a fine slit in the rubber tubing attached to the bulbs, the 
pressure inside is maintained at atmospheric pressure, but the con- 
centration of both reactants is diminished, and this would be ex- 
pected to raise the ignition temperature. This was found to be the 
case, except that a more rapid heating is necessary to cause ex- 
plosion; thus, hexane exploded at 256°. These results were more 
comparable with those obtained by the crucible method, and some 
experiments of the latter kind were carried out in test tubes, the 
effect of the same factors being investigated. 

Test-tube Experiments—Air. The tubes were almost wholly 
immersed in an oil-bath at the required temperature, and drops of 
the liquid were allowed to fall into them from a capillary tube, the 
quantity being varied until lowest ignition was obtained. Experi- 
ments with closed and open mouths proved that the former gave 
much lower ignition temperatures with air and oxygen. Thus, in 
a 7" x 1” test-tube the minimum ignition temperature in air for 
octane was 225—226°, and 214° when a tightly fitting lid was 
applied—the mouth of the test-tube was ground down to a level 
surface and the lid smeared with plasticine to make it air-tight. 
Various numbers of drops of octane were introduced at decreasing 
temperatures until no signs of ignition or rapid oxidation occurred. 
Between each trial the residual gases in the tube were blown out 
and any signs of carbon deposit removed. Ether was found to 
ignite at 183—184° by such a method in a 7” x 1” tube. For the 
final tests, it is essential that freshly cleaned tubes be used each 
time in order to obtain the lowest ignition point. 

These experiments are noteworthy since they emphasise the facts 
that there is no line of demarcation between the rapid oxidation 
temperature and the ignition point, and that the time of lag can be 
much longer than is generally supposed. At temperatures well 
above the ignition point, the lag is comparatively short, and the 
flame and characteristic sound of explosion well defined, but as the 
temperature is lowered these become less definite and the time for 
their appearance much longer. By using the covered-tube method, 
the author obtained lags of over 500 secs. on many occasions with 
rich mixtures of hydrocarbons dropped into oxygen. Under such 
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conditions no explosion sound can be heard, but a slight puff which 
pushes up the lid slowly, and furthermore, there is no apparent 
flame. 

The diameter of the test tube is also an important factor, although 
beyond 7” the length had no appreciable effect. With the 7” tubes, 
the ignition point was at first lowered with increased diameter but 
was subsequently raised with still wider tubes, although the con- 
centration of hydrocarbon was increased proportionately, thus : 


Ignition temp. in air for 





Diameter. octane, hexane. 
0-75 221° 271° 
1-00 214 265 
1-25 216 268 
1-50 219 269 


Oxygen. Ignition temperatures in oxygen are lower than in air; 
thus, for a 7’’ x 1” tube, the following results were obtained. 


Hydrocarbon ............++. C;H,. C,H,, C,H, C,H, C,H, 
Demip. in Bik [038.506.0406 305° 265° 247° 214° = 
so roc na teeaaaits 295° 248° 235° 207° 270° 


Powdered glass and pumice. The ignition temperature is raised, 
depending on the weight of powder, up to a maximum on the 
molecular weight of the hydrocarbon (or, more correctly, its ease of 
oxidation). Thus, the increase for the same weight of pumice is 
more for octane than for hexane. 

Charcoal. The temperature of paraffin hydrocarbon ignition in 
oxygen is raised; thus in 7” x 1” tubes, 0-2 g. of charcoal.required 
a temperature of 221° to ignite octane and 254° for hexane. Amylene 
exploded in oxygen alone at 270°, but at 268° in the presence of 
charcoal. The concentration of amylene required to bring about 
explosion is always much higher than that of paraffins. 

Metals. These may be classified as (a) those having little effect, 
such as aluminium, tin, and zinc (see above), and (b) those promoting 
oxidation and raising the ignition temperature, such as platinum, 
copper, and lead, the effect being greater the lower the molecular 
weight. Interesting results were obtained with a copper test-tube 
6” x 1’, the inner surface of which had been cleaned and polished. 
The ignition temperature of octane in air was 223° at first, but after 
repeated experiments the readings were much higher, and even in 
oxygen the hydrocarbon would not ignite at 225° after such treat- 
ment. It is evident that deposits interfere with successive results, 
and the surface must be renewed for each experiment. When this 
was done, the original value of 223° was obtained. 

Lead tetraethyl. As in the previous experiments, the temperature 
of ignition was raised in all cases, e.g., hexane in air to 283° by a 
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1% concentration of the lead compound, the lag being nearly 300 
seconds. The addition of powdered glass or pumice reduces the 
ignition temperatures and the lag. The latter at 278° was 250 
secs. for 0-2 g. of powdered pumice, but ignitions were obtained as 
low as 273° with 1-0 g. of pumice. 


Discussion. 


Mason and Wheeler (loc. cit.) have pointed out that when such 
mixtures as have been used in the foregoing experiments are 
gradually heated, the rate of combination of oxygen and hydro- 
carbon increases ; and so the heat evolved by the reaction raises the 
temperature of the products and unburnt gases above that of the 
external source of heat. There will be a tendency for the rate of 
reaction to increase until the whole of the hydrocarbon or oxygen is 
consumed. When, however, the initial temperature imparted to 
the walls of the vessel is sufficiently high, the rate of reaction will 
become so rapid as to produce flame. This statement is only 
partially true, and the above observations apply to experiments in 
which oxygen—methane mixtures were allowed to enter an evacuated 
silica bulb maintained at a comparatively high temperature, so 
that the mixture is heated much more rapidly than in the present 
experiments. The heat of the reaction at this high temperature 
cannot be dissipated as quickly and will undoubtedly be utilised in 
raising the temperature of the contained gases and hence the velocity 
of their reaction, which will become explosive. It is incorrect, 
however, to state that oxygen-hydrocarbon mixtures react with 
gradually increasing velocity with rise of temperature as suggested 
above, because the author (loc. cit.) has shown that there is a definite 
transition from slow chemical action to rapid action at a temperature 
which has been termed the C.J.7'., and Brunner and Rideal (loc. cit.) 
have proved that for hexane-oxygen mixtures this rapid change 
may take place at still lower temperatures when the mixtures are 
maintained at constant temperatures for lengthy intervals. The 
transition from very slow oxidation to explosion is still far more 
abrupt when anti-oxidants are added, such as lead tetraethyl, which 
reduces the reaction considerably almost up to the temperature of 
explosion. Moreover, neither the “lag ”’ interval nor the catalytic 
effects of promoters and inhibitors of oxidation receive a satisfactory 
explanation from the above statement. 

In order to account for such facts as the last, the theory of chain 
mechanism has recently been applied to the combustion of hydro- 
carbons, notably by Egerton and Gates (J. Inst. Pet. Tech., 1927, 
281; Nature, 1928, 121, 10) and also by Brunner and Rideal for 
hexane (loc. cit.). The latter workers have measured the amounts 
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of peroxides or ‘‘ moloxides ” of hexane during the period of autoxid- 
ation, but the author believes that these peroxides are produced 
from the unsaturated hydrocarbon initially formed by primary 
dehydrogenation (see Part I; J., 1929, 759). Further, the fall in 
pressure noted by these authors for hexane-oxygen at 210° is not 
definitely proved to be a measure of the moloxide formation. Similar 
experiments have been repeated with silica and glass bulbs and the 
pressure drop in the former is appreciably less, indicating greater 
surface action with glass. The amount of gummy residue was 
larger in the glass bulb, and this would suggest that the fall in 
pressure is chiefly due to the formation of condensation products. 
In the case of unsaturated hydrocarbons, this fall of pressure is 
much ‘more pronounced (see Part I) and leads to the conclusion that 
the chemical change involved is the same, although the velocity 
differs, being much greater for amylene. The primary dehydrogen- 
ation would therefore be a comparatively slow reaction, especially 
at first (see Part I), and probably takes place in the gaseous phase. 
This would account, in part at least, for the fact that metallic lead 
has no inhibiting action whilst lead tetraethyl vapour is particularly 
effective at this stage of the oxidation, if one could assume (in spite 
of some adverse opinions) that the vapour of lead resulting from the 
decomposition of the tetraethyl is the active component. It is also 
significant that this anti-oxygen does not inhibit the oxidation of 
amylene to the same extent as that of pentane. 

The successive stages in the combustion of paraffin hydrocarbons 
suggested by the author are: (a) primary dehydrogenation resulting 
in unsaturated hydrocarbons, (6) combination of the latter with 
oxygen to produce unstable peroxides, (c) decomposition of the 
peroxides per se to aldehydes, etc., which are further oxidised to 
water and oxides of carbon if the mixtures are rich in oxygen. 
The velocities of these step reactions probably vary widely in 
themselves and still more so in the presence of catalysts. According 
to the chain-reaction mechanism, then, when hydrocarbon—oxygen 
mixtures are slowly heated, as in the experiments of the author 
and of Brunner and Rideal, or during the “ lag ” interval present in 
the determination of auto-ignition temperatures, there will be an 
increase every moment of the active centres present due to one cause 
or another, and after a certain lapse of time, which may extend to 
several minutes as shown in the experimental part (autoxidation), 
they may be present in such concentration as to give rise to rapid 
pressure increase without flame or even to explosion. The reaction 
is exothermic, and when approximately equimolecular concentrations 
are used, the products are chiefly aldehydic, acid, or gummy, with 
very small proportions of the oxides of carbon and water. If there 
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is present a large excess of oxygen, the oxidation becomes far more 
violent and complete, owing to the liberation of heat in this initial 
reaction, which raises the temperature of the whole system and 
brings about the further oxidation of the peroxide decomposition 
products. 

An increase in concentration of hydrocarbon tends to reduce the 
auto-ignition temperature (see Mason and Wheeler, J., 1924, 125, 
1869), whereas the oxygen concentration produces a much smaller 
effect. These authors attribute this phenomenon to the fact that 
the component with the greater “stopping power”’ for radiant 

‘energy such as will “ activate ” it, increases the rate of reaction with 
the concentration. Or, according to the chain mechanism, the 
increase of hydrocarbon molecules is said to augment the number 
of chains formed in unit time and hence the number of active 
centres. The oxygen concentration lowers the ignition to a much 
smaller extent, as pointed out above. Moore (J. Inst. Pet. Tech., 
1919, 186) added 70% of carbon dioxide to the oxygen, and, using a 
platinum crucible method, found an inappreciable difference in the 
ignition temperature of kerosene. White and Price (J., 1919, 115, 
1462) and Mason and Wheeler (loc. cit.), using two different methods, 
obtained appreciable changes with variations in the air/fuel ratio; 
they did not actually study the effect of oxygen concentration, since 
the mass of fuel was not maintained constant. The auto-ignition 
temperature, then, is a function of the concentration of hydro- 
carbon and, to a much smaller extent, of oxygen. If either or 
both of these are consumed during the pre-flame period, no ignition 
obtains. Insufficient active centres have been produced, or, in 
other words, the accumulation of peroxides has been too slow and 
one or the other of the reactants has disappeared before ignition 
oceurs. Hence it will be necessary to raise the temperature of the 
mixture of similar composition in order to accelerate the formation 
of active centres in unit time, t.e., the autoxidation, and thus produce 
an explosion. The lag has been decreased. It should follow from 
the above view that the ignition temperature of a given mixture will 
be lowered by an increase in pressure, but very little work has been 
done on this subject. There is a possibility that the effect of in- 
creased concentration by pressure would be nullified at a lower 
temperature by the reduction in the rate of formation of reactive 


centres, so much so that these would be deactivated before explosion . 


could occur; this would to a certain extent reduce the effect of 
increased pressure. : 

The effect on the ignition temperature of various materials has 
received much consideration but results are at variance (Moore; 
White and Price, locc. cit.; Egerton and Gates, J. Inst. Pet. Tech., 
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1927, 244); for paraffin hydrocarbons, however, the author proves 
that some metals, such as aluminium, tin, nickel, and zinc, have 
little if any effect upon the explosion temperature, whereas others, 
such as silver, iron, platinum, copper, and lead, raise the temper- 
ature of ignition and may even prevent the explosion. It is sug- 
gested that this is brought about by the removal of the peroxides on 
the surface of these metals, yielding aldehydes or their polymerised 
products (gums), the exact nature of the decomposition being 
determined by the temperature and the nature of the metal em- 
ployed. An increase in the number of chains broken in unit time 
may be said to have been taking place on the metallic surfaces. 
The same result is brought about by an increase in the surface of 
the glass in contact with the gas, which will account for the rise in 
explosion temperature occasioned by the presence of powdered glass 
and pumice, or the etching of the internal surface of the vessel. The 
action of carbon on the paraffins and olefins is noteworthy. To- 
wards the former it acts similarly to powdered glass and pumice in 
raising the ignition point. The powdered charcoal is a strong 
absorbent; it is also reputed to be a destroyer of peroxides, and 
since these are readily formed by olefins, the rate of oxidation and 
the heat evolution may be so rapid as to give rise to local ignition, 
which will account for the low ignition point of amylene at a char- 
coal surface. 

In the glass-bulb experiments, the difference in the ignition 
temperatures with change of volume from 125 c.c. of 225 c.c. was 
inappreciable probably owing to the high concentrations of oxygen 
and hydrocarbon. In closed glass tubes of various diameters, White 
and Price (ioc. cit.) found that the temperature decreased at first and 
then increased with increasing diameter of the tube. The test- 
tube method indicated a similar result, but it is apparent that when 
narrow test-tubes are used the initial concentration of the reactants 
will be small and one or the other will be consumed before the desired 
concentration of active centres is attained. 

The results with lead tetraethyl confirm those of Egerton and 
Gates (J. Inst. Pet. Tech., 1927, 244) and of Weerman (ibid., p. 300), 
but if, as the former point out, anti-knocks do influence the ignition 
temperatures, it will not follow that the converse is true, viz., that 
substances which raise the ignition temperatures of a fuel are anti- 
knocks (compare the action of carbon). The action of the above 
inhibitor in the presence of powdered glass or pumice is noteworthy. 
It has been shown that an increase in the surface thus produced 
tends to reduce the inhibitory action of the lead tetraethyl, probably 
owing to an increase in the rate of oxidation. It must be emphasised 
that the rises of ignition temperatures brought about by this reagent 
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are entirely different from the foregoing. Lead tetraethyl is a 
negative catalyst, or anti-oxygen, and delays or inhibits even the 
initial stage of oxidation, so that very little change occurs in the 
hydrocarbon at temperatures somewhat higher than the normal 
ignition point. On the other hand, lead and copper, powdered 
glass and pumice are promoters of oxidation by surface action and 
bring about the rise of temperature by a removal of a fraction of the 
products in one stage of the oxidation which give rise to the explosion. 

The spontaneous ignition temperatures are not related to the 
detonation characteristics of a fuel; thus, the unsaturated hydro- 
carbons with less knocking tendencies have lower explosion temper- 
atures than the corresponding paraffins. Brown and Watkins (J. 
Ind. Eng. Chem., 1927, 19, 368) found that the ratio of the maximum 
rate of rise of pressure to the ignition temperature (absolute) gives 
a number which rises directly as the knocking quality of the fuel or 
inversely as Ricardo’s “highest useful compression ratio” 
(H.U.C.R.). The estimated H.U.C.R.’s of paraffins and aromatics 
agree fairly well with those practically determined, but no figures 
are given for unsaturated hydrocarbons. Since these have corre- 
spondingly lower ignition temperatures, it should follow that their 
maximum rate of rise of pressure is less than that of the corre- 
sponding paraffin, and the testing of this point would help to 
elucidate the problem. In order that fairly accurate results may be 
obtained for the above ratio, it is essential that the data for auto- 
ignition be fairly trustworthy. Oftentimes discrepancies are found 
in the published results, e.g., octane having a higher ignition temper- 
ature than heptane, and heptane than hexane. A similar result is 
shown for decane and octane above, but this is readily explained by 
the greater oxidisability of decane which is consumed at low 
temperatures on the surface of the glass, or, in terms of chain 
mechanism, the deactivation exceeds the rate of chain formation at 
the lower temperatures, so that it is difficult to make it explode by 
slow heating. A strict comparison with octane can only be made 
with equimolecular concentrations of hydrocarbons, equal area and 
nature of surface, and equal rate of heating. Under such conditions, 
octane has been shown to ignite before decane, although the rate of 
heating required for the latter to explode is so rapid that the ignition 
temperature of octane is somewhat raised above its minimum. 
The anomalous results obtained by the crucible methods can be 
explained in a similar manner: the droplets may not have yielded 
equimolecular concentrations, the rates of heating at the two 
temperatures are not the same, and at the temperature at which 
one might expect ignition, the hydrocarbon has been completely 
removed by flameless or surface combustion, especially when 
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platinum has been used and the drops have been small. Hence, 
one unhesitatingly concludes that the method of determining the 
relative ignitabilities by the measurement of the duration of the pre- 
flame period or ” lag”’ at a temperature higher than the ignition 
temperature is to be preferred to the “crucible ’’ experiments, 
Some of the paraffins have been compared by Mason and Wheeler 
(J., 1924, 125, 1873) by this method. 

The view is prevalent that fuel droplets ignite more easily than 
the vapour, and this is attributed to the accumulation of peroxides 
in the liquid drops (Callendar, Engineering, 1927, 147). Since 
extremely low ignition temperatures can be obtained when the 
concentration of the hydrocarbon and oxygen is high, it is reason- 
able te suppose that the ignition of the droplets in the above experi- 
ments has been favoured by the richness of the vapour—oxygen 
atmosphere surrounding each liquid particle, thereby bringing 
about the conditions for the minimum ignition temperature. No 
significance can be attached to the fact that, when a fuel is sprayed 
or vaporised through a heated tube, the spray gives rise to a pro- 
fusion of peroxides whilst the vaporised mixture shows little 
effect. If peroxides are produced in one stage of the oxidation, 
this will probably be at the surface of the droplets where they 
would be absorbed by the comparatively cool liquid and thus pre- 
served. On the other hand, when vapour only is present, the 
peroxides would eventually come in contact with the heated walls 
of the tube, with resultant decomposition. 


Summary. 


A simple preliminary apparatus has been used to find the con- 
ditions and temperature of ignition of mixtures of some hydrocarbons 
and oxygen, and a mechanism of the reactions has been considered. 

Spontaneous ignition temperatures, as determined by the usual 
methods, are raised by materials, such as lead tetraethyl, which 
inhibit oxidation or reduce autoxidation, in that they diminish the 
number of fresh chains formed in unit time, whereas promoters of 
oxidation by surface action raise the temperature of ignition by 
removing one of the intermediate products, presumably peroxides, 
or alternatively, according to the chain mechanism theory, they 
increase the rate of deactivation. 

The disturbing factors in the determination of relative ignition 
temperatures are so numerous that the measurement of the “ lag ”’ 
in the case of equimolecular concentrations at some point above the 
ignition temperature is to be preferred as a measure of the ignit- 
abilities of hydrocarbons. 


The explosion of hydrocarbons takes place in two stages : (a) the 
D2 j 
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explosion of the products of autoxidation (peroxides or chain 
reactions, in which approximately equal number of molecules of 
oxygen and hydrocarbon participate), and (6) the combustion of the 
products of stage (a) in excess of oxygen to oxides of carbon and 
water. 


Royat Navat CoLiEece, 
GREENWICH, S.E.10. (Received, October 29th, 1929.] 





XII.—The Hydrides of Boron. 


By Bertram Ditton STEELE and James Epwarp MILL1s. 


THE investigations of Stock and his collaborators (Ber., 1912 eé seq.) 
have definitely shown the existence of a series of boron hydrides of a 
composition which is unexpected in view of the position of boron 
in the periodic classification and of the existence of tervalent alkyl 
compounds. The conclusions of Jones and Taylor (J., 1879, 35, 41; 
1881, 39, 213), Sabatier (Compt. rend., 1891, 112, 866), and Ramsay 
and Hatfield (P., 1901, 17, 152) as to the existence of BH, are with- 
out sufficient experimental foundation, yet a doubt remains that 
the existence of the simpler hydrides might be established if the 
field of investigation were widened. All previous investigators 
have used magnesium boride, exeept Hoffmann (Chem.-Zitg., 1911, 
35, 265), who showed that commercial iron and manganese borides, 
on reaction with acids, give boron hydrides, which he did not 
identify. In the case of carbon, different metallic carbides yield 
different types of hydrocarbons, and it was suspected that other 
metallic borides might not yield the same hydrides. The suspicion, 
however, has not been substantiated. 

Wohler and Deville (Ann. Chim. Phys., 1858, 52, 63), using high 
temperatures, prepared borides of aluminium which are practically 
unreactive with acids, but, by using a method similar to that of 
Stock and Massenez (Ber., 1912, 45, 3543) for the preparation of 
magnesium boride, we have prepared an aluminium boride which 
reacted with acids to give hydrogen containing boron hydride. 
The same method, with special precautions, led to the preparation 
of a cerium boride which reacted similarly. In both cases the yield 
of boron hydride is small, this being particularly so with the alumin- 
ium compound. The identity of our boron hydrides with those 
formed from magnesium boride has been definitely established in 
the case of gaseous B,H,», and although the results in the case of 
the liquid hydrides are not absolutely decisive, the indications are 

that they are also the same, namely, B;H, and B,H4p. 
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EXPERIMENTAL. 


Preparation of the Aluminium Boride.—Fine aluminium powder 
(3 parts) and finely powdered boron oxide (1 part) were intimately 
mixed and fused in small quantities (8—10 g.) in an iron crucible 
over a large Meker burner. After 3—5 minutes’ heating, a bright 
glow spread through the mass, and at this point the crucible was 
removed and quickly cooled by plunging its lower portion into 
water. The product was a greyish, very friable mass. 
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Preparation of the Cerium Boride.—Cerium metal powder (2} 
parts) and powdered boron oxide (1 part) were mixed, and very 
small quantities fused in a fairly rapid stream of hydrogen. (If 
large portions were used or if the stream of hydrogen was not rapid, 
reaction was so vigorous as to melt the bottom of the crucible.) 
The product, a hard black mass, was powdered in a percussion 
mortar. 

Generating Apparatus.—For the decomposition of the boride, 
phosphoric acid (d 1-4) at 75° was used. It appears to give better 
yields than hydrochloric acid, and although some phosphine is 
formed, this is more readily removed in fractionation than the 
hydrogen sulphide which results from the use of sulphuric acid. 
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The acid was placed in a 6-litre flask, and the aluminium or cerium 
boride in A (Fig. 1), which was closed at the top by a mercury seal 
through which passed a glass rod with a tapered grinding fitting 
into a constriction at B. By depressing this rod slightly, and either 
slowly revolving it or tapping A, the powder could be introduced 
into the acid at a suitable rate. D was a double-surface water- 
cooled condenser, and C, a condenser immersed in liquid ammonia, 
The liquid ammonia and finally phosphoric oxide remove water, 
C, was the main condenser immersed in liquid air, and containing 
cotton wool to prevent any boron hydride passing through as a 
fume or mist. C, was another liquid-air condenser, without cotton 
wool, and connected to a closed U-tube manometer. The issuing 
hydrogen bubbled out through mercury at E. The whole was con- 
nected to the mercury pump. Owing to the hardening action of 
the boron hydride on tap lubricant, taps were discarded in favour of 
either U-tube arrangements with greaseless gas valves (see Stock, 
Ber., 1914, 47, 3109), or simply U-tubes 80 cm. in length with 
mercury traps at the top, connected to a mercury reservoir. The 
positions of these tap substitutes are at U,, U,, and U;. In case a 
larger quantity of gas than could be obtained from one charge 
of A was required, U, would be shut when the powder was ex- 
hausted, and the air pumped out through U, when fresh powder 
was introduced. 

The boron hydride condensed in C,, except some of the higher- 
boiling product, which condensed in the liquid ammonia. In no 
case did the issuing hydrogen burn with a green flame. When all 
the gas had been generated, U, was shut, the hydrogen pumped 
out, and the condensate transferred to the condenser without cotton 
wool, any boron hydride in the liquid ammonia being transferred 
also. A constriction at L was then sealed off, U, shut, and the glass 
tubing to the right of it cut and joined to the fractionating and 
analysing apparatus shown in Fig. 2, all the air being then pumped 
out. 

Fractionation and Analysis.—By blowing liquid air through 
pentane in a Dewar vessel, a range of temperature up to —120° 
could be attained, the temperature being measured by a standardised 
pentane thermometer. Fractionation was carried out at selected 
temperatures, the pressure shown by the manometer being read; 
U, was opened for a short interval, thus allowing passage to C, in 
liquid air, then closed again, and the manometer re-read, the process 
being repeated if necessary. The fraction thus removed and con- 
densed in C, was then analysed without interfering with the residue 
of the yield, U, being kept shut and C, replaced in liquid air. The 
liquid air was removed from C,, and the fraction allowed to vaporise 
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into the density bulb. Since we were dealing with small quantities, 
we condensed all the fraction in C,; by liquid air, shut U, and U,, 
and then removed the liquid air. The pressure was read on the 
manometer, the tap to the density bulb shut, and the small amount 
of gas in the connecting tubes pumped out and collected. When 
the bulb was replaced after weighing and the air pumped out, the 
tap to the bulb was opened and the gas condensed by liquid air in 
C,, where it was reweighed. By removing the liquid air from under 
C, the gas was allowed to stream through a quartz tube Q, which 
was heated to redness. Unless the passage of the gas is very slow, 
decomposition is not complete. C, was kept in liquid air to collect 
undecomposed gas. The hydrogen was pumped out and its volume 
measufed. Any undecomposed gas was then transferred by liquid 
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air back to C,, and the process repeated. Any solid boron hydride 
formed in the cooler part of the tube was decomposed by strong 
heating. Entire decomposition was assured. The deposited boron 
was estimated both by direct weighing and by titration as boric acid 
after oxidation by nitric acid. A further study of the composition 
was afforded by reaction with strong alkali solution, and then de- 
composition of any hypoborate formed by addition of excess of 
sulphuric acid ; for this purpose, in the case of B,H,) an amount was 
pumped out and its volume measured, and in the case of the higher- 
boiling fractions an amount in C, was weighed. The reaction is 
B,H, + 37H,O = «H,BO, + 3(3% + y)Hg. 

The results leave no doubt as to the formation of B,H,,) from both 
the aluminium and the cerium compound. The results given by 
the liquid fractions are not quite so definite, but indicate B,;H, 
and ByH 4. 
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Silicon hydrides, phosphine, and carbon dioxide are formed from 
the aluminium compound and phosphoric acid. Phosphine and 
carbon dioxide, but no silicon hydrides, are formed from the cerium 
compound. 

Results from Cerium Boride.—280 G. of the boride and 4 litres of 
phosphoric acid were used. The earlier fractions proved on analysis 
to be mixtures of phosphine and carbon dioxide, with no trace of 
boron hydride. The hydride was first detected in a fraction at 
— 90°/<1 mm. The fraction taken at — 80° with a constant 
vapour pressure (about 1 mm.) gave the following results : 


Volume = 12—15 c.c. 


(a) Molecular weight, 52-5 (Cale. for B,H4, 54). 

(b) Decomposition by water: 1 vol. —> 10-7 vols. (Calc., 
11 vols.). 

(c) Decomposition by heat: 4-5 c.c. (at 765 mm. and 22°) 
gave 22-3 c.c. of hydrogen (Calc., 22-5 c.c.) and a deposit of 
boron—(1) by weight = 8-5 mg., (2) by titration = 8-2 mg. 
(Cale., 8-3 mg.). 


The next fractionation, carried out at the temperature of liquid 
ammonia (— 33°), gave 35 mg. of a liquid; the residue (about 
10 mg.) was not analysed. 


(a) Decomposition by water: 6-4 mg. gave 26-8 c.c. H, at 
N.T.P. (Cale.: For BgH,9, 26-1 c.c.; for B;H,, 26-6 c.c.; for 
BH, 28-9 c.c.). 

(6) Decomposition by heat : 28-7 mg. gave 24-6 mg. of boron 
and 45-5 c.c. or 4-1 mg. of hydrogen (Calc. : For ByH,9, 23-4 mg. 
B, 5:3 mg. H,; for B;H,, 24-7 mg. B, 4-0 mg. H,; for BgHyo, 
24-9 mg. B, 3-8 mg. H,). 


This fraction probably contained some B,H,,, and the analyses are 
probably those of a mixture of B,H,5, B;Hy, and B,H,,—the B, Hj) 
in small amount. 

Results from Aluminium Boride.—800 G. of the boride were used. 
Early fractions contained no boron hydride. The fraction (about 
15 c.c.) at b.p. — 80°/1 mm. gave : 


(a) Molecular weight, 55-05. 
(6) Decomposition by water: 1 vol. —> 10:8 vols. of Hy. 
(c) a » heat: 1 vol.—+» 5-05 vols. of H,. 


The next fraction was taken at — 60°. It was too small to be 
analysed, but probably contained the last of the B,H,p. 

Two fractions were taken at — 33°; the first (10 mg.) was lost, 
but the second (20 mg.) gave a result agreeing very closely with 
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B,H,: 10-45 mg. gave 15-4 ¢.c. H, at N.7.P. and 9-0 mg. B (cale. 
for B,H,,: 15-2 c.c. H,, 9-1 mg. B). 


In conclusion, the authors wish to express their thanks to the 
Trustees of the Commonwealth Science and Industry Endowment 
Fund for a grant which helped to defray the expenses of the research, 


THE UNIVERSITY OF QUEENSLAND, 
BRISBANE. [Received, November 18th, 1929.] 





XIII.—Acid and Salt Effects in Catalysed Reactions. 
Part XXIII. The Catalytic Activity of Acid Salts 
with Reference to the Catalytic Effects produced by 
Potassium Hydrogen Oxalate in the Acetone—lodine 
Reaction. 


By Harry Meprorta Dawson and JESSE Eyre SMITH. 


In two previous papers (Dawson, Hoskins, and Smith, J., 1929, 
1884; Dawson and Smith, ibid., p. 2530) an account has been given 
of the catalytic effects associated with oxalic acid in the first and 
second stages of ionisation. The experimental work relates to the 
effects produced by mixtures of acid and salt represented respectively 
by cH,C,0,+2KHC,O, and cKHC,O, + xK,C,0,, where c is con- 
stant and x is variable, and further, to the influence of inert salts. 
on the primary and secondary ionisation of oxalic acid. The 
relations disclosed by these observations permit us to proceed to 
the detailed consideration of the catalytic properties of solutions 
of the binoxalate. 

The interesting problem presented by the catalytic activity of the 
acid salts of polybasic acids does not appear to have been subjected 
to systematic investigation, and the results of the present enquiry 
indicate that their behaviour cannot be explained in terms of any 
form of the simple hydrogen-ion theory. 

The hydrogen-ion concentration of solutions of an acid salt 
of the type MHA is given by 

[H'] = VK,K{HA(K, + (HA) 
where K, and K, are the mass-law constants for the first and second 
stages of dissociation of the acid H,A. This reduces to [H*]=VK,K, 
if the concentration (c) of the acid salt is large compared with K,, 
and to [H’] = V K,(c — [H']) if ¢ is small in comparison with K,. 
If K, is small the latter expression becomes [H"] = VK,c. Inso far 
as the hydrogen ion is responsible for the catalytic effects in the 
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solutions of an acid salt, it may therefore be anticipated that the 
connexion between the reaction velocity and the concentration of the 
acid salt will depend on the relative magnitudes of c and K,. 

The restricted solubility of the binoxalates imposes a rather low 
upper limit to the range of concentration of the solutions which may 
be used for the study of the catalytic effects. In pure aqueous 
solution, the range extends from about c = 0-01 to c = 0-3 mol. per 
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Plot of reaction velocity against concentration. The full curve represents the 
experimental data and shows the deviations from linearity at low concentrations. 
The dotted curves show the variation of the partial velocities vp, va,ox, and Vyox'- 


litre, and since the mean value of K, for this series of solutions may 
be taken as 0-08, it follows that c is less than K, for the less con- 
centrated, and greater than K, for the more concentrated solutions 
of the series. This circumstance has a direct bearing on the relations 
which are shown by the measured reaction velocities. 

The observations were made at 25° with an acetone concentration 
of 20-0 c.c. per litre, and the usual procedure was followed in deter- 
mining the initial velocity. By plotting this against the concen- 
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tration, it is found (see Fig. 1) that the velocity varies almost 
linearly with the concentration when c>0-1, but that at lower 
concentrations dv/dc increases as c diminishes. 

In accordance with previous results, the specific reaction velocity 
may be represented by the equation 


v = k,[H’] + ku,ox[H,Ox] + huox[HOx’] + kow[Ox”’] ‘es a 
in which the concentrations of the various catalytic entities are 
given by 

[H"] = VK,K,[HOx’]/(K, + [HOx’)), [H,Ox] = [H"][HOx’)/K,, 
[HOx’] = c — [H’] — 2[H,Ox], and [Ox’”’] = [H’] + [H,Ox]. 





The magnitude of the ionisation constants and of the catalytic 
coefficients varies with the nature and concentration of the ionic 
environment and such variations must be taken into account as far 
as possible in the application of equation (1). 

Since the binoxalate ion is neither catalytically nor chemically 
inert, it is not possible to determine the inert-salt effects peculiar 
to an atmosphere of potassium and binoxalate ions by the methods 
which are permissible in the case of solutions of salts which are both 
chemically and catalytically inert. In these circumstances it has 
been assumed that the values of K, and K, for the binoxalate 
solutions are the same as for the corresponding solutions of potassium 
chloride. For the latter it has been shown (loc. cit.) by experiments 
relating to the first and second stages of ionisation that the values 
are given by " 

log K, = 2-756 + 0-42V/x — 0-275 
and log K, = 5-857 + 0-81Vx — 0-39a, 


in which 2, the total salt concentration, corresponds in the present 
paper with the molar concentration (c) of the binoxalate. 

With regard to the variations in the catalytic coefficients, it 
may be recalled that the available evidence would seem to show 
that the hydrogen ion is considerably more susceptible than other 
catalytic entities to changes in environment. The effects in question 
are specific in the sense that they depend on the nature of the ions 
in the solution, and as already pointed out, they cannot be deter- 
mined for a solution of potassium binexalate. Since, however, the 
maximum salt concentration in our experiments is only 0-3 mol. 
per litre, it is permissible as a first approximation tc assume that 
k, is not affected by the presence of the binoxalate. In support 
of this procedure, it may be noted that the catalytic effect due to 
the hydrogen ion in the more concentrated solutions is only a small 
fraction of the total effect. The reaction velocities recorded in 
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Table I are therefore based on the following values for the various 
catalytic coefficients, viz., k, = 465 x 10%, kur = 210 x 10°, 
kuox = 13-0 x 10°, and ko», = 1 x 10°. The first column gives 
the concentration of the binoxalate; the second, third, fourth, and 
fifth give the partial velocities due to the hydrogen ion, the undis- 
sociated oxalic acid, the binoxalate ion, and the oxalate ion respec- 
tively; the sixth shows the calculated, and the seventh the observed 
velocity. 


TaBcez I. 
Catalytic activity of aqueous solutions of potassium hydrogen 
oxalate. 
v. 108. v. 108 
Cc. 1.10%. vg,ox . 10%. vpoy . 10%. vox”. 10%. (cale.). (obs.). 
0-005 0-270 0-009 0-056 — 0-335 0-315 
0-01 0-382 0-025 0-111 0-001 0-52 0-49 
0-02 0-535 0-069 0-235 0-001 0-84 0-82 
0-04 0-72 0-175 0-480 0-002 1-37 1-37 
0-05 0-79 0:24 0-60 0-003 1-63 1-62 
0-08 0-94 0-44 0-96 0-004 2-34 2°32 
0-10 1-02 0-58 1-20 0-005 2-80 2-79 
0-15 1-16 0:97 1-79 0-007 3°93 3°88 
0-20 1-27 1-37 2-39 0-009 5-04 4-91 
0-25 1-36 1-79 2-99 0-011 6-15 5-90 
0:30 1-43 2°22 3°59 0-014 7°25 6-90 


The autocatalytic effect of the hydriodic acid produced in the 
reaction sets a lower limit to the concentration of the binoxalate 
solutions for which the reaction velocity can be measured with 
accuracy. Within the available range of concentrations it is clear 
from the table that equation (1) affords a satisfactory account of the 
measured velocities. The systematic divergence at the higher 
concentrations suggests that the increase in K, and K, may not be 
so great for the binoxalate as for the corresponding chloride. 

By plotting the partial velocities against the concentration of the 
acid salt, it is found that vgo, is a linear function of c, and vg,ox very 
nearly so when c is greater than 0-1, whilst v, tends towards a 
maximum value. These relations are consistent with the fact that 
the experimental v—c curve is approximately linear for c>0-1. The 
slope of this linear portion of the curve corresponds with du/de = 
20 x 10, and when extrapolated to c = 0, the line in question 
is found to cut the zero ordinate at about v = 0-8 x 10-*, which, 
it may be noted, is nearly three times as great as the velocity at the 
smallest concentration. In connexion with this very considerable 
initial velocity which seems to, be indicated by the linear portion 
of the experimental v—c curve, it may be recalled that the hydrogen- 
ion concentration approximates to the value [H"] = ~K,K, when 
¢ becomes large in comparison with K,. If this value of [H’] is 








co 
ba | 


th 
or 
in 





us 


7eg 
nd 


BC+ 
ed 


en 


he 
ite 
th 


he 


er 
be 


le 





IN CATALYSED REACTIONS. PART XXIII. 83 


combined with the stoicheiometric equation ¢ = [H,Ox] + [HOx’}] + 
{Ox’’] and the mass-action expressions 


K, = [(H’)[HOx’]/[H,Ox] and K, = [H"][Ox”’]/[HOx’] 
we obtain 


(H,Ox] = c{H"}?/((H"}? + K,{H"] + K,K,) = eV K,/(VK,+2VK,) 
(HOx’] = cK,(H’]/((H'?+ K,{H)]+ K,K,) =cVK,/(WK,+2VE;) 
and 

[Ox”] = cK, K,/((H' + K,{H']+K,K,) =eVK,/(VK,+2VK,) 


Putting VK,/(WK, + 2VK,) =y and VKy/(VK, + 2VK,) =8, 
and substituting the values of [H*], [H,Ox], [HOx’], and [Ox’’] in 
equation (1), the latter becomes 


v= hiv K,K, + {(Ku,0: + Kos )y + kyow ° d}c . ° (2) 


according to which, apart from variations in K, and K,, the v-c 
curve should be a straight line the slope of which is given by the 
value of (kg,ox + Kox)y + kuox .8. Since y and 8 are not greatly 
affected by the variations in K, and K,, the slope may be deter- 
mined with some precision. If, for instance,’we utilise the values 
of K, and K, which correspond with c = 0-2, namely, K, = 7:8 X 
10-2 and K, = 14 x 10°, then y = 0-039 and 8 = 0-93, and for 
(k,ox +- Kory + kuox8 we obtain 20-3 x 10-*, which agrees closely 
with the slope of the linear portion of the experimental curve. 

The term k,;/WK,K, in the above velocity equation obviously 
corresponds with the initial velocity which is indicated when the 
approximately linear v-c curve is extrapolated to c=0. This 
curve is actually slightly concave to the ¢ axis, which means that 
the slope of the tangent decreases and therefore that the intercept 
on the zero concentration ordinate increases as the value of c 
increases. This may be due in part to the circumstance that the 
hydrogen-ion concentration has not reached the value represented 
by V &,K, within the range of the concentrations actually used, but 
it is also quite probably attributable in part to the increase in K, 
and K, which occurs when the concentration increases. In any 
ease, the velocity measurements are not accurate enough to permit 
of the determination of the variation of the intercept with the 
concentration of the binoxalate, and it must suffice to record the 
fact that linear extrapolation of the velocities for the higher con- 
centrations leads to a velocity for c = 0 which corresponds fairly 


closely with the magnitude k,/ K, Ky. 
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To provide further support for the conclusions suggested by the 
data recorded in Table I, a parallel series of measurements has been 
made with solutions in which the ionic strength was kept constant 
at u = 0-3 by the addition of potassium chloride. This series is 
represented by cKHC,O, + (0-3 — c)KCl. In the application of 
equation (1) to these solutions, the constant values taken for K, and 
K, are those corresponding with 0-3M-potassium chloride, and the 
value of k, is assumed to be determined by the potassium chloride 
content of the solutions. The arrangement of Table IJ, in which the 
results are recorded, is exactly similar to Table I. 


TABLE II. 


Catalytic activity of potassium hydrogen oxalate in solutions of 
constant ionic strength (u = 0-3). 
v. 10° vw. 108 


é. tn. 10%. vg,ox. 10°. vgow . 10%. vox. 10°. (cale.). (obs.). 
0-02 0-74 0-07 0-23 0-002 1-04 1-09 
0-04 0-965 0-185 0-47 0-003 1-62 1-67 
0-08 1-19 0-46 0-95 0-005 2-60 2-59 
0-10 1-24 0-60 1-19 0-005 3-04 3-05 
0-15 1-34 0-99 1-79 0-008 4-13 4-08 
0-20 1-39 1-39 2°39 0-010 5-18 4-99 
0-25 1-42 a-80 2-98 0-012 6-21 5-94 
0-30 


1-43 2-22 3-59 0-014 7°25 6-90 


The v—c curve corresponding to the second series of observations 
is of the same general character as the curve for the chloride-free 
solutions and need not be discussed in detail. There is, of course, 
no suggestion that constancy of ionic strength affords conditions of 
ionic environment which entitle the results in Table II to be regarded 
as strictly comparable. The combined results for the two series 
afford, however, considerable justification for the belief that inert- 
salt effects, in so far as they have not been allowed for, are of very 
minor significance, and that equation (1) provides a satisfactory 
basis for the interpretation of the experimental data. 

Both sets of observations show that the connexion between the 
reaction velocity and the concentration of the acid salt varies with 
the latter. The connexion is approximately linear for the more 
concentrated solutions of the series. The hydrogen-ion concen- 
tration of these solutions varies within very narrow limits and the 
observed catalytic effects are mainly due to the binoxalate ion and 
the undissociated oxalic acid, the concentrations of which vary 
linearly with the total concentration of the acid salt. In the more 
dilute solutions, on the other hand, the dominant catalyst is the 
hydrogen ion, and as the concentration falls there is a gradual 
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approach to a condition in which the reaction velocity is essentially 
determined by the hydrogen-ion concentration. 

The results show conclusively that the catalytic activity of acid 
salts is in large measure due to the catalytic action of the acid ion 
(HA’) and of the undissociated acid (H,A). 


THE UNIvVERsITy, LEEDs. [Received, November 19th, 1929.] 





XIV.—The Routine Preparation of Conductivity 
Water. Part II. 


By Joun M. Stuart and FrRanK WoRMWELL. 


NEARLY five years’ experience in the preparation of large quantities 
of conductivity water has shown the desirability of certain modi- 
fications in the still previously described (J., 1927, 2156). After 
about two years’ work, minute cracks developed where the narrowed 
portion of tube (d in Fig. 1 of that paper) joined the main condensing 
column, and, later, this column became constricted where it is held 
by a retort clamp just above the lower jacket. 

A modified design (Figs. 1 and 2 of present paper) has now been 
adopted. The tin condensing column C is placed vertically above 
the tinned-copper steam-trap’ to which it is connected by a copper 
tube A, tinned inside and flanged at each end. The top copper 
flange D is tin-soldered to the lower flanged end of this condensing 
column, the weight of which is carried on the steam trap B, Fig. 2. 
The joints of this, shown at 8 in Fig. 2, are silver-soldered. The 
trap itself is carried on vertical steel rods arranged as in the earlier 
still; the only clamp required is one to steady the top of the con- 
densing column. 

The condensed water collects in a circular trough T, formed 
between a short length of tin tube and the inner wall of the con- 
densing column ; from this it flows along a short horizontal water- 
jacketed tin tube H, where it meets a stream of purified air from the 
tube K; thence it passes through a glass condenser, the outlet of 
which is formed into a horizontal T-piece, the lower tube of which is 
connected to the conductivity measuring cell. The arrangement 
permits a thermometer to be placed vertically in the water in the 
conductivity cell itself; this is desirable, for the temperature varies 
between about 17° and 25°, with appreciable effect on the con- 
ductivity. 

In the main condensing column there is a piece of pure sheet-tin 
bent so as to break up the main column of steam rising straight 
up from the trap, and ensure its thorough mixture with the 
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stream of purified air from tube H. This tin was introduced when 
the still had only been run for a few days, the conductivity of the 
water being then about 0-15 x 10 mho. Shortly afterwards a 
steady decrease in conductivity occurred, which may, however, 
have been the usual improvement due to the gradual washing out of 
impurities from a newly erected still. 

All soldered joints in the condensing column are made with pure 
tin. Before finally fixing the condensing column in position it 
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should be washed out with carbon tetrachloride and thoroughly 
steamed. The Weiland air-purification train originally used and 
illustrated in Fig. 1 of the earlier paper was found to be inconvenient 
for continuous use owing to sticking taps. The form of train now 
used consists of four columns, 3 cm. in diameter and 45 cm. high, 
containing glass beads and joined together by short lengths of rubber 
tubing so that they can be separated for refilling, thus rendering taps 
unnecessary. The presence of rubber in the air train does not appear 
to affect the conductivity of the water. 

A typical day’s run with the still is recorded below. The temper- 








X' 





1S 


r, 


of 


= ww 


ae 





THE INTERACTION OF BUTYL CHLORAL HYDRATE, ETC. 87 


ature is that of the water in the cell, and « is its conductivity in 
gemmhos, corrected to 18°. 


Time. Temp. x. Time, Temp. kk. Time. Temp. «x. 
11.40 a.m. 26-6° 0-090 1.10 p.m. 22-1° 0-057 3.05p.m. 20-5° 0-058 
11.47 20-9 0-067 1.28 216 0-055 3.27 20°5 0-060 
12.05 p.m. 214 0-064 1.43 215 0-055 3.50 20.1 0-062 
12.22 21-9 0-057 2.03 20-4 0-056 4.10 21-4 0-062 
12.40 21:1 0-057 2.22 213 0-058 4.30 216 0-063 
12.57 21-8 0-057 2.43 21.3 0.058 


Total volume of conductivity water collected from 11.40 a.m. to 4.30 p.m, 
= 4555 c.c. 
Total volume of water rejected at trap = 2300 c.c, 


The conductivities so far obtained are much the same as those of 
the older still when both are run simultaneously, but the latter 
occasionally gives very low values, e.g., 0-047 at 18°. Probably, after 
a few months’ use, the new still will give similar results—the best 
hitherto is x = 0-053 at 18°. 

The advantages claimed for the modified design are low cost, 
great strength and compactness, ease of erection and working, and 
durability. The actual stili occupies a bench length of 110 cm. or, 
including the air-purification train, 2 m. It quickly gives good- 
quality water which, at its best is rather better than that from such 
stills as that of Bencovitch and Hotchkiss (J. Physical Chem., 
1925, 29, 705). 


The authors wish to thank Mr. R. May for advice on the con- 
struction of the still, and Professor G. T. Morgan for permission to 
publish the results. 


CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [Received, November 20th, 1929.] 





XV.—The Interaction of Butyl Chloral Hydrate and 
2 : 4-Dihalogen-substituted Phenylhydrazines. 


By Freperick Dante, Cuattaway and Harry Irvine. 


WuEN butyl chloral hydrate reacts with phenylhydrazine, the 
hydrazone initially formed decomposes almost at once with such 
violence that the course of the reaction cannot easily be followed. 
When, however, a 2 : 4-dihalogen-substituted phenylhydrazine is 
used, the decomposition proceeds more quietly and the final products 
can be isolated. Asin the reactions between the halogen-substituted 
phenylhydrazines and ordinary chloral (Chattaway and Bennett, J., 
1927, 2850; Chattaway and Daldy, J., 1928, 2756), these final 
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products differ according to the nature of the solvent in which the 
reaction takes place. 

The first product of the interaction of butyl chloral hydrate and 
2 : 4-dichlorophenylhydrazine hydrochloride in aqueous solution is 
@ viscous crimson mass which cannot be obtained in a condition 
suitable for analysis, since, from the moment of its formation, 
whether alone or in contact with a solvent, it continually evolves 
hydrogen chloride, yielding finally a well-crystallised substance of 
the composition C,,H,N,Cl,. This appears to have been formed 
from a molecule of butyl chloral and a molecule of 2 : 4-dichloro- 
phenylhydrazine by the elimination of a molecule of water and a 
molecule of hydrogen chloride : 


C,H,Cl,-NH-NH, + CHO-CCl,-CHCIMe—>C,,H,N,Cl, + H,O+HC! 


When strongly reduced, it yields 2 : 4-dichloroaniline ; the halogen 
atom eliminated in the reaction must therefore have been one of 
those in the butyl chloral residue. Its pale yellow colour indicates 
that, unlike the compound formed in the corresponding reaction 
of ordinary chloral, it has no azo-linkage in its molecule. It is 
unsaturated and combines directly with two atoms of bromine to 
give a colourless dibromo-addition compound, C,,H,N,Cl,Br,. With 
acetic anhydride it yields a colourless monoacetyl derivative, point- 
ing to the presence of a single imino-group in the molecule. This 
acetyl derivative is still unsaturated and gives on careful chlorin- 
ation a colourless dichloro-addition compound of the composition 
C,9H,N,Cl,(CO-CH,)Cl,. 

These reactions appear to show that it is «8-dichlorocrotonaldehyde- 
2 : 4-dichlorophenylhydrazone (III) formed by the elimination of 
hydrogen chloride from the unstable butyl chloral 2 : 4-dichloro- 
phenylhydrazone (I) which is without doubt formed initially. 

As in the analogous reactions between halogen-substituted 
phenylhydrazines and chloral (see above), or dichloroacetaldehyde 
(Chattaway and Farinholt, this vol., p. 94), it seems probable that 
butyl chloral 2: 4-dichlorophenylhydrazone also loses hydrogen 
chloride in a reversible manner to give a crimson azobutylene 
derivative of the constitution C,H,Cl,-N°N-CH:CCl-CHCIMe, 2 : 4-di- 
chlorobenzeneazo-fy-dichloro-A+-butylene (II). 

In virtue of its azo-structure this compound would be intensely 
red and, although it is not formed to an extent large enough to 
permit of its isolation, it nevertheless gives a deep crimson azo- 
colour to the viscid mass obtained in the early stage of the con- 
densation. 

The course of the reaction where X = C,H,Cl,(2:4) may be 
represented as follows: 
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-CHMeCI-CCl 


(I.) | (II.) 


X:-NH:N°CH 

ron lee tet 
Although _ «$-dichlorocrotonaldehyde-2 : 4-dichlorophenylhydr- 
azone (III) combines readily with two atoms of bromine at the 
ordinary temperature and without further substitution, a similar 
addition compound with chlorine cannot be obtained, since simul- 
taneous substitution always takes place. The final product of the 
chlorination is ««$8w-pentachlorobutaldehyde-2 : 4 : 6-trichlorophenyl- 
hydrazone (IV), in which two atoms of chlorine have added on to 
the double bond, a third has entered the nucleus, and a fourth 

has displaced the methine hydrogen atom : 


C,H,Cl,"N H-N:CH-CCL-CClMe 2s C,H,Cl,-NH-N-CCl-CCl,°CCl,Me 

(2:4) (IIT.) (2:4:6) (IV.) 

When butyl chloral hydrate and 2 : 4-dichlorophenylhydrazine 
hydrochloride react in alcohol or acetic acid, the reaction pursues 
a different course and a well-crystallised yellow compound (V) of 
the composition C,,H,ON,Cl, is ultimately obtained. This appears 
to have been derived from butyl chloral 2 : 4-dichlorophenylhydr- 
azone (I) by replacement of two atoms of chlorine by an atom of 
oxygen. When strongly reduced, it yields 2 : 4-dichloroaniline ; 
the halogen atoms lost in the decomposition must therefore have 
been in the butyl chloral residue. Its yellow colour indicates that 
there is no azo-group in the molecule, and the presence of an imino- 
group is established by the formation of a colourless monobenzoyl 
derivative, C,gH,ON,Cl,(CO-C,H,). 

It must therefore have the structure §-chloro-«-ketobutaldehyde- 
2: 4-dichlorophenylhydrazone (V). When heated with a substituted 
phenylhydrazine in any alcoholic solution, it yields a sparingly 
soluble osazone (VI) in which the ketonic oxygen has been replaced 
by a hydrazine residue, and also the one remaining chlorine atom 
in the aldehyde residue has been simultaneously replaced by an 
alkoxy-group : 

(I). oo me X-NH-N-CH 
acetic acid CHMeCl-C(OH), 
(v.) X*‘NH'N-CH _2OH  X:NH-N:CH 
“  CHMeC1-CO XNH-NH,,HOl CHMe(OR)-C-N-NHX 

When the reaction between butyl chloral hydrate and 2: 4-di- 

chlorophenylhydrazine hydrochloride is carried out in methyl 


X-NH-NH, + —>[X-NH-N:CH l=[ XNINGHY 564 
CHMeCI-CCl,-CHO | CHMectect, ao | 


|—> 





(VI.) 
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alcohol, the latter reaction takes place so readily that the ketonic 
hydrazone (V) and the sparingly soluble methoxyl-osazone (VI) 
are formed together, but they may be separated by fractional 
crystallisation. 

EXPERIMENTAL. 

The Action of 2:4-Dichlorophenylhydrazine Hydrochloride on 
Butyl Chloral Hydrate in Water: Formation of «$-Dichlorocroton- 
aldehyde-2 : 4-dichlorophenylhydrazone (III).—To 20 g. (1 mol.) of 
2 : 4-dichlorophenylhydrazine hydrochloride dissolved in 1000 c.c, 
of water at 75° acidified with 5 c.c. of concentrated hydrochloric 
acid, was added a solution of 18 g. (1 mol.) of butyl chloral hydrate 
and 13 g. of sodium acetate in 250 c.c. of water, also at 75°. The 
liquid immediately became turbid owing to the separation of 
yellow oily droplets, which turned first pink and then red, finally 
coalescing to form a viscous crimson mass. When cold, the super- 
natant liquid was decanted and the red viscous material was 
extracted with chloroform, in which it was readily soluble. The 
chloroform solution, after drying over calcium chloride, was kept 
at the ordinary temperature in an open dish for 4 days until the 
evolution of hydrogen chloride, which had been continuous from 
the first, had apparently ceased. 

The chloroform had then evaporated, leaving a semi-crystalline 
mass. The crystals were separated, washed free from viscous 
material with light petroleum, and recrystallised repeatedly from 
boiling alcohol (animal charcoal). 

«8-Dichlorocrotonaldehyde-2 : 4-dichlorophenylhydrazone crystallises 
from boiling alcohol or acetic acid, in which it is readily soluble, 
in pale yellow, long, slender, flattened prisms, m. p. 112° (Found: 
C, 40-5; H, 3-0; N, 9-4; Cl, 47-7. C,,H,N,Cl, requires C, 40:3; 
H, 2-7; N, 9-4; Cl, 47-65%). 

Reduction of «-Dichlorocrotonaldehyde-2 : 4-dichlorophenylhydr- 
azone.—3 G. of the hydrazone were dissolved in 20 c.c. of glacial 
acetic acid and boiled with excess of granulated tin and 20 c.c. of 
concentrated hydrochloric acid. When the pale yellow colour had 
completely disappeared (1 hour), the hot solution was made alkaline 
with aqueous caustic soda and steam-distilled. 2 : 4-Dichloro- 
aniline (1 g.) in the distillate was identified by conversion into its 
acetyl derivative, which, alone or mixed with an authentic specimen, 
melted at 145-5°. 

The Action of Bromine upon «§-Dichlorocrotonaldehyde-2 : 4- 
dichlorophenylhydrazone.—When bromine (1 mol.), dissolved in a 
few c.c. of glacial acetic acid, was added to a cold saturated solution 
of the hydrazone in glacial acetic acid, «$-dichloro-«8-dibromo- 
butaldehyde-2 : 4-dichlorophenylhydrazone separated. It dissolved 
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readily in hot glacial acetic acid, from which it separated in colour- 
less compact prisms, m. p. 126—127° (decomp.) (Found: Cl, 31-3; 
Br, 35:3. C,jH,N,Cl,Br, requires Cl, 31-0; Br, 34-9%). 

Action of Chlorine upon «-Dichlorocrotonaldehyde-2 : 4-dichloro- 
phenylhydrazone.—A rapid stream of chlorine was passed into a 
suspension of 6-5 g. of the hydrazone in 20 c.c. of glacial acetic 
acid. The temperature rose somewhat, hydrogen chloride was 
freely evolved, and the solid dissolved, giving an almost colourless 
solution. When no further change appeared to be taking place 
(4 hour), the solution was set aside for 24 hours, during which 
aaSo-pentachlorobutaldehyde-2 : 4 : 6-trichlorophenylhydrazone (IV) 
(7-6 g.) slowly separated. It crystallised from boiling acetic acid 
or alcohol, in which it was readily soluble, in very slender, colour- 
less prisms, m. p. 84—85° (Found: Cl, 64:7. C,,H,N,Cl, requires 
Cl, 64-8%). 

Reduction of ««88w-Pentachlorobutaldehyde-2 : 4 : 6-trichlorophenyl- 
hydrazone.—2 G. of the octachloro-compound were reduced by 
boiling in acetic acid solution with tin and hydrochloric acid. 
2: 4: 6-Trichloroaniline, separated from the solution, made alkaline, 
by steam distillation, was identified by conversion into its acetyl 
derivative, m. p. 208—209°. 

Acetylation of  «a8Gw~-Pentachlorobutaldehyde-2 : 4 : 6-trichloro- 
phenylhydrazone.—A solution of the hydrazone in acetic anhydride 
containing a drop of concentrated sulphuric acid was boiled for 
several minutes. Oncooling, ««$$w-pentachlorobutaldehyde-N-acetyl- 
2:4: 6-trichlorophenylhydrazone separated. It crystallised from 
boiling acetic acid, in which it was readily soluble, in colourless 
rhombic plates, m. p. 108—109° (Found: Cl, 58-85. C,,H,ON,Cl, 
requires Cl, 59-1%). 

The Action of Acetic Anhydride wpon «-Dichlorocrotonaldehyde- 
2 : 4-dichlorophenylhydrazone.—When warmed with acetic anhydride 
containing a drop of concentrated sulphuric acid, the hydrazone 
reacted with evolution of heat to give a clear brown solution, from 
which «$-dichlorocrotonaldehyde-N -acetyl-2 :4-dichlorophenylhydrazone 
separated on cooling. It crystallised from boiling alcohol or 
acetic acid, in which it was easily soluble, in six-sided prisms, 
m. p. 122-5° (Found: C, 42:2; H, 3:5; N, 85; Cl, 41-6; M, 
eryoscopic in benzene, 329, 333. C,.H,jON,Cl, requires C, 42-4; 
H, 3-0; N, 8-2; Cl, 41-7%; M, 340). 

Action of Chlorine upon «$-Dichlorocrotonaldehyde-N-acetyl-2 : 4- 
dichlorophenylhydrazone.—A slow stream of chlorine was passed 
into a suspension of 2 g. of the acetylhydrazone in 10 c.c. of glacial 
acetic acid, cooled to prevent any marked rise in temperature. 
The clear solution obtained was set aside for 4 hours. On cautious 
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addition of water, ««88-tetrachlorobutaldehyde-N-acetyl-2 : 4-dichloro- 
phenylhydrazone separated; this was moderately easily soluble in 
boiling alcohol, from which it separated in colourless compact prisms, 
m. p. 97—98° (Found: Cl, 51-7. Cy.H,9ON,Cl, requires Cl, 51-8%). 

The Action of 2:4-Dichlorophenylhydrazine Hydrochloride upon 
Butyl Chloral Hydrate in Ethyl Alcohol: Formation of $-Chloro-«- 
ketobutaldehyde-2 : 4-dichlorophenylhydrazone (V).—20 G. of 2 : 4-di- 
chlorophenylhydrazine hydrochloride (1 mol.), 18 g. of butyl chloral 
hydrate (1 mol.), and 150 c.c. of ethyl alcohol were gently warmed 
together. As the reactants dissolved, a bright red colour was 
developed and, when the boiling point of the alcohol was reached, 
@ vigorous reaction set in, hydrogen chloride was freely evolved, 
and the alcohol continued to boil for some time without further 
heating. The bright red colour gradually disappeared and the 
solution became pale yellow. 

Half the alcohol was then distilled off and the concentrated 
solution left to cool; the yellow crystals thus obtained, after being 
washed with a little cold ligroin, separated from boiling alcohol, in 
which they readily dissolved, in pale yellow, very slender, hair-like 
prisms, m. p. 129° (Found: C, 43-2; H, 3:3; N, 10:3; Cl, 38-0. 
C,oH,ON,Cl, requires C, 42-9; H, 3-3; N, 10-0; Cl, 38-0%). 

8-Chloro-«-ketobutaldehyde-2 : 4-dichlorophenylhydrazone was also 
formed when the reaction was carried out in acetic acid solution, 
the evolution of hydrogen chloride being naturally more marked in 
this case. 

The Action of Benzoyl Chloride upon §-Chloro-«-ketobutaldehyde- 
2 : 4-dichlorophenylhydrazone.—4 G. of benzoyl chloride (1 mol. + 
excess) were added to 2 g. of the hydrazone dissolved in 6 g. of 
pyridine. After 30 hours, the deep orange-coloured reaction mix- 
ture was poured into dilute hydrochloric acid and the oily layer 
which separated was washed with aqueous alkali to remove excess 
of benzoyl chloride. When digested with a few c.c. of warm 
alcohol, the oil solidified to a mass of crystals. §-Chloro-«-ketobut- 
aldehyde-N-benzoyl-2 : 4-dichlorophenylhydrazone crystallises from 
boiling alcohol, in which it is sparingly soluble, in small, colourless, 
compact prisms, m. p. 166-5° (Found: Cl, 28-0. C,,H,,0,N,Cl, 
requires Cl, 27-75%). 

The Interaction of 2:4-Dichlorophenylhydrazine Hydrochloride 
with 8-Chloro-«-ketobutaldehyde-2 : 4-dichlorophenylhydrazone in 
Methyl Alcohol: Formation of «-Keto-8-methoxybutaldehyde-2 : 4-di- 
chlorophenylosazone (V1).—2 G. (1 mol.) of the hydrazone and 1-5 g. 
of 2 : 4-dichlorophenylhydrazine hydrochloride (1 mol.) in 20 c.c. 
of methyl alcohol were boiled for about 5 minutes and cooled. The 
osazone obtained was readily soluble in boiling pyridine, from which 
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it separated in compact, bright yellow prisms, m. p. 196° (decomp.). 
It is very sparingly soluble in boiling alcohol, but may be recrystal- 
lised from boiling benzene [Found: C, 46-8; H, 3-8; N, 12-9; 
Cl, 32-95; OMe, by Hewitt and Moore’s modification (J., 1902, 81, 
318) of Zeisel’s method, 7:1. C,gH,,N,Cl,(OMe) requires C, 47-0; 
H, 3-7; N, 12-9; Cl, 32-7; OMe, 7-15%]. 

The corresponding ethoxy-osazone, similarly prepared in ethy]l- 
alcoholic solution, crystallised from boiling alcohol, in which it 
was sparingly soluble, in dull yellow, irregular plates, m. p. 162° 
(decomp.) [Found : Cl, 31-5; OEt, 8-9. C,,H,,N,Cl,(OEt) requires 
Cl, 31-65; OEt, 9-95%]. 

The Interaction of 2 : 4-Dichlorophenylhydrazine Hydrochloride and 
Butyl. Chloral Hydrate in Methyl Alcohol—When a powdered 
mixture of 20 g. of 2:4-dichlorophenylhydrazine hydrochloride 
(1 mol.) and 18 g. of butyl chloral hydrate (1 mol.) suspended in 
50 c.c. of methyl alcohol was treated in the way described for the 
reaction in ethyl] alcohol (p. 92), the same phenomena were observed 
as in that case; when cold, the reaction mixture had almost 
solidified to a pulp of crystals. These were separated and extracted 
with 50 c.c. of boiling ethyl alcohol, a quantity (A) remaining 
undissolved. The solution, on cooling, deposited yellow needle-like 
crystals which, after repeated crystallisation from alcohol, melted 
at 129° (8 g.), alone or mixed with §-chloro-«-ketobutaldehyde- 
2 : 4-dichlorophenylhydrazone (Found : Cl, 37-9. Calc. : Cl, 38-0%). 

The material (A), after being extracted twice more with 50 c.c. 
of boiling ethyl alcohol, left a yellow crystalline residue sparingly 
soluble in most of the common organic solvents; this Separated 
from boiling pyridine, in which it was moderately easily soluble, in 
bright yellow, compact prisms (9 g.), m. p. 196° (decomp.), identical 
with the methoxy-osazone described above (Found: Cl, 32-7. 
Cale. : Cl, 32-7%). 

Similar series of reactions were carried out with 2-chloro-4-bromo- 
phenylhydrazine and 2: 4-dibromophenylhydrazine, the following 
compounds, all crystallised from alcohol, being prepared :— 

«8-Dichlorocrotonaldehyde-2 : 4-dibromophenylhydrazone, slender, 
hair-like, dull yellow prisms, m. p. 119-5° (Found: C, 30-7; H, 
2-3; N, 7-3; Cl, 18-3; Br, 41-3. C,H,N,Cl,Br, requires C, 31-0; 
H, 2:1; N, 7-2; Cl, 18-3; Br, 41-3%). 

«3-Dichloro-x8 - dibromobutaldehyde - 2 : 4-dibromophenylhydrazone, 
colourless compact prisms, m. p. 132—133° (decomp.) (Found : 
Cl, 13-1; Br, 58-7. C,,H,N,Cl,Br, requires Cl, 13-0; Br, 58-5%). 

«8-Dichlorocrotonaldehyde -N - acetyl -2 : 4-dibromophenylhydrazone, 
colourless, compact, rhombic plates, m. p. 141° (Found: Cl, 16-5; 
Br, 37:3. C,,.H,jON,CI1,Br, requires Cl, 16-5; Br, 37-3%). 
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a«-Dichlorocrotonaldehyde-2-chloro-4-bromophenylhydrazone,  slen- 
der, pale yellow prisms, m. p. 118° (Found: C, 35-2; H, 2-3; N, 
8-2; Cl, 31-0; Br, 23-3. C,)H,N,Cl,Br requires C, 35-0; H, 2-35; 
N, 8-2; Cl, 31-1; Br, 23-3%). 

a3- Dichlorocrotonaldehyde - N - acetyl - 2 - chloro-4 - bromophenylhydr - 
azone, colourless plates, m. p. 134° (Found: C, 37-8; H, 2-65; 
N, 7:3; Cl, 27°75; Br, 20°85. C,H, ,ON,Cl,Br requires C, 37-5; 
H, 2-6; N, 7-3; Cl, 27-7; Br, 20-8%). 

6-Chloro-«-ketobutaldehyde-2-chloro-4-bromophenylhydrazone, very 
slender, lemon-yellow prisms, m. p. 135° (Found: C, 37-1; H, 
2-9; N, 8-6; Cl, 21-9; Br, 24-7. C,)H,ON,CI1,Br requires C, 37-05 ; 
H, 2:8; N, 8-65; Cl, 21-9; Br, 24-7%). 

8-Chloro - « - ketobutaldehyde-2 : 4-dibromophenylhydrazone, very 
slender, pale yellow prisms, m. p. 143-5° (Found: Cl, 9-7; Br, 43-6. 
C,>H,ON,CIBr, requires Cl, 9-6; Br, 43-4%). 

8-Chloro-«-ketobutaldehyde-N -benzoyl-2 : 4-dibromophenylhydrazone, 
colourless compact prisms, m. p. 183-5° (Found: Cl, 7-5; Br, 33-75. 
C,,H,,0,N,CIBr, requires Cl, 7-5; Br, 33-8%). 

a-Keto-8-methorybutaldehyde-2 : 4-dibromophenylosazone, __ bright 
yellow prisms, m. p. 194° (decomp.), from pyridine or alcohol 
(Found: C, 33:8; H, 2:8; N, 9-2; Br, 52-3. C,,H,,ON,Br, 
requires C, 33:3; H, 2-6; N, 9-2; Br, 52-25%). 

a-Keto-§-ethoxybutaldehyde-2 : 4-dibromophenylosazone, yellow, 
six-sided plates, m. p. 177°. (decomp.) (Found: Br, 50-6. 
C,,H,,ON,Br, requires Br, 50-8%). 


Part of the earlier work described in this paper was carried out 
in association with Mr. John Cripps Brashaw of Trinity College. 
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XVI.—The Formation of Glyoxalosazones by the Inter- 
action of Dichloroacetaldehyde and Aryl Hydrazines. 


By Freprrick Danie, CHatraway and Larkin HunDLEY 
FaRINHOLT. 


W3HEN chloral reacts with aryl hydrazines (Chattaway and Bennett, 
J., 1927, 2850; Chattaway and Daldy, J., 1928, 2756), pale yellow 
hydrazones are first formed. These are extremely unstable and 
lose hydrogen chloride very easily, brilliant crimson azo-derivatives 
of aa-dichloroethylene being obtained. This loss of hydrogen 
chloride, however, is a reversible reaction and if the acid is not re- 
moved and if the reaction is carried out in alcoholic solution, the 
trichloromethyl group of the original hydrazone is hydrolysed and 
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a hydrazone of a glyoxylic ester is produced. The equilibrium being 
thus destroyed, the red colour at first produced disappears as the 
azo-aca-dichloroethylene reverts to the original hydrazone : 
, R-N-N-CH-CCl, + HCl 
R:NE-N:CH-CCl, —" 
“oy R:NH-N:CH:-CO,R’ 

A similar series of reactions occurs when dichloroacetaldehyde 
reacts with aryl hydrazines. Hydrazones are at first normally 
produced which quickly lose hydrogen chloride with the production 
of a brilliant crimson colour. 

This crimson colour is undoubtedly due to the formation of azo- 
derivatives of «-monochloroethylene. These, however, are too 
unstable to allow of their isolation in a pure state and, the reactions 
by which they are produced being reversible, the crimson colour 
rapidly disappears on heating and osazones of glyoxal separate, 
since the dichloromethyl group of the parent hydrazones is very 
reactive and condenses with another molecule of the aryl hydrazine, 


either directly or after hydrolysis: thus, where R is C,H;, 
4-C,H,Cl(Br), 2 : 4-C,H,Cl,(Br,), or 2 : 4 : 6-C,H,Cl,(Brs), 


R-N:N-CH:CHCI + HCl 
R:NH-N:CH-CHCI, te 
RnA a. R:NH:N:CH:CH:N-NHR 


In this connexion it may be recalled that ««-dichloro-5-carboxy- 
2-hydroxyacetophenone similarly yields an osazone with phenyl- 
hydrazine (Chattaway and Calvet, J., 1927, 687). 

The glyoxalosazones are pale yellow, well-crystallised compounds, 
for the most part sparingly soluble in ordinary organic solvents. 
They melt at a high temperature, usually with decomposition, and 
are easily chlorinated and brominated. They also form well-crystal- 
lised diacetyl derivatives, R-NAc-N°:CH:CH:N-NAcR. 

The action of chlorine on the unsubstituted glyoxaldiphenylosa- 
zone, on glyoxaldi-p-chlorophenylosazone, and on glyoxaldi-2 : 4-di- 
chlorophenylosazone yields the same product, ww’-dichloroglyoxaldi- 
2 : 4-dichlorophenylosazone, 


Direct halogenation does not introduce a third chlorine atom into 
the benzene nucleus. ww’-Dichloroglyoxaldi-2 : 4 : 6-trichlorophenyl- 
osazone, however, is readily formed by the action of chlorine on 
glyoxaldi-2 : 4 : 6-trichlorophenylosazone. 
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Bromine acts in an exactly analogous manner, being substituted 
for hydrogen in the benzene nuclei and replacing the two ww’-hydro- 
gen atoms. 

The ww’-substituted halogen atoms in these compounds are 
remarkably unreactive. The ww’-halogenated osazones can be 
recovered unchanged even after refluxing with alcoholic ammonia 
for some hours. They are also not readily reduced by tin or zinc in 
hydrochloric or acetic acid. 

The glyoxalosazones, when the ww’-positions are occupied by 
halogen atoms, are not acetylated when heated with acetic 
anhydride, tarry products being obtained; nor can chlorine or 
bromine be substituted for hydrogen in the wo’-positions in the 
diacetylosazones, even on heating in glacial acetic acid for several 
hours, the initial material being recovered. 


ExPERIMENTAL. 


Action of Phenylhydrazine upon Dichloroacetaldehyde—aAs the 
same results were obtained whether dichloroacetaldehyde alco- 
holate or dichloroacetaldehyde itself was used, the former was 
always employed, since it is very troublesome to isolate the aldehyde. 

To 150 c.c. of acetic acid were added 15-9 g. of dichloroacetalde- 
hyde alcoholate (1 mol.) and 21 g. of phenylhydrazine (2 mols.). On 
being gently warmed, the solution developed a crimson colour which, 
as the temperature was raised to about 70°, disappeared and glyoxal- 
diphenylosazone separated. This compound crystallised from 
boiling alcohol, in which it was moderately easily soluble, in clusters 
of pale yellow, rhombic plates, m. p. 169—171° (compare Oddo and 
Cusmano, Gazzetta, 1911, 41, ii, 251). 

Action of p-Chlorophenylhydrazine Hydrochloride upon Dichloro- 
acetaldehyde Alcoholate.—To 150 c.c. of acetic acid were added 16 g. 
of dichloroacetaldehyde alcoholate (1 mol.), 36 g. of p-chlorophenyl- 
hydrazine hydrochloride (2 mols.), and 20 g. of anhydrous sodium 
acetate. On warming, a brilliant crimson colour developed which 
on further heating disappeared and glyoxaldi-p-chlorophenylosazone 
separated. It crystallised from boiling alcohol or acetic acid, in 
both of which it was sparingly soluble, in pale yellow, quadrilateral 
plates, m. p. 227° (decomp.) (Found: Cl, 22-9. C,,H,.N,Cl, re- 
quires Cl, 23-1%). 

The other glyoxalosazones described in this paper were prepared 
in a similar manner, a deep crimson colour in each case appearing, 
and disappearing as the We proceeded and the yellow osazone 
separated. 

Glyoxaldi-2 : 4- sielaaibeiiadeicintl crystallises from boiling 
acetic acid, in which it is very sparingly soluble, in clusters of pale 
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yellow needles, m. p. 253—254° (decomp.) (Found: Cl, 37-5; C, 
44-8; H, 2-6; N, 14-9. C,,H,)N,Cl, requires Cl, 37:7; C, 44-7; 
H, 2-7; N, 149%). 

Glyoxaldi-2 : 4 : 6-trichlorophenylosazone crystallises from acetic 
acid or alcohol, in both of which it is moderately easily soluble, in 
clusters of very pale yellow needles, m. p. 189° (Found: Cl, 47-8. 
C,,H,N,Cl, requires Cl, 47-8%). 

Glyoxaldi-p-bromophenylosazone separates from either acetic acid 
or alcohol, in both of which it is sparingly soluble, in pale yellow, 
quadrilateral plates, m. p. 215° (decomp.) (Found: Br, 40-2. 
C,4H,.N,Br, requires Br, 40-4%). 

Glyoxaldi-2 : 4-dibromophenylosazone crystallises from _ boiling 
acetic acid, in which it is very sparingly soluble, in pale yellow, fine 
needles which darken at about 237° and melt with decomposition 
at 243° (Found: Br, 57-4. C,,H, >N,Br, requires Br, 57-7%). 

Glyoxaldi-2 : 4 : 6-tribromophenylosazone separates from acetic 
acid, in which it is sparingly soluble, in faintly yellow, quadrilateral 
plates, m. p. 226—228° (decomp.) (Found: Br, 67:25. C,,H,N,Br, 
requires Br, 67-4%). 

All the glyoxalosazones were easily acetylated when heated with 
acetic anhydride containing a drop of sulphuric acid. The diacetyl 
derivatives are all colourless, and were crystallised from acetic acid. 

Diacetylglyoxaldiphenylosazone forms quadrilateral plates, m. p. 
about 360° (decomp.); diacetylglyoxaldi-p-chlorophenylosazone, six- 
sided prisms, m. p. about 330° (decomp.) (Found: Cl, 18-0. 
C,3H,,O.N,Cl, requires Cl, 181%); diacetylglyomaldi-2 : 4-dichloro- 
phenylosazone, compact six-sided prisms, m. p. 291—292° (decomp.) 
(Found: Cl, 30-6. C,,H,,0,N,Cl, requires Cl, 30-8%); diacetyl- 
glyoxaldi-2 : 4 : 6-trichlorophenylosazone, flattened prisms, m. p. 
about 370° (decomp.) (Found: Cl, 40-0. C,,H,,0,N,Cl, requires 
Cl, 40:2%);  diacetylglyoxaldi-p-bromophenylosazone, six-sided 
prisms, m. p. about 340° (decomp.) (Found : Br, 33-4. C,,H,,0,N,Br, 
requires Br, 33-:3%); diacetylgiyoxaldi-2 : 4-dichlorophenylosazone, 
slender six-sided prisms, m. p. 300° (decomp.) (Found: Br, 50-1, 
C,,H,,0.N,Br, requires Br, 50-1%); and diacetylglyoxaldi-2 : 4 : 6- 
tribromophenylosazone, clusters of re m. p. about 365° (decomp.) 
(Found: Br, 60-3. C,,H,.O,N,Br, requires Br, 60-3%). 

Action of Chlorine upon Glyoxaldiphenyl-, Glyoxaldi-p-chloro- 
phenyl-, and Glyoxaldi-2 : 4-dichlorophenyl-osazones.—When any one 
of these osazones was suspended in glacial acetic acid, and a rapid 
stream of chlorine passed in to saturation, hydrogen chloride was 
liberated, the suspended osazone dissolved, and ww’ -dichloroglyoxal- 
2; 4-dichlorophenylosazone separated as a greenish-yellow solid. 


It crystallised from benzene in pale yellow, fine needles, m. p. 248— 
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251° (decomp.; after darkening at about 240°) (Found: Cl, 47-6. 
C,,H,N,Cl, requires Cl, 47-8%). 

ww’ -Dichloroglyoxaldi-2 : 4 : 6-trichlorophenylosazone was similarly 
formed by the action of chlorine upon glyoxaldi-2 : 4 : 6-trichloro- 
phenylosazone. It is sparingly soluble in boiling acetic acid but 
much more readily soluble in boiling benzene, from which it crystal- 
lises in clusters of very pale yellow, fine needles, m. p. 229—231° 
(devomp.) (Found : Cl, 55-1. C,,H,N,Cl, requires Cl, 55-2%). 

«w’-Dibromoglyoxaldi-2 : 4-dibromophenylosazone crystallises from 
benzene, in which it is moderately easily soluble, in clusters of long, 
fine, pale yellow needles, m. p. 205° (decomp.) (Found: Br, 67-15. 
C,,H,N,Br, requires Br, 67-4%); ww’-dibromoglyoxaldi-2 : 4 : 6-tri- 
bromophenylosazone in long, fine, pale yellow needles, m. p. 230° 
(decomp.) (Found: Br, 73-3. C,,H,N,Br, requires Br, 73:5%); 
wo’ -dibromoglyoxaldi-2 : 4-dichlorophenylosazone in pale _ yellow 
needles, m. p. 270—273° (decomp.) (Found : Br, 29-8. C,,H,N,Cl,Br, 
requires Br, 29:9%); and ww’-dichloroglyoxaldi-2 : 4 : 6-tribromo- 
phenylosazone in very pale yellow, slender needles, m. p. 257° 
(decomp.) (Found: Cl, 89. C,,H,N,Br,Cl, requires Cl, 9-1%). 
ww’ -Dibromoglyoxaldi-2 : 4 : 6-trichlorophenylosazone crystallises from 
glacial acetic acid in clusters of fine, almost colourless needles, m. p. 
246° (decomp.) (Found: Br, 26-8. C,,H,N,Cl,Br, requires Br, 
26-5%). 


THE QUEEN’s COLLEGE, OxFORD.. [ Received, December 6th, 1929.] 





XVIT.—2-Thiol-4(5)-8-aminoethylglyoxaline (2-Thiol- 
histamine). 
By Frank LEE PyMan. 


In view of the physiological activity of histamine, and of the natural 
occurrence of ergothioneine, the synthesis of 2-thiolhistamine 
appeared to be of interest. This has now been effected by using as 
the starting material, «3-dibenzamido-$-ketobutane (I) which 
Windaus, Dérries, and Jensen (Ber., 1921, 54, 2745) prepared from 
the tribenzamidobutene resulting from the benzoylation of hist- 
amine. When «3-dibenzamido-f-ketobutane was hydrolysed with 
(I.) COPh:NH-CH,°CO-CH,°CH,"NH-COPh —> 
HCl,NH,°CH,°CO-CH,°CH,°NH,,HC1 (iI.) —> 
CH—NH 
C-SH (II) 
NH,-CH,-CH,-C——N7> 

alcoholic hydrochloric acid at 150°, «3-diamino-8-ketobutane dihydro- 
chloride (II) was obtained, and on condensation of this with 1 mol. 
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of sodium thiocyanate 2-thiolhistamine (III) resulted. Its constitu- 
tion follows from the results of analysis combined with the fact that 
it yields histamine on oxidation. 

Dr. Dale, Sec. R.S., and Mr. J. H. Gaddum, M.A., of the National 
Institute for Medical Research, to whom the author wishes to express 
his thanks, found that 50 mg. of 2-thiolhistamine hydrochloride 
produced a smaller fall in the blood pressure of a cat under ether 
than 0-001 mg. of histamine when injected intravenously, and also 
that 50 mg. of 2-thiolhistamine hydrochloride appeared to have no 
effect upon a 20 g. mouse when injected subcutaneously. Mr. 
W. A. Broom, B.Sc., of Boots’ Pharmacological Department found 
that 2-thiolhistamine hydrochloride had only one/two-thousandth 
part of the activity of histamine in causing contraction of the isolated 
uterus of a virgin guinea-pig, and did not reduce the blood sugar of 
the rabbit when injected subcutaneously. It appears, therefore, 
that the substance has no significant histamine-like action. 


EXPERIMENTAL. 


a5-Dibenzamido-8-ketobutane was prepared by the method of 
Windaus, Dérries, and Jensen (loc. cit.), the yield being 80 to 90° 
of the theoretical. It melts at 158—159° (corr.) and is not easily 
soluble in alcohol, requiring about 7 parts by weight of boiling alcohol 
for solution, and being much less soluble in cold aleohol. Windaus, 
Dérries, and Jensen give m. p. 151° and state that the substance is 
easily soluble in alcohol. 

a«3-Diamino-f-ketobutane.—a8-Dibenzamido-$-ketobutane (10 g.), 
alcohol (50 ¢c.c.), and concentrated hydrochloric acid (50 c.c.) were 
heated under pressure for 2 hours at 150°. The solution was 
evaporated to low bulk, extracted with ether to remove benzoic 
acid, digested with charcoal, filtered, concentrated to low bulk, and 
mixed with alcohol; «8-diamino-8-ketobutane dihydrochloride then 
crystallised, and further crops were obtained on concentration, the 
total yield being 73% of the theoretical. This salt crystallises from 
water in colourless diamond-shaped plates, m. p. 221° (decomp. ; 
corr.). It is anhydrous and is very easily soluble in water, but 
sparingly soluble in alcohol (Found: C, 27:5; H, 7-4; Cl, 40-3. 
C,H, oON,,2HCI requires C, 27-4; H, 69; Cl, 405%). On the 
addition of cold saturated aqueous picric acid it gives a sparingly 
soluble picrate, crystallising from water in long, yellow, prismatic 
needles, m. p. 212° (decomp.; corr.). 

2-T hiol-4(5)-8-aminoethylglyoxaline.—«8-Diamino-8-ketobutane di- 
hydrochloride (7-0 g.) and sodium thiocyanate (3-24 g.) were dis- 
solved in 20 c.c. of water. The solution was evaporated to a syrup 
and heated for another hour at 100°, and just enough water was 
. 
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added to dissolve the sodium chloride which had separated. On 
keeping, 2-thiolhistamine hydrochloride crystallised; it was 
purified by recrystallisation from water (yield, 3-7 g. = 52% of the 
theoretical). 

2-Thiol-4(5)-8-aminoethylglyoxaline hydrochloride crystallises from 
water in clusters of colourless prismatic needles, m. p. 248—249° 
(corr.). It is anhydrous, very easily soluble in water, giving a 
neutral solution, and almost insoluble in hot absolute alcohol 
(Found: C, 33-0; H, 61; Cl, 198; 8S, 17-9. C;H,N,S,HCl 
requires C, 33-4; H, 5-6; Cl, 19-8; 8, 17-8%). When cold aqueous 
solutions of this salt and picric acid are mixed, no immediate pre- 
cipitate is formed, but a picrate crystallises on keeping in dense, 
golden, bevelled tablets, m. p. 225° (decomp.; corr.). Aqueous 
solutions of the hydrochloride give with diazobenzene-p-sulphonic 
acid (a) in the presence of sodixm carbonate, an orange colour; (b) 
under Hunter’s conditions (Biochem. J., 1928, 22, 4), in the presence 
of sodium carbonate and acetate, a yellow solution, which changes to 
red with a faint purple fluorescence on addition of sodium hydroxide. 

Oxidation. 2-Thiolhistamine hydrochloride (0-18 g.) was boiled 
with hydrated ferric chloride (1-6 g.) in water (30 c.c.) for 4 hour. 
The solution was partly neutralised with sodium carbonate, mixed 
with a hot saturated aqueous solution of picric acid (0-46 g.), filtered, 
and kept. Histamine dipicrate (0-38 g.; yield, 67°) then separated 
in a pure state, having m. p. 238° (decomp.; corr.) when heated 
quickly, alone or mixed with an authentic specimen. 


RESEARCH LABORATORIES, Messrs. Boots Pure Drue Co., Lrp., 
NoTrrincHAM, [Received, December 6th, 1929.] 


XVIII.—Comparison of Some Physical Constants of 
Thiocyanate, Azide, and Nitrite Solutions. 


By P. GinrHer and W. PERScHKE. 


CRANSTON and LIVINGSTONE recently published measurements of 
physical constants of azide and cyanate solutions which led them to 
infer that the two anions have the same spatial structure in solution 
(J., 1926, 501). About the same time, the X-ray investigations of 
Hendricks and Pauling (J. Amer. Chem. Soc., 1925, 47, 2904) 
definitely proved that in the crystalline state both these ions con- 
sist of atoms arranged in an open chain with very similar spacings, 
as theoretical considerations had first caused Langmuir (ibid., 1919, 
41, 1543) to assume, discarding the old ring formula for the azides. 

The correspondence of Cranston and Livingstone’s conclusions 
with these results was probably fortuitous. The physical 
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characteristics of ionic solutions are in general greatly influenced 
by solvation of the ions, although this may in turn be dependent 
on the configuration of the atoms in the ion. It is nevertheless 
certain that considerable differences between ions can be concealed 
to a great extent by addition of water molecules. Yet if Cranston 
and Livingstone’s conclusions were right in the case of the azide 
and cyanate ions, in that similarity in the configuration of the ions 
may be inferred from similarity in certain physical properties, we 
should be in possession of a very simple and convenient method 
for determining the structure of the thiocyanate ion also. 

The following reasons may be given for doubting the validity 
of Cranston and Livingstone’s deductions. In view of the fact 
that the cyanate is readily decomposed by water, a mixture of 
water and alcohol was employed as a solvent in determining the 
density and the refractive index. It would thus appear possible 
that the various ions would show preference in combining with one 
species of the molecules of the solvent. Moreover, the experiments 
only extended in the case of the potassium salts to 0-5N-solutions, 
and in the case of the sodium salts to 1-0N-solutions, whereas it 
is just the high concentrations that are of advantage in discovering 
the differences in the influence exerted by the solute on the character 
of the solutions. 

In view of the possibility of determining the structure of the 
thiocyanate ion, we have tested the method employed by Cranston 
and Livingstone by comparing the physical properties of nitrite 
solutions with those of azide solutions. The nitrite ion differs 
little from the azide ion in weight, but in the configuration of its 
atoms it is certainly quite different, for its structure is very probably 
similar to that of the nitrate ion, which is known—at any rate in 
the crystalline state—not to have the nitrogen atom placed in a 
straight line between two oxygen atoms. We should thus expect 
nitrite solutions to have physical constants very different from 
those of azide solutions. With some degree of probability the 
following surmise can be made as to the difference between the 
structure of the thiocyanate and the cyanate ion, the latter of 
which is known to be the same as that of the azide ion, at least in 
the crystalline state. According to the measurements of Hendricks 
and Pauling, in the potassium cyanate crystal the centres of gravity 
of the atoms at the two ends of the cyanate chain are 2-32 A.U. 
apart, whereas in the potassium azide crystal the corresponding 
distance between the two extreme nitrogen atoms is 2-34 A.U. If 
we calculate the lengths of the cyanate and azide chains from the 
radii of the nitrogen, oxygen, and carbon atoms, as determined 
by Goldschmidt from other crystalline compounds of these elements 
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{‘‘ Geochemische Verteilungssitze der Elemente,’ VII, Die Gesetze 
der Krystallochemie, Oslo, 1926, pp. 26 et seq.), we find the length 
corresponding to the azide chain to be 2-84 A.U., and in the case of 
the cyanate chain 2:85 A.U. The radii of the atoms in the con- 
figurations in question are therefore smaller than usual, but the 
contraction is practically the same in both cases. Computing the 
length of the thiocyanate chain in the same way, using Goldschmidt’s 
atomic radius of sulphur (1-04 A.U.), we find 3-2 A.U., a value some 
18% greater than for the cyanate chain. If, on account of the 
equal contractions in the case of the azide and cyanate ions, we 
assume the same contraction to take place in the thiocyanate ion, 
the ratio of the chain lengths above computed would be more or 
less preserved. 

The molecular weights of sodium azide and sodium thiocyanate 
are 65-0 and 81-1 respectively. Their influence on the density 
differences of solutions can be calculated for all concentrations. 

In our experiments with sodium azide, thiocyanate, and nitrite 
we were able to work with pure water as solvent and to attain much 
higher concentrations than the above-named authors. The experi- 
ments show that the correct results which Cranston and Living- 
stone’s method gave are hardly more than accidental. No con- 
clusions can be drawn as to the similarity or dissimilarity of the 
atomic structure of the ions we investigated. We did not compare 
the densities of the solids, since, according to the crystallographic 
determination of Hendricks and Pauling, it is hardly possible that 
sodium thiocyanate can have the same arrangement of ions in the 
crystal as potassium cyanate; so we left out this comparison, 
carried out by Cranston and Livingstone, but we introduced 
another series of experiments, comparing the viscosities of the 
solutions. 

EXPERIMENTAL. 

Materials.—Sodium azide was recrystallised from water by 
precipitation with alcohol and sodium thiocyanate was recrystallised 
from alcohol. The sodium nitrite was Kahlbaum-—Schering’s 
“ purissimum.’’ The purity of the azide was determined by pre- 
cipitation as silver azide, which was converted into chloride and 
weighed as such, the analysis being checked by decomposing the 
azide with titrated sulphuric acid: the percentage varied between 
97-0 and 98-2%. The sodium nitrite contained 97-8% of pure 
salt, and the thiocyanate 98°, as determined by titration with 
silver nitrate. Impurities certainly had no influence on the validity 
of the conclusions drawn from the experiments. 3N-Solutions 
of these salts were prepared, and diluted with distilled water as 
required. 
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Densities —The following densities were determined with Mohr’s 
specific gravity scales and, in part, checked with a pyknometer. 


Densities of aqueous solutions at 20-1°. 


0-25 
M = 3:0. 2-0. 1-0, 0-5. (at 16-7°). 
PMD sc cctccetsunteeshe 1-1137 1-0764 1-0330 1-0184 1-0099 
DRANNED:, 955.6057 sadncnipnue 1-1162 1-0786 1-0395 1-0198 1-0101 
8 Page eee epper ees ot 1-1273 1-0857 1-0427 1-0210 _ 


The densities of the azide and thiocyanate solutions differ very 
slightly—by less than 0-3°% in the highest concentrations. The 
influence of the greater molecular weight of the thiocyanate is 
almost completely compensated for by the marked contraction 
taking place on dissolution, which amounts to as much as 3-85%,. 
In comparing the azide with the nitrite solutions a discrepancy is 
observable, which can, however, be ascribed chiefly to the greater 
molecular weight of the latter substance; it is therefore impossible 
to draw any conclusions from these observations as to the con- 
figuration of the ions. 

Viscosity.—The viscosities were determined with an Ostwald 
viscometer : 


Coefficients of viscosity at 20-1° (water = 1). 


M = 3:0. 2-0. 1-0. 0-5. 
Nhs Fadcneduisinedevsesseneite 1-344 1-179 1-050 1-006 
| Se Speer 1-254 1-105 1-043 1-005 
TE. <eqeetinssthtseistues 1-281 1-126 1-046 1-006 


Corresponding to differences in the contraction occurring in solution, 
the azide ion has the greatest influence on the viscosity eoefficient 
and the thiocyanate ion the smallest. 

Refractive Indices.—The refractive indices were obtained with a 
Pulfrich refractometer. On account of the differences in density 
of the solutions, however, it was necessary to compare the values 
of the specific refractivity, R, and for this purpose the densities 


were redetermined at 25°. 
ne", 
D 








M = 3. 2. 1. 0-5. 
NaCNS .........cc000000 1-3831, 1-3669, 1-3500, 13413, 
BEE i Kiaisvaw inter tes 13669, 1-3560, 13442, 1-3385, 
BE Rn.. sasenevebueceponies 1-3542, 1-3475, 1-3404, 1-3365, 
n?—1 1 
 mit2'd 
M = 3. 2. 0-5. 
le lA ae ea lB 0-2096 0-2087 0-2074 0-2067 
BE savdvcvesestserieeusd 0-2026 0-2036 0-2049 0-2056 
eRe ee eee 0-1930 0-1970 0-2013 0-2036 


The thiocyanate has the greatest and the nitrite ion the smallest 


influence on the refraction of light. 
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Electrical Conductivity.—The conductivities, which Cranston and 
Livingstone determined in methyl-alcoholic solution, were measured 
in a solution of conductivity water. The electrodes consisted of 
platinised platinum sheet, and in agreement with the results of 
Briner and Winkler (J. Chim. physique, 1923, 20, 201), as against 
those of Cranston and Livingstone, the platinum coating was found 
not to decompose the azide solution. The conductivities were 
unchanged after } hour, 1 hour, and 2 hours, and at the end of a 
series of experiments no ammonia could be determined in the 
solution even with the help of Nessler’s reagent. 


Molecular conductivities. 


M = 0-5. 0-25. 0-125. 0-063. 
RON i ccvcsievecsicaves 65-80 75-04 81-92 90-40 
NEN eg’: svesisetocvenoes sdece 65-54 74-84 81-52 90-40 
Sea ee ee 62-60 72°36 82-88 93-97 


The conductivities of thiocyanate and azide agree up to 0-5M, 
even better than those up to 0-1M in Cranston and Livingstone’s 
experiments. The conductivity of the nitrite solution differs in 
magnitude as well as in its dependence on the concentration. 

A survey of all the experimental results here given shows that 
experiments of this kind do not enable us to draw conclusions as to 
the configuration of atoms in the ion, as Cranston and Livingstone 
have done. 


PHYSIKALISCH-CHEMISCHES INSTITUT 
DER UNIVERSITAT, BERLIN. [Received, November 20th, 1929.] 


XIX.—The inhibition of Chemical Reactions. Part 
III. The Inhibition by Sulphur of the Atmospheric 
Oxidation of Benzaldehyde. 


By KENNETH CLAUDE BAILEY. 


Ir has long been known that benzaldehyde is oxidised rapidly by 
oxygen or by air, and it has been shown that the velocity of oxid- 
ation may be greatly reduced by the presence of very small traces 
of ‘‘ anti-oxygens,” 7.e., negative catalysts which are themselves 
oxidisable (see Moureu and Dufraisse, Chem. and Ind., 1928, 47, 
819, 848, for a summary of many previous papers); for instance, 
one part of sulphur in 100,000 parts reduces it to about one-third 
(idem, ibid., p. 822). 

The following additional facts are of importance to the under- 
standing of the present research. (1) The reaction is a chain 
reaction, in which several thousand molecules are oxidised for each 
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quantum absorbed, as proved by Backstrém (J. Amer. Chem. Soc., 
1927, 49, 1460; Medd. K. Vetenskapsakad. Nobel-Inst., 1927, 6, 15 
and 16), in amplification of Christiansen’s theory. (2) In at least 
some cases of anti-oxygen action the negative catalyst is itself 
oxidised ; this has been clearly proved for the inhibition by alcohols 
of the oxidation of sodium sulphite (Alyea and Backstrém, J. Amer. 
Chem. Soc., 1929, 51, 90). (3) The velocity of oxidation of benz- 
aldehyde is increased by the addition of sand (Reiff, ibid., 1926, 48, 
2893) or pumice (Brunner, Helv. Chim. Acta, 1927, 10,707). (4) The 
reaction certainly takes place in stages (Backstrém, loc. cit.), and is 
retarded by intensive drying (Reiff, loc. cit.). It has recently been 
suggested that pure benzaldehyde does not undergo oxidation 
(Kuhn,and Meyer, Naturwiss., 1928, 16, 1028). (5) Benzoic acid, 
produced in the reaction, itself acts as a feeble inhibitor. 

Most theories of anti-oxygenic action suppose that the negative 
catalyst detaches oxygen from its preliminary loose combination 
with the autoxidisable substance (e.g., benzaldehyde), although there 
is a difference of opinion as to whether the oxygen is eventually 
liberated again as such (Moureu and Dufraisse, loc. cit.), or is fixed 
by reaction with the negative catalyst, as in the experiments of 
Alyea and Backstrém. In the latter case, inhibition must depend 
on the fact that the oxidation of the inhibitor is incapable of setting 
up or carrying on a chain of further oxidations. 

The part of the problem which seems to have been least satis- 
factorily dealt with is that mentioned in the first paragraph. The 
explanation of the inhibitory effect of such minute traces must 
depend to a large extent on a demonstration of the site of reaction. 

Moureu and Dufraisse (loc. cit.) and Backstrém (loc. cit.) believe 
the reaction to take place homogeneously in the liquid phase. The 
first two authors suggest that, as very few of the benzaldehyde 
molecules are at a sufficiently high energy level to react with oxygen, 
it is possible for a small number of inhibitor molecules to deal with 
these activated molecules, an explanation which demands for the 
original complex of benzaldehyde and oxygen the ability to survive 
10° collisions (if the inhibitor is present in the proportion of one part 
in 10° parts) without further reacting with a benzaldehyde molecule 
to give stable benzoic acid. Backstrém depends on the high 
quantum yield of the reaction for an explanation of the efficiency 
of the negative catalyst. 

The alternative is that offered by Reiff (loc. cit.) and Brunner 
(loc. cit.), and accepted by Rideal (Trans. Faraday Soc., 1928, 24, 
571—574), viz., that the reaction takes place, or is initiated, at the 
surface of the containing vessel, and is inhibited by the negative 


catalyst, adsorbed in high concentration on this surface. That 
E2 
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reactions are sometimes thus initiated and inhibited is unques- 
tionable, a case in point being the inhibition of esterification by 
alkaline catalysts, investigated by the writer (J., 1928, 1204, 3256). 

Reiff showed that the velocity of oxidation of 10 c.c. of benz- 
aldehyde, standing without being shaken, was doubled by the 
introduction of 10 c.c. of sand, the activity of which in promoting 
the reaction would then be approximately equal to that of the 
original surface of the vessel. He further showed that 5 c.c. of 
benzaldehyde with 5 c.c. of sand absorbed oxygen 14 times as 
quickly as 10 c.c. of benzaldehyde alone, and that 2 c.c. of benz- 
aldehyde and 5 c.c. of sand absorbed oxygen three times as quickly. 
This latter result Reiff interpreted as showing that here the oxygen 
had to diffuse through a much thinner layer of benzaldehyde to 
reach the sand and the oxidation rate therefore increased. The rate 
was greatly increased by shaking, and this was attributed to the 
increased rate of diffusion of oxygen to the active solid surface. 

These experiments, however, only prove that oxidation can take 
place on the surface of the sand. It is asswmed that the velocity in 
the absence of added sand depends on the walls of the container. 
It seems unlikely that the smooth walls of a 50-c.c. vessel could have 
an activity comparable with that of 10 c.c. of finely-divided sand, 
and scepticism on this point is increased by the fact that almost 
identical speeds of reaction were obtained by Reiff with vessels of 
silica, Pyrex glass, and soft glass, and with vessels lined with 
paraffin wax. The use of dust-free benzaldehyde caused no decrease 
in the rate of oxidation. These experiments suggest that the 
velocity of reaction is appreciably affected dnly by the introduction 
of a large amount of extra surface. Experiments on paraffin-lined 
vessels and on the effect of sand are described later. 

Brunner performed experiments in a shaking machine, and showed 
that the velocity of oxidation was increased in direct proportion to 
the amount of powdered pumice added. Here too it is assumed that 
the original reaction, in the absence of pumice, is due to the walls 
of the vessel. 

The possibility that the reaction takes place in the vapour phase 
is rejected by Moureu and Dufraisse (Chem. Reviews, 1926, 3, 134, 
129), who believe that crystals of benzoic acid appear on the upper 
portion of the vessel only where benzaldehyde has first condensed 
as a liquid. The appearance of the vessel in some experiments 
which were carried on for several days by the writer does not accord 
with this, for fine needle crystals were formed which projected for a 
considerable distance into the ‘gaseous phase. In any event, how- 
ever, the amount of reaction in the gaseous phase is small and, 
although estimations of the benzoic acid on the vessel wall above 
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the surface of the liquid were made in many cases, the amount, even 
where the reaction had proceeded until all the oxygen had been 
absorbed, never exceeded 4% of the total benzoic acid formed. 

The evidence offered in the present paper tends to show that the 
choice lies, not between a reaction initiated at the solid—liquid 
interface and one taking place homogeneously in the liquid phase, 
but between the latter and a reaction initiated at the liquid—gas 
interface and capable of being inhibited there by a catalyst adsorbed 
preferentially at that interface. 


EXPERIMENTAL. 


The investigation concerns mainly the oxidation of benzaldehyde 
by atmospheric air, when standing quietly in an unshaken vessel. 
Experiments were made with pure oxygen also, but the results were 
of the same general type as when air was used. 

In these experiments the benzaldehyde, unless otherwise specified, 
was Kahlbaum’s pure material, freshly distilled in an atmosphere of 
nitrogen, and stored under that gas. The velocity of reaction was 
followed by noting the absorption of oxygen, and no attempt was 
made to distinguish between the first stage of the reaction (formation 
of perbenzoic acid) and the final conversion into benzoic acid. The 
specimen under examination was placed in a vessel connected to a 
differential manometer, the other arm of which was attached to a 
vessel of the same size. By reading the difference in height between 
the two columns of liquid, volume errors due to small variations of 
temperature were eliminated. In the earlier experiments (Series 
I—IV) mercury was used as manometric liquid, but in the remainder 
greater delicacy was obtained by the use of water, and the benz- 
aldehyde was throughout assumed to be moist. [It has already been 
shown by Brunner (/oc. cit.) that small variations in moisture content 
have little effect on velocity of oxidation. | 

Series I.—The velocity of oxidation of pure benzaldehyde in plain 
glass vessels was compared with that in vessels to which had been 
added solid glass rods whose total geometrical surface was approxim- 
ately equal to that of the portion of the containing vessel in contact 
with the liquid. The results were not very consistent. Sometimes 
the vessel with added surface showed a slightly higher velocity than 
the other, sometimes slightly lower. In no case was the speed of 
reaction increased by more than 15%. 

Series IJ.—Experiments were carried out with the same amount 
of pure benzaldehyde in flasks and tubes of different shapes but 
approximately the same volume. The rate of absorption over a 
period of 2 hours was roughly proportional to the area of the liquid— 
gas interface. For example, when this interface was increased in 
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the ratio 7-8, the velocity increased in the ratio 7:2, and with an 
area ratio of 3-2 the velocity ratio was 2-6. 

Series III. —In all vessels the benzaldehyde is drawn up on the 
glass wall by capillary action to some little height above the liquid 
surface, and it seemed possible that reaction might be very intense 
in these places where liquid—gas and liquid—solid interfaces are close 
together. Experiments were performed in which were introduced 
glass rods of such a length as to project slightly above the surface of 
the liquid and thus increase the area of this liquid film. The velocity 
of reaction was found to be diminished rather than accelerated. 

Series IV.—When benzaldehyde is shaken in air, the velocity of 
oxidation is greater than when the liquid stands quietly. It has 
already been pointed out that shaking increases the diffusion of 
oxygen to the solid surfaces. It is also true, however, that it 
increases diffusion into the homogeneous phase, and again, that it 
increases greatly the area of the liquid—gas interface, which cannot 
be neglected as a possible site of reaction. 

Brunner’s experiments, already quoted, employed a relatively 
enormous increase of surface (pumice). It was desirable to try a 
surface comparable with that of the original flask. For obvious 
reasons, it is impossible to agitate violently a glass flask containing 
a number of loose solid glass rods. An extra surface was therefore 
added by fixing a spiral of solid glass of known surface area into the 
stopper of the flask. The flask employed had a capacity of 155 c.c., 
and a surface area of 130 sq. cm. to the highest point to which the 
benzaldehyde splashed during shaking at 160 revolutions per min. 
The solid coil had a surface area, exposed to the shaken benzaldehyde, 
of 31 sq. em., or 24% of the area of the original surface. The 
volume of the coil was 6 c.c., and this was taken into account in 
calculating the absorption of oxygen. 

The experiments A were performed in sunlight at 5°, and B in the 
dark at 12-4°. The solid coil was omitted in Al and B1, and included 
in A2 and B2; ¢ is the time interval from the start (in minutes) 
and RF the average rate of absorption of oxygen (c.mm./min.). 


R. R. 

I, Vv 

t. Al. A2. t. Bl. B2. 

0—3 730 640 0—5 445 380 

4—6 570 550 6—14 156 154 

7—9 530 450 15—24 116 120 

10—12 400 410 25—35 114 107 

13—15 430 380 36—44 110 107 

16—18 330 290 45—56 100 lll 

19—21 330 320 . 57—70 114 105 
22—24 330 290 
25—27 300 290 
28—30 270 210 

0—30 422 383 0—70 140 135 
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In experiments A the oxygen consumption declined by 9-2°% when 
extra surface was included, and in B by 3-6%, whereas an increase 
of about 24% was to be anticipated if the reaction took place solely 
on the solid surface. Two other pairs of experiments were per- 
formed in the dark, at temperatures of 10-5° and 11-0°, and in each 
case a diminution of speed of about 4% on inclusion of the extra 
surface was noted. 

Series V.—In these experiments cylindrical glass bottles of about 
330 c.c. capacity and 5-2 cm. diameter were used. In bottle B the 
circular bottom was almost flat, in A it was slightly convex; other- 
wise the bottles were similar. A differential water manometer, 
with a bottle of the same size containing only air saturated with 
water ‘vapour, was used in each case. In those experiments where 
it was used, the light was supplied by a single electric bulb. For A, 
the distance of the bottle from the light was 88 cm., and for B, 44 cm. 
In all cases there was an initial rapid absorption which declined 
rapidly to an almost constant rate. The initial absorption was 
difficult to measure accurately and the irregularities are probably 
largely due to experimental error. The average rate of absorption 
over the period 14—104 minutes was taken as the significant rate 
for each experiment. 

Three types of experiment were made with each bottle. In the 
first, 12 c.c. of benzaldehyde were employed, in the second 12 c.c. of 
benzaldehyde and eight glass rods (of total surface approximately 
equivalent to the submerged surface of the containing bottle), and 
in the third 5 c.c. of benzaldehyde. The temperature of experiment 
throughout was 15-3°. In most experiments the first reading of 
the manometer was taken } minute after the benzaldehyde began 
to be run into the bottle. 


Bottle B. Light at 44 em. 


Conditions. (1) 12 ec. (2) 12 c.e. (3) 5 c.e. 
Ph-CHO. Ph-CHO + rods. Ph-CHO. 

t. R. t. R, t. p A 
-_ 345 nol 462 j—1 473 
1—3 273 3 274 1—3 293 
3—5 208 3—5 228 3—5 211 
5—10 172 5—10 149 5—8 173 

10—14 137 10—14 112 s—14 126 
14—24 120 14—24 109 14—24 92 
24—42 120 24—36 99 24—34 88 
42—62 120 36—47 99 34—43 82 
62—85 114 47—60 106 43—53 85 
85—104 114 60—72 99 53—67 76 
72—91 92 67—78 72 
91—104 89 78—88 63 
88—104 
14—-104 117-2 14—104 98-2 14—104 76°5 


A repetition of the above experiments, and experiments under 





110 BAILEY: THE INHIBITION OF CHEMICAL REACTIONS. PART II, 


the same three sets of conditions with B in the dark, and with A in 
the dark and the light, followed a similar course, and the following 
summary gives only the steady rates (values of R for 14—104 mins.). 


Values of R under conditions 


(1). (2). (3). 


Bottle B. Lad ...cccccessesooes 117-2, 106-7 98-2, 96-8 76-5, 84:3 
~ BL Sek dekite teahbs 48-0 41-6 48-3 
Be Bis. TAD: sacvscsissnanee 62-7 67-4 55:7 
a DEE. Sncsckpneasantts 40-1 45-7 47-8 


These results show that the effect of doubling the solid—liquid 
interface is small. In A, it results in a slight increase in velocity, 
and in B in a reduction (a result confirmed in Series IX). The 
experiments of Reiff and Brunner make it probable that some 
portion, at least, of the reaction takes place on the solid surface. 
We may have here the net result of two opposite effects, an acceler- 
ation due to an increase in solid surface, and a diminution in velocity 
explainable in some other way. The fact that, in all experiments 
performed in the light, the velocity with a shallow layer of benz- 
aldehyde is markedly less than with a deep layer suggests that the 
diminution in velocity is due to earlier interruption of the reaction 
chain postulated by Christiansen and Backstrém. 

The fact that 5 c.c. of benzaldehyde absorb oxygen more slowly 
than 12 c.c. in a similar vessel’can hardly be due to the greater 
proportional accumulation of benzoic acid, as the percentage of this 
acid formed in these experiments is always low and quite insufficient 
to explain the results. The latter appear to contradict Reiff’s 
experiments in which 2 c.c. of benzaldehyde over 5 c.c. of sand 
absorbed oxygen twice as quickly as 5 c.c. of benzaldehyde over 
5 c.c. of sand. The difference is probably due to the fact that the 
particular sand used had a much more active, as well as more 
extensive, surface than the glass vessel, and the acceleration here 
outweighed the diminution in velocity due to earlier interruption of 
the reaction chain. On this theory, the fact that addition of extra 
surface to A results in a small increase in velocity, in contrast to the 
result in B, may be due to the different distribution of liquid and 
solid resulting from the slight convexity of the bottom of A. The 
relative importance of the two opposite effects may, therefore, be 
different in the two bottles. 

Series VI.—These experiments were performed with three tubes 
of 34 c.c. capacity and 1-4 cm. diameter, prepared from uniform 
soft-glass tubing. One tube (T) was left in its original condition. 
Another (N) was narrowed slightly, and in the third (W) a small bulb 
was blown, in positions such that 6 c.c. of benzaldehyde filled the 
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tube to the centre of the narrowing or the bulb respectively. Allow- 
ance being made for the liquid creeping on the glass to the extent of 
0-3 cm., the total liquid surfaces in T, N, and W, respectively, were 
3-1, 2-5, and 5-9 sq. cm., or in the ratio 1-0 : 0-81: 1-90. (If the creep 
surface is neglected the ratio is 1-0 : 0-69 : 2-20.) We have, therefore, 
three similar vessels, containing the same amounts of air (28 c.c.) 
and benzaldehyde (6 c.c.), and with almost identical solid surfaces 
(submerged area = 22 sq. cm.), but differing in the area of the 
liquid—gas interface. 

Experiments with the light at 44 cm., at 15-3°, showed that the 
relative steady velocities in T, N, and W for the period 14—104 
minutes were 1-0, 0-84, and 2-03, or roughly in the ratio of the areas 
of the liquid—gas interface. 

Series VII.—It was thought desirable to repeat Reiff’s experi- 
ments in which contact of benzaldehyde with the glass surface was 
prevented by coating the glass with paraffin wax. Experiments 
were made simultaneously with two similar bottles, one of plain 
glass, the other lined with paraffin wax. After the subsidence of the 
short initial period of rapid oxidation (14 mins.), the velocity of 
reaction in the glass vessel remained almost constant for over an 
hour. The velocity in the wax-lined vessel, which, at the end of the 
14 minutes, was little less than that in the glass vessel, fell off 
continuously. 

An examination of Reiff’s curves showed that this happened in 
his experiment also, although to a less extent. As melted paraffin 
wax and benzaldehyde are freely miscible, it seemed likely that 
benzaldehyde would dissolve some solid paraffin wax. It was found 
that benzaldehyde which had been left over-night under nitrogen in 
contact with paraffin wax at 15° did not oxidise appreciably for at 
least an hour when placed in contact with air. Paraffin wax is 
therefore dissolved, and is a remarkably good inhibitor. The wax 
used melted at 71° and may have dissolved in benzaldehyde more 
rapidly than that employed by Reiff. 

These experiments make it clear that paraffin wax is not a suitable 
substance for covering the glass walls of the vessel. The possibility 
was next considered of floating the benzaldehyde on the surface of an 
inorganic liquid of higher density. Contact with the solid surface 
would thus be greatly reduced, and the surface of a liquid can 
hardly present ‘‘ active points ’’ for heterogeneous catalysis, such 
as are believed to be present in a solid catalytic surface. Water is 
not sufficiently dense, and it was found that benzaldehyde which 
had been left in contact with a concentrated solution of sodium 
chloride oxidised much less rapidly than normally, having suffered 
partial inhibition; a concentrated solution of calcium chloride, 
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however, proved satisfactory, for benzaldehyde which had been 
thoroughly shaken with it still oxidised almost as rapidly as before. 

A glass-stoppered vessel was filled completely with equal volumes 
of benzaldehyde and calcium chloride solution and shaken vigorously 
for 4 hour. Three cylindrical glass bottles of 290 c.c. capacity and 
5-8 cm. diameter were connected to the same water manometer. 
One was used as a control; into the second (A) were put 10 c.c. of 
the calcium chloride solution, and 10 c.c. of benzaldehyde previously 
shaken with calcium chloride were carefully floated on top of it; 
and into the third (B) were put 10 c.c. of the shaken benzaldehyde, 
in direct contact with the glass. 

Allowing for the rise of liquid on the walls due to surface tension, 
the ratio of glass surface in contact with benzaldehyde in A and B 
was 1-0: 3-4. The following results were obtained. 


re Ga #—1 1—3 3—5 5—7 7—10 10—15 15—25 25—48 48—61 | 5—61 
BE esp acodes 120 135 141 141 126 132 126 123 117 123 
B {$ doo ote $—2 2-4 4—5 5—7 7—9 9—12 12—17 17—27 27—50 50—63 | 5—63 
R 84 75 120 120 120 120 126 134 135 132 | 132 


The velocity of oxidation in A was about 7% less than in B, 
instead of 70% less, as would be expected if the reac sion were entirely 
initiated at the glass surfaces. It is noteworthy that these experi- 
ments are the only ones performed by the author in which the 
initial rapid absorption, subsiding after the first few minutes, was 
absent. The explanation of this phenomenon is still far from 
clear. 

Experiments similar to those of Reiff with sand (already 
quoted) were also performed, but the geometrical surface area of the 
silver sand used was evaluated. 1,000 Grains of sand weighed 
0-0081 g. The density was 2-6, from which it was calculated (on 
the assumption that the grains were spherical) that 275 grains have 
a surface area of 1 sq. cm. j 

The bottles used for the experiment were similar to those employed 
in Series V, and the area of glass covered by 10 c.c. of benzaldehyde 
was about 35 sq. cm. The weight of sand having approximately 
the same surface area is only 0-08 g. The following results (mean of 
several experiments) were obtained at 12-7° 


R (14—74 minutes). 


30: E.G, SRN. crvecccecancccavdendesndoovonavcoses 50 
(a) 10 c.c. Benzaldehyde + 0-08 g. sand ............0s0008 46:5 
(6). 5c.c. Benzaldehyde + 10 g. sand —......,ccceeeeeneee 33 
(c) 1l c.c. Benzaldehyde + 10 g. sand —.......cecceeeeeee 54 


These results are quite unlike those of Reiff, but resemble closely 
those of Series V, in that addition of a sand surface comparable in 
area with that of the original glass (a) has little effect, while reduction 
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in the depth of liquid (6) diminishes the oxidation. When the 
original depth of liquid is restored (c) (1 c.c. of benzaldehyde extra 
being allowed for soakage between the grains of sand), the velocity 
is restored to a value only a little faster than the original. The 
difference between these results and Reiff’s is probably due to the 
fact that his sand had a surface of much greater specific activity than 
the silver sand used in these experiments. 

Series VIII.—The following experiments on benzaldehyde which 
contained sulphur as an inhibitor were made with the light at 44 cm., 
and with tubes T and W (see Series VI). The temperature was 15-3°. 
Since in many of the experiments, the reaction velocity did not 
become constant as quickly as in the experiments with large bottles 
(Series V), the mean velocity for the period 34—104 minutes was 
considered the significant velocity. The following is a summary of 
the results : 

Diminution % 
Velocity as % for each part of 


Sulphur, R (34—104). of original. sulphur per 10%. 
parts per CREE Ratio, —_—_—_ ee pers 
10, z W. W/T. T. W. T. W. 
Nil 1-866 3-475 1-86 100 100 
3-3 1-582 2-927 1-85 84:8 84-2 4-61 4-79 
10 0-612 1-028 1-68 32-8 29-6 7-76 8-15 
20 0-555 0-920 1-66 29-8 26-5 0-30 0-31 
100 0-280 0-434 1-55 15-0 12-5 0-19 0-18 
1000 0-124 0-124 1-00 6-6 3°6 0-009 0-010 


From these results the following facts emerge. 

(1) The ratio of velocities in W and T remains fairly constant as 
long as the amount of inhibitor present is small. ’ 

(2) The effect of each part of sulphur per million appears to be less 
for the first 3-3 parts than for the next 6-7 parts. That this pheno- 
menon is due to adsorption of sulphur on the solid surface is shown 
by Series IX. Proportionately more of the first sulphur added is 
removed from solution, for the solid surface probably becomes 
rapidly saturated with sulphur. This result is the opposite of what 
would be expected if the reaction were wholly initiated on the solid 
surface. 

(3) The addition of sulphur causes a very rapid diminution in 
reaction velocity until the velocity has been reduced to about 30% 
of the original. After that, further addition of sulphur has a much 
smaller effect. This suggests that about 70% of the reaction takes 
place in ways readily affected by inhibitors, and about 30% (in 
vessels of the shape employed) in ways not readily affected. 

Series [X.—A few experiments were made with tubes, W and T, to 
which had been added glass rods of 10 sq. cm. surface area (about 
45% of the submerged surface of the tube) and volume 1-15 c.c. 
Only 4-85 c.c. of benzaldehyde were used, so that the liquid level 
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stood at the same points as before. The other conditions were as 
in Series VIII. 


Diminution % for 








Velocity as % of each part of sulphur 
Sulphur, R (34—104). original. per 10°. 
parts per ani = . — 
108. pa as Re as ; + Ww. 
Nil 1-704 3-135 100 100 
10 1-184 2-246 69-5 71-6 3°05 2-84 
20 0-523 0-868 30-7 27°7 3-88 4-39 


These results confirm the fact already noted, that the addition of 
extra glass surface to benzaldehyde containing no inhibitor is accom- 
panied by a reduction rather than an acceleration in velocity. The 
further reduction due to the addition of 10 parts of sulphur per 
million parts is only about 30% instead of 70%, as in the case of 
benzaldehyde containing no extra glass surface, but 20 parts of 
sulphur cause a total reduction of about 71%, as against 72% in 
Series VIII. There is here more solid surface for adsorption of 
inhibitor, and therefore, with small amounts of inhibitor added, the 
amount of inhibitor actually available is much less than one would 
expect. 

Discussion. 

It is clear from Series II, VI, and VIII that the velocity of 
oxidation in unshaken vessels is approximately proportional to the 
area of the liquid—gas interface. This fact could be reconciled with 
any of the three following theories’: (1) that the reaction is initiated 
at this interface, (2) that we are measuring a diffusion rate, the 
reaction taking place in the homogeneous phase, (3) that we are 
measuring a diffusion rate, the reaction taking place at the solid- 
liquid interface. 

Let us first consider theory (3). It is shown in Series I, III, and 
IX, that addition of extra glass surface is accompanied by no increase 
in velocity. This can be reconciled with theory (3) only if we assume 
that the surface of the containing vessel is so catalytically “ active ”’ 
that it is already more than sufficient for all the oxygen that reaches 
it, and that the addition of extra surface merely means the substitu- 
tion of new “‘ active points ’’ for some of the original. 

The results of Series IV show that we must further assume an 
ability to cope with the much greater quantity of oxygen which 
would diffuse to the solid surface when the vessel is shaken at 160 
revolutions per minute. 

The writer has also performed experiments which show that the 
velocity of oxidation increases with rate of shaking (and therefore 
rate of diffusion of oxygen) up to the maximum velocity employed 
(160 r.p.m.). 

The experiment performed in Series VII, with benzaldehyde 
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floated on calcium chloride solution, seems to prove definitely that 
the reaction is not, in the main, a solid surface phenomenon, for the 
glass—benzaldehyde interface in the vessel A is only to be found 
round the edges of the vessel, and is not likely to be reached at all 
by most of the molecules of oxygen which diffuse into the benz- 
aldehyde near the centre of the liquid surface. 

The experiments with sand in Series VII showed that the substitu- 
tion for glass of an enormously greater surface of silver sand increases 
very little the velocity of reaction, and these experiments, as well 
as those in Series V, indicate that when the solid surface is brought 
nearer to the oxygen by diminishing the depth of liquid, the result 
(in experiments in the light) is a diminution of speed rather than an 
increase. 

The sand experiments suggest that the results obtained by Reiff 
are exceptional and must be due to the fact that the sand used by 
him acted as a decided positive catalyst. This theory, however, 
conflicts with the idea that we are measuring a diffusion rate to the 
glass surface where reaction takes place practically instantaneously, 
for, if this be the case, the substitution of a more active solid surface 
can make no appreciable change in velocity. 

The results quoted in Series VIII, and discussed in (2) under that 
series, also militate against a solid-surface theory. 

The experiments described in this paper afford no means of dis- 
criminating with certainty between a homogeneous reaction in 
which a minute proportion of inhibitor acts by interrupting a chain 
which would otherwise be much longer, and a reaction initiated at 
the liquid surface and checked by an inhibitor adsorbed at this 
surface in high concentration. There are several points, however, 
which incline the author towards the view that the latter type of 
reaction is the more important. 

The experiments of Series VIII show that the velocity of oxidation 
is reduced by 70% by the addition of 10 parts of sulphur per million 
parts, while the addition of further sulphur has a very much smaller 
effect on the velocity. If these results are plotted, a curve is 
obtained very similar to-that obtained for the effect of pyridine on 
the esterification of ethyl alcohol and acetic acid (J., 1928, 1204). 
In the latter case, the portion of the reaction which is readily 
affected by small amounts of inhibitor was shown to be a surface 
reaction, while the portion not readily affected is probably a homo- 
geneous reaction. It is at least possible that the similarity of curve 
is due to a similarity of cause. 

In the second place, the idea that the reaction is largely initiated 
in the surface layer seems reasonable of itself. The concentration 
of oxygen in the surface layer is clearly higher than in the body of the 
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liquid, unless we assume that no reaction takes place until the solid 
surface is reached, an assumption which the author has given 
reasons for rejecting. 

The higher concentration of oxygen in the surface layer should 
mean more reaction in that layer, but the percentage of inhibition 
will not be greater there than elsewhere unless there is a preferential 
concentration of inhibitor at the liquid-gas interface. This hypo- 
thesis is so far untested in this case, but experiments on the problem 
are projected. The possibility that they may yield positive results 
is increased by the results of experiments by McBain and Davies 
(J. Amer. Chem. Soc., 1927, 49, 2230) and Laing, McBain, and 
Harrison (Colloid Symposium Monograph, 1928, 6, 63), who have 
shown that, in the case of aqueous solutions of such diverse sub- 
stances as p-toluidine, camphor, amyl alcohol, and sodium oleate, 
the surface concentration of the solute is high even in dilute solutions, 
and that, when the bulk concentration reaches 1—5 g. per litre, a 
surface layer more than one molecule thick is composed almost 
entirely of solute molecules. 

A theory that the reaction is initiated to a considerable extent at 
the liquid surface does not necessarily conflict with the belief that 
the reaction is a chain reaction. It merely modifies it by suggesting 
that the reaction chain usually begins at the liquid surface, where it 
is more readily interrupted by an inhibitor concentrated there than 
when it begins in the homogeneous phase where the concentration 
of inhibitor is lower. The reduction in velocity when the depth of 
liquid is reduced (Series V and VII) may be due to earlier interrup- 
tion of the reaction chain by collision with the solid surface. The 
diminution of reaction in Series III has probably a similar 
explanation. 


The writer desires to record his indebtedness to the trustees of the 
J. M. Purser Fund (Trinity College, Dublin) for a grant for the 
purchase of pure benzaldehyde. 


Trusiry CoLLEGE, DUBLIN. [Received, June 25th, 1929.] 





XX.—The Conversion of N-Chloroacetanilide nto 
p-Chloroacetanilide by Hydrogen and Chlorine Ions. 


By JoserH WATKIN BELTON. 


THE theory that the velocity of a chemical reaction in a homo- 
geneous liquid system is determined by the activities of the 
chemical species concerned has met with some measure of success 
in certain cases, such as the inversion of sucrose (Jones and Lewis, 
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J., 1920, 417, 1120; Moran and Lewis, J., 1922, 124, 1613; 
Scatchard, J. Amer. Chem. Soc., 1923, 45, 1580) and the catalytic 
decomposition of hydrogen peroxide by bromine—bromide solutions 
(Livingston and Bray, ibid., p. 2048; Livingston, ibid., 1926, 48, 
53). On the other hand, the velocities of some reactions appear 
to be adequately expressed in terms of the concentrations of the 
reactants. The velocity of hydrolysis of ethyl acetate catalysed 
by hydrochloric acid, considered by Harned and Pfanstiel (ibid., 
1922, 44, 2194) to be determined by an activity relationship, has 
recently been found by Dawson and Lowson (J., 1928, 2146) to 
be proportional to the concentration of the acid over a range 
0-0002—0-2.M, through which the activity coefficient of the hydrogen 
ion falls by 14%. The velocity of the mutarotation of glucose in 
water is proportional to the concentration of glucose up to 0-6M, 
and the deviations up to five times this concentration are not 
great (Hudson and Dale, J. Amer. Chem. Soc., 1917, 39, 320). 
According to the theory of reaction velocity in solutions developed 
by Brénsted (Z. physikal. Chem., 1922, 102, 169; 1925, 115, 337), 
the above conflicting views are special cases of a more general 


_ velocity equation which involves the activity coefficients of the 


reactants and of an intermediate complex. A well-known example 
of a reaction in which the rate is proportional to the activities of 
the reactants is the conversion of N- into p-chloroacetanilide, 
which occurs in the presence of hydrogen and chlorine ions, It is 
shown below, however, that the activity theory of reaction rate is 
of only limited application in this case, and that it breaks down 
completely when the concentrations of hydrogen and chlorine ions 
are not equal. 

This reaction, which apparently follows a unimolecular course, 
takes place in two stages (Orton and Jones, Brit. Ass. Rep., 1910, 
85) : 

Ph:NClAc +- H’ + Cl’ == Ph-NHAc+ Cl, . . . . (a) 
Ph-NHAc -- Cl, —> C,H,Cl-NHAc + H*+ Cl’. . . (6) 


and only in the presence of both hydrogen and chlorine ions, either 
ion alone being ineffective. The first stage, being slow compared 
with the second, determines the velocity of the change. The 
specific velocity was found by Harned and Seltz (J. Amer. Chem. 
Soc., 1922, 44, 1476) to be proportional to the product of the 
activities of the hydrogen and the chlorine ions; at constant 
temperature their results were satisfactorily represented by the 


relation 
K = ky /ay-Oy . . . . . . . (1) 


where k, is the experimentally determined unimolecular velocity 


118 BELTON: THE CONVERSION OF N-CHLOROACETANILIDE INTO 


coefficient, a,. and a, are the activities of the respective ions, 
and K is a constant varying only with temperature. This expres- 
sion was modified by Soper and Pryde (J., 1927, 2761), who found 
that better agreement was obtained when the theoretically justified 
equation 
K=k,/@ud@afera + + + «© «+ «+ (2) 

was employed, f..., being the activity coefficient of the N-chloro- 
acetanilide. If the velocity of the change is proportional to the 
activities of the reacting substances, then we may write 


v= Kay-Acy4-xc1 = Kay Ay C nafs 1. 


The measured velocity coefficient is given by k, = v/C-xq, and 
consequently K = k,/ay-Gcf-.a. Thus, on this basis the equation 
employed by Soper and Pryde, rather than that of Harned and 
Seltz, should be applicable. 

In both these investigations the reaction was carried out in the 
presence of pure hydrochloric acid, in which case the hydrogen- 
and the chlorine-ion concentrations are necessarily equal. It 
would appear possible by varying independently the concentration 
of the two ions, by the addition of acids or of chlorides, to test the 
applicability of the above equation over a wider range. Measure- 
ments of the effect of neutral salts have been made by Rivett (Z. 
physikal. Chem., 1913, 82, 201; 85, 113), but the concentration 
terms in which they are expressed render them unsuited for the 
test of an activity theory of reaction rate. The reaction has there- 
fore been investigated in the presence of mixtures of hydrochloric 
acid with sodium chloride and with perchloric acid over a wide 
concentration range. 


EXPERIMENTAL. 


To a solution of N-chloroacetanilide, together with the required 
amount of sodium chloride or perchloric acid, was added the appro- 
priate quantity of pure hydrochloric acid of known strength, both 
solutions having been first kept for some time at the temperature 
of reaction—in all cases 25° (+ 0-02°). The reaction was then 
followed iodometrically : at definite times samples were removed 
and treated with potassium iodide solution and the liberated iodine 
was titrated with N/130-thiosulphate. 

A complication is introduced by the N-chlorination of the anilides 
formed (Soper, J. Physical Chem., 1927, 31, 1193), such products 
reacting with potassium iodide with liberation of iodine. This takes 
place only to a small extent, and its obviation by the presence of a 
chlorine acceptor is difficult in salt solutions of high concentration, 
in which salting-out effects are considerable. Further, in the more 
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dilute solutions, it was not possible to obtain reproducible results 
on employing p-cresol as such an acceptor. Hydrolysis of the 
N-chloroacetanilide also occurs to a small extent as a side reaction, 
the result of which is to introduce a small error in a direction opposite 
to that caused by N-chlorination. No attempt has been made here 
to apply a correction for either of these effects, which tend to annul 
each other, for it may be shown that the maximum error intro- 
duced thereby is of the order of 3%, which is only little greater 
than the possible experimental error and is too small to invalidate 
the general conclusions reached. 

The velocity coefficients were calculated from the unimolecular 
equation k, = 1/t. log 7,/T,, where 7, and 7’, are two successive 
titres and ¢ is the time interval between them. For each reaction 


Fig. 1. 
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a good constant was obtained. In order to avoid errors due to 
lack of homogeneity and to increase in temperature on mixing, 
some time was allowed to elapse between the addition of hydro- 
chloric acid and the initial titration. The specific rate of reaction 
of N-chloroacetanilide and pure hydrochloric acid at 25° was found 
to be in agreement with the results of Harned and Seltz (loc. cit.), 
whose values have been used in plotting A, against Cy-C., for 
pure hydrochloric acid in Figs 1. and 2. 

Rate of Reaction in Hydrochloric Acid—Sodium Chloride Mixtures. 
—The rate of reaction was measured in mixtures in which the 
concentration of hydrochloric acid was kept approximately con- 
stant whilst that of sodium chloride was progressively increased. 
Table I gives the values of the unimolecular velocity coefficient 
(k,) in mixtures in which the concentration of hydrochloric acid 
(Cua) varied only between 0-050 and 0-053.M, while that of sodium 
chloride (C'x,<:) varied from 0-1 to 42M. Concentrations through- 
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out are expressed in terms of mols. of solute per 1000 g. of water. 
The product of the ionic concentrations of hydrogen and chlorine 
ions (Cy-C.,) is also given, these being calculated on the basis of 
complete electrolytic dissociation. 


TaBLeE I. 


(1) (2) (3) (4) (5) (6) 
Ome Cncr CnCoy. ky.10% fac fexer- (7).* (8).* (9).* 


— 0-05 0-0025 1:25 0-860 0-0500 0-0676 —_ 
0-10 0-05 0-0075 3-04 0-804 1:04 00405 0-0627 0-0603 
0-201 00-0502 0-0126 455 0-778 1:08 0-0361 0-0598 0-0554 
0-302 0-0504 0-0178 6-05 0-765 1-12 0-0340 0-0582 0-0520 
0-404 0:0505 0-0229 7:63 0-759 1:16 0-0333 0-0579 0-0497 
0-505 0-0506 0-0281 9-17 0-757 1-21 0-0326 0-0570 0-0471 
0-608 00-0507 0-0334 10-8 0-758 1:26 0-0323 0-0563 0-0448 
1-021 00-0510 0-0547 17-6 0-785 1:47 0-0322 0-0522 0-0355 
2-074 0-0519 0-110 37-0 0945 2-19 0-0336 0-0376 0-0172 
3-152 0-0525 0-168 67-0 1-216 3-25 0-0399 0-0269 0-0083 
3°697 0-0528 0-198 85-0 1-402 402 0-0429 0-0217 0-0054 
4-249 0-0531 0-229 110-0 1-628 491 0-0480 90-0182 0-0037 


* Cols. 7, 8, and 9 give the values of k,/Cy-Coy, k,/Cu’Covf*uc, and 
k,/CwCorf*naf:sa, respectively. 


In Fig. 1 these values are compared with those obtaining in 
pure hydrochloric acid solutions. It will be observed that for the 
latter the velocity coefficient varies linearly with the product 
Cy-Cq over the concentration range employed, while in the pres- 
ence of increasing sodium chloride concentration, the corresponding 
curve first lies below and then, at higher concentrations, above that 
for the pure acid. A similar behaviour is shown in the case of 
reactions carried out with a higher concentration of hydrochloric 
acid, again with progressive addition of sodium chloride. The 
values of the unimolecular velocity coefficients obtained in these 
reactions are given in Table II, and the relation between them and 
the product of the concentrations of the hydrogen and chlorine 
ions is shown in Fig. 2. The curve obtained is similar in general 
form to that found for mixtures of 0-05M-hydrochloric acid with 
sodium chloride. 


TasieE II. 
Cyaor Cuoco. CuCoy. k,.10% femer by/CavCoy. ky/Ca'Corf*nc:- 
0-499 0-202 0-142 5-03 0-765 0-0354 0-0607 
1-007 0-204 0-247 8-47 0-806 0-0343 0-0529 
2-110 0-207 0-481 17-2 0-992 0-0358 0-0458 
3-244 0-210 0-725 32°7 1-307 0-0451 00-0264 


In order to test the applicability of equation (2), t.e., of the 
simple activity theory of reaction rate, a knowledge is required of 
the activities of hydrochloric acid and of the activity coefficient of 
N-chloroacetanilide in the systems investigated. The mean activity 
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coefficients of hydrochloric acid in sodium chloride solutions are 
given with sufficient accuracy by an equation proposed on empirical 
grounds by Harned and Brumbaugh (J. Amer. Chem. Soc., 1922, 
44, 2729), viz., 


log faa = «¢ — But + a’’"(u —c), 
in which «, «’, «’’, and 8 are constants, c is the molar concentration 
of hydrochloric acid, and yu the ionic strength of the solution. The 
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values of fc calculated from this expression are given in col. 5 of 
Table I. The activity of the hydrochloric acid is given by 


Qa = On-On = firaC? = firaCa-Ca 


where C., is the mean molality of the ions. 

The activity coefficients of the chloroamide were determined by 
solubility measurements in sodium chloride solutions of concen- 
trations between 0-1 and4M. The N-chloroacetanilide was shaken 
in a thermostat for some time with a sodium chloride solution of 
known strength, and a sample rapidly withdrawn through a plug 
of cotton-wool, by means of a pump. The sample was weighed, 
and the amount of N-chloroacetanilide present estimated iodometric- 
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ally. From these data its solubility in mols. per 1000 g. of water 
is calculable. It may be assumed that the presence of 0-05M- 
hydrochloric acid would have but little effect on the solubility in 
comparison with the concentrations of sodium chloride employed. 
The activity coefficient of the chloroamide in solution is given by 
m,/ms, where m, is the solubility in pure water, and m; that in the 
salt solution. The activity coefficients found in this way are given 
in col. 6 of Table I. Incidentally, it may be mentioned that the 
function, log fx, varied linearly with the ionic strength of the 
solution up to a value » = 4:3. ; 

The numerical values of the expression k,/Cy-Cafia, given in 
col. 8 of Table I, are seen to fall throughout with increasing sodium 
chloride concentration, the value in 4-3M-sodium chloride solution 
being only one-third of that in 0-1M-solution. For comparison, 
the values of k,/Cy-C., are given in col. 7. Over the same con- 
centration range, the activity coefficient of the N-chloroacetanilide 
increases from 1-04 to 4-91, and consequently the values of the 
expression k,/ay-Gcyf-sc (col. 9) fall still more rapidly than those 
of (1). Ifthe velocity of reaction were proportional to the activities 
of the reacting substances, this expression should be constant at 
constant temperature; hence the simple activity theory does not 
apply when sodium chloride is present. A similar divergence is 
found in the case of more concentrated hydrochloric acid solutions. 
The values of k,/Cu-Ca fixe fall rapidly, and although no numerical 
data are available, on account of the difficulties involved in the 
determination of solubilities in hydrochloric acid—sodium chloride 
mixtures, the activity coefficients of the chloroamide in such solu- 
tions would doubtless increase and produce a still greater decrease 
in the value of expression (2) than in that of (1). 

On the basis of Brénsted’s theory of the velocity of chemical 
reactions in solutions, the formation of a critical complex between 
hydrogen ions, chlorine ions, and chloroamide might be assumed. 
This would give for the velocity of reaction 

v= KC y-CoC-sof wf owf-xe! f-xcner csolt of ee 
where f.xcjuc is the activity coefficient of the critical complex. 


If it be assumed that this magnitude varies with the ionic strength 
of the solution in the same way as does f..<,, this expression becomes 
v= KCy-Ca Cafu for = Kay-GeyC xe, 
according to which expression (1) should be constant, but this has 
been found not to be the case. The numerical values of the terms 
in equation (3) are known, with the exception of the activity 
coefficient of the complex. The value of f-xcnc,/K is thus calcul- 
able, and is found to increase 16-fold over the concentration range 








P 
of ' 
eve’ 
(alt. 
foul 
stre 
acet 
chai 
chle 
KC, 
of A 
chal 
stitr 
imp 
a CI 
expr 

A 
chlo 
alon 
sodi 
conr 
not 
foun 
sodi 
but 
inere 
This 
Type 
chlo! 
salt 
Brér 
first 
invol 
appe 
basis 

Th 
In t 
chlor 
of th 
may 
centr 
that 
with 
unim 
in Ta 





ter 


th 


> 
les 


ms 
ity 
ul- 
ge 





p-CHLOROACETANILIDE BY HYDROGEN AND CHLORINE IONS. 123 


of Table I. Up to a concentration of 1M-sodium chloride, how- 
ever, this increase is 70%, which might be regarded as a possible 
(although abnormal) increase for the activity coefficient, but it is 
found that its logarithm does not bear a linear relation to the ionic 
strength of the solution, as was found to be the case for N-chloro- 
acetanilide itself. A further possibility is the formation of a singly 
charged complex between the chloroamide and either hydrogen or 
chlorine ions. This leads to an expression for the velocity v = 
KCy-C-xofa-f-xc/ f-xciu-, but this does not lead to a constant value 
of K if similar variation of the activity coefficients of the positively 
charged ions is assumed. A similar result is obtained if Cl’ is sub- 
stituted for H’ in the above equation. It therefore appears to be 
impossible to formulate an expression, based on the formation of 
a critical complex by the reactants, which shall agree with the 
experimental results. 

A comparison of the curves obtained with mixtures of hydro- 
chloric acid and sodium chloride, and those of hydrochloric acid 
alone or with perchloric acid (described below) indicates that the 
sodium ion exerts some effect on the rate of reaction. In this 
connexion it is of interest to consider the effect of neutral salts 
not containing chlorine ions on the velocity coefficient. It was 
found that with 0-05M-hydrochloric acid, the addition of 4M- 
sodium nitrate produced no sensible increase in the value of &,, 
but that with 0-48M-acid and 4M-nitrate (Cy-C., = 0-23) a slight 
increase in rate resulted. The latter point is plotted in Fig. 1. 
This behaviour might be expected if the reaction were of Brénsted’s 
Type 0, in which little salt action is found. The action of sodium 
chloride is to produce first a slight negative, and then a positive 
salt effect, and in one case of the reaction types described by 
Brénsted (loc. cit.), the kinetic activity factor (F') possesses a value 
first less and then greater than unity (Type 1-1). This, however, 
involves the formation of a doubly charged complex, but it would 
appear difficult to formulate a mechanism of the reaction on this 
basis. 

The Rate of Reaction in Hydrochloric—Perchloric Acid Mixtures.— 
In the experiments described above, the concentration of the 
chlorine ion was varied over a wide range in comparison with that 
of the hydrogen ion. By the addition of perchloric acid, which 
may be regarded as completely dissociated in solution, the con- 
centration of the hydrogen ion may be made much greater than 
that of the chlorine ion. The experimental procedure was identical 
with that for sodium chloride solutions. In each case a good 
unimolecular velocity coefficient was obtained and these are given 
in Table III together with the corresponding concentration data. 
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Tasie III. 

Cuce Cuoo, CnrCcy. k,. 104. Cuoco. Cuoo, Cu'Cor. k,. 104. 
0-05 0-0935  0-0072 3-2 0-404 0-0570 0-187 76-4 
0-051 0-201 0-0132 53 0-408 0-217 0-255 101-2 
0-101 0-0713 0-0173 7-3 0-410 0-297 0-289 117-0 
0-051 0-347 60-0203 7-8 0-423 0-836 0-533 220-0 
0-052 0-792 0-0442 16-6 0-429 1-093 0-653 270-0 
0-404 0-0187 0-171 69-5 


The relation between the specific velocity of reaction and the 
product of the ionic concentrations is given in Fig. 2, It shows 
that within the range investigated (up to Cy-Cy, = 0-65), the 
unimolecular velocity coefficient varies linearly with the product 
of the molal concentrations of the hydrogen and chlorine ions. 
The velocity would then be represented by v = KCg-CoC.xc). 
There appears, then, to be no need to introduce the activity theory 
of reaction rate in this case, the velocity of reaction being pro- 
portional to the concentrations of the reacting substances. This 
result would be in agreement with Brénsted’s theory of reaction 
velocity only if the kinetic activity factor (/’) showed no variation 
over the concentration range considered, but it is probable that 
the activity coefficient, f,, of an uncharged molecule would decrease 
by about 12% in an acid solution of » = 1-5. 


Summary. 


The rate of conversion of N- into p-chloroacetanilide in the pres- 
ence of (1) hydrochloric acid-sodium chloride and (2) hydrochloric 
acid—perchloric acid mixtures has been measured over a wide 
concentration range. 

In series (1) the specific rate bears no relation to the activities 
of the reactants, showing that the activity theory of reaction rate 
is only of very limited applicability to this reaction. Reaction 
mechanisms involving the formation of a charged complex, accord- 
ing to the views of Brénsted, also gave no agreement with the 
experimental data. In mixtures of series (2) the specific rate is 
proportional to the molal concentrations of hydrogen and of chlorine 
ions. 


In conclusion, the author wishes to express his thanks to Pro- 
fessor H. M. Dawson for the facilities that made the work possible, 
and for his interest in it during its course. 


Tue University, LEEDs. [Received, September 11th, 1929.] 
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XXI.--The Unsaturation and Tautomeric Mobility of 
Heterocyclic Compounds. Part I. Benzthiazole 
and Dihydrobenzthiazole Derivatives. 


By Ropert Fereus HUNTER. 


THE objects of this series of investigations are: to study the 
chemistry of the azole bromides, to compare the mobility of sym- 
metrical and unsymmetrical semicyclic triad systems, and to corre- 
late the additive properties of such heterocyclic derivatives with 
their behaviour as tautomeric substances. 

Benzthiazole was chosen as the starting point of the investigation. 
According to the conditions of bromination it gave rise either to a 
well- defined dibromide or to an unstable tetrabromide, to which the 
formule (I) and (II) respectively are assigned on the following 
grounds. 


, S ‘ 
1) CH< Np, > CH C, Hs NprBr)>CH | (II.) 


(i) The colour, thermal dissociation, and the ease with which the 
compounds regenerate the original base on treatment with sulphur- 
ous acid, hydriodic acid, ammonia, and similar reagents show that 
they are additive compounds. (ii) The inability of thiophen to 
give rise to anything in the nature of an additive complex with 
bromine under the mildest conditions, the existence of pyridine 
tetrabromide (Trowbridge, J. Amer. Chem. Soc., 1897, 19, 558), and 
the preparation of quinoline tetrabromide (Grimaux, Bull. Soc. 
chim., 1882, 38, 124) in a condition of reasonable purity (p, 132) 
indicate that the nuclear nitrogen atom is the seat of unsaturation 
in the thiazole ring. 

Regarding the electronic formulation of such compounds, it is 
suggested, since the fifth nitrogen valency is always an electro- 
valency, that the labile bromine atoms in the dibromide (I) are 
held by the nuclear nitrogen atom by means of semipolar single 
bonds, after the manner in which the labile chlorine atoms in phos- 
phorus pentachloride are supposed to be held by the phosphorus 
atom (Prideaux, Chem. and Ind., 1923, 42, 672; Ingold and Ingold, 
J., 1926, 1315; Sugden, J., 1927, 1176). On such a basis, the 
elimination of Br, in preference to Br ion from the higher compounds 
and the facility with which many of the compounds, such as l-amino- 
benzthiazole dibromide, pass into the hydrobromides of the corre- 
sponding 5-bromo-substituted bases (reversion to ammonium-ion 
structure) are readily accounted for. The inhibitory effect of the 
nitro-group on the formation of such compounds (Hunter, J., 1926, 
538) also becomes explicable, since the positive end of the semi- 
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polar double bond, O=N-O>, would tend to attract electrons 
from all parts of the molecule. 

The formation of a tetrabromide (II) by a repetition of the pro- 
cess of singlet sharing is not difficult to visualise, but there is, how- 
ever, the possibility that the second pair of labile electrons of the 
nuclear sulphur atom which are not required for the formation of 
the sextuple group (III) (Armit and Robinson, J., 1925, 127, 1605; 
Goss and Ingold, J., 1928, 1268) might become sufficiently activated, 
under certain conditions, to give rise to a tetrabromide of the type 
(IV). On the other hand, the inability of stable tetrabromides, 
such as 1-phenylbenzthiazole tetrabromide, to yield sulphoxides 
of the type (V) is strong evidence in favour of the formula (II). 


ot as SBr,, 


(IIL.) [fee - C,H  * SCPh Av.) 
+4 NNBr,Z 
\w4 
Br 
SO. SB. 
, : Br is , 
(V..) CH SOPh ( SoH (VL) 
re a@ nZ 
Br 


The bromides of benzthiazole present a direct anomaly to all the 
other compounds of the series in their conversion into a tetrabromo- 
benzthiazole under the influence of hydroxylic solvents. 

The lack of reactivity of the halogen atoms in this tetrabromo- 
compound in contrast to the behaviour of 1-chlorobenzthiazole to- 
wards hydroxylic and reducing agents (Hofmann, Ber., 1879, 12, 
1126; 1880, 13, 11) appears sufficient evidence for assigning the 
formula (VI) to the compound. The formation of a similar com- 
pound by quinoline (Claus and Istel, Ber., 1882, 15, 820) emphasises 
the close relationship existing between benzthiazole and quinoline 
derivatives. 

The tautomeric mobility and the behaviour towards bromine of 
benzthiazole derivatives containing the triad systems [H]N-C:N => 
N-C-N[H],[HJN-C{0 —= N°C-O[H], and [HJN-C'S — N-C-S[H] 
were next studied. 

1-Aminobenzthiazole.—The mobility of the symmetrical triad 
system in l-aminobenzthiazole has already been established by 
evidence of the symmetry and substitution type (Hunter, J., 1926, 
1385; Hunter and Styles, J., 1928, 3019). 

On treatment with a molecular equivalent of bromine at a low 
temperature, l-aminobenzthiazole yielded a labile dibromide (VII), 
which, on exposure to air, or when the temperature of the solution 
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was allowed to rise, was quantitatively converted into the hydro- 
bromide of 5-bromo-l-aminobenzthiazole (VIII). 


\/S, ye a 
(VII.) Sc-NH, > Br SonqH, | Br (VIIt.) 
VA pile 
+ j 


The facility with which the transformation takes place suggests 
that the mechanism may involve a para-bridged form of 1-amino- 
benzthiazole, analogous to the formula which Shearer (Proc. Physical 
Soc., 1923, 35, ii, 81) has suggested for naphthalene on the basis of 
X-ray analysis (compare Hunter, J., 1926, 1390; Ingold, J., 1923, 
123, 2081). 

In the presence of excess of bromine, l-aminobenzthiazole gave 
rise to an unstable tetrabromide, which resembled the dibromide in 
the ease with which it was converted into 5-bromo-l-aminobenz- 
thiazole hydrobromide. 

In the course of these experiments, the bromination of phenyl- 
thiocarbamide in chloroform was reinvestigated. The “ dibromide 
of l-aminobenzthiazole ’’ obtained in this reaction (Hunter, J., 
1926, 1389) and described by Hugershoff (Ber., 1901, 34, 3130) as a 
bromocarbaminophenylbromoaminodisulphide is actually a hydro- 
dibromide of 1-aminobenzthiazole, which can readily be obtained 
from solutions of the hydrobromide of the amino-base and bromine 
in inert solvents. 

The constitution of this hydrodibromide is a question of con- 
siderable importance. In the first place, it is desired to emphasise 
that the substance is a definite compound and that it is not a 
eutectic mixture of the hydrobromide of 1-aminobenzthiazole and a 
hypothetical hydrotribromide. It crystallises from solutions of 
different concentrations of the components (above a certain minimum 
concentration of bromine) in inert solvents, and all attempts to 
prepare the hypothetical hydrotribromide by employing a consider- 
able excess of bromine have failed. Moreover, the remarkable 
stability of the substance (p. 134) does not appear to be capable 
of interpretation on the basis of the “‘ physical mixture ” type of 
explanation. It is therefore suggested that the compound may 


have aystructure of the type (Base, H)Br,, containing the hitherto 


unknown Br, ion, and involving the operation of a lone singlet 
linkage.* 

* Similar corrections must be applied to all the even-numbered bromides 
obtained from arylthiocarbamides described in earlier papers (Hunter, J., 
1925, 127, 2023, 2270; 1926, 1385, 1401, 2951; Hunter and Soyka, ibid., 
p. 2958; Dyson, Hunter, and Soyka, ibid., p. 2964; Dyson, Hunter, and 
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Mobility and Bromination of 1-Hydroxybenzthiazole.—The mobility 
of 1-hydroxybenzthiazole was investigated in a manner similar to 
that of l-aminobenzthiazole (loc. cit.). 1-Hydroxybenzthiazole 
(XI), prepared by hydrolysis of 1-chlorobenzthiazole (Hofmann, 
Ber., 1879, 12, 1126) (IX), was shown to be identical with the keto- 
dihydrobenzthiazole (XII) obtained by treating o-aminophenyl- 
mercaptan with carbonyl chloride. The low-melting ketodihydro- 
benzthiazole described by Claasz (Ber., 1912, 45, 1029; compare 
also Mills and Whitworth, J., 1927, 2752) was shown to be impure 
1-hydroxybenzthiazole. 


(Ix.) out Don C 4 e a) « 
(XI.) oh CoH = ogc 00 (XII) 


On methylation with methyl sulphate in the presence of potassium 
hydroxide, however, 1-hydroxybenzthiazole yielded exclusively 
1-keto-2-methyl-1 : 2-dihydrobenzthiazole (Besthorn, Ber., 1910, 43, 
1523), no trace of the isomeric O-methyl derivative being isolable. 

On bromination in chloroform at a low temperature, 1-hydroxy- 
benzthiazole yielded a highly unstable bromo-addition compound 
which immediately lost hydrogen bromide with the production of 
5-bromo-1-hydroxybenzthiazole (X V1), whose constitution was estab- 
lished by its synthesis from p-bromophenylthiourethane (XIII) by 





Morris, J., 1927, 1186; Hunter and Styles, ibid., p. 1209; J., 1928, 3019; 
Hunter and Pride, J., 1929, 943). These compounds are all hydroperbromides 
and are quite distinct from the true bromides obtained from the bases them- 
selves, from which they frequently differ in composition only by a hydro- 
gen atom which cannot be detected by analysis. The formula (I) assigned 
to Hugershofi’s l-anilinobenzthiazole tetrabromide (Ber., 1903, 36, 3121) and 
to similar compounds (Hunter, J., 1925, 127, 2024) is incorrect. The sup- 
posed bimeric tribromides (II) (loc. cit.) are hydrotribromides of the type 


(Base, H) Br;. 


SBr.\, a1 _AC(NHPh 
(L) CHiN pC NHPh [ Br. (N iH, SsBr- |, (IL.) 


Similar remarks apply to the supposed hexabromides (J., 1925, 127, 2024, 
2270, etc.). 

The increase of stability in a homologous series of 1-alkylaminobenzthiazole 
bromides (J., 1926, 2951) can no longer be regarded as due to an enhance- 
ment of tautomeric equilibrium in favour of the alkylamino-phase with 
increase in the atomic volume of the alkyl group. 
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way of 5-bromo-1-ethoxybenzthiazole (XIV), and also by its formation 
in the hydrolysis of 1-chloro-5-bromobenzthiazole (XV). 


HS. 
(XIII) a) DOr —> * we (XIV.) 
N 


Br ‘tia Br x 
(XV.) cl —-> C-‘OH (XVI) 


Mobility and Bromination of 1-Thiolbenzthiazole.—1-Thio-1 : 2- 
dihydrobenzthiazole (XVIII) obtained from thiocarbonyl chloride 
and o-aminophenylmercaptan proved to be identical with 1-thiol- 
benzthiazole (XVII), prepared from carbon disulphide and o-amino- 
phenylmercaptan, whose identity with the mercaptan obtained from 
1-chlorobenzthiazole and potassium hydrosulphide was established 
by Hofmann in 1887 (Ber., 20, 1788) (XVII and XVIII are XI and 
XII respectively with S in place of O). 

Methylation of 1-thiolbenzthiazole, however, yielded the S-methyl 
derivative (XIX), unaccompanied by the isomeric thiomethyldi- 
hydrobenzthiazole (XX). 


(XIX.) CgH,<N>C-SMe OH <a >OS | (XX.) 


Bromination of 1-thiolbenzthiazole gave rise to a tetrabromo- 
addition compound, which yielded solely benzthiazolyl 1 : 1-di- 
sulphide on reduction with sulphurous acid. 


Bromination of 1-Phenylbenz-thiazole, -selenazole, and -oxazole. 


The bromination of 1-phenylbenzthiazole and of its selenium 
analogue gave rise to closely similar tetrabromides * (compare 
Fromm and Martin, Annalen, 1913, 401, 178). 

On the other hand, 1-phenylbenzoxazole yielded an unstable 
hexabromide, which rapidly lost bromine, giving a stable hydrotri- 
bromide of 5( ?)-bromo-1-phenyibenzoxazole. 

1 : 2-Dihydrobenzthiazole Derivatives.—Reduction of the double 


* Some years ago, 1l-phenylbenzthiazole tetrabromide was accidentally 
isolated in two forms, m. p. 126° and 153° respectively (J., 1926, 538). We 
have been unable to repeat this observation, using pure phenylbenzthiazole, 
only one tetrabromide (m. p. 134—136°) being isolated. Since benzthiazole 
prepared by Mohlau’s method (Ber., 1888, 21, 59) and not specially purified 
(p. 131) yields a bromo-addition compound quite distinct from the dibromide 
and the tetrabromide obtained from the pure base, the original observation 
was probably due to the presence of an impurity introduced in the thionation 
process which was used in preparing the original specimen of phenylbenz- 
thiazole from benzylideneaniline. 

F 
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bond (1 : 2) of benzthiazole would be expected to lead to a decrease 
in the aromatic characteristics of the heterocyclic nucleus, and the 
bromination of certain 2-alkyl-1 : 2-dihydrobenzthiazoles was there- 
fore undertaken. 

The 1-imino-2-alkyl-1 : 2-dihydrobenzthiazoles (XXI) passed 
directly into the hydrotribromides of the corresponding 5-bromo- 
derivatives on bromination under the usual conditions. On the 
other hand, the 1-keto-2-alkyl-1 : 2-dihydrobenzthiazoles (XXII) 
yielded unstable tetrabromides, which were rapidly converted into 
the corresponding 5-bromo-1-keto-derivatives by loss of bromine 
and hydrogen bromide. 

The order of stability of the bromo-addition compounds is there- 
fore the reverse of that observed in the case of the mobile 1-amino- 
and 1-hydroxy-benzthiazoles. 


(XXL) O,H,<yp>C:NH CH <y_>CO (XXIL) 


1-Thio-2-methyl-1 : 2-dihydrobenzthiazole (XX) yielded a tetra- 
bromide, which regenerated the original thioketone on reduction, 
and could not be converted into a bromo-substitution derivative. 

Regarding the Hugershoff reaction, as-phenylmethylthiocarb- 
amide gave rise to an unstable hydropentabromide of 1-imino-2- 
methyl-1 : 2-dihydrobenzthiazole, which lost bromine on exposure 
to air, giving a hydrodibromide. The ethyl homologue, however, 
yielded a stable hydrotribromide,; which is of interest on account of 
its behaviour on nitration. 

Under conditions of mononitration, the hydrotribromide yielded, 
approximately in the proportion of 2:5, 5-nitro-1-imino-2-ethyl- 
1 : 2-dihydrobenzthiazole (XXIII) and a _ bromonitro-derivative, 
which was also obtained from the mononitration of 5-bromo-1-imino- 
2-ethyl-1 : 2-dihydrobenzthiazole and its hydrotribromide and is pre- 
sumably 5-bromo-3-nitro-1-imino-2-ethyl-1 : 2-dihydrobenzthiazole 
(XXIV). 


s Sinis 
xxi.) NOY _, CINH By Y ‘NH (XXIV) 
\NEt NE 


2 

Nitration of the hydrobromide of 1-imino-2-ethyl-1 : 2-dihydro- 
benzthiazole under similar conditions also gave rise to the same 
products in the approximate proportion of 2:1 in favour of the 
5-nitro-1-imino-derivative. 

The first action of nitric acid (d 1-5) is evidently one of decom- 
position, possibly with the production of nitrosyl bromide, which 
may act as a brominating agent on the portion of the base initially 
escaping nitration. 
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Mononitration of 1-imino-2-ethyl-1 : 2-dihydrobenzthiazole and 
its acetyl derivative lead to exclusive nitration in the 5-position of 
the benzthiazole system, and 1-keto-2-ethyl-1 : 2-dihydrobenzthi- 
azole behaves similarly. 

The 5-bromo and 5-nitro-derivatives described in this paper were 
oriented by means of the following scheme [the constitution of 
5-bromo-l-aminobenzthiazole (XXV) follows from its synthesis 
from p-bromophenylthiocarbamide (Hunter, J., 1926, 1397)]. 


ext) “5 NOY” moe one 
“> You, > ® “Oa os 5 


(XXV.) 


g 
Br — 350 we 
\NEt NE 


EXPERIMENTAL. 
Benzthiazole Derivatives. 


Benzthiazole was prepared by the thionation of dimethylaniline 
(Mohlau, Ber., 1888, 21, 59), purified by means of the crystalline 
nitrate (Mills, J., 1922, 121, 460), and redistilled over copper turn- 
ings. The pure base was a colourless, highly refractive oil, indis- 
tinguishable from quinoline in odour, b. p. 227—228°/765 mm., 
df 1-244. Specimens (b. p. 226—228°) of the base which had not 
been redistilled over copper, when kept for some months, darkened 
and acquired the unpleasant odour of the crude thionation product. 
Such specimens behaved abnormally on bromination (p. 132). 

Benzthiazole Dibromide.—(i) A solution of the pure base (1'1 c.c.) 
in chloroform (12 c.c.) was treated at 0O—3° with bromine (0-7 c.c. 
in 2 ¢.c. of chloroform). After a short time, the dibromide crystal- 
lised in glistening yellow needles, which were collected on porous 
earthenware and dried in a vacuum; m. p. 88—90° (decomp.) 
(Found: N, 4:9; Br (total), 54:5; Br (labile), iodometrically in 
chloroform containing a few drops of purified acetic acid, 54-4; §, 
10-9. C,H;NBr,S requires N, 4-7; Br (total and labile), 54:3; 
8, 10-8%]. 

(ii) The compound was prepared in a similar manner from benz- 
thiazole (1-2 g.), glacial acetic acid (7 c.c.), and a solution of bromine 
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(0-7 c.c.) in acetic acid (1 ¢.c.); m. p. 87—88° (decomp.) [Found : Br 
(total), 54-1; Br (labile), 54-0%]. 

The yellow crystals of the dibromide were stable in a vacuum, 
but rapidly reddened at the edges in moist air. The compound 
was quantitatively reduced by sulphurous acid, giving a colourless 
solution from which the original base was recovered by basification 
and extraction with ether; a similar decomposition, accompanied 
by evolution of nitrogen, took place when the dibromide was treated 
with aqueous ammonia (d 0-880). It was also decomposed by 
sulphuric acid at a low temperature (0—3°; 20 c.c. of 99% acid 
per g. of dibromide) with evolution of hydrogen bromide and regener- 
ation of benzthiazole. Thermal decomposition. The dibromide was 
heated from 60° to 140°/18 mm. in the course of 10 minutes : fusion 
commenced at 100—105° and was complete at 115°. Reduction of 
the product by sulphurous acid yielded benzthiazole unaccompanied 
by the tetrabromo-substitution derivative. 

Benzthiazole Tetrabromide.—Experiment (i) was repeated, 1-8 c.c. 
of bromine being used. A tetrabromide separated in small scarlet 
crystals, which were dried on porous earthenware in a vacuum for 
5—10 minutes and then analysed; m. p. 67—68° (Found : Br, 70-0. 
C,H,;NBr,S requires Br, 70-3%). This compound decomposed 
appreciably on being exposed to the atmosphere for a few minutes; 
in its reactions, it behaved similarly to the dibromide.* 

When an experiment similar to (i) was performed with benz- 
thiazole which had not been purified by redistillation over copper 
and had been kept for some months (2 g. of base, 24 c.c. of chloro- 
form, and 1-3 c.c. of bromine), orange crystals of a bromo-addition 
compound separated, which had m. p. 100—103° (decomp.) after 
drying in a vacuum [Found: Br (total), 63-2; Br (labile), 63-0. 
(C,;H,NBr,S), requires Br, 64-0%]. The substance dissolved in 
sulphurous acid, yielding a colourless solution from which, on basi- 
fication and extraction with ether, benzthiazole was obtained ; this 
was identified by its properties and by the analysis of its chloro- 
platinite (Found: Pt, 28-5. Calc.: Pt, 29-1%). 

3:4:5: 6-Tetrabromobenzthiazole—When solutions of any of the 
preceding bromo-addition compounds in 70% alcohol were boiled 
for a short time and allowed to cool, the tetrabromobenzthiazole 
crystallised in glistening hair-like needles, m. p. 122° (Found : Br, 
70-9; 5S, 6-9. C,HNBr,S requires Br, 70-9; 8, 7-1%). This com- 


* Quinoline tetrabromide (Grimaux, loc. cit.) was best prepared by treating 
a solution of quinoline (1 c.c.) in chloroform (12 c.c.) at 25—30° with bromine 
(2 c.c. in 3 c.c. of chloroform) and shaking the mixture: the temperature 
rose some 10° and the tetrabromide crystallised in glistening red plates, m. p. 
95—97° (Found: Br (total), 70-4; Br (labile), 69-2. Calc.: Br, 71:3%]. 
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pound was recovered unchanged after being heated under reflux in 
alcoholic solution containing about 10% of hydrochloric acid for 40 
hours, and also after being heated (0-5 g.) with tin (1 g.) and con- 
centrated hydrochloric acid (20 c.c.) for } hour. An attempt to 
reduce it (0-5 g.) in absolute alcohol (20 c.c.) with sodium (0:4 g.) 
also proved unsuccessful. The tetrabromobenzthiazole has no basic 
properties in the ordinary sense; although it dissolves in 98—99°%, 
sulphuric acid, it is reprecipitated by dilution with water. All 
attempts to prepare a bromo-addition compound of the tetrabromo- 
benzthiazole proved unsuccessful. 

1-Aminobenzthiazole Dibromide——When a solution of 1-5 g. of 
l-aminobenzthiazole in 50 c.c. of chloroform at 0° was gradually 
treated with a solution of bromine (0-7 c.c.) in the same solvent 
(3 c.c.), a yellow precipitate was produced which redissolved, giving 
a clear solution ; the dibromide then separated in small, soft, orange- 
pink crystals, which were rapidly dried in a vacuum. This com- 
pound became pale yellow at 160—170° and had m. p. 265° (decomp.) 
(Found: Br, 51-8. C,H,N,Br,S requires Br, 51-5%). 

A solution of the compound in purified acetic acid liberated iodine 
from potassium iodide, but the iodometric titre was always low 
(ca. 30%) on account of partial isomerisation into the hydrobromide 
of 5-bromo-1l-aminobenzthiazole. 

The dibromide was converted into 5-bromo-1l-aminobenzthiazole 
hydrobromide by exposure to air; the change, which was accom- 
panied by loss of colour, was appreciable in } hour and complete 
inless than 20 hours. The product was identified by its m. p> (265°), 
by the m. p. of the base liberated by alkali (210°), and by the m. p. 
of the acetyl derivative of the latter (222°). The dibromide was 
also isomerised by cold acetic anhydride. 

1-Aminobenzthiazole tetrabromide, obtained by employing an excess 
of bromine, formed small, soft, dark reddish-brown plates, m. p. 
266° (decomp.; sintering with loss of bromine at 170°) (Found : 
Br, 67-6. C,H,N,Br,S requires Br, 68-1%). 

1-Aminobenzthiazole Hydrodibromide (Hugershoff’s Dibromide).— 
(i) A suspension of 1-5 g. of finely ground phenylthiocarbamide in 
15 c.c. of chloroform was rapidly treated with bromine (1-4 c.c. in 
1-4 c.c. of chloroform), and the mixture heated under reflux for 2—3 
minutes. The hydrodibromide separated from the hot solution in 
glistening, orange-coloured, rhombic crystals, which were crushed 
m porous earthenware and dried in a vacuum; m. p. 127—128° 
(decomp. with efferv. at 131°) [Found : Br (total), 51-4; Br (labile), 
#9; §, 10-3. C,H,N,S,HBr(Br) requires Br (total), 51-5; Br 
labile), 25-6; S, 10-3%]. 

(ii) Bromine (1-6 c.c.) was added to a boiling solution of 1-amino- 
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benzthiazole (1 g.) in glacial acetic acid (24 c.c.) containing 4 g. of 
hydrogen bromide. The hydrodibromide crystallised in large 
orange-red prisms, m. p. 128—130° after drying in a vacuum [Found : 
Br (total), 51-2; Br (labile), 24-6; S, 10-6%]. A mixture of the 
two specimens melted at 128—130°. 

This compound remained unchanged in a vacuum, or over potass- 
ium hydroxide in a desiccator. On prolonged exposure to the 
atmosphere (8—9 months), it lost bromine, yielding 1-aminobenz- 
thiazole hydrobromide, m. p. 231—232°. 

When the compound (3 g.) was heated with acetic anhydride 
(7 c.c.), the solution developed a pink colour and a white precipitate 
(2-2 g.) separated, containing impure 5-bromo-1-acetamidobenz- 
thiazole (0-25 g.), which was identified by mixed m. p. and by hydro- 
lysis to 5-bromo-l-aminobenzthiazole by 60% sulphuric acid, and 
l-aminobenzthiazole hydrobromide (1-8 g.). 

Thermal decomposition. A flask containing the hydrodibromide 
(1-7 g.) was exhausted to 11 mm., placed in an oil-bath at 125°, 
and heated to 210° in the course of $ hour; decomposition was 
then complete. The greyish-white granular residue (1-25 g.) con- 
sisted of l-aminobenzthiazole hydrobromide, m. p. 228°. Dissoci- 
ation experiments. (i) Three experiments were made with speci- 
mens of the hydrodibromide of different surface areas: the speci- 
mens were heated at 90—100°/10 mm. for 10 minutes, and the 
residues analysed for labile bromine. The results [Found: Br 
(labile), 20-8, 19-6, 19-9°] indicate that this factor has only a slight 
effect on the dissociation. (ii) Two similar experiments were per- 
formed at 97—98°/12 mm. for 2 minutes [Found: Br (labile), 
24-1, 23-8%]. The degree of dissociation in these circumstances 
is about 5%. 

1-Anilinobenzthiazole Tetrabromide.—Hugershoff’s tetrabromide 
(Ber., 1903, 36, 3121) crystallised in red needles, m. p. 127° (decomp.) 
(previously given, J., 1925, 127, 2025, as 117°) [Found: Br (total), 
58-8; Br (labile), 40-1. Calc. for C,,H,,N,S,HBr(Br,) : Br (total), 
58-6; Br (labile), 43-994]. The hydrotribromide had m. p. 130° 
(decomp.) (previously given as 125°) [Found : Br (total), 51-5; Br 
(labile), 32-5. Calc. for C,,H,)N,S,HBr(Br,) : Br (total), 51-7; Br 
(labile), 34.4%]. The hydrotetrabromide was also prepared from 
a solution of the anilino-base (0-5 g.) and hydrogen bromide (0-5 g.) 
in glacial acetic acid (5-5 c.c.) and bromine (0-5 c.c.), and identified 
by m. p., mixed m. p., and analysis [Found : Br (total), 58-4; Br 
(labile), 39-8%]. 

1-p-Toluidino-5- eutialbeastiente hydrotetrabromide, prepared 
from s-di-p-tolylthiocarbamide (J., 1925, 127, 2027), formed red 
needles, m. p. 130—132° (decomp.) (previously given as 145°) [Found: 
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Br (total), 55-2; Br (labile), 36-6. Calc. for C,;H,,N,S,HBr(Br,) : 
Br (total), 55-6; Br (labile), 41-7%]. Its composition was not 
appreciably affected by keeping over potassium hydroxide in a 
desiccator for 2 days [Found: Br (labile), 36-4%]. It was also 
prepared from the toluidinobenzthiazole and hydrogen bromide in 
acetic acid and excess of bromine, and identified by m. p., mixed 
m. p., and analysis [Found: Br (labile), 36-49%]. The hydrotri- 
bromide had m. p. 145—147° (previously given as 148°) [Found : Br 
(total), 48-8; Br (labile), 31-5. Cale. for C,,H,,N,8,HBr(Br,): Br 
(total), 48-5; Br (labile), 32-39%]. 3: 2’-Dibromo-1-anilino-5 : 4’- 
dimethylbenzthiazole, prepared by heating a mixture of s-di-o- 
bromo-p-tolylthiocarbamide (0-5 g.), chloroform (6 c.c.), and bromine 
(0-6 c.c.) under reflux for 15 minutes and reducing the product with 
sulphurous acid, separated from alcohol in small prisms, m. p. 159— 
160°, which did not depress the m. p. of a specimen of the dibromo- 
toluidinobenzthiazole described in 1925 (J., 127, 2027). 

5 : 4’-Dibromo-1-anilino-3 : 2’-dimethylbenzthiazole—(i) The  di- 
bromo-base obtained from the hydrohexabromide of 1-0-toluidino- 
3-methylbenzthiazole (J., 1925, 127, 2026) separated from alcohol- 
ethyl acetate in small needles, m. p. 210—211° (Found: Br, 38-6. 
Cale.: Br, 38-9%). 

(ii) The bromo-addition compound obtained by heating a mixture 
of s-di-p-bromo-o-tolylthiocarbamide (1 g.), chloroform (17 c.c.), 
and bromine (1-3 c.c.) under reflux for 15 minutes formed dark 
crimson crystals, which became colourless at 180—190° and charred 
at 270° (Found: Br, 60-0. C,;H,.N,Br,S,HBr(Br,) requires Br, 
61:3%). 5: 4’-Dibromo-1-anilino-3 : 2’-dimethylbenzthiazole _ ob- 
tained by reduction of this bromo-addition compound proved 
identical with that described under (i). 

The Mobility of 1-Hydroxybenzthiazole. Synthesis from 1-Chioro- 
benzthiazole and from o-Aminophenylmercaptan and Carbonyl Chloride. 
—(i) 1-Hydroxybenzthiazole was prepared by heating an alcoholic 
solution of 1-chlorobenzthiazole containing hydrochloric acid for 
25 hours; on recrystallisation from alcohol, it formed glistening 
prisms, m. p. 138°. 

(ii) Claasz’s experiment. 25 G. of a 12% solution of carbonyl 
chloride in toluene were added to an ethereal solution of o-amino- 
phenylmercaptan (2:5 g. in 40 c.c.) and the mixed liquids were 
decanted from the precipitate of o-aminophenylmercaptan hydro- 
chloride and evaporated on a steam-bath. Extraction of the result- 
ing oil with alkali, acidification of the extract, extraction with 
chloroform, and recrystallisation of the product from methyl alcohol 
yielded 1-hydroxybenzthiazole, which melted at 128—130° and at 
134° when mixed with a genuine specimen prepared by Hofmann’s 
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method. The identity was confirmed by conversion of the product 
into 5-bromo-l-hydroxybenzthiazole, identical with that prepared 
by other methods. 

(iii) A solution of o-aminophenylmercaptan (1-2 c.c.) in chloro- 
form (10 ¢.c.) was treated with carbonyl chloride from a cylinder 
for } hour, the mixture evaporated on a steam-bath, and the product 
extracted with ether. After removal of the ether, the crystalline 
residue separated from methyl] alcohol in prisms (0-9 g.), m. p. 135°, 
and 135—136° when mixed with the specimen prepared under (i). 

Methylation of 1-Hydroxybenzthiazole and the Isolation of 1-Keto- 
2-methyl-1 : 2-dihydrobenzthiazole—1-Hydroxybenzthiazole was re- 
covered unchanged after it had been heated with methyl sulphate 
(1-5 c.c. for 1 g.) at 100° for $ hour, the solution diluted with water 
(8 c.c.), and the heating continued for another hour. 

4 C.c. of methyl sulphate were added to a mixture of 0-5 g. of 
1-hydroxybenzthiazole and 1 c.c. of chloroform in 10 c.c. of 25% 
potassium hydroxide solution and the whole was shaken and kept 
for an hour. Extraction with chloroform and slow removal of the 
solvent yielded a gum which set to a crystalline mass of 1-keto-2- 
methyl-1 : 2-dihydrobenzthiazole, m. p. 74°, and 76° when mixed 
with an authentic specimen prepared from the 1-nitrosoimino-deriv- 
ative (Besthorn, Ber., 1910, 43, 1523). The identity was further 
established by conversion of the product into 5-bromo-1-keto-2- 
methyl-1 : 2-dihydrobenzthiazole, which melted at 126—127° alone 
and when mixed with the specimen described on p. 140. 

Bromination of 1-Hydroxybenzthiazole and the Synthesis of 5-Bromo- 
1-hydroxybenzthiazole from 1-Chloro-5-bromobenzthiazole and from 
p-Bromophenylthiourethane by Way of 5-Bromo-1-ethoxybenzthiazole. 
—(i) When a solution of 0-5 g. of 1-hydroxybenzthiazole in chloro- 
form (6 c.c.) was treated with 0-5 c.c. of bromine at 0—3°, hydrogen 
bromide was evolved; the solution was concentrated under reduced 
pressure at laboratory temperature, and 5-bromo-1-hydroxybenz- 
thiazole obtained. On recrystallisation from methyl alcohol, this 
formed needles, m. p. 225—226° (Found: Br, 35-1. C,H,ONBrS 
requires Br, 34-8%). It dissolved in alkalis and was reprecipitated 
by mineral acids. It was recovered unchanged after being heated 
with methyl iodide (more than 3 equivs.) at 100° for 25 hours. 

(ii) 0-5 G. of 1-chloro-5-bromobenzthiazole (b. p. 158—159°/18 
mm.; Dyson, Hunter, and Soyka, J., 1929, 461) was heated with 
alcohol, containing hydrochloric acid, for 40—45 hours. The result- 
ing solution was made alkaline, filtered, and acidified with 20% 
acetic acid. The precipitate of 5-bromo-l-hydroxybenzthiazole 
was recrystallised from alcohol and identified by m. p. and mixed 
m. p. determination with the specimen prepared in (i). 
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(iii) p-Bromophenylthiourethane, prepared in 80—90% yield by 
heating a solution of p-bromophenylthiocarbimide (15 g.) in absolute 
alcohol (100 c.c.) under reflux for 30 hours, separated from methyl 
alcohol in prisms, m. p. 106—107° (Found : 8, 12-5. C,H,,ONBrS 
requires 8, 12°3%). 

5-Bromo-1-ethoxybenzthiazole. 10 G. of p-bromophenylthio- 
urethane, previously ground with a little alcohol, were dissolved in 
75 c.c. of 30% aqueous sodium hydroxide; the solution was diluted 
to 200 c.c. with water and added in 20 c.c. portions at 5-minute 
intervals to a well-stirred solution of potassium ferricyanide (60 g.) 
in water (300 c.c.) which was maintained at 80—90°. Extraction 
with ether yielded a brown oil, which was distilled in steam; the 
bromoethoxybenzthiazole obtained (yield, 35°) separated from 90% 
methyl alcohol in pale yellow plates, m. p. 75—76° (Found: Br, 
31-4. CyH,ONBrS requires Br, 31-0%). Hydrolysis. A solution 
of the bromoethoxythiazole in 40°, hydrobromic acid was heated 
under reflux for 20 minutes and cooled; crystals then separated. 
The mixture was diluted with water and extracted with chloroform 
and the chloroform was removed on a steam-bath; the 5-bromo-1- 
hydroxybenzthiazole obtained crystallised from methyl alcohol in 
needles, m. p. 222—223°, 223° when mixed with the specimen 
prepared in (i). 

The Mobility of 1-Thiolbenzthiazole. Synthesis by Hofmann’s 
Method and from o-Aminophenylmercaptan and Thiocarbonyl Chloride. 
—(i) 1-Thiolbenzthiazole was prepared by heating a solution of 
o-aminophenylmercaptan (3 g.) in alcohol (10 c.c.) and carbon 
disulphide (15 c.c.) under reflux for 8 hours. After two recrystal- 
lisations from methyl alcohol (animal charcoal), it formed colour- 
less needles, m. p. 179° (Hofmann, Ber., 1887, 20, 1879; Jacobson 
and Frankenbacher, Ber., 1891, 24, 1403, recorded m. p. 174°). 

(ii) Thiocarbonyl chloride (1 c.c.) in chloroform (2 c.c.) was 
gradually added to o-aminophenylmercaptan (2 c.c.) in chloroform 
(10 c.c.) at 5°, the mixture being shaken after each addition. A 
vigorous reaction took place with the separation of yellow crystals ; 
the chloroform and the excess of thiocarbonyl chloride were removed 
on a steam-bath, the product was extracted with ether (8 extrac- 
tions), and the united extracts were filtered from the hydrochloride 
of o-aminophenylmercaptan. On removal of the ether and subse- 
quent recrystallisation from methyl alcohol, 1-thiolbenzthiazole 
(0-7 g.) was obtained in pale yellow needles, m. p. 176—177°, and 
177—179° when mixed with the specimen prepared by Hofmann’s 
method. 

Methylation. A mixture of 1-thiolbenzthiazole (1 g.), methyl 
sulphate (3 c.c.), and methyl alcohol (3 c.c.) was heated under reflux 

F2 
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foran hour. The solution was cooled, the excess of methyl sulphate 
decomposed with aqueous ammonia (d 0-880), and the mixture 
extracted while still warm with chloroform. A clear gum was 
obtained which on crystallisation from methyl alcohol yielded 0-9— 
1 g. of 1-methylthiolbenzthiazole in colourless prisms, m. p. 47—49°. 

Bromination of 1-Thiolbenzthiazole—A solution of the thiol (1 g.) 
in chloroform (50 ¢.c.) was treated with bromine (1-5 c.c. in an equal 
volume of the same solvent) at 10°; the tetrabromide formed orange 
plates, m. p. 147° (decomp. with efferv. after previous shrinking) 
(Found: Br, 65-6. C,H,;NBr,S, requires Br, 65-7%). On reduc- 
tion with sulphurous acid, the tetrabromide yielded benzthiazolyl 
1 : 1-disulphide, which crystallised from acetic acid in silvery plates, 
m. p. 180°, and 180—181° when mixed with a genuine specimen. 
(A mixture of this product with 1-thiolbenzthiazole melted at about 
140°.) 

1-Phenylbenzthiazole Tetrabromide.—1 G. of the base, purified by 
distillation under reduced pressure, was brominated as previously 
described (Hunter, J., 1926, 539); the tetrabromide crystallised in 
orange-red plates, m. p. 134—136° [Found: Br (total), 60-0; Br 
(labile), 45-3. Cale. for C,,H,NBr,S: Br, 60-25%]. Further 
crops of crystals, m. p. 130—132°, of the same tetrabromide were 
obtained from the mother-liquor by concentration under reduced 
pressure at laboratory temperature [Found : Br (labile), 45-0%]. 

Action of mercuric oxide. (i) When a mixture of precipitated 
mercuric oxide (1 g.) and the tetrabromide (0-6 g.) in chloroform 
(50 c.c.) was shaken, the colour was discharged. Evaporation of the 
filtered solution on a steam-bath yielded 1-phenylbenzthiazole un- 
accompanied by any trace of the 5-bromo-derivative (Bogert and 
Abrahamson, J. Amer. Chem. Soc., 1922, 44, 826). 

(ii) A similar result was obtained with ‘‘ dry ”’ materials, excepting 
that the discharge of colour was somewhat retarded. 

By treating a solution of 1-phenylbenzthiazole (1 g.) in chloro- 
form (11 c.c.) with bromine (1-4 ¢.c.) at 0°, a red oil was obtained 
which sometimes crystallised in red needles; the hexabromide was 
unstable, m. p. 156° (decomp. with efferv. after sintering with loss of 
bromine over a range of about 40°) (Found : Br, 67-2. C,,H,NBr,S 
requires Br, 69°5%). 


Benzoxazole and Benzselenazole Derivatives. 
Bromination of 1-Phenylbenzoxazole.—A solution of the pheny]l- 
benzoxazole (Ladenburg, Ber., 1876, 9, 1524) (0-5 g.) in chloroform 
(4 c.c.) was treated with bromine (0-9 c.c. in 1 c.c. of chloroform) 
at 0°. After an hour, the hexabromo-addition compound separated 
in small, soft, red crystals, m. p. 153—155° after rapid drying on 
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porous earthenware in a vacuum [Found: Br (total), 73-8; Br 
(labile), 54-9. C,,H,ONBr, requires Br, 71-1%]. This substance 
lost bromine when kept over potassium hydroxide in a vacuum 
for 2 hours, giving a stable, yellow, microcrystalline hydrotribrom- 
ide of 5(?)-bromo-l-phenylbenzoxazole, m. p. 154—155° (with 
previous shrinking) [Found: Br (total), 61-8; Br (labile), 31-5. 
0;3H ,ONBr,HBr(Br,) requires Br (total), 62-1; Br (labile), 31-1%]. 
A specimen of this compound prepared from the bromo-substituted 
benzoxazole, hydrogen bromide, and bromine in acetic acid had a 
higher m. p. (164—166° after previous shrinking) [Found: Br 
(labile), 31-3°%], but lacked the stability in moist air of the specimen 
obtained from the hexabromide. 

5( ?)-Bromo-1-phenylbenzoxazole, obtained by reduction of the 
hydrotribromide with sulphurous acid, or by dissolution of the hexa- 
bromide in alcohol, crystallised from methy] alcohol in small needles, 
m. p. 106—107° (Found: Br, 28-3. C,,H,ONBr requires Br, 
29-1%). 

1-Phenylbenzselenazole tetrabromide, obtained from the selenazole, 
chloroform, and excess of bromine at 0°, and also at 18°, crystallised 
in orange-red needles, m. p. 148° [Found: Br (total), 55-1; Br 
(labile), 41-0. C,,H,NBr,Se requires Br, 55-4%]. It regenerated 
the original phenylselenazole on treatment with sulphurous acid, 
but all attempts to prepare a 5-bromo-substitution derivative led 
oly to brown gummy products, which could not be crystallised. 


1 : 2-Dihydrobenzthiazole Derivatives. 


1-Imino-2-methyl-1 : 2-dihydrobenzthiazole Hydropentabromide.— 
A solution of as-phenylmethylthiocarbamide (1 g.) in chloroform 
(10 c.c.) was treated with bromine (2 c.c. in 3 c.c. of the same solvent) 
and heated under reflux for a few minutes. The hydropentabromide 
rystallised in red plates (or needles), m. p. 121—122° (decomp. 
with efferv.), which were rapidly dried in a vacuum and immediately 
analysed [Found: N, 5°25; Br (total), 71-0; Br (labile), 57-0; §, 
47. C,H,N.S,HBr(Br,) requires N, 4:95; Br (total), 70-8; Br 
labile), 56-7; S, 56%]. On exposure to air for some weeks, it lost 
bromine, giving a stable, yellow, insoluble hydrodibromide, m. p. 
194—196° (decomp.; sintering at 190°) [Found: Br, 49-3. 
(,H,N,S,HBr(Br) requires Br, 49°4%]. Both compounds yielded 
limino-2-methyl-1 : 2-dihydrobenzthiazole, m. p. 123°, on reduction 
vith sulphurous acid, but failed to undergo nuclear substitution 
when heated with alcohol, giving the hydrobromide of 1-imino-2- 
nethyl-1 : 2-dihydrobenzthiazole (prepared also from the base and 
hydrogen bromide) in small needles, m. p. 275° (decomp.) (Found : 
Sr, 32-5. C,;H,N,S,HBr requires Br, 32-8%). The hydropenta- 
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bromide was also prepared by treating a solution of the hydro. 
bromide in glacial acetic acid with excess of bromine. 

1-Acetimido-2-methyl-1 : 2-dihydrobenzthiazole, prepared by acetyl- 
ation of the imino-base with acetic anhydride, crystallised from 
alcohol in needles, m. p. 141—142° (Found: 8, 15-8. C,H, ON,8 
requires 8, 15-5%). . 

Bromination of 1-Imino-2-methyl-1 : 2-dihydrobenzthiazole.—The 
hydrotribromide of 5-bromo-1-imino-2-methyl-1 : 2-dihydrobenz- 
thiazole, obtained by treatment of the imino-base (0-5 g.) in chloro- 
form (15 c.c.) with bromine (1 c.c. in 2 c.c. of the same solvent) 
at 0°, formed orange-yellow crystals which lost bromine at 100— 
110° and were unmelted at 280° [Found : N, 5-8; Br (total), 66-2; 
Br (labile), in acetic acid, 33-4; S, 6-6. C,H,N,BrS,HBr(Br,) re- 
quires N, 5:8; Br (total), 66-1; Br (labile), 33-0; S, 66%]. The 
hydrobromide of 5-bromo-1l-imino-2-methyl-1 : 2-dihydrobenzthi- 
azole, obtained by boiling a solution of the hydrotribromide in 
alcohol, formed small needles, which were unmelted at 290° [Found : 
Br, 49-3. C,H,N,BrS,HBr requires Br, 49-3%]. The 5-bromo. 
base crystallised with difficulty from methyl alcohol in needles, m. p. 
110° (Found: N, 11-8; Br, 32-9; 8, 13-4. C,H,N,BrS requires 
N, 11-5; Br, 32-7; 8, 13-2%). The acetyl derivative, prepared by 
means of acetic anhydride, crystallised from much ethyl acetate in 
feathery needles, m. p. 219—220° (Found: N, 9-8; Br, 28-2. 
C19H,ON,BrS requires N, 9-8; Br, 28-05%). 

Bromination of 1-Keto-2-methyl-1 : 2-dihydrobenzthiazole and the 
Synthesis of 5-Bromo-1-keto-2-methyl-1 : 2-dihydrobenzthiazole from 
5-Bromo-1-imino-2-methyl-1 : 2-dihydrobenzthiazole by Way of 5.- 
Bromo-1-nitrosoimino-2-methyl-1 : 2-dihydrobenzthiazole—When 4 
solution of 1-keto-2-methyl-1 : 2-dihydrobenzthiazole (0-4 g.) in 
chloroform (4 ¢.c.) was treated with bromine (0-5 c.c. in 1 c.c. of 
chloroform) at 0°, traces of hydrogen bromide were evolved and 4 
dark purple-brown tetrabromide separated, which was rapidly dried 
in a vacuum and immediately analysed (Found: Br, 674%. 
C,H,ONBr;S requires Br, 65-99%). It softened at 100° and melted 
to a clear red liquid at 120°; in a vacuum, it lost bromine, yielding 
red crystals, m. p. 101—103°, of a substance having the composition 
of a dibromide (Found : Br, 48-6. C,H,ONBr,S requires Br, 49-2%). 
5-Bromo-1-keto-2-methyl-1 : 2-dihydrobenzthiazole crystallised in 
feathery tufts of silky needles, m. p. 126—127° (Found: N, 5-9; 
Br, 32-5; 8S, 13-2. C,H,ONBrS requires N, 5-7; Br, 32-6; §, 
131%). 

5-Bromo-1-nitrosoimino-2-methyl-1 : 2-dihydrobenzthiazole.—A solu- 
tion of 5-bromo-1l-imino-2-methyl-1 : 2-dihydrobenzthiazole (2 g.) 
in glacial acetic acid (16 c.c.) was kept at 15° during the addition 
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of a solution of sodium nitrite (1 g.) in water (5 c.c.), the mixture 
being well shaken; the nitroso-derivative soon separated in orange 


-lorystals (2-1 g.), which exploded at 161° (Found: N, 15-5. 


C,H,ON,BrS requires N, 15-4%). 

A solution of the nitroso-compound (1 g.) in xylene (6 c.c.), when 
heated, turned yellow and nitrogen was evolved; the solution was 
concentrated to about 2 c.c., diluted with methyl alcohol, boiled 
with animal charcoal, filtered, and concentrated; 5-bromo-1-keto- 
2-methyl-1 : 2-dihydrobenzthiazole (0-8 g.) was obtained in slender 
needles, m. p. 126—127°, alone and when mixed with the specimen 
already described. 

1-Thiol-2-methyl-1 : 2-dihydrobenzthiazole tetrabromide, prepared 


-| from the thiol derivative and bromine in chloroform, formed small 


orange crystals, m. p. 124—126° (decomp.; reddening at 115— 
120°) (Found: Br, 63-7; 8, 12-6. C,H,NBr,S, requires Br, 63-9; 
8, 12-89%). When heated with absolute alcohol, it rapidly regener- 
ated the original thiol derivative. 

The bromination of 1-nitrosoimino-2-methyl-1 : 2-dihydrobenz- 
thiazole yielded a brown tetrabromide, m. p. 280° (decomp.) (Found : 
Br, 61-9. C,H,ON,Br,S requires Br, 62-4%). 

1-Imino-2-ethyl-1 : 2-dihydrobenzthiazole is conveniently pre- 
pared in quantity by the following method, which is generally 
applicable to iminoalkyldihydrobenzthiazoles and alkylaminobenz- 
thiazoles. A solution of as-phenylethylthiocarbamide (50 g.) in 
chloroform (250 c.c.) was treated with bromine (30 c.c. in 50 c.c. 
of the same solvent) with cooling. After being heated under reflux 


-| for 10 minutes, the mixture was treated with excess of sulphurous 


acid and basified, and the product obtained by removal of the 
chloroform was recrystallised from alcohol, the iminoethyldihydro- 
derivative forming large crystals, m. p. 84—85°. Yield, 49 g. 
(98%). 

1-Imino-2-ethyl-1 : 2-dihydrobenzthiazole hydrotribromide, prepared 
from 1-5 g. of the ethylthiocarbamide in chloroform (12 c.c.) and 
bromine (2 c.c.), crystallised from the hot solution in orange-red 
plates, m. p. 160—161° (decomp.) [Found: N, 6-9; Br (total), 
57-5; Br (labile), 38-5. C,H,)N,S,HBr(Br,) requires N, 6-7; Br 
(total), 57-3; Br (labile), 38-2%]. It was also prepared from the 
imino-base (0-5 g.) and hydrogen bromide (1 g.) in glacial acetic 
acid (9 c.c.) and bromine (1 c.c.). The alleged tetrabromide pre- 
viously described (J., 1926, 1394) was a “‘ wet” specimen of the 
hydrotribromide. An alcoholic solution of this compound, on being 
concentrated, yielded the hydrobromide of 1-imino-2-ethyl-1 : 2-di- 
hydrobenzthiazole (which was also prepared from the base and 
hydrobromic acid) in plates, m. p. 247—-248° (decomp.) (Found : 
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Br, 30-5. C,H oN,S,HBr requires Br, 30-9%). 1-Acetimido-2. 
ethyl-1 : 2-dihydrobenzthiazole formed prisms, m. p. 127—128° 
(Found: N, 13-0; 8, 14-6. C,,H,,ON,S requires N, 12-7; §, 
14-55%). 

Bromination of 1-Imino-2-ethyl-1 : 2-dihydrobenzthiazole and the 
Ethylation of 5-Bromo-\-aminobenzthiazole.—(i) The hydrotribromide 
of 5-bromo-1-imino-2-ethyl-1 : 2-dihydrobenzthiazole, obtained by 
bromination of the imino-base, crystallised in orange needles, m. p. 
182—184° (decomp.) [Found: Br (total), 64-2; Br (labile), iodo. 
metrically in acetic acid, 32-6. C,H,N,BrS,HBr(Br,) requires Br 
(total), 64-2; Br (labile), 32-1%]. It was also prepared from the 
5-bromo-base, hydrogen bromide, and bromine in acetic acid, 
Attempts to isolate an intermediate bromo-addition compound of 
the iminoethyl base by using dried materials were unsuccessful. 
The hydrotribromide was completely dissociated into the hydro- 
bromide and bromine on being heated from 150° to 220°/16 mm. 
in the course of 4 hour. 5-Bromo-1-imino-2-ethyl-1 : 2-dihydro. 
benzthiazole formed a tenacious gum, which crystallised with diff- 
culty from 80% methyl alcohol in small needles, m. p. 68—70° 
(Found: Br, 30-7. C,H,N,BrS requires Br, 31:1%). The acetyl 
derivative formed silvery needles, m. p. 187° (Found: Br, 26-7; 
S, 10-7. C,,H,,ON,BrS requires Br, 26-7; 8, 10-7%). The 
hydrobromide crystallised from alcohol, containing a small quantity 
of hydrogen bromide, in small needles, m. p. 270—272° (Found: 
Br, 47-0. C,H,N,BrS,HBr requires Br, 47-3%). 

(ii) A mixture of 5-bromo-l-aminobenzthiazole (0-5 g.) and ethyl 
iodide (1-5 c.c.) was heated at 100° for 18 hours, and the product 
basified and extracted with chloroform. After removal of the 
chloroform a gum remained which could not be crystallised. On 
acetylation, 5-bromo-1l-acetimido-2-ethyl-1 : 2-dihydrobenzthiazole 
was obtained unaccompanied by other products; it was identified 
by m. p. and mixed m. p. determination. No trace of the isomeric 
5-bromo-l-ethylaminobenzthiazole, m. p. 158° (previously mis- 
recorded by Hunter and Soyka, J., 1926, 2962, as 256°), could be 
detected. 

Nitration of 1-Imino-2-ethyl-1 : 2-dihydrobenzthiazole and the 
Orientation of 5-Nitro-1-imino-2-ethyl-1 : 2-dihydrobenzthiazole.—(i) 
10 G. of the imino-base were added to 50 c.c. of nitric acid (d 1-5) 
at 8° in the course of 40 minutes, the temperature not being allowed 
to rise above 10°. The solution was poured into 400 c.c. of water, 
the precipitated nitrate [small orange-pink crystals, m. p. 210— 
212° (decomp.), from alcohol] decomposed with 25% aqueous 
sodium hydroxide, and the nitro-base recrystallised from alcohol 
(yield, 9 g.). A further quantity (0-5—1l g.) was obtained by 
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basifying the filtrate from the nitrate and extracting it with chloro- 
form. 5-Nitro-1-imino-2-ethyl-1 : 2-dihydrobenzthiazole forms small 
orange-yellow needles, m. p. 139—140° (Found: N, 19-3; 8S, 14-4. 
C,H,O,N,S requires N, 18-9; 8S, 144%). The acetyl derivative 
crystallised from much ethyl acetate in soft, pale yellow needles, 
m. p. 242—243° (Found: N, 16-2; 8, 12-2. C,,H,,0,N,S requires 
N, 16-0; S, 12-1%). 

(ii) Methylation of 5-nitro-1-imino-2-ethyl-1 : 2-dihydrobenzthiazole. 
6 C.c. of methyl sulphate were added to a suspension of 5 g. of the 
5-nitro-l-imino-base in water (100 c.c.) and the mixture was boiled 
for 40 minutes and then basified with warm 20°% sodium hydroxide 
solution. On recrystallisation from alcohol and thereafter from 
methy] alcohol, 1 g. of 5-nitro-1-methylimino-2-ethyl-1 : 2-dihydro- 
benzthiazole was obtained (m. p. 140°, depressed to 115—118° by 
admixture with 5-nitro-1-imino-2-ethyl-1 : 2-dihydrobenzthiazole), 
which yielded the pure compound (see below) on further recrystal- 
lisation. 

(iii) Methylation of 1-imino-2-ethyl-1 : 2-dihydrobenzthiazole and 
nitration of 1-methylimino-2-ethyl-1 : 2-dihydrobenzthiazole. A mix- 
ture of 20 g. of 1-imino-2-ethyl-1 : 2-dihydrobenzthiazole, 100 c.c. 
of water, and 22 c.c. of methyl sulphate was boiled under reflux for 
14 hours. The product was made strongly alkaline with potassium 
hydroxide, boiled, and extracted with chloroform, and the chloro- 
form removed through a fractionating column. The residual 
1-methylimino-2-ethyl-1 : 2-dihydrobenzthiazole, a viscous oil which 
could not be crystallised, was added drop by drop with continuous 
shaking to 100 c.c. of nitric acid (d 1-5) at —- 2° in the course of an 
hour, the temperature not being allowed to rise above 7°. The 
nitration mixture was poured into water (1000 c.c.) and basified ; 
the nitro-base (23—24 g.), recrystallised from alcohol-ethyl acetate 
and thereafter from methyl alcohol (animal charcoal), formed 
yellow plates (10 g.), m. p. 154° (Found: N, 18-0; S, 13-6. 
C,9H,,0.N,8 requires N, 17-7; 8, 13-5%). 

(iv) 5-Amino-1-methylimino-2-ethyl-1 : 2-dihydrobenzthiazole. The 
5-nitro-compound (7 g.) was heated with tin (14 g.) and concentrated 
hydrochloric acid (100 c.c.) on a steam-bath for 20 minutes, and the 
mixture was diluted with 150 c.c. of water, filtered, and made 
strongly alkaline with 30°, potassium hydroxide solution. The 
5-amino-base, which was isolated by extraction with chloroform, 
crystallised from methyl alcohol in small plates (3-5—4 g.), m. p. 
124—-125° (Found: S, 15-2. C,H,,N,S requires 8, 155%). It 
dissolved in concentrated hydrochloric acid, giving a pink solution 
which became pale yellow and finally colourless on dilution with 
water; on diazotisation, it yielded a diazonium chloride which 
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coupled with alkaline $-naphthol, giving a red azo-dye. The 
amino-base slowly darkened and after some weeks the m. p. was 115°. 

(v) 5-Bromo-1-methylimino-2-ethyl-1 : 2-dihydrobenzthiazole. (A) 
A diazotised solution of the 5-amino-base (2-4 g.) in 20% hydrochloric 
acid (9 c.c.) was added to a cuprous bromide solution (prepared 
from 4-5 g. of copper sulphate crystals) at 0°. The mixture was 
heated on a steam-bath for } hour and basified; the black oil 
obtained, isolated by means of chloroform, yielded yellowish needles 
of 5-bromo-1-methylimino-2-ethyl-1 : 2-dihydrobenzthiazole, m. p. 89°, 





on crystallisation from methyl alcohol (animal charcoal) (Found: | 


Br, 29-05. Cj 9H,,N,BrS requires Br, 29-1%). Yield, 60—70%. 
(B) A cleaner product was obtained by Gattermann’s method. 
0-8 G. of the amino-base was dissolved in 6 c.c. of hydrobromic acid 
(d 1-45) and water (3 c.c.) and diazotised; finely divided copper 
(prepared from 0-6 g. of zinc dust and 1-8 g. of copper sulphate 
crystals) having been added, the mixture was heated on a steam- 
bath for 10 minutes, diluted with 20 c.c. of water, basified, and 
extracted with chloroform. The 5-bromo-base obtained on recrys- 
tallisation from methyl alcohol was identical with that prepared 
in (A) and (C). (C) A mixture of 5-bromo-1l-imino-2-ethyl-1 : 2- 


dihydrobenzthiazole (1 g.), water (10 c.c.), and methyl sulphate | 


(1-5 ¢.c.) was heated under reflux for } hour, boiled with excess 
of 30% alkali solution, and extracted with chloroform. The oil 
obtained from the extract was dissolved in absolute methyl] alcohol ; 
when the solution was concentrated under reduced pressure at 
laboratory temperature, the methy] derivative sometimes crystallised 
in colourless needles which alone and when mixed with the specimens 
synthesised from 5-amino-1-methylimino-2-ethyl-1 : 2-dihydrobenz- 
thiazole, melted at 88—89° (Found : Br, 29-1%). 

Dinitration of 1-Imino-2-ethyl-1 : 2-dihydrobenzthiazole.—(i) The 
iminoethyl base (2 g.) was gradually added to 20 c.c. of nitric acid 


(d 1-5), the temperature rising to 55°. The mixture was poured into | 


100 c.c. of water; the precipitated nitrate, decomposed with 20%, 
potassium hydroxide solution, gave dinitroiminoethyldihydrobenz- 
thiazole, which crystallised from methyl alcohol-ethyl acetate in 
golden plates, m. p. 242—244° (Found: N, 21-2. C,H,0,N,S 
requires N, 20-9%). The alkaline liquid on acidification yielded a 
substance which separated from methyl alcohol-ethyl acetate in 
yellow-brown needles, m. p. 200°. 

(ii) 5-Nitro-1-imino-2-ethyl-1 : 2-dihydrobenzthiazole (0-5 g.) was 
gradually added to 10 c.c. of nitric acid (d 1-5), the solution was 
warmed, diluted with water, and basified, and the dinitro-compound 
was recrystallised ; it formed golden plates, m. p. 242—244°, identical 
with the specimen already described. 
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1-Nitrosoimino-2-ethyl-1 : 2-dihydrobenzthiazole, prepared from 5 g. 
of iminoethyldihydrobenzthiazole in glacial acetic acid (35 c.c.) and 
sodium nitrite (2-6 g.) in water (13 c.c.), separated from alcohol in 
orange-red plates (4—4-5 g.), which exploded at 153° (Found: N, 
by slow combustion with twice the usual amount of fine CuO, 20-5; 
8, 15-2. C,H,ON,S requires N, 20-3; S, 15-5%). 

1-Keto-2-ethyl-1 : 2-dihydrobenzthiazole.—The nitrosoiminoethyldi- 
hydrobenzthiazole (3 g.) in xylene (20 c.c.) was heated until nitrogen 
was no longer evolved and the xylene was removed. The oily 
residue was distilled in steam, and the distillate extracted with 
chloroform ; the ketoethyldihydrobenzthiazole was a colourless refrac- 
tive oil (1-3 g.) which could not be crystallised (Found: §S, 17-2. 
CyH,ONS requires 8, 17-8%). i 

The tetrabromide, obtained as in the case of the methyl deriv- 
ative, formed unstable purple-brown crystals, m. p. 80—82° (turn- 
ing yellow at 60—70°) (Found: Br, 64-2. C,H,ONBr,S requires 
Br, 64:1%). 5-Bromo-1-keto-2-ethyl-1 : 2-dihydrobenzthiazole crystal- 
lised from absolute methyl] alcohol in needles, m. p. 96—97° (Found : 
N, 5-6; Br, 30-8; S, 12-8. C,H,ONBrS requires N, 5-4; Br, 31-0; 
S, 124%). 

Synthesis of 5-Bromo-1-keto-2-ethyl-1 : 2-dihydrobenzthiazole from 
5-Bromo-1-vmino-2-ethyl-1 : 2-dihydrobenzthiazole by Way of 5-Bromo- 
1 - nitrosoimino -2-ethyl-1 : 2-dihydrobenzthiazole—5-Bromo-1-nitroso- 
imino-2-ethyl-1 : 2-dihydrobenzthiazole crystallised in salmon-pink 
plates, which exploded at 157—158° on being fairly rapidly heated 
(Found: Br, 27-4; 8, 11-4. C,H,ON,BrS requires Br, 27-6; S, 
11-2%). The residue obtained by evaporation of a solution of the 
nitroso-derivative (4 g.) in xylene (25 c.c.), on recrystallisation from 
alcohol (animal charcoal), yielded 2-8 g. of 5-bromo-1-keto-2-ethyl- 
1 ; 2-dihydrobenzthiazole, identical with that obtained above from 
the tetrabromide. 

5-Nitro-1-keto-2-ethyl-1 : 2-dihydrobenzthiazole.—(i) 5-Nitro-1- 
nitrosoumino-2-ethyl-1 : 2-dihydrobenzthiazole, prepared from 5-nitro- 
]-imino-2-ethyl-1 : 2-dihydrobenzthiazole, formed soft salmon-pink 
crystals, which exploded at 154° (Found: S, 12-5. C,H,O,N,S 
requires 8, 12:7%). 5-Nitro-1-keto-2-ethyl-1 : 2-dihydrobenzthiazole, 
obtained by heating the nitrosoimino-compound (1 g.) in xylene 
(5 c.c.), separated from hot benzene in tufts of yellow needles, m. p. 
198° (Found: §, 14-4. C,H,O,N,S requires 8, 14:3%). 

(ii) The 5-nitro-1-keto-derivative was also obtained in 80—90% 
yield by adding the 1-keto-2-ethyldihydro-derivative to nitric acid 
(d 1-5) (10 vols.) at O—5°. 

1-Thiol-2-ethyl-1 : 2-dihydrobenzthiazole.—A finely powdered, in- 
timate mixture of 1-nitrosoimino-2-ethyl-1 ; 2-dihydrobenzthiazole 
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(3 g.) and phosphorus pentasulphide (Kahlbaum) (3 g.) was heated 
in an oil-bath at 120°, a violent reaction taking place. The product 
was twice extracted with 50 c.c. of boiling benzene; the united 
extracts were boiled with copper turnings and filtered. The gum 
obtained by removal of the benzene crystallised from methyl] alcohol 
in yellow plates, m. p. 75° (Found: S, 32-9. C,H,NS, requires 8, 
32-8%). 

Nitration of 1-Imino-2-ethyl-1 : 2-dihydrobenzthiazole Hydrotri- 
bromide.—The hydrotribromide (7 g.) was added to 60 c.c. of nitric 
acid (d 1-5) at 3—6° in the course of 20 minutes; the solution was 
decanted from the liquid bromine which separated and poured into 
250 c.c. of water. The filtrate from the precipitated nitrate, on 
basification, extraction with chloroform, and recrystallisation of the 
product from methyl alcohol, yielded 0-8 g. of 5-nitro-1l-imino-2- 
ethyl-1 : 2-dihydrobenzthiazole. The precipitated nitrate, on de- 
composition with 20% alkali solution, yielded 2 g. of 5-bromo-3- 
nitro-1-imino-2-ethyl-1 : 2-dihydrobenzthiazole, which was identified 
by its m. p. and mixed m. p. and by the m. p. and mixed m. p. of 
its acetyl derivative. 

Decomposition of 1-Imino-2-ethyl-1 : 2-dihydrobenzthiazole Hydro- 
tribromide by Sulphuric Acid.—3 G. of the hydrotribromide were 
gradually added to 25 c.c. of 99%, sulphuric acid at 0—2°; hydrogen 
bromide was evolved and liquid bromine separated. The solution 
was poured on ice (200 g.), the mixture basified and extracted with 
chloroform, and the gum obtained by removal of the chloroform was 
acetylated with acetic anhydride (7 c.c.) and alcohol (15 c.c.). 
Fractional crystallisation of the product yielded 0-5 g. of 1-acetimido- 
2-ethyl-1 : 2-dihydrobenzthiazole and 0-7 g. of 5-bromo-1-acetimido- 
2-ethyl-1 : 2-dihydrobenzthiazole, which were identified by m. p. 
and mixed m. p. determinations. 

Nitration of 1-Imino-2-ethyl-1 : 2-dihydrobenzthiazole Hydrobrom- 
ide.—4 G. of the hydrobromide were gradually added to 50 c.c. of 
nitric acid (d 1-5) at 3—7°, and the solution poured into 200 c.c. of 
water. The mixture was cooled to 20°, and the precipitated nitrate 
collected; the filtrate, on basification and extraction with chloro- 
form, yielded 2-2 g. of 5-nitro-l-imino-2-ethyl-1 : 2-dihydrobenz- 
thiazole. On decomposition with 20% alkali solution, the nitrate 
yielded 1-3 g. of 5-bromo-3-nitro-1-imino-2-ethyl-1 : 2-dihydrobenz- 
thiazole, which was identified as in the previous case. 

Nitration of 1-Acetimido-2-ethyl-1 : 2-dihydrobenzthiazole—4 G. 
of the acetyl derivative were gradually added to 40 c.c. of nitric 
acid (d 1-5) at 0O—2°; the temperature was allowed to rise to 15°, 
the mixture poured into 250 c.c. of water, and the precipitated nitro- 
derivative collected and extracted with 35 c.c. of boiling alcohol. 
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The residue (2-1 g.) had m. p. 240—242° (241—242° when mixed 
with 5-nitro-l-acetimido-2-ethyl-1 : 2-dihydrobenzthiazole); the 
alcoholic extract on evaporation yielded a small quantity of what 
appeared to be impure nitrate of 5-nitro-l-imino-2-ethyl-1 : 2-di- 
hydrobenzthiazole. Basification of the original acid filtrate yielded 
a further 1-9—2 g. of the 5-nitro-l-acetyl derivative. 

Nitration of 5-Bromo-1-imino-2-ethyl-1 : 2-dihydrobenzthiazole.— 
This was carried out at 0—5° in the usual way. 5-Bromo-3-nitro-1- 
imino-2-ethyl-1 : 2-dihydrobenzthiazole formed orange needles, m. p. 
168—169° (Found: N, 14-0; Br, 26:3; 8S, 10-4. C,H,O,N,BrS 
requires N, 13-9; Br, 26-4; S,10-6%). The acetyl derivative crystal- 
lised from alcohol-ethyl] acetate in pale yellow needles, m. p. 252— 
253° (Found: Br, 23-1. C,,H,0,N,BrS requires Br, 23-2%). 
The nitrate separated from alcohol in yellow needles, m. p. 230° 
(decomp.). 

Nitration of 5-bromo-1l-imino-2-ethyl-1 : 2-dihydrobenzthiazole 
hydrotribromide yielded solely 5-bromo-3-nitro-1-imino-2-ethyl-1 : 2- 
dihydrobenzthiazole. 

Nitration of 1-Imino-2-ethyl-1 : 2-dihydrobenzthiazole in Sulphuric 
Acid Solution.—The nitration of 5 g. of the base in 20 c.c. of 99% 
sulphuric acid at 70° with a mixture of nitric acid (d 1-4) (4 c.c.) 
and sulphuric acid (5 c.c.) gave 3-7 g. of impure 5-nitro-1-imino-2- 
ethyl-1 : 2-dihydrobenzthiazole, accompanied by a small quantity 
of the dinitro-derivative. 


The author wishes to express his gratitude to Professor J. F. 
Thorpe, F.R.S., for his kind interest in these experiments, to the 
Trustees of the Ramsay Memorial Fellowship Trust for the award 
of a Fellowship which enabled this work to be completed, and to the 
Trustees of the Dixon Fund of the University of London and to the 
Chemical Society for grants which have defrayed the cost of the 
materials. 
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XXIJ.—Nitration of 2’- and 4'-Nitro-1-phenyl- 
prperidines. 
By RaymMonp JamMES Woop LE FEvReE. 
ORDINARY nitric acid (d 1-4) nitrates 4’-nitro-1-phenylpiperidine 
quantitatively in the 2’-position, but dissolves the 2’-nitro-isomeride 


unchanged. By the most extreme conditions of nitration under 
which the latter remains unaffected the former is destroyed. 
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Similar but less pronounced differences have been observed in the 
nitrations of 1 ; 4-di(2’- and 4’-nitrophenyl)piperazines. 

No such disparity is recorded in the literature concerning the 
conditions requisite for the production, by nitration of the corre- 
sponding mononitro-compounds with nitric acid of density not 
less than 1-42, of 2:4-dinitrodimethyl- or 2 : 4-dinitrodiethyl- 
aniline. An observation by Pinnow (Ber., 1899, 32, 1667), that 
dimethylaniline gave 95% of its weight of 2 : 4-dinitrodimethyl- 
aniline and 50% of its weight of 2-nitrodimethylaniline when 
treated with dilute sulphuric and nitric acids (see also Schuster and 
Pinnow, Ber., 1896, 29, 1053), would seem to indicate, however, 
that, of the initially formed o- and p-mononitro-compounds, only 
the latter underwent further nitration. Even were this so, the 
deductions from the present work would be unaffected, since the 
weakest nitrating acid used in the experiments on the nitrophenyl- 
piperidines was ordinary nitric acid (d 1-42). For comparison, it is 
now shown that the interaction of this reagent with 2-nitrodimethyl- 
aniline at room temperature leads to high yields of 2 : 4 : 6-trinitro- 
phenylmethylnitroamine, and the observation of Weber (Ber., 1877, 
10, 763), that by nitration of dimethylaniline with a solution of 
nitric acid in glacial acetic acid complete 2 : 4-dinitration is readily 
effected, has been verified experimentally. 

Moreover, with regard to Pinnow’s results, from general prin- 
ciples it would be expected that progressive dilution of the attack- 
ing reagent would render any slight difference in reactivity of two 
positions in a substituted benzene nucleus increasingly obvious, and 
the experiments of Clemo and Smith (J., 1928, 2414) have shown 
that dilution of the nitrating acids with water is, in the case of 
certain dimethylanilines, a change of experimental conditions likely 
to lead to fundamentally different results. 

The tendency of 2’- and 4’-nitro-1-phenylpiperidines to undergo 
salt formation is apparently strong; combination of either with 
mineral acid was violent (much more so than the analogous reactions 
with the nitrodimethylanilines) and each gave a stable perchlorate, 
ferrichloride, and mercurichloride. 

An explanation of the present observations must therefore be 
sought in the relatively (to dialkyl) rigid structure of the piperidine 
ring, which, in the case, for example, of the o-nitro-compound, 
would more effectively (a) spread the area of direct influence of the 


two positive charges cHe<onrcu>y—<_ > X (I) by its 
Rigging 
: 0, 


» + 
spatial interactions with the bulky o-nitro-group and (6) prevent the 
nearer approach of the negative anion X and consequent reduction 
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of the strong inductive and direct effects set up by the positive 
poles indicated in (I) (compare Pollard and Robinson, J., 1927, 
2770). 

EXPERIMENTAL. 

Action of Nitric Acid on 2'-Nitro-1-phenylpiperidine.—(a) When 
the nitro-compound (2 g.) was added cautiously and in portions to 
10 c.c. of fuming nitric acid at the ordinary temperature, it dis- 
solved with a hissing noise (addition of too large a portion caused 
inflammation). After 5 minutes, dilution with water and basific- 
ation with ammonia gave nearly 2 g. of a bright red solid, m. p. 
76—77° (alone, or mixed with authentic 2’-nitro-1-phenylpiperidine). 
(6) The nitro-compound (2 g.), after being dissolved in 10 c.c. of 
sulphuric acid, treated with 10 c.c. of fuming nitric acid, and heated 
on the water-bath for 15 minutes, was largely recovered unchanged ; 
considerable decomposition, however, occurred. 

Action of Nitric Acid on 4'-Nitro-1-phenylpiperidine.—The nitro- 
compound gave an uncrystallisable red oil under conditions (a) and 
was destroyed under conditions (b). When a solution of the nitro- 
compound (2 g.) in ordinary nitric acid (d 1-4) at 0° was left for 
1 minute, then diluted with water and made alkaline, an almost 
quantitative yield of 2’ : 4’-dinitro-1-phenylpiperidine, m. p. 92°, 
was obtained. 

Preparation of 1:4-Di(2’- and 4'-nitrophenyl)piperazines.— 
Equal weights of the appropriate chloronitrobenzene and piperazine 
hydrate were gently boiled together for 15 minutes. The product 
was extracted repeatedly with boiling alcohol, and .the residue 
crystallised. 1 : 4-Di(2’-nitrophenyl)piperazine separated in orange 
plates, m. p. 193—194°, from much glacial acetic acid (Found : 
N, 17-2. C,,H,,0,N, requires N, 17-1%), and the corresponding 
4’-nitro-compound as a microcrystalline red powder, m. p. 263— 
264°, from phenol-nitrobenzene although the crude substance was 
yellow (Found: N, 17-2%). 

Nitration of 1: 4-Di(2’- and -4'-nitrophenyl)piperazines.—1 G. of 
each compound was dissolved in separate equal large volumes of 
hot acetic acid and 5 c.c. of nitric acid (d 1-5) were added. The 
production of 1 : 4-di(2’ : 4’ : 6’-trinitrophenyl)piperazine (Le Févre 
and Turner, J., 1927, 113) from the former compound was complete 
after the mixture had been kept at the ordinary temperature for 
12 hours; in the case of the 4’-nitro-compound, 10 minutes were 
sufficient. 

Action of Nitric Acid on 2-Nitrodimethylaniline.—This substance 
was prepared in good yield by 8 hours’ boiling of a mixture of 
o-chloronitrobenzene (15 g.), 30% dimethylamine solution (35 g.), 
and sufficient alcohol to produce a homogeneous solution. The 
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product, after dilution with water, was extracted with benzene, and 
the extract washed with water and finally with dilute sulphuric 
acid. The acid solution was basified and again shaken with benzene. 
2-Nitrodimethylaniline distilled at 145—155°/ca. 30 mm. as a clear 
red oil. 

By addition of 1 g. to 15 c.c. of nitric acid (d 1-42) at the ordinary 
temperature, followed after 15 minutes’ solution by precipitation 
by dilution with water, a cream-coloured crystalline product was 
obtained, brief treatment of which with hot aqueous-alcoholic 
ammonia gave picramide, m. p. 188—189° (alone or mixed with 
an authentic specimen). Crystallisation of the nitration products 
from alcohol afforded cream plates, m. p. 131° (alone or mixed with 
authentic 2 : 4 : 6-trinitrophenylmethylnitroamine). Since 2 : 4-di- 
nitrodimethylaniline is undoubtedly a precursor of “ tetryl”’ in 
its direct formation from dimethylaniline, it is obvious that the 
4-mononitration of 2-nitrodimethylaniline is a readily effected pro- 
cess and that 2-nitrodimethylaniline differs markedly from 2’-nitro- 
1-phenylpiperidine in this respect. 

Dinitration of Dimethylaniline.—Dimethylaniline (12 g.; 1 mol.), 
dissolved in glacial acetic acid (80 g.), was slowly treated at 0—5° 
with fuming nitric acid (15 g.; 2 mols.) diluted with an equal 
volume of acetic acid. The resulting mixture was left until its 
temperature had risen to 15°; it was then diluted with much 
water. The yellow crystalline precipitate obtained, after drying, 
had m. p. ca. 75° (after two crystallisations from carbon disulphide 
the m. p. was 78-5—79-5°) and its weight (19 g.) corresponded to a 
90% yield of 2 : 4-dinitrodimethylaniline. 

Complex Salts from 2'- and 4'-Nitro-1-phenylpiperidines.—The 
two nitro-compounds dissolved readily in concentrated hydro- 
chloric acid. To the solutions, slightly diluted with water, con- 
centrated ferric chloride solution was added slowly. After filtration 
and crystallisation from acetic acid, 2’-nitro-1-phenylpiperidinium 
ferrichloride, dark yellow needles, m. p. 147—148° (Found: N, 7-0. 
C,,H,,;0O,N,Cl,Fe requires N, 6-9°%), and 4’-nitro-1-phenylpiperidin- 
ium ferrichloride, straw-yellow needles, m. p. 130—135°, were 
obtained. No ferrichloride formation could be observed with 
2’ ; 4’-dinitro-1-phenylpiperidine. 

Addition of aqueous mercuric chloride to the above hydrochloric 
acid solutions gave the corresponding mercurichlorides, which 
formed cream-coloured plates, m. p. 170—175°, and bright yellow 
plates, m. p. 70—80°, respectively. 

Addition of aqueous perchloric acid to mineral acid solutions of 
2’-nitro-l-phenylpiperidine precipitated a white microcrystalline 
perchlorate which, after crystallisation from glacial acetic acid, had 
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m. p. 240—243° (decomp.) (Found : N, 9-3. C,,H,,0,N,Cl requires 
N, 9:15%). The corresponding 4’-nitro-1-phenylpiperidinium per- 
chlorate was apparently soluble in water, since a hydrochloric acid 
solution of 4’-nitro-l-phenylpiperidine could, after addition of 
aqueous perchloric acid, be diluted with a large excess of water 
without any precipitation occurring. 


UNIVERSITY COLLEGE, LONDON. [Received, November 14th, 1929.] 





XXIII.—Sugar Carbonates. Part IV. The Di- 
carbonates of Glucose, Fructose, Mannose, Galac- 
' tose, and Arabinose. 


By WALTER NorRMAN HawortH and CHARLES RAYMOND PORTER. 


A SERIES of new crystalline derivatives of sugars has been prepared 


containing two carbonate residues of the type or O 0. 

Hitherto the attempts to prepare these substances have led 
either to the introduction of only one such residue or to the formation 
of sugar carbonates containing also carbonic ester groups. The 
present results have been obtained by the condensation of various 
sugars with carbonyl chloride in pyridine solution. Accompanying 
the crystalline dicarbonate there is usually an amorphous by-product 
of higher molecular weight which appears to be a polysaccharide 
derivative. The latter reaction has not been studied in detail. 

The dicarbonates of the sugars are well-defined and easily 
characterised products which resemble closely the diacetone 
derivatives of the sugars. For instance, they are hydrolysed by 
dilute acids to the parent sugars; this change, however, does not 
proceed nearly so readily as with the sugar-acetones. On the other 
hand, the sugar carbonates are instantly attacked by alkali even in 
the cold. It is these properties that suggested the utilisation of the 
dicarbonates in synthetic operations such as those recently described 
(J., 1929, 2796). 

The specific rotations of the dicarbonates derived from glucose, 
fructose, and mannose are analogous to those of the corresponding 
diacetone derivatives, but arabinose dicarbonate, [«];.) +- 61-3°, 
and galactose dicarbonate, [«];7g9 — 86°5°, have higher rotations 
than arabinose-diacetone and galactose-diacetone, [«]52.9 -- 1° and 
— 56° respectively (in aqueous acetone). These variations appear 
to be due to differences of conformation rather than of structure. 

The constitutional formule suggested are indicated below and 
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are based on the similarity in properties to the diacetones, the 
constitutional formulz of which have been elucidated. 











o<O'GH, 
OC 
“<0.6H” H <o. CH,-O 
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H O-——CO es x” 
Glucose dicarbonate. Mannose dicarbonate. a-Fructose dicarbonate. 
~ 6 i -OH - 9 r 
< > a Me 
3 ay 
CO oO 
Galactose dicarbonate. Arabinose dicarbonate. 


Evidence of the constitution here assigned to mannose dicarbonate 
is furnished by the fact that this substance gives rise to a crystalline 
anilide and a crystalline methylmannoside dicarbonate which does 
not reduce Fehling’s solution. This interesting mannoside will form 
the subject of a further communication. 

The behaviour of the glucose dicarbonate, including its relation- 
ship to glucose-acetone carbonate (loc. cit.), provides support for 
the constitution which is here assigned. 


EXPERIMENTAL. 


Glucose Dicarbonate.—In the first attempts to condense carbonyl 
chloride with glucose the sugar was dissolved in pyridiue, cooled in 
ice, and vigorously stirred while a 20% solution of carbonyl chloride 
in toluene was added drop by drop. The addition caused the 
precipitation of a yellow crystalline solid (possibly the addition 
compound of carbonyl chloride and pyridine), and the removal of 
the reagent in this form was probably the reason for the minute 
amount of sugar carbonate formed in this way. 

In subsequent experiments gaseous carbonyl chloride, obtained 
from a cylinder of the compressed gas, was passed into the solution 
of the sugar in pyridine. At the end of the reaction the mixture 
was treated with ice, to decompose the carbonyl chloride—pyridine 
complex, and the liquid was filtered. When the reaction was 
arrested after about an hour, an almost clear solution was obtained, 
but if the reagents had been in contact for several hours, or if a very 
rapid current of carbonyl chloride had been passed, or the tem- 
perature allowed to rise, a considerable amount of an insoluble 











the 


ate 
ine 
es 
rm 


yl 
in 





SUGAR CARBONATES. PART IV. 153 


amorphous condensation product (A) was formed, which was 
removed by filtration. = 

The aqueous filtrate contained pyridine, pyridine hydrochloride, 
glucose dicarbonate, and glucose. The pyridine and its hydro- 
chloride were removed together by adding an excess of barium 
carbonate and evaporating the solution to a small bulk at 30—35° 
under reduced pressure. The glucose dicarbonate was sparingly 
soluble in water and was extracted with ethyl acetate in a mechanical 
extractor. Another and somewhat more rapid method of separating 
the sugar carbonate from the original mixture consisted in treatment 
of the latter with excess of barium carbonate and repeated extraction 
with ethyl acetate: the whole of the pyridine was thus removed, 
and with it the sugar carbonate, which was much more soluble in 
pyridine than in ethyl acetate. The latter solvent was eliminated 
by distillation at 40—50° under diminished pressure. The residual 
pyridine solution was evaporated at the ordinary temperature in & 
vacuum desiccator containing sulphuric acid. The residue was a 
viscid liquid or glassy solid, which became crystalline on trituration 
with alcohol. In this method, some unchanged glucose as well as 
the glucose carbonate was extracted by the pyridine. 

In a typical preparation, carbonyl chloride was passed for 1 hour, 
from a delivery tube with a bell-shaped orifice in order to prevent 
stoppages, into an ice-cooled, vigorously stirred solution of 18 g. of 
glucose in about 50 c.c. of pyridine. The product was treated with 
ice-water, filtered, and extracted with ethyl acetate. During the 
extraction, sufficient barium carbonate was added to neutralise the 
hydrochloric acid liberated by the removal of pyridine from the 
solution of its hydrochloride. Evaporation of the solvents from 
this extract left a viscid mass which deposited crystals on treatment 
with alcohol. Further crops of crystals were deposited on concen- 
tration of the alcoholic solution, and finally a viscid residue remained 
which yielded no further crystalline material (yield, 1 g.). 

An attempt was also made to prepare a glucose carbonate by 
passing carbonyl chloride into a thoroughly stirred, concentrated 
aqueous solution of glucose cooled inice and salt. The hydrochloric 
acid and excess of carbonyl chloride were then removed by the 
addition of silver carbonate, and the solution was evaporated at a 
low temperature. The product crystallised and appeared to be 
mainly unchanged glucose; a very small amount of glucose 
carbonate was, however, detected. 

The amorphous product A (see above) was insoluble in the usual 
organic solvents except pyridine, but was soluble in a mixture of 
acetone and water. It gave a precipitate of barium carbonate 
when warmed with barium hydroxide solution, and reduced Feh- 
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ling’s solution. On treatment with dilute alkali it dissolved, a 
polysaccharide being probably formed. 

Glucose dicarbonate is sparingly soluble in most solvents, the 
decreasing order of solubility being pyridine, acetone (about 1-5% in 
cold), ethyl acetate, alcohol (about 0-4°%% when boiling), water, and 
chloroform. It crystallises well from alcohol, being about four 
times as soluble in the hot as in the cold, yielding needles or lustrous 
flakes, m. p. 224° (efferv.; sintering at 200°). 

Glucose dicarbonate is hydrolysed rapidly by dilute alkalis, but 
is not readily decomposed by dilute acids in the cold. When it is 
warmed with aqueous barium hydroxide solution, a precipitate of 
barium carbonate is formed. The alkali present in Fehling’s 
solution is sufficient to effect hydrolysis, followed by reduction. 
The dicarbonate has [a])p — 29° (c = 1-0 in acetone containing 25% 
of water). No change in this value was observed, even after the 
addition of a drop of aqueous hydrochloric acid (Found: C, 41-5; 
H, 3-6; CO,, 37-5; M, ebullioscopic in acetone, 239. C,H,O, 
requires C, 41-4; H, 3-5; CO,, 37-9%; M, 232). 

Galactose Dicarbonate.—This compound was prepared in the same 
manner as glucose dicarbonate. Several variations of the method 
of extraction were tried, but the process ultimately adopted for the 
glucose analogue was found to be the most effective. 

In general, galactose dicarbonate is similar in its properties to 
glucose dicarbonate. It is, however, somewhat more soluble in 
water, from which it crystallises well in long needles, m. p. 212° 
(efferv.; slight sintering at 190°); [«]%% —86-5° in acetone con- 
taining 25% of water (c = 0-6). The addition of a trace of hydro- 
chloric acid did not alter the rotation in 22 hours (Found: C, 41-7; 
H, 3-7. C,H,O, requires C, 41-4; H, 3-5%). 

Mannose Dicarbonate.—This preparation proceeded rather more 
readily than in the previous examples, and the product was more 
easily extracted. 

In a typical preparation, 6 g. of mannose were dissolved in 20 c.c. 
of pyridine, the solution was cooled in an ice-bath and vigorously 
stirred, and a fairly rapid current of carbonyl chloride was passed 
for about # hour. Ice-water was then added, and 1-5 g. of an 
amorphous carbonate, probably a polysaccharide carbonate, were 
collected. The filtrate was treated with an excess of barium 
carbonate and evaporated to small bulk under diminished pressure 
at 30—35°. After removal of the pyridine by this process, the 
solution was filtered and extracted with ethyl acetate in the 
mechanical extractor. Yield, 0-5 g. 

Mannose dicarbonate crystallised well from water in lustrous 
flakes or needles, m. p. 122—123° (efferv.; slight sintering at 118°). 
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It gave a precipitate with barium hydroxide solution, and reduced 
Fehling’s solution suddenly, on heating (Found: C, 41-4; H, 3-6; 
CO,, 36-7. C,H,O, requires C, 41-4; H, 3:5; CO,, 37-9%). 
[a]}iao + 26°; [a], + 285° in dry acetone (c= 1-0). The sub- 
stance showed no appreciable mutarotation in this solvent even 
after the addition of a trace of hydrochloric acid. 

The anilide of mannose dicarbonate was prepared by heating 
mannose dicarbonate and aniline (2 mols.) in alcoholic solution for 
2 hours. The solution was then allowed to evaporate at the 
ordinary temperature. The residue, after being triturated with 
several solvents, crystallised from ethyl acetate, containing dry 
ether, in hard white prisms, m. p. 174—175°. The substance was 
sparingly soluble in alcohol or ethyl acetate and slowly became 
discoloured on exposure to the air. [a]? — 70° (after 5 minutes) ; 
—32° (after 18 hours) in ethyl alcohol (c = 0-2); [«]}° — 83° in 
methyl alcohol (c = 0-1) (Found: C, 54:85; H, 4:5; N, 4-65. 
C,,H,,0,N requires C, 54:7; H, 4:25; N, 455%). 

Fructose Dicarbonate.—Fructose (10 g.) was dissolved in 25 c.c. 
of pyridine and cooled in ice and vigorously stirred. A fairly rapid 
current of carbonyl chloride was admitted during ? hour; ice-water 
was then added, and an amorphous fructose carbonate derivative 
removed by filtration. After addition of excess of barium carbonate, 
the filtrate was extracted with ethyl acetate, first by hand and then 
mechanically. The ethyl acetate was distilled at 40—50° under 
slightly reduced pressure and the pyridine was evaporated from the 
residue at the ordinary temperature in a vacuum desiccator con- 
taining sulphuric acid. When only a trace of pyridine remained, a 
little water was added, which caused the fructose dicarbonate to 
become crystalline (yield, 1 g.). 

The aqueous solution remaining after the extraction with ethyl 
acetate was evaporated to dryness at 30—35°, and the finely 
powdered residue extracted repeatedly with boiling acetone in the 
hope of isolating an isomeric fructose dicarbonate. Only a small 
amount of a syrupy product was extracted and this yielded a further 
amount of the same fructose dicarbonate. 

Fructose dicarbonate has solubilities intermediate between those 
of the corresponding derivatives of glucose and mannose, being 
quite easily soluble in acetone and alcohol. It crystallised well 
from water, separating in hard prisms if not quite pure, but when 
pure it was obtained in clusters of needles. It contained $ mol. of 
water of crystallisation, which was not removed in a vacuum over 
sulphuric acid at the ordinary temperature, but was eliminated in a 
vacuum at 90°. M. p. 173—174°; effervescence occurred at this 
temperature after a few seconds. The rotation was similar to that 
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of the «-form of fructose diacetone, and mutarotation was not 
observed on the addition of atrace of hydrochloric acid. [{«]}$,, —143° 
and [«];%;, — 159° (in 50% aqueous acetone, c = 1-14) (Found: 
1, 40-1; H, 3-95; CO,, 36-4; H,O, 3-4. C,H,O,,4H,O requires 
C, 39-9; H, 3-75; CO,, 36-5; H,O, 3-7%). 

The amorphous substance which was collected after the addition 
of ice-water to the pyridine solution in the above reaction appeared 
to be insoluble in most liquids except pyridine, but was soluble in 
acetone containing a little water. The acetone was allowed to 
evaporate from such a solution and the precipitated solid was 
removed. The aqueous filtrate left only a small amount of glassy 
residue on evaporation. The precipitated solid was washed with 
water and was then almost completely soluble in dry acetone. It 
was extracted with this solvent, and the solution allowed to 
evaporate; the vitreous residue became opaque on trituration with 
water. It reduced Fehling’s solution, and gave a precipitate when 
warmed with barium hydroxide solution. The product decomposed 
without melting between 150° and 180°. [«]#,, —58° (c = 1-29 in 
acetone) (Found : CO,, 37:7% ; M, ebullioscopic in acetone, 780, 765). 
This molecular weight is intermediate between those required by 
three (660) and four (874) fructose dicarbonate residues joined by 
loss of water. The carbonate values required by these substances 
are 40-0 and 40-3% respectively. 

A further attempt was made to-separate the obviously complex 
mixture by fractional precipitation from acetone solution by the 
addition of ether. By this process four fractions were collected, the 
rotations of which did not vary greatly [(1) [«]ss — 64°; (2) 
[a ]srs0 — 58°5°; (3) [a ]sr0 — 63°; (4) [x]s50 — 65°], and, although the 
solubilities of the fractions differed considerably, pure substances 
were not obtained. The examination of this mixture is therefore 
held over until larger quantities are available. 

Arabinose Dicarbonate.—The reaction of arabinose with carbonyl 
chloride in pyridine did not proceed so quickly as was the case with 
the other sugars. The gas was passed for 2 hours into a cooled and 
vigorously stirred solution of 10 g. of arabinose in 30 c.c. of pyridine. 
The product was an extremely thick paste, and stirring was im- 
practicable. Ice-water was added, and the clear solution extracted 
with ethyl acetate, barium carbonate being added to keep the 
solution neutral. After removal of the solvent from the extracts as 
in previous cases, a viscid syrup remained which deposited crystals 
on treatment with water. The filtrate from this solid deposited 
more crystalline material after being kept forsome weeks (yield, 2 g.). 

Arabinose dicarbonate is slightly soluble in chloroform, but rather 
more soluble in ethyl acetate, alcohol, water, and acetone. It 
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crystallises well from water (solubility in hot water, 1 part in 140 
parts). It separated in short hard prisms when not quite pure, 
and in longer crystals when pure. M. p. 200—202° (efferv.). It 
gave a precipitate with barium hydroxide and reduced Fehling’s 
solution. 

When heated to 160° in a vacuum, this dicarbonate very slowly 
sublimes, and at a slightly higher temperature, ¢.g., 180—190°, can 
be economically purified by this procedure. This behaviour is in 
marked contrast to that of the dicarbonates of the hexoses, which 
appeared to possess a negligible vapour pressure and decomposed on 
prolonged heating. 

Arabinose dicarbonate did not exhibit mutarotation in aqueous 
acetone, even after the addition of a trace of hydrochloric acid. 
[a}%co + 61-3°; [co], + 66-0° (in acetone containing 33% of water, 
c = 1-3) (Found: C, 41-7; H, 3-1; CO,, 41-6. C,H,O, requires 
C, 41-6; H, 3-0; CO,, 43-5%). 

The authors are grateful to the Government Grant Com- 
mittee of the Royal Society for a contribution towards the cost of 
materials. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, November 18th, 1929.] 





XXIV.—The Action of Bromine wpon the p-Tolylhydr- 
azones of Benzaldehyde and of the Nitrobenzaldehydes. 


By Freperick DanreL CHatTaway and ArTHUR B. ADAMSON. 


BRoMINE reacts very readily with the p-tolylhydrazones of benz- 
aldehyde and of the nitrobenzaldehydes. 

When 2 mols. of bromine are allowed to act upon 1 mol. of any one 
of the hydrazones, one atom of bromine enters the p-tolyl nucleus in 
an o-position with respect to the nitrogen atom and a second the 
®-position. 

The action of 1 mol. of bromine upon | mol. of hydrazone yields a 
mixture of the ow-dibromo-derivative and unchanged hydrazone. 

The ow-dibromo-hydrazones are also obtained by the action of 
1 mol. of bromine upon the hydrazones of 3-bromo-p-tolylhydrazine. 

When a large excess of bromine is used, a third atom of bromine 
can be introduced into the remaining o-position in the p-tolyl 
nucleus. A larger excess of halogen is required to effect complete 
tribromination of benzaldehyde- and p-nitrobenzaldehyde-p-tolyl- 
hydrazones than of m-nitrobenzaldehyde-p-tolylhydrazone. 

Compounds containing more than three atoms of bromine in the 
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molecule cannot be obtained by the direct bromination of these 
hydrazones. 
The course of the reactions may be represented thus : 


NH-N:CBrR NH-N:CHR 


Br 
ys ean a 


CH, 
NH:‘N:CBrR = NH:N:CHR 


: et eS 


In these »-bromo-hydrazones the w-bromine atom is very reactive. 
When heated with sodium acetate and acetic acid, they are converted 
into the corresponding (-acetyl-hydrazides of benzoic or nitrobenzoic 
acid : 


R’-NH:-N:CBrR —> [R’*NAc:N:C(OH)R] —> R’*-NAc‘-NH-COR 


These hydrazides may be hydrolysed with aqueous-alcoholic hydro- 
chloric acid, a substituted p-tolylhydrazine and an acid corresponding 
to the aldehyde forming the original hydrazone being produced. 
When only one o-bromine atom is present in the p-tolyl nucleus, the 
8-acetyl group of the hydrazide is removed by hydrolysis 


C,H,MeBr‘NAc‘NH-COR —> 
C,H,;MeBr‘NH-NH, + R-CO,H + CH,:CO,H, 


Zz 


e. 


but when both o-positions are occupied by bromine atoms, this 
acetyl group is protected and an a-acetylated dibromo-p-toly]l- 
hydrazine is obtained : 
C,H,MeBr,*-NAc-NH-COR —> C,H,MeBr,*NAc-NH, + R-°CO,H. 
The w-bromo-hydrazones are converted into the corresponding 
hydrazidines by the action of concentrated aqueous ammonia : 


R’-NH-N:CBrR —> R’-NH-N:C(NH,)R. 


These are highly-coloured weak bases and form colourless crystalline 
hydrochlorides which are rather unstable and sparingly soluble in 
alcohol or dilute hydrochloric acid. 
o-Nitrobenzaldehyde-p-tolylhydrazone does not behave in quite 
the same way as its isomerides, this hydrazone being rather less 
stable. When 2 mols. of bromine are used, an #-bromo-compound is 
obtained in the normal manner. A larger proportion of bromine has 
no further action at the ordinary temperature, but when the temper- 
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ature is allowed to rise, the hydrazone breaks down and the bright 
orange perbromide of 3 : 5-dibromo-p-toluidine is formed : 


NH,, HBr, NH-N—CH NH:-N—CBr 
Me Me Me 


Although not produced by the direct bromination of o-nitro- 
benzaldehyde-p-tolylhydrazone, «-bromo-o-nitrobenzaldehyde-3 : 5-di- 
bromo-p-tolylhydrazone is readily obtained by brominating o-nitro- 
benzaldehyde-3 : 5-dibromo-p-tolylhydrazone, the w-position being 
easily substituted. 

The’ -bromo-compounds derived from o0-nitrobenzaldehyde- 
p-tolylhydrazone have different properties from those derived from 
other p-tolylhydrazones and readily lose hydrogen bromide, forming 
the violently explosive ketoendoaryliminodihydrobenzisodiazole 
oxides (I) (the so-called isodiazomethane derivatives) (J., 1925, 
127, 2407). 

This loss takes place even on cautious recrystallisation from 
alcohol. When boiled for several hours with alcohol, the explosive 
compounds lose one atom of oxygen and form ketoendoarylimino- 
dihydrobenzisodiazole derivatives (II) (J., 1927, 323). 


bg CO 
‘Br:N-NHR N N 
NR 
Crm + Ope OC 
O 


(I.) (II.) 


If bromination is carried out in the presence of sodium acetate, the 
formation of the w-bromo-compound and the elimination of hydrogen 
bromide from this take place successively and the explosive com- 
pound is obtained as the product of the one operation (J., 1925, 127, 
2408). 

When o-nitrobenzaldehyde-p-tolylhydrazone is brominated in the 
presence of sodium acetate, no substitution occurs in the p-tolyl 
nucleus at the ordinary temperature, even when excess of bromine is 
used, and consequently the explosive compound formed under these 
conditions contains no halogen. 


EXPERIMENTAL. 


«-Bromo-m-nitrobenzaldehyde-3-bromo-p-tolylhydrazone.—To a sus- 
pension of 5 g. (1 mol.) of m-nitrobenzaldehyde-p-tolylhydrazone in 
70 c.c. of acetic acid was slowly added a solution of 2-1 c.c. (2 mols.) 
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of bromine in 10 c.c. of acetic acid. The hydrazone dissolved, 
forming an orange solution from which w-bromo-m-nitrobenzaldehyde- 
3-bromo-p-tolylhydrazone separated as a bright yellow solid. After 
being washed with water, this crystallised from acetic acid, in which 
it was moderately easily soluble, in long, slender, bright yellow 
prisms, m. p. 145-5° (Found: Br, 39-1. C,,H,,O,N,Br, requires 
Br, 38-7%). 

«-Bromo -m-nitrobenzaldehyde -3 : 5 -dibromo- p -tolylhydrazone.—A 
solution of 3-1 c.c. (3 mols.) of bromine in 10 c.c. of acetic acid was 
added to a suspension of 5 g. (1 mol.) of m-nitrobenzaldehyde- 
p-tolylhydrazone in 100 c.c. of the same solvent. The dibromo- 
compound separated as a bright yellow solid, which became paler as 
it was converted into the tribromo-compound. The mixture was 
heated on a water-bath to complete the reaction and cooled, and the 
solid collected. «w-Bromo-m-nitrobenzaldehyde-3 : 5-dibromo-p-tolyl- 
hydrazone crystallises from acetic acid, in which it is moderately 
easily soluble, in pale yellow prisms, m. p. 154-5° (Found: Br, 48-8. 
C,,H,,0,N,Br, requires Br, 48-8%). 

The same compound was easily prepared by the action of 1 mol. 
of bromine upon m-nitrobenzaldehyde-3 : 5-dibromo-p-tolylhydr- 
azone. 

«-Bromo-p-nitrobenzaldehyde-3-bromo-p-tolylhydrazone.—This was 
obtained in a similar manner by the action of 2-1 c.c. (2 mols.) of 
bromine upon 5 g. (1 mol.) of p-nitrobenzaldehyde-p-tolylhydrazone 
suspended in 100 c.c. of acetic acid. It crystallised from acetic acid, 
in which it was moderately easily soluble, as a felted mass of bright 
orange needles, m. p. 176° (Found: Br, 39-1. C,,H,,O,N,Br, 
requires Br, 38-7%). 

« - Bromo -p -nitrobenzaldehyde - 3 : 5 - dibromo -p -tolylhydrazone.— 
When 3 mols. of bromine were used to 1 mol. of p-nitrobenzaldehyde- 
p-tolylhydrazone, the product was almost exclusively w-bromo- 
p-nitrobenzaldehyde-3-bromo-p-tolylhydrazone. Not until 8 mols. 
of bromine were used was there any appreciable formation of the 
tribromo-compound and to ensure complete tribromination it was 
found advisable to use a still larger excess of bromine. 

5 G. of p-nitrobenzaldehyde-p-tolylhydrazone (1 mol.) were 
suspended in 100 c.c. of acetic acid, and 10 c.c. (excess) of bromine 
added with vigorous shaking. The mixture was heated on a water- 
bath for 30 minutes to complete the reaction. «-Bromo-p-nitro- 
benzaldehyde-3 : 5-dibromo-p-tolylhydrazone, which separated as an 
orange solid, crystallised from acetic acid, in which it was easily 
soluble, in long orange-yellow prisms, m. p. 161° (Found : Br, 48-7. 
C,,H,90,N,Br, requires Br, 48-8%). 

«-Bromobenzaldehyde-3-bromo-p-tolylhydrazone.—This was obtained 
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by the action of 2-5 e.c. (2 mols.) of bromine upon 5 g. (1 mol.) of 
benzaldehyde-p-tolylhydrazone suspended in 25 c.c. of acetic acid. 
It crystallised from hot alcohol, in which it was easily soluble, in 
long colourless needles, m. p. 74° (Found: Br, 43-8. C,,H,,N,Br, 
requires Br, 43-5%). 

«-Bromobenzaldehyde-3 : 5-dibromo-p-tolylhydrazone.—This could 
be prepared from benzaldehyde-p-tolylhydrazone only by the use of 
a large excess of bromine. 10 C.c. of bromine were added to 5 g. of 
the hydrazone in 25 c.c. of acetic acid. The product crystallised from 
hot acetic acid, in which it was easily soluble, in long colourless 
needles, m. p. 106° (Found: Br, 53-8. C,,H,,N,Br, requires Br, 
53-7%). 

m-Nitrobenz-$-acetyl-3-bromo-p-tolylhydrazide, 

C,H,MeBr-NAc-NH-CO-C, H,-NO,, 
was obtained as a white viscid solid which could not be made to 
crystallise. Its constitution was shown by hydrolysis with alcohol 
and hydrochloric acid; it then yielded acetic acid, m-nitrobenzoic 
acid, and 3-bromo-p-tolylhydrazine. 

m - Nitrobenz - B- acetyl-3 : 5-dibromo-p-tolylhydrazide crystallised 
from alcohol in fine colourless prisms, m. p. 170° (Found :: Br, 33-8. 
C,¢H,,;0,N,Br, requires Br, 33-99%). On hydrolysis it yielded 
m-nitrobenzoic acid and «-acetyl-3 : 5-dibromo-p-tolylhydrazine. 
The latter was identified by conversion into its m-nitrobenzaldehyde- 
hydrazone, which crystallised from acetic acid in colourless shining 
plates, m. p. 218°, and was identical with the compound prepared by 
the action of acetic anhydride upon m-nitrobenzaldehyde-3 : 5-di- 
bromo-p-tolylhydrazone. 

p-Nitrobenz-B-acetyl-3-bromo-p-tolylhydrazide crystallised from alco- 
hol in colourless prisms, m. p. 173° (Found: Br, 20-6. C,,H,,0,N,Br 
requires Br, 20-4%). On hydrolysis it yielded acetic acid, p-nitro- 
benzoic acid, and 3-bromo-p-tolylhydrazine. 

p-Nitrobenz-B-acetyl-3 : 5-dibromo-p-tolylhydrazide crystallised from 
alcohol in colourless prisms, m. p. 183° (Found: Br, 33-7. 
C,.H,,0,N,Br, requires Br, 33-9%). On hydrolysis it yielded 
p-nitrobenzoic acid and «-acetyl-3 : 5-dibromo-p-tolylhydrazine. 

Benz-$-acetyl-3 : 5-dibromo-p-tolylhydrazide crystallised from 
alcohol in colourless prisms, m. p. 190° (Found: Br, 37-4. 
C,,H,,0,N,Br, requires Br, 37-56%). On hydrolysis it yielded 
benzoic acid and «-acetyl-3 : 5-dibromo-p-tolylhydrazine. 

The following hydrazidines were prepared by the action of 5 c.c. 
of concentrated aqueous ammonia upon a suspension of 5 g. of the 
#-bromo-compounds in 50 c.c. of alcohol. 

3-Bromo-p-tolyl-m-nitrobenzenylhydrazidine, 

C,H,MeBr-NH-N-C(NH,)-C,H,*NO,, 
G 
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erystallises from alcohol in red prisms, m. p. 136° (Found: Br, 
22-8. ©,,H,,0,N,Br requires Br, 22-9%). It forms a hydro- 
chloride which crystallises from alcohol and hydrochloric acid in 
colourless plates, m. p. 230° (decomp.). 

3 : 5-Dibromo-p-tolyl-m-nitrobenzenylhydrazidine crystallises from 
alcohol in yellow prisms, m. p. 151° (Found: Br, 37:6. 
C,,4H,,0,N,Br, requires Br, 37-4%), 3-bromo-p-tolyl-p-nitrobenzenyl- 
hydrazidine in deep purple prisms, m. p. 155° (Found: Br, 22:8. 
C,,H,,0,N,Br requires Br, 22-9%), and 3 : 5-dibromo-p-tolyl- 
p-nitrobenzenylhydrazidine in orange-yellow rhombic plates, m. p. 
145° (Found : Br, 37:2. C,,H,,0,N,Br, requires Br, 37-4%). 


The Bromination of o-Nitrobenzaldehyde-p-tolylhydrazone. 


«-Bromo-o-nitrobenzaldehyde-3-bromo-p-tolylhydrazone.—2-1 C.c. of 
bromine (2 mols.) were added to 5 g. (1 mol.) of o-nitrobenzaldehyde- 
p-tolylhydrazone suspended in 50 c.c. of acetic acid. A dark brown 
solution was formed from which w-bromo-o-nitrobenzaldehyde-3- 
bromo-p-tolylhydrazone slowly separated in yellow crystals. Re- 
crystallised from acetic acid, it formed yellow rhombic plates, m. p. 
105° (decomp.). The recrystallisation must be rapidly effected, since 
the compound quickly decomposes when heated with acetic acid 
(Found: Br, 38-3. C,,H,,0O,N,Br, requires Br, 38-7%). 

The compound cannot be recrystallised from alcohol, as it then 
loses hydrogen bromide and is converted into the highly explosive 
3-keto-1 : 2-endo-3’-bromo-p-tolylimino - 2 : 3-dihydro-1 : 2-benzisodi- 
azole 1-owide (I; R =C,H,MeBr). This crystallises from alcohol 
in bright yellow, rhombic plates, explosion point 139° (Found : 
Br, 24:0. C©,,H,9O.N,Br requires Br, 24-1%). 

When 2 g. of the explosive compound were boiled for 2 hours under 
reflux with 25 c.c. of alcohol, a brown solution was obtained which, 
on cooling, deposited 3-keto-1 : 2-endo-3’-bromo-p-tolylimino-2 : 3-di- 
hydro-1 : 2-benzisodiazole. This crystallised from alcohol in pale 
yellow prisms, m. p. 166° (Found : Br, 25-2. C,,H,,ON,Br requires 
Br, 25-3%). 

The Action of Excess of Bromine upon o-Nitrobenzaldehyde-p-tolyl- 
hydrazone.—5 G. of the hydrazone were suspended in 100 c.c. of 
acetic acid, and 10 c.c. of bromine added. A dark brown solution 
was formed from which, on shaking and cooling, 3 : 5-dibromo- 
p-toluidine perbromide separated. This, recrystallised from a 16% 
solution of bromine in acetic acid, formed bright orange prisms, 
m. p. 134° (decomp.) (Found: Br, 78-2. C,H,NBr, requires 
Br, 79-0%). 

This perbromide is fairly stable in the solid state and can be dried 
at 100° with only slight decomposition. It loses bromine and 
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hydrogen bromide on being washed with water or kept for several 
weeks over lime in a vacuum desiccator. It is easily soluble in acetic 
acid and when the solution is boiled, bromine is evolved ; on cooling, 
3 : 5-dibromo-p-toluidine separates in colourless needles, m. p. 73°. 

The perbromide was also prepared by the action of an excess of 
bromine upon a solution of p-toluidine in acetic acid. 

«-Bromo-o-nitrobenzaldehyde-3 : 5-dibromo-p-tolylhydrazone was ob- 
tained by the action of 1 mol. of bromine upon o-nitrobenzaldehyde- 
3: 5-dibromo-p-tolylhydrazone. It decomposes very readily when 
warmed with acetic acid, but can be recrystallised from a mixture 
of benzene and high-boiling petroleum, from which it separates in 
pale yellow prisms, m. p. 123° (decomp.) (Found: Br, 48-3. 
C,4H,0,N,Br, requires Br, 48-8%). 

When boiled for a few minutes with alcohol, it loses hydrogen 
bromide and is converted into the highly explosive 3-keto-1 : 2-endo- 
3’ : 5'-dibromo-p-tolylimino-2 : 3-dihydro-1 : 2-benzisodiazole 1-oxide, 
which crystallises from alcohol in bright yellow, rhombic plates, 
explosion point 167° (Found: Br, 39-1. C,,H,O,N,Br, requires 
Br, 38-9%). 

The explosive compound (2 g.), when boiled with 25 c.c. of alcohol 
for 6 hours, gives the corresponding endoaryliminobenzisodiazole 
derivative, which crystallises from alcohol in yellow rhombic plates, 
m. p. 190° (decomp.). 

Bromination of o-Nitrobenzaldehyde-p-tolylhydrazone in the Presence 
of Sodium Acetate —5 G. of this hydrazone and 5 g. of anhydrous 
sodium acetate were suspended in 50 c.c. of acetic acid, and 1-1 ¢.c. 
of bromine (1 mol.) added. A dark solution was formed ftom which 
crystals of the explosive 3-keto-1 : 2-endo-p-tolylimino-2 : 3-dihydro- 
1 : 2-benzisodiazole 1-oxide slowly separated. It crystallised from 
alcohol in bright yellow prisms, explosion point 143°. The same 


‘compound, containing no halogen, was obtained even when 2 or 


3 mols, of bromine were used at the ordinary temperature. 
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Second Liversidge Lecture. 


DELIVERED BEFORE THE CHEMICAL SocrETy ON DECEMBER 12TH, 
1929. 


By HERBERT FREUNDLICH. 


Surface Forces and Chemical Equilibrium. 
I INTEND to discuss a problem of surface chemistry. It is well known 
that surface reactions are of the greatest importance in technical and 
biological processes. But these reactions are generally very com- 
plicated and it is therefore worth while to examine what we know 
about the simple case of a chemical equilibrium being influenced by 
surface forces. 

J. J. Thomson (“ Applications of Dynamics to Physics and 
Chemistry,” London, 1888, p. 234) was the first to point out that a 
chemical equilibrium ought to be influenced by capillarity. This 
celebrated treatise has always appeared to me as the true successor 
of Gibbs’s thermodynamical papers from which the chemist of to-day 
may still derive many suggestions. In it we find the sentence: “ If 
the surface tension increases as a chemical action goes on, the 
capillarity will tend to stop the action, while, if the surface tension 
diminishes as an action goes on, the capillarity will tend to increase 
the action.”” Thomson attempted to prove this theoretical con- 
clusion by experiments on the so-called ‘‘ dead space.” As is well 
known, alkali acts on chloral hydrate in aqueous solutions to yield 
chloroform, which separates throughout the solution as a white 
deposit of droplets except for a thin surface film where the solution 
is in contact with the air. This phenomenon was noticed first by 
Liebreich (Z. physikal. Chem., 1890, 5, 529). Now Monkman 
showed that the surface tension increases while this reaction is 


proceeding. This might at first sight make an explanation of the 


“* dead space ” possible on the assumption that the formation of the 
chloroform is retarded in the surface, since surface tension increases. 
Yet, however satisfactory this explanation may appear, it is 
inadequate. The real explanation is probably much simpler. 
Budde (ibid., 1891, 7, 586; Wied. Ann., 1892, 46, 173) showed that 
the absence of chloroform droplets in the uppermost layer is 
probably merely the result of evaporation, the whole phenomenon 
being most sensitive to small differences in temperature. This 
earlier attempt to verify Thomson’s theory was therefore not 
altogether successful. 

In the 40 years which have elapsed since then, a number of 
investigators have taken up this question. No case has been found 
simple and clear enough to afford a complete test of the theory; 








the 
gen 


sub 
stal 


sur’ 


tha 
the 


posi 
beti 
the 


low 
Suc 
whi 





wn 
and 
ym - 
LOW 


by 


and 
it a 
‘his 
SOr 
lay 
¢ If 
the 
ion 


on- 
vell 
ield 
1ite 
‘ion 


1an 
1 is 


the 


the 
ses. 
| is 
ler. 
hat 
- is 
non 
‘his 
not 


of 


ind 
ry; 





SURFACE FORCES AND OHEMICAL EQUILIBRIUM. 165 


the facts, however, agree with it on the whole. Before entering 
upon these investigations in detail, permit me to discuss some 
generalisations which I shall use. 

Increase and decrease of surface tension caused by the dissolved 
substances are related to a change of concentration of these sub- 
stances in the surface according to Gibbs’s equation. If the surface 
tension increases or decreases with increasing concentration, the 
surface contains respectively less or more of the dissolved substance 
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than the liquid in bulk. Let us call this change of concentration in 
the surface “‘ adsorption.” We then may assume that a substance 
is adsorbed negatively if it raises the surface tension, and is adsorbed 
positively if it lowers the surface tension. And Thomson’s relation 
between capillarity and chemical equilibrium may be expressed in 
the following way: the displacement of chemical equilibrium in a 
surface takes place in a direction favouring those substances which 
lower the surface tension and are therefore adsorbed positively. 
Such substances are said to exert “ capillary action,” an expression 


which is perhaps not defined quite sharply. 
G2 
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It may be rather bold not to confine these speculations to liquid- 
gas or liquid-liquid surfaces, where we are really able to measure 
surface tension, but to extend them to surfaces of solid substances. 
Here we are not able to measure surface tension, at least not with 
any degree of precision, but we can easily enough find phenomena 
which may be considered as phenomena of adsorption. There is a 
great similarity in the behaviour of these different boundaries. Let 
me remind you of two facts. First, the so-called rule of Traube 
holds good in aqueous 
solutions even if the 

, second phase is a gas, a 

liquid such as mercury, 
or a solid such as char- 
coal. According to this 
rule, capillary activity 
increases strongly and 
regularly as we ascend 
any homologous series of 
organic substances. This 
becomes clear, for in- 
stance, in the decrease of 
surface tension in solu- 
tions of fatty acids as 
shown in Fig. 1, and in 
accordance with Gibbs’s 
rule the adsorption in- 
creases as we rise in such 
a series. Figs. 2 and 3 
show adsorptionisotherms 
of fatty acids on charcoal 
and on siloxen (Si,O,H,), 
an enormously porous and 
strongly adsorbing sub- 
stance prepared from 
calcium silicide (CaSi,). The second fact is that organic (and 
many inorganic) acids and bases exhibit much greater capillary 
activity than their salts: they lower the surface tension more 
strongly and are accordingly adsorbed in a higher degree by most 
adsorbents. This may be explained by assuming that the ions 
are less active in this respect than the undissociated molecules. 

I am sure that surface chemistry will suffer many changes in the 
near future. But even if the ground on which we tread is not very 
firm, nevertheless I believe that we may generalise Thomson’s 
relation and say that, on any surface, substances which are adsorbed 
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strongly are formed in large amount and the chemical equilibrium is 
therefore shifted in this direction. 

Let me now return to the subject of my lecture. I shall com- 
mence by discussing a phenomenon which is rather complicated but 
has been known for a long time. If charcoal is shaken with salt 
solutions, especially those of salts with organic ions like dyes or 
alkaloids, the two ions are not always adsorbed in equivalent 
amounts; a dye kation, for instance, may be adsorbed more 
strongly than an inorganic anion, hydrogen ions replacing the 
lacking kations in the solution. This kind of exchange adsorption 
was perhaps considered to be of 
no great interest; it was assumed Fie. 3. 
simply, that some foreign sub- 
stance (e.g., ash) in the charcoal 2-5 
exchanged some of its ions for ions 
from the solution. This explan- 
ation had to be given up, however, 
when Bartell and Miller (J. Amer. 
Chem. Soc., 1922, 44, 1866; 1923, 
45, 1106; Miller, ibid., 1924, 46, 
1150; 1925, 47, 1270) showed 
that a very pure charcoal made 
from sugar and containing less 
than 0-01% of ash behaved in a 
similar way: it adsorbed acids 
from salt solutions, the solution 
being alkaline after adsorption 
had taken place. The amount 
of acid calculated from the alka- 
linity of the solution agreed ex- 
cellently with the amount found c. 
directly by washing the sugar 
charcoal with an organic solvent and titrating the acid. There 
was also a very distinct parallelism between the amount of acid 
adsorbed from the salt solution and the adsorbability of these 
acids in pure solution, for instance, for a benzoate, an oxalate, 
and a chloride. Here we really seem to have a hydrolysis of the 
salt caused by adsorption, a shifting of an equilibrium in such a 
direction that the production of the more strongly adsorbed 
substances—the acids—is favoured. 

Recent investigations by Frumkin (Frumkin and Donde, Ber., 
1927, 60, 1816; Bruns and Frumkin, Z. physikal. Chem., 1929, A, 
141, 141; Burstein and Frumkin, ibid., pp. 158, 219) have shown, 
however, that the conditions are more complicated and that the 
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electrical influence of the ions cannot be neglected. He activated 
an ash-free sugar charcoal in an electric furnace under a high 
vacuum up to 1000°, taking care that no air came in contact with the 
charcoal before it had adsorbed the dissolved substances. This 
charcoal did not appreciably adsorb weakly adsorbable inorganic 
substances such as hydrochloric acid or sodium hydroxide. If, 
however, the charcoal came in contact with air or oxygen it was 
able to adsorb acids such as hydrochloric acid but not alkalis. On 
the other hand, if the sugar charcoal was heated to 1000° in an 
atmosphere of hydrogen and carefully kept from the air, its behaviour 
was reversed : it adsorbed alkalis but not acids. Frumkin believes, 
therefore, that charcoal behaves like a gas electrode. If it contains 
oxygen, it gives off hydroxyl ions to the solution and takes up 
anions from it; the solution turns alkaline and loses an equivalent 
amount of anions. If the charcoal contains hydrogen, hydrogen 
ions are given off to the solution, kations are taken up from it, and 
it turns acid, losing an equivalent amount of kations. The 
adsorption of a weak and strongly adsorbable acid such as benzoic 
acid is not influenced by treating the sugar charcoal with hydrogen in 
the way described. In the case of the salts of weak acids, we may 
assume, therefore, that we really have a displacement of the equi- 
librium in the first sense, but especially for strong electrolytes the 
conditions are markedly modified by the presence of gases. In any 
case, we have no very well-defined case of the shifting of a chemical 
equilibrium by surface forces. 

¢xperiments which leave no doubt as to the existence of such a 
displacement were recently made by Deutsch (Ber., 1927, 60, 1036; 
Z. physikal. Chem., 1928, 136, 353), in the Dahlem laboratory of the 
Kaiser Wilhelm Institut fiir physikalische Chemie. He found that 
indicators in solutions near their turning point changed their colour 
if the solution was shaken with an indifferent fluid such as benzene, 
toluene, etc. If, for instance, a solution of bromothymol-blue in a 
hydrogen-ion concentration of py 7-4 is treated in this way, the 
colour changes from blue to yellow. This change of colour only 
takes place as long as fine drops of benzene are emulsified in the 
aqueous solution; it disappears as soon as the two phases have 
separated again. The more strongly the fluid is shaken, the more 
pronounced the colour becomes, because the droplets formed are 
finer and more numerous, their interface being accordingly larger. 
There can be no doubt that the colour change is caused by the 
emulsification, that is, by the formation of the large interface. 
The phenomenon is absolutely reversible, and may be repeated 
indefinitely. The colour changes as if the py had altered from 7-4 
to 6:2. The shifting of the equilibrium between the different ions 








anc 
ma 


cen 
bul 
whi 
bei 
we’ 
are 
fror 


dye 


Gui 
Mal: 
Bril 


Met! 
Thy 


Troy 


Bror 
bl 


as fe 
larg 
faciz 
acid 
cent 
char 
shak 


chen 
to b 
foun 
surf: 
to d 
suffic 


indic 





ed 
gh 
jhe 
his 
nic 
If, 
yas 


On 


ur 
es, 


up 
ant 
ren 
nd 
‘he 
oic 
1 in 
lay 
ul- 
the 
ny 
cal 


ha 
36 ; 
the 
hat 
our 
ne, 
na 
the 
nly 
the 
ave 
ore 
are 
er. 
the 





SURFACE FORCES AND CHEMICAL EQUILIBRIUM. 169 


and molecules characteristic for this indicator is of this order of 
magnitude. 

This might be explained by assuming that the hydrogen-ion con- 
centration in the surface of the droplets is different from that in the 
bulk of the liquid ; but this does not hold, for if we take an indicator 
which is not an acid dye, such as malachite-green, it also changes on 
being shaken with an indifferent fluid. The change of the py which 
we would like to make responsible for the colour change has, however, 
a reversed sign in this case. With malachite-green the colour changes 
from yellow to green; this would correspond to a change of py from 
0-5 to 1-5. Table I, as given by Deutsch, shows that acid and basic 
dyes seem to behave throughout in this way. 


TABLE I, 
Colour Colour Change of pg 
of on corresponding to 
Indicator. Solvent. solution. shaking. colour change. 
Guinea-green About 1-0N-HCl Yellow  Bluish- From 0-0 to 0-6 
green 
Malachite-green ae . oo Yellow  Bluish- a Pe «¢ 
green 
Brillant-green Me 0-25 ,, Yellow  Greenish- i: Oe ss 
blue 
Methyl-violet ” 0-1 Pa Green Blue —— ee. 
Thymol-blue » 0-016 ,, Yellow Reddish- « Be es ES 
violet 
Tropeolin 00 os 0-016 ,, Orange- Red a 2B, 328 
yellow 
Bromothymol- Mixture of dis- Blue Yellow < wa - oe 
blue tilled and un- 


distilled water. 


The change of interfacial tension agrees with Thomson’s relation, 
as far as it has been tested hitherto, and in so far as it was sufficiently 
large to be tested. With malachite-green, for instance, the inter- 
facial tension is lowered to 22% if the concentration of hydrochloric 
acid is changed from 0-43 to 0-25N, and the hydrogen-ion con- 
centration (pq) alters correspondingly from about 0-5 to 0-7. This 
change causes a colour change similar to that which happens on 
shaking. 

Before entering into the intricate question of determining what 
chemical changes are taking place in the interface, and how they are 
to be explained, I should like to point out that this phenomenon is 
found, not only at the interface of two liquids, but also at the 
surface of fluids in contact with a gas phase. It is not quite so easy 
to demonstrate it there, because the foam of the liquid has to be 
sufficiently stable to make the colour change visible. This is the 
case with thymolsulphonephthalein. If we shake a solution of this 
indicator having a py of about 2-8 with air or in a vacuum, where the 
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gas phase contains only water vapour, the foam turns reddish- 
violet, whereas the bulk of the liquid remains brownish-yellow. 

It is no easy question to determine what chemical reactions are 
occurring in the interface. The reactions of these indicators are 
far from simple. There are generally quite a number of ions of 
different valency, a series of isomeric forms, and in many cases also 
amphoteric ions. Deutsch believes that the case of malachite-green 
permits us to draw certain conclusions. Under the conditions of 
the experiments, we have to consider 5 kinds of molecules (Rétger, 
Diss., Berlin, 1924): 3 of a carbinol structure—an undissociated 
form and 2 ions—and 2 of a quinonoid structure—a univalent blue 


N(CHs), r +(CH5). ri (CHs). 
f > ’ a." 
eeu” ' >7 
ga OK OK 
N(CHg). N(CHs), H*N(CH3), 
(I; Colourless.) (II; Blue.) (III; Yellow.) 
H*N(CH;), H*+N(CH,), 
e C>eCon 
C DK on S 
N(CH3). H*N(CHs). 
(IIa; Colourless.) (IIIa; Colourless.) 


kation and a bivalent yellow kation. It seems very likely that we 
have to deal only with the transformation of this yellow kation into 
the blue one. This would account for the colour change and for the 
fact that the reactions proceed quickly, whereas the conversions of 
the carbinol into the quinonoid forms go much more slowly. We 
have accordingly the change of a bivalent ion into a univalent one. 
This means that at the interface a less dissociated substance is 
formed. A similar conclusion may be drawn from the acid dye 
bromothymol-blue : the colour change at the interface agrees with 
the formation of a less dissociated molecule. Deutsch ventured to 
generalise these experiences and assumed that in all cases the form- 
ation of undissociated or less dissociated molecules is favoured in the 
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interface touching the gas phase or the phase of an organic liquid. 
This would agree with the general conception that the undissociated 
molecules are more strongly adsorbed than the ions by many 
adsorbents. I must confess, however, that Thiel (Z. Elektrochem., 
1929, 35, 266), for instance, who is a very good specialist in indic- 
ators, is not convinced that these colour changes found by Deutsch 
are always in accordance with the production of less dissociated 
molecules. He believes that in quite a number of cases, for instance 
with tropzolin and thymol-blue, the colour change at the interfaces 
is caused by the formation of other ions which need not be considered 
as less dissociated. In the case of tropzolin it is an amphoteric ion, 
and in that of thymol-blue most likely the ion of a carbonium base. 
We do not know enough about such ions to say whether their 
capillary activity is especially pronounced. 

Rather surprising results were found by investigating the inter- 
face from the other side, so to speak. Deutsch dissolved the colour- 
less base of rhodamine-0 in benzene and shook this solution with 
water. The emulsion formed turns deep red; in this case the 
phenomenon depends upon the droplets of water dispersed in the 
benzene. The colour disappears practically when the phases are 
separated again, the water in bulk being only weakly coloured from 
the red base of the dyestuff. This phenomenon is again markedly 
independent of the nature of the interface. If a piece of filter paper 
is dipped into the colourless solution of the base in benzene it turns 
red; this is also the case if dry quartz powder is used instead of 
filter paper. 

These experiments seem important in many respects. We see 
that a substance—in this case, the red base of the dye—may be 
formed at an interface, remaining very stable there, this substance 
being only formed in a very small amount or practically not at all 
when the area of the interface is too small. Further, it looks very 
much as if the change on the benzene side of the interface were a 
reversal of that on the aqueous side; that is, on the latter side, less 
dissociated substances seem to be favoured, these substances very 
often being such as would have dissolved in the organic liquid or in 
the gas phase (generally in the phase of the smaller dielectric 
constant) if such a solution were possible. On the benzene side, on 
the other hand, the same red substance, which is dissolved in the 
water, seems to be favoured. That this form is more dissociated 
than the colourless form in the benzene is most probable. We have 
to take into account the following possibilities. The colourless base 
is most likely a lactoid form. This is made plausible by the fact 
that some rhodamine dyes, which are esters, dissolve in benzene with 
a red or yellow colour and do not have a colourless base. Now the 





172 FREUNDLICH : 


constitution of these esters is such that conversion into the lactoid 
form is impossible. Therefore, this is most probably a colourless 


(C.H,),N N(C,H;). OH 
Oe a @ ae <— 
o KAA 
10 
} ( baie 


Lactoid base. p-Quinonoid ammonium base. 


(C,H5)2N of ‘FN(CoHs)2 V Au 
/\(4\4 é HONE 0. / NCHS). 
ot 


co Yt 
Chin 


Betaine form. Ester. 


Q=— 





form of the base which is able to be formed by those dyes that are 
not esters. The red form of the base has most likely a quinonoid 
structure. We have two possibilities: an ammonium base of 
quinonoid structure, or the betaine form of the base. Some facts 
seem to indicate that we ought te prefer the latter. The ammonium 
base would need one more molecule of water than the betaine form. 
Now the presence of water does not seem absolutely necessary for 
the formation of the red base at an interface, for, if the benzene 
solution of the base is carefully dried with sodium, and if quartz 
powder, previously heated to redness and carefully protected from 
moisture, is added, the quartz turns red nevertheless. The change 
we are dealing with is therefore most likely the transition from the 
colourless lactoid form into the red betaine form. Now, according 
to the investigations of Bredig, Kiister, and others, the betaine 
form has a great tendency to exist as an amphoteric ion. This is 
most likely the red substance with which we have to deal. The 
latter is to be considered as decidedly more dissociated, or at any 
rate as less saturated, than the lactoid form. The substance formed 
in the benzene side and soluble in water is therefore one which we may 
consider to be more dissociated. 

Also, in the case of those rhodamine dyes like “‘ rhodamine 6G 
extra’ and “ rhodamine 3G extra,”’ which have the constitution of 
esters and dissolve in organic liquids in a coloured form, a change of 
colour takes place on shaking with water and on other interfaces. 
The bases of the two dyes mentioned are yellow in benzene solution, 
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and red in aqueous solution, in which they are much less soluble. 
When the benzene solution is shaken with water the colour turns 
red, and the same is the case if quartz is added to the benzene 
solution. The change is always in favour of the substance in the 
aqueous solution. This is perhaps in every case the amphoteric 
ion of the betaine form. In order that this substance be formed we 
must assume that the esters partly undergo a dissociation at the 
interface into the betaine form and alcohol. 

I should like to mention some more experiments which show in 
quite different cases how different interfaces may behave similarly. 
Fajans (Fajans and Hassel, Z. Elektrochem., 1923, 29, 495; Fajans 
and Wolff, Z. anorg. Chem., 1924, 137, 221) has investigated the 
adsorption of dyes on silver halides. Substances like silver eosinate 
suffer a distinct change of colour provided that the adsorbing 
surface of silver halides is covered with silver ions. This is the case 
if it is precipitated from a soluticn containing a surplus of silver ions. 
The colour changes from a pinkish-yellow with a green fluorescence 
to a distinct red on the surface of the halide. Now Deutsch and 
Fajans showed that the same colour change takes place at other 
interfaces. If a solution containing 0-01% of sodium eosinate and 
0-01 mol. of silver nitrate (a solution which is pinkish-yellow with a 
green fluorescence) is shaken with benzene or pentane, a red precipit- 
ate is formed at the interface. The same happens if it is merely 
shaken with air. Instead of the silver salt a copper salt may also 
be used. 

This may be explained in the following way. We start with a 
dilute solution of the eosinate of the heavy metal which is strongly 
dissociated and therefore shows the colour of the anion of the dye. 
On shaking, a large interface is formed, and the equilibrium is 
shifted in the direction of the undissociated salt, which, being less 
soluble, is precipitated. On the surface of the silver halide we also 
have the formation of the undissociated salt. This is why the 
colour change is the same at all interfaces. We are not able to 
decide whether this change of colour is caused by a deformation of 
the dye molecule, as Fajans believes, or whether an isomeric molecule 
(in the strict sense of the word) is formed, 

Here we are already dealing with cases which are not strictly 
reversible and therefore do not belong rigidly to the scope of this 
lecture. Numerous irreversible reactions at interfaces are known in 
which insoluble substances are formed. I need only mention the 
acid soap on the surface of soap solutions (Laing, Proc. Roy. Soc., 
1925, A, 109, 28) and the denaturisation which proteins undergo if 
we shake their solution with air or other gases (Ramsden, Z. physikal. 
Chem., 1904, 47, 336). 
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Deutsch’s experiments are valuable in that they show definitely 
‘that a displacement of chemical equilibrium at interfaces really 
exists and may be found in quite a number of cases. In some 
respects they leave much to be desired. It seems hardly possible to 
develop them in a quantitative form, since we are unable to assign a 
definite area to the interface. Furthermore, the chemical changes 
occurring are rather complicated. I therefore should like to discuss 
yet another case where precisely these points seem to be much 
simpler. Certainly there is another gap which cannot be filled in yet. 

We may consider with certain restrictions that an equilibrium 
constant is equal to the ratio of the velocity coefficients of the 
forward and the reverse reaction. If we have a displacement of 
equilibrium at an interface, we may expect that the velocity of the 
one reaction will be increased, and that of the other diminished. A 
case of that kind was investigated by Juliusburger and myself. In 
homogeneous aqueous solutions we have the following two reactions : 


JH. , 
CH,Br-CH,‘NH,+Na0H = iy >NH + NaBr + H,O 
H 
and ig? >NH + HBr = CH,Br-CH,:NH,. 


Bromoethylamine is unstable in alkaline solution and is transformed 
into the isomeric hydrobromide of dimethyleneimine, whereas in 
hydrobromic acid solution the hydrobromide of the latter is recon- 
verted into bromoethylamine. [The formula of the substance 
formed in alkaline solution was the cause of some discussion. 
It was first considered to be the hydrobromide of vinylamine, 
CH,:CH’NH,, but later investigations of Marckwald (Howard and 
Marckwald, Ber., 1899, 32, 2036; Marckwald, Ber., 1900, 33, 765; 
Marckwald and Frobenius, Ber., 1901, 34, 3544) showed that we have 
in any case to deal with animine.] The velocity of the two reactions 
is easy to measure quantitatively: in the alkaline solution the 
amount of bromine ions increases—it is just doubled if, as is generally 
done, we start with the hydrobromide of bromoethylamine; and 
in the hydrobromic acid solution the amount of bromine ions 
diminishes. Now in acid solutions a secondary reaction goes on, 
the dimethyleneimine polymerising to a small extent; although this 
disturbance is not sufficiently marked to prevent us from measuring 
the velocity coefficients in acid solution, yet, since it is irreversible, 
it does not allow us to find the point of equilibrium in neutral 
solutions. Both reactions are well defined and are not affected by 
impurities. The transformation of the bromoethylamine is 4 
reaction of the first order, and the reverse reaction is of the second 
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order, the velocity being proportional to the imine and bromine-ion 
concentrations. 

Now these reaction velocities were measured in a heterogeneous 
system, the solutions being shaken with animal charcoal. It was 
necessary to know the adsorption of the following four substances : 
bromoethylamine, dimethyleneimine, and the hydrobromide of 
each. Fig. 4 shows, first, that the well-known adsorption isotherm 
agrees well with the measurements, for straight lines are obtained 
in a logarithmic plot. We see further that the bromoethylamine is 
adsorbed much more strongly than dimethyleneimine, and its 
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hydrobromide more strongly than that of dimethyleneimine. [Here 
we have a good example of salts being adsorbed much less than their 
bases.] According to the rule governing the displacement of 
chemical equilibrium at interfaces, we may expect that bromoethyl- 
amine, which has a stronger capillary activity, is more stable on the 
surface of the charcoal than in homogeneous solutions. The trans- 
formation of bromoethylamine into dimethyleneimine in alkaline 
solution ought therefore to be retarded, and the formation of bromo- 
ethylamine in acid solution to be accelerated. This is, indeed, the 
case, and in a very marked degree, as Figs. 5 and 6 show. We have 
first (Fig. 5) the velocity of the reaction in alkaline solution, the 
abscisse indicating the time (in minutes), and the ordinates the . 
percentage of bromoethylamine transformed; the reaction on the 
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charcoal goes distinctly more slowly than in homogeneous solutions. 
In acid solutions (Fig. 6) the reaction on the charcoal is strongly accel- 
erated. This latter reaction is disturbed, but only to a very small 
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extent, by the adsorption of hydrobromic acid and some unknown 
change it undergoes at the surface of the charcoal. 

It is important to mention that under the conditions of these 
experiments the adsorption of the reacting substances was very 
strong, especially in the case of the alkaline solution. The amount 
of charcoal used was so large (several grams), and the concentration 
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of the reacting substances so low (generally N/20 to N/50), that the 
bromoethylamine was adsorbed to about 100%. We are really 
dealing with a reaction where the reacting substance is entirely in 
the adsorption layer. The conditions are therefore quite different 
from those prevailing in most catalytic gas reactions, in which only 
a small and generally unknown amount is adsorbed and reacts on 
the surface. In the reverse reaction the degree of adsorption is 
much lower; the hydrobromide of the dimethyleneimine is adsorbed 
at the commencement to about 15%. 

It might have been objected to these experiments that we were 
not sure whether the reactions going on in the heterogeneous system 
are identical with those in the homogeneous system, but we were 
able to show that this is indeed the case. In alkaline solution the 
concentration of the bromine ion is doubled under both conditions, 
and in presence of charcoal the dimethyleneimine formed could be 
distilled off at temperatures below 60° (its boiling point is 55°), and it 
formed its characteristic red crystalline salt with potassium bismuth 
iodide. It is not so easy to show that the reverse reaction is the 
same as in homogeneous solution, for we have no similar character- 
istic reagent for bromoethylamine. This, however, could also be 
shown in the following way: after the reaction had proceeded in 
acid solution in presence of charcoal, the solution was made alkaline, 
and the velocity measured with which dimethyleneimine was 
re-formed from the bromoethylamine originally produced in the 
acid solution. The reaction velocity coefficient thus measured was 
identical with that which had been found when bromoethylamine 
hydrobromide was used at the outset. . 

The mechanism of the two reactions in presence of charcoal is 
distinctly different, especially in one point, from that in homogeneous 
solutions. The reaction of the dimethyleneimine in acid solution 
is of the second order as in homogeneous solutions, the coefficient 
being much larger, however. On the other hand, the reaction of 
the bromoethylamine in alkaline solution does not follow the first 
order as it does in homogeneous solution. Since the reacting 
substance is, so to speak, totally in the adsorption layer, it is neces- 
sary to use as variable a surface concentration, viz., the amount of 
amine divided by the amount of charcoal, and with this variable the 
velocity of the reaction is proportional to the 3 power of the surface 
concentration. We have not yet found an explanation for this 
empirical formula, but its discovery would probably provide the 
clue to a kinetic interpretation of this change of reaction velocity in 
presence of charcoal. 

The behaviour in neutral solution presents some features of 
interest. As I said before, the equilibrium to be expected cannot be 
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measured exactly because of a secondary reaction which also disturbs 
the reaction in presence of charcoal; but it is quite clear that the 
formation of bromoethylamine is favoured strongly. For, starting 
with a neutral solution of bromoethylamine, about 90% is trans- 
formed in the course of a long time in homogeneous solution, whereas 
in presence of charcoal the reaction stops almost entirely when about 
63% is transformed. If, on the other hand, we start with a neutral 
solution of the hydrobromide of dimethyleneimine, only about 10%, 
is transformed in homogeneous solution, but more than 36% in 
presence of charcoal. 

These experiments agree well with what we might expect from 
the theory: the equilibrium is displaced in the sense required by 
Thomson’s relation, the formation of capillary active substances 
being favoured. The experiments show further that a substance, 
in this case the bromoethylamine, may be more stable at an inter- 
face than in homogeneous solution under similar conditions. 

May I return once more to the question as to how far surface 
reactions are of biological importance? I need not emphasise the 
importance of microstructure and interfaces for protoplasma and 
life in general, since Professor Donnan did so most convincingly 
in his Liversidge lecture last year (J., 1929, 1387). Although life 
never means an equilibrium, but at most a stationary state like a 
flame or a water jet, a displacement of a chemical equilibrium may 
make itself felt in the change of reaction velocities, as in our case of 
the transformation of bromoethylamine into dimethyleneimine. 
We may therefore assume that the formation of capillary active and 
strongly adsorbable substances is favoured generally if the aqueous 
phase which certainly constitutes some part of a protoplasmic 
entity comes into contact with a solid or a liquid organic substance 
of small dielectric constant. Many substances of biological im- 
portance, indeed, exhibit capillary activity, e.g., the alkaloids and 
fats. 

The fact that at interfaces substances may be formed, and even 
possess considerable stability, whereas at the same concentrations 
without the interfaces their existence is transitory, may account for 
the extraordinary structure of many substances playing important 
biological réles. I have always been astonished at the great difference 
between the organic chemistry of our laboratories and that under 
biological conditions. Not only is the difference in the methods 
used remarkable—in laboratories we use a largerange of temperatures 
and a great variety of solvents, whereas Nature utilises a small range 
of temperatures and a great variety of interfaces—but the sub- 
stances formed also seem to me to be very different. I doubt 
whether an organic chemist, knowing nothing about natural products 
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but, on the other hand, well trained in all methods of work and 
master of all our knowledge of the possibilities of chemical valency 
and even more, I doubt whether he could have conceived the exis- 
tence of substances like most alkaloids or cholesterol, lecithin, 
adrenaline, thyroxine, and many others. This may be caused partly 
by the fact that we know a good deal of what happens in the bulk of 
solutions, but very little about what takes place at interfaces. And 
I mean not only comparatively inert interfaces, such as air or 
charcoal, but also those which are very reactive. We must realise 
that we have to deal, not only with the relatively simple displace- 
ments discussed in this lecture, but also with a great number of 
further reactions which may take place if the unstable substances 
stabilised at an interface react with other substances at the interface 
or with the molecules of the adsorbent itself. I should not be 
surprised if the great difficulty which we meet in trying to explain 
the nature of enzymes is partly due to similar causes. They may 
be very unstable and active organic substances, perhaps even 
organic radicals which are stabilised because they are adsorbed at a 
suitable interface, but they are able to react very energetically in 
intermediate reactions with other substances also adsorbed on these 
interfaces. 
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An Apparatus for the Determination of Solubility. By 
AuaN N. CAMPBELL. 


IN some very accurate work on the physical properties of optical 
antipodes (Nature, 1929, 124, 792), it became necessary to determine 
solubilities with great accuracy, and any such method as the removal 
of samples from a bottle in the thermostat by means of a warmed 
pipette was obviously out of the question. Previous work with 
Goldschmidt’s apparatus (Z. physikal. Chem., 1895, 17, 153) had 
shown that, although this embodies the important principle of 
filtering in the thermostat, it had certain objections: (1) it is too 
cumbrous ; (2) suction is employed, whereby, if the solid is fine or 
slimy, it becomes clogged in the filter-plug and the apparatus has 
to be cleaned out. Accordingly the apparatus shown in the diagram 
was designed. It possesses the advantages of compactness and 
simplicity, for when it is inverted in the thermostat, filtration takes 
place. 

The bottles are of the ordinary wide-mouthed l-oz. type, except 
that the mouth of the top one is ground. Glass tubes pass through 
the bungs as shown. The wider tube (of 3 mm. internal diameter) 
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is constricted at the top and packed with glass wool. The other 
(quill) tube is drawn out to a capillary and bent into an S. As the 
. liquid entering this tube at the beginning is 
i pure solvent, which would dilute the saturated 
solution when subsequently expelled by the air 
pressure from below, it is advisable to arrange 
that all the immersed tube is of capillary 
diameter. The very small amount of pure 
solvent then expelled (perhaps 0-1 c.c.) is 
negligible in comparison with the total volume, 
especially when it is remembered that the 
whole solution then passes slowly through a 
layer of the solid. 

The lower bottle is charged with solid and 
solvent and the apparatus fixed in a vertical 
position on the horizontal paddle of the ther- 
mostat stirrer. When dissolution is complete, 
the apparatus is inverted in the thermostat, 
and the solution filters through the plug, air 
being displaced into the upper chamber through 
the narrow tube. The double bend at the 
mouth of the latter prevents the entrance of 
solid matter into the lower bottle. The ap- 
paratus is then removed from the thermostat 
and the appropriate (weighed) bottle closed 















































with a ground-glass plate. 
The apparatus works perfectly, and should 
a 1} be very suitable for phase-rule studies, involv- 
x One-half. ing the analysis of the wet solid phase. The 


slight increase of gas pressure in the apparatus 
at the temperature of the thermostat prevents the leaking in of 
thermostat water. At high temperatures the apparatus should be 
enclosed in a grip to prevent the increased pressure forcing out the 
bungs.—UNIVERSITy OF ABERDEEN. [Received, December 9th, 1929.] 





2'-Nitro-2- and -4-aminodiphenyl Sulphides and 4'-Nitro-2- and 
-4-aminodiphenyi Sulphides. By Herspert Henry Hopason 
and WoLF ROSENBERG. 


THE requisite diaminodiphenyl sulphide (25 g.) was dissolved in 
alcohol (200 c.c.), and sodium wire (5 g.) added at a rate sufficient 
to maintain regular ebullition (under reflux); after boiling for one 
hour, the mixture was treated with o- or p-chloronitrobenzene in 
slight excess of the amount required for the condensation 
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NH,°C,H,’SNa + C,H,Cl‘NO, —-> NH,°C,H,’S-C,H, NO, + NaCl, 
then boiled 2 hours longer and filtered hot. Only 4’-nitro-4-amino- 
dipheny] sulphide crystallised from solution on cooling; in the other 
cases alcohol, unchanged chloronitrobenzene, and any chloroaniline 
formed as by-product were removed by steam distillations and the 
tarry residue was crystallised three times from alcohol (charcoal). 
Constitutions were confirmed by reduction to the known diamino- 
dipheny] sulphides. 


Colour change of 





M. p. and % 8 alcoholic solution with Dry product 
(Cy3H,.0,N,5 Colour of with h cone, 
requires 8, alcoholic chlorine bleaching sulphuric 
Dipheny] sulphide. 13%). solution. water. powder. acid. 
2’- Nitro-2-amino- 81:5°; 13-2 Greenish- Brown with Pale Yellow 
(bright yellow plates) yellow light sal- brown 
mon flocks 
2’- Nitro-4- 102°; 13-2 Brown- Light brown Pale Deep red 
(golden- on m peste yellow with brown changing to 
brown blue and 
flocks violet on 
heating 
4’-Nitro-2-amino- 93°; 12-9 Greenish- Pale brown Pale Orange 
(brown-yellow prisms) yellow with sal- brown 
mon-pink 
flocks 
4’-Nitro-4-amino- 148°; 18-2 Greenish- Light brown Pale Red-orange 
(bright orange-yellow yellow with yel- brown 
leaflets) low flocks 
(compare Kehrmann and Bauer, Ber., 1896, 29, 2362) 
2: 4’-Diamino- 62:5°; 15-0 (Calc. 14-8) 


(colourless prisms from (compare Nietzki and Bothof, Ber., 1894, 27, 3261; 1896, 29, 2774) 
dilute alcohol) 


The authors desire to thank the British Dyestuffs Corporation 


for gifts of chemicals.—TrcounicaL CoLLEGE, HUDDERSFIELD. 
[Received, November 13th, 1929.] 
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The Solubility of Sodiwm Thiocyanate in Alcohol. By JamEs 
RiIppIcK PARTINGTON. 


In a recent communication (Hughes and Mead, J., 1929, 2282) the 
authors state that, for the solubility of sodium thiocyanate in alcohol, 
“no data are at present available.” This statement is incorrect, 
since Dr. F. E. King and I published a series of experiments on this 
subject some little time ago (T'rans. Faraday Soc., 1927, 23, 522). 
The method of preparation of the salt was the same as that described 
by Hughes and Mead; their value for the solubility at 25° is, how- 
ever, somewhat lower than ours, which may be due to the fact that 
the salt used by them was somewhat purer than ours, or, equally 
possibly, to some other cause. It may be mentioned that several 
experiments on the solubilities of salts in non-aqueous solvents have 
been published from this laboratory, and that several more are in 
progress.—East Lonpon CouiiecE, UNIversITy oF LONDON. 
[Received, November 29th, 1929.] 
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An Improved Receiver for Vacuum Distillation. By GEORGE 
ARMAND RoBERT Kon. 


THE accompanying figure illustrates a form of receiver for vacuum 
distillation which has been in use in these laboratories for some time. 
It is simpler and cheaper than the ordinary “ Perkin triangle,” as it 
has only two taps instead of three; another advantage is that when 
air is admitted through the tap A to the lower portion of the appar- 











K--25---3 
am. 








ee 

; ar 

()— 
£4 








To pump 
1) 











« 


) 


atus in order that the receiving flask may be changed, the last few 
drops of distillate remaining in the tube B are blown into the re- 
ceiving vessel, thus minimising waste. The three-way tap C enables 
connexion to be made between the pump and either or both halves 
oftheapparatus. It is, of course, possible to construct the apparatus 
with two rubber joints at D and £ to allow receivers of different sizes 
to be used, but the all-glass apparatus illustrated is preferable, and 
as it is very compact, breakages are rare.*—IMPERIAL COLLEGE OF 


rie 








* The apparatus described can be obtained from Messrs. Howard Rawson 
& Co., Pond Place, Fulham Road, London, 8.W. 3. 
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ScIENCE AND TrEcHNOLOGY, SoutH Kensineton, S.W. 7. [Re- 
ceived, December 11th, 1929.] 





Preparation of 4- and 6-Hydroxy-3-nitrophenylarsinic Acids. 
By Istporr ELKANAH BALABAN. 

CLaus and Srreset (Ber., 1887, 20, 1379) reduced 2 : 4-dinitro- 
chlorobenzene and obtained a mixture of 4- and 6-chloro-3-nitro- 
aniline consisting almost wholly of the 6-chloro-compound: no 
yields are stated. These bases can be readily obtained by West’s 
method (J., 1925, 127, 494), the yields being 23-0% and 45:0% of 
4- and 6-chloro-3-nitroaniline respectively. 

When the bases are submitted to the Bart-Schmidt reaction, 
4-chloro-3-nitrophenylarsinic acid (yield, 32-4%) and 6-chloro- 
3-nitrophenylarsinic acid (yield, 32-9%) are obtained (compare 
Balaban, J., 1928, 809); and when these acids are boiled under 
reflux with 25% aqueous sodium hydroxide (10 c.c. for each gram) 
for 3 hours, they are converted into 4-hydroxy-3-nitrophenylarsinic 
acid (yield, 45-6%) and 6-hydroxy-3-nitrophenylarsinic acid (yield, 
73-0%).—Resgarcw Lasporatory, Messrs. May & Baker L®tp., 
Wanpsworth, 8.W. 18, [Received, December 7th, 1929.] 





Anserine. By Frank LEE PYMAN. 
LINNEWEH, Kern, and Hoprr-SryLer(Z. physiol. Chem., 1929, 183, 
11) have recently shown that anserine yields on hydrolysis‘$-amino- 
propionic acid and an N-methyl derivative of dl-histidine. On 
distillation with soda-lime, anserine gave a dimethylglyoxaline 
which they identified with the dimethylglyoxaline obtained by 
Jowett (J., 1903, 83, 438) by distilling csopilocarpine with soda- 
lime, since it gave a chloroaurate, m.-p. 220—225°, Jowett giving 
m. p. 214—215°. They have overlooked the fact that the constitu- 
tions of the 1:4- and 1: 5-dimethylglyoxalines have since been 
determined (Pyman, J., 1910, 97, 1814; 1922, 121, 2616; Burtles, 
Pyman, and Roylance, J., 1925, 127, 581), and that it has been 
shown that the chloroaurates melt at 137—-138° and 218—219° 
respectively. Their dimethylglyoxaline is thus 1 : 5-dimethyl- 
glyoxaline and consequently their methylhistidine is dl-6-(1-methy]- 
glyoxalinyl-5-)-«-aminopropionic acid, 

HO,C-CH(NH,)-CH,‘C-NMew oy 

CH—- 


and not the 1 : 4-isomeride formulated in their paper. The relative 
positions of the side chains and the N-methyl groups are thus the 
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same in anserine and pilocarpine.—RESEARCH LABORATORIES, 
Messrs. Boots Purge Drue Co. Lrp., Nottinanam. [Received, 
December 18th, 1929.] 





The Mechanism of Cyanoacetamide and Cyanoacetic Ester 
Condensations. By CHRISTOPHER KELK INGOLD. 


BaRDHAN’S account (J., 1929, 2233) of the author’s views on the 
condensation of ethyl cyanoacetate and similar substances with 
keto-enolic compounds requires adjustment. The only reference 
given by Bardhan in this connexion is to a paper (1921) by the 
author in which the conclusion was drawn that, since tendency to 
enolisation bears a close relation to tendency to condensation, the 
latter reaction involves the enol. Kohler and Corson’s later demon- 
stration (1923) that, notwithstanding the experience of previous 
observers (Thorpe, 1905; Haworth, 1908), condensation is possible 
with a ketone incapable of enolisation was naturally accepted by 
the author as proving that his former view was inadequate as a 
general conception, and in 1926, with Cooper and E. H. Ingold, he 
again discussed the Michael and aldol reactions in terms the applica- 
tion of which to cases of the type considered by Bardhan is that the 
cyanoacetamide or ethyl cyanoacetate anion may unite with the 
acetylacetone analogue either at C, (electron-displacements a; 


aldol reaction) or at C, (displacements M; Michael reaction), 
M a 


‘seine he 
HO-C—C—C—0, and that a similar statement should apply to 
(y) (a) 
ketones generally, unless the second alternative disappears because 


the unsaturated system is insufficiently extended to admit of dis- 
placements M. It is also part of the theory that tendency to con- 
densation (aldol reaction; or Michael reaction, if constitutionally 


possible) and tendency to enolisation, Hoc (if constitu- 
tionally possible), are different manifestations of the same electron- 
attraction of carbonyl oxygen—which is why the two phenomena 
are related. The omission by Bardhan of any reference to this and 
subsequent cognate papers, together with his consistent use of the 
present tense in ascription to the author of the older views which 
these papers modify and supersede, are misleading features in his 
account. 

With regard to the decision between C,- and C,-carbon-coupling 
(where both possibilities are open, as in enolising 1 : 3-dicarbonyl 
compounds), a method of envisaging such problems has been ad- 
vanced by Burton and the author (1928), and a mass of consistent 
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empirical observation is available. It is therefore surprising that 
Bardhan, whose own observations on the reaction between cyano- 
acetamide and enolising 1 : 3-dicarbonyl compounds are indecisive 
in the absence of knowledge of the direction of enolisation, never- 
theless contends that carbon coupling at C, (carbonyl carbon) is the 
general mode of reaction in this and allied condensations. No 
reference is made to the large body of significant contrary indica- 
tions—even to such as directly relate to the particular reaction 
studied, as, for instance, the observations of Errera (1900), Simonsen 
(1908), and Sen-Gupta (1915) that in the condensation of cyano- 
acetamide with hydroxymethylene-ketones, in which the direction 
of enolisation is beyond doubt, and with ethoxymethylene-ketones, 
in which, furthermore, it is fixed, carbon re are, consistently 


‘yi ‘yc=N-Co 
PC:CH-OR eis PCCHCHCN.— 


THe University, LEEDs. [ Ressioud, November 6th, 1929.} 


occurs at C, (enol-carbon) : 





XXV.—The Influence of Hydrogen and of Water Vapour 
on the Ignition of Carbon Monozide. 


By ArTHUR SMITHELLS, HENRY WHITAKER, and THEODORA 
HoLMEs. 


Introduction. 


THE experimental work now recorded was commenced some years 
ago at the University of Leeds by Mr. H. Whitaker, and the point 
at issue seemed to be determined satisfactorily by 1923. Sub- 
sequently, however, further verification was deemed desirable before 
publication. Professor H. B. Baker advised the continuation of 
the work and, thanks to his kindness and to the generosity of the 
Worshipful Company of Salters in providing assistance, the experi- 
ments were resumed after a long interval by Miss Holmes. The 
greater part of the designing of the apparatus and the whole of the 
wtual execution of the work fell to Mr. Whitaker and Miss Holmes, 
and in the second stage we have had the great advantage of being 
ible always to count upon Professor Baker for advice. 

The experiments arose from some rather speculative deductions 
Which I no longer entertain) from the Lewis—Langmuir cubical 
ttom conceptions soon after they appeared. In attempting to 
spply them to the standing problem of the combustion of carbon 
monoxide, I found they appeared to give a plausible explanation 
ita striking observation made shortly before by Bone and Haward 

H 
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(Proc. Roy. Soc., 1921, A, 100, 67). In their experimental study 
of gaseous combustion at high pressures, they had obtained results 
which showed a “ peculiar influence of hydrogen in accelerating 
the rise of pressure in the explosion of hydrogen-carbon monoxide 
mixtures at high pressures, an effect which can be shown to be 
altogether disproportionate to the volumetric amount of it present.” 
They add: “ Our experiments seem to point to hydrogen being 
even more potent than its equivalent of steam as a promoter of 
the combustion of carbonic oxide (though this is a matter needing 
further investigation).” It appeared desirable to try to measure 
the relative catalytic influence of hydrogen and water vapour on 
the initial ignitability of a carbon monoxide—oxygen mixture in a 
eudiometer at or near atmospheric pressure. 

Since 1921, the relative catalytic influence of water and steam on 
the combustion of carbon monoxide has acquired greater interest 
and has been the subject of much investigation. Professor Bone 
and his collaborators have followed up the original experiments 
and made many new ones of an exact quantitative character bearing 
on the subject during their researches on the combustion of gases 
at high pressure. Bone, Newitt, and Townend (J., 1923, 123, 
2008) obtained definite evidence that the substitution of hydrogen 
for a small part of the carbon monoxide had a specific accelerating 
effect on the rising pressure curve much greater than that produced 
by an addition of water vapour. Later, the same authors (Proc. 
Roy. Soc., 1928, A, 120, 546) and Bone, Townend, and Smith 
(ibid., p. 563) recorded further experiments on the relative influence 
of hydrogen and steam on the carbon monoxide combustion. These 
cannot be summarised without quoting numerical values, but they 
confirm and amplify Bone’s earlier conclusions in reference to the 
relative influence of hydrogen and water vapour as catalysts. An 
important matter in the last-named paper is the reference to “ the 
sensitiveness as regards explosion time of theoretical carbon mon- 
oxide-air explosions to slight changes in hygroscopic conditions at 
high initial pressures, even though the moisture actually present 
in the system be less than 0-04 per cent.” 

Other relevant observations are those of Dixon and Walls (J., 
1923, 123, 1025), who found that the carbon monoxide-oxygen 


mixture with 5-5% of water vapour had a maximum rate of explosion J? 


of 1738 m./sec., whereas with 5-5% of hydrogen the rate was 1782 
m./sec. 

Payman and Wheeler (ibid., p. 1251) concluded that ‘‘ whereas 
a trace of water vapour is more effective in enabling propagation 
of flame to take place in dried mixtures of carbon monoxide and air, 
twice as much of it is required to give to that propagation its com- 
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plete freedom.” They found that the amounts necessary for this 
were 6% of water and 3% of hydrogen. 

Fenning (Phil. Trans., 1926, A, 225, 331), in a study of carbon 
monoxide-air explosions in a closed vessel, found that with hydrogen 
less time was taken to reach maximum pressure than with water 
vapour.* : 

An excellent account of investigations relating to the combustion 
of carbon monoxide, beginning with Dixon’s primary discovery of 
the influence of water, is given by Bone and Townend (“ Flame 
and Combustion in Gases,” Longmans, 1927). 

(A. 8S.) 





The ‘present experiments aimed at a direct comparison of the 
efficiency of hydrogen and water vapour in facilitating the ignition 
of a mixture of carbon monoxide and oxygen by passing a spark 
through two eudiometers in series, one containing, beside the carbon 
monoxide and requisite oxygen, a known amount of hydrogen, and 
the other an equimolecular amount of water vapour. 

Preparation and Purification of Gases.—The carbon monoxide 
was prepared in an apparatus similar to that used by Waran (Phil. 
Mag., 1921, 42, 246) by adding redistilled formic acid to pure 
sulphuric acid. The gas was passed through (1) potassium hydroxide 
solution to remove any carbon dioxide, (2) sulphuric acid to catch 
any alkaline spray and act as a preliminary drying agent, (3) phos- 
phoric oxide tubes for final drying, and (4) a tube cooled by liquid 
alr. ' 

The oxygen, prepared by heating potassium permanganate, passed 
through (1) a tube containing solid potassium hydroxide and glass 
wool, (2) phosphoric oxide tubes, and (3) a liquid-air tube. 

The hydrogen was prepared by electrolysis (see Baker, J., 1902, 
81, 7, 400) between platinum electrodes, of baryta, recrystallised 
three or four times, dissolved in conductivity water. It was passed 
through (1) an electrically heated tube containing copper gauze, 
which had previously been heated to redness first in a current of 
dry air and finally in a current of dry hydrogen, to remove any 
%xygen which might have diffused into the hydrogen during electro- 
ysis; (2) a liquid-air tube; (3) a calcium chloride tube for pre- 
iminary drying; and (4) phosphoric oxide for final drying. 

Water Vapour.—To obtain an admixture of water vapour in 
iesired proportion with the combustible gases, dilute sulphuric 


* The paper just published by Garner and Roffey (J., 1929, 1123) on 
“The Effect of the Addition of Hydrogen and Water on the Radiation 
itted from the Carbon Monoxide Flame ”’ is of great interest in relation 
‘our own experiments. 
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acid was used, 1 c.c. of the liquid being passed into the eudiometer 
by means of a bent pipette, and the temperature at which the 
tube must be kept to maintain the required vapour pressure was 
calculated. The vapour-pressure values used were taken from 
Regnault’s tables; although doubt has been thrown upon his 
values at such high concentrations, it is believed that they are not 
so inaccurate as to invalidate the conclusions drawn from these 
experiments. Careful tests showed 
‘ no measurable evolution of gas 
_ nl if from the contact of the diluted 
J 


ES&S 
S a ad 
- WN J acid with mercury under all the 


Fig. 1. 





= 





conditions of the experiments. 

Phosphoric Oxide.—The phos- 
phoric oxide used was prepared 
by redistillation in a current of 
oxygen, and was shown to be of 
a high degree of purity. For some 
of the earlier experiments, highly 
purified material kindly supplied 
by Sir Richard Threlfall, F.R.S., 
was used. 

Ignition Arrangements. — The 
gas mixture was subjected to a 
spark from the secondary of an 
induction coil run at a constant 
voltage. 

Gas Storage and Dilution 
Apparatus.—The gases were col- 
lected and mixed in the propor- 
tion of 2 vols. of carbon monoxide 
to 1 vol. of oxygen in the 
apparatus shown in Fig.1. This 
consisted of three graduated tubes 
of approximate capacities (A) 
150 c.c., (B) 2¢.c., (C) 12 c.c., and a fourth tube (H) of approximately 
100 c.c. capacity. The apparatus was cleaned with chromic acid 
mixture, washed with distilled water, steamed out for some hours, 
and dried by the passage of hot dry air, the apparatus itself being 
heated wherever possible. 

After calibration of the graduated tubes, the apparatus was 
dried finally and filled with freshly distilled mercury. The carbon 
monoxide and oxygen were mixed in the required proportion i 
the large tube A by connecting the apparatus at X successively to 
the two generating apparatus. From this mixture the required 
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volume for an experiment was withdrawn into the graduated tube 
C, where it was exactly measured, before being passed through B 
and the delivery tube into the eudiometer. 

As accurately known, very small volumes of hydrogen were 
required in the experiments, this gas was first mixed in measured 
proportion with a large volume of carbon monoxide—oxygen mixture 
and then added in small quantities to the main bulk of the two 
gases used in an experiment. This was carried out by filling the 
narrow-bore tube B with pure hydrogen and passing any desired 
volume of it into the carbon monoxide-oxygen mixture in A. 
After allowing time for complete admixture, the diluted hydrogen 
was passed into H for storage. 

Explosion Tubes.—The experiments were carried out in glass 
eudiometers of approximately 1-5 cm. internal diameter with 
platinum wire electrodes. The gap between the electrodes was fixed 
and measured under a travelling microscope. 

The eudiometers were cleaned as previously described, and care- 
fully dried by the passage of purified, dry air while the ends were 
heated strongly. 

To remove occluded gas in the electrodes, sparks were passed 
across them for some hours while a current of pure, dry oxygen 
was passed through the eudiometers. They were then filled with 
freshly distilled mercury, which was immediately replaced by a 
known volume of the gas mixture from the storage apparatus. 

As the eudiometers had to be water-jacketed during an experi- 
ment, it was necessary to insulate the junctions of the electrodes 
with the leads. This was done in the earlier experiments by fitting 
vertical glass tubes with their ends bent suitably to cover the 
projecting loops of the electrodes, the junction being held and 
covered by a ring of rubber tube. These vertical tubes were filled 
with mercury and the leads dipped into their open ends. In the 
later experiments, the projecting ends of the electrodes were pro- 
tected with enamel beads to which rubber tubes were attached as 
shown in Fig. 2. By attachment of a second limb of tubing, as a 
levelling tube, to the mouth of the eudiometer, and adjustment of 
the mercury column in it, atmospheric pressure was secured in the 
gas mixture. The ends of the levelling tubes were closed with rubber 
caps during the sparking to prevent scattering of the mercury. 

Temperature Control.—The arrangements for temperature control 
are shown in Fig. 3. The eudiometers were fixed in inverted bell- 
jars which served as water-jackets, and water flowed into these 
continuously from a thermostat reservoir. 

Procedure.—In each experiment one eudiometer, containing only 
tarbon monoxide and oxygen in combining proportion and phos- 
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phoric oxide, was used as a control. Immediately upon charging 
the first eudiometer a second was taken, and to it was added the 
gas mixture containing a known small quantity of hydrogen. A 
small stick of compressed phosphoric oxide was passed up this tube 
and floated on the mercury surface. (The volume of the stick was 
about 1 ¢.c., and the entangled air not more than 0-1% of the 
total volume of gas in the eudiometer.) In a third eudiometer 
containing the carbon monoxide-oxygen mixture, 1 c.c. of suitably 
diluted sulphuric acid was brought on to the mercury surface by 
means of a bent pipette. The eudiometers so arranged were 
allowed to stand for at least 10 days, and if a spark then failed to 
fire the mixture in the control eudiometer, the experiment was 
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proceeded with. The water-jackets of the two other eudiometers 
were connected with the thermostat reservoir and kept at a tem- 
perature sufficient to give in the third eudiometer a concentration 
of water vapour molecularly equal to that of the hydrogen in the 
second eudiometer. After 3 days had been allowed for the attain- 
ment of liquid—vapour equilibrium, the electrodes of the two eudio- 
meters were connected in series to the coil and a single spark was 
passed. If this failed to produce ignition in either tube, sparking 
was continued for some seconds. 


Results. 


The results of the first two series of experiments are in Tables I 
and II, those in Table I, which were made at Leeds, being merely 
preliminary. It was, of course, sought in each experiment to have 
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equal volumes of the carbon monoxide-oxygen mixture for trial 
with equal hydrogen and water additions. The exact measurements 
of these volumes with hydrogen and water vapour respectively 
in each experiment show such a close approach to equality that, 
to avoid complicating the table, a mean figure is used. 


TABLE I, 


Conc. and temp. 
of H,SO, soltn. 
required to give Time Behaviour on sparking. 





Volume Hydro- volumes of water of - ~ 
of gas, gen, vapour equivalent drying, Water Hydrogen 
c.c. %. to hydrogen. days. mixture. mixture. 
l. 10:04 3-4 00%; 22-2° 13 Instant flash Instant flash 
2 10:09 0-48 60%; 20-2 23 Instant flash Instant flash 
3. 9-26 0-044 845%; 34-5 16 Flame Blue flash 
travelled 
slowly 
4. 9-89 0-037 84-5%; 30-7 14 Noignition Flash 
5. 12:64 0-037 84:6%; 28-0 15 Noignition Flash 
6. 9-96 0-042 845%; 29-4 18 Noignition Blue flash 
TaBLeE II. 
1. 7-45 0-049 82-4%; 25-8° 38 No ignition Ignition 
2. 8-70 0-049 81-7%; 25-0 244 ” 99 
3. 6-65 0-048 81-7%; 23°75 20 »» i 
4. 7-43 0-047 82-4%; 24-9 126 - 0 
5. 8-10 0-045 80-5%; 36-2 126 - - 
6. 7-25 0-045 80-5%; 26-0 106 fe - 
7. 4-80 0-057 80-5%; 30-0 15 ie ue 
8. 5-50 0-058 80-5%; 30-2 10 - ” 
9. 7°45 0-032 81-7%; 20-0 23 ” No ignition 


Table I indicates that below approximately 0-04% of catalyst 
there is a difference in the effects of hydrogen and water vapour. 
From Table II, it is seen that with proportions of both hydrogen 
and water vapour throughout the range of about 0-03 to 0-06% 
the hydrogen alone conferred ignitability, except in Expt. 9, where 
there was no ignition in either tube. This value is slightly 
higher than that found in the preliminary experiments. The 
difference may well be due to the different sparking conditions, 
for a different sparking coil was used. Also, in the earlier experi- 
ments (Table I) the pressure was only approximately atmospheric 
and varied slightly in the two tubes. 

Minimum Proportions of Hydrogen and Water Vapour required to 
permit Spark Ignition —It will be seen in Expt. 9 of Table II 
that, when the concentration of hydrogen had been reduced to 
0-:032%, the mixture no longer ignited. This observation was 
verified, and an attempt was made to ascertain the limit more 
closely by beginning with a mixture containing approximately 
002% of hydrogen and adding further small quantities of hydrogen. 
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Table III gives the results, from which it appears that the 0-032%, 
of Expt. 9 was in fact about the limiting concentration. 


TABLE IIT. 


Hydrogen, %. 





Volume, c ~ Press., Time of 
c.c. No ignition. Ignition. Temp. mm. drying. 
7°2 0-023 0-033 18° 760 18 days 
7-2 0-021 0-041 18 760 . a 
9-4 0-032 0-049 25 762 23 5s 
7:3 0-018 0-032 17 760 19 » 
4-63 0-018 0-038 19 768 3 months 


An attempt was also made to discover the limiting concentration 
of water vapour that determined ignitability. This was done by a 
step-wise elevation of the temperature of a submerged eudiometer 
containing the gas mixture and diluted sulphuric acid. The results 
given in Table IV show that the limiting concentration is approx- 
imately 0-12°, of water vapour. 


TABLE IV. 


Temp. Equivalent 

Volume between percentage 
of gas, Cone. of Time, Press., which igni- of water 
C.c. H,SO,, %. days. mm. tion occurred. vapour. 

6-3 80-5 110 765 34—39-6° 0-12—0-14 

4-8 80-5 103 768 32—36 0-10—0-13 

4-9 80-5 100 768 32—36 0-10—0-13 

7°45 82-4 143 775 36—42 0-07—0-12 


In the experiments described in the foregoing pages, the drying 
of the gas mixtures used was not carried to an extreme degree. It 
has been shown by Baker (J., 1902, 81, 7, 400) that considerably 
more thorough drying is necessary to prevent the combination of 
hydrogen and oxygen than that of carbon monoxide and oxygen. 
It seemed desirable, therefore, to find whether the catalysing 
influence of hydrogen on the combination of carbon monoxide and 
oxygen would be affected by a more thorough drying of the gas 
mixture. Experiments were accordingly carried out in the same 
way as those already described, but with considerably more intense 
and prolonged drying of the apparatus, as rapid filling as possible, 
and more protracted exposure of the gases to phosphoric oxide. 
The results are in Table V. 


TABLE V. 
Result of Sparking on 
Volume of %Volumeof Time of first addition of 
gas, c.c. hydrogen. drying. sparking. undried air. 
i. 4:5 0-043 12 weeks No ignition Ignition 
> 4-2 0-040 —— No ignition Ignition 
3. 4-2 0-042 BO * 5s No ignition Ignition 
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Since in all cases the admission of a small bubble of undried air 
to these mixtures made them ignitable by the spark, it appears 
from these experiments that the catalytic action of hydrogen is 
conditioned by the presence of a minimal quantity of water vapour. 

Variation of Electrodes.—With a view to find whether a change 
in the material of the electrodes would reveal anything of interest, 
eudiometers were made with electrodes of copper, nickel, silver, 
and gold. After the usual experimental procedure, it was found in 
all cases that the results were the same as those obtained by the 
use of the eudiometers with platinum electrodes. In these experi- 
ments, the difficulty of sealing metals directly into glass was over- 
come by the use of seals of “red platinum ” (copper deposited 
electrolytically on a nickel alloy). 

General Observations on the Results.—It is, of course, to be under- 
stood that the significance of the numerical results recorded in this 
paper may be considerably restricted by the particular conditions 
of the experiments. Slight variation in procedure and especially 
in the conditions of spark ignition may be suspected to have far- 
reaching effects. Experiments now in progress have shown that 
the effective proportion of the catalyst gases varies considerably 
with the length of the spark gap and the character of the discharge. 
But, working within the conditions described, precautions have 
been taken to interchange the eudiometers used respectively for 
the hydrogen and the water vapour additions, and to change the 
material of the electrodes. 


Summary. 


A comparison has been made of the relative influence of hydrogen 
and water vapour on the ignitability of a mixture of carbon monoxide 
and oxygen by the spark discharge. To the purified gases, mixed 
in combining proportions and contained in two eudiometers, hydro- 
gen and water vapour were added in equivalent proportion, and 
after time had been allowed for admixture a spark was passed 
simultaneously in series through each mixture. 

It appeared in the first instance, when the drying of the carbon 
monoxide-oxygen mixture had not been greatly prolonged, that 
hydrogen was more effective than water vapour in conferring 
ignitability. Through a range of concentrations varying from 
approximately 0-03 to 0-06%, hydrogen was effective, whilst water 
vapour was not. An estimation of the minimum quantities neces- 
sary gave 0-03% for hydrogen and 0-12% for water vapour. These 
figures are not to be taken as absolute values, for they are affected 
by the particular conditions of the experiments. 

In later experiments with more intensive drying of the com- 

H2 
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bustible mixture, it was found that the activity of the hydrogen 
was altogether inhibited. In other words, the superior catalytic 
effectiveness of hydrogen just described was in its turn conditioned 
by the presence of a minimal quantity of water vapour. It may 
equally well be said, alternatively, that in the presence of hydrogen 
a minimal quantity of water sufficed to confer ignitability. 

These results are in harmony with our earlier observations and 


with those of other workers. 
[Received, November 27th, 1929.] 





XXVI.—The Effect of Hydrogen-ion Concentration on 
the Electrode Potential of Iron. 


By A. L. McAutay and Grorrrey L. WHITE. 


Corrosion of iron in practical cases is almost entirely due to the 
electrolytic effect of currents flowing between points on its surface 
which are in different electrical conditions. A trace of moisture 
on the surface is sufficient to permit corrosion to take place in this 
manner. The existence of such differences in electrode potential 
is known to be caused to a great extent by differences in exposure 
to oxygen of adjoining regions in the corroding iron. It is also 
known that the electrode potential of iron varies greatly with other 
external conditions, and it is important to know what effect the 
variation of some of these conditions will produce. The two most 
powerful factors in determining the behaviour of a corroding iron 
surface are (i) exposure to oxygen, and (ii) the hydrogen-ion 
concentration of the electrolyte causing corrosion. 

It was thought that an investigation of the electrical behaviour 
of iron surfaces under varying conditions of pg would give inform- 
ation of fundamental importance, provided that the initial diffi- 
culties in the realisation of a standard reproducible state could be 
overcome. It was further hoped that, with rigorously simplified 
conditions, results of theoretical interest might be obtained which 
would throw light on the general mechanism of the production of 
electrode potentials. 

A previous investigation (McAulay and Bastow, J., 1929, 85) led 
to the recognition of a standard condition in neutral solutions, and 
gave the results of varying the degree of exposure to oxygen of a 
surface brought to this standard state. The present paper is 
mainly concerned with an investigation of the effect of varying 
hydrogen-ion concentration on electrode potential in an air-free 
solution. The results differed according to the anion present, but 
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were completely reproducible with the two anions (chloride and 
phosphate) investigated. Further experiments were carried out 
in solutions in a normal state of aeration; here no attempt was 
made to obtain accurate quantitative reproducibility, but certain 
large-scale effects are described which were qualitatively repro- 
ducible. In particular, conditions were observed where, with an 
extremely small change in pg, a very great change in electrode 
potential was brought about. 


EXPERIMENTAL 


The apparatus and experimental technique for obtaining an 
iron electrode in an air-free solution and for measuring its potential 
were the same as in the previous paper (loc. cit.). M/5-Solutions 
of potassium chloride and potassium phosphate were used, and 
the py was lowered by adding to each its appropriate acid, or raised 
by adding sodium hydroxide. The py naturally altered when the 
unbuffered solutions in the neighbourhood of neutrality were 
boiled; and it also changed, when on the acid side, owing to dis- 
solution of oxide from the electrode. The solution was tapped 
and the pq measured when equilibrium had been reached and the 
electrode was at a steady potential. The py measurements were 
made by the use of appropriate indicators standardised by solutions 
of the B.D.H. Universal Buffer, which were in their turn standard- 
ised with a hydrogen electrode, as it was found that they changed 
considerably with time. Some difficulty was experienced in obtain- 
ing steady conditions when the electrolyte was alkaline, probably 
owing to a decreasing tendency for destruction of the oxide film 
formed on the electrode before immersion. Up to a pg of about 
10, this difficulty could be overcome by the passage of a quantity 
of electricity of the order of 100 millicoulombs to the electrode as 
cathode. The electrode would in these conditions polarise to a 
high negative potential (of the order of 1-0 volt on the saturated 
calomel scale) and, when this polarisation had disappeared, would 
be found to be in a steady reproducible condition. The incon- 
sistency between this effect of current and that found in the case 
of neutral solutions described in the earlier paper is a real one, 
and it is intended to make this and certain other peculiarities the 
subject of further investigation. 

At higher alkalinity than py, 10, it was not possible to bring iron 
to an electrically reproducible state. The electrode then showed 
all the features associated with the presence of a film of oxide, 
gradually drifting to an indeterminate potential of the order of 
—0-4 on the standard calomel scale. 
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Results. 


(a) In air-free solutions. Fig. 1 shows the relation between pa 
and equilibrium electrode potential of pure iron* against the 
saturated calomel electrode. Fig. 1(a) represents points given by 
potassium chloride and Fig. 1(b) those given by potassium phos- 
phate. The solution was M/5 in anion concentration, with the 
exception of the most acid point on the chloride curve and of the 
two check points A and B in Fig. 1(a). 
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Equilibrium potentials (saturated calomel scale) in N/5-KCl (point A, electro- 
lyte = N/190-Cl’; point B, electrolyte = 4-2N-Cl’.) 


These final equilibrium potentials required very different times 
for their establishment. The rise in the extreme alkaline region 
was very slow indeed, and the slightest trace of oxygen would 
prevent an equilibrium potential being reached, presumably owing 
to the formation of an oxide film which caused the potential to 
drift to a more positive value than the equilibrium potential. 
Difficulties of a different sort were encountered in the acid region, 
where the potential tended to become unsteady at a higher value 
than the equilibrium potential. In the neutral region with chloride 
solutions, difficulty was experienced in maintaining the pg con- 
stant and in measuring its true value in the cell. Occasionally, in 

* The iron electrodes were supplied by Hilger and the following analysis 
given: Sn, 0-02; Pb, 0-001; As, 0-005; P, 0-010; Mn, 0-031; Mo, 0-05; 
Cu, 0-04; Ni, 0-007; Cr, 0-016%; Si and Sb, traces; Al, Mg, Ca, Ti, V, none; 
Co is not mentioned. 
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making check experiments, an indicator was introduced into the 
cell. 

It will be seen that in each case the relation between pg and 
equilibrium electrode potential is expressed fairly exactly by a 
pair of straight lines, the one of less slope in the alkaline region 
being the same for both anions, but that in the acid part being 
specific for each anion. A tentative explanation is attempted 
later. 
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Equilibrium potentials (saturated calomel scale) in M /5-phosphate solutions, 
[The broken lines are reproduced from Fig. 1 (a).]} 


In order to test whether the concentration of the anion had any 
effect on the potential at a given pa, experiments were made with 
concentrations of NV/100- and of 4-2N-potassium chloride [points A 
and B, respectively, Fig. 1(a)]._ In both cases the equilibrium values 
are seen to be practically on the curve, although peculiarities were 
noticeable in their establishment. 

(b) In solutions not rendered air-free. The behaviour of electrodes 
in such solutions was so complicated that no standard quantitative 
work was attempted. Certain large-scale effects were observed, 
however, which seem to be of importance. In phosphate solutions, 
a definite critical pq exists (between 7-5 and 8-5) on the alkaline 
side of which the equilibrium potential of a freshly-ground electrode 
starts at about — 0-31 (saturated calomel scale) but falls in about 
10 mins. to about — 0-3, at which it remains constant; on the acid 
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side, however, the potential rises rapidly to the neighbourhood of 
— 0-8 and then remains constant. In chloride solutions no such 
critical pg for equilibrium potentials exists : for solutions as alkaline 
a8 Pa 9 the potential very slowly drifts to a value near — 0-7. 


Discussion of Results. 


(a) Air-free Experiments.—The following tentative theory is 
advanced to explain the results shown in Fig. 1. The steeper 
straight line on the acid side of the curve represents the deposition 
of hydrogen by direct replacement of iron, the electrode in this 
region behaving directly as a hydrogen electrode with high negative 
potential due to overvoltage. This theory views the deposition of 
hydrogen as similar to its electrolytic deposition. The stream of 
ferrous ions leaving the metal and balancing the positive current 
caused by the hydrogen is thought to have no effect on the over- 
potential. Experiments on the simultaneous deposition of metal 
and hydrogen ions suggest that this should be the case (McAulay 
and Bowden, Phil. Mag., 1926, 1, 1282). 

This theory immediately accounts for the fact that the slope of 
the line is less than 0-057 volt per pa unit, for hydrogen evolution 
is more rapid the higher the céncentration of the acid. It also 
accounts for the different lines obtained with chloride and phosphate. 
In the first case, deposition takes place at a clean iron surface, 
and in the second, at a surface of insoluble ferrous phosphate, and 
the overvoltage would be expected to have a different value. 

There seems considerable difficulty in explaining the less steep 
straight line representing the more alkaline part of the curve, 
where evolution of bubbles does not take place. It is thought 
that it is determined by hydrogen overpotential and that the iron 
is effectively a hydrogen electrode. If the potential were deter- 
mined by ferrous ions depositing on a clean iron surface, it would 
be at least 0-2 volt more negative than that observed; while ferric 
ions would be deposited till a concentration of less than 10-°N 
was left in solution before they could be in equilibrium with an 
iron surface at this potential. The electrode cannot be acting as 
an oxidation—-reduction electrode for ferrous and ferric ions, for 
the concentration of ferric ions at such a potential would have to 
be of the order 10° of that of the ferrous ions. It is impossible 
to conceive of such minute traces of an ion in the electrolyte deter- 
mining the potential of the electrode when there is nothing to 
prevent the solution of ferrous ions from the iron. It appears 
probable, therefore, that hydrogen determines the electrode potential. 

Another possibility is that the electrode surface throughout this 
part of the curve is in a different condition from that in which 
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there is direct replacement of iron by hydrogen, and that it has 
not the character of a clean iron surface. Possibly, the observed 
potential is characteristic of the equilibrium between ferrous ions 
in the solution and ferrous ions in some oxide lattice on the electrode 
surface. It is hoped that experiments with other metals will afford 
information as to the reason for this different slope. 

(b) Experiments in Solutions not rendered Air-free-—The explan- 
ation of the qualitative results observed with these solutions is 
believed to be as follows. In the case of the phosphate, the definite 
positive potential obtained at pq values greater than 8-5 is due to 
the formation of an oxide skin which the feeble disintegrating powers 
of the phosphate ion are unable to destroy. The negative potential 
obtained at smaller pg values is believed to be due to the formation 
of a film of insoluble ferrous phosphate. The chloride ions, on the 
other hand, have a powerful disintegrating effect on the oxide film, 
and the final potential observed in aerated solutions is the result of 
the opposing effects of destruction of the film by chloride ions and 
its repair by dissolved air. Experiments with potassium sulphate 
indicated a much less energetic disintegration of the film by sulphate 
ions than by chloride ions. 


Summary. 


Examination of the electrode potentials of pure iron in air-free 
solutions of various pq containing potassium chloride or phosphate 
has led to results of a standard and reproducible nature, which 
should provide a foundation for work of a more directly practical 
nature where conditions are necessarily more complicated. The 
curves showing the relation between pg and equilibrium potential 
split up into two straight lines of different slope, and a discussion 
of these is attempted. 

Experiments have also been made with solutions not rendered 
air-free, and a very marked discontinuity of the curves has been 
observed in the case of the phosphate solutions. 


In conclusion, our best thanks are due to the Commonwealth 
Council for Scientific and Industrial Research for the generous 
grant that we have received from them which has made it possible 
to carry out the work described in this paper. In addition, atten- 
tion is drawn to an oversight in a previous paper on this subject 
(J., 1929, 85), where it was intended to make a similar acknow- 
ledgment of an earlier grant made for the same purpose by the 
CS.LR. 


UNIVERSITY OF TASMANIA, 
Hopart, TASMANIA. [Received, September 30th, 1929.] 
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XXVII.—The Pyrophosphate Method for the Determin- 
ation of Magnesium. 


By Stanko Stankov MrHoric. 


Ir is known that in the determination of magnesium as pyro- 
phosphate great care is necessary to obtain a precipitate of the 
composition MgNH,PO, (Epperson, J. Amer. Chem. Soc., 1928, 50, 
321) and that it is necessary to ensure that ignition yields pure 
magnesium pyrophosphate free from organic matter. Various 
devices for obtaining the product white have been suggested 
(McNabb, ibid., p. 301; Hillebrand, Bull. Geol. Survey, U.S.A., 
1919, 700, 151), but Epperson has shown that these expedients 
are of little value. Since platinum crucibles are expensive and 
may be damaged, it is desirable to utilise porcelain or sintered-glass 
crucibles. In this case, however, lower temperatures of ignition 
must be used. Theoretical considerations lead to the conclusion 
that the temperature necessary for a complete dissociation of 
MgNH,PO, cannot be so high as hitherto used, viz., 900—1200°. 
Most ammonium salts dissociate below 500°, and ortho- is trans- 
formed into pyro-phosphoric acid at or below 250°. Moreover, it 
is a common experience that the charring of organic material is 
the more complete, and the ash the whiter, the lower the temper- 
ature used. Further, McNabb (J. Amer. Chem. Soc., 1927, 49, 
1451) has shown that the analogous dissociation of magnesium 
ammonium arsenate is complete at 500—600°. An attempt was 
therefore made to ignite magnesium ammonium phosphate at as 
low a temperature as possible, and 480° was chosen as being probably 
the most suitable. 
EXPERIMENTAL. 

For filtration, the sintered Jena-glass crucibles used (No. 3, with 
an average pore diameter of 20—30 w) were very satisfactory : one 
of them was used 50 times, and is still in use, showing only a slight 
corrosion and having lost only 0-021 g. owing to repeated cleaning 
with concentrated hydrochloric acid. 

The tests were made with N/20-solutions of magnesium chloride 
or sulphate as standard. The magnesium content of the former 
was checked by evaporation with yellow mercuric oxide, ignition, 
and weighing as magnesium oxide, or by evaporation with sulphuric 
acid and weighing as magnesium sulphate; for the latter standard, 
only the second method was used, the other method being imprac- 
ticable. As the magnesium sulphate solution was slightly too 
concentrated, corrected values for the calculated amount of pyro- 
phosphate were substituted in Tables IT and IIT. 
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The details of the estimation were as follows. To a measured 
amount of the solution, diluted with 200 c.c. of water, were added 
3 drops of concentrated hydrochloric acid and then a filtered solution 
of 0-5 g. of ammonium chloride and 1 g. of ammonium phosphate 
in 20 c.c. of water containing 2 or 3 drops of a 1% alcoholic solution 
of phenolphthalein. The mixture was heated to boiling, and 
aqueous ammonia was added slowly drop by drop until the colour 
remained pink after prolonged stirring, followed by 50 c.c. of 
ammonia solution (d 0-96) while the mixture was still hot. After 
standing over-night, the liquid was filtered through a sintered-glass 
crucible, the precipitate washed with about 50 c.c. of 24% ammonium 
hydroxide solution, heated in an electric oven at 480° for 2 hours, 
and weighed. Subsequent heatings at the same temperature and 
weighings showed that the precipitate had attained constant weight 
in the first heating : it was a light snow-white powder. The results 
are in Tables I, II, and ITI. 


TaBLeE I. 
N /20-Solution of MgCl,,6H,O used. 


Amount of solution taken, 


Single precipitation. 


10 c.c. 20 c.c. 50 c.c. 
Mg,P,0, calc., 0-0557 g. Mg,P,0, calc., 0-1114 g. Mg,P,O, calc., 0-2785 g. 
Mg,P,0, Mg,P,0, Mg,P,0, 
found, g. Diff., g. found, g. Diff., g. found, g. Diff., g. 
0-0545 —0-0012 0-1100 —0-0014 0-2770 —0-0015 
0-0541 —0-0016 0-1098 —0-0016 0-2770 —0-0015 
0-0551 —0-0006 0-1117 +0-0003 0-2775 —0-0010 
0-0556 —0-0001 0-1107 —0-0007 0-2770 —0-0015 
0-0556 —0-9001 0-1102 —0-0012 0-2778 —0-0007 
0-0551 —0-0006 0-1105 —0-0009 0-2783 —0-0002 
0-0550* —0-0007* 0-1105* —0-0009* 0-2774* —0-0011* 
Average error, —1-26%, Average error, —0-81%. Average error, —0-39%,. 
* Mean, 
. Tasie II. 


N /20-Solution of MgSO,,7H,O used. 


Amount of solution taken, 


5 e.e. 25 c.c. 50 c.c. 
Mg,P.0, calc., 0-0284 g. Mg,P,0, calc., 0-1420 g. Mg,P,O, calc., 0-2839 g. 
Mg,P.0, Mg,P,0, Mg,P,0, 
found, g. Diff., g. found, g. Diff., g. found, g. Diff., g. 
0-0293 +-0-0009 0-1415 —0-0005 0-2845 + 0-0006 
0-0297 +0-0013 0-1404 —(-0016 0-2852 +0-0013 
0-0286 +0-0002 0-1408 —(0-0012 0-2838 —0-0001 
0-0284 +0-0000 0-1409 —0-0011 0-2848 +0-0009 
0-0283 —0-0001 0-1404 —0-0016 0-2850 +0-0011 
0-0281 —0-0003 0-1406 —0-0014 0-2848 +0-0009 
0-0287* +0-0003* 0-1408* —0-0012* 0-2850* +0-0011* 


Single precipitation. 





Average error, +1-06%. Average error, —0-85%. Average error, +0-39%. 


* Mean. 
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Tasiez IIT. 


N/20-Solution of MgSO,,7H,O used. Double precipitation. 
Amount of solution taken, 50 c.c. Mg,P,O, calc., 0-2839 g. 


Mg,P,0, found, g. Diff., g. Mg,P,0, found, g. Diff., g. 
0-2841 +0-0002 0-2848 -+0-0009 
0-2843 +0-0004 0-2848 -+0-0009 
0-2843 +0-0004 0-2847 +0-0008 

Mean 0-2845 +0-0006 


Average error, +0-21%. 


Tables II and III show that scarcely any alteration is effected by 
reprecipitation of the double phosphate. 

In order to ascertain whether the conversion into pyrophosphate 
was complete at 480°, 0-2 g. samples of the pyrophosphate obtained 
were heated for 4 hour in a platinum crucible by a blast burner; 
the powder sintered to a hard crumbly mass, but the losses in four 


cases were 1-7, 1-7, 13 and 1-4 mg., giving an average of 1-5 mg. 


or 0-75%,. 
The method described above proved satisfactory in a long series 
of determinations of magnesium in mineral waters. 


InsTITUTE OF HyGreENE AND ScHoo.t or Pusiic HeALTH, 
ZAGREB, JUGOSLAVIA. [Received, October 25th, 1929.] 


XXVIII.—The Absorption Spectra of Diphenyl and 
Some Derivatives. 


By Tuomas C. C. ApAm and ALFRED RvSSELL. 


In connexion with the relations between the constitution of organic 
compounds and their absorption spectra, it was shown (Baly, 
Edwards, and Stewart, J., 1908, 93, 1902) that the seven-banded 
absorption spectrum of benzene can be explained by Collie’s oscil- 
lation theory (J., 1897, 71, 1013) for the structure of the benzene 
molecule on the assumption that each band corresponds to a make- 
and-break of valency. The spectrum of naphthalene was discussed 
in a similar manner (Baly and Tuck, J., 1906, 89, 514) and found 
to be in agreement. 

In the course of the following work, the resemblance manifest 
between the spectra of diphenyl and of its derivatives has led to 
a corresponding theory for this hydrocarbon. Since one carbon 
atom of each nucleus is bound, no valency oscillation involving 
only two carbon atoms can take place, nor is an oscillation 
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involving all six carbon atoms possible. Three types of pulsation 
remain : 
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If the appearance of a band in the spectrum is to indicate a make- 
and-break of valency, then only one of these is possible. The same 
band is shown by the 4-derivatives as by dipheny] itself, an indic- 
ation that the pulsation of the molecule does not include the carbon 
atom in the 4-position; that is, the oscillation of valency is taking 
place as in (II). The spectroscopic evidence thus points to the 
existence of a virtual para bond in the diphenyl molecule making the 
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4-carbon atom the stable member of the ring. The spectra obtained 
for the 2-derivatives bear out the theory in the following respects : 

(1) The 4-carbon atom being partially bound by a virtual bond, 
any electronic disturbance which includes this atom will be small 
compared with the typical disturbance, and the resulting band wilil 
be absorbed in the typical 
band. 

(2) If the main pulsation is 
suppressed by a 2-substituent, 
then selective absorption will 
be eliminated, except in so far 
as the 4-carbon atom is free to 
oscillate. In practice, 2-nitro- 
diphenyl shows one shallow 
band, and the heavily substi- 
tuted 2-2’’-diphenylyldiphenyl 
shows a band still shallower. 


360 |——- 


320 


EXPERIMENTAL. 


The solvent employed was, 
in most cases, spectroscopically 
pure ethyl alcohol. For 4-di- 
phenylyldiphenyl and 4’-nitro- 
-4-diphenylyldiphenyl, it was 
necessary to employ redistilled 
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si cn a Srna ee hie tion coefficients of the head of 
the band and of that frequency, towards the violet end, where 
complete transmission is obtained. 

Diphenyl, m. p. 70-5°. The spectrum shows a deep well-defined 
band with its head at v 4063 (see Fig. 1), in good agreement with 
the measurement of Baly and Tryhorn (J., 1915, 107, 1058), who 
examined the spectrum of a thin film of diphenyl. 

4-Nitrodiphenyl, m. p. 113°. Substitution of a nitro-group for 
hydrogen has moved the head of the band towards the red to 
v 3259. 
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4-Aminodiphenyl, m. p. 53°. The amino-substituent has the 
effect of broadening the band. The size and mass of the group 
being less than in the previous instance, the band head has not 
been shifted to the same extent, maximum absorption occurring at 
v 3590. 

4-Aminodiphenyl hydrochloride. The reduction of reactivity 
consequent on the formation of the hydrochloride brings about a 
considerable decrease in 
the persistence of the Fig. 3. 
absorption, in this case 
from 224 to 64 units. 
The head of the band 
has also moved back 
towards the ultra-violet 
to v 3720. 

4-Fluorodiphenyl, m.p. 
74:5°. As might be ex- 
pected, the entry into the 
diphenyl molecule of a 
small light atom such as 
fluorine has no appreci- 
able effect on the absorp- 
tion (see Fig. 2). 

4-Chlorodiphenyl, m. p. 
75°5°. In this case, the 
greater size and mass of 
the chlorine atom has 
shifted the position of 
maximum absorption to Oscillation frequencies. 
v3979. The band is also 4;Diphenyiy tip Y diphenyl..---------=>- 
morepersistent,although 9.Nitrodiphenyl = = = ttre ttt 
the configuration of the 2-2”-Diphenylyldiphenyl = —-—-+-—+—-— 
curve is unaltered. 

4-Bromodiphenyl, m. p. 89°. Replacement of chlorine by bromine 
has the effect of moving the head of the band to v 3892. 

4-Diphenylyldiphenyl, m. p. 260°. Spectroscopically, at least, 
this compound acts as a heavily substituted diphenyl. The band, 
while retaining the characteristics of the diphenyl band, is shallower 
with a persistence of 172. The head has moved well up towards 
the red, occurring at v 2965. 

4’-Nitro-4-diphenylyldiphenyl, m. p. 274°. Although no definite 
band is shown, there is evidence of a very shallow band about 
v 3050. 

2-Nitrodiphenyl, m. p. 36°. The feeble valency oscillation per- 


Extinction coefficients x 1,000. 
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missible in a 2-substituted diphenyl is demonstrated in this case by 
the appearance of a very shallow band at v 3350. 

2-2"’.Diphenylyldiphenyl, m. p. 185°. In conformity with the 
theory, the selective absorption shown by this compound is small, 
a very shallow band with its head at v 3550 being obtained. 


We are grateful to Messrs. Imperial Chemical Industries for a 
grant defraying the cost of the work. 
THe Sm Donatp Currie LABORATORIES, 


THE QUEEN’s UNIVERSITY, 
BELFAST. (Received, November 18th, 1929.] 


XXIX.—Studies in Keto-lactol Tautomerism. Part 
IV. Chemistry of 5-Acetyl-1 : 1 : 2-trimethyleyclo- 
pentane-2-carboxylic Acid. Observations on the 
Constitutions of the Acid Esters of Camphoric Acid, 
and a Synthesis of Homoepicamphor. 


By MuwamMMAD QuDRAT-I-KHUDA. 


In extending the study of ring-chain tautomerism of the keto-lactol 
type (I and II) to keto-monocarboxylic acids, it was suggested 
(J., 1929, 205) that the evidence of the existence of the hydroxy- 
phase of such acids would be obtained more readily by an investiga- 
tion of 3-keto-monocarboxylic acids having substituents at the p- 
and the y-carbon atom. The 8-keto-acids derived from the acid 
esters of camphoric acid fulfil this condition and their behaviour 
has been examined. 


H,-COMe CH,———C(OH)Me 
RRC , —> RR’ ; SO 
C 


H(CO,H), ~*~ H(CO,H)-CO 
(I.) (I1.) 


ortho-Methyl hydrogen camphorate (III) and allo-methyl hydrogen 
camphorate (IV), m. p. 77° and 86° respectively, when converted 


H,’CH:CO,Me H,’CH-CO,H 
(IIT.) ie (ie (IV.) 
H,° e-CO,H H,° e‘CO,Me 


H,°CH-CO,Me H,°CH-COMe 
(V.) Gs es (VI.) 


H,CMe-COMe H,-CMe-CO,Me 


into their acid chlorides and acted on by zinc methyl iodide under 
parallel conditions, gave, not methyl 2-acetyl-1 : 1 : 2-trimethyl- 











n 


- 
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cyclopentane-5-carboxylate (V, from III) and methyl’ 5-acetyl- 
1:1: 2-trimethylcyclopentane-2-carboxylate (VI, from IV), but 
only one keto-ester; the semicarbazones obtained from specimens 
prepared from both sources melted, separately or mixed, at the same 
temperature. 

The fact that only one keto-ester was obtained from the isomeric 
acid esters suggested that these were structurally identical and 
differed only in the spatial arrangement of the groups: this view 
was supported by the results obtained on brominating the acid 
chlorides produced from the two acid esters. Both chlorides 
absorbed bromine with almost equal ease and the products isolated 
after the reaction mixture had been poured into methyl alcohol 
were methyl camphanate (IX), w-bromocamphoric anhydride (X), 
and small quantities of the bromo-ester (VIII) and camphanic acid. 
These facts, particularly the production of the bromo-ester (VIII), 
suggest that the allo- and the ortho-acid ester both have the carboxyl 
group attached to a tertiary carbon atom and that the bromination 
proceeds in the normal way; the intermediate product ultimately 
loses methyl bromide and methyl chloride, giving the ester of 
camphanic acid and bromo-camphoric anhydride : 


CHyCH-COCL sg, “oe ihsik — 


CMe, —> CMe, a vs L Cy 
CH,-CMe-CO,Me CH,-CMe-CO,Me ‘H,-CMe-CO,Me 
vu. —— Meo VII. 


em meox (H2*C(CO,Me)-O CH,-OBr-CO 
] (Me, rae | ote, | yo 


! CMe, 
CH,*CMe——CO H,-CMe——_CO bez, daneroes 
(IX.) (X.) 


The structural identity of the two acid esters is rendered very 
probable by the fact that, when the ortho-acid ester (m. p. 77°) is 
converted into the acid chloride by heating with thionyl chloride 
and then treated with water, the ~roduct obtained melts at the 
same temperature as allo-methyl hydrogen camphorate; its crystal- 
line structure is identical with that of the latter and there is no 
depression of the melting point of a mixture of the two compounds. 

In view of these facts the work of Walker and his collaborators 
(Walker, J., 1893, 63, 495; Walker and Henderson, J., 1895, 67, 
337; Walker and Cormack, J., 1900, 77, 374), Noyes and Blanchard 
(Amer. Chem. J., 1901, 26, 285), and Haller and Blanc (Compt. 
rend., 1905, 141, 697) requires revision, which is being undertaken. 

Camphoraldehydic acid (XI) (Bredt, J. pr. Chem., 1917, 95, 63), 
when heated with acetic anhydride, gives an acetoxy-derivative 
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(XIII), the reaction taking place with the isomeric hydroxy-lactonic 
form (XII) of the aldehydic acid. 


CH,-CH-CO,H OH,-CH-CO CH,CH-CO 
CMe, (Me, >O CMe, >O 

CH,*CMe-CHO ‘H,-CMe-CH-OH SH,*CMe-CH-OAc 
(XI.) (XITI.) (XITT.) 


The keto-acid (XIV) shows similar properties. 

The ester (VI) on treatment with alcoholic potassium hydroxide 
gave a mixture of two solids, viz., the keto-acid (XIV) and a diketo- 
compound (XVII), and a liquid substance, which was apparently 
the hydroxy-lactonic form (XVIII) of the keto-acid (XIV). The 
same keto-acid appears to have been obtained by Winzer (Annalen, 
1890, 257, 298) from the product of hydrolysis of camphorylmalonic 
ester (XV). On treatment with semicarbazide acetate, the acid 
(XIV) gave a crystalline semicarbazone having the properties of the 
normal compound (XVI), whereas the liquid acid (XVIII) gave an 


CH,*CH-COMe CH,CH—C.C(CO, Et), 
(XIV.) CMe, CMe, PO (XV.) 
CH,*CMe-CO,H CH,°CMe-CO 
H,-CH—CMe CH,-CH—CO 
(XVI.) N-NH-CO-NH, CMe, CH, (XVII.) 
Me, H,*CMe—CO 
H,°CMe-CO,H 


isomeric substance, of indefinite crystalline structure and very 
soluble in alcohol (compare the addition compound of Balbiano’s 
acid and phenylhydrazine; Mahla and Tiemann, Ber., 1895, 28, 
2151), probably to be represented by the formula (XIX) : 


H,-CH——CMe-0H H,-CH—CMe-NH-NH-CO-NH, 
| Me, 0 | (Me, >O 
H,"CMe—CO H,CMe—CO 

(XVIIL.) (XIX.) 


When the keto-acid (XIV) or the hydroxy-lactone (XVIII) was 
treated with acetyl chloride, very little neutral product was obtained ; 
the material was recovered in a hydrated form (XX), which was 
converted into the keto-acid (XIV) on drying. Both the keto- 
acid and the hydroxy-lactone, however, when treated with acetic 
anhydride, were converted into the same unsaturated lactone (X X1), 
which still exhibited optical activity although one of the two asym- 
metric carbon atoms had lost its asymmetry. 


H,°CH-C(OH),Me H,-C——CMe 
(XX.) 





yMe, OMe, 0 (XXL) 
H,"CMe-CO,H OH,CMe—GO 
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The keto-acid (XIX), on reduction with sodium and alcohol, 
gave methylcampholide (XXII): the introduction of the third asym- 
metric carbon atom changed the direction of rotation from dextro 
to levo. 


H,-CH—CHMe H.-CH—OO 
(XXIL.) CMe, 0 CMe, QOH, (XXIII.) 
H,-CMe—CO H,"CMe—CH, 


The keto-ester (VI), when heated with alcoholic sodium ethoxide, 
was converted into the diketo-compound (XVII), which, as already 
mentioned, was also obtained in small quantity by hydrolysis of the 
ester. The reduction of the diketo-compound by Clemmensen’s 
method gave a waxy mass, with a strong camphoraceous odour, 
consisting of a ketone and a second substance. The ketone, pro- 
duced in very small quantity, forms a semicarbazone, m. p. 220°, 
isomeric with the semicarbazone of homocamphor (XXIV), m. p. 
250° (Lapworth and Royle, J., 1920, 117, 743), and is provisionally 
regarded as homoepicamphor (XXIII). The second substance is 
probably the keto-aleohol (XXV); it could not be obtained suffi- 
ciently pure for analysis. 

H,CH H, H,-CH——CO 
(XXIV.) | Me, OH ] ta. = (XXV.) 
JH,*CMe—CO CH,*CMe—CH:OH 


Experiments are now in progress on the action of potassium 
cyanide on the lactone (XXII); it is also hoped to prepare the 
ketone (X XIII) and the keto-alcohol (X XV) in par gee in order to 
settle their constitutions. 


EXPERIMENTAL. 


ortho-Methyl hydrogen camphorate was prepared by Walker’s 
method (loc. cit.). After crystallising twice from light petroleum 
(b. p. 40—60°), it melted at 77° and had [«]}}?* + 53-94° in 2-95% 
alcoholic solution. 

allo-Methyl hydrogen camphorate was obtained by Walker’s 
method (loc. cit.) by the partial hydrolysis of methyl camphorate, 
prepared by a method based on the one used by Frankland and 
Aston (J., 1901, 79, 517) for the esterification of tartaric acid and 
also by the method recommended by Haller and Blanc (loc. cit.). 
After crystallising twice from petroleum (b. p. 60—80°), the allo-ester 
melted at 86° and had [«]i}’ + 45-1° in 43% alcoholic solution. 

Bromination of the Chloride of the allo-Hster—The acid ester 
(42 g.) was mixed with phosphorus pentachloride (41 g.). When 
the vigour of the reaction had abated, the mixture was heated at 
75—80° for an hour, 12 c.c. of dry bromine were gradually added, and 
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the heating was continued for 4—5 hours. The excess of bromine 
was then evaporated and the reaction mixture was poured into 
methyl alcohol (150 c.c.) and heated on the steam-bath for some 
time. After most of the alcohol had evaporated, the residue was 
poured into water and shaken with ether. The extract was washed 
with sodium carbonate solution and dried, and the solvent removed. 
The residue, consisting of crystalline material mixed with a little 
oil (A), was triturated with petroleum. The solid then remaining 
was partly soluble in hot petroleum (b. p. 60—80°); on cooling, 
the solution deposited methyl camphanate, m. p. 110° after re- 
crystallisation (Found: C, 62:1; H, 7:5. Cale. for C,,H,,0,: 
C, 62-3; H, 7-5%), hydrolysis of which gave camphanic acid, 
m. p. 201° (compare Bredt, Annalen, 1913, 395, 39). The portion 
of the solid insoluble in hot petroleum crystallised well from chloro- 
form, melted at 215° (Found: Br, 30-8. Calc. for C,gH,,0,Br : 
Br, 30-7%), and had all the properties of Wreden’s bromocamphoric 
anhydride (Annalen, 1872, 163, 332). 

The oil (A) was recovered from the petroleum solution and distilled 
in a vacuum: a little methyl camphorate came over and then 
methyl bromocamphorate distilled at 162—164°/12 mm. with slight 
decomposition. The yield was very small and the bromo-ester 
was not pure (Found: Br, 25-0. C,,H,,0,Br requires Br, 26-0%). 

The above sodium carbonate extract on acidification gave an oil 
which, when hydrolysed with caustic soda, yielded camphoric acid 
and a small quantity of camphanic acid. 

The products obtained in a similar way from ortho-methyl 
hydrogen camphorate were essentially of the same nature as the 
above. 

Conversion of ortho- into allo-Methyl Hydrogen Camphorate.—The 
ortho-ester (7 g.) was treated with thionyl chloride (4 ¢.c.) at 70—75° 
for an hour, the excess of thionyl chloride then removed under re- 
duced pressure, and the residue diluted with dry benzene (50 c.c.) 
and decomposed with water. The acid was extracted with dilute 
sodium carbonate solution, precipitated by acidification with hydro- 
chloric acid, and extracted with ether. After drying and removal 
of the ether, the oily residue obtained partly solidified on cooling. 
The solid was separated from the oily impurities by trituration 
with petroleum and crystallised from the same solvent; it then 
melted at 86° (Found: C, 61:5; H, 8-6. Cale. for C,,H,,0, : 
C, 61-7; H, 84%). 

The allo-ester, when similarly treated, was recovered unchanged. 

Methyl 5-Acetyl-1 : 1 : 2-trimethyleyclopentane-2-carboxylate (V1).— 
ortho-Methyl hydrogen camphorate was mixed with thionyl chloride 
(15 c.c.) and the acid chloride obtained after the removal of the 
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excess of thionyl chloride as stated above was cooled, diluted with 
an equal volume of dry benzene, and added to a cold solution of 
zinc methyl iodide prepared from methyl iodide (35 c.c.), ethyl 
acetate (18 c.c.), and zinc-copper couple (35 g.) in benzene solution 
in the usual way. The keto-ester was isolated by treatment of the 
solution with water and dilute sulphuric acid and subsequent re- 
moval of the solvent and treated with a slight excess of semicarbazide 
acetate in aqueous-alcoholic solution. The semicarbazone, after 
crystallising several times from alcohol, melted at 198° (Found : 
C, 58-0; H, 8-8. C,,H.,0,N, requires C, 58-0; H, 86%). When 
it (36 g.) was heated with 50 c.c. of concentrated hydrochloric acid 
and 150 ¢.c. of water on the steam-bath for 2} hours, the ester 
separated as an oil. After cooling, this was taken up in ether, 
washed with dilute caustic soda solution, dried, and distilled in a 
vacuum, the keto-ester being obtained as a mobile colourless liquid 
with a characteristic odour, b. p. 135°/11 mm., dj*” 1-04555, nj}” 
1-4733 (whence [Rz]p = 56-91. Cale., 57-08), [a]§" + 21-3° in 
2-2% alcoholic solution (Found : 67:9; H, 9-6. C,,H90; requires 
C, 67-9; H, 9-4%). 

The same semicarbazone was obtained from the keto-ester pro- 
duced from allo-methyl hydrogen camphorate by a similar series of 
reactions. 

Hydrolysis of the Keto-ester (V1). Preparation of the Keto-acid 
(XIV) and the Hydroxy-lactone (XVIII).—The keto-ester (14 g., 
purified through the semicarbazone) was heated with aqueous- 
alcoholic potassium hydroxide (16 g.) on the steam-bath for 18— 
20 hours, the alcohol evaporated, the residue diluted*with water 
and extracted with ether to remove any unchanged ester, and the 
alkaline solution acidified with hydrochloric acid. After a day or 
two, the oil that had separated partly solidified. The solid was 
drained on porous plate and crystallised from petroleum (b. p. 
60—80°). Feathery needles of the diketo-compound (XVII) de- 
scribed below separated first, and then the keto-acid (XIV) in well- 
formed rhombic plates, m. p. 96° after two recrystallisations (Found : 
C, 66-7; H, 93; M, by titration, 197. C,,H,,0, requires C, 
66-7; H,9-1%; M, 198). 

5-Acetyl-1 : 1 : 2-trimethylcyclopentane-2-carboxylic acid is very 
soluble in the ordinary organic solvents except light petroleum. 
It has [«]>* +99-1° in about 2-3% solution in chloroform. 
The semicarbazone (XVI), crystallised from methyl alcohol, melts 
at 225° (Found: CO, 56-8; H, 8-5. C,.H,,0,N, requires C, 56-5; 
H, 8-2%). 

The oil absorbed in the porous plate (above) was extracted with 
ether, dried, and distilled in a vacuum; the somewhat viscous mass 
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obtained, b. p. 186—187°/14 mm., showed no tendency to solidify 
(Found: C, 66-8; H, 9:1%). The oil was slowly attacked by 
dilute sodium bicarbonate solution. After treatment with semi- 
carbazide acetate in dilute methyl alcohol, it gave on dilution a 
gummy mass which gradually solidified: by slow evaporation of 
a solution of the solid in hot dilute methyl alcohol, a substance of 
indefinite crystalline structure was obtained. This was dried in 
the air, washed with benzene to remove a small quantity of colouring 
matter, and dried over sulphuric acid in a vacuum desiccator; it 
then melted at 172° and decomposed at a higher temperature. The 
substance (? XIX) is isomeric with the semicarbazone (XVI) 
(Found: C, 568; H,8-3%). It dissolves slowly in dilute sodium 
hydroxide solution and is recovered on acidification. 

Behaviour of the Keto-acid (X1V) and the Hydroxy-lactone (XVIII) 
towards Acetyl Chloride.—Kither of the acids (3 g.) was heated with 
excess of acetyl chloride (8 c.c.) on the steam-bath for a few hours, 
the acetyl chloride then evaporated, and the residue treated with 
water; the oil produced was dissolved in ether and shaken with 
dilute sodium carbonate solution. The neutral product gave only 
a trace of the unsaturated lactone described below. The alkaline 
extract on acidification gave an acid, which crystallised from hot 
water in shimmering plates, m. p. 73°; after being dried in the air 
for a day, it was analysed (Found: C, 60-9; H, 9:5; M, by 
titration, 215-5. C,,H,9O0, requires C, 61-1; H, 9-3%; WM, 216). 
The acid is the hydrated form (XX) of the keto-acid (XIV) and is 
converted into this acid on being dried in a desiccator. 

Action of Acetic Anhydride on the Keto-acid (X1V) and the Hydroxy- 
lactone (X VIII).—Either compound (5 g.) was refluxed with acetic 
anhydride (5 c.c.) for 2 hours, and the product distilled; the un- 
saturated lactone (XXI) passed over at 136°/22 mm. and solidified 
in the receiver. The lactone, m. p. 62°, [a«]f* + 77-7° in a 33% 
solution in chloroform (Found: C, 73-1; H, 8-9. C,,H,,0, 
requires C, 73-3; H, 88%), is extremely soluble in almost all 
organic solvents. It absorbs bromine very readily in chloroform 
solution. 

Methyleampholide (XXII).—To a boiling solution of the keto- 
acid (XIV) (4-5 g.) in absolute alcohol (20 c.c.), sodium (5 g.) was 
added, followed by 75 c.c. of alcohol in three instalments during 
2 hours’ additional heating. The alcohol was evaporated on the 
steam-bath, and the residue diluted with water and acidified with 
concentrated hydrochloric acid. The oil obtained crystallised after 
the usual treatment with ether and dilute sodium carbonate solution. 
Methyleampholide, recrystallised from petroleum (b. p. 60—80°), 
melted at 100—101° (Found: C, 72:3; H, 9-9. C©,,H,,0, re- 
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quires C, 72-5; H, 9-8%) and had [a]? — 44-8° in about 2-02% 
solution in chloroform. 

1:8: 8-Trimethylbicyclo{1 : 2 : 3joctane-2 : 4-dione (XVII).—The 
keto-ester (VI) (21 g.) was heated with alcoholic sodium ethoxide 
(sodium, 2-5 g.; alcohol, 55 c.c.) for 48 hours, the alcohol evaporated, 
and the residue diluted, extracted with ether, and acidified with 
concentrated hydrochloric acid. The oil obtained, which solidified, 
was dried and crystallised from petroleum, separating in slender 
short needles, m. p. 220° to a red liquid (Found: C, 73-2; H, 9-1. 
C,,H,,0, requires C, 73-3; H, 8-8%). The diketo-compound was 
optically inactive, dissolved in dilute alkali solutions, gave a brown 
coloration with alcoholic ferric chloride, and absorbed bromine in 
chloroform with evolution of hydrogen bromide. 

Homoepicamphor (XXIII) and the Keto-alcohol (XXV).—The 
compound (XVII) (5 g.) was heated under reflux with amalgamated 
zine (25 g.), concentrated hydrochloric acid (100 c.c.), and water 
(50 c.c.); the reduction product partly distilled into the condenser. 
After cooling, the product was extracted with ether, the unchanged 
diketo-compound removed by dilute alkali solution, the ethereal 
solution dried, and the solvent removed. The residue was treated 
with semicarbazide acetate in methyl-alcoholic solution, and the 
mixture diluted with water and shaken with light petroleum. The 
residual semicarbazone, after crystallising from dilute methyl alcohol, 
melted at 220° (Found: C, 645; H, 9-8. C,,H,,ON, requires 
C, 64:5; H, 94%). The quantity of it was very small and the 
ketone could not be regenerated. The petroleum solution gave a 
small quantity of a semi-solid substance which was probably the 
keto-alcohol (X XV). 


The author wishes to express his grateful thanks to Professor 
J. F. Thorpe, C.B.E., F.R.S., for his interest in this work and for 
his many valuable suggestions, and to the Government of Bengal, 
India, for a foreign scholarship and a grant towards the purchase 
of chemicals. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpvon, 8.W.7. [Received, May 30th, 1929.] 





XXX.—The cis-trans Hthenoid Transformation. 
By Grorce RocEeR CLEMO and STANLEY BROwN GRAHAM. 


THE mechanism of the stereoisomeric transformation of ethylenic 
compounds has received considerable attention but remains far 
from clear. Several early workers noted that maleic acid and its 
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esters were converted into the fumaric form by minerals acids, and 
Tanatar (J. Russ. Phys. Chem. Soc., 1911, 43, 1742) and Pfeiffer 
(Ber., 1914, 47, 1592) describe the change of maleic to fumaric acid 
by means of ammonia and pyridine respectively. Recently, Meer- 
wein and Weber (Ber., 1925, 58, 1266) have stated that potassium 
in ether converts methyl maleate into methyl fumarate. 

As methyl fumarate is a highly crystalline solid with a solubility 
of about 1% in methyl maleate at the ordinary temperature, the 
conversion of the latter into the former furnishes a convenient 
method for studying this reaction. 

Apparently, the catalytic action of ammonia and org: nic bases has 
not been investigated in this connexion, but it has now been found 
that the former, and primary and secondary amines, effect the 
change. For instance, a trace of piperidine transforms methyl 
maleate in a few seconds into a crystalline mass of the fumarate, and 
since the former has much the greater energy content, the temper- 
ature rises very considerably. Dimethylamine, diethylamine, 
piperazine, methylamine, allylamine, benzylamine, d- and /-«-phenyl- 
ethylamine, 6-phenylethylamine, coniine, and aniline also effect the 
change, although some of them do not bring about a complete trans- 
formation. Tertiary amines such as triethylamine, dimethylaniline, 
diethylaniline, and pyridine, however, do not catalyse the inversion, 
although triethylamine is a much stronger base than many of the 
above primary and secondary ones. At first it seemed that triethy]l- 
amine was an exception to the rule, as the base supplied by Kahl- 
baum effected some change; but after it had been freed from primary 
and secondary impurities by treatment with toluene-p-sulphonyl 
chloride (Clemo and Perkin, J., 1921, 119, 648), it caused no con- 
version after a year at the ordinary temperature. 

The mechanism usually favoured for the ethenoid inversion is that 
the catalyst adds itself in some way to the double bond, thus allowing 
free rotation with formation of the trans-form and regeneration of 
the catalyst. Even if it is assumed that a newly formed molecule 
may have enhanced activity, there still appears to be no adequate 
reason why some of the additive complexes should not reach a 
stable maturity. 

Our experiments have shown that organic bases are only effective 
as catalysts when they contain amino- or imino-hydrogen, and this 
suggested the following mechanism for the inversion, in which the 
first stage is the formation of a co-ordinate link between the hydrogen 
atom of the base and the carbonyl oxygens of the ester. This would 
produce a mobility in the, at present, uncertain electronic system 
constituting the double bond, and lead to a very unstable complex 
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in which both the ethylenic carbon atoms would become positive and 
surrounded by only seven electrons. 


O—-HX 
+ eee 
H:C : C:0Me 
MecO-0C-CH 
7 f —>} || +. 2HX 
HC-CO-OMe 


H:C : C’OMe 
+ Gx 
O—-HX 


The well-known catalytic action of primary and secondary bases 
in the Knoevenagel reaction (Annalen, 1894, 281, 25) may be ex- 
plained as being due to the formation of two ionised systems such as 

+H Ht 


+ : £YY 
R,R,CO-HS and ro | ‘OEt which would condense to 
XH—O2 G —HX 
give the reaction products. 

Walden (Z. physikal. Chem., 1896, 20, 379) states that methyl 
maleate can be made from either maleic acid or anhydride, but no 
details are given, and recent workers have used the silver salt—-methyl 
iodide method of preparation. It has now been found that methyl 


maleate can be easily prepared in good yield from maleic anhydride, 
methyl alcohol, and sulphuric acid. 


EXPERIMENTAL. 


Methyl Maleate——Maleic anhydride (60 g.) was added to methyl 
alcohol (100 c.c.) and concentrated sulphuric acid (4 c.c.), and the 
mixture refluxed for 3} hours on the water-bath. The bulk of the 
excess of alcohol was then distilled off and water added, followed by 
solid sodium carbonate to neutralise the sulphuric acid. The ester, 
when extracted with ether, dried over sodium sulphate, and 
fractionated, gave (a) 6 g., b. p. 200—204°, (b) 65 g., b. p. 204—206°, 
and (c) 1—2 g., b. p. above 206°. Fraction (a) alone contained traces 
of methyl fumarate, as shown by the silver nitrate test after 
hydrolysis with baryta [Found for (b): C,49-7; H, 5-4. Cale. for 
C,H,0,: C, 50-0; H, 5-55%]. 

The methyl fumarate formed by the inversion of the above was 
identified by the method of mixed m. p. with an authentic specimen. 


UNIVERSITY OF DuRHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, November 2nd, 1929.] 
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XXXI.—The Methylation of the Oximes of Benzil. 
Part II. The Monomethyl Ethers of the Benzildi- 


oxumes.* 
By Oscar L. Brapy and Morris Marcus MuERs. 


THE preparation of the monomethyl ethers of the benzildioximes 
was undertaken with a view to the study of their metallic complexes, 
which will be described in a subsequent paper. In addition it was 
hoped that it might be possible to prepare, through these compounds, 
the hitherto unknown dimethyl ethers of y-benzildioxime and the 
NN-dimethyl-8-benzildioxime (Brady and Perry, J., 1925, 127, 2874). 

O-Methyl-«-benzilmonoxime (I) on oximation gives a mixture of 
O-monomethyl-«-benzildioxime (II) and «’-O-monomethyl-y-benzil- 
dioxime (III). (The symbols «’ and §’ are used to indicate the 
oximino-group methylated in the y-dioxime, «’ being applied when 
the methylated hydroxyl group is vicinal and #’ when it is remote 
from the phenyl group.) 

«-Benzildioxime (IV) on monomethylation gives a mixture of the 
former compound (II) and N-monomethyl-«-benzildioxime (V). 
O-Monomethyl-«-benzildioxime (II) on further methylation yields 
OO-dimethyl-«-benzildioxime (VI) and ON-dimethyl-«-benzil- 
dioxime (VII). «’-Monomethyl-y-benzildioxime (III) on further 
methylation gives OO-dimethyl-«-benzildioxime (VI) and OO-di- 
methyl-y-benzildioxime (VIII), and N-monomethy]-«-benzildioxime 
(V) yields ON-dimethyl-«-benzildioxime (VII) and NN-dimethy]l- 
a-benzildioxime (LX). 

The dimethyl ethers of «-benzildioxime, described in Part I 
(Brady and Perry, loc. cit.), establish the configuration of the mono- 
methyl ethers from which they can be prepared. O- and N-Ethers 
were distinguished by heating with hydriodic acid, methyl iodide 
and methylamine, respectively, being obtained. The configuration 
of «’-O-monomethyl-y-benzildioxime will be discussed later. 

O-Monomethyl-«-benzildioxime (II) was converted by boiling 
with aniline for 30 seconds into «’-O-monomethyl-y-benzildioxime 
(III), the change being analogous to that of «-benzildioxime to 
8-benzildioxime under similar conditions (J., 1925, 127, 2880); in 
the present case, however, brief treatment caused isomerisation of 
the unmethylated group only; more prolonged boiling with aniline 
or with hydrogen chloride in glacial acetic acid resulted in iso- 
merisation of the methylated group also, giving O-monomethy]- 
6-benzildioxime (XII). 

* The new configurations of Meisenheimer (Ber., 1921, 54, 3206) are used 
throughout this paper. 
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O-Methyl-8-benzilmonoxime (XI) does not react readily with ( 
hydroxylamine, it being necessary to heat it to 175—185° with | giv 
hydroxylamine hydrochloride in alcohol; O-monomethyl-B-benzil- | syr 
dioxime (XII) is then formed exclusively. If any of the 8’-O-mono- | (X: 
methyl-y-benzildioxime (XVI) were formed, it would certainly | in t 
undergo isomeric change under these conditions. The dichloride 
PhC(-NOMe)-CCl1,Ph, which might react more readily, could not 
be prepared, since phosphorus pentachloride was without action on 
O-methyl-8-benzilmonoxime. 

The monomethylation of 6-benzildioxime (X) leads to the form- 
ation of O-monomethyl-8-benzildioxime (XII) and N-monomethyl- 
8-benzildioxime (XIII). O-Monomethyl-$-benzildioxime on further a’ 
methylation gave ON- and OO-dimethyl-$-benzildioxime (XIV and | arra; 
XV), and N-monomethyl-f-benzildioxime gave O-methyl-6-benzil- | oxim 
monoxime (XI), formed probably by the hydrolysis of ON-dimethy]- 
8-benzildioxime. 

From the monomethylation of y-benzildioxime (XXII), only 
N-monomethyl-8-benzildioxime (XIII) could be isolated, isomeric | It he 
change occurring. From the other liquid products of the reaction, | ducti 
no O- or N-monomethy]-y-benzildioximes could be isolated. hydre 

When N-monomethyl-«-benzildioxime was boiled with aniline, | $-O-n 
the N-methyloximino-group was eliminated and replaced by the §-ben 
anil group, but if dimethylaniline was used, isomerisation occurred | being 
and N-monomethyl-f-benzildioxime was formed: this is the first |y-ben 
example of such isomerisation of an N-ether. (XIX 

The results so far described are summarised in the diagram. acid ( 

Unlike the OO-dimethyl! ethers, the O-monomethy] ethers under- |group. 
go the Beckmann rearrangement. O-Monomethyl- - enzildioxime 
gives N-benzoyl-O-methylbenzamidoxime (XVII) at 0° and 3: 5-di- 
phenyl-1 : 2 : 4-oxadiazole (XVIII) at room temperature, methyl) 0_y 








alcohol being eliminated in the latter case. by an 
i 

> ng | tm 

PhO—(Ph __. MeONHO-CPh | PRO-NH-COPh (XVII) big tp, 

MeON NOH PhC——_N s N-O-CPh hydrox 

CPh:N (XVIII) chlorid 

at roon 


At room temperature, either the phosphorus pentachloride causesquantit 
the isomerisation of the methylated oximino-group or trans-ringpentrat 
formation must take place; in the latter case, the usual pinto 
of salt formation between the two groups seems inadmissible,benzene 
MeO-NH-0-CPh 

PhC N ield, 4 
properties. hones 


, since O-methyl ethers are destitute of basic honoxit 
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ith O-Monomethy]-8-benzildioxime in the Beckmann rearrangement 
ith | gives 8-O-methylphenylglyoxylanilideoxime (XIX), which has been 
zil- | synthesised by the methylation of phenylglyoxylanilideoxime 
no- | (XX), whose orientation is known by its conversion into oxanilide 
nly | in the Beckmann rearrangement. 


ide 
PhO———CPh p, PhO——CO-NHPh 
oe NOMe HON —> NOMe wares 
4 
oc—co __ PhC——CO-NHPh 
wi PhHN NHPh °° NOH _— 


her | «’-O-Monomethyl-y-benzildioxime undergoes the Beckmann re- 
and | arrangement with the formation of «-O-methylphenylglyoxylanilide- 
wzil- | oxime (X XT), 


hyl- PhC-——CPh PhC—CO 
"7 MeON HON MeON NHPh 
) 


eric | It has not been possible to synthesise this compound, but the pro- 
ion, |duction of aniline by hydrolysis fixes the relative positions of 
hydroxyl and phenyl in the oximino-group and the formation of 
line, | #-O-methylphenylglyoxylanilideoxime (XIX) from O-monomethy]- 
the §-benzildioxime eliminates the possibility of the methoxyl group 
rred | being on the opposite side of the nitrogen atom in «’-O-monomethy]- 
first ;y-benzildioxime. Moreover, $-O-methylphenylglyoxylanilideoxime 
(XIX) is readily converted by boiling concentrated hydrochloric 
jacid (a reagent which commonly causes isomerisation of an NOMe 
ader- |group) into the «-isomeride (X XI). 
xime 
5-di- EXPERIMENTAL. 


(XXI.) 





ethyl| O-Methyl-«-benzilmonoxime.—x«-Benzilmonoxime was prepared 
by a modification of the method of Auwers and Meyer (Ber., 1889, 
22, 540). A suspension of benzil (200 g.) in alcohol (700 c.c.), 
bbtained by rapid cooling of the boiling solution, was cooled te 10° 
and treated below 15° with alternate small quantities of sodium 
hydroxide (100 g. in 100 c.c. of water) and hydroxylamine hydro- 

chloride (66 g. in 100 c.c. of water). After being kept for 24 hours 

at room temperature, the mixture was diluted to 4 litres, a small 
ausesjuantity of benzil removed, and the oxime precipitated with con- 


ttn. hydrochloric acid or saturated ammonium chloride 


VII.) 





xationjolution. The washed and dried precipitate was crystallised from 
ssible,benzene, which gave a much better separation of the «- and §-benzil- 
onoximes than the 30% alcohol used by Auwers and Meyer. 
ield, 70%. The oxime was converted into O-methyl-«-benzil- 
onoxime by the method of Brady and Perry (loc. cit.). 


basic), 
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Oximation of O-Methyl-a-benzilmonoxime—Finely divided 
O-methyl-«-benzilmonoxime (20 g.) was suspended in alcohol 
(60 c.c.) and sodium hydroxide (8 g.) and hydroxylamine hydro- 
chloride (7 g.), each dissolved in 8 c.c. of water, were added in small 
portions. The mixture became hot and the O-methyl-«-benzil- 
monoxime dissolved to give a dark yellow solution. After 2 hours, 
small crystals filled the liquid, and on the next day these were 
collected and washed with a little alcohol (A). The filtrate when 
diluted to 200 c.c. gave a crystalline precipitate (B) and saturation 
of the mother-liquor with carbon dioxide gave a further precipitate 
(C). 

The precipitate A, consisting of a sparingly soluble sodium salt, 
was dissolved in hot 2N-sodium hydroxide, some unchanged 
O-methy]-«-benzilmonoxime removed, and the solution cooled and 
saturated with carbon dioxide; the precipitate, after crystallising 
three times from acetone, gave O-monomethyl-«-benzildioxime (II) 
in flat needles, m. p. 181—182° (Found: N, 11-4; OMe, 9:2. 
C,;H,,0.N, requires N, 11-0; OMe, 12-2%). Low methoxyl 
values are usual with compounds of this type (compare Brady and 
Perry, loc. cit.). 

When the above compound was boiled for 15 minutes with acetic 
anhydride, the mixture treated with water, and the product crystal- 
lised from alcohol, acetyl-O-monomethyl-«-benzildioxime was obtained 
in small plates, m. p. 107—108° (Found: N, 9-5. C©,,H,,0,N, 
requires N, 9-4%). Benzoyl-O-monomethyl-«-benzildioxime, pre- 
pared by the Schotten—Baumann reaction, crystallised from glacial 
acetic acid in needles, m. p. 167° (Found: N, 7-8. C,.H,,0,N, 
requires N, 7-7%). 

Fractions B and C when crystallised from various solvents gave a 
product, m. p. 157—160°, which was seen under the microscope to 
consist of approximately equal quantities of flat needles and small 
octahedra. When the mixture was dissolved in hot 2N-sodium 
hydroxide, and the solution cooled, the sodium salt of most of the 
O-monomethyl-«-benzildioxime separated; the mother-liquor, on 
saturation with carbon dioxide, gave a pasty solid which soon set 
to a brittle mass. Two crystallisations of this from glacial acetic 
acid gave a product, m. p. 165—167°: in later preparations, the 
separation was greatly assisted by seeding the acetic acid solution 
with these crystals and filtering the liquid before crystallisation 
was complete, whereby the bulk of the new compound was removed 
before the O-monomethyl-«-benzildioxime separated. Further 
crystallisation from acetic acid did not increase the purity of the 
product, as this treatment brought about partial conversion into 4 
third isomeride, but crystallisation from chloroform and light 
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petroleum gave «’-O-monomethyl-y-benzildioxime (III) in small 
octahedra, m. p. 172° (Found: N, 10-9; OMe, 9-6%). 

Acetyl-a'-O-monomethyl-y-benzildioxime crystallised from alcohol 
in needles, m. p. 80° (Found: N, 9-6%), and benzoyl-«’-O-mono- 
methyl--y-benzildioaime from glacial acetic acid in prisms, m. p. 79° 
(Found: N, 7:9%). Both compounds were prepared by the 
methods described above. 

In the above oximation the final yields averaged 40—50% of the 
a- and 7—l0% of the y-benzildioxime derivative with about 25% 
of inseparable mixture. Many unsuccessful attempts were made to 
obtain larger yields of «’-O-monomethyl-y-benzildioxime : oximation 
in hot solution with free hydroxylamine gave but a small yield of 
the mixture; in hot acid solution, or with hydroxylamine hydro- 
chloride alone in alcohol, much of the product was converted into 
0-monomethyl-8-benzildioxime; in alkaline solution as above but 
at a higher temperature, much hydroxylamine was destroyed and a 
poor yield of the mixture obtained. 

Oximation of O-Methyl-6-benzilmonoxime.—O-Methyl-8-benzil- 
monoxime, prepared by boiling O-methyl-«-benzilmonoxime with 
concentrated hydrochloric acid (Brady and Perry, loc. cit.), is un- 
affected by treatment with hydroxylamine in acid, alkaline, or 
neutral solution even at 100°. When, however, the compound 
(5 g.) was heated under pressure with hydroxylamine hydrochloride 
(1-8 g.) in alcohol (25 c.c.) at 175—185° for 10 hours, and the solution 
cooled, a solid separated on scratching which, after crystallising 
three times from glacial acetic acid, gave O-monomethyl-B-benzil- 
dioxime (XIT) in stout prisms, m. p. 177° (Found: N,11‘l; OMe, 
10-9%). 

Mixtures of any two of the isomeric monomethylbenzildioximes 
obtained melted between 130° and 150°. 

Acetyl-O-monomethyl-8-benzildioxime crystallised from alcohol in 
prisms, m. p. 81° (Found: WN, 9-5%), and benzoyl-O-monomethyl- 
8-benzildioxime from glacial acetic acid in prisms, m. p. 162° (Found : 
N, 7:8%). 

In this oximation no indication of #’-O-monomethyl-y-benzil- 
dioxime was obtained. This result was, however, to be expected 
owing to the instability of the derivatives of y-benzildioxime, which 
at high temperatures change to the 8-isomerides. 

Monomethylation of «-Benzildioxime.—A solution of a-benzil- 
dioxime (10 g.) in 4N-sodium hydroxide (200 c.c.) and methyl 
alcohol (5 ¢.c.) was cooled in ice, and methyl sulphate (15 g.) added 
slowly. The precipitate which formed was collected, washed with 
cold 2N-sodium hydroxide, and extracted with hot N/5-sodium 
hydroxide; a small quantity of oil remained consisting of dimethyl 
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ethers. The alkaline extract on saturation with carbon dioxide 
gave O-monomethyl-«-benzildioxime. The mother-liquor from the 
methylation was saturated with carbon dioxide, the precipitate 
obtained was extracted with hot alcohol, some undissolved «-benzil- 
dioxime removed, and the solid which separated on cooling was 
crystallised from alcohol, N-monomethyl-«-benzildioxime (V) being 
obtained in prisms, m. p. 168° (Found: N, 11-4. C,,H,,0,N, 
requires N, 11-0%). This compound gave no methyl iodide on 
treatment with hydriodic acid, but methylamine was detected in 
the solution by Valton’s method (J., 1925, 127, 40). 

Monomethylation of 8-Benzildioxime.—This was carried out in 
the same way as that of «-benzildioxime. The pasty precipitate of 
dimethyl ethers was removed and the filtrate diluted and saturated 
with carbon dioxide; the semi-solid precipitate obtained slowly 
hardened and after three crystallisations from alcohol gave a small 
yield of O-monomethyl-8-benzildioxime. The mother-liquors from 
the crystallisation were evaporated to dryness at room temperature 
and the residue was extracted several times with boiling light 
petroleum and once with hot benzene, a further quantity of the 
O-methyl ether thus being removed; the undissolved part, crystal- 
lised from alcohol, gave N-monomethyl-8-benzildioxime (XIII) in 
hexagonal prisms, m. p. 205° (decomp.) (Found: N, 11-2%). 
Hydriodic acid produced no methyl iodide from this compound, 
but methylamine was detected. 

Monomethylation of y-Benzildioxime.—The dioxime (5 g.) was 
dissolved in 2N-sodium hydroxide (100 c.c.), and a concentrated 
solution of sodium hydroxide (7 g.) added with cooling, followed by 
a little methyl alcohol (2-5 c.c.); the suspension of sodium salt 
obtained was cooled in ice, and methyl sulphate (4 g.) added. After 
30 minutes, the mixture was diluted until solution was attained and 
an excess of a saturated solution of ammonium chloride was then 
added. The precipitate obtained, on crystallising twice from 
alcohol, gave N-monomethyl-f-benzildioxime (2 g.). The mother- 
liquors from the crystallisation were evaporated at room temperature 
and the residue was extracted with hot benzene; some N-ether 
remained undissolved. The benzene solution on evaporation 
yielded a considerable quantity of oil, but no pure compound could 
be obtained therefrom. 

Methylation of O-Monomethyl-«-benzildioxime.—A solution of the 
compound (5 g.) in hot 2N-sodium hydroxide (120 c.c.) was quickly 
cooled and methyl alcohol (5 c.c.) added, followed by methyl 
sulphate (10 g.) in small portions with cooling in ice. After some 
hours, the pasty solid was collected and crystallised first from glacial 
acetic acid and then from acetone; the OO-dimethyl-«-benzil- 
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dioxime obtained was identified by comparison with a specimen 
prepared by Brady and Perry’s method. When the acetic acid 
mother-liquor was diluted somewhat with water, more of the above 
compound separated; this was removed, excess of water added 
to the filtrate, the precipitate formed dissolved in the minimum 
quantity of glacial acetic acid, and concentrated hydrochloric acid 
added until no further precipitate was formed. The precipitated 
hydrochloride (m. p. 157—161°) was washed with concentrated 
hydrochloric acid, then with hot benzene, and decomposed with 
concentrated aqueous ammonia. The solid obtained, after crystal- 
lisation from alcohol, was identified as ON-dimethyl-«-benzil- 
dioxime. 

Methylation of N-Monomethyl-x«-benzildioxime.—The compound 
(1 g.) was dissolved in 2N-sodium hydroxide, the solution cooled 
in ice, and methyl sulphate (2 g.) added. The oil formed slowly 
solidified; when it was crystallised from alcohol, NN-dimethy]l- 
a-benzildioxime separated. The alcoholic mother-liquor was con- 
centrated somewhat, a further quantity of the NN-ether removed, 
and concentrated hydrochloric acid added to the filtrate; the 
precipitated hydrochloride, after being washed with concentrated 
hydrochloric acid and with ether, was decomposed with ammonia, 
and the solid crystallised from alcohol, ON-dimethyl-«-benzil- 
dioxime being obtained. 

Methylation of O-Monomethyl-8-benzildioxime.—A _ solution of 
the compound (5 g.) in hot 2N-sodium hydroxide (120 c.c.) was 
cooled and treated with methyl sulphate (10 g.). The pasty pre- 
cipitate was extracted with ether, and the solution dried with 
anhydrous sodium sulphate and saturated with dry hydrogen 
chloride. The oily hydrochloride precipitated was separated by 
decantation, united with a further quantity obtained by addition 
of light petroleum to the ethereal solution, and decomposed with 
concentrated aqueous ammonia. The oil obtained, after being 
kept in a vacuum over solid sodium hydroxide, solidified and then, 
on crystallising several times from light petroleum, gave ON-di- 
methyl-8-benzildioxime. The ether-light petroleum solution from 
which the hydrochloride had been removed was evaporated, and 
the residue crystallised twice from alcohol, OO-dimethyl-$-benzil- 
dioxime being obtained. 

Methylation of «'-O-Monomethyl-y-benzildioxime.—A mixture of 
the compound (2 g.), methyl iodide (1-5 g.), dry ether (20 c.c.), and 
dry silver oxide (2 g.) was boiled under reflux for 3 hours, cooled, 
and the liquid filtered. The solid was extracted with hot acetone ; 
the extract on evaporation yielded OO-dimethyl-«-benzildioxime. 
The ethereal solution was evaporated at room temperature, and the 
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residue crystallised from acetone, a further quantity of the OO-ether 
being obtained. The acetone mother-liquor on evaporation at 
room temperature gave an oil which solidified when kept in an 
evacuated desiccator and scratched ; crystallised from dilute alcohol 
and finally from 80% alcohol, this yielded OO-dimethyl-y-benzil- 
dioxime (VIII) in plates, m. p. 59° (Found: WN, 10-3; OMe, 18-1. 
C1gH,,0,N, requires N, 10-4; OMe, 23-1%). The melting point 
of this compound was depressed by 30—40° by addition of an 
approximately equal quantity of O-methyl-«- or -$-benzilmon- 
oxime or OO-dimethyl-8-benzildioxime, m. p.’s 61°, 62°, and 73° 
respectively. 

Methylation of «’-O-monomethyl-y-benzilmonoxime with methyl 
sulphate as described for O-monomethyl-«-benzildioxime gave an 
oil which did not solidify after several months. When, however, 
the above compound had been obtained and was used to seed this 
oil, crystallisation occurred, and recrystallisation from alcohol gave 
a fair yield of OO-dimethyl-y-benzildioxime but no OO-dimethyl- 
«-benzildioxime. 

Isomeric Changes of the Methyl Ethers of the Benzildioximes.— 
O-Monomethyl-a-benzildioxime (20 g.) was added to boiling, freshly 
distilled aniline (40 c.c.) and the mixture was boiled for 30 seconds 
and poured at once into ice-cold dilute hydrochloric acid. The 
precipitated mixture of the monomethy] ethers of «-, 8-, and y-benzil- 
dioximes, after being thoroughly washed with dilute hydrochloric 
acid, was separated by removal of unchanged O-monomethyl- 
a-benzildioxime as its sparingly soluble sodium salt and crystal- 
lisation of the remaining mixture from acetic acid and from chloro- 
form and light petroleum (p. 220). About 5 g. of «’-O-monomethy]l- 
y-benzildioxime were obtained (this is the easiest way of preparing 
this compound in quantity). If the time of contact with boiling 
aniline exceeds 30 seconds, a larger quantity of O-monomethyl- 
8-benzildioxime is formed which is very difficult to separate. When 
O-monomethyl-«-benzildioxime (4 g.) was boiled for 5 minutes with 
aniline (10 ¢.c.) and cooled, a mass of crystals separated which 
gave 2 g. of O-monomethyl-8-benzildioxime after being washed 
with dilute acid and crystallised from glacial acetic acid. 

A suspension of O-monomethyl-«-benzildioxime (8 g.) in glacial 
acetic acid (30 c.c.) was saturated with dry hydrogen chloride and 
the mixture was boiled under reflux for 30 minutes, cooled and 
poured into water. The solid obtained, on crystallising from glacial 
acetic acid, gave 5 g. of O-monomethyl-f-benzildioxime. Similarly 
a’-O-monomethyl-y-benzildioxime gave O-monomethyl-f-benzil- 
dioxime, 

00.Dimethyl~y-benzildioxime was boiled under reflux with con- 
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centrated hydrochloric acid for an hour and the solution was diluted 
with water and extracted with ether; the product, crystallised from 
acetone, gave 0O-dimethyl-«-benzildioxime. 

N-Monomethyl-«-benzildioxime (1 g.) was added to boiling anil- 
ine (3 g.) and boiled for 5 minutes. The solution was poured into 
cold dilute hydrochloric acid, and the resulting precipitate crystal- 
lised from alcohol; benzilmonoxime anil, CPh(:NOH)-CPh:NPh, 
thus obtained was identified by comparison with a specimen pre- 
pared by Auwers and Siegfeld’s method (Ber., 1893, 26, 794). The 
readily hydrolysable NMe-O group was eliminated by this treatment, 
but when dimethylaniline was substituted for aniline N-mono- 
methyl-6-benzildioxime was obtained. 

Beckmann Rearrangement of O-Monomethyl-«-benzildioxime.— 
The compound (5 g.) was suspended in dry ether (20 ¢.c.) cooled in 
ice, and phosphorus pentachloride (4 g.) added. After 8 hours’ 
keeping at room temperature, all the oxime had dissolved; the ether 
was then decanted, washed with ice-cold water, and dried over 
potassium carbonate; on evaporation an oil was obtained which 
slowly solidified in a vacuum. The solid, crystallised twice from 
alcohol, gave 3 : 5-diphenyl-1 ; 2 : 4-oxadiazole, identified by com- 
parison with a specimen prepared by Giinther’s method (Annalen, 
1889, 252, 48). The alcoholic mother-liquors from the crystal- 
lisation were diluted with water; the precipitate obtained, on 
crystallising twice from benzene, gave flat plates of N-benzoyl- 
O-methylbenzamidoxime (XVII), m. p. 151° (Found: N, 11-1; 
OMe, 11-9. C,,H,,0O,N, requires N, 11-0; OMe, 12-2%). This 
compound (0-5 g.) was boiled under reflux with 30% sodium 
hydroxide solution (10 c.c.) for 1 hour : sodium benzoate separated ; 
the alkaline solution, on extraction with ether, removal of the 
solvent, and crystallisation of the residue from light petroleum, 
gave O-methylbenzamidoxime, identified by comparison with a 
genuine specimen (Kriiger, Ber., 1885, 18, 1053). Hydrolysis of 
N-benzoyl-O-methylbenzamidoxime with concentrated hydro- 
chloric acid gave benzamide and benzoic acid. 

In later experiments the oxime~ether—phosphorus pentachloride 
mixture was kept at 0° until the reaction was complete; a larger 
proportion of N-benzoyl-O-methylbenzamidoxime was then formed 
which could be isolated by direct crystallisation from alcohol and 
benzene. 

Beckmann Rearrangement of «'-O-Monomethyl-y-benzildioxime.— 
The reaction was carried out as above, but the temperature was 
kept below 0° by means of a freezing mixture. The solid from the 
ether, after crystallising three times from alcohol, gave «-O-methyl- 
phonylgiyerylanslidegnime (XXI) in long needles, m. p. 118—120° 

1: 
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(Found: N, 11:2. C,;H,,0,N, requires N, 11-0%). Hydrolysis 
of this compound with boiling concentrated hydrochloric acid and 
extraction with ether gave an oil, from which a solid (m. p. 57—60°) 
could be isolated, but in too small quantity for further investigation ; 
the hydrochloric acid solution yielded aniline. 

Beckmann Rearrangement of O-Monomethyl-p-benzildioxvme.— 
The reaction was carried out at 0° as with the «-compound, the 
ether yielding a solid which, after crystallising twice from alcohol, 
gave B-O-melhylphenylglyoxylanilideoxime (XIX) in needles, m. p 
152° (Found: N, 11-4%). Boiling concentrated hydrochloric 
acid converted it first into the «-isomeride; prolonged boiling gave 
results similar to those obtained with the latter compound. The 
constitution was proved by the following synthesis. A solution of 
phenylglyoxylanilide (2 g.), prepared from $-benzilmonoxime by 
the Beckmann rearrangement, in alcohol (15 c.c.) was cooled in ice, 
and hydroxylamine hydrochloride (0-7 g.) and sodium hydroxide 
(0-8 g.), each in 1 c.c. of water, were added slowly. After 2 hours, 
the whole was poured into water and the precipitated solid, after 
drying, was extracted with hot benzene, which removed a small 
quantity of benzanilide. The insoluble portion, together with the 
precipitate obtained by saturating the original alkaline filtrate with 
carbon dioxide was crystallised from alcohol, giving the 6-pheny]l- 
glyoxylanilideoxime of Beckmann and Késter (Annalen, 1893, 
274, 9). This oxime (1 g.) was-boiled under reflux with methyl 
iodide (1 g.), dry silver oxide (0-5 g.), and dry ether (15 c.c.) for 
2 hours. After filtration and evaporation of the ether the residual 
solid was crystallised first from alcohol and then from benzene 
and light petroleum, 6-O-methylphenylglyoxylanilideoxime being 
obtained. 


Tue Ratps Forster LABORATORIES OF ORGANIC CHEMISTRY, 
UnIvEeRsIty CoLLEGE, LONDON. [Received, November 28th, 1929.] 





XXXII.—The Isomerism of the Oximes. Part 
XXXVII. _ Allyl-p-nitrobenzaldoximes, O- and 
N-Allylhydroxylamines, and Sulphime S8-Ethers. 


By Oscar L. Brapy and Frank HERBERT PEAKIN. 


CLAISEN (Z. angew. Chem., 1923, 36, 478; Annalen, 1925, 442, 210) 
has shown that unsaturated alkyl halides, acting upon sodium 
phenoxide, give O- or C-alkyl derivatives according as the reaction 
occurs in an ionising or a non-ionising solvent, and that saturated 
alkyl halides give only O-alkyl derivatives. Now, in the methylation 
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of aldoximes the formation of O- and N-methyl derivatives is prob- 
ably due to an ionic and a non-ionic reaction respectively (Brady 
and Goldstein, J., 1926, 2403). It seemed likely, therefore, that 
the use of an unsaturated alkyl halide might give a greater pro- 
portion of N-ether. The allylation of aldoximes presented special 
difficulties : the compounds in many cases did not crystallise and 
there was a tendency for the formation of resinous polymerisation 
products; -nitrobenzaldoxime, however, gave a crystalline 
Q-allyl and N-allyl ether. The relative amounts of the two ethers 
obtained from the «-oxime did not seem to differ materially from 
those of the methyl ethers, but a quantitative determination was 
impracticable, since extensive resinification occurred when attempts 
were ‘made to hydrolyse the mixture of ethers in order to estimate 
the N-allylhydroxylamine (compare Brady and Goldstein, loc. cit.). 

Q-Allylhydroxylamine hydrochloride has been obtained by the 
hydrolysis of O-allylbenzhydroxamic acid, and a solution of N-allyl- 
hydroxylamine hydrochloride from N-allylbenzaldoxime. 

Cinnamyl and styryl halides, reacting with aldoximes, gave only 
resinous products. 

The sulphime S-ethers, ReCH:N-SR’, of Zincke and Farr (Annalen, 
1912, 391, 60, 74) are analogous to the oxime O-ethers and an 
attempt has been made to obtain them in stereoisomeric forms but 
without success. Only one ether is obtained by the action of 
o-nitrophenylsulphamine, NO,°C,H,°S-NH,, on benzaldehyde and 
on m-nitrobenzaldehyde and no isomeric change is brought about 
by the action of ultra-violet light (compare Brady and,Klein, J., 
1927, 893). 

EXPERIMENTAL. 

Allylation of «-p-Nitrobenzaldoxime.—Sodium (1-4 g.) was dis- 
solved in alcohol (75 c.c.) and «-p-nitrobenzaldoxime (10 g.) added, 
followed by allyl iodide (10 g.). After being heated under reflux 
for 3 hours, the mixture was kept over-night; yellow crystals (5 g.) 
then separated. Recrystallised from dilute alcohol, they gave 
«-O-allyl-p-nitrobenzaldoxime in very pale yellow needles, m. p. 75° 
(Found: N, 13-7. C,H, 0,N, requires N, 136%). This com- 
pound is volatile in steam, gives no hydrochloride, and, like other 
0-ethers, is very difficult to hydrolyse. 

The mother-liquor from the above preparation was diluted with 
water; the brown solid precipitated (5 g.), on repeated crystal- 
lisation, gave more of the O-allyl ether. Concentration of the 
aqueous mother-liquor, followed by extraction with chloroform, 
gave a substance (1 g.) which after two crystallisations from benzene 
and light petroleum was found to be N-allyl-p-nitrobenzaldoxime, 
identical with the compound obtained from the £-oxime. 
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Allylation of 8-p-Nitrobenzaldoxime.—If the above method be 
employed with the @-oxime, resinification occurs. 

Sodium (0-7 g.) was dissolved in alcohol (20 c.c.), 8-p-nitrobenz- 
aldoxime (1-2 g.) added, the solution cooled to room temperature, 
and allyl iodide (0-7 c.c.) poured in; after 3 days a yellow crystalline 
material had separated and the whole was poured into water. The 
precipitate, after several crystallisations from benzene and light 
petroleum, gave N-allyl-p-nitrobenzaldoxime in pale yellow prisms, 
m. p. 112° (Found: N, 13-8. ©, 9H, 90,N, requires N, 13-6%). 
With dry hydrogen chloride in dry chloroform, this ether gave 
a slightly gummy, very hygroscopic precipitate of N-allyl-p- 
nitrobenzaldoxime hydrochloride, m. p. 61—64° (Found: Cl, 14-1. 
C19H,90,N,,HCl requires Cl, 15-0%). The material was prepared 
for analysis by rapid pressure on porous tile, and the melting- 
point determination and the analysis were carried out at once. 

O-Allylhydroxylamine Hydrochloride-—Benzhydroxamic acid 
(5 g.) in alcohol (16 c.c.) was treated with sodium hydroxide (1:5 g. 
in the minimum quantity of water) and allyl bromide (4 c.c.) in 
alcohol (10 c.c.), and the mixture heated under reflux for 30 minutes. 
The alcohol was removed on the water-bath, water (20 c.c.) added, 
and the oil extracted with chloroform. After removal of the solvent, 
cooling, and scratching, the residual oil solidified (5 g.), and crystal- 
lisation from benzene and light petroleum gave O-allylbenzhydroxamic 
acid in colourless needles, m. p. 58° (Found: N, 80. C,gH,,0,N 
requires N, 7-9%). This compound (4 g.) was heated under reflux 
with alcohol (10 c.c.) and concentrated hydrochloric acid (4 c.c.) 
for 45 minutes; the product was diluted with water and extracted 
several times with chloroform. Evaporation of the aqueous 
solution on the water-bath left a deliquescent crystalline mass, 
which, after being pressed on porous tile and dried in a desiccator, 
consisted of colourless leaflets of O-allylhydroxylamine hydrochloride, 
m. p. 172° (decomp.) (Found: Cl, 33-6; N, 13-4. C,H,ON,HCl 
requires Cl, 32:5; N, 12:8%). It had no reducing action on Feh- 
ling’s solation and on treatment with p-nitrobenzaldehyde in alcohol 
gave «a-O-allyl-p-nitrobenzaldoxime. 

N-Allylhydroxylamine Hydrochloride.—$-Benzaldoxime (10 g.), 
suspended in alcohol (20 c.c.), was treated with sodium ethoxide 
(2 g. of sodium in 50 c.c. of alcohol), and allyl bromide (3 c.c.) added. 
After 12 hours, the alcohol was removed on the water-bath, water 
added, the oil extracted with chloroform, and the solvent removed. 
The crude N-ether could not be induced to crygtallise, so it was 
heated under reflux with alcohol (20 c.c.) for 15 minutes, the odour 
of benzaldehyde soon being perceptible. The solution was evapor- 
ated on the water-bath, the aldehyde being carried off in the water 
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vapour. The semi-solid residue yielded nothing crystalline; in 
aqueous solution, however, it immediately reduced Fehling’s solution 
in the cold, and on treatment with an alcoholic solution of p-nitro- 
benzaldehyde and aqueous sodium carbonate gave N-allyl-p-nitro- 
benzaldoxime. 

Sulphime S-Ethers.—o-Nitrophenylsulphamine (1-4 g.; prepared 
by the method of Zincke and Farr, loc. cit.) in alcohol (25 ¢.c.) was 
heated under reflux for 10 minutes with m-nitrobenzaldehyde (1-3 g.). 
The solid which separated on cooling (2 g.), on crystallisation from 
benzene, gave m-nitrobenzylidene-o-nitrophenylsulphamine in lemon- 
yellow needles, m. p. 192° (Found: N, 13-9. C,,;H,O,N,S requires 
N, 13-9%). Examination of the mother-liquors from the prepar- 
ation, and from the crystallisation gave no indication of the presence 
of an isomeride : a similar result was obtained in the case of benzy]- 
idene-o-nitrophenylsulphamine (m. p. 161°) prepared by Zincke and 
Farr’s method. 

Both benzylidene- and m-nitrobenzylidene-o-nitrophenylsulph- 
amine were exposed in benzene solution for 48 hours in silica tubes 
to the light of a quartz-mercury lamp, but were recovered unchanged 
on removal of the solvent. 


THe Rate Forster LABORATORIES OF ORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. [ Received, November 28th, 1929.] 


XXXIII.—The Parachor and Chemical Constitution. 
Part XIV. Tellurium Compounds. . 
By Francis HeREwARD BurRsTALL and SamvuEL SvuGDEN. 


In earlier papers of this series (Sugden, Reed, and Wilkins, J., 1925, 
127, 1525; Henley and Sugden, J., 1929, 1058), a number of com- 
pounds of sulphur and selenium have been examined in which 
these elements exert a valency which is greater than the normal, 
viz., 2. In every case the shell of eight electrons around the 
sulphur or selenium atom is not exceeded, and the parachors show 
the presence of the correct number of semipolar double bonds or 
singlet linkages which are necessary to maintain the octet. As a 
result of the work described below, this conclusion can now be 
extended to tellurium compounds. We have so far not found any 
telluroxides or other compounds containing semipolar double bond 
which are sufficiently stable in the fused state for parachor measure- 
ments; the dialkyl- and diaryl-tellurium dihalides are, however, 
remarkably stable substances, and measurements can be made for 
a considerable temperature interval above their melting points. 
In all but one of the substances examined, the parachor anomaly 
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predicted for the singlet linkages in the molecule has been realised 
experimentally. 

It was necessary in the first place to determine the atomic constant 
for tellurium by measurements of the parachors of compounds in 
which this element exerts its normal valency of two. Data for 
such compounds are given in Table I. The figure recorded for 
dipheny] telluride is that obtained by Lowry and Gilbert (J., 1929, 
2087). The ditelluride (6) began to decompose at its melting point, 


TABLE [. 
Atomic Parachor of Tellurium. 
Substance. Formula. [P]obs. 2[P]. Te. 
(1) Dipheny] telluride Ph,Te 457-4 380-0 717-4 
(2) Dianisy! telluride (MeO-C,H,).Te 575-2 498-0 77-2 
(3) Di-n-butyl telluride (C,H,).Te 426-8 346-2 80-6 
(4) Phenoxtellurine* CHi<G>CH, 4529 3719 81-0 
(5) Di-2-chloro-p-phenetyl (EtO-C,H,Cl).Te 731-2 650-4 80-8 


telluridet 
(6) Di-p-phenetyl ditelluride (EtO-C,H,),Te, 723-0 576-6 (73-2) 
Mean, excluding (6) 79-4 


* The heterocyclic 6-membered ring in this substance is assumed to have 
the normal value of 6-1 units. 
Tt See p. 231. 


so the value given for its parachor can only be regarded as approxim- 
ate. The mean constant for tellurium, viz., 79-4, is a little lower 
than the value 86 predicted from the parachors of adjacent elements 
(Henley and Sugden, loc. cit.), but lies satisfactorily between the 
constants for antimony (66-0) and iodine (91-0). The series, 
O = 20, S = 48-2, Se = 62-5, Te = 79-4, shows the same steady 
increase with atomic number which has been observed in other 
families of elements, e.g., the halogens. 

Table II gives the parachors of a number of tellurium compounds 
in which this element is quadrivalent, the data for compounds 
(3)—(5) being due to Lowry and Gilbert (loc. ci#.). These substances 
are all of the type R,TeX,, where X is a halogen atom, and may 
be formulated electronically as salts (I) or as non-polar compounds 
(II); their properties, excepting those of (5), indicate a non-polar 
structure (compare Drew, J., 1929, 560; Lowry and Gilbert, loc. cit.), 





R rea Ry 7 
| Re? x8 Nex 
x67 RZ \X?7 

(I.) (II.) 


so the parachor should indicate the presence of two singlet linkages 
by an anomaly of —24-8 units. All the substances, save (3), give 
an anomaly which is close to this value. 
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Tasce II. 
Quadrivalent Tellurium Compounds. 

Substance. Formula. [P]obs. 2[P]. Anomaly. 
(1) Dipheny] telluridichloride (C,H,),TeCl, 547-3 568-0 —20-7 
(2) Di-p-anisyl telluridichloride (MeO-C,H,),TeCl, 663-2 686-0 —22-8 
(3) a-Dimethy] telluridichloride Me,TeCl, 282-5 300-2 —17-7 
(4) a-Diethyl telluridi-iodide Et,Tel, 425-0 4516 —26-6 
(5) B-Diethyl telluridibromide Et,TeBr, 3773 4056 —28-3 


It has been shown by Drew (loc. cit.) that Vernon’s 8-compounds 
are probably dimerides with a polar structure, 7.e.,(R,Te)* (RTeX,) ~. 
An electronic formula compatible with the octet rule may be written 
as in (III). Here both tellurium atoms have a complete octet and 
carry a positive charge ; the anion contains four singlet-linked halogen 
atoms which give it a net charge of —1. On this view it will be 
seen that both the «- and the 8-compounds contain two singlet 
linkages per tellurium atom so that the parachors will give no 
distinction between the two series. The parachor found by Lowry 
and Gilbert for the last substance (see Table IT) shows, as would be 
expected, much the same anomaly as the other quadrivalent 
tellurium compounds. 

The substance described by Morgan and Drew (J., 1925, 127, 
2307) as bis-p-phenetyl telluridichloride (IV) was also examined 
but proved to have very different properties from the corresponding 
anisyl compound (No. 2, Table Il). The observed parachor, 731-2, 
is considerably lower than the value calculated for formula (IV), 
viz., 739-2, but agrees well with the predicted value for formula (V), 
729-8. The physical and chemical properties of this substance also 
X"—}) (EtO-C,H,).TeCl, (Iv.) 


(r.) (R=),Te? R=teEXI-P 


| ie 
X7(—}) | ROK > le (V-) 
2 


indicate that it is not a quadrivalent tellurium derivative but a 
nuclear-substituted diphenetyl telluride (V). Its melting point, 
108°, is much lower than those of the diphenyl and dianisyl telluri- 
dichlorides, viz., 160° and 182° respectively. Unlike the latter 
substance, the phenetyl compound is readily soluble in ligroin and 
cannot be reduced by zinc dust to the corresponding telluride. 
Furthermore, the phenyl and anisyl compounds are readily con- 
verted into telluroxides by aqueous alkali, but the phenetyl com- 
pound only gives up its chlorine slowly to boiling potash (Morgan 
and Drew, loc. cit.). We understand that further work on this and 
similar substances is now proceeding in Prof. Morgan’s laboratory ; 
meanwhile, from the evidence set out above we consider that formula 
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(V) gives the most probable structure of Morgan and Drew’s phenety] 
derivative. 


ExPERIMENTAL. 


Surface tensions were determined by the method of maximum 
bubble pressure (Sugden, J., 1922, 121, 158; 1924, 125, 27) and 
densities by means of a U-shaped pyknometer (J., 1924, 125, 1171). 
The tables below are set out in our usual manner; the parachors are 
calculated by the formula P = My*/D, where + is the surface tension 
in dynes/em., and D the density of the liquid, the density of the 
vapour being negligible. 

Diphenyl telluridichloride (M = 352-5). We are indebted to 
Prof. G. T. Morgan for a specimen of this substance. M. p. 160— 
161° (corr.). Densities determined: D)?* 1-618, DY 1-611, 
Dir’ 1-603, Di 1-596, whence Dj = 1-785 — 0:00103t. 


0 inci balendedtibiemeiic 167°5° 179° 189° 

PAGAN AUR SLE ie 39-47 38-23 37°17 

BU bibissriie cas -staaiiont 1-613 1-601 1-591 

aR IRORIRRIE 547-6 547-4 547-0 Mean 547:3 


Di-p-anisyl telluridichloride (M = 412-5), prepared as described 
by Morgan and Kellett (J., 1926, 1085) and purified by several 
erystallisations from chloroform, was colourless and melted sharply 
at 182° (corr.). Densities determined: Di 1-544, Di®* 1-533, 
De" 1-523, Dz?" 1-512, whence D{. = 1-734 — 0-00102#. The 
substance showed little sign of decomposition even at these high 
temperatures. 


BF ncccvecddetdabsessetesee 186-5° 198-5° 211-5° 

SP . dobdoccndedéiddoobecsdess 37-82 36-49 35-57 

De icnteinsatccenunavteeees 1-543 1-530 1-517 

Tg Bee 663-0 662-5 664-0 Mean 663-2 


Di-p-anisyl telluride (M = 341-6) was obtained by Morgan and 
Kellett from the foregoing dichloride by reduction with zinc dust 
in benzene. A better yield (90%) was obtained by heating the 
dichloride in the water-bath with excess of zinc dust and glacial 
acetic acid; the filtered solution was poured into water and the 
precipitated telluride crystallised repeatedly from methyl alcohol ; 
m. p. 53—54° (corr.). Densities determined: D?* 1-515, DF 
1-502; D%?* 1-492, D%* 1-481, whence DZ = 1-582 — 0-001098. 


iF seid. 76-5° = 885° —Ss«s100-6®—Ss«d11° 121° 

@YQe bes 40-60 93884 3875 3668 36-63 

Bawnol->- 1-499 1-486. . 1473 . 1-461 1-450 

pew 5751 5740 5761 5754 5755 Mean 575-2 


Dichlorodiphenetyl telluride (M == 438-5) was prepared as described 
by Morgan and Drew (loc. cit.) and crystallised from alcohol; m. p. 
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108° (corr.). Densities determined: D}" 1-493, Di" 1-482, 
Di 1-472, Di® 1-462, whence D{. = 1-604 — 0-000979%. 


D kcoinnsspeerscovences 124-5° 136° 147-5° 157-5° 

W candevidereivbdsetetd 37-52 35-93 35-12 34:12 

EP isvosncccegttnitieie’ 1-482 1-471 1-459 1-450 

1) 732:1 729-9 731-7 731-0 Mean 731-2 


Phenoxtellurine (M = 295-5), prepared as described by Drew (J., 
1926, 230), melted at 79° (corr.). Densities determined: D** 
1-662, Di" 1-645, Di®* 1-615, DiS* 1-602, whence Dj. = 
1-770 — 0-001178. 


D. cceponesapienamaebanhobiat 120-5° 132° 147° 

D hdbeabenekcaianwesonnbeee 38°32 37°62 36-71 
De PA re rete 1-630 1-616 1-599 

SIGE. te nenpeareptinsesucntera 451-0 452-9 454-8 Mean 452-9 


Di-p-phenetyl ditelluride (M = 497-1), prepared by reduction of 
p-phenetyl telluritrichloride with aqueous bisulphite (Morgan and 
Drew, loc. cit.), crystallised from ligroin in orange-brown needles, 
m. p. 108° (corr.). As appreciable decomposition occurred when the 
substance was heated above its melting point, only one observation 
of the parachor was made. At ¢t = 118°, y = 34-44, D = 1-666, 
whence [P] = 723-0. 

Di-n-butyl telluride (M = 241-6). This new substance was pre- 
pared as follows. The Grignard compound (2 mols.) from n-butyl 
bromide was added slowly to tellurium tetrachloride (1 mol.) sus- 
pended in dry ether. The mixture was heated for 2 hours on the 
water-bath, the ether distilled off, and the residue extracted with 
chloroform. The extract was shaken with water to decompose the 
excess of reagents and dried over calcium chloride, and the solvent 
removed. The residual red gum was dissolved in glacial acetic acid, 
and zinc dust added in slight excess. After a few minutes’ heating 
on the water-bath, the solution was filtered and poured into water. 
The telluride then separated as a dark oil, which was dried over 
calcium chloride and distilled under diminished pressure in a stream 
of carbon dioxide. The product was a yellow oil, b. p. 132—135°/ 
99 mm. (Found: Te, 52-5. C,H,,Te requires Te, 52-8%); it 
possessed an unpleasant odour and oxidised on exposure to air. 
Exposure to light caused the yellow colour to deepen to a reddish 
tint. 

Densities determined: D%" 1-302, D3 1-294, Di? 1-289, Di 
1-284, whence Di. = 1-334 — 0001098. 


Csi bhi snd). II sdk 18° 28° 38° 

EE Se eae See 29-07 28-24 27-03 

i iaensyspejsertenanensvnk 1-314 1-303 1-293 

BN Neblisankassbescoved inven 426-9 427-5 426-0 Mean 426-8 
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One of us (S. S.) is indebted to the Research Fund Committee of 
the Chemical Society which has partly defrayed the cost of this 
investigation. 


BIRKBECK COLLEGE, DEPARTMENT OF SCIENTIFIC AND 
(UNIVERSITY OF LONDON), INDUSTRIAL RESEARCH, 
Fetrer LANE, E.C. 4. TEDDINGTON. 


[Received, November 28th, 1929.] 


XXXIV.—The Photochemical Interaction of 
Acetaldehyde and Oxygen. 


By Epmunp JoHN BowEn and EpmMunD LAGESEN TIETZ. 


In 1835 Liebig (Annalen, 14, 139) observed that acetaldehyde 
absorbed oxygen at the ordinary temperature, giving, according 
to him, acetic acid. Later, several investigators, working on 
“ autoxidation,” found that benzaldehyde and some other aldehydes 
gave peroxides with oxygen, but there seems to be no reference in 
the literature to the formation of a peroxide of acetaldehyde under 
these conditions. Chastaing (Ann. Chim. Phys., 1877, 11, 145) 
found that acetic acid was formed in the photochemical reaction. 

The experiments now described show that a peroxide of acetalde- 
hyde is quantitatively formed, and that it is a moderately stable 
substance; moreover, it is formed thermally as well as photo- 
chemically when liquid acetaldehyde is shaken with oxygen (Nature, 
1929, 124, 914). There are two possible peroxides, viz., peracetic 
acid, CH,°CO-O-OH, and diacetyl peroxide, CH,*CO-O-O-CO-CHsg, 
both of which have been prepared in other ways. The latter is 
hydrolysed to the former by water (Clover and Richmond, Amer. 
Chem. J., 1903, 29, 179). Backstrém (Medd. K. Vetenskapsakad. 
Nobel-Inst., 6, No. 16) has recently investigated the formation of a 
peroxide from benzaldehyde, and shown that the thermal and 
photochemical changes are chain reactions. 


EXPERIMENTAL. 


Apparatus.—A quartz mercury lamp contained in a water-cooled 
box served as a light source, and the light passed through a quartz 
window into a thermostat which contained the reaction vessel. 
This was made of clear fused quartz, joined to glass where necessary 
by mercury-sealed ground joints. 

The purest specimens of acetaldehyde obtainable from Kahlbaum 
and Harrington were used, and the results were the same with 
either specimen. 
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1. The Photochemical Oxidation of Gaseous Aldehyde by Air.—A 
current of air, dried with sulphuric acid and filtered through glass 
wool, was drawn by a water-pump through a bubbler containing 
acetaldehyde at 0°, then through the quartz reaction bulb, and 
finally through potassium iodide solution. Iodine was liberated, 
showing that a peroxide had been formed by exposure of the gases 
to ultra-violet light. Control experiments showed that air alone 
passing through the reaction vessel did not liberate iodine, and that 
the excess aldehyde caught in the potassium iodide solution did not 
absorb any of the iodine liberated. The peroxide formed partly 
condensed in the reaction vessel, but by turning off the light and 
continuing the gas flow for several minutes the whole of it could be 
carried over. The temperature of the thermostat was 20° in the 
first experiments; it was later raised to 30° to diminish the time 
for “‘ washing out ” the peroxide after the light had been turned off. 
Experiments were made with rates of gas flow between 1000 and 
20,000 c.c./hour, and it was found that at rates above 4000 c.c./hour 
the amount of peroxide formed was independent of the rate of flow, 
and linearly proportional to the time of exposure. The peroxide 
must be formed by a chain reaction, for the number of g.-mols. 
produced in these experiments per minute was about 10-*, whereas 
the energy in the light absorbed, calculated from an approximate 
knowledge of the energy distribution of the lamp and the absorption 
spectrum of acetaldehyde, was about 10 g.-mol. quantum per 
minute. The chain length under these conditions was therefore 
about 1000 molecules, but the exact value of this is rn ae 
as will be clear from section 2. 

2. Effect of Wave-length and Intensity of the Light. _The above 
experiments were made with the full light of the mercury lamp. 
Experiments were next performed using screens to cut down the 
light intensity, in conjunction with filters. The screens were metal 
sheets with small perforations, and their transmissions were cali- 
brated with a thermopile and an electriclamp. The following filters 
were used : 

Mercury lines transmitted. 


CBD WEIR. cecescccnensepttcbinitineies >2900 A 
(2) Auramine-O in aqueous solution (1 cm. of 

Oo) cocncrccnccprevcccacovcnvscccssccsonssesss 3135—2700 
(3) Chlorine—bromine filter ................sseeeeeeees 2900—2485 


The results are in Table I, where J represents the light intensity, 
y the titre against N/100-thiosulphate of the iodine liberated, and 
the filters used are denoted by their respective numbers in the 
foregoing scheme. 

Table II gives the ratio of the mean titres to the square root of 
the light intensity, and shows clearly that the reaction is essentially 
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TABLE I. 


Rate of flow of gases, 7000 c.c./hour. Time of 
exposure, 30 minutes. 











y- y- 
I. (1). (2). (3). J. (1). (2). (3). 
48-5 29-08 6429 32-14 16-0 16-19 30°72 18-57 
29:29 54:53 33-33 15-95 31-20 17-62 
28-06 654-05 30-71 15-71 30-48 17-62 
23-3 18°33 36-91 21-67 7-5 10-24 21-91 13°33 
19-76 38°58 20-95 10-48 22-39 13-33 
19-05 37-62 20-83 10-48 20-95 12-86 
TABLE II. 
y/VI. 
I. VI. (1). (2). (3). 
48-5 6-96 4-14 7-80 4-61 
23-3 4-83 3-95 7-81 4-38 
16-0 4-00 3-99 7-70 4-49 
7-5 2-74 3-74 7-94 4-80 


the same throughout the ultra-violet absorption band of acet- 
aldehyde, the rate being proportional to the square root of the light 
intensity. This is a rather surprising result. 

3. Effect of Acetaldehyde and of Oxygen Concentration —The 
aldehyde concentration was changed by introducing a variable 
by-pass and a flow-meter across the acetaldehyde bubbler, and the 
oxygen concentration was varied by using oxygen—nitrogen mixtures 
from cylinders, a large bottle being interposed to ensure mixing of 
the gases. The composition of the mixtures was obtained from 
flow-meter readings. 

Table III gives the variation of the rate (as measured by the 
iodine titre, y) with the relative aldehyde concentration, [A], and 
Table IV the variation with oxygen concentration in the oxygen- 
nitrogen mixture. 


TasLe III. 
Exposure, 15 mins. 
Vita-glass filter. Chlorine-bromine filter. 
[A]. y. [A}. - y. [A]. y: [A]. y. 
6-9 0-8 7-2 0-95 71 0-95 71 1-07 
14-6 1-79 14-4 2-38 14-5 2-14 14-3 2-26 
28-1 3-69 28-6 5-12 29-0 4-76 28-0 4-53 
42-9 5-48 42-0 7-38 42-9 7-62 44-1 7-50 
56-5 7-50 56-7 9-53 58-0 10-59 56-8 10-00 
71-4 9-53 57-0 9-05 71-2 12-38 71-3 12-62 
85-4 11-07 71-2 11-69 85-8 15-26 85-4 14-88 
85-7 11-19 71-4 11-54 100-0 17-62 100-0 17-38 


100-0 13-34 100-0 13-70 
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TaBLe IV. 
Exposure, 30 mins. Full light. 

O., %- Y- O,, %- Yy. 
24-1 40-2 53°3 35-0 
34-2 39-0 62-3 35°7 
41°5 39-0 74-0 36-4 
47-8 34:8 100-0 38°3 


From these results it appears that the reaction rate is pro- 
portional to the aldehyde concentration and independent of the 
oxygen concentration. 

Before the mechanism of the reaction could be explained, it was 
necessary to know whether the variation of the rate with aldehyde 
concentration was due to variations in the amount of light absorbed. 
This was therefore examined at different wave-lengths by means of a 
quartz spectrograph of a new type, designed by Mr. J. H. Jeffree, 
in which a quartz sodium photoelectric cell and Lindemann electro- 
meter are used to measure the light in the spectrum formed by the 
instrument, which had also been used to investigate the trans- 
missions of the filters described above. Between 3200 and 2800 
A., the absorption of gaseous acetaldehyde in the photochemical 
cell was about 90%, and between 2700 and 2400 A. about 74%. 
The absorption was almost independent of the aldehyde concentra- 
tion, showing that most of the mercury lines in the above regions 
were totally absorbed, the others being transmitted. 

The kinetics of the reaction are da/dt = k\/L{A], where L is the 
light absorbed, and [A] the aldehyde concentration. An explan- 
ation of this result can be given by the following chain mechanism : 


Rate. 
1. A+hv—> A* kL 
2. A*+ 0,—> AO,* kof A* [0] 
3. AO,*+A—>A*+A0,  [AO,*][A] 
4. 2A0,*—> 3 k,{AO,*} 


Reactions 2 and 3, by repetition, produce chains, which are broken 
by reaction 4. For the steady reaction, we have 
a A*)/dt = 0 = kL + k[AO,*)[A] — &,[A*}[O.] 

and d{AO,*]/dt = 0 = kglA*][Op] — ks AO,*][A] — ky[AO,*]? 
whence k,L=kf{[A0*? | 

Then AAO, ]/dt = kgf[AO,*)[A] = kV LV, /k,[A] 

When peracetic acid reacts with potassium iodide the solution 
should become alkaline : 


CH,°CO-0-OH + 2KI —-> CH,°CO,K + KOH + I, 
Experiments showed, however, that after the iodine titration the 
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solution was always slightly acid. This point is referred to again 
in section 4. 

4. Oxidation in the Liquid and the Dissolved State-—The apparatus 
used for these experiments consisted of a small quartz tube to con- 
tain the liquid, mounted in a shaking machine in a thermostat, and 
connected by flexible tubing to a gas burette containing oxygen. 
As solvents, water, acetic acid, and hexane were tried, as they are 
transparent to the light absorbed by acetaldehyde. The peroxide 
was estimated by adding the liquid to potassium iodide solution as 
before, and was found to be formed very rapidly in liquid aldehyde 
and in its solutions in the above three solvents, and once formed, to 
be very stable, showing no decomposition in one hour, except in 
the aqueous solutions, in which it almost all reacted in 20 seconds. 
This latter fact was utilised to determine the nature of the peroxide. 
Liquid aldehyde was shaken with oxygen to produce some peroxide. 
One portion (a) was added at once to neutral potassium iodide 
solution, the liberated iodine titrated with N /100-thiosulphate, and 
the remaining acidity estimated with N/100-baryta solution. The 
other portion (6) was added to water, and the peroxide allowed to 
react with the excess aldehyde to give acetic acid. The acidity of 
this solution was then estimated. The following table gives some 
results : 





Expt. 1. Expt. 2. 
Portion. ‘Iodine titre. Acid titre. Todine titre. Acid titre. 
OA i SSE 24-97 8-28 25-32 1-56 
Bese denon 0-0 45-77 0-0 46-68 


These figures can be explained by assuming that the peracetic 
acid first formed partly reacts with aldehyde to give acetic acid, 
but that the reaction is limited by the combination of the acetic 
acid with peracetic acid to give diacetyl peroxide, according to the 
equations 

CH,°CO-0-0OH + CH,-CHO —-> 2CH,°CO,H, 

CH,°CO-0-0H + CH,°CO,H —>» CH,°CO-0-0-CO:CH, + H,0. 
Diacetyl peroxide reacts with potassium iodide to give a neutral 
solution: (CH,*CO-O-), + 2KI —>» 2CH,°CO,K + 1,, and the 
average iodine titre value above (25-15 c.c.) represents 12-57 c.c. of 
N/100-peroxide. The average acid titre after the iodine titration 
(7-92 c.c.) probably represents a little excess acetic acid. The in- 
crease in acidity on standing in aqueous solution should then be 
represented by 46-22 — 7-92 = 38-3 c.c. of N/100-acid. The re- 
action of the peroxide on standing in water must be (CH,°CO-O-), +- 
CH,*CHO —-> 3CH,’CO,H, representing an acidity of 3 x 12-57 = 
37-71 c.c. of N/100-acid, in close agreement with the calculated 
figure, 38-3 c.c. 
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It seems necessary to assume the formation of diacetyl peroxide 
to account for the approximate neutrality of the solutions after 
titration of the iodine liberated. The results given in Table VI for 
hexane-aldehyde mixtures show an even greater approach to 
neutrality than the figures just given. 

Although the peroxide was found to be quite stable when formed 
in pure liquid aldehyde, the reaction rates were very irregular, due 
to the high vapour pressure, which, by producing a buffer of vapour, 
prevented the oxygen from freely dissolving in the liquid. The 
absorption of oxygen also took place rapidly in the dark. Very 
reproducible results were obtained for solutions of acetaldehyde in 
glacial acetic acid and in hexane. The thermal reaction in these 
solvents was small. Table V gives some results for acetic acid 
solutions, the amounts of oxygen absorbed (as given by gas-burette 
readings), and of peroxide formed (AO,, as deduced from the iodine 
titre) being recorded as g.-mols. x 10-. 


TABLE V. 
Ratio, by vol., Time, 
C,H,0 : C,H,0,. mins. O, x 10. AO, x. 10. 
1:1 1 1-72 1-45 
2 3-08 2-51 
3 4:27 3°36 
4 4-87 3-89 
(Dark reaction 15 0-35 0-28) 
1:2 1 1-64 1-51 
3 4°85 4-43 
5 7-56 6-30 
(Dark reaction 15 0-39 0-39) 
1:5 1 1-20 144 | 
2 2-34 2-54 
3 3-03 3°07 
5 4-72 4-45 
7 7-38 6-50 
(Dark reaction 15 0-05 0-27) 
a28 2°5 1-47 1-61 
5 3°34 3°22 
7 4-44 4-10 
10 6-24 5-50 
15 6°77 6-01 


(Dark reaction nil.) 


1:10 2°5 0-89 0-99 
5 2°15 2-13 

7 2°72 2-56 

10 3°78 3°50 

15 6-30 5-33 


(Dark reaction nil.) 


These results show that the amount of peroxide formed increases 
linearly with time, and that the rate is proportional to the aldehyde 
concentration when it is below 20%. The most important result, 
however, is the agreement between the number of molecules of 
oxygen absorbed and of peroxide produced. In acetic acid solutions, 
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diacetyl peroxide formation can occur without the preliminary de- 
composition of some of the per-acid by reaction with aldehyde. 

Table VI gives results for hexane solutions. The light intensity 
was varied with screens as previously described, and its relative 
values are denoted by J. The iodine titre y (c.c.N /100-thiosulphate) 
is a measure of the peroxide produced. 


TaBLe VI. 
p Excess acidity 
Ratio, by vol., “oe after iodine titre 
C,H,0 : C,H. I. y. y/VT. (c.c. N/100). 

1:2 48-5 69-1 9-93 4-5 
23-3 45-0 9-32 2°5 
16-0 41-6 10-4 2-0 
7-5 26-8 9-77 2-0 
1:3 48°5 42-3 6-08 2°5 
23°3 28-7 5-94 2-0 
16-0 27°83 6-82 2-0 
7-5 21-4 7-81 2-0 
1:5 48-5 25-6 3-68 0-3 
23-3 18-4 3°81 0-0 
16-0 14-6 3°65 0-0 
7-5 10-8 3°94 0-0 


These results are in complete agreement with those of Tables I 
and II, and show that the rate of peroxide formation is proportional 
to the square root of the light intensity and to the aldehyde con- 
centration. The amount of free acid found after the iodine titre is 
small, showing that diacetyl peroxide is probably formed. 

5. The Inhibition by Ethyl Alcohol.—The introduction of an in- 
hibitor into the system will alter the chain-breaking mechanism 
from the bimolecular reaction 2A0,* —> ? to one of the type 
AO,* + X—> ? The rate of reaction will then become pro- 
portional to the light intensity instead of to its square root. That 


this is actually the case is shown in Table VII, which gives results| 


for the rate when alcohol was added. 


TaBLE VII. 
Ratio by volume. Aldehyde: hexane: alcohol = 2:4: 1. 
iE  esnnpopecntimiieed 4-85 4°85 2-33 2°33 1-60 1-60 
Me ehunccessvarecgenn 33-9 34:1 16-4 16-6 11-5 11:3 
eg ge eee 6-99 7-03 7-04 7-19 7-19 7-07 


From this result it is apparent that the effectiveness of an in- 
hibitor at a given concentration must depend on the light intensity 
in this reaction, Assuming that the mechanism of inhibition is 
that described above, it ean be shown that for fixed light intensity 
and aldehyde concentration the rate should vary according to the 
equation y? + aXy =, where y is the rate and X the inhibitor con- 
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centration; whereas for fixed light intensity and inhibitor concen- 
tration, the ratio of rate to aldehyde concentration should be con- 
stant. These conclusions are tested by the results given in Tables 
VIII and IX, for solutions in hexane. The former table gives X 
as the percentage of alcohol, y as the iodine titre, and the value of 
a as calculated from the above equation with 6 = 5242. 


TasLz VIII. TaBLe IX. 
Aldehyde concentration, 33%. Alcohol concentration, 14:3%. 
xX. y. a. [A]. Yy. [A] — 14-3. 
0 72-4 — 14:3 1-9 0 
1-33 55-5 29-3 21-42 6-1 7-1 
6-67 29-1 22-6 28-56 10-5 14-3 
12-5 11-3 36°3 35-7 22-0 21-4 


Although the variation of velocity with inhibitor concentration 
is approximately as expected, yet its variation with aldehyde con- 
centration can only be made to agree with the theory if the inhibitor 
concentration is subtracted from the aldehyde concentrations (see 
Table IX). The interpretation of this is that the alcohol first com- 
bines with activated aldehyde molecules to give a compound which 
is the actual inhibitor, thereby reducing the effective aldehyde 
concentration. These experiments are being continued. 

6. Statical Measurements on Gaseous Mixtures.—It was suggested 
to us by Mr. A. C. Egerton that, as peroxides are formed as inter- 
mediate compounds in the oxidation of hydrocarbons, experiments 
on the effect of “ anti-knock ” substances on this reaction would be 
interesting. For this purpose, gaseous mixtures of acetaldehyde 
and oxygen at total pressures between 60 and 20 cm. of mercury 
were introduced into a quartz bulb connected to a mercury mano- 
meter, and the reaction was followed by the diminution of pressure 
which occurs when the mixture is exposed to ultra-violet light. 
The pressure change-time curves for the complete reaction were 
found to begin with a long linear portion. When the ratio of 
acetaldehyde to oxygen was greater than 3:2, the rate after the 
initial period fell off gradually to an end-point, while when the ratio 
was less than this, the end-point was approached abruptly. Tables 
of results for these measurements are not given because a complete 
explanation depends on the nature of the final products, which were 
found by analysis to be complex, and to contain carbon dioxide, 
monoxide, and acetic acid. The initial rate of-reaction was found 
to be approximately proportional to the square root of the light 
intensity and to the aldehyde pressure, and independent of the 
oxygen pressure, in agreement with the results derived from estim- 
ation of the peroxide. 





242 THE PHOTOCHEMICAL INTERACTION OF ACETALDEHYDE, ETC. 


The effect of introducing small quantities (0°1—5 mm.) of the 
vapour of anti-knock substances was as follows. 

Iron carbonyl. A dense white mist was formed when the light 
was turned on. The oxidation of the aldehyde was inhibited for a 
long period, proportional to the amount of iron carbonyl present. 
At the end of the induction period the mist practically disappeared, 
and the reaction suddenly began at a rate almost equal to its value 
in the absence of the inhibitor. A red powder (Fe,O, ?) was left in 
the reaction vessel. 

Nickel carbonyl. The quantity introduced, owing to the higher 
vapour pressure, was about ten times that of iron carbonyl. A 
dense mist was formed, and a white solid deposited, and the reaction 
was inhibited completely. 

Selenium diethyl. A dense mist was again formed, but no in- 
duction period was produced; instead, the reaction proceeded at a 
slow rate which gradually increased as the mist disappeared. Great 
difficulty was experienced in removing the last traces of selenium 
compounds from the reaction vessel after these experiments. 

Lead tetraethyl. The vapour of this substance had no effect on 
the reaction rate. 

Ethyl iodide. The introduction of this substance decreased the 
rate of reaction greatly, without producing any induction period. 

These results show that anti-knock substances do not all act as 
inhibitors for this reaction. Lead tetraethyl does not affect the 
reaction at all. The results for ethyl iodide can be explained as an 
inner filter effect. It is uncertain whether iron and nickel carbonyls 
act as direct inhibitors or whether the mist formed merely scatters 
the light. The most that can be said is that an apparently equally 
heavy mist is formed with selenium diethyl, without the production 
of an induction period. The inhibiting effect of iron carbonyl is 
inversely proportional to the aldehyde pressure, which is some 
evidence that it acts as a direct chain breaker. 


Summary. 


1. A peroxide is formed when gaseous, liquid, or dissolved acet- 
aldehyde is exposed in presence of oxygen to ultra-violet light. 
The reaction has been examined in different spectral regions. In 
the liquid and the dissolved state the peroxide is also formed in 
the dark. 

2. The rate of reaction is proportional to the square root of the 
light intensity and to the aldehyde concentration, but independent 
of the oxygen concentration. This can be explained by a chain 
mechanism involving the formation of peracetic acid as the first 
product. 
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3. Reasons are given to show that diacetyl peroxide is formed by 
further reactions of the peracetic acid. 

4. Alcohol acts as an inhibitor when added to hexane solutions 
of aldehyde. As expected, the rate becomes directly proportional 
to the light intensity, instead of to its square root. 

5. Anti-knock substances do not all act as inhibitors of the photo- 
chemical reaction between acetaldehyde and oxygen. 


We are indebted to Mr. Egerton for the anti-knock substances, 
and to the Royal Society for a grant to purchase the quartz spectro- 
graph used in this work. 


PHysIcAL CHEMISTRY LABORATORY, BALLIOL AND TRINITY COLLEGES, 
OxFORD. [Received, December 30th, 1929.] 





XXXV.—Extinction of Methane Flames by Water 
Vapour. 


By Hupert FRANK CowarD and JoHN JEBSON GLEADALL. 


THE limits of inflammability of methane in air are narrowed by the 
progressive addition of an inert gas to the air. Data for the effect 
of carbon dioxide, nitrogen, argon, and helium have been published 
(Coward and Hartwell, J., 1926, 1522). To these is now added a 
series of results obtained with water vapour, for which no data 
of any moment have hitherto been recorded. 


EXPERIMENTAL. 


For observations on the limits of inflammability of gas mixtures, 
it is desirable to use a vessel which is both wide enough to avoid 
errors due to cooling by its walls and long enough to show whether 
flame travels independently of the initial impetus of the source of 
ignition. Constant pressure should be maintained during inflam- 
mation, if the observations are to have any precise significance. 
Experience has shown (“ Limits of Inflammability of Gases and 
Vapors,” by H. F. Coward and G. W. Jones, U.S.A. Bureau of Mines, 
Bull. 279, 1928) that a vertical tube 2 inches in diameter, 4—6 feet 
long, and opened at the end behind the flame at about the moment 
of ignition, meets these requirements; it gives results nearly the 
same as those obtained in very much larger apparatus. The source 
of ignition is preferably near the lower end of the tube, for certain 
weak mixtures, although capable of indefinite propagation of flame 
upwards, are unable to burn downwards. 

These requirements are met readily when gases alone are under 
examination, but not so easily when the temperature of the con- 
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tainer has to be above the normal to avoid condensation of vapours. 
Fig. 1 shows the arrangement which has proved satisfactory with 
mixtures of methane, air, and water vapour up to the temperature 
(just above 67°) necessary to maintain enough water vapour to 
extinguish flame in any mixture of methane and air. 

The glass tube A was surrounded by a stream of hot water from a 
gas heater. The water jacket was covered, save for a vertical 
observation slit, with asbestos cloth, and the water was stirred by 
air bubbles from the perfor- 
ated tube B. The differ- 
ence in temperature be- 
tween the top and bottom 
of the water jacket was 
never more than 0-2°. 

For an experiment, the 
- tube A was filled with water 
and water-sealed by the 
beaker C. The jacket and 
the beaker were brought to 
a predetermined temper- 
ature which was then main- 
tained constant. The air 
bubble which had appeared 
at the top of A was sucked 
off, and the prepared mix- 
ture of methane and air 
admitted through the tap 
and finally bubbled through 
the water in C until about 
twice the volume of A had 
passed. A piece of tape, 
held by thin stainless-steel 
springs against the inner 
wall of A, maintained liquid water in contact with the gas through- 
out the length of the tube. 

The inflammability of the mixed methane, air, and water vapour 
was tested, when it had been heated by the constant-temperature 
jacket for 10 minutes, by passing a “ fat ” spark from an induction 
coil across the 5 mm. gap at D.* At the same moment the beaker C 
was withdrawn to permit ready escape of the expanded products of 
combustion. An inflammable mixture propagated a blue flame with 
































X WATER INLET. 


* Such a spark is strong enough to ensure ignition of any methane-air 
mixture which is capable of propagating flame—its energy much exceeds 
the minimum for ignition, 
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a convex front throughout the whole tube above the spark gap; 
if the mixture were outside the limits of inflammability, a cap of 
flame appeared above the spark gap, but did not assume the charac- 
teristic shape of the flame in a mixture which is inflammable per se, 
nor did it extend far up the tube. The distinction was clear. 

In calculating the composition of the mixture, the ratio of methane 
to air was obtained by analysis of a sample from the gas holder. 
The total pressure of the mixture was atmospheric, and the partial 
pressure of the water vapour was assumed equal to the saturation 
pressure of water at the temperature of the jacket. The only place 
where the temperature of the tube A might have been somewhat 
lower was in and just below the rubber stopper, but, as the mixture 
at that place would be heavier than the rest, its influence on the 
composition of the mixture near and above the spark would be 
inappreciable. 

It was possible that radiation from the advancing flame might 
evaporate some moisture from the tape and from the walls of the 
tube, just ahead of the flame, and thus produce a mixture of greater 
water content than we had calculated. To test this point, the tape 
was removed and a lower-limit mixture was passed through until 
only a few large drops of water, and (in one experiment) one patch 
of smaller drops, remained. The mixture was kept until it was 
saturated, and then ignited; the flame which travelled up the 
tube showed no change in width or shape as it passed the wet 
places. In other tests a small length of tape was inserted in the 
tube. The tape remained wet during the test, but the flame was not 
affected as it approached or passed the tape. It is ‘concluded 
that evaporation of water by the flame was without appreciable 
influence on the limits. 

Resulis.—The limits of inflammability of methane in dry air, in 
the 3-foot tube of the apparatus described, the water in the vessel C 
being replaced by mercury, were 5-24 and 14-08%. These agree 
sufficiently well with the previous observations in a 6-foot tube, 
viz., 5-24 and 14-02%. 

The results which serve to define the limits of mixtures of water 
vapour, methane, and air are in Table I. As the method of experi- 
ment is by trial and error, the range between inflammable and non- 
inflammable mixtures being narrowed in successive experiments, 
only the last few results of each series are quoted. When the figures 
of the first four columns of the tables are plotted on a large-scale 
diagram, the choice of the figures for the limit mixtures, shown in 
cols. 5 and 6, becomes clear. The concentration of water vapour is 
expressed as a percentage on the “ original atmosphere” of air 
plus water vapour; whereas that of methane is expressed as 
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a percentage of the whole, i.e., methane plus air plus water 
vapour. 


TABLE I. 
Failed to propagate 
Propagated flame. flame. Limit mixture. 
Water Water Water Temp. 
vapour. CH,. vapour. CH,. vapour. CH,. (approx.). 
21-4 5-97 21-2 5-91* 
21:3 5-94 21-3 5-90* 
21-2 5-89* 21-3 5-88* - 21-2 5-90 60° 
21-2 5-89* 21-2 5°84 
21-3 5-81 
96- 3° 96-5 -f 
te oo ae o23} 26-4 6-34 64-65 
29-0 6-87 29-1 6-86 "> . 
29-0 6-86 29-1 6-84} 29°] 6-86 67 
28-9 7-19 29-2 7-17 29-0 7:18 67 
23-9 8-42 24-0 8-40 
23-9 8-41 24-1 8-39 23-9 8-41 62 
24-1 8-39 
19-6 9-28 19-6 9-36 
19-5 9-34 19-5 9-40 19-5 9-37 57-5 
19-4 9-36 19-6 9-42 


* These five mixtures are scarcely distinguishable one from another, 
analytically. We estimate the accuracy of the water figure as within 0-2 unit 
and of the methane figure as within 0-02 unit. 


Fig. 2 contains a graph of the limits given in Table I, with lower 
_and higher limits for mixtures saturated with water vapour at 
laboratory temperature (see Coward and Hartwell, loc. cit., footnote 
p. 1523). The curves for carbon tetrachloride (Coward and Jones, 
Ind. Eng. Chem., 1926, 18, 970) and other diluent gases are included. 
The broken line is the locus of mixtures in which the molecular ratio 
CH, : O, is 1: 2. 

Most of the points on the water-vapour curve were necessarily 
obtained at temperatures higher than that of the laboratory. The 
points nearest the “ nose ” of this curve, for example, were obtained 
at 67°. For comparison, therefore, the position of the “ nose ” 
of the carbon dioxide curve was determined at the same. temper- 
ature, and found to lie at 27-1°% of carbon dioxide, instead of 24-5%, 
at 17°. The “nose” of the nitrogen curve would doubtless be 
extended similarly by the same increase of temperature. Water 
vapour therefore lies between carbon dioxide and nitrogen in its 
extinctive action or: methane flames, and is very nearly as effective, 
volume for volume, as the former. 


Discussion. 


The extinctive action of five of the six diluent gases runs in the 
order. of their molecular heat capacities, which are (Cy, 0O—1200°) : 
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Carbon tetrachloride, 22 (estimated); carbon dioxide, 10-90; water 
vapour, 9-20; nitrogen, 7-21; argon, 5-0. Helium is exceptional, 
for its heat capacity is equal to that of argon, but its extinctive effect 
on flame is relatively much greater. This is ascribed to its abnormally 
high thermal conductivity. 

Fic. 2. 


Oxygen in original atmosphere, per cent. 
_ 17 16 15 14 13 12 11 10 
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Argon 
Helium 
The extinctive action of water vapour is rather greater than would 

be inferred from its specific heat. The actual heat capacity of the 
water vapour present in the limit mixtures is, however, relatively 
greater than the figure 9°20 would suggest; for, according to Bose 
(Z. Elektrochem., 1908, 14, 269), saturated water vapour is about 
8-5% associated at 67°. Allowance being made for this and for the 
heat of dissociation of the complex water molecules (H,O, = 2H,O — 
9640 cals.; Bose, loc. cit.), the relative heat capacity of water vapour 
would be nearly 10-0 in the series, 
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The incidence of the water-gas equilibrium, which is attained in 
the gases “snatched” from the centre of higher-limit flames of 
methane, oxygen, and nitrogen (Coward, Fuel, 1929, 8, 470), has 
but a small effect on the heat of reaction, the heat capacity, and the 
thermal conductivity of the mixture. The effects of alterations in 
these three factors, due to the water-gas reaction, may be shown 
nearly to cancel one another. 

The conclusion is, therefore, that, in the relative extinctive effects 
on methane flames of diluent gases which take no important part in 
the flame reactions, the chief factor is the heat capacity of the diluent, 
but that helium stands in an exceptional position by virtue of its 
high thermal conductivity. Other factors have very little influence. 
Carbon tetrachloride, although it undergoes extensive reaction in 
the flame of a methane-air mixture, falls into line with the other 
diluent gases. 


This work has been carried out for the Safety in Mines Research 
Board, whom the authors thank for permission to publish this 
paper. 


Sarery in Mines ResEearco LABORATORIES, 
SHEFFIELD. [Received, January 2nd, 1930.] 


XXXVI.—Mobile Anion Tautomerism. PartIV. The 
Stability of Some a- and y-Alkylallyl Alcohols and 
their Esters. 2:4-Dimethylcinnamyl Alcohol. 


By Harotp Burton. 


Ir has been emphasised in previous parts of this series that the 
migratory power of X in the simple three-carbon anionotropic 
system, (I) R-CHX-CH:CH, —= R-CH:CH’CH,X (II), depends 
on three factors: (i) the group R, (ii) some molecular property of 
the solvent closely related to the dielectric constant, and (iii) the 
anionic stability of X (i.e., strengths of the acids HX). With 
regard to factor (iii), the migratory power of X is in the order 
Br>0-CO-CClj>0-CO-C,H,-NO,(p); OAc>OH, the position of 
the trichloroacetoxy-group following from the recent work of 
Prévost (Ann. Chim., 1928, 10, 160). Prévost has shown that 
esterification of trichloroacetic acid with either methylvinylcarbinol, 
CHMe(OH)-CH:CH,, or crotyl alcohol, CHMe°:CH-CH,-OH, gives 
in each case the same mixture of about 55°/, of methylvinylcarbinyl 
trichloroacetate and about 45°, of crotyl trichloroacetate. Further- 
more, the action of potassium trichloroacetate on crotyl bromide 
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(x-bromo-A*-butene) also gives the same mixture of the isomeric 
trichloroacetates. The explanation advanced by Prévost to account 
for the formation of the same mixture is that “ trichloroacetic acid 
esterifies solely by the effect of hydrogen ions in liberating the tri- 


polar ion CH,°CH-CH°CH,; the trichloroacetoxy-group sub- 
sequently combining at one or other of the positive poles.” 

An alternative explanation is that the esters of types I and II 
are first formed and that these subsequently undergo intercon- 
version to give an equilibrium mixture. It is probable that Prévost 
considered this aspect, since he states that the isomeric trichloro- 
acetates are not isomerised even above 100°. No experimental 
details of the attempted interconversions are given and one may 
presume that Prévost merely heated the esters alone below their 
boiling points. Consideration of the experimental conditions under 
which esterification is carried out indicates that the mixture of 
either alcohol and trichloroacetic acid would have a moderately 
high dielectric constant; this would tend to decrease as reaction 
proceeded. In Prévost’s experimental procedure, esterification is 
far from complete (yield of esters, 45—46°%), so that rearrangement 
of the isomeric trichloroacetates would be expected to occur if such 
an explanation is the correct one. On the other hand, the di- 
electric constants of the pure esters would be relatively small and 
long heating would be necessary to effect any interconversion (see 
Burton, J., 1928, 1650). 

The author’s method (loc. cit.) being used, methylvinylcarbinyl 
and crotyl trichloroacetates were heated in acetic anhydride (di- 
electric constant = 20-5) for 6 hours at the boiling point; in each 
case the equilibrium mixture of about 55°% of the former and 45%, 
of the latter ester was obtained. This shows definitely that the 
explanation suggested above is probably the correct one, and that 
Prévost’s failure to effect isomerisation was due to unsuitable 
experimental conditions. 

It would be expected that esterification of trichloroacetic acid 
with butylvinylearbinol would afford a mixture with the equili- 
brium displaced in the direction Il. Unfortunately, this has not 
been capable of verification, as the attempted esterification gave 
rise to none of the expected esters. 

In Part IIT (J., 1929, 455) it was pointed out that the influence of 
the n-alkyl group in activating the simple three-carbon aniono- 
tropic system should reach its maximum at about n-hexyl. It was 
also stated that “ even then the activation may not be as great as 
that produced by the phenyl or by gem-dialkyl groups.”’ It is now 
shown that the n-hexyl and isoamyl groups are very similar to the 
K 
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methyl group in their activating power. For instance, «-n-hezylallyl 
p-nitrobenzoate, like «-methylallyl p-nitrobenzoate, is recovered 
unchanged when an acetic anhydride solution is boiled for 6 and 
24 hours; and acetylation of «-isoawmylallyl alcohol with an excess 
of acetic anhydride gives the corresponding acetate, as does methy]l- 
vinylearbinol. The pronounced difference in activating power of 
the alkyl and the pheny] group is again emphasised in experiments 
with «-m-4-xylylallyl alcohol, which are described in the experi- 
mental portion. The conversion of this alcohol into 2 : 4-dimethy]- 
einnamy] alcohol is of interest in view of the very limited methods 
available for the synthesis of cinnamy] alcohols. 


EXPERIMENTAL. 


Methylvinylearbinol and butylvinylcarbinol were prepared by 
Delaby’s method (Compt. rend., 1922, 175, 967). 
Butylvinylearbinyl p-nitrobenzoate, prepared by the pyridine 
method, crystallises from cold alcohol in colourless plates, m. p. 24— 
25° (Found : C, 63-8; H, 6-5. C,,H,,0,N requires C, 63-9; H, 6-5%). 
Esterification of Trichloroacetic Acid with Methylvinylcarbinol.— 
This was carried out in the manner described by Prévost (loc. cit.). 
The yield of mixed esters, b. p. 70—90°/10 mm., was 45—46%,. 
Fractionation of the mixture in a vacuum, by means of a Dufton 
column (50 cm.), gave approximately equal amounts of two well- 
defined fractions, the mid-piece being rejected. Further distil- 
lation under reduced pressure and collection of the middle fractions 
only, afforded methylvinylcarbinyl trichloroacetate, b. p. 69-5— 
70-5°/8 mm., ni, 146390 (Found: C,* 33-4; H, 3-0. Calc.: C, 
33:1; H, 3-2%), and crotyl trichloroacetate, b. p. 86—86-5°/9 mm., 
nis, 1-47596 (Found: C, 33:4; H, 34%). The refractive indices 
were measured with a Pulfrich instrument, the green line of the 
mercury are being used, with an auxiliary slit to increase the 
accuracy of setting. The drum of the instrument was used, so the 
differences between the observed indices are more accurate than 
the absolute values. The pure esters and mixtures were measured 
rapidly one after another at the same temperature. The mixtures 
obtained from three similar experiments showed nj, 1-46947, 
1-46947, and 1-46932 respectively; hence content of methylvinyl- 
carbinyl trichloroacgtate = 54, 54 and 55% respectively. 
Conversion of the Esters into the Equilibrium Mixture.—Either of 
the esters (10 g.) was boiled with acetic anhydride (20 c.c.) for 6 
hours. The yellow solution was poured into water and extracted 
with ether, and the extract was washed repeatedly with sodium 


* The values for ’C are all.somewhat high owing to the large chlorine con- 
tent of the esters. 
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carbonate solution until free from acid and dried. The residue 
from the ethereal extract gave, in addition to a main fraction, b. p. 
70—90°/10 mm., high-boiling material, showing that some decom- 
position had taken place. The mixed esters were redistilled three 
times and analysed (Found: C, 33-6, 33-5; H, 3-1, 35%). The 
refractive indices of the mixtures were 1-46916 and 1-46932; hence 
content of methylvinylcarbinyl trichloroacetate = 56 and 55%, 

a-n-Hezylallyl Alcohol (A*-Nonen-y-ol), CgH43°CH(OH)-CH:CHg. 
—The Grignard reagent prepared by the method of Gilman and 
McCracken (J. Amer, Chem. Soc., 1923, 45, 2463) from magnesium _ 
(12 g.), n-hexyl bromide (82 g.), ether (200 c.c.), and a trace of iodine 
was cooled below 0°, and a solution of acraldehyde (33 c.c.) in ether 
(150 c.c.) added during 2 hours. The mixture was stirred for a 
further 4 hours and then decomposed with ice and saturated 
ammonium chloride solution. Distillation of the oil from the 
ethereal extract gave 36 g. of a mobile oil, b. p. 88—95°/16 mm., 
which gave high values for carbon and hydrogen and was not puri- 
fied by further fractionation. When the oil was heated with 
p-nitrobenzoyl chloride (50 g.) and pyridine (350 c.c.) on the water- 
bath for 2 hours, and the mixture poured on ice, a solid (35 g.) was 
obtained. This was collected, washed with cold light petroleum, 
drained on porous earthenware, and crystallised from a concentrated 
alcoholic solution at 0—5°; «-n-hexylallyl p-nitrobenzoate, m. p. 
36—37°, then separated in almost colourless plates (Found: C, 
65:8; H, 7-2. C,,H,,O,N requires C, 66-0; H, 7:2%). 

Hydrolysis of the p-nitrobenzoate (14-5 g.) by boiling with 5% 
alcoholic potassium hydroxide solution (100 g.) for 2 hours, the 
product being worked up in the usual way, gave «-n-herylallyl 
alcohol as a colourless mobile oil, b. p. 89°/12 mm. (Found: C, 
75-7; H, 12-8. C,H,,0 requires C, 76-05; H, 12°7%). 

When the p-nitrobenzoate (5 g.) was boiled with acetic anhydride 
(10 c.c.) for 6 and for 24 hours, and the solutions were poured into 
water, unchanged material was obtained in each case. 

a-isoAmylallyl Alcohol, CHMe,*CH,*CH,*CH(OH)-CH:°CH,.—The 
Grignard reagent prepared from magnesium (12 g.), tsoamyl bromide 
(76 g.), ether (300 c.c.), and a trace of iodine was treated during 2 
hours with a solution of acraldehyde (30 c.c.) in ether (150 c.c.) as 
for the hexyl analogue. Decomposition of the product with ice 
and ammonium chloride and careful fractionation of the product 
obtained afforded 14 g. of the alcohol, b. p. 73—74°/16 mm., as a 
colourless mobile oil (Found : C, 75-05; H, 12-6. C,H,,0 requires 
C, 75-0; H, 12-5%). A crystalline p-nitrobenzoate could not be 
prepared by the pyridine method. 

a-isoAmylallyl acetate, CHMe,°CH,°CH,°CH(OAc)-CH:CH,, was 
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obtained by boiling a mixture of the above alcohol (14 g.) and 
acetic anhydride (20 c.c.) for 9 hours and working up the product 
in the usual way. The ester is a colourless mobile oil, b. p. 83— 
84°/18 mm. (Found: C, 70-5; H, 10-6. C,,H,,0, requires C, 
70-6; H, 106%). Hydrolysis with an excess of boiling 5% 
alcoholic potassium hydroxide solution regenerated the above alcohol. 

a-m-4-Xylylallyl Alcohol, C,H,Me,-CH(OH)-CH:CH,.—To the 
well-cooled Grignard reagent prepared from magnesium (12 g)., 
m-4-iodoxylene (116 g.), ether (200 c.c.), and a trace of iodine, a 
_ solution of acraldehyde (33 c.c.) in ether (150 c.c.) was added during 

2 hours. The mixture was stirred for a further 3 hours, and the 
very gummy product decomposed with ice and ammonium chloride 
solution. Distillation of the residue from the ethereal extract 
afforded a fraction (12 g.), b. p. 130—140°/15 mm., which on re- 
distillation gave the impure alcohol, b. p. 129—131°/12 mm., as a 
colourless mobile oil (Found: C, 80-1; H, 8-8. C,,H,,0 requires 
C, 81:5; H, 86%). The phenylurethane, m. p. 105—106°, crystal- 
lises from light petroleum in clusters of colourless fine needles 
(Found: C, 77-0; H, 6-8. C,,H,,0,N requires C, 76-9; H, 6-8%). 

2:4-Dimethyleinnamyl Alcohol, C,H,Me,°CH:CH-CH,-OH.—A 
mixture of «-m-4-xylylallyl alcohol (8 g.) and acetic anhydride 
(10 c.c.) was boiled for 6 hours and then fractionated. The 2 : 4-di- 
methylcinnamyl acetate, b. p. 168—170°/17 mm., obtained was 
hydrolysed with a slight excess of 5°, alcoholic potassium hydroxide 
solution, giving 2 : 4-dimethylcinnamyl alcohol, which was obtained 
as a pleasant-smelling, straw-coloured, viscous liquid, b. p. 162— 
164°/19 mm. (Found: C, 80:8; H, 8-6. C,,H,,0 requires C, 81-5; 
H, 86%). The phenylurethane separated from light petroleum 
in colourless needles, m. p. 82—83° (Found: C, 77-0; H, 6-9. 
C,,H,,0,N requires C, 76-9; H, 6-8%). 


The author is indebted to Professor C. K. Ingold, F.R.S., for his 
interest in this work and to Mr. A. Rumfitt for carrying out the 
majority,of the analyses recorded. The cost has been partly de- 
frayed with a grant from the Government Grant Committee of 
the Royal Society, to whom the author’s thanks are due. 

Tue UNIVERSITY, LEEDS. [Received, December 20th, 1929.] 





XXXVII.—Some Trinitroethylbenzenes. 
By James Netson Epmunp Day. 


Aw account is here given of the preparation of 3:4:5-, 2:3: 4-, 
and 2:4: 5-trinitroethylbenzenes, together with some of their 
reactions. One of the difficulties in the study of derivatives of 
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ethylbenzene has been a suitable initial material of undoubted 
purity; this has been overcome by using p-aminoethylbenzene, 
prepared from pure p-aminoacetophenone by the reduction method 
of Clemmensen (Ber., 1913, 46, 1837; 1914, 47, 51, 681). 

On acetylation of p-aminoethylbenzene the acetyl derivative 
described by Paucksch (Ber., 1884, 17, 769) was obtained, and this 
on nitration gave 3: 5-dinitro-4-acetamidoethylbenzene (m. p. 
182—183°) identical with that previously described (Paucksch, 
loc. cit.; Brady, Day, and Allam, J., 1928, 982). These experi- 
ments were carried out to make certain that the compound de- 
scribed by Paucksch was the p- and not the o-amino-compound, 
as it was obtained by separation of the o- and p-acetamidoethy]- 
benzenes by crystallisation, a process which it had been found 
difficult to repeat satisfactorily. 

3 : 5-Dinitro-4-aminoethylbenzene, on diazotisation and _treat- 
ment with sodium nitrite and copper sulphate, gave 3: 4 : 5-tri- 
nitroethylbenzene. 

p-Aminoethyibenzene, on nitration in presence of excess of 
sulphuric acid, gave 2-nitro-4-aminoethylbenzene identical with 
the compound prepared by reduction of crude 2 : 4-dinitroethyl- 
benzene (compare Cline and Read, J. Amer. Chem. Soc., 1927, 49, 
3150, who have shown that some 4-nitro-2-aminoethylbenzene is 
also produced in this reaction; compare also Brady, Day, and 
Allam, loc. cit.). Nitration of 2-nitro-4-acetamidoethylbenzene gave 
a mixture of 2: 3-dinitro- and 2 : 5-dinitro-4-aminoethylbenzenes 
which on oxidation with Caro’s acid gave respectively 2 : 3-dinitro- 
4-nitrosoethylbenzene and 2 : 5-dinitro-4-nitrosoethylbenzene. Oxid- 

ation of the latter compounds with nitric acid gave the required 
2:3:4- and 2:4: 5-trinitroethylbenzenes. 
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2:3:4-Trinitroethylbenzene has also been prepared by the 
direct nitration of 2 : 3-dinitroethylbenzene. 
These trinitroethylbenzenes are very similar to the corresponding 
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qinitrotoluenes, but their melting points are lower. They form 
well-defined methylamine and hydrazine derivatives by replacement 
of the mobile nitro-group. Their alcoholic solutions give color- 
ations with dilute sodium hydroxide solution. 2:3: 4-Trinitro- 
ethylbenzene gives a bright green-yellow colour, changing to brown 
and brownish-red ; the corresponding trinitrotoluene gives a green 
and then a brown colour. 2:4: 5-Trinitroethylbenzene gives a 
bright green, changing to dark green and red; the corresponding 
trinitrotoluene gives blue, green, and then brown colours. 3:4: 5- 
Trinitroethylbenzene and the corresponding trinitrotoluene both 
give a bright pink colour, changing to brown. 


ExPERIMENTAL. 


p-Aminoethylbenzene.—A mixture of granulated zine (100 g., 
left in contact with mercuric chloride, 20 g., in water, 400 c.c., 
for 12 hours and then washed with water), concentrated hydro- 
chloric acid (200 c.c.), and water (200 c.c.) was gently heated while 
p-aminoacetophenone (25 g.), dissolved in concentrated hydro- 
chloric acid (200 c.c.), was added slowly through an upright con- 
denser, followed by concentrated hydrochloric acid (100 c.c.). 
After being heated for 5 hours, the mixture was cooled and, a slight 
excess of a concentrated solution of sodium hydroxide having been 
added, submitted to steam distillation. The p-aminoethylbenzene 
was extracted from the distillate with ether (average yield, 19-5% ; 
varying the time of boiling or the amount of hydrochloric acid did 
not greatly affect the yield). 

On acetylation with acetic anhydride, the amine gave p-acet- 
amidoethylbenzene, identified by its m. p. and mixed m. p. with a 
specimen prepared from ethylbenzene. 

On nitration with ten times its weight of nitric acid (d 1-5), the 
acetyl compound gave 8 : 5-dinitro-4-acetamidoethylbenzene, m. p. 
182—183° after crystallisation from alcohol. Addition of this sub- 
stance did not lower the melting point of the 3 : 5-dinitroacet- 
amidoethylbenzene previously prepared (Brady, Day, and Allam, 
loc. cit.). This experiment supplied the direct evidence required, 
that the amino-group in the dinitroacetamidoethylbenzene, m. p. 
183°, previously isolated from the nitrated mixture of o- and p-acet- 
amidoethylbenzenes, was in the 4-position. 

3:4: 5-Trinitroethylbenzene.—Sulphur dioxide was passed into 
nitric acid (d 1-5) (5-7 g.) at 0° until the gain in weight was 0-6 g. 
The solution was cooled to — 12°, 3 : 5-dinitro-4-aminoethylbenzene 
(1:4 g.) dissolved in it, the solution poured on ice (20 g.), and the 
whole added to a mixture of copper sulphate (5-7 g.) and sodium 
nitrite (1-6 g.) in water (25 c.c.) containing ice (50 g.). After 12 
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hours, the precipitate was collected, washed, and heated with 
nitric acid (d 1-42) on the water-bath for 30 minutes, the mixture 
cooled and diluted, and the product crystallised from nitric acid 
(d@ 1-42). A final crystallisation from alcohol containing a little 
acetic acid gave 3 : 4 : 5-trinitroethylbenzene in white needles, m. p, 
92-5° (Found: C, 39:8; H, 2:9; N, 17-3. C,H,O,N, requires C, 
39-8; H, 2-9; N, 17-4%), 

3:4:5-Trinitroethylbenzene (0-2 g.) in alcohol (6 c.c.) was 
warmed with 33% methylamine solution (0-3 g.) in alcohol (2 ¢.c.) 
on the water-bath for 5 minutes, and the solution diluted with an 
equal volume of water and cooled. Crystallisation of the pre- 
cipitate from dilute alcohol gave 3 : 5-dinitro-4-methylaminoethyl- 
benzeng in orange needles, m. p. 73° (Found: C, 47-9; H, 5-0. 
CyH,,0,N, requires C, 48-0; H, 4-9%). 

Similarly, from 3: 4: 5-trinitroethylbenzene (0-2 g.) in alcohol 
(6 c.c.) and 50% hydrazine hydrate solution (0-2 g.) in alcohol 
(4 c.c.), 3: 5-dinitro-4-hydrazinoethylbenzene was obtained; it 
formed copper-red plates, m. p. 85°, on crystallisation from alcohol 
(Found: C, 42-5; H, 4:5. C,H,,0,N, requires C, 42-5; H, 4-5%). 

2-Nitro-4-aminoethylbenzene.—Sulphuric acid (d 1-84) (55 c.c.) 
was cooled to 0°, and p-aminoethylbenzene (5 g.) added slowly. 
The solution was cooled to — 8°, and stirred while a mixture of 
nitric acid (d 1-5) (3:3 g.) and sulphuric acid (d 1-84) (8 c.c.) was 
added drop by drop. After being kept at 0° for 30 minutes, the 
mixture was poured on ice. The precipitated sulphate was decom- 
posed with 2N-sodium hydroxide, and the amine extracted with 
ether. Crystallised from light petroleum, the product melted at the 
same temperature (45°) as the compound described by Cline and 
Read (loc. cit.). 

2 : 3- Dinitro -4-nitrosoethylbenzene.— 2 : 3 - Dinitro-4-aminoethy]l- 
benzene (1-58 g.) (Brady, Day, and Allam, loc. cit.) was dissolved 
in sulphuric acid (d 1-84) (5 c.c.) at 0°. Sulphuric acid (d 1-84) 
(5 c.c.) was cooled in a freezing mixture, finely powdered ammonium 
persulphate (5:13 g.) added in small quantities at a time, and the 
solution kept at 0° for an hour and then poured on ice (12 g.) ina 
stoppered bottle. The sulphuric acid solution of the amine was 
added, and the mixture shaken occasionally during the following 
5 days. The precipitate, after being washed with water and 
crystallised from alcohol, gave 2 : 3-dinitro-4-nitrosoethylbenzene in 
fine yellow crystals, which melted at 80—81° to a dark green liquid 
(Found : N, 18-5. C,H,O,;N, requires N, 18-7%). The dark green 
hot alcoholic solution of this compound became yellow on cooling. 

2:3: 4-Trinitroethylbenzene.—2 : 3-Dinitro-4-nitrosoethylbenzene 
was heated on the water-bath for 30 minutes with an excess of 
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nitric acid (d 1-42), the solution diluted, and the precipitate crystall- 
ised from benzene-light petroleum, 2 : 3 : 4-trinitroethylbenzene being 
obtained in pale yellow plates, m. p. 80° (Found: C, 39-7; H, 2-9; 
N, 17-2. C,H,O,N, requires C, 39-8; H, 2-9; N, 17-4%). This 
compound was also obtained by adding 2 : 3-dinitroethylbenzene 
(1 g.) slowly to a mixture of nitric acid (d 1-5) (1 g.) and sulphuric 
acid (d 1-84) (12 c.c.) and heating the whole at 100° for 2 hours; 
it separated on cooling and was crystallised as before. 

Treated with methylamine as was 3 : 4: 5-trinitroethylbenzene, 
it gave 2: 4-dinitro-3-methylaminoethylbenzene, which crystallised 
from dilute alcohol in yellow plates, m. p. 92—93° (Found: C, 
48-2; H, 4:8. C,H,,0,N, requires C, 48-0; H, 4:9%). 

Treated with hydrazine hydrate as described above, it gave 
2 : 4-dinitro-3-hydrazinoethylbenzene, which separated from alcohol 
in bright orange-red needles, m. p. 149° (Found: C, 42-5; H, 4:5. 
C,H ,,0,N, requires C, 42-5; H, 45%). 

2 : 5- Dinitro -4 -nitrosoethylbenzene. —2 : 5 - Dinitro-4-aminoethyl- 
benzene (Brady, Day, and Allam, loc. cit.) was oxidised with per- 
sulphuric acid in the same way as 2: 3-dinitro-4-aminoethyl- 
benzene. The precipitate was collected after 4 days and crystallised 
from alcohol, 2 : 5-dinitro-4-nitrosoethylbenzene being obtained in 
small, deep yellow prisms, m. p. 111—112° (Found: N, 18-4. 
C,H,O;N, requires N, 18-7%). The hot alcoholic solution was 
dark yellowish-green and the -pure substance melted to a dark 
green liquid. 

2:4: 5-Trinitroethylbenzene.—2 : 5-Dinitro-4-nitrosoethylbenzene, 
on oxidation with nitric acid (d 1-42), gave 2:4: 5-trinitroethyl- 
benzene, which separated from benzene-light petroleum in light 
yellow crystals, m. p. 40° (Found: C, 40:0; H, 3-0; N, 17-6. 
C,H,O,N, requires C, 39-8; H, 2-9; N, 17-4%). 

With methylamine, it gave 2 : 4-dinitro-5-methylaminoethylbenz- 
ene, which crystallised from alcohol in yellow needles, m. p. 149° 
(Found: C, 48-2; H, 5-0. C,H,,0O,N, requires C, 48-0; H, 4:9%). 
With hydrazine, it gave 2 : 4-dinitro-5-hydrazinoethylbenzene, which 
crystallised from alcohol in yellow-brown needles, m. p. 141° (Found : 
C, 42-7; H, 4-6. C,H,,0,N, requires C, 42-5; H, 45%). 


The author wishes to thank Dr. O. L. Brady for his interest in 


this work. 


THE Rates Forster LABORATORIES OF ORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, LonpDon. [ Received, December 23rd, 1929.) 
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XXXVIII.—The Reactions of Malonic Esters with 
Formaldehyde. Part I. 


By KennetH NorMAN WELCH. 


Durine the course of a research requiring large quantities of ethyl 
methylenedimalonate, it was found that the product prepared by 
Knoevenagel’s method (Ber., 1894, 27, 2345) varied considerably in 
yield and contained a substance which decomposed with evolution 
of formaldehyde during distillation. Although Gault (Bull. Soc. 
chim., 1912, [iv], 11, 381) showed that better yields could be obtained 
by employing an excess of ethyl malonate, it was felt that a more 
thorough investigation of the reaction would be justified. 

Ethyl malonate condenses with formaldehyde in the presence of 
dilute sodium hydroxide solution to give a solid addition compound, 
ethyl di(hydroxymethyl)malonate (I). The presence of two hydroxyl 
groups was proved by the preparation of a diphenylcarbamate and 
a neutral sulphite. Further, the ester (I) was converted into 
x-todomethylacrylic acid, CH,:C(CH,I)-CO,H, by the action of 
hydriodic acid, and this unsaturated acid, which gave the iodoform 
reaction, was reduced to isobutyric acid by the action of hydriodic 
acid and red phosphorus. The readiness with which ethyl di- 
(hydroxymethyl)malonate loses formaldehyde forms an interesting 
comment on a paper by Earl, Ellsworth, Jones, and Kenner (J., 
1928, 2697). 

When formaldehyde was condensed with a larger excess of ethyl 
malonate in the presence of dilute sodium hydroxide solution, a 
saturated compound, probably ethyl hydroxymethylmalonate (II), 
was produced as an oil: this could not be distilled owing to the 
ease with which it lost water to give ethyl methylenemalonate. 
This substance is responsible for the more complex condensation 
products obtained by the action of formaldehyde on ethyl malonate : 
the production of ethyl methylenedimalonate (III) and ethyl 
pentane-awyyee-hexacarboxylate (IV) (compare Bottomley and 
Perkin, J., 1900, 77, 294) is explained as follows : 

OH,(CO, Et), 
(HO-CH,),C(CO,Et), ————-> HO-CH,°CH(CO,Et), 
(I.) (II; 2 mols.) i 


CH,(CO,Et), 
(111.) CH,[CH(CO,Et),|, <— 
i‘ 





CH,:C(CO,Et), 





Y 
(Iv.) CH(CO,Et),“CH,°C(CO,Et),*CH,“CH(CO,Et), 


The above reactions take place independently under the conditions 
employed in the condensation of formaldehyde and ethyl malonate. 
K2 
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For instance, ethyl di(hydroxymethyl)malonate reacts with ethyl 
malonate in the presence of piperidine, triethylamine, or potassium 
hydroxide (a; p. 260) to give a mixture of (III) and (IV), and the 
yield of the latter is decreased when a larger excess of ethyl malonate 
is used (6; p. 260): experiment (c) (p. 260) shows that the last 
result is not due to the action of ethyl malonate on (IV). Further, 
ethyl methylenemalonate condenses readily with ethyl malonate 
and with ethyl methylenedimalonate (III) in the presence of piper- 
idine to give (III) and (IV) respectively. 

Although ethyl hydroxymethylmalonate (II) is incapable of 
isolation in the pure state, its alkyl substitution products, for ex- 
ample, ethyl (hydroxymethyl)ethylmalonate, can be distilled in a 
vacuum without decomposition.* This ester reacts with ethyl 
malonate in the presence of piperidine to give ethyl methylene- 
dimalonate and ethyl ethylmalonate, but no facile reaction occurs 
between ethyl (hydroxymethyl)ethylmalonate and ethyl ethyl- 
malonate. 

EXPERIMENTAL. 

Ethyl Di(hydroxymethylymalonate (1).—Ethyl malonate (100 g.), 
40°, formalin (180 g.), and a few drops of B.D.H. Universal Indicator 
were mixed and 10%, sodium hydroxide solution was gradually 
added. Reaction began at py 7-5 and was rapid at pg 8-5. Owing 
to slight hydrolysis of the ester the pg was apt to fall, and sodium 
hydroxide was added during 48 hours to maintain it between 8 and 
9. The mixture became homogeneous and the temperature was 
kept below 50°. The mixture was then diluted with water (2 vols.), 
shaken with the smallest quantity of ether necessary to remove 
insoluble impurities, saturated with sodium chloride, and extracted 
five times with ether. The dried extracts, on removal of the ether, 
left a residue, which was heated in a vacuum at 50—60°. The 
glycerol-like substance remaining solidified after some months or 
more quickly on generous seeding. After being drained on porous 
plate and recrystallised from benzene-petroleum (b. p. 100—120°) 
or, better, from ether—-amyl ether, ethyl di(hydroxymethyl)malonate 
was obtained in colourless elongated prisms, m. p. 52—53° (Found: 
C, 49-1, 48-9; H, 7-1, 7-2; OEt, 40-1. C,H,,0, requires C, 49-1; 
H, 7:3; OEt, 40-9). This ester has an intensely bitter taste and 
is very soluble in water, alcohol, ether, and benzene and slightly 
soluble in light petroleum and amyl ether. It is decomposed by 
heat into formaldehyde, water, alcohol, carbon dioxide, small 


* Such condensations appear to be general and experiments with form- 
aldehyde and ethyl butane-aaf-tricarboxylate are in progress with a view to 
the synthesis of pilocarpic acid (Jowett, J., 1901, '79, 1331). 
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quantities of ethyl acrylate and ethyl methylenemalonate and a 
large quantity of high-boiling tar. 

The diphenylcarbamate, prepared by the action of phenylearb- 
imide (5 g.) on ethyl di(hydroxymethyl)malonate (5 g.) during one 
week at the room temperature, crystallised from alcohol in needles 
(8 g.), m. p. 161° (Found: C, 60-0; H, 5-8; N, 6-3. C,,H,,0,N, 
requires C, 60:3; H, 5:7; N, 61%). Ethyl di(hydroxymethyl)- 
malonate sulphite, prepared by the action of thionyl chloride (11-8 g.) 
on ethyl di(hydroxymethy]l)malonate (22 g.) in anhydrous ether for 
6 hours, distilled as a colourless oil (19 g.), b. p. 166°/20 mm. (Found : 
C, 40-6; H, 5-3. C,H,,0,8 requires C, 40-6; H, 5-2%). 

«-lodomethylacrylic Acid.—Ethyl di(hydroxymethyl)malonate 
(10 g.) and hydriodic acid (d 1-71; 66 g.) were boiled for 45 minutes, 
ethyl iodide and carbon dioxide being evolved. After cooling and 
standing for 1 hour, the solid (7 g., m. p. 95—100°) was collected, 
washed with a little water, and rapidly recrystallised from boiling 
water; it separated in cream-coloured plates, m. p. 104—106° 
(slight decomp.). A somewhat purer specimen (m. p. 106—107°) 
of the same substance was obtained by subjecting ethyl di(hydroxy- 
methyl)malonate to a preliminary hydrolysis with 3°, sulphuric 
acid at 120—140°, and treating the crude acid (which rapidly poly- 
merises) with cold hydriodic acid (Found: C, 22-6; H, 2-4; M, 
ebullioscopic in ether, 220. C,H,O,I requires C, 22-6; H, 2-4%; 
M, 212). «-lodomethylacrylic acid rapidly turns brown on exposure 
to light and air. 

Reduction of «-Ilodomethylacrylic Acid.—Ethy] di(hydroxymethy])- 
malonate (25 g.) was converted into iodomethylacryli¢ acid by 
heating with hydriodic acid as described above. Red phosphorus 
(7 g.) and hydriodic acid (30 g.) were then added and the mixture 
was boiled for 10 hours. After dilution with an equal volume of 
water, the mixture was steam-distilled; the distillate was neutral- 
ised with sodium hydroxide and evaporated to dryness. Excess of 
50°, sulphuric acid was added; the liberated acid, isolated by 
extraction with ether, boiled at 150—160°. It was converted into 
the chloride by the action of the theoretical quantity of boiling 
thionyl chloride for 20 minutes, and the product poured into an 
excess of aniline (6 g.). After being heated on the water-bath for 
20 minutes, the product was poured into an excess of dilute hydro- 
chloric acid; the solid obtained, after recrystallisation from dilute 
alcohol, melted at 103—105°, alone or in admixture with authentic 
isobutyranilide. 

Ethyl (Hydroxymethyl)malonate (I1).—Formalin (10 g.), ethyl 
malonate (60 g.), and enough alcohol to give a homogeneous mixture 
were mixed with a few drops of B.D.H. Universal Indicator, and 
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sodium hydroxide solution added to produce py 9. After 24 hours, 
the mixture was rendered faintly acid, diluted with water, and ex- 
tracted with ether. After drying and removal of the solvent, the 
excess of ethyl malonate was distilled off in a vacuum, leaving ethyl 
(hydroxymethyl)malonate as an oil, which was almost without 
action on dilute potassium permanganate solution. Treated with 
phenylearbimide, the ester gave diphenylurea, m. p. 238°. 

Condensation of Ethyl Di(hydroxymethyl)malonate with Ethyl 
Malonate—(a) Ethyl di(hydroxymethyl)malonate (10 g.), ethyl 
malonate (20 g.), and piperidine, triethylamine or alcoholic potass- 
ium hydroxide (a few drops) were heated for 6 hours in the 
water-bath. On cooling and standing over-night, crystals separated. 
The whole was then fractionated, giving: (i) ethyl methylene- 
dimalonate (10 g.), b. p. 140—180°/5 mm., which on hydrolysis 
gave glutaric acid, m. p. 95—97°, not depressed by admixture with 
an authentic specimen; (ii) ethyl pentane-««jyee-hexacarboxylate 
(10 g.), b. p. 180—240°/5 mm., which solidified and, after being 
drained and recrystallised from alcohol, melted at 52—53° (Found : 
C, 54-9; H, 7-0. Calc. for C,3H3,0,.: C, 54:8; H, 7-1%). 

(b) A similar experiment with 60 g. of ethyl malonate instead of 
20 g. yielded ethyl methylenedimalonate (27 g.) but no pentane 
derivative (IV). 

(c) The condensation (a) was repeated, but, after the preliminary 
heating, the product was mixed with ethyl malonate (35 g.) and a 
few drops of piperidine and heated for a further 6 hours. Ethyl 
pentane-axyyee-hexacarboxylate (10 g.) was isolated after removal 
of the excess of ethyl malonate. 

Ethyl (hydroxymethyl)ethylmalonate, prepared by condensing ethyl 
ethylmalonate (20 g.) and formalin (30 g.) for 48 hours under the 
conditions employed for the condensation of formalin with ethyl 
malonate, was obtained as an oil (15 g.), b. p. 105—107°/4 mm. 
(Found: C, 54:8; H, 8-3. C, 9H,,0; requires C, 55-0; H, 83%). 
The phenylcarbamate crystallised from dilute methyl alcohol in 
plates, m. p. 63—64° (Found: C, 60-5; H, 6-9. C,,H,,0;N 
requires C, 60-5; H, 6-8%). 

Ethyl (hydroxymethyl)ethylmalonate (2 g.), ethyl malonate (5 g.), 
and piperidine (1 drop) were heated on the water-bath for 5 days. 
Distillation then yielded ethyl ethylmalonate, b. p. 90—100°/12 mm., 
and ethyl methylenedimalonate, b. p. 190—200°/12 mm., which 
was hydrolysed to glutaric acid, m. p. 94—96°. 

No apparent reaction took place on the water-bath between 
ethyl (hydroxymethyl)ethylmalonate and ethyl ethylmalonate in 
the presence of piperidine. At 130—140°, alcohol was eliminated, 
but nothing further could be isolated from the product. 
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Condensation of Ethyl Methylenemalonate with Ethyl Malonate and 
with Ethyl Methylenedimalonate—Ethyl methylenemalonate (freshly 
distilled) (2 g.) and ethyl malonate were mixed and methyl-alcoholic 
potassium hydroxide (1 drop) was added; considerable heat was 
evolved. After standing in the cold for 1 hour, the product was 
unreactive to dilute potassium permanganate solution and on 
distillation gave ethyl methylenedimalonate (3 g.), as proved by 
conversion into glutaric acid. 

Under the same conditions, the condensation with ethyl methy]l- 
enedimalonate was complete after 1 hour’s heating on the water- 
bath; the mixture solidified on cooling and was proved to be ethyl 
pentane-awyyee-hexacarboxylate by the mixed m. p. method. 


The author wishes to thank the Chemical Society for a grant 
which has partly defrayed the cost of the materials used in this 
research. 


UNIVERSITY OF MELBOURNE. [Received, October 28th, 1929.] 





XX XIX.—Colloidal Phenoxides. Part II. Some 
Phenanthraxanthones. 


By Witson Baker. 


A NUMBER of derivatives of 7-hydroxybenzo-y-pyrone containing 
aromatic groups in positions 2 and 3 dissolve in hot aqueous alkaline 
solutions and yield gels on cooling. The relationships existing be- 
tween the chemical constitution and the capability of forming gels 
in these compounds was established in Part I (Baker and Eastwood, 
J., 1929, 2897), and the ultimate object of the work was indicated. 
Briefly, this was to prepare a substance which should give a gel in 
alkaline solutions and at the same time exhibit fluorescence, so 
that by examination in ultra-violet light the structure of the gel 
might be visible. 

The simplest derivative of benzo-y-pyrone which gives a gel is 
7-hydroxy-2 : 3-diphenylbenzo-y-pyrone (I), and the attempt to 
make the molecule fluoresce while retaining the colloidal properties 
is described in this paper. The work recorded in Part I showed 
that only minor changes could be made in the molecule (I) without 
destroying the desired physical properties of the alkali salts. Such 
changes as can be made within these limitations consist of alter- 
ation of the substituents in positions 2 and 3 (introduction of a 
p-methoxy-group, replacement of phenyl by styryl) and the intro- 
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duction of a further hydroxyl group in position 5. No such changes 
can be expected, nor are found, to increase appreciably the fluor- 
escence of the substance (I), and it was obvious that some other 
type of simple alteration to the molecule was necessary. Attention 
was therefore directed to the synthesis of 10-hydroxyphenanthra- 
xanthone* (II), in which the two phenyl nuclei are united, so that 
the substance, being a phenanthrene derivative, might be expected 
to possess an enhanced fluorescence. 


OMe 
O OMe 
a pone Xo, 





This synthesis has now been achieved, but both the physical and 
the optical properties of the alkali salts of the substance are such 
that it is very doubtful if it will serve the purpose for which it was 
intended. The gels are unstable and without appreciable fluor- 
escence. 

The ring closure between the two phenyl nuclei was effected by 
means of Pschorr’s phenanthrene synthesis, and in order to study 
the conditions of the reaction use was made of the readily accessible 
7 - methoxy -3 - phenyl -2 - (6 -nitro-3 : 4-dimethoxyphenyl)benzo-y-pyrone 
(III). This substance was prepared by the nitration of 7-methoxy- 
3-pheny1-2-(3 : 4-dimethoxyphenyl)benzo-y-pyrone (Part I, loc. cit.) 
in acetic acid solution, the position of the nitro-group being inferred 
from the great reactivity of the veratryl nucleus in position 6, and 
the success of the subsequent ring closure. Reduction with tin and 
hydrochloric acid gave 7-methoxy-3-phenyl-2-(6-amino-3 :4-dimethoxy- 
phenyl)benzo-y-pyrone, and a methyl-alcoholic solution of the 
sulphate of this base, when diazotised and subsequently boiled, 
deposited the very sparingly soluble 6 : 7 : 10-trimethoxyphenanthra- 
xanthone (IV) in 70% yield. This compound was demethylated 
by boiling with hydrobromic acid and acetic acid, giving 6 : 7 : 10-tri- 
hydroxyphenanthraxanthone. The high yield of (IV) is doubtless to 
be attributed to the spatial arrangement of the o-nitrophenyl and 


* At the suggestion of the Editor the parent substance has received the 
name “‘ phenanthraxanthone’’ with the numbering shown, The formula (II) 
should be inverted, but in order not to confuse the relation of the substance 
to the diphenylbenzo-y-pyrone from which it is prepared, the representation 
above is adopted in this paper. 
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the phenyl group, cis-trans isomerism about the ethylenic linkage 
being impossible. 


OMe 


0 mi sa O 
woes (HO eee HO A 
(IV.) % (VI.) 


The synthesis of (II) was effected as sm When 2 v 
hydroxyphenyl benzyl ketone was heated under carefully defined 
conditions with o-nitrobenzoic anhydride and sodium o-nitrobenzoate 
and the product was hydrolysed with alcoholic potassium hydroxide, 
7-hydroxy-3-phenyl-2-0-nitrophenylbenzo-y-pyrone (V) was obtained. 
The methyl ether of this compound was reduced with tin and hydro- 
chloric acid to the base 7-methoxy-3-phenyl-2-0-aminophenylbenzo- 
y-pyrone, and diazotisation of this substance in the manner de- 
scribed above yielded 10-methoryphenanthraxanthone, from which 
10-hydroxyphenanthraxanthone (11) was obtained by demethylation 
with hydrobromic acid in acetic acid. 

Owing to difficulties encountered in the preparation of (V), the 
synthesis of (II) was attempted in another way. o-Nitropheny]l- 
acetonitrile was condensed with resorcinol under the conditions of 
the Hoesch reaction, giving 2:4-dihydroxyphenyl o-nitrobenzyl 
ketone; this, when heated with benzoic anhydride and sodium 
benzoate, yielded a product which gave 7-hydrory-2-phenyl-3-o- 
nitrophenylbenzo-y-pyrone (V1) on hydrolysis. The corresponding 
methyl ether, however, when reduced with tin and hydrochloric 
acid or with ferrous sulphate and ammonia, yielded, not a primary 
base, but an uncrystallisable substance showing some of the pro- 
perties of a secondary amine. It is possible that ring closure may 
occur between the amino-group first produced and the carbonyl 
group, and that further reduction then takes place. 


EXPERIMENTAL. 

7 - Methoxy -3 - phenyl -2-(6-nitro-3 : 4-dimethoxyphenyl)benzo -y- 
pyrone (111) —7-Hydroxy-3-phenyl-2-(3 : 4-dimethoxyphenyl)benzo- 
y-pyrone (Part I, loc. cit.) (10 g.) was dissolved in warm glacial acetic 
acid (75 c.c.), and to the cooled solution was added a mixture of 
glacial acetic acid (50 c.c.) and concentrated nitric acid (50 c.c.; 
@ 1-42). After 2 hours, the red solution was poured into water, and 
the precipitated nitro-compound collected; it crystallised from 
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aleohol, in which it was sparingly soluble, in light yellow, thick, 
diamond-shaped plates (or hexagonal plates), m. p. 222° (Found : 
C, 66-0; H, 4:6; N, 3-5. C,,H,,0O,N requires C, 66-5; H, 4-4; N, 
32%). In contrast to the unnitrated substance, this compound 
shows no basic properties towards hydrochloric acid. 

7 - Methoxy - 3 - phenyl -2 -(6-amino-3 : 4-dimethoxyphenyl)benzo -y - 
pyrone.—The finely powdered nitro-compound (III) (10 g.), alcohol 
(300 c.c.), finely divided granulated tin (25 g.), and concentrated 
hydrochloric acid (60 c.c.) were gently boiled for 6 hours; alcohol 
(100 c.c.) was then removed by distillation. The filtered solution 
deposited thick, hexagonal, light yellow plates of the stannichloride, 
which were collected after 12 hours and washed with a little alcohol 
(yield, 8-7 g.). The substance slowly darkens from 200° and 
melts with decomposition at about 240° [Found : C, 49-6; H, 4-2. 
(CygH,g0;NH,,HCl),SnCl, requires C, 50-5; H, 3-9%]. The 
stannichloride (2-5 g.) was dissolved in hot 50% alcohol (50 c.c.) 
containing concentrated hydrochloric acid (1 c.c.) and a rapid 
stream of hydrogen sulphide was passed through the hot solution. 
When the filtered, tin-free liquid was treated with an excess of con- 
centrated aqueous ammonia, the free amino-compound separated 
in small, sulphur-yellow, diamond-shaped plates, m. p. 208° (Found : 
C, 71-3; H, 54; N, 3-7. C.,H,,0;N requires C, 71-4; H, 5-3; N, 
3°5%). Yield, 7 g. from 10 g. of the nitro-compound. The hydro- 
chloride separates from 50% alcoholic hydrochloric acid in very pale 
yellow, hexagonal plates (Found : N, 3-2; Cl, 7:7. C,,H,,0O;N,HCl 
requires N, 3-2; Cl, 8-1%). It slowly becomes more yellow at 100° 
owing to loss of hydrogen chloride; the same change takes place 
on heating with water or organic solvents or in a vacuum over 
sodium hydroxide. 

6:7: 10-T'rimethoxyphenanthraxanthone (1V).—The preceding 
amino-compound (1 g.) was dissolved in a warm mixture of methy] 
alcohol (120 c.c.) and concentrated sulphuric acid (2 g.) and cooled 
to —10°. A 5% aqueous solution of sodium nitrite (13-9 c.c.) was 
then added during } hour, and the solution subsequently kept at 
0° for 2 days. The liquid, which now contained a small amount of 
crystalline material, was boiled under reflux for 4 hour, colourless 
needles being deposited. These were separated from the hot 
liquid by filtration, washed with much alcohol and with water, 
and dried (yield, 0-7 g.); m. p. 232—233° (Found : C, 74-3; H, 4:8. 
Cy4H,,0; requires C, 74-6; H, 47%). 6:7: 10-T'rimethozy- 
phenanthraxanthone is almost insoluble in most organic solvents. 
It separates from a large volume of boiling glacial acetic acid in 
hair-like needles. It dissolves in concentrated sulphuric acid 
to an orange-yellow solution which exhibits no fluorescence, and 
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shows feebly basic properties towards concentrated hydrochloric 
acid. 

6:7: 10-Trihydroxyphenanthraxanthone—The attempted de- 
methylation of the trimethoxyphenanthraxanthone (IV) with 
hydriodic acid, or hydriodic acid in acetic acid, was unsatisfactory, 
owing to the precipitation of an insoluble dark-green hydriodide of 
the methylated compound. 

6 : 7: 10-Trimethoxyphenanthraxanthone (0-5 g.) was boiled 
with glacial acetic acid (25 c.c.) and hydrobromic acid (25 c.c.; 
d 1-5) for 8 hours. After 24 hours, the solution began to deposit 
orange crystals of a hydrobromide, which gradually increased in 
amount, and were finally collected and washed with very dilute 
sodium bicarbonate solution and with water; the free trihydroxy- 
phenanthraxanthone was then obtained as a pale yellow powder. 
By dissolving it in a large volume of boiling alcohol and filtering 
and concentrating the solution, it was obtained in small blunt-ended 
prisms, which when rapidly heated melted at 318—319° with much 
darkening. The substance contains alcohol of crystallisation which 
is lost at 110°, the crystals becoming opaque (Found: C, 70-9; 
H, 5-3. Found in material dried at 110°: C, 72-9; H, 3-9. 
C,,H,.0;,EtOH requires C, 70-8; H, 4:7%. C,,H,,0,; requires 
C, 73:3; H, 35%). 6:7: 10-Trihydroxyphenanthraxanthone as a 
xanthone derivative with vicinal hydroxyl groups is a weak mordant 
dye. On cotton mordanted with iron, aluminium and tin, it gives 
greyish-brown, pale lemon-yellow, and bright yellow shades re- 
spectively. Its alcoholic solution develops an intense dull bluish- 
green colour with ferric chloride. 

o-Nitrobenzoic Anhydride—This was prepared by a modification 
of the method of D.R.-P. 201325 (compare Robinson and Venka- 
taraman, J., 1929, 63). o-Nitrobenzoic acid (33-4 g.) was dissolved 
in a mixture of dry ether (50 c.c.) and pyridine (15-8 g.), and a 
solution of thionyl chloride (11-9 g.) in ether (50 c.c.) was added 
with vigorous shaking. After 24 hours, ice and dilute hydrochloric 
acid were added and the solid product was collected, washed suc- 
cessively with dilute hydrochloric acid, sodium bicarbonate solution, 
and much water, and dried at first in the air, then at 100°. The 
anhydride (24 g.) formed a white crystalline powder, m. p. 126— 
128°. Bischoff and Rach (Ber., 1884, 17, 2789) state that the 
substance is explosive, but the author is unable to confirm this. 
The anhydride can be heated to 200° without decomposition, and 
when heated as rapidly as possible to very high temperatures in a 
small tube it decomposes suddenly but without explosion. 

7 - Hydroxy -3 - phenyl -2-0-nitrophenylbenzo-y-pyrone (V).—The 
interaction of o-nitrobenzoic anhydride, 2 : 4-dihydroxyphenyl 
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benzyl ketone, and sodium o-nitrobenzoate under the ordinary 
conditions of the chromone synthesis (180° for 10 hours) gives a 
negligible yield of the desired product. After many failures, the 
following method was found to give fairly satisfactory results and 
the o-nitrobenzoic acid was recoverable. 

2:4-Dihydroxyphenyl benzyl ketone (4 g.), o-nitrobenzoic 
anhydride (16 g.), and sodium o-nitrobenzoate (4 g.) were heated at 
153° (anisole vapour bath) for 2} hours. The product was dissolved 
in hot 90% alcohol (60 c.c.) and boiled with potassium hydroxide 
(8 g.), dissolved in a little water, for 2 minutes. The solution was 
diluted with water (200 c.c.) and saturated with carbon dioxide and 
the precipitate was collected, washed, and crystallised from alcohol 
(charcoal) (yield, 1-1 g.). A further recrystallisation from alcohol 
yielded pale yellow prisms, m. p. 268° (Found: N, 3-9. C,,H,;0;N 
requires N, 3-9%). The methyl ether, prepared quantitatively by 
the action of methyl sulphate and alkali upon a 50%, acetone—alcohol 
solution of the compound, crystallised from alcohol in pale yellow, 
highly refracting, four-sided bi-pyramids, m. p. 183° (Found: C, 
70-8; H, 4-1. C,,.H,,0,;N requires C, 70-8; H, 4:1%). 

7-Methoxy-3-phenyl-2-0-aminophenylbenzo-y-pyrone.—The preced- 
ing methyl ether (3-5 g.), alcohol (200 c.c.), granulated tin (20 g.), 
and concentrated hydrochloric acid (50 c.c.) were boiled for 6 hours. 
The solution was diluted with water and treated while hot with 
hydrogen sulphide and the tin-free filtrate was rendered alkaline 
with excess of ammonia solution and at once filtered from a small 
amount of flocculent material. The base crystallised completely 
on further dilution (yield, 3-2 g.); on recrystallisation from alcohol 
it formed thin, pale-yellow, diamond-shaped plates, m. p. 213° 
(Found: N, 44. ©C,,H,,0,N requires N, 4-1%). 

10-Methoxyphenanthraxanthone.—The preceding base (1 g.) was 
dissolved in warm methy] alcohol (120 c.c.) containing concentrated 
sulphuric acid (2 g.), cooled to —10°, and diazotised by the gradual 
addition of 5% aqueous sodium nitrite (10-2 c.c.). The solution 
was kept for 24 hours at 0° and then boiled for } hour and the crystal- 
line precipitate was collected, washed with water and alcohol, and 
recrystallised from glacial acetic acid, in which it was very sparingly 
soluble. It separated in very pale yellow prisms, m. p. 248—249° 
(Found: C, 80-8; H,-4-3. C,,H,,0, requires C, 81:0; H, 43%). 
The solution in concentrated sulphuric acid is yellow and slowly 
develops a strong blue fluorescence. 

10-Hydroxyphenanthraxanthone (II1).—The preceding compound 
(0-4 g.) was boiled for 12 hours with glacial acetic acid (60 c.c.) and 
hydrobromic acid (20 ¢.c.; d 1:5). The product which separated on 
cooling was collected and acetylated by boiling for 1 hour with acetic 
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anhydride and a drop of pyridine. The acetyl derivative sub- 
sequently separated in colourless prisms, m. p. 234—235°. Hydro- 
lysis of this compound was effected by boiling its alcoholic sus- 
pension with a few drops of aqueous sodium hydroxide; a yellow 
solution exhibiting a weak green fluorescence was then produced. 
Acidification threw down a gelatinous precipitate, which, after 
boiling with water, was collected and pressed on porous earthen- 
ware. The substance was now dissolved in a large volume of boiling 
glacial acetic acid (charcoal); after concentration to a small bulk, 
the solution deposited bunches of fine colourless needles, m. p. 
325—326° with slight darkening (Found : C, 80-5; H,3-9. C,,H,,0, 
requires C, 80-8; H, 3-9%). 

10-Hydroxyphenanthraxanthone dissolves in dilute aqueous sodium 
hydroxide to a yellow solution which sets to a turbid gel on cooling. 
The gel has no marked fluorescence and, unlike those described in 
Part I, is not very stable and shows a great tendency to deposit the 
alkali salt as a fibrous curd. The solution of 10-hydroxyphen- 
anthraxanthone in concentrated sulphuric acid is yellow and slowly 
develops a greenish-blue fluorescence. 

o-Nitrophenylacetonitrile—o-Nitrophenylpyruvic acid was pre- 
pared by the modification of Reissert’s method (Ber., 1897, 30, 
1036) suggested by Gulland and Haworth (J., 1928, 585). The 
oxime of this acid (Reissert, Ber., 1908, 41, 3813) was readily con- 
verted into o-nitrophenylacetonitrile by warming it with its own 
weight of acetic anhydride; a vigorous reaction rapidly occurred, 
after a few minutes water was added, and the crystalline nitrile, 
which separated on shaking, was collected, washed, ahd dried 
(yield, almost quantitative). 

2:4-Dihydroxyphenyl o-Nitrobenzyl Ketone—A mixture of 
o-nitrophenylacetonitrile (10 g.) and resorcinol (20 g.) in anhydrous 
ether (300 c.c.) was saturated with a rapid stream of hydrogen 
chloride without external cooling until all had dissolved. Powdered 
zine chloride (10 g.) was then added and the solution was cooled to 
0° and again saturated with hydrogen chloride. After 48 hours, 
water was added and the ketimine hydrolysed by heating on the 
steam-bath for 1 hour. The solid ketone (10-5 g.), which separated 
on cooling, was used directly for the preparation of the benzo- 
y-pyrone (VI). The pure substance separates from dilute alcohol 
(charcoal) in very pale yellow, prismatic needles, m. p. 159—161° 
(Found: N, 5:2. C,,H,,O;N requires N, 51%). Its alcoholic 
solution gives a deep reddish-brown coloration with ferric chloride. 
The solution in aqueous sodium hydroxide is yellow. 

7-Hydroxy-2-phenyl-3-0-nitrophenylbenzo-y-pyrone (V1).—The pre- 
ceding ketone (10 g.), benzoic anhydride (75 g.), and sodium benzoate 
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(10 g.) were stirred and heated at 180—190° for 6 hours. The 
product was dissolved in alcohol (200 c.c.), heated for 20 minutes 
with potassium hydroxide (40 g.) in water (100 c.c.), diluted with a 
large volume of water, and saturated with carbon dioxide. The 
pyrone was used without further purification for the preparation of 
its methyl ether. The pure substance separates from a small 
amount of alcohol in very pale yellow octahedra, m. p. 267° (Found : 
N, 41. C,,H,,0,;N requires N, 3-9%). 

The methyl ether, prepared in the same manner as the methyl 
ether of (V), crystallised from alcohol in colourless prismatic needles, 
m. p. 178° (Found : C, 70:7; H, 3-9. C,.,H,,0,;N requires C, 70-8; 
H, 4:0%). The reduction of this compound in the manner de- 
scribed for the reduction of the methyl ether of (V) gave a light 
yellow powder, which could not be obtained in the crystalline state. 
The substance, which is very readily soluble in all the common 
organic solvents except light petroleum, develops a greenish tint 
on exposure to light, and cannot be diazotised. It gives a weak 
Liebermann’s nitroso-reaction. A similar result was obtained by 
reduction with ferrous sulphate and ammonia. 


The author wishes to record his thanks to Miss F. M. Eastwood, 
B.A., B.Sc., for carrying out the preliminary experiments with 
o-nitrobenzoic anhydride, and to Dr. J. M. Gulland for advice in 
connexion with the phenanthrene ring closure. 


THE Dyson PEerRRINS LABORATORY, 
OxFORD. [Received, December 23rd, 1929.] 





XL.—An Investigation into the Formation of 
4(5)-Aminoglyoxalines. Part I. 


By Istmpore ELKANAH BALABAN. 


THE only evidence at present (Fargher, J., 1920, 117, 668; Pyman, 
J., 1922, 124, 2616) that 4(5)-aminoglyoxalines are true aromatic 
amines is the formation, after diazotisation, of coloured solutions 
with aqueous sodium $-naphthoxide. In order to submit examples 
of them to typical reactions characteristic of aromatic amines, it 
seemed desirable to commence a detailed study of their formation 
and stability. They have hitherto been prepared by the reduction 
of 4(5)-nitroglyoxalines and 4(5)-benzeneazoglyoxalines (Fargher 
and Pyman, J., 1919, 115, 235; Windaus and Langenbeck, Ber., 
1923, 56, 685). 

Reduction of 4(5)-nitro-2-methyl- and of 4(5)-nitro-glyoxalines 
with iron and water (and a drop of acetic acid), ferrous sulphate 
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and sodium hydroxide, sodium sulphide, or activated aluminium 
or by West’s method, (J., 1925, 127, 494) gave no basic material ; 
the dark blue solutions mentioned by previous workers were, however, 
often obtained. (Catalytic hydrogenation is under investigation.) 
The present communication deals mainly with the application 
of the Curtius synthesis of amines to ethyl glyoxaline-4(5)-carb- 
oxylate (I). When this ester is heated with hydrazine hydrate, 
glyoxaline-4(5)-carboxyhydrazide (II) is obtained, which is con- 
verted by treatment with nitrous acid into glyoxaline-4(5)-carboxy- 
azide (III) : this compound, heated with ethyl] alcohol on the water- 
bath, yields 4(5)-carbethoxyaminoglyoxaline (IV). Similarly, with 
methyl alcohol, the carbomethoxyamino-derivative can be prepared. 


HONA 4, —> HC-NH > HC-NH 


Et0,C-C—nACH  NH,-NH-OC-C—N?CH  N,00-C—NOOH 
(I.) (II.) (III.) 
NO,-C—NH HC—NH 
V. CH H 
%)  t0,0cHN-C—n? Ft <— gto,c-HN-C—nPr Ft OV) 


Attempts to convert the azide by boiling with water into the 
s-carbamide failed: the solution gave an intense Pauly reaction, 
but an amorphous picrate only could be isolated. The carbo- 
methoxy- and carbethoxy-amino-derivatives were recovered to the 
extent of about 30% and 50% respectively after boiling with hydro- 
chloric acid, and attempts to obtain 4(5)-aminoglyoxaline by heating 
them with 2N-hydrochloric acid in a sealed tube at 150° or with 
concentrated sulphuric acid on the water-bath were likewise un- 
successful. Satisfactory hydrolysis also could not be effected with 
10% aqueous sodium carbonate or boiling 2N-sodium hydroxide. 
The phthalimido-derivative, which might be quantitatively hydro- 
lysed to the amine (compare Ing and Manske, J., 1926, 2348), could 
not be prepared. The as-carbamide was not formed when the 
carbethoxyamino-derivative was heated with 3-5% alcoholic 
ammonia at 150°. 4(5)-Nitro-5(4)-carbethoxyaminoglyoxaline (V), 
notwithstanding the presence of a nitro-group in the o-position 
with respect to the substituted amino-group, also could not be con- 
verted by hydrolysis with 10% aqueous sodium carbonate into the 
corresponding amine. 

Balaban and Pyman (J., 1924, 125, 1565) and Sarasin and Weg- 
mann (Helv. Chim. Acta, 1924, 7, 713) have shown that the halogen 
atom in 5-chloro-4-nitro-1-methylglyoxaline (VI) can be replaced 
by the sulpho- and the cyano-group. The compound does not 
react with aqueous ammonia or acetamide, but when it is heated 
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with 3-5% alcoholic ammonia at 140° 4-nitro-5-amino-1-methyl- 
glyoxaline (VII) is obtained in good yield. This amine does not 
form an acetyl or a benzylidene derivative, but after treatment 
with nitrous acid it gives with alkaline $-naphthol a greenish-blue 
insoluble dye and with alkaline resorcinol a violet solution, whereas 
with sodium hydroxide only a pale yellow colour is obtained. The 
amine is rapidly decomposed by 16°, hydrochloric acid (or even 7%) 
at room temperature, nitrous acid being liberated and a compound, 
m. p. 140°, formed: this is presumably «-methylamino-a«-hydroxy- 
acetamide (IX), because when it is boiled with aqueous sodium 
hydroxide it yields ammonia and methylamine. Owing to the 


CIC-NMe NH,°C-NMe 


NO,: — yocH NO, — yocH 
(VI. re (VII. " 
ae HO-CH-NHMe 
CO-NH, ; CO-NH, 
(VIITI.) (IX.) 


mild conditions of hydrolysis, fission occurs at the 1: 2- and the 
2:3-positions of (VII), formic acid being split off [compare the 
formation of dibenzoyldiaminoethylene from glyoxaline (Bamberger 
and Berle, Ber., 1892, 25, 278) and of dl-alanine-N-methylamidine 
from 5-amino-1 : 4-dimethylglyoxaline (Pyman, loc. cit.)}. The 
substance (VIII) is then acted upon by the liberated nitrous acid, 
hydroxy] being substituted for the amino-group. The formation of 
glyoxylic acid on alkaline hydrolysis of the amide (IX), and its 
subsequent conversion into glycollic acid, must be presumed, for 
the only identifiable acid obtained was oxalic acid. As Béttinger 
(Annalen, 1879, 198, 217) has shown that ammonium «-amino- 
a-hydroxyacetate is decomposed by boiling water, the possibility 
of obtaining the acid corresponding to (1X) and its conversion 
directly into methylamine and glyoxylic acid was very remote. 


EXPERIMENTAL. 


For the preparation of glyoxaline-4(5)-carboxylic acid (Fargher 
and Pyman, loc. cit.; Balaban and Pyman, J., 1922, 121, 954) it is 
unnecessary to isolate the carboxyanilide. After removal of un- 
changed glyoxaline-4 : 5-dicarboxylic acid, the acid solution is con- 
centrated to 25 c.c. and treated with concentrated hydrochloric 
acid (250 c.c.); 50 g. of the dicarboxylic acid give about 20 g. of 
glyoxaline-4(5)-carboxylic acid. 

Glyoxaline-4(5)-carboxyhydrazide (I1)—When a mixture of 5-6 g. 
of ethyl glyoxaline-4(5)-carboxylate and hydrazine hydrate (4-0 c.c. ; 
2 mols.) was heated on the water-bath, solution took place in 15 
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minutes; after a further 15 minutes, when the solution was cooled, 
the hydrazide (5-0 g.), m. p. 210°, separated in almost quantitative 
yield. It crystallised from boiling water, in which it was fairly 
readily soluble, in long, colourless, silky needles containing 1H,O, 
m. p. 213° (Found for air-dried substance : loss at 100°, 12-5, 12-8. 
C,H,ON,,H,O requires H,O, 125%. Found in dried material : 
N, 45-1, 43-6; C, 37-9; H, 4-9. C,H,ON, requires N, 44-4; CO, 38-1; 
H, 48%). The hydrazide is moderately easily soluble in alcohol 
but insoluble in benzene, chloroform, and ether. It reduces ammoni- 
acal silver nitrate slowly, but not Fehling’s solution. 

The picrate crystallises from water (1 in 85 parts of boiling water) 
in anhydrous yellow needles, m. p. 223° (decomp.) (Found in air- 
dried salt by nitron estimation : picric acid, 64-8. 

: C,H,ON,,C,H,0,N, 
requires picric acid, 64-5%). 

Glyoxaline-4(5)-carboxyazide (III)—A mixture of the hydrazide 
(6-3 g.), concentrated hydrochloric acid (7-0 c.c.), and a little ice 
was treated at 0° with sodium nitrite (7-0 g. in 15 c.c. of water). 
After 15 minutes, the azide was collected and washed with ice- 
water, 8-0 g. of slightly moist material, decomp. 137° (explosively), 
being obtained [Found in material dried at 100°: N (Dumas), 
51-1. C,H,ON, requires N, 51-0%]. It crystallised from 95% 
alcohol in minute stout rods. 

When the azide is heated with water on the water-bath, gas is 
evolved and a dark green solution is produced, from which a picrate 
can be obtained ; this chars at 230° after previous darkening (Found 
in dried material: picric acid, 66-4. C,;H,ON,,2C,H,0,N, requires 
picric acid, 69-4%). Attempts to regenerate the base from the 
picrate were unsuccessful. 

4(5)-Carbethoxyaminoglyoxaline (1V).—The azide (6-3 g.) was 
heated under reflux with absolute ethyl alcohol (50 c.c.) for 4 hours, 
the solvent removed, the residue dissolved in a little dilute hydro- 
chloric acid and treated with charcoal, and the filtered solution 
concentrated to a few c.c. and basified with anhydrous sodium 
carbonate; the carbethoxyamino-derivative (3-0 g.; yield, 42-2%) 
obtained crystallised from boiling water, in which it was readily 
soluble, in anhydrous, colourless, hexagonal plates, m. p. 180° 
(Found in dried material : N, 27-2. C,H,O,N, requires N, 27-1%). 
It is very soluble in alcohol, moderately easily soluble in benzene, 
sparingly in chloroform, but insoluble in ether. With Pauly’s re- 
agent it gives a deep red solution. The hydrochloride regenerated 
from the picrate was obtained as a gum, which did not crystallise. 

The picrate crystallises from boiling water (] in 60 parts) in 
anhydrous, golden, hexagonal, prismatic needles, decomp. 210° 
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(sintering from 203°) (Found in substance dried at 100°: picric 
acid, 59-6, 59-8. C,H,O,N;,C,H,0,N, requires picric acid, 59-6%). 

The nitrate crystallises from water, in which it is moderately 
easily soluble, in anhydrous, colourless, hexagonal prisms, decomp. 
143° (Found in salt dried at 100°: nitric acid, by nitron method, 
29-1. C,H,O,N;,HNO, requires nitric acid, 28-9%). 

4(5)-Carbomethoxyaminoglyoxaline, similarly prepared from the 
azide and methyl alcohol (yield, about 50%), crystallises from water 
(1 in 8 parts, boiling) in anhydrous diamond-shaped plates, m. p. 
175° (Found in material dried at 100°: N, 30-3. C,;H,O,N, requires 
N, 29-8%). It is very soluble in alcohol, sparingly soluble in ether, 
and insoluble in benzene and chloroform. With Pauly’s reagent, 
a rich port-wine colour is produced. The picrate crystallises from 
water, in which it is sparingly soluble, in anhydrous irregular 
prisms, which blacken at about 240° and decompose at 243° (Found : 
picric acid, 61-4, 61-6. C,;H,O,N;,C,H,0,N, requires picric acid, 
61-9%). 

5(4)-Nitro-4(5)-carbethoxyaminoglyoxaline (V).—The preceding 
nitrate (1 g.) was added to concentrated sulphuric acid (2. c.c.) 
at 0° during 10 minutes and then warmed on the water-bath until 
effervescence began (10 minutes). The nitro-derivative, which 
separated (yield, 58°) when the mixture was poured on ice, crystal- 
lised from water in large, anhydrous, rhomboidal plates, m. p. 234° 
(decomp.) (Found in material dried at 100°: N, 28-3. C,H,O,N, 
requires N, 28-0%). It is soluble to the extent of 1 in 400 parts of 
boiling water and also in hot alcohol, but insoluble in benzene, 
chloroform, and ether. No colour reaction is given with Pauly’s 
reagent. 

4-Nitro-5-amino-1-methylglyoxaline (V1I1).—5-Chloro-4-nitro-1- 
methylglyoxaline (6-6 g.) and alcoholic ammonia (3-5%; 90 c.c.) 
were heated together at 140° for 4 hours. The nitro-compound, 
which had separated (3-7 g.; yield, 63-7%), crystallised from water 
(solubility, 1 part in 170 parts, boiling) in yellow, anhydrous, 
rectangular plates, m. p. 303° (decomp.) (Found in material dried at 
100°: C, 33-7; H, 4:3; N, 39-8. C,H,O,N, requires C, 33-8; 
H, 4-2; N, 39-4%). It is soluble in concentrated hydrochloric acid, 
but not in dilute acid, alcohol, chloroform, or ether. It dissolves 
in boiling glacial acetic acid, forming apparently an acetate, 
for when the diluted solution is treated successively with sodium 
nitrite and alkaline $-naphthol a greenish-blue colour is obtained. 
The nitro-compound does not give a picrate when treated with 
aqueous picric acid. 

Action of cold 16% hydrochloric acid. When the nitro-compound 
(2-6 g.) was added to 16% hydrochloric acid (10-4 c.c.) and stirred, 
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the solution darkened considerably and after some minutes much 
heat was evolved, the temperature rose from 21° to 47°, efferves- 
cence ensued, nitrous acid was liberated, and crystals immediately 
separated (1-1 g.), leaving a mother-liquor (M). The solid did not 
give a Pauly reaction, or a coloured solution with sodium $-naphth- 
oxide after treatment with nitrous acid. When it was recrystal- 
lised from a little water (10 c.c.; charcoal), a small crop (0-1 g.), 
m. p. 140°, was obtained; the mother-liquor on concentration gave 
only a dark brown gum. The mother-liquor (M) on concentration 
gave 0-3 g., m. p. 140°. The combined mother-liquors were mixed 
with an excess of aqueous sodium hydroxide, and the volatile 
amines distilled into hydrochloric acid. After evaporation, the 
residue gave 0-5 g. insoluble in absolute alcohol (Found: Cl, 64:8. 
Calc. for NH,Cl: Cl, 66-4%) and 0-6 g., m. p. 195—200°, soluble 
in absolute alcohol (Found: Cl, 53-5. Calc. for NH,Me,HCl: Cl, 
52-6%). The alkaline solution yielded, after acidification and 
treatment with calcium chloride in ammoniacal solution, 0-4 g. 
containing 97°, of calcium oxalate. 

a-Methylamino-«-hydroxyacetamide (IX) is moderately easily 
soluble in hot water, but much less so in cold, and crystallises in 
long, anhydrous, pale brown needles, m. p. 140°. Its aqueous 
solution is neutral to litmus (Found in material dried at 100°: C, 
34-0; H, 7-8; N, 26-7, 27-0. C,H,O,N, requires C, 34-6; H, 7-7; 
N, 26-9%). 


The author is indebted to Mr. R. H. Klein, F.I.C., for making 
some of the analyses recorded in this paper. 


RESEARCH LABORATORIES, Messrs. May & Baker, LTD., 
Wanpvsworts, S.W.18. [Received, November 9th, 1929.] 





XLI.—Internal Equilibrium in Sulphur. Part I. 
Amorphous Sulphur (8,) as a Gel, and the Tyndall 
Effect in Liquid Sulphur. 


By Dauzre, LLEWELLYN Hammick and MicHAEL ZVEGINTZOV. 


It has long been recognised (Kruyt, Z. physikal. Chem., 1909, 65, 
486; Hammick and Holt, J., 1926, 1995) that as molten sulphur is 
heated, it becomes richer in one or more forms which are less mis- 
cible with other liquids and give rise to the peculiar properties of 
liquid sulphur. It also appears to have been generally assumed, 
with Smith and his co-workers, that the insoluble, amorphous solid 
obtained when molten sulphur is chilled, allowed to harden, and 
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then extracted with carbon disulphide, is identical with one of the 
constituents present in the melt, As is well known, the familiar 
allelotropic line (Smith and Carson, Z. physikal. Chem., 1907, 57, 
685) giving the percentages of §, present in liquid sulphur at various 
temperatures is constructed from data derived from estimates of 
the amount of insoluble sulphur present in specimens of sulphur 
chilled from these temperatures. 

In the course of our experiments on equilibria in the system 
sulphur-sulphur chloride (J., 1928, 1785), we noticed that in the 
presence of even quite small proportions of its chloride the element 
could be heated to 160—180° without any great increase in viscosity. 
For instance, mixtures of pure sulphur (98°/) with sulphur chloride 
(2%) heated in sealed tubes for various periods (4—2 hours) at 140° 
and 180° gave quite mobile, dark-coloured liquids. Most of these 
mixtures on sudden chilling solidified almost completely, and it 
was found that a considerable proportion of the solid separating was 
insoluble in carbon disulphide, i.e., the solid contained S,. In many 
of the tubes, however, solidification did not occur on chilling, and in 
some cases it was possible to open them and treat the contents with 
carbon disulphide while the latter were still metastable and fluid. 
The supercooled mixture was completely miscible with this solvent. 
It would thus appear that S,, insoluble in carbon disulphide, does 
not exist in the fluid sulphur-sulphur chloride mixtures that have 
been chilled from high temperatures, but makes its appearance 
when such mixtures deposit solid. Only when the concentration 
of sulphur chloride was not more than 2°% was it possible to demon- 
strate this distinction between two specimens of sulphur which had 
been treated in exactly the same way in respect to heating and 
chilling, but differed by the circumstance that in one case the 
separation of solid had been avoided and with it the production of 
S,. Nevertheless, the fact that the mere heating of sulphur and 
chilling does not by itself yield sulphur insoluble in carbon di- 
sulphide (or S,.) was confirmed in numerous cases where solutions of 
sulphur in sulphur chloride and in other solvents, such as xylene, 
pyridine, and quinoline, were chilled from temperatures between 
150° and 180° without solid separating and found to be completely 
miscible with carbon disulphide. 

In ‘the light of the above observations it becomes necessary to 
account for the insolubility in carbon disulphide of chilled sulphur 
by a hypothesis that does not postulate the pre-existence of the 
insoluble §,, in the liquid from which it is produced on chilling, and 
we have therefore come to the conclusion that insoluble amorphous 
sulphur is probably a gel. The plasticity of freshly chilled sulphur 
obviously accords with this supposition; the “ setting ” of plastic 
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sulphur to the hard amorphous §, is, we suggest, analogous to the 
hardening of gels such as those of hydrated oxides (silica gels, ete.), 
In further support of our view we adduce the following observations. 

(i) The solubility of S, in various solvents. “Chilled” sulphur, 
prepared by distilling pure sulphur into cold water, was found. to be 
insoluble in cold carbon disulphide, sulphur chloride, pyridine, 
quinoline, and xylene, whether it was in the rubber-like, plastic 
condition or had been kept until it had set to a hard mass. Rapid 
solution occurred, however, in the above solvents at temperatures 
above (roughly) 120°. For instance, 50% by weight of amorphous 
sulphur added to boiling sulphur chloride (138°) liquefied and dis- 
solved completely in 5 seconds. A similar result was observed in 
quinoline at 130°; 10° of amorphous sulphur also dissolved readily 
and rapidly in liquid benzoic acid at 123°. In pyridine (b. p: 115°), 
dissolution was much slower and the amorphous sulphur did not 
liquefy completely : 10 g. dissolved completely, however, in 100 g. 
of solvent in 1 minute. 

That amorphous sulphur (or §,,) dissolves in hot solvents has, of 
course, long been known; but the fact that it does so has been 
ascribed to the effect of temperature in promoting its rapid change 
into soluble 8,. It does not seem to be generally realised, however, 
that even at 140° it takes about 3 hours for “ internal equilibrium ” 
to be set up in liquid sulphur, and that “‘ amorphous sulphur ”’ kept 
at the natural f. p. of sulphur (114-5°) for 10 hours still contains 50% 
of insoluble sulphur (Smith and Carson, loc. cit.). Further, the 
authors (loc. cit.) found that in sulphur chloride solution at) 148°, 
14 hours were required to establish equilibrium. On the other 
hand, if S,, is really a gel, it might be expected, like other gels such 
as rubber, gelatin, resins, etc., to show a more or less abrupt change 
in properties at and above the temperatures at which the gel 
structure is destroyed. It is significant that rapid: dissolution of 
§,, in solvents begins at about 120°, i.e., at about the melting point 
of crystalline sulphur, which may possibly be the continuous phase 
in the gel. 

(ii) The Tyndall effect in liquid sulphur. The hypothesis that 
chilled sulphur or §,, is a gel led to the expectation that the liquid 
from which it is produced might show the properties of a sol. Liquid 
sulphur was therefore examined for the Tyndall effect. It is well 
known that the production of liquids in a state of optical purity is a 
matter of considerable difficulty. The sulphur used was therefore 
carefully purified by crystallisation from pure carbon disulphide 
and then by distillation, first under ordinary pressure and finally 
in a vacuum. It was then introduced into the side bulb of an 
apparatus of Pyrex glass, consisting of a cylindrical observation 
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tube with flat top and bottom, the apparatus was exhausted with a 
mercury pump and sealed, and the sulphur distilled into the observ- 
ation tube, remelted, and tipped back into the distillation bulb.* 
This was done six times, in order to wash out the observation tube, 
which was then surrounded by a small electric resistance furnace. 
A beam of light from a 500-watt lamp was focused through a window 
in the side of the furnace into the melted sulphur, which was observed 
through the top. A well-defined Tyndall beam of polarised 
scattered light was observed at all temperatures from the melting 
point up to 200°, at which the deep colour of the liquid sulphur 
prevented further observations. 

Having obtained this characteristic indication of the presence of 
colloidal particles in liquid sulphur, we attempted to measure the 
intensity of the scattered light over a range of temperature in order 
to find out whether there was any correlation between the con- 
centration of colloidal particles and the increase of viscosity of 
liquid sulphur that occurs at about 160°. The exciting beam was 
caused to enter the observation vessel as near to the bottom as 
possible, and at the same time light from a:small electric-light bulb 
(3-watt) was passed vertically up through the base. By varying 
the resistance in circuit with the small bulb, it was possible roughly 
to match, by observation through the top of the tube, the intensity 
of the light transmitted from the control lamp through the liquid 
sulphur with the intensity of the Tyndall light. Both the direct 
and the scattered light had to traverse very nearly the same depth 
of liquid (about 8cm.). The current flowing through the “ control ” 
lamp was measured on a milliammeter, and the temperature of the 
sulphur was varied by altering the resistance in series with the 
electric heating furnace that surrounded the observation tube. No 
great precision can be claimed for the observations made; never- 
theless, the rather surprising conclusion can be drawn from them 
that, as far as could be detected by the rough apparatus used, no 
appreciable alteration in the intensity of the scattered Tyndall light 
could be observed between 125° and 200°. A typical series of 
measurements was : 


Temp. of furnace ... 128° 135° 153° 165° 180° 200° 
Current in control 
lamp (amp.)_ ... 0-45 0-43 0-435 0-45 0-44 0-45 


Before these experiments could be repeated with more refined 
apparatus, however, a private communication from W. L. Cousins 


* In order to test this method for obtaining liquids optically “‘ pure,” 
experiments were carried out in similar pieces of apparatus with carbor 
tetrachloride and phenol. In each case two washings of the observation tube 
with distillate were sufficient to give liquids in which no Tyndall effect could 
be observed. 
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and B. Lange in Berlin informed us of results, to be published shortly, 
which they had obtained in measuring the intensity of polarisation 
of the Tyndall light in molten sulphur, and further work on the 
matter was abandoned. 

In conclusion, it may be noted that the view that insoluble 
sulphur (S,,) is a gel removes the difficulty in accounting for the fact 
that, although it is metastable with respect to crystalline sulphur , 
the latter is vastly more soluble. 


Summary. 


Experiments are described showing that insoluble sulphur 
(amorphous sulphur or §,) is not present as such in liquid sulphur 
but makes its appearance when the liquid solidifies. It is therefore 
suggested that §, is in reality a gel, and in support of this hypothesis 
its ready solubility in certain solvents at temperatures above the 
m. p. of crystalline sulphur (possible continuous phase) is noted, and 
the presence of colloidal particles in pure molten sulphur is estab- 
lished by observations on the Tyndall effect. 


THE Dyson PERRINS LABORATORY, 
OxrFOoRD. [ Received, November 29th, 1929.] 





XLIT.—Nitrous Acid as a Nitrating Agent. Part I. 
The Nitration of Dimethyl-p-toluidine. 
By Herspert Henry Hopeson and ARNOLD KERSHAW. 


Nirrovs acid nitrates dimethyl-p-toluidine, giving at least 80% of 
3-nitrodimethyl-p-toluidine (3-nitro-4-dimethylaminotoluene) : nitric 
acid at the same dilution is practically inactive. o-Nitrosation 
analogous to the p-nitrosation of dimethylaniline does not appear 
to take place. Since 2-nitrodimethyl-p-toluidine is produced by the 
normal nitration process, the mechanism of the above reaction 
must differ from that of ordinary nitration. 

Lapworth and Robinson (Mem. Manchester Phil. Soc., 1928, 72, 
47) explain the apparently anomalous ortho-nitration of benz- 
aldehyde and of acetophenone by assuming the formation of an 
additive complex (I) of nitric acid and the unsaturated group, which 
then favours nitration in the ortho-position. In the light of this 
conception it may be assumed that the nitrogen atom and the 3-carbon 
atom of dimethyl-p-toluidine, both strongly activated (II), produce 


— + 
a negative field which attracts the polarised nitrous acid, HONO, 
and, by rendering its nitrogen* less positive, makes it prone to 
oxidation : the free nitrous acid in the solution oxidises the nitrous 
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acid component of the complex (II) to nitric acid, with evolution 
of nitric acid and nitrous oxides and subsequent nitration at the 
activated 3-carbon atom. 


——CRO = a ) 
a... ENO a agen 
3 Gy +h" 
AY 9 
. O 4 , 5 HC 
ON 7 /9_| ey, vie 
—~t+ Y 
(III.) C D=n—0/INCH, CH, ‘4 
ox > sagas CH, 


The m. p.’s of the picrates of the two pairs of nitro-compounds 
studied show definitely that the lower m. p. is associated with the 
greater chelation (in the case of the 3-nitro-compounds) and con- 
versely that the higher m. p. accompanies increased salt-formation 
(with the 2-nitro-compounds). 

The brilliant red unstable compound formed when dimethyl- 
p-toluidine is mixed with picric acid may perhaps be due to tem- 
porary formation of the salt of the aci-form of picric acid (III), 
since such salts have a bright red colour. 


EXPERIMENTAL. 


Preparation of Dimethyl-p-toluidine—A mixture of p-toluidine 
(72-7 g.), methyl iodide (96-5 g.), and water (100 c.c.) was heated 
under reflux (2—3 hours), and then exactly neutralised with aqueous 
sodium hydroxide. A further addition of methyl iodide (96-5 g.) 
was made, and after being again heated until the odour of the methyl 
iodide had vanished, the mixture was rendered faintly alkaline and 
steam-distilled. The oily layer of the distillate was treated with 
acetic anhydride (2—3 c.c. at a time) until no rise of temperature 
subsequently occurred, a further 5 c.c. were added (total addition, 
about 35 c.c.) and the mixture was heated on the water-bath for 
1 hour, poured into water (200 c.c.), shaken well to decompose the 
acetic anhydride, neutralised with sodium hydroxide, and steam- 
distilled ; pure dimethyl-p-toluidine (33 g.) passed over (b. p. 207°) 
(Found: N, 10-6. Cale.: N, 10-4%). 

The picrate, prepared from equimolecular quantities of the base 
and picric acid in hot alcohol, separated on cooling in elongated 
prisms, m. p. 128° after recrystallisation from alcohol (Found : N, 
15-2. Cy,H,,0,N, requires N, 15-4%). When dimethyl-p-tolu- 
idine is mixed with solid picric acid, a very deep red compound is 
produced which soon changes into a bright yellow one. Cold 
alcoholic solutions when mixed give a red solution, from which the 
yellow picrate crystallises, although its alcoholic solution is yellow. 
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Action of Nitrous Acid on Dimethyl-p-toluidine.—The base (10 g.), 
dissolved in a mixture of concentrated hydrochloric acid (28 ¢,c.) 
and water (20 c.c.), was gradually treated at 0° with sodium nitrite 
(16 g. in 100 c.c. of water). Reaction began on addition of the first 
drop, the solution became red, and nitric oxide containing a de- 
tectable quantity of nitrous oxide was evolved; when about half 
the sodium nitrite had been added, the deep red solution became 
turbid owing to separation of the oily reaction product. After 
1 hour, the mixture was treated with urea to remove any excess of 
nitrous acid, neutralised with sodium hydroxide, and steam-distilled, 
and the distillate (1200 c.c.) was extracted with ether. The extract, 
after being shaken three times with dilute hydrochloric acid (40 c.c. ; 
1 part of conc. acid and 2 parts of water), was evaporated and 
nitrosomonomethyl-p-toluidine (1-6 g.) was obtained from the 
residue by steam-distillation. The nitrosoamine gave a brilliant 
colour in the Liebermann reaction and crystallised from light 
petroleum in almost colourless prisms, m. p. 49-5° (Bamberger and 
Wulz, Ber., 1891, 24, 2081, give m. p. 52—-53°) (Found: N, 18-8. 
Calc. : N, 18-7%). 

The aqueous acid extract (above) was made faintly alkaline and 
steam-distilled ; 3-nitrodimethyl-p-toluidine (10-5 g.) passed over 
as a red oil, which, after solidifying, crystallised from aqueous 
alcohol in red needles, m. p. 26° (Found: N, 15-3. C,H,,0,N, 
requires N, 15-5%). The picrate, prepared as described above, 
crystallised from alcohol in bright yellow, elongated, rectangular 
plates, m. p. 129° to a red liquid after softening (Found: N, 17-0. 
C,;H,,O,N, requires N, 17-1%). The amine and its picrate were 
identified by comparison with the synthetic compounds (below). 

Nitric acid of the same concentration as the nitrous acid employed 
above was practically inactive, showing that the above nitration 
could not have been due to nitric acid present in the nitrous acid as 
initially generated. 

_ Synthesis of 3-Nitrodimethyl-p-toluidine —4-Chloro-3-nitrotoluene 
(6 g., prepared from 3-nitro-p-toluidine) was heated under reflux 
with a solution of dimethylamine (in slight excess of the theoretical 
quantity) in alcohol (40 c.c.) for 20 hours. The alcohol was then 
removed by distillation, and the reaction product steam-distilled ; 
3-nitrodimethyl-p-toluidine, obtained in theoretical yield, crystal- 
lised from dilute alcohol in red needles, m. p. 26° (Found : N, 15-4%). 
The picrate melted at 129° (Found: N, 17-3%). 

Nitration of Dimethyl-p-toluidine—The amine (3 g.) in concen- 
trated sulphuric acid (7 c.c.) was gradually treated at 0° with a 
mixture of nitric acid (1-4 c.c.; d 1-5) and sulphuric acid (2-c.c.). 
After 12 hours, the whole was poured on ice (200 g.), neutralised, 
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and submitted to steam-distillation; 2-nitrodimethyl-p-toluidine, 
which distilled in almost theoretical yield, crystallised from glacial 
acetic acid, on dilution with water, in large vermilion plates, m. p. 
37° (Found : N, 15-4. C,H,.0,N, requires N, 15-5%). The picrate 
crystallised from alcohol in elongated yellow prisms, m. p. 141— 
143° (Found: N, 17-2. C,;H,,0,N, requires N, 17-1%). 

o-Nitrodimethylaniline was readily prepared in theoretical yield 
by heating an alcoholic solution (140 c.c.) of o-chloronitrobenzene 
(15g.)anddimethylamine (in slight excess of the theoretical quantity) 
under reflux for 6 hours (compare Weissenberger, Monatsh., 1912, 
33, 821). The picrate crystallised from alcohol in greenish-yellow 
needles, m. p. 103° (Found: N, 18-0. C,,H,,0,N, requires N, 
17-7%). 

Dimethylaniline picrate crystallises from alcohol in greenish- 
yellow plates, m. p. 159° (Found: N, 16-2. C,,H,,O,N, requires 
N, 16-0%). 

3-Nitrodimethylaniline picrate separates from alcohol in elongated 
yellow plates, m. p. 119° (Found: N, 17-4. ©,,H,,0,N, requires 
N, 17-:7%). 

All the above nitro-bases give yellow solutions in non-dissociating 
solvents, whereas in dissociating media, and in particular in phenol, 
intense red solutions are formed. 


The authors desire to thank Messrs. J. W. Leitch & Co. for gifts 
of some of the chemicals used in this investigation. 


TrcuNIcAL CoLLEGE, HUDDERSFIELD. [Received, November 30th, 1929.] 





XLIII.—The Variation of Phenol Coefficients in 
Homologous Series of Phenols. 


By CHARLES Epwarp CovuLTHARD, JOSEPH MARSHALL, 
and FRANK LEE PyYMAN. 


Tue introduction into medicine of the antiseptic, hexylresorcinol, 
was the outcome of work by Johnson and Lane (J. Amer. Chem. 
Soc., 1921, 43, 348) and Dohme, Cox, and Miller (ibid. 1926, 48, 
1688) in which the influence of alkyl substituents upon the germ- 
icidal value of resorcinol was studied. It was shown that the 
germicidal value of 4-n-alkylresorcinols rose to a maximum at 
4-n-hexylresorcinol, which had a phenol coefficient of 50, the values 
for n-amyl- and n-heptyl-resorcinol being 33 and 30 respectively. 
It was further shown that the antiseptic values of the n-alkyl- 
resorcinols were greater than those of branched-chain alkylresorcinols 
having the same number of carbon atoms. 
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Exact information as to the effect of alkyl substituents upon the 
antiseptic value of phenol and its ‘homologues is somewhat scanty 
and therefore it appeared to be of interest to make a systematic 
study of the variation of the phenol coefficients in the homologous 
series of n-alkylphenols, n-alkylcresols, and n-alkylguaiacols. 

For the determination of phenol coefficients, the Rideal-Walker 
technique was. closely followed, but owing to the sparing solubility 
of most of the compounds in water, solutions in dilute aqueous 
sodium hydroxide were employed, care being taken to kepp the 
concentration of sodium hydroxide below lethal. strength; In 
most cases, initial solutions of 0-1% of the compound in V/100- 
sodium hydroxide were used. The results are in Table I. 

Comparing the vertical columns in this table, it will be seen that 
the phénol coefficients of the p-n-alkylphenols are, in general,. con- 
siderably less than those of the corresponding n-alkyleresols, and 
the values of the n-alkylguaiacols are comparatively trivial. In 
comparing the horizontal columns, it will be noticed that the anti- 
septic value of the compounds increases generally with the number 
of carbon atoms in the side chain up to. the n-amyl derivative and 
then diminishes. 

Of the n-amylcresols, 4-n-amyl-m-cresol has been studied in 
some detail, and has been found to have high phenol coefficients 
(200 to 300), not only when tested against Bacillus typhosus (which 
is employed in the Rideal-Walker method), but also against various 
itrains of Streptococcus and Staphylococcus. Since, in addition, its 
toxicity is comparatively low, it may prove to be of value in medicine. 


TABLE I. 
Phenol coefficients. 
p-n-Alkyl- 4-n-Alkyl- 3-n-Alley 1  5.n-Alkyl- 3-n-Alkyl- wisi 1. 


phenols. m-cresols. p- aiiahin O- = o-creso 
R 

R. H oP Ly mone 
iH, 2-5 —_— pe 7 
OH , 7-6 12- “5T 12 5 _— 3 
“C,H 20 34 —_— — _— 
“C,H, 70* 100 95 110 60 25 

90 275 175 100 180 9 
7: 20 30 aan — oo — 


* The phenol coefficient of o-n-butylphenol was 75. 
f The phenol coefficient of 6-ethyl-m-cresol (Me: OH : Et = 1:3: 6) was 


L 
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Preparation of n-Alkylphenols, n-Alkylcresols, and n-Alkyl- 

All the alkyl derivatives were prepared by reduction of the 
corresponding ketones by Clemmensen’s method. The ketones 
were prepared by four methods: (1) the Nencki condensation of 
acid and phenol using zinc chloride, (2) the Fries isomerisation of 
phenyl esters by means of aluminium chloride, (3) the isomerisation 
of phenyl esters by zinc chloride, and (4) condensation of acids with 
phenols by means of phosphorus oxychloride. 

(1) The Nencki reaction is well known to give good yields of 
4-acylresorcinols or 2-acylquinols when resorcinol or quinol is con- 
densed with fatty acids and zinc chloride. Goldzweig and Kaiser 
(J. pr. Chem., 1891, 43, 86) state that pyrocatechol does not react 
when employed in the Nencki reaction and it would appear that 
this statement has been accepted, although Neitzel (Ber., 1891, 24, 
2863) mentions that acetylpyrocatechol is “‘ apparently ” produced 
by this method. He did not, however, obtain it in a pure state 
owing to the similarity in solubility of pyrocatechol and acetyl- 
pyrocatechol. We are able to confirm the formation of acetylpyro- 
catechol and other acylpyrocatechols by the Nencki method, and 
have separated them from unchanged pyrocatechol in each case by 
distillation under diminished pressure. 

Attempts to apply the Nencki reaction to monoalkyl ethers of 
dihydroxybenzenes have given poor yields, but positive results were 
obtained in the formation of pzonol from resorcinol monomethyl 
ether and acetic acid, and in the preparation of acetovanillone and 
its homologues from guaiacol and fatty acids. Attempts to con- 
dense quinol monomethyl ether with acetic acid, however, gave a 
negative result. The Nencki reaction has been little used for the 
condensation of monohydric phenols with fatty acids, but Michael 
and Palmer (Amer. Chem. J., 1885, 7, 275) obtained p-acetylphenol 
in this manner, and Goldzweig and Kaiser (/oc. cit.) obtained p-prop- 
ionylphenol similarly, although the yield is not stated in either 
case. We have condensed a series of fatty acids with phenol by 
this method and have obtained the p-acylphenols in poor yield, viz., 
2—10% of the theoretical, and have observed that small quantities 
of the o-acylphenols are formed simultaneously. The sole products 
obtained from m-cresol in the Nencki reaction were the 4-acyl- 
m-cresols, as would be expected from the well-known fact that an 
alkyl group in the meta-position to the hydroxy! induces substitu- 
tion in the neighbourhood of the hydroxyl (Auwers and Mauss, 
Annalen, 1928, 464, 293), but here again the yields are poor. 

(2) A considerable number of acylphenols and acylcresols have 
been made by the Fries isomerisation under the conditions described 
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by Rosenmund and Schnurr (Annalen, 1928, 460, 56), viz., heating 
the appropriate ester with 1-1 molecules of aluminium chloride. 
Attempts to prepare acylguaiacols similarly were unsuccessful, but 
the publication of a paper by Pfeiffer and Haack (Annalen 1927 
460, 156) on the combination of aluminium bromide with others in 
molecular proportion led us to suspect that a similar combination 
occurred between aluminium chloride and guaiacol esters, and that 
this prevented the aluminium chloride from producing isomerisation. 
In later experiments, two molecular proportions of aluminium 
chloride were consequently added to guaiacol esters and 4-acyl- 
guaiacols were then produced together with a proportion of the 
corresponding acylpyrocatechols. The position taken up by the 
acyl group was proved by the facts (1) that guaiacyl acetate gave 
acetovanillone, (2) that guaiacyl butyrate gave a ketone which was 
reduced to a butylguaiacol identical with that obtained by Nomura 
and Hotta (Sci. Rep. Téhoku Imp. Univ., 1925, 14, 119) by the 
reduction of zingerone, and (3) that the propylguaiacol obtained in 
the same manner from guaiacyl propionate was identical with 
dihydroeugenol. 

(3) Pope (Brit. Pat. 287,967) has described a method for the 
preparation of 4-n-alkylresorcinols by isomerisation of resorcinol 
monoacyl esters by heating with zinc chloride. We have found 
that, although this method gives good yields (80—90%) of resaceto- 
phenone and 4-n-hexoylresorcinol when applied to resorcinol mono- 
acetate and mono-n-hexoate, it gives only poor yields of acylphenols 
when applied to esters of phenol, m-cresol, and guaiacol. 

(4) The condensation of guaiacol and acetic acid by means of 
phosphorus oxychloride gave isoacetovanillone (5-acetylguaiacol) 
which was obtained previously by Schneider and Kraft (Ber., 1922, 
55, 1892) by condensing guaiacol and acetic anhydride by means of 
sulphuric acid. Propionic and butyric acids were also condensed 
with guaiacol by means of phosphorus oxychloride, and gave com- 
pounds isomeric with 4-propionylguaiacol and 4-n-butyrylguaiacol 
which are doubtless 5-propionylguaiacol and 5-n-butyrylguaiacol. 


EXPERIMENTAL. 


(1) The Nencki Reaction.—o- and p-Acetylphenols. Phenol 
(150 g.) was added to a hot solution of anhydrous zinc chloride 
(200 g.) in glacial acetic acid (100 c.c.) and the mixture was boiled 
for 1 hour. After the mass had cooled, water was added and the 
product was distilled with steam. The oil separated from the 
distillate was dissolved in excess of warm 5N-sodium hydroxide, and 
from this solution, on cooling, pale yellow crystals were deposited 
which after decomposition with dilute hydrochloric acid gave 
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o-acetylphenol (5 g.; yield, 2%*) having b. p. 110°/15 mm. and 
m. p. 28° (Found: C, 70:5; H, 5-8. Cale.: C, 70-6; H, 59%). 
The oxime melted at 112°. Auwers (Ber., 1925, 58, 36) gives b. p. 
218° and m. p. of oxime 112°. The non-volatile oil remaining 
after the steam distillation was distilled under diminished pressure 
and gave p-acetylphenol (7 g.; yield, 3%) having b. p. 190°/15 mm. 
and m. p. 106—107°. Michael and Palmer (loc. cit.) give m. p. 108° 
and Perkin (J., 1897, 71, 805) gives m. p. 107°. 

The great difference in boiling point exemplified in the case of the 
o- and p-acetylphenols is found generally for o- and p-acylphenols 
and their methyi homologues. The o-hydroxyketones differ further 
from p-hydroxyketones in being volatile in steam and in giving red 
to violet colorations with ferric chloride. Moreover, the sodium salts 
of the o-acylphenols are readily obtained in yellow crystals freely 
soluble in water, and are easily precipitated by a small excess of 
alkali, whereas the sodium salts df the p-compounds are colourless 
and are easily soluble in water and in dilute sodium hydroxide 
solution. 

As a general rule, the phenylhydrazones of the o-compounds are 
more readily made than the p-compounds, as is known to be the 
case with the oximes. 

p-Propionylphenol was prepared by the method of Goldzweig and 
Kaiser (loc. cit.) in 10% yield. 

p-n- Valerylphenol was obtained in 5%, yield accompanied by the 
o-compound, of which the presence was indicated through the pro- 
duction of a violet colour on the addition of ferric chloride to an 
alcoholic solution of the steam-distillate of the reaction product. 
p-n-Valerylphenol has b. p. 210°/15 mm. and crystallises from 
benzene-light petroleum in cubes, m. p. 62—63° (Found: C, 74-0; 
H, 7-9. ©,,H,,0, requires C, 74-2; H, 7-8%). 

p-n-Hexoylphenol (yield, 8%) forms colourless plates, m. p. 63— 
64°, from benzene (Found: C, 75-1; H, 84. C,,H,,0, requires 
OC, 75-0; H, 83%). 

p-n-Heptoylphenol (yield, 9%; b. p. 220°/15 mm.) crystallises 
from benzene in well-formed prisms, m. p. 93—94° (Found: (, 
75-9; H, 8-6. C,,H,,0, requires C, 75-7; H, 8-7%). 

p-Heptoylphenyl benzoate crystallises from alcohol in needles, 
m. p. 92—-93° (Found: C, 77-0; H, 7-1. C,9H..0, requires (, 
774; H, 7-1%). 

4-Propionyl-m-cresol was isolated from the product of the fusion 
of propionic acid and m-cresol with zinc chloride by distillation 
with steam and rectification of the oil obtained in a vacuum. The 


* Yields are given in % of the theoretical, and the substaniote are colour- 
lesa except where it is otherwise stated. 
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fraction, b. p. 125—135°/15 mm., was crystallised from dilute 
alcohol, giving needles or plates, m. p. 45—46° (yield, 11%). It did 
not depress the melting point of 4-propionyl-m-cresol, prepared by 
the isomerisation of m-tolyl propionate, for which Auwers (Annalen, 
1924, 439, 132) gives m. p. 45—46°. 

4-n-Butyryl-m-cresol was similarly obtained from m-cresol and 
butyric acid (yield, 17%) and identified as the oxime, m. p. 74— 
75° (see page 288). 

Peonol. To zine chloride (40 g.), dissolved in hot glacial acetic 
acid (40 c.c.), resorcinol monomethy] ether (25 g.) was added. The 
mixture was brought to the boiling point, allowed to cool in an 
oil-bath, and distilled with steam. The oil which distilled was 
separated by fractional distillation under diminished pressure into 
about 10 g. of unchanged resorcinol monomethy] ether and a fraction 
of higher boiling point from which 6 g. (29%) of pxwonol, m. p. 50°, 
were obtained. 

4-Acetylpyrocatechol. Pyrocatechol (25 g.), glacial acetic acid 
(50 g.), and zine chloride (100 g.) were fused together in the usual 
manner. The mass was poured into water, and the solution ex- 
tracted with ether. After distillation under diminished pressure, 
pyrocatechol and a fraction of b. p. about 180° (15 g.) were obtained. 
This was dissolved in hot benzene and allowed to cool; the crystals 
which separated were recrystallised and gave 8 g. (20%) of 4-acetyl- 
pyrocatechol, m. p. 116°. 4-n-Butyrylpyrocatechol and 4-n-hexoyl- 
pyrocatechol were obtained by exactly similar methods of procedure. 
Each was compared and found to be identical with the corresponding 
product obtained from the guaiacol ester by treatment with alumin- 
ium chloride. 

Acetovanillone. To zine chloride (100 g.) in hot glacial acetic 
acid (200 c.c.), guaiacol (100 g.) was added. The mixture was 
boiled gently under reflux for 3 hours, and acetic acid then distilled 
off under diminished pressure. After cooling, the residue was 
poured into water and extracted with ether. The. extract was 
distilled under diminished pressure; a fraction, b. p. 170—190°, 
solidified and after recrystallisation from ether gave acetovanillone 
(5g.; 4%), m. p. 113—114°. 

4-n-Butyrylguaiacol and 4-n-hexoylguaiacol were prepared 
similarly and proved to be identical with the products, described 
later, obtained by the isomerisation of guaiacol esters with alumin- 
ium chloride; in each case considerable quantities of pyrocatechol 
and of the corresponding acylpyrocatechols were obtained as by- 
products. 

(2) The Fries Isomerisation.—Phenyl butyrate, hexoate, and 
heptoate were converted into mixtures of o- and p-acylphenols by 
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heating with 1-1 mols. of aluminium chloride at 160—180° for 1— 
2 hours, and separated by distillation with steam or under dimin- 
ished pressure. 

o-n-Butyrylphenol (yield, 60%) had b. p. 124—126°/14 mm. and 
m. p. 8° (Found: C, 72-9; H, 7-3. Cj, 9H,,0, requires C, 73-2; 
H, 7:3%). Its phenylhydrazone is yellow and melts at 85—87° 
(Found: N, 11-0. C,,H,,ON, requires N, 110%). p-Butyryl- 
phenol (yield, 19%) has b. p. 200°/15 mm. and m. p. 91°. Perkin 
(J., 1889, 55, 546) gives m. p. 91°. p-Butyrylphenyl benzoate crystal- 
lises from alcohol in platelets, m. p. 106—107° (Found: C, 75:8; 
H, 6-0. C,,H,,0, requires C, 76-1; H, 60%). 

o-n-Hexoylphenol (yield, 50%) has b. p. 145—147°/15 mm. and 
crystallises from alcohol in prisms, m. p. 22° (Found: C, 74:8; 
H, 8-4. C,.H,,0, requires C, 75-0; H, 83%). Its phenylhydrazone 
crystallises from alcohol in yellowish leaflets, m. p. 102—103° 
(Found: N, 9-6. C,,H,,ON, requires N, 9-9%). 

o-n-Heptoylphenol (yield, 58%) has b. p. 172—174°/20 mm. and 
separates from alcohol in prisms, m. p. 24° (Found: C, 75-3; H, 
8-7. C,3H,,0, requires C, 75-7; H, 8-7%). Its phenylhydrazone 
separates from alcohol in yellow plates, m. p. 91—92°. 

The isomerisation of o-tolyl acetate has been described by Auwers 
(Ber., 1925, 58, 36) and by Rosenmund and Schnurr (Annalen, 
1927, 460, 56). 

5-Acetyl-o-tolyl benzoate separates from dilute spirit in fine silky 
needles, m. p. 79—80° (Found: C, 75-5; H, 5-3. C,gH,,O, requires 
C, 75-6; H, 55%). 

o-Tolyl butyrate, valerate, and hexoate were isomerised by heat- 
ing the ester with 1-1 mols. of aluminium chloride at 160—180° for 
4 hour, and the o- and p-ketones were separated by distillation 
under diminished pressure. 

3-n-Butyryl-o-cresol (yield, 60% at 160—180°; 40% at 100°) 
has b. p. 143°/11 mm. and solidifies in a freezing mixture (Found: 
C, 73-9; H, 7-9. C,,H,,0, requires C, 74-2; H, 78%). Its oxime 
forms needles, m. p. 87—88°, from alcohol, and its phenylhydrazone 
separates from alcohol in yellow needles, m. p. 157—158° (Found: 
N, 10-3. C,,H, ON, requires N, 10-4%). 

5-n-Butyryl-o-cresol (yield, 30% at the ordinary temperature in 
2 days; 55% at 100°; and 30% at 160—180°), b. p. 195—200°/15 
mm., forms prisms, m. p. 132—133°, from benzene (Found: (, 
740; H, 7:8. C,,H,,0, requires C, 74:2; H, 7-°8%). The phenyl- 
hydrazone separates in yellowish plates, m. p. 110°. 

3-n-Valeryl-o-cresol (yield, 46%) has b. p. 143—145°/15 mm. and 
m. p. 18° (Found: ©, 74:6; H, 8-5. C,.H,,0, requires C, 750; 
H, 83%). The phenylhydrazone forms pale yellow leaflets, m. p. 
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116—118°, from alcohol (Found: N, 9-8. C,,H,.ON, requires N, 
99%). 

5-n-Valeryl-o-cresol (yield at 160°, 30%), b. p. 205°/15 mm., forms 
rhombic prisms, m. p. 103—104°, from benzene (Found: C, 74-8; 
H, 85. C,,H,,0, requires C, 75-0; H, 83%). 5-n-Valeryl- 
o-tolyl benzoate separates from alcohol in small plates, m. p. 72—73° 
(Found: C, 77-0; H, 7-1. Cy gH, 90, requires C, 77-0; H, 6-7%). 
5-n-Valeryl-o-cresol phenylhydrazone forms very pale yellow needles, 
m. p. 120—121° (Found: N, 9-8. C,,H,,ON, requires N, 9-9%). 

3-n-Hexoyl-o-cresol (yield, 60°%), b. p. 152—154°/15 mm., separ- 
ates from cold alcohol in prisms, m. p. 23° (Found : C, 75-9; H, 9-0. 
C,3H,,0, requires C, 75-7; H,8-7%). Its phenylhydrazone separates 
from alcohol in leaflets, m. p. 93—94° (Found : N, 9-3. C,,H,,ON, 
requires N, 9-5°%). 

5-n-Hexoyl-o-cresol (yield at 160°, 25%), b. p. 200—205°/15 mm.., 
separates from benzene in plates which fall to powder on drying 
at 50°; it then melts at 79—80° (Found : C, 75-7; H, 8-9. - Cy3H,,0. 
requires C, 75:7; H, 8-7%). The benzoate crystallises from alcohol 
in shining leaflets, m. p. 59—60° (Found : C, 77-2; H, 6-9. Cy9H».03 
requires C, 77-4; H, 7-1%). 

The ketones obtained by isomerisation of p-tolyl esters with 1-1 
mols. of aluminium chloride for 2 hours at 160° were purified by 
steam distillation, crystallisation of the sodium salts, and subse- 
quent distillation under reduced pressure. 

3-n-Butyryl-p-cresol oxime forms needles, m. p. 96—97°, from 
light petroleum (Found: N, 7:3. C,,H,,0,N requires N, 7:3%). 
3-n-Butyryl-p-cresol phenylhydrazone separates from alcohol in 
rhombic prisms, m. p. 141—142° (Found: N, 10-15. C,H ON, 
requires N, 10-4%). 

3-n-Valeryl-p-cresol (yield, 65°), made but not characterised by 
Wittig (Annalen, 1925, 446, 155), has b. p. 144—145°/15 mm, and 
separates from light petroleum in fine needles, m. p. 32—33° 
(Found : ©, 74:9; H, 8:5. C,,H,,0, requires C, 75-0; H, 8-3%). 
Its phenylhydrazone separates from alcohol in yellowish plates, 
m. p. 113—115° (Found: N, 9-7. C,,H,.ON, requires N, 9-9%). 

3-n-Hexoyl-p-cresol (yield, 80%), b. p. 150—152°/15 mm., erystal- 
lises from light petroleum in fine needles, m. p. 19° (Found: C, 
753; H, 8-9. C,,H,,0, requires C, 75-7; H, 8-7%). The phenyl- 
hydrazone separates from alcohol in platelets, m. p. 110—112° 
(Found : N, 9-2. C,9H,,ON, requires N, 95%). 

Although there is the possibility of the production of both 4- 
and 6-acyl-m-cresols in the isomerisation of m-tolyl esters, if the 
reaction is carried out at the ordinary temperature in nitrobenzene 
solution as described by Rosenmund the yield of the 6-compound 
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is negligible, being only 2% in the case of m-tolyl butyrate. The 
ketones of this class were purified by steam distillation, followed by 
distillation. under reduced pressure. 

4-Propionyl-m-cresol oxvme separates from light petroleum in 
needles, m. p. 103—104° (Found: N, 7-7. Ci H,,0,N requires 
N, 7:8%). 

6-n-Butyryl-m-cresol separates from benzene in colourless plates, 
m. p. 97—98° (Found: C, 73-9; H, 7-8. C,,H,,0, requires C, 
74:2, H, 79%). 

4-n-Butyryl-m-cresol (yield, 88°) has b. p. 142—144°/15 mm. and 
m. p. 17° (Found: C, 74:0; H, 7-6. C,,H,,0, requires C, 74-2; 
H, 7:9%). Its oxime forms needles, m. p. 74—75°, from light 
petroleum (Found: N, 7:3. C©,,H,;0,N requires N, 7:3%). Its 
phenylhydrazone forms pale yellowish leaflets, m. p. 95—97°, from 
alcohol (Found; N, 10-2. C,,H,,ON, requires N, 10-4%). 

4-n-Valeryl-m-cresol (yield, 859%) has b. p. 152—154°/15 mm. 
and m. p. 16° (Found: C, 748; H, 8-2. C,,.H,,0, requires C, 
75-0; H, 83%). 

4-n-Hexoyl-m-cresol (yield, 93%), b. p. 162—164°/15 mm,, 
separates from alcohol in prismatic needles, m. p. 23—24° (Found : 
C, 75:5;..H, 88. C,3H,,0, requires C, 75-7; H, 87%). Its 
phenylhydrazone separates from alcohol in leaflets, m. p. 92—93° 
(Found ; N, 9:3. C, ,H,,ON, requires N, 9-5%). 

4-n-Heptoyl-m-cresol (yield, 84%) has b. p. 172—174°/15 mm. 
and m. p. 18° (Found: C,76-0; H, 9-1. C,,H 90, requires C, 76-4; 
H, 91%). . 

The best conditions for the preparation of 4-acylguaiacols were 
found to be as follows: Aluminium chloride (270 g.; 2 mols.) was 
dissolved in nitrobenzene (600 c.c.) by heating at 100°, the solution 
cooled to 10°, and the ester (1 mol.) added quickly; the solution, 
which was at first clear, changed to a very viscous mass. On gentle 
warming, hydrogen chloride was evolved and the viscous mass 
became micro-crystalline. After remaining at about 80° for 4—1 
hour, the product was kept over-night; the crystals were then 
coliected out, of contact with moist air and washed successively 
with benzene, benzene-light petroleum, and light petroleum. 

The aluminium chloride compound was thus obtained as a cream- 
coloured. sandy powder. It was added gradually to an excess of 
dilute hydrochloric acid; the almost pure 4-acylguaiacol then 
separated as an oil, which quickly solidified and was obtained in 4 
yield of upwards of 50% of the theoretical. The nitrobenzene 
filtrate from the aluminium compound was distilled with steam to 
remove nitrobenzene and the remaining oil was distilled under 
diminished pressure; a further quantity of the 4-acylguaiacol was 
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thus obtained, followed at a temperature some 30° higher by the 
corresponding acylpyrocatechol. 

The 4-acylguaiacols and 4-acylpyrocatechols are easily crystallis- 
able compounds, the acylguaiacols being more soluble in organic 
solvents but less soluble in water than the corresponding acylpyro- 
catechols. The solubility of 4-acetylpyrocatechol in water is such 
as to render water unsuitable for its recrystallisation, but this 
solvent may very conveniently be employed for recrystallising 
4-propionyl- and 4-n-butyryl-pyrocatechols, both of which are, 
with difficulty, soluble in benzene. . 4-n-Valerylpyrocatechol and 
4-n-hexoylpyrocatechol are easily soluble in hot benzene. 

4-Acylguaiacols and acylpyrocatechols give green and very deep 
bluish-green colorations, respectively, with alcoholic ferric chloride. 
Certain constants of these compounds, with analyses, are given 
below :— 


Dp. Found Required. 
M. p. (145 mm,). %C. %H. Formula. %C. %H 
4-Propionylguaiacol ...... 61—62°  180—185° 665 66 CiHy:0; 667 67 
4-n-Butyryl 4, © wveeee 54—55 185—195 67-9 72 OC y,HyO;s 68-0 7-2 
lll aati A 60—62 195—197 69-0 76 CHO, 69-2 7-7 
4-n-Heroyl 4, vvneee 60—62 212—215 70-1 8-1 OC 3H y,0; . 70°38 8-1 
4-n- -Valerylpyrocatechol . 143—144 230—240 68-0 70 11H,,0, 68° 7-2 
4-n-Hezoyl . - 93—04 240—250 69-1 76 CysHyeO5 692 7-7 


@ Prcpienylatyeetiateshal and 4-n-butyrylpyrocatechol had b. p 
210—220° and 220—230°/15 mm, respectively. The m. p. of each 
was identical with that given by Rosenmund and Lohfert (Ber., 
1928, 61, 2601). 

The following derivatives of the acylguaiacols have been pre- 
pared :— 

4-Propionylguaiacyl benzoate, m. p. 108—110° (Found : C, 71-6; 
H, 5-8. C,,H,,0, requires C, 71:8;.:H, 5-6%). 4-Propionyl- 
guaiacol p-nitrophenylhydrazone, yellowish needles, m. p. 151—152°, 
from alcohol (Found: N, 13-3. C,,H,,0,N, requires N, 13-3%). 
4-n-Butyrylguaiacyl benzoate, m. p. 75—-77° (Found: C, 72-0; H, 
60. C,,H,,0, requires C, 72-5; H, 60%). 4-n-Butyrylguaiacol 
phenylhydrazone, pale yellow needles, m. p. 91—92°, from dilute 
alcohol (Found: N, 9-6. C,,H,,0,N, requires N, 9-99). 4-n- 
Valerylguaiacyl benzoate, m. p. 85—87° (Found: C, 73-0; H, 6-3. 
CigH,90, requires C, 73-1; H, 64%). 4-n-Hexoylguaiacyl benzoate, 
m. p. 54—55° (Found : C, 73-4; H, 6-8. C,,H,.0, requires C, 73-6; 
H, 6-7%). 

(3) Isomerisation of Esters with Zine Chloride.—(a) Phenyl 
acetate (100 g.) and powdered zinc chloride (15 g.) were heated at 
125° for 3 hours. The product gave o-acetylphenol (4 g.;' yield, 
4%) and p-acetylphenol (8 g.; yield, 8%). 

(6) m-Tolyl propionate (75 g.) and powdered zinc chloride (37:5 g.) 
Were heated at 150—160° for 1 hour. The product was dissolved 
L2 
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in dilute hydrochloric acid and distilled with steam. Extraction of ities 
the distillate with ether and distillation of the extract under low] |... 
pressure gave 15 g. of pure 4-propionyl-m-cresol (yield, 20%). moti 

(c) To guaiacyl acetate (20 g.) at 200°, powdered zinc chloride disti 
(5 g.) was added. Vigorous ebullition took place, and after 1]); ght 
minute the melt was poured into water and boiled with dilute}... 
hydrochloric acid. Ether then extracted an oil, which was distilled 
under reduced pressure. A fraction, b. p. 180—200°/15 mm., 


solidified on cooling, and after crystallisation from benzene gave} P- + 
acetovanillone (5 g.), m. p. 113—114° (yield, 25%). i faze 
(4) Condensation of Guaiacol with Fatty Acids by Means of S-n-But 


Phosphorus Oxychloride.—Guaiacol (100 g.) and glacial acetio. acid | 5-n-4m, 


(200 g.) were mixed, and phosphorus oxychloride (200 g.) was added poies 
slowly. After being warmed gently on the steam-bath until the | {7-4% 


evolution of hydrogen chloride ceased (3 hours), the product was|(i7% 
poured into water, and the guaiacol distilled with steam. The non- |%2-But 


3-n-A 
volatile oil was extracted with ether and distilled under diminished $0-Fen 
pressure. The fraction, b. p. 180—200°/15 mm., solidified, and after | 5-n-Prop 





crystallisation from benzene gave isoacetovanillone (26 g.), m. p. 91— fetes 


92° (yield, 20%) (Found: C, 65-4; H, 6-3. Calc.: C, 65-1; H,) A yn 
6-1%). It crystallised from water in long needles (m. p. 59—60°)|were | 
containing water of crystallisation (Schneider and Kraft, loc. cit., gave | namel: 
m. p. 91°, and 66—69° for the hydrate). isoAcetovanillone phenyl- 4-n-pre 
hydrazone melts at 102° (Found: N, 10-8. C,;H,,0,N, requires|p.».Pp 
N, 109%), and isoacetovanillone benzoate at 141—142° (Found :/gives n 
C, 70-7; H, 53. C,,H,,O, requires C, 71-1; H, 5-2%). phenox 

5-Propionylguaiacol was prepared similarly (yield, 25%). It melts Mullen 
at 93—94°, and is moderately easily soluble in hot water or benzene prepare 
(Found : C, 66-4; H, 6-7. C,oH,,0, requires C, 66-7; H, 6-77%).|142°/1: 
The benzoate melts at 96—98° (Found: C, 71-6; H, 5-8. C,7H,,04\(loc. cit 
requires C, 71:8; H, 5-6%). 142°/13 

5-n-Butyrylguaiacol, prepared similarly, melts at 81—82° (Found: The { 
C, 67-9; H, 7-2. C,,H,,0, requires C, 68-0; H, 7-2%). 


Reduction of Acylphenols to Alkylphenols. a 

For the conversion of the carbonyl group into the methylene 
group in the series of hydroxyketones, the usual procedure was to 
boil the ketone (1 part) under reflux on the steam-bath for 12—20 
hours with amalgamated zinc (3 parts) and dilute hydrochloric acid)” 
(1 : 1) (6 parts) to which alcohol (2 parts) had been added. (When! — 
o-hydroxyketones were being reduced, the end of the reaction was 
clearly indicated by the failure of the colour reaction with ferri¢ 
chloride.) The alcohol was removed by distillation with steam and 
the lower phenols were separated by continued distillation with 
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1 of ve . . 
a steam, but the rate of distillation became too slow with the higher 
members of the series to permit of their being separated by this 
ide method. They were therefore extracted from the reaction mixture, 
7 distilled in a vacuum, and recrystallised wherever possible from 
ad light petroleum. The following table shows the new phenols which 
lled were prepared and certain constants and analytical data :— 
m B. p. Found. Calc. 
anne, Phenol. (15mm.). Mp. %C. %H. Formula. %C. %H. 
ave | P-n-Hezylphenol ......... 155° 29° 808) 10-1 OysHyO §8=— 809-101 
) o-n-Heptyl ,,  ......... 163-165 — 80-9 105 CyHwO 81:3 10-4 
p-n-Heptyl Poe... 165 24 812 103 CH. 813 10-4 
3-n-Butyl-o-cresol eoseee 117—119 14 80-3 9-7 C,,;H,,.0 80°4 9°8 
} Of | S-n-Butyl 4,0 on... 127—129 24 801 101 CHO 804 98 
cq | SB Amul coco 127—129 32 805 103 CyHisO 80:9 10-1 
aCId | 5-n-Amyl 72. 137—139 28 806 102 CyHis 80-9 10-1 
ded | ®BHetul ssa 139—141 8 809 105 CysHow 813 10-4 
Ged | 5-n-Heryl 3) oo 147—149 5 81-4 107 OisHro 813 10-4 
the 4-n-Butyl-m-cresol covcce 132—134 18 80-5 9-9 Hie 80-4 9°8 
4n-Amyl ,, 00 oss 137—139. 24 806 102 CisHis 80-9. 10-1 
was|fB-Hegyl 3. sue 147—149 17 815 106 CysHwO 813 10-4 
4-n-Heptyl } 153—155 24 813. 108  CuHes 81-6 10-7 
10n- | 3-2-Butyl-p-cresol . *....: 124—126 19 803 97 OHO 804 98 
n-Amyl 4, oeeene 135—137 10 805 103 CyHis0 809 10-1 
shed |3n-Heryl ln. 148—150 30 81:0 105 OysHese 81:3 10-4 
5-Bthylguaiacol ......... 130-132 35-36 712 80 C,HyO, 711 79 
fter|5-n-Propyl ,, 1.0.0.2: 132—184 21-22 721 88  CywHuO: 723 84 | 
OMI 6) | jeosacnpse 155—157 — 740 93 CHO, 742 93 
Yl—|4n-Heryl fF ceca. 165—167 — 74-7 9-6 1sHe0, 750 96 
H, A number of the phenols prepared in the course of this work 
60°)|were known previously, but had not been obtained crystalline, 
gave|namely, p-n-butylphenol, m. p. 12°; p-n-amylphenol, m. p. 18°; 
yl 4-n-propyl-m-cresol, m. p. 16°; and 4-n-propylguaiacol, m. p. 16°. 
ures | p-n-Propylphenol had m. p. 24°; Clemmensen (Ber., 1914, 47, 51) 
ind :/gives m. p. 21—22°. Aqueous solutions of sodium o- and p-butyl- 


phenoxides are colourless, contrary to the statements of Read and 
nelts Mullen (J. Amer. Chem. Soc., 1928, 50, 1764). 4-n-Butylguaiacol, 
zene prepared by the reduction of 4-%-butyrylguaiacol, had b. p. 140— 
}%)-|142°/15 mm. and its benzoate had m. p. 91-5°; Nomura and Hotta 
16 (loc. cit.) give b. p. of the reduction product of zingerone as 141— 
142°/13-5 mm. and m. p. of its benzoate as 92—93°. 
ind: The following benzoates of the above phenols are new :— 











| Found. Cale. 
Benzoate. M. p. %C. %H. Formula. %C. %H. 

n-Propylphenyl ...... 37—38° 796 68 (©,H,,0, 80-0 67 
ylenep-n-Butylphenyl ...... 24-25 80-1 70 Cy,H;,0, 803 71 
1s toPR-Heaylphenyl ...... 24 80-4 7:9 CiH,0, 808 7:8 
20 n-Heptylphenyl ...... 32—33 80-6 83 CyH,O, 81-0 8-1 
—N tEthylguatacyl ......... 58—59 74:7 63 C,.H,,0, 75-0 6-2 
aci -Ethylguaiacyl Nits Ab 53 74-8 64 C,,H,,O, 75-0 6-2 
Vhen ‘n-Hexylguaracyl ...... 82—83 76-8 79 CyH,O, 76-9 7:7 


nt for carrying out many of the analyses recorded in this paper. 


th Reszancn LasoratTorizs, Messrs. Boots Purz Drue Co., L7p., 
wi NorrineHam. [Received, December 27th, 1929.} 
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XLIV.—Reduction Products of the Hydroxyanthra- 
quinones. Part XI. 


By Epwin Joun Cross and ArTHUR GEORGE PERKIN. 


WHEN unsymmetrical hydroxyanthraquinones are reduced, in 
general only one of the two theoretically possible hydroxy- 
anthranols is. produced ; e.g., 1-hydroxyanthraquinone yields 1-hydr- 
oxyanthranol (or anthrone) (I), there being no evidence of the 
simultaneous formation of the 4-hydroxy-compound (II). 


OH 
“OOO OY: 
\oH,/ cH 


2. OH 


The anthrone formula, which is applicable to 1-hydroxyanthranol 
(Meyer and Sander, Annalen, 1920, 420, 113) and possibly to other 
1-hydroxyanthranols, is adopted in all cases throughout this paper 
for the sake of simplicity. 

Although hitherto it has not been possible to speculate with any 
certainty as to. the influence of the hydroxyl group or groups of 
hydroxyanthraquinones in definite positions on the production 
therefrom of this or that isomeric hydroxyanthranol, a determination 
of the exact structure of the latter has added considerably to our 
knowledge in this respect. For this purpose the conversion of 
hydroxyanthranol into hydroxybenzanthrone has been mainly 
studied, and the presence or absence of the «-hydroxyl group im 
the latter ascertained by the employment of methyl iodide and 
alkali. Thus, when the hydroxybenzanthrone (III) derived from 
(I) is so treated, methylation does not occur, giving evidence that 
the former is, without doubt, the 4- or 5-hydroxy-compound (III), 
and the latter the 1-hydroxy-compound (Perkin and Spencer, J., 
1922, 121, 474). 


Ti 
OO OOS 
Nef 
Oo OH CH, 


Although alizarin had hitherto been known to give but one 
anthranol (3: 4-dihydroxyanthranol), Miller and Perkin (J., 1925, 
127, 2684), employing stannous chloride and hydrochloric acid, 
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obtained from alizarin 2-methyl ether a mixture of 4-hydroxy-3- 
methoxy- and 1]-hydroxy-2-methoxy-anthranol (IV). The con- 
stitution of the latter became evident from the fact that, by treat- 
ment with glycerol and sulphuric acid, isobenzalizarin (3: 4- or 
5: 6-dihydroxybenzanthrone) (V) is obtained, a compound from 
which, by the reagents stated, only a monomethyl ether can be 


produced. 
2 : 
” Oe im 


CO OH 10 OH 


Adopting the same methods, it has been shown by Cross and Perkin 
(J., 1927, 1297) that the anthranols derived from anthrapurpurin, 
flavopurpurin, and anthragallol are respectively the 3 : 4: 6-, 1:2 :6-, 
and 1:2: 3-trihydroxy-compounds, the last yielding 2: 3 : 4-tri- 
hydroxybenzanthrone (VI). 

The «a-hydroxyl group in hydroxybenzanthrones is not only 
resistant to methylation but is much less readily acetylated than 
the «-hydroxyl of hydroxyanthraquinones; for instance, a fully 
acetylated derivative can be prepared from (V) only with difficulty, 
and from (VI), as yet, only a diacetyl compound has been obtained. 
Evidently, therefore, the chelate ring in «-hydroxybenzanthrones 
possesses a much firmer character than that which is present in 
a-hydroxyanthraquinones. . 

Green (J., 1927, 2341) suggests the employment of thionyl chloride 
as a reagent for the determination of the structure of hydroxy- 
anthranols, in that ortho- and peri-hydroxyls when present in a 
phenol yield thionyl derivatives, whereas such compounds are not 
given by meta- and para-dihydric phenols (J., 1924, 125, 1450; 
1926, 1428, 2198; 1927, 500, 554). In order to illustrate the utility 
of this method, he examined only three anthranols, viz., 1-hydroxy- 
anthranol (I), 4-chloro-1-hydroxyanthranol, and anthragallol- 
anthranol. Of these, the first two only yielded thionyl compounds, 

SO 


evidently of the type (: YN whereas the last did not so 


teact. From this scanty evidence, and notwithstanding the proof 
given by Cross and Perkin (loc. cit.) to the contrary, this author 
concludes that anthragallolanthranol is not the 1: 2 : 3-trihydroxy- 
anthranol , (1 ; 2 : 3: 9-tetrahydroxyanthracene) but the 2:3:4- 
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trihydroxyanthranol (1 : 2 : 3: 10-tetrahydroxyanthracene). It ap- 
pears at first sight somewhat strange that 1-hydroxyanthranol, 
which in reality is 1-hydroxyanthrone (Meyer and Sander, loc. cit.), 
reacts with thiony] chloride in the manner indicated, unless in these 
circumstances tautomerisation of the anthrone to the anthranol is 
presumed to occur. 

It has been shown by Dimroth and Faust (Ber., 1921, 54, 3020) 
that when «-hydroxyanthraquinones are treated with boroacetic 
anhydride, boric esters are produced. 1-Hydroxyanthraquinone 
thus yields 1-hydroxyanthraquinone boroacetate (VII), and 
diboroacetates are given by 1 : 4- and 1 : 5-dihydroxyanthraquinones. 


B(OAc), B(OAc), 
e' ¢ 9 0 
(VII.) Cy Cc OAc (VIII.) 
OX) Ie: 
co ‘H, 


The compounds are decomposed by water, giving «-hydroxy- 
anthraquinone and boric and acetic acids. The application of 
this method to «-hydroxyanthranols (anthrones) was tested first 
with 1-hydroxy-2-methoxyanthrone: a boroacetate, however, 
could not be prepared, for, although with the boiling reagent 
chemical alteration evidently occurred, in the cold a product of an 
indefinite character resulted. Anthragallolanthranol at first gave 
substances of an indefinite character, and it was only by the em- 
ployment of special conditions that success was attained. Though 
different preparations of the orange crystalline product varied some- 
what in composition, there could be no doubt that they essentially 
consisted of a boroacetic ester of 1 : 3-dihydroxy-2-acetoxryanthranol 
(VILL), and this result further confirms the statement of Cross and 
Perkin (loc. cit.) that the anthranol prepared by the reduction of 
anthragallol itself is the 1 : 2 : 3-trinydroxy-compound (IX). 

The fact that, with stannous chloride and hydrochloric acid, 2- 
ethylearbonatoalizarin gives 1-hydroxy-2-ethylearbonatoanthranol, 
apparently as sole product (Perkin and Story, J., 1929, 1405), 
suggested as desirable a study of the influence, if any, of the acyloxy- 
group in acyloxyanthraquinones on the orientation of the hydroxy- 
or acyloxy-groups in the anthzanols derived therefrom by reduction. 
The method here adopted, which consists in adding stannous 
chloride—hydrochloric acid to a hot solution of the acyl compound 
in acetic acid, has given results of interest. From triacetylanthra- 
gallol, thus treated, two anthranols are obtained : (a) the 1 : 2: 3- 
trihydroxy-compound (IX), present in but small amount, and (b) 
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the main product, which consists, as shown below, of the hitherto 
unknown 2 : 3 : 4-trihydroxy-9-anthranol (X). 


C OH CO 
=O Ce OC OR 
~*~ f- »* 
CH, CHY Ya 


As the acetoxy-group is so readily hydrolysed in the circumstances, 
it is remarkable that such a process can be applied to acetyl com- 
pounds. That the elimination of the acetyl group here only occurs 
when reduction is complete and not, at least to any extent, prior to 
this process in most instances, is due to the extreme rapidity of the 
latter’ reaction, for this in general occupies but a few seconds, 
though in practice a somewhat longer digestion has usually been 
employed. If stannous chloride—hydrochloric acid is added to a 
warm solution of the acetoxyanthraquinone in acetic acid and the 
mixture is kept without further heating, complete reduction usually 
occurs over-night. 

In order to asceriain the constitution of (X), it was heated with 
glycerol and sulphuric acid, and there was thus obtained, with 
considerabie difficulty and in small amount, a trihydroxybenz- 
anthrone, here termed benzanthragallol. This compound, which 
differs considerably in properties from the isobenzanthragallol (V1) 
derived from 1:2: 3-trihydroxy-9-anthranol, readily gives a 
trimethyl ether when treated with methyl iodide and alkali, whereas 
the isomeride does not. Benzanthragallol, therefore, has the 
constitution (XI), and can thus have only originated from the 
2:3: 4-trihydroxy-9-anthranol (X). 


CO 
(XL) an ” pis } (XIE) 
YF \ iff 
«0 roe 


HO H 


A complete proof is thus afforded that, on reduction, anthragallol 
itself gives 1 : 2 : 3-trihydroxy-9-anthranol, and not, as suggested 
by Green, the 2:3: 4-trihydroxy-9- (or 1:2: 3-trihydroxy-10-) 
anthranol. It is moreover evident that thionyl chloride is hardly 
a trustworthy reagent for the detection of the 1-hydroxy! group in 
hydroxyanthranols. 

The reduction of 2: 3-diacetylanthragallol in a similar manner 
was now studied, the result being the production of 1 : 2 : 3-tri- 
hydroxy-9-anthranol (IX) identical with that given by anthragallol 
itself. 
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In order to illustrate more clearly the effect of the acetyl and 
other groups in this connexion, the results of this section of the 
investigation are embodied in the following table, and here, for 
purposes of comparison, the reduction products given by the free 
hydroxyanthraquinones are also included. 


Anthraquinones. Anthranols obtained by reduction. 
Anthragallol 1: 2: 3-Trihydroxy-9- 
anthranol 
Triacetylanthragallol bb wi 2:3: 4-Trihydroxy-9- 
anthranol 
Diacetylanthragallol »” 9 
Tribenzoylanthragallol Dibenzoyl-2 : 3 : 4-tri- 


hydroxy-9-anthranol 
Dibenzoylanthragallol Dibenzoyl-1 : 2 : 3-tri- 
hydroxy-9-anthranol 
Monobenzoyl-1 : 2: 3-tri- 
hydroxy-9-anthranol 


Triethylcarbonato- 2: 3-Diethylcarbonato-1- Dicarbethoxy-2 : 3 : 4-tri- 
anthragallol hydroxy-9-anthranol hydroxy-9-anthranol 
Diethylcarbonato- 99 9 


anthragallol 
2-Ethylcarbonato-1 : 3- 
dihydroxy-9-anthranol 


Alizarin : 
(acid solution) 1 ; 2-Dihydroxy-9- 3 : 4-Dihydroxy-9- 
anthranol anthranol 
(alkaline solution) 9 ” 
2-Acetylalizarin ¥ ” 
Diacetylalizarin ” » $s (trace) 9? 9? 
Alizarin 2-methyl 1-Hydroxy-2-methoxy-9- 4-Hydroxy-3-methoxy-9- 
ether anthranol anthranol 
Acetylalizarin ” ” 
2-methyl ether 
1-Acetoxyanthra- 4-Hydroxy-9-anthranol 
quinone 
1 : 8-Dihydroxy- 1 : 8-Dihydroxy-9- 
anthraquinone anthranol 
1 : 8-Diacetoxy- 4 : 5-Dihydroxy-9- 
anthraquinone anthranol (XIT) 
1: 2: 6-Trihydroxy- 1: 2: 6-Trihydroxy-9- 
anthraquinone anthranol 


Although acetoxyanthraquinones are reduced very rapidly 
(lov. cit.) by the method here employed, the reduction of ethyl- 
carbonatoanthraquinones (or at least of triethylcarbonato- 
anthragallol) occurs more slowly, because, though, in the circum- 
stances employed, the carbethoxy-group is less readily eliminated 
than the acetyl group, it is apparent that, in the instance above cited, 
some hydrolysis with removal of the ethylcarbonato-group has taken 
place,: both ‘before and. after the reduction.. Thus, under the 
conditions employed (see above), triethylearbonatoanthragallol (A) 
yields in part diethylcarbonatoanthragallol (B). (A) on reduction 
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gives 2:3: 4-triethylcarbonatoanthrone, passing by subsequent 
hydrolysis to the diethyl compound, whereas from (B) 1-hydroawy- 
2 : 3-diethylcarbonatoanthrone is obtained. 

Among the points of interest indicated above are the preparation, 
not only of the two new hydroxyanthranols (II) and (X), but of 
4-hydroxy-3-methoxy- and 1 : 2-dihydroxy-9-anthranols, compounds 
hitherto not readily obtained, in almost quantitative yield. That 
] : 2-dihydroxy-9-anthranol can also be prepared in this way directly 
from alizarin—though in conjunction with the 3 : 4-dihydroxy- 
compound—has also been ascertained for the first time, and this 
affords evidence that reduction of an «-hydroxyanthraquinone in 
acid solution and in an alkaline medium does not of necessity 
proceed in an identical manner in both cases. . 

The results of this investigation indicate that when hydroxy- 
anthraquinones containing an a-hydroxy-group are reduced in an 
acid solution in the manner indicated, the «-hydroxy-group as.a rule 
is found to be in the 1-position adjacent to the carbonyl group, or 
to the hydroxyl in the 9-position of the resulting hydroxyanthrone 
or hydroxyanthranol. If, on the other hand, the «-hydroxyl of the 
hydroxyanthraquinone is acylated before reduction, the reverse. is 
the case, this hydroxyl then occupying the 4-position in the product. 
In other words, the carbonyl adjacent to the acyloxy-group in 
a-acyloxyanthraquinones is preferably reduced : this is clearly shown 
by (I) and (II), which represent respectively the reduction products 
of 1-hydroxy- and l-acetoxy-anthraquinone. If in these cases the 
reaction proceeds according to the usually accepted scheme (XIII), 
an explanation of the fact cited above, in the light of our present 
knowledge, is difficult, because it is in no way clear why, in the 


CO. /C(OH), /CH(OH), ‘Le : /CO, 
(XIII.) (a) (b) c d gor (a 
‘CO’ \C(OH)“  ‘CH(OH)/ \CH/ \CH,/ 
change of (XIV) into (XV) (c—d) during the reduction of 1-hydroxy- 
anthraquinone to 1-hydroxyanthrone (or anthranol), water should 
be split off only in the manner indicated, and not in both directions 


CHOH COH).7 
(XIV.) PENX) Cite | (XV.) 
1H OH; 


with the simultafeous formation of 1- and 4-hydroxyanthranols, 
It seems reasonable to infer that the influence dominating the 
formation of 1-hydroxyanthranols from «-hydroxyanthraquinones 
by acid reduction is the chelate linkage between the a-hydroxyl and 
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the carbonyl group of the latter. This renders the latter immune 
from reduction, a fact which can also be expressed by saying that 
the chelate linkage remains intact in the series of changes involved. 
Such a suggestion can be indicated (XVI) by the stages (a) dihydroxy- 
pinacol, (6) hydroxyanthranol, (c) dianthrone, (d) anthrone, (e) 
anthranol. On the other hand, when the «-hydroxy-group is 


OH 
AO, jCO. 
\Q(OH)’ JOO, \CH’ £0, (OH) 
C(OH) (*) WG ) / CH (c) \ (d) Shi 1% (e) 
(XVL) \ ‘CH(OH) 4 \ CH, CH 
sco \CO/ 
H 


acylated the chelate linkage is destroyed, and the adjacent carbony] 
group is no longer immune from reduction. Of interest in this 
respect is the statement of Meyer and Sander (loc. cit.) that 1- 
hydroxy-9-anthranol is produced when 1-hydroxyanthraquinone is 
reduced in acid solution, and that only by the use of alkaline media 
could the corresponding anthraquinol be obtained. If the scheme 
outlined above is to be considered, at least in the main, correct, 
proof of the formation of hydroxydianthrones (stage c) during the 
reduction process is necessary, and though there have been indic- 
ations during more recent work, in special instances, of the presence 
of such compounds in the final products, further investigation is 
necessary to determine if their formation in this manner from 
«-hydroxyanthraquinones is of general occurrence. 

An exception to the rule that «-hydroxyanthraquinones yield on 
reduction 1-hydroxyanthrones (or anthranols) is the 1 : 2 : 7-tri- 
hydroxy-compound (anthrapurpurin) (loc. cit.), which gives both 
with stannous chloride-hydrochloric acid and with aqueous 
ammonia and zinc dust, 3: 4: 6-trihydroxy-9-anthranol. In the 
case of anthrapurpurin, however, two factors can be considered 
to influence the reaction: (a) the l-hydroxy-group and (b) the 
remote $-hydroxy-group in the 7-position. Whereas it is to be 
anticipated that the former (compare alizarin) will tend, though 
only in part (loc. cit.), to give an «-hydroxyanthrone, the latter (com- 
pare 2-hydroxy- and 2-acetoxy-anthraquinone, which, as experi- 
ment has shown, both yield 3-hydroxyanthranol as sole product) 
will desire to take up the 6-position in the resulting hydroxy- 
anthranol. The latter influence evidently prédominates in the 
present instance: this point will be further discussed in a subse- 
quent communication. 

In the German patent 187495 (Friedlinder’s “ Fortschritte,” IX, 
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816) two methods are given for the preparation of hydroxybenz- 
anthrones : (a) the action of glycerol and sulphuric acid on hydroxy- 
anthranols and (b) the similar treatment of hydroxyanthraquinones 
in the presence of reducing agents. That in these circumstances the 
product of the reduction, according to the patent, of a hydroxy- 
anthraquinone and the anthranol derived therefrom by alkaline 
reduction, do not necessarily give the same hydroxybenzanthrone 
is obvious from the results of the present investigation, and indeed 
the properties given in the patent of the hydroxybenzanthrone 
derived from alizarin differ markedly from those of the 7 : 8-di- 
hydroxy-compound (Perkin, J., 1920, 117, 702) which is obtained 
in a similar manner from 3 : 4-dihydroxyanthranol (deoxyalizarin). 
Evidently, therefore, the former product is either 3:4- or 5: 6- 
dihydroxybenzanthrone. Turski and Grynwasser (Rocz. Chem., 
1929, 9, 78) purport to have decided this point by synthetical 
methods and describe these compounds as melting at 285° and 185° 
respectively. Their paper * is remarkable in that it consists merely 
of a series of statements. It contains no account of the properties 
or the melting points of the new compounds which were prepared 
for the purpose of these syntheses, and but one analysis seems to 
have been performed, the figures of which are not stated. The 
results of these authors, at least in regard to one or other of the 
dihydroxybenzanthrones they describe, are not in harmony with 
those of Miller and Perkin (loc. cit.), who obtained isobenzalizarin 
(V) from 1-hydroxy-2-methoxyanthranol; for this, which melts at 
265°, is either the 3:4- or the 5: 6-dihydroxy-compound. A 
reinvestigation has confirmed the correctness of the melting points 
previously given both for this compound and for its acetyl derivative 
(243—245°). The action of glycerol and sulphuric acid on alizarin 
in the presence of aniline sulphate was now studied, with the result 
that the crude product obtained resembled that described in the 
patent, more especially in regard to its giving strongly fluorescent 
solutions both in sulphuric acid and in dilute alkali. This substance 
is, however, a mixture, for on treatment by the method described 
below, a more sparingly soluble fraction can be isolated in small 
amount, which is devoid of fluorescent property. This yielded an 
acetyl compound melting at 243—245°, and without*doubt consisted 
of isobenzalizarin. There is no reason why alizarin, in the cir- 
cumstances, should not yield isomeric hydroxybenzanthrones, and 
if this is so, it is possible that the compound, m. p. 185°, described 
by Turski and Grynwasser as 5 : 6-dihydroxybenzanthrone, which 
gives fluorescent solutions in the manner indicated, is present in 


* For a translation of this paper, which is written in Polish, we are indebted 
to the kindness of Mrs. J. W. McLeod of Leeds. 








300 CROSS AND PERKIN: REDUCTION PRODUCTS OF 


the more soluble fraction of the reaction product. Should such be 
the case, then isobenzalizarin is 3 : 4-dihydroxybenzanthrone, and 
the nature of the compound they describe as melting at 285°, and 
to which they ascribe the same constitution, is not clear. 


EXPERIMENTAL. 


Reduction of Triacetylanthragallol—To a boiling solution of 
triacetylanthragallol (10 g.) in acetic acid (100 c.c.), stannous 
chloride (40 g.) dissolved in warm hydrochloric acid (100 c.c.) * 
was added. The pale yellow liquid darkened, became lighter when 
boiled for a short time, and deposited crystalline 2 : 3 : 4-trihydrozy- 
9-anthranol (X). After cooling, this was collected, washed with a 
mixture of acetic and hydrochloric acids and with water, and dried 
(yield, 4-3 g.). Addition of water to the filtrate gave a precipitate 
(1-5 g.) of which the colour reactions and the m. p. of the monoacety] 
derivative, m. p. 239—-240° (decomp.) (Breare and Perkin, J., 1923, 
123, 2607), showed that it was 1 : 2: 3-tribydroxy-9-anthrone (or 
anthranol). The total yield of anthranols (5-8 g.) represents 91-6% 
of the theoretical amount. 

2:3:4-Triacetory-9-anthranyl acetate was readily obtained by 
digesting the 2:3: 4-trihydroxy-compound with boiling acetic 
anhydride and pyridine for a short time and adding alcohol to the 
product after cooling. The crystals obtained formed colourless 
prisms, m. p. 199—201°, after recrystallisation from alcohol—acetic 
acid (Found: C, 64:2; H, 4-45; C,H,O,, 58-3. C,.H,,0, requires 
C, 64-4; H, 44; C,H,O,, 58-5%). 

2:3: 4-Trihydroxy-9-anthranol can be obtained only in a crude 
condition and of a deep green colour when the acetyl compound is 
hydrolysed with hydrochloric acid in the usual manner, If, how- 
ever, a solution of the acetyl compound in boiling acetic acid is 
digested with half its volume of stannous chloride—hydrochloric 
acid until crystals commeénce to separate, the anthranol is obtained 
in needles which have, at most, a pale greenish tint. When heated, 
it gradually darkens, does not melt below 300°, and at this temper- 
ature is greenish-black (Found : C, 69-4; H, 4-2. C©,,H,,0, requires 
O, 694; H, 41%). The possibility, suggested by its high melting 
point, that this* compound might be a dianthrone rather than an 
anthrone (anthranol) was disproved by a molecular-weight deter- 
mination of the tetra-acetyl compound by the cryoscopic method 
with naphthalene as solvent (Found: M, 400. C,.H,,0, requires 
M, 410: ‘As the colourless solution, which has a faint blue fluor- 
escence, gradually darkens, the initial readings only are trustworthy). 


* This concentration of stannous chloride in hydrochloric acid was employed 
throughout the investigation. 
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2:3: 4-Tiihydroxy-9-anthranol gives in 10% aqueous sodium 
hydroxide an orange solution which becomes yellow and finally 
brown in air: in the same circumstances, 1 : 2 : 3-trinydroxy-9- 
anthranol gives an orange liquid which eventually develops a deep 
violet tint. Again, the latter in alcoholic solution gives with 
benzoquinone violet crystals of anthragallol dianthronequinone 
(Breare and Perkin, loc. cit.), but the 2 : 3 : 4-trihydroxy-compound 
is devoid of this characteristic. When oxidised with chromic acid 
in acetic acid solution, 2:3: 4-triacetoxy-9-anthranyl acetate 
yielded orange crystals, m. p. 218—220°; these probably consisted 
of 2 : 3-diacetylanthragallol, as triacetylanthragallol was obtained 
from them by acetylation. Attempts to prepare a dianthrone from 
2:3: 4-trihydroxy-9-anthrone have been unsuccessful. 

Benzanthragallol— A mixture of 2:3: 4-trihydroxy-9-anthranol 
(1 g.), sulphuric acid (8 ¢.c.), water (6 c.c.), and glycerol (2 g:) was 
heated with stirring to 120—125° during 20 minutes, and kept there 
for the same period. The product was poured into water, the washed 
precipitate dried and digested with alcohol, the concentrated solu- 
tion poured into ether, and the ethereal solution well washed. 
Evaporation gave a brown residue, from which, by acetylation with 
acetic anhydride and pyridine, minute yellow crystals (0:05—0-07 g.) 
were obtained. These were again acetylated, crystallised. from 
acetic acid, and, being still impure, hydrolysed with hydrochloric 
acid in the usual manner. The product was dissolved in alcohol, 
and boiling water added to the filtered solution, which caused the 
separation of small orange-yellow prisms. These gradually darkened 
above 200° and became black at about 290° without any sign of 
fusion (Found: C, 73-0; H, 3-8. C,,H90,4 requires C, 73-4; H, 
36%). This substance, benzanthragallol, dissolves in sulphuric 
acid with a crimson, and in 1% caustic soda solution with a violet 
colour which quickly fades to a yellow tint in air. With 10% 
caustic soda solution, a deep blue colour is obtained which becomes 
green and then yellow in air. Benzanthragallol dyes mordanted 
woollen cloth in shades distinct from those given by anthragallol 
and by tsobenzanthragallol, although they approximate in depth 
to those given by the former colouring matter. Orange, orange- 
brown, red-brown, and dark brown shades are given by tin, alumin- 
ium, chromium, and iron mordants respectively. 

T riacetylbenzanthragallol, prepared in the usual manner, gives a 
fluorescent solution in acetic acid and crystallises therefrom in 
pale yellow needles, m. p. 221—223° (Found: C, 68-3; H, 41; 
Ci7H 1 0,, 68°5. C,,H,,0, requires C, 68:3; H, 4:0; C,,H4,0,, 
68°8%). 

Methylation. To a boiling mixture of triacetylbenzanthragallol 
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(0-5 g.) in methyl alcohol (7-5 c.c.) and methyl iodide (3 c.c.), caustic 
potash (0-5 g.) * in methyl alcohol was added during 12 hours. The 
product was concentrated, poured into ether, insoluble resinous 
matter removed, and the ethereal solution washed with dilute 
alkali and evaporated. The residue, crystallised first from benzene 
and then from alcohol, yielded lemon-yellow, hair-like needles 
(0-07 g.), m. p. 143—144° (Found: C, 74-6; H, 5-1; CH,, 13-9. 
Co9H 40, requires C, 75-0; H, 5-0; CH,, 141%). Benzanthragallol 
trimethyl ether can also be prepared by methylating benzanthragallol 
with methyl sulphate in the usual manner. Its yellow ethereal 
and alcoholic solutions have a green fluorescence. 

Reduction of 2: 3-Diacetylanthragallol—On treatment of this 
compound with stannous chloride—hydrochloric acid by a similar 
method to that employed with triacetylanthragallol, only 1 : 2 : 3- 
trihydroxy-9-anthrone (or anthranol) was produced. 

Tribenzoylanthragallol.—Dibenzoylanthragallol (see below) (2 g.), 
dissolved in pyridine (6 c.c.), was treated with benzoyl chloride 
(1 c.c.); crystals (2-3 g.) separated, and after dilution with an equal 
volume of alcohol these were removed and recrystallised from 
benzene-alcohol, pale yellow prisms, m. p. 213—215°, being obtained 
(Found : C, 73-8; H, 3:35. C,H, 0, requires C, 73-9; H, 35%). 

Reduction. To tribenzoylanthragallol (1 g.) in boiling acetic acid 
(50 c.c.), a boiling solution of stannous chloride—hydrochloric acid 
(25 c.c.) was added; the green precipitate first formed became 
colourless and crystalline after a few minutes’ boiling. When cool, 
the crystals (0-5 g.) were removed (filtrate A), washed with hydro- 
chloric acid and water, and recrystallised from acetone, almost 
colourless prisms containing acetone of crystallisation being obtained. 
When freed from solvent of crystallisation, these melted at 212— 
214° (Found: C, 74-4; H, 4:1; C,H,O,, 55-6. C,,H,,0, requires 
C, 74-7; H, 40; C,H,O,, 542%). A further quantity of this 
substance was isolated from filtrate A by dilution with water; the 
precipitate was collected, washed with hydrochloric acid and water, 
dried, and dissolved in boiling alcohol, from which crystals (0-25 g.) 
separated on cooling. 

In order to eliminate the benzoyl groups from this compound, 
dibenzoyl-2 : 3 : 4-trihydroxy-9-anthrone (or anthranol), it was sus- 
pended in methyl alcohol, caustic soda solution added in small 
amount, and the mixture boiled for a few seconds. Acidification 
now yielded a dark purple precipitate, which was extracted with 
sodium bicarbonate solution to remove benzoic acid, dried, and 
acetylated. The product, repeatedly crystallised from alcohol- 


* Commercial stick. Theory requires 0-415 g. KOH for hydrolysis of the 
acetoxy-groups and formation of the trimethyl] ether. 
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acetic acid, was obtained as colourless prisms, identical (mixed 
melting point) with 2 : 3 : 4-triacetoxy-9-anthranyl acetate. 

Dibenzoylanthragallol—Benzoy] chloride (2:3 ¢.c.) was slowly 
added to anthragallol (2 g.) in pyridine (10 c.c.) and after a while the 
solution was diluted with alcohol (10 c.c.). Crystals (2-5 g.) separated, 
and on recrystallisation from benzene were obtained as yellow 
leaflets, m. p. 204—206°. As this melting point is very similar to 
that of tribenzoylanthragallol (m. p. 213—215°), a determination 
of the molecular weight was necessary (Found: C, 72-4; H, 36; 
M, 453. C,,H,,0, requires C, 72-4; H, 3-45%; M, 464). 

Reduction. To a boiling solution of dibenzoylanthragallol (1 g.) 
in acetic acid (60 c.c.), stannous chloride—hydrochloric acid (20 c.c.) 
was added slowly in order to avoid precipitation and the mixture was 
boiled for 5 minutes. On cooling, crystals (0-6 g.) were gradually 
deposited (filtrate A); these were washed with hydrochloric acid 
and then with water, and recrystallised from acetic acid, very pale 
yellow needles, m. p. 188—190°, being obtained (Found: C, 74:8; 
H, 4-0. C,,H,,0, requires C, 74-7; H, 4-0%). 

This substance, dibenzoyl-1 : 2 : 3-trihydroxyanthrone (or 
anthranol), suspended in boiling alcohol, was treated with a few 
drops of caustic soda solution (10%). The deep yellow liquid first 
formed quickly became brown and from this by acidification and 
dilution with water a dark violet precipitate separated. This was 
collected, extracted with sodium bicarbonate solution to remove 
benzoic acid, and acetylated with a mixture of equal parts of 
acetic anhydride and acetic acid. Crystals separated as the boiling 
proceeded, and these, which after recrystallisation from much 
acetic acid melted at 239—240° (decomp.), consisted without doubt 
(mixed melting point) of monoacetyl-1 : 2 : 3-trihydroxyanthrone 
(or anthranol). 

From the filtrate (A), on dilution with water, a precipitate (0-2 g.) 
separated. This, repeatedly crystallised from alcohol-acetic acid, 
gave colourless plates, m. p. 213—216° (decomp.) (Found: C, 72-7; 
H,4-2. C,,H,,0; requires C, 72-8; H, 405%). As this compound 
on alkaline hydrolysis yielded an anthranol having the characteristic 
properties of the 1 : 2: 3-trihydroxy-compound, it was evidently 
monobenzoyl-1 : 2 : 3-trihydroxyanthrone (or anthranol). 

T riethylcarbonatoanthragallol.—Diethylcarbonatoanthragallol (Per- 
kin and Storey, J., 1928, 242) (6 g.) was dissolved in a mixture of 
pyridine (3 c.c.) and benzene (60 c.c.) and, after partial cooling, 
ethyl chloroformate (12 c.c.) was added all at once to the stirred 
solution. Viscid matter was gradually deposited, and after addition 
of charcoal the mixture was boiled, and the liquid filtered and 
evaporated to dryness with stirring. The residue, after being 
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washed with alcohol, crystallised from alcohol-acetic acid in very 
pale yellow prisms’ (5-9 g.), m. p. 103—105° (Found: C, 584; H, 
4:3. CzgH 29011 requires C, 58-5; H, 42%). 

If a suspension of triethylcarbonatoanthragallol in cold pyridine i is 
kept over-night, it is converted without apparent solution into the 
diethylearbonato-derivative. Tribenzoylanthragallol is, however, 
not thus affected. Diethylcarbonatoanthragallol is again produced 
when a cold acetic acid solution of the triethylearbonato-compound 
is treated with stannous chloride-hydrochloric acid, and the mixture 
kept over-night. This accounts for the fact (see below) that, when 
triethylearbonatoanthragallol is reduced in the manner indicated, the 
products are identical with those given by the diethylearbonato- 
derivative. 

Reduction. To a boiling solution of triethylcarbonatoanthragallol 
(4 g.) in acetic acid (40 c.c.), a boiling solution of stannous chloride- 
hydrochloric acid (40 c.c.) was added. ‘The precipitate first formed 
rapidly redissolved and the deep orange solution gradually became 
pale yellow. After 2 days, the crystals (0-9 g.) (filtrate A) were 
removed and recrystallised from alcohol—acetic acid, pale yellow 
prisms, m. p. 131—132°, being obtained (Found: C, 62-4; H, 4-9. 
Cy9H,,0, requires C, 62-2; H, 47%). 

The removal of the carbethoxy-groups from this compound, 
which evidently consisted of 1-hydroxry-2 : 3-diethylearbonato-9- 
anthranol, and the acetylation of the product were carried out as 
with dibenzoyl-1 : 2 : 3-trihydroxyanthranol, monoacetyl-1 : 2 : 3- 
trihydroxy-9-anthranol being obtained. 

Addition of water to filtrate (A), which had a strong odour of 
ethyl acetate, gave a resinous precipitate. This, after being washed, 
was dissolved in a little alcohol ; the crystals (1 g.) obtained, on 
recrystallisation from alcohol, yielded colourless needles, m. p. 
156—158° (Found: C, 62-1; H, 4:8. C,,H,,0, requires C, 62-2; 
H, 47%). As this substance gave 2 : 3 : 4-triacetoxy-9-anthranyl 
acetate by alkaline hydrolysis and subsequent acetylation, it con- 
sisted of dicarbethoxy-2 : 3 : 4-trihydroxy-9-anthranol (or anthrone). 

Diethylcarbonatoanthragallol—_The method employed for the 
preparation of this compound differed somewhat from that given 
by Perkin and Storey (/oc. cit.). To anthragallol (5 g.) in hot 
pyridine (20 c.c.), ethyl chloroformate (6-5 c.c.) was slowly added, 
followed, after cooling, by alcohol; the crystals obtained melted at 
174—175° after recrystallisation from acetic acid. 

Reduction. A boiling solution of stannous chloride—hydrocbloric 
acid (120 c.c.) was added to diethylcarbonatoanthragallol (6 g.) in 
boiling acetic acid (120 o.c.). Next day, the crystals (2-4 g.) which 
had separated were collected (filtrate A) and repeatedly crystallised 
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from alcohol-acetic acid. The product was identical with the 
diethylearbonato-1 : 2 : 3-trihydroxy-9-anthrone (mixed melting 
point) prepared in part (see above) by the reduction of triethyl- 
carbonatoanthragallol. 

From the filtrate (A) by addition of water a precipitate was 
obtained which, when digested with alcohol, yielded crystals (1 g.); 
these, recrystallised from acetic acid, gave almost colourless prisms, 
m. p. 218—219° (decomp.) (Found: C, 64-9; H, 4:7. C,,H,,0, 
requires C, 65-0; H, 45%). Alkaline hydrolysis gave 1:2: 3- 
trihydroxy-9-anthrone (or anthranol)—evidence that the com- 
pound was its monocarbethory-derivative. From the alcoholic 
filtrate, only resinous matter could be isolated. 

Reduction af Monoacetylalizarin.—To monoacetylalizarin (5 g.) 
in boiling acetic acid (50 c.c.), boiling stannous chloride—hydrochloric 
acid (50 c.c.) was added, and the digestion continued for a few 
minutes. The mixture slowly deposited pale orange plates of 1 : 2- 
dihydroxyanthrone (3 g.), which, after recrystallisation from alcohol, 
melted at 149—151° (Found : C, 74:7; H, 4-7. Cale. for C,,4H 1903 : 
C, 743; H, 44%). Acetylation in the usual manner gave 1 : 2- 
diacetoxy-9-anthranyl acetate, which crystallised from  alcohol- 
acetic acid in colourless plates, m. p. 185—-187° (Found: ©, 68-1; 
H, 4-8. C,.9H,,0, requires C, 68-2; H, 4-5%). 

The filtrate from the reduction mixture gave a further 0-4 g. of 
1 : 2-dihydroxyanthrone on addition of water. 

Reduction of Diacetylalizarin.—Stannous chloride-hydrochloric 
acid (50 c.c.) was added to diacetylalizarin (5 g.) in boiling acetic 
acid (50 ¢.c.), and the mixture boiled for a few minttes. The 
liquid, at first orange-red, soon became lighter in colour and, on 
keeping, deposited orange needles consisting apparently of the 
oxonium salt, These were removed (filtrate A) and decomposed 
by digestion with boiling water, yielding a pale yellow product 
(2-35 g.) which was shown to be deoxyalizarin by the melting point 
of its acetyl compound in admixture with acetyldeoxyalizarin. 

The filtrate A, on dilution with water, gave a precipitate (0°35 g.) 
(filtrate B) of 1: 2-dihydroxyanthrone, identified in the form of 
its acetyl derivative, m. p. 185—187°. 

From the filtrate B, by saturation with sodium chloride, a further 
amount (0-65 g.) of deoxyalizarin was isolated. 

Reduction of Acetylalizarin 2-Methyl Ether.—A. solution of the 
ether (30 g.) in boiling acetic acid (300 c.c.) was slightly cooled, and 
stannous chloride-hydrochloric acid (120 c.c.) then added, An 
orange precipitate immediately separated which became crystalline 
and lighter in colour on keeping. After 60 hours, the crystals 
(22 g.) were collected : they consisted, without doubt, of 4-hydroxy- 
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3-methoxyanthranol (Miller and Perkin, loc. cit.), From the acid 
filtrate, a trifling amount of the same compound could be 
isolated. 

Reduction of Alizarin.—To a boiling solution of alizarin (2 g.) in 
acetic acid (100 c.c.), hot stannous chloride—hydrochloric acid (100 
c.c.) was added and the mixture was boiled for a few minutes and 
then diluted with an equal volume of boiling water. On cooling, 
erystals (0-8 g.) of 1:2-dihydroxyanthrone separated; after 
recrystallisation from alcohol, they melted at 149—151°. The 
filtrate was further diluted with water and saturated with sodium 
chloride, the precipitate collected and dissolved in a little alcohol, 
and the solution treated with boiling water. On cooling, crystals 
(0-5 g.) separated having all the properties of 3: 4-dihydroxy- 
anthranol. 

When alizarin is digested with stannous chloride—hydrochloric 
acid in the absence of acetic acid (compare Goodall and Perkin, J., 
1924, 125, 473), a viscid mass is obtained, reduction, at least in part, 
proceeding beyond the anthranol stage. From the product, which 
is readily soluble in alcohol, only 3: 4-dihydroxy-9-anthranol in 
trifling amount has hitherto been isolated. 

Reduction of 1-Acetoxyanthraquinone.—To 1-acetoxyanthraquinone 
(2 g.) in hot acetic acid (15 c.c.), stannous chloride—hydrochloric 
acid (12 c.c.) was added, causing a deposit to separate (stage A). 
This, on further heating, yielded an orange-brown liquid, which 
rapidly became pale yellow and then deposited crystals. These were 
collected after 12 hours and recrystallised, first from acetic acid 
containing stannous chloride—-hydrochloric acid, and then from 
toluene. The almost colourless, flat needles of 4-hydroxy-9-anthranol 
obtained melted at 240—242°. If the mixture at stage A is kept in 
the cold for 2 days, complete conversion into the anthranol also 
occurs without further heating (Found : C, 79-7; H, 4-9. C,4H490, 
requires C, 80-0; H, 48%). From the reduction mother-liquors, 
a trace of the same compound only could be isolated, and there was 
no evidence of the formation of the isomeric 1-hydroxy-9-anthrone. 
Acetyl-4-hydroxy-9-anthranol, prepared in the usual manner, forms 
colourless prisms, m. p. 173—175°. The alcoholic solution has a 
faint blue fluorescence (Found : C, 73-4; H, 4:7. C,gH,,0, requires 
C, 73-5; H, 48%). 

Reduction of Diacetylchrysazin—To diacetylchrysazin (4-5 g.) in 
boiling acetic acid (150 c.c.), stannous chloride—-hydrochloric acid 
(100 c.c.) was added. The crystals which separated on cooling were 
collected (yield, 3-5 g.) and crystallised from alcohol or nitrobenzene, 
from which solvents 4 : 5-dihydroxy-9-anthranol separated in almost 
colourless leaflets or prismatic needles respectively. These darkened 
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at 250° and melted at about 293—295° (Found: C, 74-0; H, 4-6. 
©14H 90, requires C, 74:3; H, 44%). 

Acetyl-4 :5-dihydroxy-9-anthranol crystallises from acetic anhydride 
in needles, m. p. 220—222°, which gradually develop a brownish- 
black tint on exposure to sunlight (Found: C, 67-7; H, 4:5. 
Cy9H,,0, requires C, 68-2; H, 4:5°%). Sulphuric acid dissolves it to 
form a brown liquid which slowly becomes green and finally orange. 

Reduction of 2-Acetoxyanthraquinone.—To 2-acetoxyanthraquinone 
(2 g.) in acetic acid (15 c.c.), stannous chloride—hydrochloric acid 
(15 c.c.) was added, and the solution boiled for 5 minutes. The 
crystals which separated on cooling melted at 198—200° and 
evidently consisted of 3-hydroxy-9-anthranol, for on acetylation 
the acetyl compound, m. p. 155—157°, was produced. A further 
amount of the same substance was contained in the reduction 
mother-liquor, from which also the acetyl compound was prepared. 

Formation of isoBenzalizarin from Alizarin.—A mixture of alizarin 
(5 g.), sulphuric acid (62° Bé; 125 g.), glycerol (10 g.), and aniline 
sulphate (7-5 g.) was gradually heated to 150° and kept there for 
1 hour. The liquid, when poured into water, gave a green preci- 
pitate; this was dried and dissolved in alcohol and the solution was 
concentrated and poured into much ether. From the residue 
obtained by evaporation of the ether, only unchanged alizarin could 
be isolated. Better results were obtained by first heating the 
solution of alizarin and aniline sulphate at 150° for an hour, then 
adding the glycerol and heating again for an hour. The product, 
isolated with ether as above stated, gave on acetylation a small 
quantity of an acetyl compound, m. p. 243—245°, identical with 
monoacetylisobenzalizarin (mixed melting point). 

2-Acetylanthragallol Boroacetate.—1 : 2 : 3-Trihydroxy-9-anthrone 
(1 g.) in cold acetic anhydride (6 c.c.) was treated with boroacetic 
anhydride (0-15 g.) and a few drops of pyridine, and the mixture 
kept over-night. The anthranol, without apparent solution, was 
converted into a dull orange, crystalline powder; this was collected, 
washed with acetic anhydride and with anhydrous ether, and centri- 
fuged until dry. It was slowly decomposed by cold and rapidly by 
hot water, yielding, in addition to boric and acetic acids, 2-acetyl- 
anthragallolanthranol: (m. p. 239—240°, decomp.) [Found by 
Dimroth’s method (loc. cit.) : 2-acetylanthragallolanthranol, 68-6, 
69-8; acetic acid, 27-1, 26-4; boric acid, 13-7, 14-3. 
C,gH,,0;B(OAc), requires 2-acetylanthragallolanthranol, 68-9; 
acetic acid, 29-1; boric acid, 15-05%]. 


We are much indebted to the British Alizarine Co. Ltd. for gifts 
of commercial 1-hydroxyanthraquinone, chrysazin and alizarin, 
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and to the British Dyestuffs Corporation Ltd. for anthragallol and 
for the preparation in considerable amount of alizarin 2-methyl 
ether. 


CLOTHWORKERS’ RESEARCH LABORATORY, 
Tue University, LEEDs. [ Received, November 30th, 1929.] 





XLV.—The Development of Colour by Photochemical 
Change in Concentrated Solutions of Ammonium 


Thiocyanate. 
By B. S. SHarma. 


LIESEGANG (Eder’s Jahrb. Photographie, 1894, 49) showed that the 
colour developed when concentrated aqueous solutions of ammonium 
thiocyanate are exposed to light is not due to traces of iron, and 
Holmes (J., 1926, 1690) attributed it to colloidal sulphur produced 
in the irreversible change NH,SCN —> NH,CN +S. Werner and 
Bailey (ibid., p. 2970), however, dissented from this view and 
suggested that the cause might be found in some tautomeric form 
of thiocyanic acid or in the formation of a coloured complex between 
thiocyanic acid and the solvent. Bhatnagar and others (J. Indian 
Chem. Soc., 1927, 4, 229) concluded that the colour was due to 
cyanogen sulphide and that the precipitate was a polymeride (CNS),, 
suggesting the mechanism NH,CNS + H,O == NH,OH + HCNS, 
2HCNS + O—> H,0 + 2CNS, 2«(CNS)—-»(CNS),. Montignie 
(Bull. Soc. chim., 1928, 43, 106) and Patten and Smith (7’rans. Roy. 
Soc. Canada, 1928, 22, III, 221) considered ferric thiocyanate to be 
responsible for the colour. According to Montignie, the reaction 
2FeSO, + O + 6HCNS = H,0 + 2H,SO, + 2Fe(CNS), occurs. 

The work now described (finished before the last two papers 
were available) was initiated in view of the conflicting nature of 
the foregoing conclusions. 


EXPERIMENTAL. 


1. Samples of ammonium thiocyanate which did not give rise to 
the colour on insolation were produced (i) by the action of either 
ammonium carbonate or ammonium sulphate on barium thiocyanate, 
prepared by treating ammonium thiocyanate with baryta, and also 
(ii) by boiling a fairly dilute solution of the salt with animal charcoal, 
boiled with pure hydrochloric acid and dried before use. More- 
over, these samples did not develop colour when treated with pure 
hydrochloric acid, hydrogen peroxide, or chlorine. 

2. Iron was detected in the salt by arc and spark spectral lines, 
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3. Traces of iron (as ferrous or ferric salt or as metal) added to 
the pure samples produced a colour upon insolation. 

4. Both the intensity of the colour developed and the time required 
for its disappearance in the dark were proportional to the amount 
of iron introduced. 

5. The ethereal extract of the colour developed with ferrous salt 
and ammonium thiocyanate was intensified by dilution. 

6. A solution in water-free pyridine exhibited a photochemical 
change similar to that in aqueous solution. 

7. Even after repeated insolations and storage in the dark, 
aqueous solutions yielded no precipitate. 

8. Gelatin inhibited the development of the colour. 

Discussion.—Expts. 1, 2, and 3 show that traces of iron present 
as impurity are responsible for the coloration. Expt. 4 rules out 
the possibility that the iron functions as a catalyst, and shows that 
it actually takes part in the formation of the coloured compound, 
light supplying the energy. The formation of ferric thiocyanate is 
doubtful, for it is decolorised neither by heating (Scott, “‘ Standard 
Methods of Analysis,” 4th edtn., 1927, 246) nor by keeping in the 
dark (Dhar, J. Indian Chem. Soc., 1929, 6, 143); moreover, it is 
bleached by light, and is entirely extracted by ether, the extract 
leaving a coloured residue on evaporation, whereas the extract from 
the insolated solutions does not behave so. The photochemical 
colour, produced with traces of ferric iron insufficient to show color- 
ation ordinarily, can hardly be due to ferric thiocyanate (compare 
J. Soc. Chem. Ind., 1929, 48, 3367). Expt. 5 distinguishes the 
colour developed with ferrous iron from that of ferric thio- 
cyanate. Expt. 6 shows that the colour is probably not depen- 
dent upon hydrolysis or upon oxygen-containing solvents. The 
photochemical change in Expt. 7 appears to be reversible. The 
ready disappearance of the colour in the dark, on heating, or on 
dilution, its non-appearance in the absence of oxygen and traces 
of iron, and its appearance at high concentrations show that the 
compound is a sort of loose additive complex of ferrous thiocyanate 
with oxygen, and that its formation is probably connected with the 
changes at high concentrations. 

Further work on the subject is in progress. 


The author’s thanks are due to Dr. H. B. Dunnicliff for his interest 
in the work, and to Pundit M. M. Malinya, the Vice-Chancellor of 
the Benares University, for affording laboratory facilities. 


Government CoLLecr, LAHORE, 
4nD BENARES UNIVERSITY. [ Received, September 9th, 1929.] 
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XLVI.—Hydroxyamino-acids. 
By Wu14mM Jonn Nosss Burcu. 


Dakin has shown (J. Biol. Chem., 1921, 48, 273) that maleic acid 
on treatment with chlorine water gives chlorohydroxysuccinic acid, 
which is converted by the action of ammonia into hydroxyaspartic 
acid. 

Acrylic, crotonic, and tiglic acids behave in the same way under 
such conditions, giving mixtures of the «- and @-acids : 


CHR _, HOCHR -, HOCHR and NH,CHR 
CH-CO,H CICH-CO,H = NH,*CH-CO,H HO-CH-CO,H 


Glutaconic acid, however, behaves abnormally, giving dihydrozy- 
glutaramic acid, possibly owing to the intermediate formation of a 
sai selina The conversion of chloro- 
hydroxyglutaric acid into hydroxyglutamic acid by Gabriel’s 
phthalimide process has been unsuccessfully attempted. 


lactam, 





EXPERIMENTAL. 


Preparation of Glutaconic Acid.—Ethyl sodio-«y-dicarbethoxy- 
glutaconate (Ingold and Perren, J., 1921, 119, 1591) was converted 
into glutaconic acid by a method communicated to the author by 
Dr. G. A. R. Kon. The tetracarboxylic ester was liberated from 
the sodium derivative by means of a mineral acid in the presence 
of ether and, without being dried, the ethereal solution was evapor- 
ated. The ester was then heated with alcohol (} vol.) and 10% 
hydrochloric acid (3 vols.) until all the oil disappeared and no oil 
separated on cooling (5 hours). The alcohol was distilled off, and 
glutaconic acid (m. p. 132°) crystallised on cooling; a little more 
was obtained by extracting the mother-liquor with ether, drying 
the extract with sodium sulphate, concentrating it and adding 
benzene. 

Barium «-Chloro-8-hydroxyglutarate-—Glutaconic acid (10 g.) 
was treated with a large excess of hypochlorous acid (prepared by 
extracting bleaching powder with water and distilling the extract 
in a vacuum with the calculated quantity of 5°, nitric acid), after 
24 hours the mixture was exactly neutralised with baryta and the 
filtered solution was concentrated in a vacuum, finally over con- 
centrated sulphuric acid; the yellow crystals obtained (16 g.; 
yield, 66%) were recrystallised from water (Found: Ba, 43-5; 
Cl, 11-0. C;H,;0,ClBa requires Ba, 43-2; Cl, 11-2%). 
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Ammonium Dihydroxyglutaramate.—Barium «-chloro-$-hydroxy- 
glutaramate was converted into ammonium dihydroxyglutaramate 
by removing the barium as sulphate and adding methyl alcohol 
saturated with ammonia. 

A better yield was obtained as follows: A mixture of 10 g. of 
glutaconic acid with a large excess of hypochlorous acid’ was kept 
for 24 hours and then evaporated to small bulk in a vacuum at 50°. 
Methyl alcohol saturated with dry ammonia was added in excess, 
and the mixture left in a stoppered bottle. Rosettes of tiny platelets 
began to form after 24 hours and the reaction was complete in about 
a week. The crystals were recrystallised from aqueous alcohol 
(yield, 6 g. or 43%, of the theoretical) [Found : total N (by Kjeldahl’s 
method), 15-65; N (as NH,), 7-0; C, 34:3; H, 6-7. O,;H,,0,N, 
requires total N, 15-55; N (as NH,), 7-8; C, 34-1; H, 6-8%]. 

Dihydroxyglutaramic Acid, CO,H-CH,-CH(OH)-CH(OH)-CO-NH,. 
—The ammonium salt was treated in aqueous solution with silver 
oxide, and the product with hydrogen sulphide. The crystalline 
material obtained did not give the ninhydrm reaction for «-amino- 
acids, and in an estimation of amino-nitrogen by Van Slyke’s method, 
no nitrogen was obtained after 24 hours by means of acetic acid; 
the theoretical amount was evolved, however, after 24 hours on 
treatment with sodium nitrite and concentrated hydrochloric acid 
(Plimmer, J., 1925, 127, 2651). On prolonged boiling with baryta, 
the whole of the nitrogen in the compound was obtained as ammonia. 
The acid reduced ammoniacal silver nitrate and gave a deep blue 
colour with copper sulphate solution and caustic soda [Found : 
total N (by Kjeldahl’s method), 8-4; N (by Van Slyke’s method 
as above), 8:5; C, 36-5; H, 5-6; M (by means of the silver salt), 
163. C;H,O,;N requires N, 8-6; C, 36-8; H, 55%; M, 163]. 

a-Amino-$-hydroxybutyric Acid.—A solution of 4-5 g. of crotonic 
acid in water was mixed with hypochlorous acid (25% excess) and, 
after 12 hours, evaporated under diminished pressure. A solution 
of the residual yellow syrup in methyl alcohol was cooled in ice, 
saturated with dry ammonia, and heated in an autoclave at 120° 
for 10 hours. On cooling, no crystals formed. The solution was 
treated with an excess of baryta, the ammonia removed by aeration 
and the barium with sulphuric acid, the filtrate boiled with lead 
oxide to remove chloride, and the lead removed with hydrogen 
sulphide. The filtrate was treated with silver oxide to ensure com- 
plete removal of sulphide and chlorine, filtered, and evaporated 
in the dark; silver «-amino-$-hydroxybutyrate crystallised in thin 
platelets, which rapidly darkened in light (Found: Ag, 47-2. 
C,H,O,NAg requires Ag, 47-8%,). 

The acid was obtained by removing the silver with hydrogen 







































a 








312 BURCH: HYDROXYAMINO-ACIDS. 


sulphide, and the hydrogen sulphide by aeration. On evaporation 
in a vacuum, a pale yellow syrup was obtained which slowly crystal- 
lised in a vacuum over concentrated sulphuric acid (yield, 2-7 g.; 
45%, of the theoretical) [Found: total N (Kjeldahl), 11-6; amino- 
N (Van Slyke), 11-3. Cale. for C,H,O,N: N, 118%]. The acid 
is very deliquescent, gives a strong ninhydrin reaction, and forms 
a pale blue crystalline copper salt and well-defined crystalline salts 
with cinchonine and quinine (Found for the cinchonine salt: N, 
10-0. C,H,O,N,C,,H,.ON, requires N, 10-2%). ‘ 

The positive ninhydrin reaction and the fact that the total amino- 
nitrogen is only obtained after 10 minutes’ shaking with sodium 
nitrite and glacial acetic acid suggest that the product of the above 
reaction is a mixture of the «- and $-amino-acids. 

a-Amino-B-hydroxy-a-methylbutyric Acid, 

HO-CHMe-CMe(NH,)-CO,H. 

—Tiglic acid (5 g.) was treated in the same way as the crotonic acid 
in the previous experiment. The silver salt is a white powder 
(Found: Ag, 44-6. O;H,,O,NAg requires Ag, 450%). The acid 
was obtained as a yellow syrup which slowly crystallised [Found : 
N. (Kjeldahl), 10:3; amino-N (Van Slyke), 10-1. C;H,,0,N 
requires N, 10:5%]. All the preceding statements regarding 
o-amino-$-hydroxybutyric acid apply also to this acid (Found for 
the brucine salt: N, 7-5. C;H,,0,N,C,,H,,O,N, requires N, 8-0%). 

isoSerine.—This was similarly prepared from acrylic acid (Meli- 
kow, Ber., 1880, 13, 1265). It gave the ninhydrin reaction, and 
the total amino-nitrogen was evolved only after 10 minutes’ shaking 
with glacial acetic acid and sodium nitrite: this suggests that this 
product also is a mixture of serine and isoserine (the «- and $-amino- 
acids). 

Hydroxyaspartic Acid.—Maleic acid was converted in the same 
way and also by Dakin’s method (loc. cit.) into hydroxyaspartic 
acid. The compound obtained by either method gave the ninhydrin 
reaction, and the whole of the amino-nitrogen was evolved after 
5 minutes’ shaking with glacial acetic acid and sodium nitrite. 


The author gratefully acknowledges a research grant from 
Imperial Chemical Industries, Ltd., to Professor R. H. A. Plimmer, 
which has defrayed the cost of this work. 


Sr. Tuomas’s Hosrrrat Westminster Scnoot, 8.W. 
Mzpicat ScHooL. [Received, December 2nd, 19298.] 
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XLVII.—Lichen Acids. Part I. Derivatives of 
B-Orcinol. 


By ALEXANDER ROBERTSON and RICHARD 
JOHN STEPHENSON. 


ALTHOUGH §-orcinol, the homologue of orcinol, was isolated in 1848 
by Stenhouse (Annalen, 68, 104) as a product of the action of lime- 
water on impure usnic acid from Usnea ceratina, it was not until 
1880 that Stenhouse and Groves (J., 37, 405) were able to show that 
the phenol was derived from barbatic acid, which they obtained 
from U. barbata. This acid has since been isolated from a number 
of lichens, in which it invariably occurs along with usnic acid (for 
references, see Perkin and Everest, ‘‘ Natural Organic Colouring 
Matters,”’ 1918, pp. 530—542). Hesse (Ber., 1898, 31, 664; J. pr. 
Chem., 1898, 58, 526; 1903, 68, 14) found that barbatic acid on 
hydrolysis gave rhizonic acid in addition to @-orcinol; rhizonic acid 
he believed to be the monomethyl ether of $-orcinolcarboxylic acid, 
and the depside to be derived from 8-orcinolearboxylic acid and 
rhizonic acid. The §-orcinol nucleus has since been found to occur 
in a number of depsides—atranorin (Hesse, Ber., 1897, 30, 358; 
J. pr. Chem., 1898, 57, 280), dirhizonic acid (Hesse, ibid., 1898, 
58, 531; 1906, 73, 120), soloric acid (Zopf, Annalen, 1909, 364, 
307; Hesse, J. pr. Chem., 1915, 92, 425), and armoric acid (Hesse, 
ibid., 1907, '76, 7). 

In a study of the constitution of these depsides by synthetical 
means, it was essential first to devise a method for the preparation 
of B-orcinol in quantity, Kostanecki’s process (Ber., 1886, 19, 2323) 
having been found unsuitable. Reduction of 2 : 6-dinitro-p-xylene 
(prepared from p-xylidine by Sonn’s method; Ber., 1916, 49, 621) 
by ammonia and hydrogen sulphide invariably gave poor yields of 
6-nitro-p-2-xylidine, but reduction by sodium disulphide in aqueous- 
acetone solution proved effective. The nitroxylidine was converted 
into 6-nitro-p-2-xylenol (compare D.R.-PP. 95,359 and 97,012), the 
reduction of which to 6-amino-p-2-axylenol was conveniently effected 
in alcoholic solution by iron (compare West, J., 1925, 127, 494). 
Attempts to prepare §-orcinolcarboxylic acid by the method 
adopted by one of us (A. R.) and Robinson (J., 1927, 2196) for 
the preparation of p-orsellinic acid failed (compare Kostanecki, 
loc. cit.). 

6-Orcylaldehyde (I) was prepared by Gattermann’s method 
(compare St. Pfau, Helv. Chim. Acta, 1928, 41, 864): the dicarbo- 
methoxy-derivative (II) on oxidation with potassium permanganate 

M 







































Ne eS 


one emer EP rer eens 


314 ROBERTSON AND STEPHENSON : LICHEN ACIDS. 


in acetone solution and hydrolysis of the product, gave §-orcinol- 
carboxylic acid (III). 


Me 
HO 0,H 
HO. {OH ~~" Me0,C cel Bias m¢: ‘ 
Me 
(I.) ae an 


The synthetic acid is identical with a specimen obtained by hydro- 
lysis of the methyl ester prepared from atranorin by St. Pfau’s 
method (Helv. Chim. Acta, 1926, 9, 650): the instability of the acid 
and its salts in warm aqueous solution may account for the inability of 
previous workers to isolate it by hydrolysis of the ester or of barbatic 
acid. The silver salt rapidly decomposed on exposure to light and 
was unsuitable for the preparation of esters. These, however, 
were readily formed in warm alcoholic solutions of the acid. The 
methyl ester thus obtained was identical with a specimen from 
atranorin. This ester has also been isolated from oak moss oil by 
Rosenthal and Walbaum (Ber., 1924, 57, 770). Its reaction with 
ferric chloride depends on the concentration of the alcoholic solution 
—a fact which may account for the divergent results recorded by 
previous authors. 

Partial methylation of 8-orcylaldehyde (I) by the methyl! iodide- 
acetone method (Robertson and Robinson, J., 1928, 1455) proved 
convenient for the preparation of rhizonaldehyde (IV). Sonn (Ber., 
1916, 49, 2589), who prepared this aldehyde from 8-orcinol mono- 
methyl ether by the Gattermann method, believed it to be repre- 
sented m4 the constitution (X) Eireetienan, ell 


Me 
“ono, “orn Ls CO, B.. CO,H 
MeO —* MeO OAc Me ‘OAc Me H 
Me 


ay. ) wa ) = ) (VILI.) 


The orientation of the ether (IV) determined by St. Pfau (Helv. 
Chim. Acta, 1928, 11, 864) has been confirmed, the condensation of 
(IV) with w-methoxyacetoveratrone giving 3:7 : 3’ : 4’-tetramethozy- 
5 : 8-dimethylflavylium chloride. Oxidation of the acetyl derivative 
(V) gave acetylrhizonic acid (VI), which on deacetylation yielded 
rhizonic acid (VII). This acid (VII) has the properties attributed 
to it by St. Pfau (compare Sonn, loc. cit.). 

Attempts to methylate the carbomethoxry-derivative (VIII) with 
diazomethane in ethereal solution failed, and when a mixture of 
nitrobenzene and ether was used a resinous product was obtained. 
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Agitation of an acetone solution of (VIII) containing methyl! iodide 
and active silver oxide gave only a trace of (IX), but this was 
obtained when a methyl iodide solution of (VIII) was refluxed 
in presence of silver oxide. On hydrolysis, it gave isorhizonaldehyde 
(X) identical with that prepared by St. Pfau from $-orcinol mono- 


Me Me Me 

HO: HO HO 

Me0,C-‘O. OH ~7 weo,cot Jon oem nol ous 
Me Me Me 
(VIII.) (IX.) (X.) 


methyl ether. As might be expected, the aldehyde (X), did not 
condense with w-methoxyacetoveratrone to give a flavylium salt. 
The production of (X) from (VIII) determines the orientation of 
the latter substance. 

Experiments on the synthesis of barbatic acid and its ethyl ester 
are in progress. 

EXPERIMENTAL, 

6-Nitro-p-2-xylidine.—A solution of sodium disulphide, prepared 
by refluxing a mixture of sulphur (16-5 g.), hydrated sodium sulphide 
(120 g.), and water (400 c.c.), was added in four portions to 2 : 6-di- 
nitro-p-xylene (100 g.), dissolved in acetone (600 c.c.). When the 
vigorous reaction had ceased, the mixture was refluxed for 3 hours 
and poured into water (21.)._ After 12 hours, the solid was extracted 
three times with warm 10% hydrochloric acid, and on addition of 
aqueous ammonia to the combined extracts (1-5 1.) the nitroamine 
(68 g.) was obtained as a yellow solid, which crystallised from ligroin 
in orange-yellow needles, m. p. 96°. 

6-Nitro-p-2-xylenol.—A solution of the nitroamine (50 g.) in a 
mixture of concentrated sulphuric acid (100 c.c.) and water (200 c.c.) 
was poured on ice (300 g.) to ensure the separation of the sulphate 
in small crystals. Sodium nitrite (20-7 g.), dissolved in water 
(100 c.c.), was then introduced, and the mixture stirred for 1-5 hours. 
The filtered diazo-solution was gradually added to boiling 30% 
sulphuric acid (300 c.c.); on cooling, the nitroxylenol separated. 
Crystallisation from water and then from ligroin gave the product 
(37 g.) in orange-yellow plates, m. p. 91°. The crude nitroxylenol, 
which could not be employed for the next stage, can be purified 
by distillation under diminished pressure, b. p. 185—187°/20 mm. ; 
the warm residue in the flask is, however, liable to explode. 

6-Amino-p-2-aylenol—A mixture of the nitroxylenol (50 g.), 
iron powder (50 g.), alcohol (300 c.c.), and concentrated hydro- 
chloric acid (5 c.c.) was refluxed for 6 hours, a test then showing 
that the reduction was complete. The filtered solution was con- 
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centrated to 75 ¢.c., saturated with hydrogen chloride, and kept at 
0° for some hours. The hydrochloride was collected and washed 
with 96% alcohol saturated with hydrogen chloride. The salt 
crystallised in colourless elongated prisms (38 g.). Saturated 
sodium bicarbonate solution liberated 6-amino-p-2-xylenol, which 
crystallised from water in fern-like clusters of colourless plates, 
m. p. 155° (Found: C, 70-1; H, 8-3. C,H,,ON requires C, 70-0; 
H, 8-1%). The amine is readily soluble in alcohol and in acetone.. 

2 : 6-Dihydroxy-p-xylene (8-Orcinol).—The aminoxylenol hydro- 
chloride (20 g.) was dissolved below 0° in a mixture of concentrated 
sulphuric acid (55 c.c.) and ice and water (800 c.c.). Sodium nitrite 
(8 g.), dissolved in water (100 ¢.c.), was then introduced, and the 
mixture stirred for 45 minutes. The diazonium salt solution was 
heated on the steam-bath until the evolution of nitrogen had almost 
ceased and was then boiled for 5 minutes. A little charcoal was 
added and the solution was filtered, cooled, and saturated with 
ammonium sulphate. Part of the $-orcinol crystallised; the re- 
mainder was isolated by three extractions with ether. The product 
(12 g.) crystallised from benzene in pink stellate aggregates of 
prisms, m. p. 163°; distillation gave a colourless specimen, b. p. 
277—280°. 

8-Orcylaldehyde (I)—A mixture of 6-orcinol (20 g.), anhydrous 
hydrogen cyanide (15 c.c.), and ether (300 c.c.) was saturated with 
hydrogen chloride. The aldimine hydrochloride, which separated 
in almost colourless prisms in 2 hours, was collected after 12 hours, 
washed with ether, and dissolved in cold water (400 c.c.). The 
solution was heated on the steam-bath for 2 hours; a part of the 
aldehyde crystallised and the remainder separated on cooling. 
Recrystallisation from 30% alcohol gave a hydrate (22 g.) in colour- 
less needles, m. p. 168° (Found : C, 61-9; H, 6-5. Cale. for 

CoH 1903,0-5H,0 : 

C, 61-7; H, 63%. Found in a specimen dried at 105—110° for 
6 hours: C, 65-1; H, 6-1. Calc. for C,H,,0,: C, 65-1; H, 6-0% 
(St. Pfau, loc. cit., gives m. p. 163—164°). The ferric chloride 
reaction in alcohol is reddish-violet and addition of the aldehyde to 
aqueous calcium hypochlorite gives an intense yellow coloration. 
Acetylation with acetic anhydride and potassium carbonate gave a 
product which could not be purified. 

2 : 4- Dimethylcarbonato -3 : 6 - dimethylbenzaldehyde  (II).—8% 
Aqueous. sodium hydroxide (62-5 c.c.) was gradually added with 
vigorous agitation to a solution of @-orcylaldehyde (8-8 g.) in 4 
mixture of acetone (80 c.c.) and methyl chloroformate (14-5 g.). 
After 4 hour, saturated sodium bicarbonate solution (50 c.c.) was 
introduced and on dilution with water (300 c.c.) the dicarbomethoxy- 
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derivative separated as an oil which solidified on being scratched. 
The substance crystallised from ligroin in tufts of colourless slender 
needles (13 g.), m. p. 91° (Found: C, 55-4; H, 5-2. C,,H,,0, 
requires C, 55:3; H, 5-0%). This carbonate is readily soluble in 
acetone and moderately readily soluble in cold alcohols. It does 
not give a ferric chloride reaction. 

2 : 4-Dihydroxy-3 : 6-dimethylbenzoic Acid  (8-Orcinolcarboxylic 
Acid) (II1).—(A) Potassium permanganate (5 g.), dissolved in water 
(80 c.c.), was gradually added to a solution of 2 : 4-dimethylearbon- 
ato-3 : 6-dimethylbenzaldehyde (3 g.) in acetone (50 c.c.) maintained 
at 50—55°. After 15 minutes, the reaction mixture, cooled to 
0°, was cleared with sulphur dioxide, and on slow evaporation of the 
acetone a colourless solid separated. A solution of the solid, 
collected after 3 days, in 4% aqueous sodium hydroxide (15 c.c.) 
was kept at room temperature for 4 hour, then cooled to 0°, and 
acidified with 10% hydrochloric acid (10 c.c.). The precipitate 
was dissolved in saturated aquéous sodium bicarbonate (75 c.c.), 
and the solution filtered from traces of -orcylaldehyde. Acidific- 
ation with 10% hydrochloric acid gave almost pure §-orcinol- 
carboxylic acid (1 g.). Warm water was added to a solution of the 
substance in warm acetone until a faint turbidity appeared; the 
cooled solution gave the acid in elongated silky needles, m. p. 184° 
(decomp. to B-orcinol and carbon dioxide) (Found : C, 59-3; H, 5-7. 
C,H, 90, requires C, 59-4; H, 55%). The acid is readily soluble in 
alcohol and in acetone and sparingly soluble in cold water. It de- 
composes in boiling water to @-orcinol and carbon dioxide. The 
ferric chloride reaction in alcoholic solution is intense bluish-violet. 
Addition of the acid to aqueous calcium hypochlorite solution gives 
a transient blood-red coloration. 

A solution of the acid (0-8 g.) in absolute methyl alcohol (20 c.c.) 
was refluxed for 4 hours, and the methyl ester precipitated from 
the cooled solution by means of 1% aqueous sodium bicarbonate 
(50 c.c.). The ester crystallised from 50° methyl alcohol in colour- 
less, elongated, slender prisms, m. p. 143° alone or mixed with a 
natural specimen prepared from atranorin (Found: C, 61-1; H, 6-1. 
Cale. for C,)H,,0,: C, 61-2; H,6-2%). Ferric chloride added to a 
dilute alcoholic solution gives a greenish-brown coloration, which 
becomes brownish-purple on addition of water. A concentrated 
alcoholic solution gives a brownish-purple colour, unchanged by 
dilution with alcohol or by addition of water. The calcium hypo- 
chlorite coloration is a transient orange. 

The ethyl ester was isolated from a solution of the acid (0-8 g.) in - 
absolute alcohol (20 c.c.) which had been maintained at 75° for 6 
hours. Crystallisation from 50% alcohol gave colourless slender 






































—crmrree2 


318 ROBERTSON AND STEPHENSON : LICHEN ACIDS. 


needles, m. p. 129° (Found: C, 62-8; H, 6-9. C,,H,,0, requires 
C, 62-8; H, 67%). The ferric chloride coloration is purple, and 
the calcium hypochlorite an intense orange which rapidly fades. 

(B) A solution of methyl $-orcinolcarboxylate (from atranorin) 

5 g.) in 10% aqueous potassium hydroxide solution was kept in a 

tightly stoppered vessel at room temperature for 50 hours. The 
reddish-brown solution, cooled to 0°, was acidified with 10% hydro- 
chloric acid. After 4 hour, the cream-coloured precipitate was 
collected and extracted with cold saturated sodium bicarbonate 
solution (100 c.c.). Addition of 10% hydrochloric acid to the 
solution, filtered from traces of unchanged ester, gave the acid (III) 
(3 g.), which crystallised from acetone—water in elongated silky 
needles, m. p. 184° (decomp.) alone or mixed with a synthetic 
specimen (Found: C, 59-2; H, 5-7%). The colour reactions are 
identical with those given by the synthetic acid. 

2- Acetoxy -4- methoxy -3 : 6-dimethylbenzaldehyde (Acetylrhizon- 
aldehyde) (V).—A mixture of f-orcylaldehyde (10 g.), methyl iodide 
(8-2 g.), potassium carbonate (10 g.), and acetone (75 c.c.) was re- 
fluxed for 1} hours; a further quantity of iodide (4-1 g.) was added 
after 45 minutes. After removal of the potassium salts and acidific- 
ation with acetic acid, the mixture deposited rhizqnaldehyde (IV) 
(7 g.); a further quantity (3 g.) was obtained by evaporation of the 
acetone residue, and by dissolving the potassium salts in 50% acetic 
acid. The substance crystallised from 50° alcohol in colourless 
prisms, m. p. 136° (Found: C, 66-6; H, 6-7. Calc. for C,9H,,0;: 
C, 66-6; H, 6-7%). The ferric chloride reaction is reddish-brown. 
This aldehyde does not give a coloration with calcium hypochlorite. 

Rhizonaldehyde (10 g.), on treatment with acetic anhydride 
(75 c.c.) and sodium acetate (10 g.) during 3 hours on the steam- 
bath, gave the acetyl derivative (V) (11 g.), which crystallised from 
40% alcohol in colourless needles, m. p. 71° (Found: C, 64-9; H, 
6-6. C©,,H,,0, requires C, 64:9; H, 6-3%). The substance is easily 
soluble in alcohol and acetone and does not give a ferric chloride 
reaction. 

4% Aqueous sodium hydroxide solution (8 c.c.) was added to 4 
mixture of rhizonaldehyde (1 g.), methyl chloroformate (1 g.), and 
acetone (25 c.c.) cooled to 0° (agitation). The carbomethoxy- 
derivative separated on addition of dilute sodium bicarbonate 
solution (40 c.c.) and was collected after 3 hours. It crystallised 
from light petroleum in clusters of prisms, m. p. 90°, which gave 4 
faint brown ferric chloride coloration. 

3:7:3/ : 4’-Tetramethoxy-5 : 8-dimethylflavylium Ferrichloride.— 
Dark red needles with a green reflex separated when hydrogen 
chloride was passed into a solution of rhizonaldehyde (0-75 g.) and 
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w-methoxyacetoveratrone (0-5 g.) in ethyl acetate (40 c.c.). After 
3 days, the chloride was collected and converted into the ferrichloride, 
which crystallised from a mixture of formic and acetic acids (equal 
vols.) in dark red needles, m. p. 240—245° after sintering at 236° 
(Found: C, 45-6; H, 4:4. C,,H,,0;Cl,Fe requires C, 45:4; H, 
4:2%). 

2-Acetoxy-4-methoxy-3 : 6-dimethylbenzoic Acid (Acetylrhizonic 
Acid) (VI).—Potassium permanganate (5 g.), dissolved in water 
(80 c.c.), was gradually added to a sclutiun of acetylrhizonaldehyde 
(4 g.) in acetone (50 c.c.) maintained at 50°. The solution, cooled 
to 0°, was cleared with sulphur dioxide, and on slow evaporation of 
the acetone acetylrhizonic acid, mixed with a trace of unchanged 
aldehyde, crystallised. The acid (purified by solution in aqueous 
sodium bicarbonate as described for {-orcinolcarboxylic acid) 
crystallised from acetone—water (equal vols.) in rectangular plates, 
m. p. 146° (decomp.) (Found : C, 60-7; H, 5-8. C,,H,,0, requires 
C, 60-5; H, 5-9%). It is readily soluble in acetone and alcohol and 
sparingly soluble in warm water, from which it separates in small 

lates. 
4 A solution of the acetyl derivative (2 g.) in 4% aqueous sodium 
hydroxide solution was kept at room temperature for 3 hours. 
Acidification of the solution with dilute hydrochloric acid then gave 
rhizonic acid (VII), which crystallised from acetone—water in 
hexagonal plates, m. p. 232° (Found in a specimen dried at 100° : 
C,61-1; H,6-4. Cale. for C,>H,,0,: C, 61-2; H,6-2%). Addition 
of ferric chloride to an alcoholic solution gives a brown coloration, 
which becomes intense blue-violet on addition of water. The 
calcium hypochlorite coloration is yellow. 

2-Hydroxy-4-methylcarbonato-3 : 6-dimethylbenzaldehyda (VIII).— 
4% Aqueous sodium hydroxide solution (25 c.c.) was gradually 
added to a mixture of 8-orcylaldehyde (4 g.), acetone (40 c.c.), and 
methyl chloroformate (2-4 g.) cooled to 0° (agitation). After 4 hour, 
aqueous sodium bicarbonate (200 c.c.) was introduced, and after 
2 hours the carbomethoxy-derivative was isolated; it crystallised 
from 70° acetone in masses of colourless slender needles, m. p. 
110° (Found: C, 58-7; H, 5-6. C,,H,.0, requires C, 58-9; H, 
5-4%). The substance is easily soluble in acetone and in alcohol 
and insoluble in water. It crystallises from light petroleum in tiny 
prisms. The ferric chloride coloration is red-brown. 

2-Methoxy-4-methylcarbonato-3 : 6-dimethylbenzaldehyde (IX).— 
Active silver oxide was added to a solution of the foregoing carbo- 
methoxy-derivative (5 g.) in methyl iodide (30 c.c.), and the mixture 
refluxed until a sample did not give a ferric chloride reaction. The 
silver oxide was removed by filtration and washed with acetone 
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(150 c.c.). Evaporation of the combined filtrates gave a semi-solid 
product, which was extracted with boiling ligroin. The extract, 
decanted from the insoluble residue and cooled, gave the ether (IX) 
in tufts of colourless elongated prisms (4 g.), m. p. 74—75° (Found : 
C, 60-6; H, 6:2. C,.H,,0, requires C, 60-5; H, 59%). The 
substance is readily soluble in alcohol and acetone and sparingly 
soluble in light petroleum. 

A solution of the foregoing ether (0-6 g.) in 4% methyl-alcoholic 
sodium hydroxide (5 c.c.) was kept at room temperature for } hour, 
then acidified with 50% acetic acid, and diluted with water (40 c.c.); 
isorhizonaldehyde (X), thus precipitated, crystallised from 25% 
methyl alcohol in slender needles, m. p. 151°. This aldehyde does 
not give a ferric chloride reaction. 


The authors wish to express their thanks to the Chemical Society 
for a grant which has partly defrayed the cost of this investigation. 


East LoNDON COLLEGE, 
UNIVERSITY OF LONDON. [ Received, December 5th, 1929.] 





NOTES. 


The Interaction of Sodamide and Alkyl Iodides with Acetophenone and 
its Homologues. By ALFRED RUSSELL. 


NorMAL reaction, producing more than 50% of the theoretical yield 
of «-ethyl-«-n-propyl-«-n-butylacetophenone, occurs between ethyl 
iodide and sodio-n-propyl-n-butylacetophenone in a neutral solvent 
(compare Haller and Bauer, Compt. rend., 1909, 148, 70). 

In ether, the reaction between sodioacetophenone and methyl 
iodide also*is normal; but in benzene no propiophenone is formed, 
the sole product being a polymeride, (C,H,"CO’C,H;),, a white 
amorphous solid, m. p. 96—98°, b. p. 300—320°/15 mm. [Found : 
C, 81-1; H, 7:3; MM, mean of ten determinations, 405. 
(C,H,*CO-C,H;), requires C, 80-6; H, 7-3%; M, 402]. The sub- 
stance is unaffected by acids or alkalis, permanganate, dichromate, 
and fusion with caustic potash, chars when heated strongly in the 
air, and is readily soluble in the common organic solvents but 
insoluble in water, acids, or alkalis. It gives no methyl iodide in the 
Zeisel reaction and is therefore not a trimethoxytriphenylcyclo- 


hexane, It may have a structure, O< GE Ph >CEtPh, similar 


to that of the acetals, which it resembles in chemical stability.— 
Tue Str DonaLp CurRIE LABORATORIES, THE QUEEN’S UNIVERSITY, 
Bexrast. [Received, October 25th, 1929.] 
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The Structure of the Isomeric Methyl Ferrocyanides. 
By 8. GuasstTone. 


ALTHOUGH the suggestion that potassium ferrocyanide exists in two 
isomeric forms (Briggs, J., 1911, 99, 1019) has been shown to be 
erroneous (Bennett, J., 1917, 111, 490; Kolthoff, Chem. Weekblad, 
1919, 16, 1406; Briggs, J., 1920, 117, 1026), the isomerism of 
the tetramethyl] ferrocyanides (Hartley, J., 1913, 103, 1196) appears 
to be well established. Hitherto, however, there has been no satis- 
factory explanation of this isomerism, and the following view is 
therefore proposed. If the structure of the so-called methyl 
ferrocyanide is considered to be [Fe(CH,*NC),(CN),], with the four 
neutral CH,*NC groups (compare Hartley, J., 1911, 99, 1549) co- 
ordinated to the iron atom (see Pfeiffer, “‘ Organische Molekiil- 
verbindungen,” 1927, p. 193, for other instances), the two valency 
electrons of the latter are shared with the two cyanide radicals, and 
the substance will be a non-electrolyte. Further, since it is of the 
type MX,Ag, it can exist in cis- and trans-modifications, thus : 


aad aN 








CH,-NC —| SN CH,-NC —| oH, NC 
afl WO gt se: Py 
CH,-NC———— CH, NC CH,'N my 3 CH,:NC 
CH,°NC N 
Cis.- Trans.- 


The cis-form, having adjacent polar cyanide radicals, is presum- 
ably the more soluble and more reactive; hence it corresponds to 
Hartley’s «-form. The substance (CH,),Fe(NC),I,, produced by 
the action of methyl iodide on the «-form, is probably [Fe(CH,*NC),]I, 
[compare Mg(CH,°CN),I,, possibly Mg(CH,°’NC),I,; Menschutkin, 
Z. anorg. Chem., 1909, 61, 110] and should be an electrolyte. The 
chloride and sulphate prepared by Hartley (J., 1910, 97, 1725) are 
probably analogous.—Tuez UNIveRsity, SHEFFIELD. [Received, 
November 21st, 1929.] 





XLVIII.—The Catalytic Hydrogenation of Different 
Types of Unsaturated Compounds. Part V. The 
Hydrogenation of Cyclic Ethylenic Derivatives and 
of their Mixtures. 

By Seravury V. LeBeprEv and Micnuait PLaTonov. 


Tue following communication is closely connected with Part I of 
our investigation (J., 1925, 127, 417), in which it was shown that 


the rate and nature of hydrogenation of single ethylenic compounds 
N 
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and of their mixtures are determined by the characteristics of the 
type to which they belong (i.e., by the degree of substitution at 
the double linkage in the molecule) rather than by individual 
characteristics. Thus, in every case, monosubstituted ethylenic 
derivatives are hydrogenated preferentially, and tetrasubstituted 
last of all, the di- and tri-substituted types being intermediate. 

This property is most marked in the hydrogenation of mixtures 
of different ethylenic derivatives. Compounds of the same degree 
of substitution at the double bond are hydrogenated concurrently 
in a mixture and their curves show no break, but those of different 
types are hydrogenated consecutively in the above order, so that 
their curves display definite breaks corresponding roughly to the 
end of hydrogenation of one component and the beginning of that 
of another. This is probably due to the fact that the affinity of 
the catalyst for monosubstituted is much greater than for poly- 
substituted ethylenic compounds, those of the same degree of sub- 
stitution being adsorbed with approximately equal readiness, 

Discussion is simplified by the following classification of ethylenic 
compounds according to the degree of substitution at the double 
bond, ¢ denoting a cyclic structure and R the remainder of the 
ring system. 


CHA CHA CAB CAB CAB H ‘A 
CH, CHB CH, CHX CXY Rr RY 
(I.)  (IIs.) (Ilas.) (III.) .(IV.)  (IIe.) (IIIc.)  (IVe.) 


The present communication deals primarily with ethylenic deriv- 
atives in a cyclohexane ring, other cyclic systems being reserved for 
a future paper. We have studied the hydrogenation of single 
representatives of this class, and of their mixtures with one another 
and with open-chain ethylenic derivatives (in all, about forty 
binary mixtures were examined) and the results conform to the 
general rules given above for open-chain compounds. In those 
cases in which the hydrogenation of a mixture of two compounds 
shows a break in the curve, we are justified in assuming that 
both components are often (or perhaps always) hydrogenated 
simultaneously in each section, and this conclusion is supported 
by an examination of the distribution of hydrogen between the 
components in different phases of the process. 

We have found that in some binary mixtures practically pure 
components are hydrogenated on both sections, whereas in other 
cases there are mixtures capable of being analytically separated. 

We have also found that the position of the break on the curves 
of practically all of the binary mixtures examined of an open-chain (see 
Part I) and a cyclic ethylenic derivative exactly corresponds with the 
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consecutive hydrogenation of the pure components in the mixture. 
As appreciable deviations from this rule are extremely rare, it is 
possible to calculate the composition of the mixture to within a 
few units % from the volume of hydrogen absorbed on the different 
portions of the curve. 

Two such deviations are shown in Fig. 8 (curves 1 and 4), the 
breaks being considerably removed from the calculated positions 
in each case. The only other deviation is much more peculiar. It 
was noted in the pair carvone-camphene (Fig. 11, Curve 3); here 
we have a mixture of two types of substitution at the double bond, 
viz., an as.-disubstituted ethylene (in both camphene and carvone) 
and a trisubstituted one (in carvone), yet we find on the hydro- 
genation curve three sharply separated sections instead of the two 
expected. This case requires further study. 


EXPERIMENTAL. 


The method of investigation was the same as described in Part I. 
0-02—0-0025 G.-mol. of the substance was used, and, unless other- 
wise stated, the other conditions were: 0-2 g. of platinum-black, 
15—25 c.c. of alcohol as solvent, and a bath temperature of 20°. 
The curves are plotted as before, the transverse dash in each case 
indicating the point at which the preferentially hydrogenated com- 
pound is calculated to be saturated. Since rate of absorption is 
plotted against time, the volume of hydrogen absorbed up to any 
given time is given by the area under the curve. 


Hydrogenation of Single Compounds (Table I), 


Disubstituted Compounds (Type IIc; Fig. 1).—The curves for 
cyclohexene (Curve 1) and 1-methyl-A*-cyclohexene (Curve 2) are 
very much alike; the rate is nearly constant to the end, and the 
reaction ceases sharply with the absorption of 100% of the hydro- 
gen calculated for saturation of the latter and of about 90% of that 
calculated for the former.* The rate of hydrogenation of indene 
(Curve 3) is lower, and the curve droops slightly, A fourth com- 
pound of this type examined was maleic anhydride (obtained by 
the method of Tanatar, J. Russ. Phys. Chem. Soc., 1890, 22, 213; 
m. p. 52—55-5°). Its hydrogenation gave an entirely unexpected 
result; for the absorption in ethereal solution was exceedingly low. 
Several experiments showed that the hydrogenation of cyclohexene 
is hindered by the presence of this anhydride; and hence we con- 
clude that maleic anhydride is an anti-catalyst, although neither 
the acid itself nor its esters possess this quality. Citraconic acid 


* The cyclohexene contained about-10% of benzene or some other hydro- 
carbon very little susceptible to hydrogenation. 
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and its anhydride (Type IIIc) behave similarly. An investigation 
of this phenomenon in anhydrides and acids is being undertaken. 

Trisubstituted Compounds (Type IIIc; Figs. 1 and 2).—Menthene 
and pinene are hydrogenated very slowly, their curves falling con- 
* tinuously. Both seem to contain a proportion of some compound 
(? dipentene) having a higher absorption rate, as shown by the 
initial rapid fall (Fig. 2, Curves 4 and 5). 

Figs. 1, 2, 3. 
16 
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The curves of terpineol and carvotanacetone are very much 
alike (Fig. 1, Curves 5 and 4): the rate of absorption rises some- 
what at first, and then falls continuously to the end. The latter 
compound was prepared by 50% hydrogenation of carvone in the 
absence of solvent (compare Armstrong, Chem. and Ind., 1925, 
44, 701), and since its oxime (m. p. 74—76°) and semicarbazone 
(m. p. 171—172-5°) showed it to be pure, we are convinced that in 
the hydrogenation of carvone the double bond in the side-chain 
(Type Ilas) is reduced before that in the ring system (Type IIIc). 

The absorption curves of carvone and /-limonene resemble one 
another (Fig. 2, Curves 1 and 2): in both cases hydrogenation 
of the bond in the side chain proceeds first and at an almost constant 
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TABLE I. 
Fig. and H, absorbed, e.c. 
curve Amount, Temp. and aren TTR OS 
Compound. Nos. g. press. of H,. Cale. Found. 
cycloHexene 2S 08700 19°; 745mm. 259 239-5t 
1-Methy1-A*-cyclo- is 2 0-747 17°; 768 183 179-3 
hexene 
Indene* i: 3 0-8200 17°; 744 171-5 175 
Carvotanacetone 1; 4 1-5409 17°; 758 _ 241 229 
Terpineol 1; & 1-367 16°; 758 211 228 
Menthene* 2; 4 0-763 16°; 757 124 141-5 
Pinene* 2; 5 0-6493 17°; 757 113 122 
Carvone* 2; 1 1-394 18°; 755 435 438 
l-Limonene 2; 2 1-3800 18°; 765 481-5 491 
Fe 3: 3 0-8500 14°; 768 291 287 
1 ; 2-Dimethyl-A!- 33.1 0-718 16°; 758 155 118f 
cyclohexene 
96 ‘s 3; 2 3-065 17°; 765 659 —t 
* Bath temperature, 15°. + Hydrogenation incomplete. 


See footnote, p. 323. 


++ 


rate. The end of the absorption of the first molecule of hydrogen 
is marked by a sharp break in the velocity of reaction (compare 
Vavon, Compt. rend., 1911, 152, 1675), which falls to a minimum and 
then increases somewhat. The second portions of the curves are 
like those of carvotanacetone and terpineol, in that the rate rises 
slightly at first and then falls slowly till the end of the reaction. In 
the case of carvone, after the absorption of 2 mols. of hydrogen a 
very slow hydrogenation of the ketonic group sets in. A second 
experiment with /-limonene (Fig. 2; Curve 3) was carried out with 
platinum-black which had been used previously; the rate of hydro- 
genation of the cyclic bond (Type IIIc) was somewhat slower, but 
that of the side-chain bond (Type Ilas) remained practically the 
same. 

Tetrasubstituted Compounds (Type IVc; Fig. 3).—Only one 
compound of this type was available, viz., 1 : 2-dimethyl-A-cyclo- 
hexene, prepared as follows: 2-methylcyclohexanol was oxidised 
to the ketone by Sabatier’s method (Compt. rend., 1905, 141, 20), 
and this was treated with magnesium methyl iodide, and the pro- 
duct decomposed by 30% sulphuric acid; the required hydro- 
carbon was thus obtained with b. p. 132-5—134-5°, d’: 0-8378 
(Sabatier gives b. p. 132°, dj: 0-8411). Its hydrogenation gave a 
very interesting result. Using small amounts, we observed only two 
sections in its curve (Fig. 3, Curve 1), the first corresponding to 
44% of the total volume of hydrogen absorbed, but with larger 
amounts (Curve 2) we found three distinct sections, the first part 
of the curve showing an additional break, which would have corre- 
sponded to only 10—11 c.c. in Curve 1 and would therefore escape 
notice. The absorptions in the three sections are 7, 37, and 56% 
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respectively of the total. The explanation of these breaks is as 
follows. The dehydration of 1 : 2-dimethylcyclohexanol by sul- 
phuric acid can occur in three directions, resulting in the formation, 
in successively decreasing yield, of the following three hydrocarbons : 


}C—CH, C—CH, /c—CH, 
C—CH; \ ods \_ =H 
(Type IVe.) (Type IIIc.) (Type Ilas.) 


Now, from the types to which they belong, it is seen that their 
ease of hydrogenation should be in the reverse order, the compound 
of Type Ilas being reduced preferentially. In order to assure our- 
selves that the second section of the Curve 2 corresponds to the 
hydrogenation of the second compound, we hydrogenated a mixture 
of our hydrocarbon with terpineol. The curve obtained is shown 
in Fig. 6 (Curve 2). Owing to the small amount of hydrocarbon 
taken, we can discern only two portions in it, but the first has 
increased in agreement with the amount of terpineol used, proving 
that the linkings hydrogenated in this section are both of Type 
IiTe. 

It is clear that the hydrocarbon was too impure for use as a 
standard compound of Type IVc, so, since the impurities (Types [las 
and IIIc) are hydrogenated preferentially, the mixture was allowed 
to absorb 45% of the maximum-hydrogen, whereby we obtained a 
mixture of saturated hydrocarbons together with the (presumably) 
unchanged hydrocarbon of Type [Vc, which we, used in subsequent 
experiments as a comparative standard of 55°, content. 

The foregoing results for individual cyclic hydrocarbons are 
completely analogous to those for open-chain compounds (Part I), 
and indicate that the absorption rates of the Types IIc, IIIc, and 
IVc decrease in that order. Moreover, the curves of the last two 
types fall slowly, although that of Type IIIc shows a slight rise 
initially ; on the other hand, the curves for compounds of Type IIc 
(except indene) tend to be horizontal, pointing to a constant absorp- 
tion rate. 


Hydrogenation of Mixtures of Cyclic Ethylenic Derivatives (Table Il). 


Mizatures of Compounds of the Same Degree of Substitution.— 
(a) Type IIc (Fig. 3). We examined two binary mixtures in this 
category, viz., cyclohexene -+- 1-methyl-A*-cyclohexene (Curve 3) 
and cyclohexene + indene (Curve 4). In each case both components 
were hydrogenated concurrently, the curves showing no breaks. 
The curve of the first mixture is nearly horizontal, whereas that of 
the second slopes somewhat as in the case of indene alone. The 
second mixture is interesting in that it suggests that the effect of 
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platinum-black is similar whether a 5-. or a 6-membered ring is 
involved. 


TaBxe II. 
Fig. and H, absorbed, c.c. 
curve Amount, Temp. and ” ecamnere timers s.a. 
Compound. Nos. g- press. of H,. Cale. Found. 
{ cycloHexene ¢ 0-8676 de 223) 
1} Indene 3; 4 0-6085 17 ; 762 mm. 114 § 337 353 
1-Methyl-A*-cyclo- 
hexene ¢ 0-5455 ol 137-5 . , 
cycloHexene 3; 3 1-148 18°; 749 305T } a2 5 438°5 
Carvotanacetone : 0-926 91°. 146) ° 
Terpineol 4; 1 0-526 21°; 764 82 228 221 
Carvone s 1-000 Sy - 324 
t ceaenene 452 0.5786. 20°5 766 206/530 526 
l-Limonene - 0-8175 << 294 
nar see 4;3 See 91% 708 73} 367 383 


¢ Based on content of 90% (see p. 323). 


(6) Type IIIc (Fig. 4). Three such mixtures were examined : 
carvotanacetone -++ terpineol (Curve 1), carvone + /-limonene 
(Curve 2), and /-limonene + terpineol (Curve 3). The general 
character of the absorption curve of the first mixture is similar to 
that of the individual curves of its components; it has no breaks, 
and apparently both components are hydrogenated concurrently. 
The mixture of carvone + /-limonene corresponds to two binary 
mixtures, Type Ilas as well as Type IIIc being present in each 
compound. The curve resembles those of the two components 
separately, and calculation shows that the only break corresponds 
with complete hydrogenation of the two Type II bonds, followed by 
simultaneous reduction of the bonds in the ring of each compound. 
We have no doubt that reduction occurs in this order, for 50% 
hydrogenation of carvone and of l-limonene produces carvotan- 
acetone and carvomenthene respectively (Vavon; Armstrong; 
loce. cit.). 

The curve for /-limonene -+- terpineol is similar to the preceding 
case, the stages being the hydrogenation of the bond of Type II, 
the abrupt fall in the rate to the minimum, and hydrogenation of the 
cyclic bonds simultaneously. The curve shows also the beginning of 
a third section, corresponding, apparently, to the very slow hydrogen- 
ation of the alcoholic group of terpineol. 

Hydrogenation of Mixtures of Cyclic Ethylenic Derivatives of 
Different Degrees of Substitution (Table III).—(a) Types Ile +- IIIc 
(Fig. 5). We examined six binary mixtures of this type, viz., (1) 
cyclohexene -+- carvotanacetone (Curve 1); (2) cyclohexene + 
terpineol (Curve 2); (3) indene +- terpineol (Curve 3); (4) 1-methy]l- 
A*-cyclohexene + terpineol (Curve 4); (5) cyclohexene + carvone ; 
and (6) cyclohexene + /-limonene. The last two, being combinations 
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of Types Ilas + IIe + IIIc, are discussed under the head of mixtures 
of Types Ilas + IIc (see p. 331). The curves of the other four 
mixtures are all similar, showing, first, the constant or slightly 
falling hydrogenation of Type IIc, then the abrupt fall to the mini- 
mum,* and finally the slow fall characteristic of the hydrogenation 
of the compound of Type IIIc. The different sections of these 
curves are very similar to the curves for the individual components 
of the mixtures; moreover, each component retains its own rate of 


Frias. 4, 5, 6. 


H, absorbed, c.c./4min, 





Time, in 4 minutes. 


hydrogenation fairly closely, except that in the mixture indene -- 
terpineol, the latter reacts much more slowly than when alone. 
Further, the breaks on the curves of these mixtures are much more 
pronounced than in the case of the corresponding open-chain 
mixtures (compare Part I, loc. cit.). ; 

(b) Types IIc + IVc (Fig. 6). We examined only one mixture of 
this type, viz., cyclohexene + 1 : 2-dimethyl-A1-cyclohexene (Curve 1). 


* The minimum rate is not noticeable in the mixture indene + terpineol, 
probably because of the decreased absorption rate of the latter. 





fal 
th: 


Th 
again 
hydrc 








es 
ur 
ly 
1i- 
on 
se 
its 


J 


| 


1} gt¢l lt 


| 





4 gil 











































DIFFERENT TYPES OF UNSATURATED COMPOUNDS. PART V. 329 


As expected, cyclohexene is hydrogenated first, and then the rate 
falls extremely sharply to a very small fraction (,,—,);) of its value to 
that characteristic of the reduction of the other compound. 





Taste III. 
Fig. and H, absorbed, c.c. 
curve Amount, Temp. and a, 
Compound. Nos. g. press. of H,. Cale. Found. 
f cycloHexene ; 0-943 "i $248) ann 
\ Carvotanacetone 6; 1 0-888 16°; 752mm. 129 377 390 
cycloHexene ° 0-811 : *209 
Terpinco 5; 2 - Seong. 16°; 762 106 y315 304-5 
ndene : 1-346 a) 7258)\.- 
Terpineol 553 9.646 (18°s 760 100 358 369 
{ 1-Methyl-A*-cyclo- 
hexene - 0-438 ‘i 105 a 
\Terpineol 5; 4 1-052 16°; 765 10) } 266 276 
cycloHexene ; 0-6174 ian *160 > 
{!2-Dimethyl-a 6; 1 9.2994 «©—-17°s:- 765 5355195 i 
cyclohexene 
Carvotanacetone ; 0-6859 108 \ 
1:2-Dimethyl-a'- 8 3 9.9898 18°s 760 g34-6f 143 128% 
| cyclohexene 
Terpineol a i 0-9524 i 146 : 
-Dimethyl-at- 8 2 9.3056 17°s 765 536 182 17Bt 
cyclohexene 
* Based on a content of 90% (see p. 323). t Process incomplete. 


7 Based on a content of 93%. § Based on a content of 55% (see p. 326). 


(c) Types IlIe + [Ve (Fig. 6). Two of these mixtures were 
studied : 1 : 2-dimethyl-A1-cyclohexene with terpineol (Curve 2) 
and with carvotanacetone (Curve 3). The break in the curve for 
the first mixture was not pronounced, but that for the second was 
very sharp. The hydrogenation rate of carvotanacetone was nearly 
double its usual value, and it will be seen later that the reduction of 
tetramethylethylene is similarly accelerated in the presence of 
1 ; 2-dimethyl-A!-cyclohexene. 

The results obtained with these mixed cyclic ethylenic derivatives 
show that the two components are hydrogenated concurrently if they 
are of a similar degree of substitution, or consecutively and at different 
rates if of different degrees ; the corresponding curves are accordingly 
continuous or discontinuous, respectively. The ease of hydrogen- 
ation decreases according to type in the order IIc, IIIc, IVe, in con- 
formity with the results obtained for open-chain components (Part I) 
and for individual cyclic compounds. 


Hydrogenation of Mixtures of Cyclic with Open-chain Ethylenic 
Derivatives. 
The results obtained in this series of experiments show that here 
again the degree of substitution determines the character of the 


hydrogenation. They also show that platinum-black acts differently 
N2 


330 LEBEDEV AND PLATONOV: CATALYTIC HYDROGENATION OF 


upon similarly substituted derivatives of open-chain and of cyclic 
structure during the hydrogenation of their mixtures. 

(1) Compounds of the Same Degree of Substitution (Table IV).— 
(a) Types IIc + IIs (Fig. 7). In each of the three mixtures, cyclo- 
hexene + anethole (Curve 1), 1-methyl-A*-cyclohexene +- anethole 


Figs. 7, 8, 9. 
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28 32 
Time, in 4 minutes. 

(Curve 2), and cyclohexene + cinnamyl alcohol (Curve 3), the 
components are hydrogenated at the same rate, the curves having no 
sharp breaks. The curves of the first two mixtures are very much 
like that of anethole. 

(b) Types IIc +- Ilas (Fig. 7). We examined three mixtures, viz., 
those of cyclohexene with camphene (Curve 4), with carvone (Curve 
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TaBLeE IV. 
Fig. and H, absorbed, c.c. 
curve Amount, Temp. and Rane. 
Compound. Nos. g- press of H,. Cale. Found. 
ore sag 751  Gingpg 19°s 764mm. “395 }386 385-5 
Gira i aoa OE 0-6458 162 
| Anethole 152 Yrgag, 16°s 750 279-5) 425% 439 
Cinnamyl alcohol 733 ity 19°; 768 31g } 365 395 
t (cena " 5 0-338 Wi res “206/61 595 
Gamphene” 74 igggg, 20's 782 gaan 20 
1-Limonene 7; 6 0-7556 18°s 765 05} O43 528 
Methyiheptenon 8; 1, 0-563 21°; 765 105 |325 329 
{ Mesityl oxide 8; 2 Tooo3 19°: 765 og }365 373 
'Mebitheptenone 7 4 0-6384 18°; 745 132490! 300 
{ Mesityl oxide 8; 3 09-8714 18°; 764 307 }318 305 
$f? eee 0-6092 s +70°5 
\Tetramethylethylene 9 1 — 9-497): 17°s 778 134.5} 205 200 
Same mixture 0; 3): “Saas eee; wee +9, } 115-5 121 
* Based on a content of 90% (see p. 323). + Bath temperature, 17°. 


t Based on a content of 55% (see p. 326). 
§ For this expt. 1 g. of platinum-black was used. 


5), and with /-limonene (Curve 6). The hydrogenation rate of the 
first mixture is constant throughout the whole reaction. The other 
two mixtures are each a combination of the types IIc + Ilas +-IIIc; 
the disubstituted compounds are hydrogenated together, the 
absorption rate being nearly constant. The end of the hydrogen- 
ation of the system IIc + Ilas coincides with a sharp fall in the 
absorption rate, which reaches a minimum and then increases a 
little. 

(c) Types IIfc + III (Fig. 8). Four mixtures were examined : 
carvotanacetone + methylheptenone (Curve 1), mesityl oxide + 
terpineol (Curve 2), mesityl oxide + carvotanacetone (Curve 3), and 
terpineol + methylheptenone (Curve 4). The curves of the two 
mixtures containing mesityl oxide have prominent breaks, for this 
compound is hydrogenated first and at an almost constant rate. 
The mixture of terpineol + methylheptenone is of interest because 
the break in the curve does not coincide exactly with the end of the 
hydrogenation of either of the components. Each section seems to 
correspond with the hydrogenation of a mixture of the two com- 
ponents in different proportions, and the size of the sections suggests 
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that methylheptenone probably predominates in the first portion. 
This anomaly is still more prominent in the pair methylheptenone +- 
carvotanacetone: the break is not sharp and is strikingly displaced 
to the left. The resemblance between curves 1 and 4, on the one 
hand, and between curves 2 and 3, on the other, is noteworthy. It 
is clear that sometimes the shape of the curves depends, not only upon 
the characteristics of the type, but also on those of the individual. 

These examples show that in the hydrogenation of their mixtures, 
compounds of the types ITI and IIIc are not equivalent. Apparently 
platinum-black absorbs the open-chain type preferentially and con- 
sequently compounds of this type are usually hydrogenated first. 

(d) Types IVc + IV (Fig. 9). The mixture, 1 : 2-dimethyl-A?}- 
cyclohexene + tetramethylethylene (Curves 1 and 2) was studied, 
1 g. of platinum-black (instead of the usual 0-2 g.) being used at 
first because both these hydrocarbons are hydrogenated very 
slowly. Two experiments showed abnormal reactivity on the part 
of the tetramethylethylene (Curve 1). Using only 0-2 g. of platinum- 
black, we obtained Curve 2, where again the end of the hydrogen- 
ation of tetramethylethylene is sharply defined and the reaction 
rate is abnormal, being 9-5 c.c./} min. 

(2) Compounds of Different Degrees of Substitution (Table V).— 
(a) Types IIc + I (Fig. 9). In the binary mixture, safrole + cyclo- 
hexene (Curve 3), the former was hydrogenated first, at an almost 
constant rate, and the sharp break on the curve coincides closely 
with the end of this process. 

(b) Types Ile + III (Fig. 10). We examined four mixtures: 
cyclohexene + mesityl oxide, cyclohexene + methylheptenone 
(Curve 1), cyclohexene + trimethylethylene (Curve 2), and indene + 
methylheptenone. In all four, the cyclic compound was hydro- 
genated first; the breaks were somewhat like those in the mixtures 
of Types IIs + III and Ilas + III (Part I, loc. cit.), and much less 
well-defined than those in the curves of mixtures of Types Ile + 
IIIc and Ilas + IIIc. This difference can be explained by the fact 
(see above) that Type III is much more readily adsorbed by plati- 
num-black, and therefore more readily hydrogenated, than IIIc; 
hence Type III is more nearly allied to Type IIc than to Type IIIc. 

In the mixture, cyclohexene + mesityl oxide, we have a very 
complicated case, owing to the presence of the conjugated system 
in the latter; it seems that cyclohexene is hydrogenated first. This 
curve, as well as that of the mixture indene + methylheptenone, 
is not given here. 

(c) Types IIc + IV (Fig. 10). We examined the binary mixture 
cyclohexene + tetramethylethylene (Curve 3); the former is hydro- 
genated first at a constant rate, and a sharp break divides this 
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res i TABLE V. 
none Fig. and ' H, absorbed, c.c. 
curve Amount, Temp. and ¢ a, 

e + Compound. Nos. g. press. of H,. Cale. Found. 
dro- f Safrole . 1-517 m 224\.4-~ 
res ioe 9; 3 0-501 18"; 758 mm. #131 f 955 367 
) Safrole f 1-844 “ee 275°5 \apy.n ope 
less pupineet 9; ¢ 0-5875 18°; 750 92 irae wf 

f cycloHexene ? 0-6B36. osc. te *181)\. 
ye: ada 10; 1 0-4538 21° 760 g7 f 768 280 

ac cycloHexene » 1-019 ) eae *268 ) |. 
slati- a. 10; 3 0-459 -19°s 757 158 } 426 £84 

cycloHexene ‘ 0-5848 mayer *153 
IIc; ng 10;,3 90-2036 19°s 765 #58 211 206-6 
Ill. erpineol 0-7468 aan 116 — 

\ Tetramethylethylene 10; 4 90-2796 19°s 762 79-5 } 1955 206 
very f Camphene 0-9309 es 164) ? 
stem \Perpineol li; l 0-44.26 19°; 758 69 j 733 225 

. Camphene aa 0-9200 yr 165 - 
This \-Limonene Ms 3) ogy SMomeg 250415 371 
10ne arvone ‘ 0-8232 o. 7 264) ,. 

; eae wt 11; 3 9. gg5q 17°s 753 157} 421 386 
<ture * Based on a content of 90% (see p. 323), 
ydro- (d) Types IIc + I (Fig. 9). In the mixture safrole + terpineol 
this} (Curve 4), the former is hydrogenated first and at a constant rate, 
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slightly increasing towards the end. The curve then falls sharply 
to a minimum, and the reduction of terpineol sets in with a slight 
rise followed by a gradual fall. 

(e) Types IIIc +- Las (Fig. 11). This category is illustrated by 
7 curves: (1) carvone, (2) /-limonene, (3) carvone + /-limonene, 
(4) terpineol + /-limonene, (5) camphene + terpineol (Curve 1), 
(6) camphene ++ /-limonene (Curve 2), and (7) camphene + carvone 
(Curves 3 and 3a). The curves for the first four reductions have 
already been given (Fig. 2, Curves 1 and 2; Fig. 4, Curves 2 and 3), 
since the simpler systems also contained those of the type now 
concerned. The mixtures of camphene with /-limonene and with 
terpineol gave curves of the same type: the minimum is very pro- 
nounced, particularly in the second case. 

The mixture carvone + camphene is noteworthy. Its curve has 
three sharply separated sections corresponding with the hydrogen- 
ation (i) of the side chain of carvone, (ii) of camphene, and (iii) of 
the double bond in the ring of carvone (Curve 3). This is the first 
case in which a break has been found in the hydrogenation of a 
mixture of two bonds both of the type Ilas; and it is quite unex- 
pected, for carvone behaved like camphene in all the hydrogenations 
of mixtures, and it would be anticipated that the bonds in the side 
chains of carvone and camphene would be equivalent in respect 
to platinum-black when hydrogenated in presence of one another. 
In this case, evidently, the course of hydrogenation is chiefly 
determined, not by the degree of substitution at the double bond 
in the compounds, but by their individual qualities and their 
mutual influence on adsorption at the surface of the catalyst.. We 
therefore made the following experiment. Immediately after the 
mixture of carvone -+ camphene had been reduced, a certain amount 
of carvone was introduced into the hydrogenation vessel, and the 
course of its reduction followed (Curve 3a). Comparison of Curves 
3 and 3a shows that the rate of reduction of the nuclear bond 
(Type IIIc) of carvone is decreased in the second case : the reduction 
of its side chain is abnormally rapid in both cases. 

(f) Types IIIc + IV (Fig. 10). In the mixture terpineol + 
tetramethylethylene (Curve 4), the latter is attacked first; the 
break is clearly visible, and the curve has a minimum. The third 
section of the curve corresponds with the hydrogenation of the 
alcoholic group of terpineol. 

A general survey of our experiments establishes that the degree 
of substitution at a double bond is the chief factor determining the 
order and character of the hydrogenation of mixtures of ethylenic 
derivatives (either cyclic or open-chain). Other factors, as, for 
instance, the individual characteristics: of the molecules or the 
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mutual influence of molecules of two different species on their 
adsorption (and hydrogenation) at the surface of platinum-black, 
predominate only in exceptional cases. Such phenomena occur 
only when one of the components of a mixture contains conjugated 
double bonds, as in mesityl oxide or carvotanacetone. The hydro- 
genation of individual compounds containing this system is anom- 
alous, and the presence of such a component in a mixture changes 
the whole character of the hydrogenation. 


Conclusions. 


(1) Cyclic disubstituted ethylenic derivatives are hydrogenated 
more readily than trisubstituted ones, and these, in turn, more 
readily than tetrasubstituted. 

(2) Mixtures of cyclic ethylenic derivatives of a similar degree 
of substitution are hydrogenated at a common rate, the curves 
showing the absorption of hydrogen being continuous. 

(3) In mixtures of cyclic ethylenic derivatives of different degrees 
of substitution, the components are hydrogenated consecutively 
in the order given in (1). The curves for such mixtures always 
have breaks, corresponding closely to the end of the hydrogenation 
of the first component, and in many cases being associated with a 
minimum in the rate of reaction. 

(4) In a mixture, the section of the curve corresponding to the 
hydrogenation of any one component bears a strong resemblance 
to the curve obtained when this component is hydrogenated alone. 

(5) The individual hydrogenation rates of the compounds may 
be considerably modified in mixtures. } 

(6) The hydrogenation of mixtures of cyclic with open-chain 
ethylenic derivatives of the same degree of substitution proceeds 
on the following lines. (a) In mixtures of cyclic with open-chain 
(s.- or as.-) disubstituted compounds, the components are hydro- 
genated concurrently, the curves for such mixtures being continuous. 
(6) In mixtures of cyclic with open-chain trisubstituted compounds, 
the components are hydrogenated consecutively, the latter reacting 
preferentially in virtue of a somewhat greater capacity for adsorp- 
tion by platinum-black ; the hydrogenation curves of such mixtures 
show rather considerable breaks. (c) In mixtures of a cyclic and 
an open-chain tetra-substituted compound, the latter is hydrogen- 
ated considerably more rapidly than the former. 

(7) Mixtures of cyclic or open-chain (8.- or as.-) disubstituted com- 
pounds with cyclic tri- or tetra-substituted compounds show much 
sharper breaks in their hydrogenation curves than when the more 
heavily substituted compounds are open-chain. 

(8) Mixtures of cyclic with open-chain ethylenic derivatives of 











336 WILLEY : ON ACTIVE NITROGEN. PART VI. 


different degrees of substitution are usually hydrogenated con- 
secutively, the component with the lower degree of substitution 
at the double bond being hydrogenated first. 

(9) In mixtures containing a component with a conjugated 
system, deviations from the above generalisations are observed. 

(10) Anhydrides of maleic and citraconic acids, unlike the acids 
themselves, are toxic towards platinum-black. 

(11) Examination of the hydrogenation curves of mixtures of 
cyclic ethylenic derivatives of known constitution (standard deriv- 
atives) with those of unknown constitution enables us to determine 
the type of substitution at the double linking in the latter, but 
it is essential that the standards be cyclic. 


Miuirary MEpIcAL ACADEMY, 
LENINGRAD. [Received, January 1st, 1930.] 





XLIX.—On Active Nitrogen. Part VII. Further 
Studies wpon the Decay of the Nitrogen After-glow. 
By Eric JoHn BaxtTEeR WILLEY. 


In previous papers (Part V; J., 1928, 1620; see also 1929, 228) 
it was shown that the ternary reaction 2N + N, —> 2N, (+ glow) 
would provide, upon a simple kinetic basis, a quantitative explan- 
ation of (i) the long life of the nitrogen after-glow, (ii) the negative 
temperature coefficient of the decay, and (iii) the amount of the 
chemically active species present under given conditions. Experi- 
mental work showed, however, that the process was to be repre- 
sented as 2N + 2N, —-> 3N,, rather than as the simpler ternary 
reaction given above. It has, moreover, been concluded that the 
luminosity and chemical activity are closely related, and not inde- 
pendent, as suggested formerly (Part IV; J., 1927, 2831), and that 
it is not improbable that the chemically active species, which 
persists after the glow has been destroyed either by heat or by an 
electric discharge (Part IV; loc. cit.), represents a molecule which 
has acquired part of the energy of association of atoms recombining 
in a three-body process. 

Shortly after Part V appeared, Kneser showed (Ann. Physik, 
1929, 87, 717) that the effects of pressure upon the decay of the 
after-glow are in agreement with the three-body theory; he also 
concluded, in agreement with Lord Rayleigh (Proc. Roy. Soc., 1912, 
A, 86, 262), that the walls may exert a considerable influence upon 
the reaction, but that the process is usually homogeneous, and that 
the Kaplan—Cario theory of the nature of active nitrogen is not in 
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disagreement with these findings. Herzberg also has (Z. Physik, 
1928, 46, 578) emphasised the probable part played by the walls in 
the after-glow phenomena. The present author has suggested that 
the discrepancy between the two investigations might be due to diff- 
erent experimental conditions, and that a surface reaction occurring 
simultaneously with that in the gas phase masked the true homo- 
geneous decay which it was desired to measure. 

An unsatisfactory feature of both investigations was the measure- 
ment of the glow intensities by direct visual methods, a personal 
factor thus being introduced. It appeared advisable, therefore, to 
study the matter more completely, with special reference to any 
possible wall reaction which might enter. Bonhoeffer and Kaminsky 
(Z. -physikal. Chem., 1927, 127, 385) have concluded that the 
spectrum of the after-glow is independent of the nature of the 
impurity which, as is well known, must be present to cause nitrogen 
to develop its glow when sparked, and the view has gained ground 
that these ‘‘ photogens”’ (as they may be termed) “ poison ”’ the 
walls and prevent recombination of atoms thereupon, the case being 
analogous to that of atomic hydrogen, whose life in ‘‘ wet ’’ vessels 
is much longer than in ‘‘dry”’ ones. If this theory be correct, a 
quantitative relation will exist between the decay mechanism and 
the purity of the nitrogen employed for any one vessel; it was 
decided to examine this point experimentally and to measure the 
glow by means of a photo-cell, the personal factor thus being 
eliminated. 

EXPERIMENTAL. 

A pparatus.—This was similar to that employed in the author’s 
earlier investigation, save (i) that additional drying tubes were 
provided, together with an extra large trap, cooled by liquid air, 
through which the nitrogen passed after leaving the purification 
system, and (ii) that inlets were provided both (A) above and (B) 
below the discharge for admission of other gases as desired. The 
discharge, some 30 cm. long, burned between water-cooled aluminium 
electrodes; a condenser of 0-0125 microfarad was shunted across 
the spark gap, and the r.m.s. current was about 30 milliamps. 
The observation tube and manometer were built into a sheet-iron 
box (5’ x 3’ x 3’), with black cloth curtains on the front, and all 
precautions were taken to keep the observation cabinet light-tight, 
and to prevent light from the spark entering the observation tube, 
which was 60 cm. long and 2-5 cm. wide. 

Nitrogen.—Preliminary experiments showed that after phos- 
phorus has been in use for a fortnight or so to remove oxygen from 
the nitrogen, it becomes very slow in action, and about 0-03% of 
the gas escapes absorption, unless contact is very prolonged. Copper 
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at 600° gave a gas which was found, by addition of other gases 
through inlet A (the photogen feed tap) and observation of their 
effects upon the glow, to contain ca. 0-3% of argon (which did not 
appear to have any influence) and less than 0-01% of other gases, 
and to give little or no glow. It was therefore employed as the 
standard “‘ pure ”’ gas, and the use of phosphorus was discontinued. 

Measurement of Glow Intensity—The photographic method, with 
ordinary plates, was valueless, since the «-bands were not recorded 
by reason of their long wave-length, while the number of observ- 
ations to be made rendered the adoption of panchromatic plates 
inadvisable. 

Attempts were therefore made to measure the luminosity by 
photoelectric methods, the phosphorus method of purification 
being temporarily used to obtain a gas which gave a strong glow. 
The ordinary potassium photo-cell is practically insensitive to yellow 
light,* and when such a cell was employed, the photo-currents were 
found to be of the order of 10-4 amp., even with strong glows. 
Such currents can be measured (a) by observing by means of a 
quadrant electrometer the fall in potential across an alcohol—xylene 
resistance of ca. 104 ohms; (b) by means of a Paschen or Downing 
galvanometer directly in circuit; or (c) by applying the potential 
obtained by method (a) to a valve amplifier specially constructed 
to deal with such cases—devices such as that of Wynn-Williams 
are admissible only with largér currents. When any one of these 
methods was tried, great difficulties were encountered owing to 
the discharge which produced the active nitrogen setting up a 
diversity of electromagnetic disturbances which necessitated the 
most rigorous shielding; the movement of a photo-cell along a tube 
through which active nitrogen was being streamed required flexible 
leads, and the difficulties were thus at once increased. 

The method adopted after numerous failures was rendered possible 
through the kindness of Mr. C. F. Trippe, and the British Thomson 
Houston Co., Ltd., who placed at the author’s disposal two special 
cesium cells having an emission some 50 times that of the best 
cell of any other type which was tried. These were placed in 
parallel and fitted in series with (a) a Tinsley moving-coil galvano- 
meter of sensitivity 5 x 10° amp., and practically constant zero, 
and (b) a high-tension accumulator giving 130 volts; practically 
no “dark” current was obtained, and calibration experiments 
using an ordinary optical bench method showed that the deflexion 
of the galvanometer was directly proportional to the brightness of 
the light incident upon the cells. For the actual experiments, 


* Ordinary cesium cells have a much greater emission for yellow light, but 
are very unsatisfactory for quantitative work. 
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these were fixed in a light wooden frame held in a retort stand 
provided with a pointer on the base, and fitted to slide between 
rails parallel to and underneath the horizontal observation tube; 
the rails carried a scale, and the zero point was chosen some 10 cm. 
along the tube and 5 cm. downstream from the side limb B (see 
above). 

Procedure.—For measurements of the glow, the cells were first 
placed at the zero point and screened from the light by means of a 
black cloth. The galvanometer reading was taken, and the cloth 
withdrawn to cause the cells to become illuminated; the second 
reading was then made, the instrument being practically dead- 
beat and coming to rest in 30 secs. or so. This was then repeated 
with the cells at the 5, 10, 15, 20, 25, etc., points until the deflexion 
became less than 0-3 cm., after which further measurements were 
made at the 22-5, 17-5, 12-5, 7-5, and 2-5 cm. points, some 15—20 
observations being made for each run according to the glow intensity. 
The data were then plotted as the reciprocal of the square root of 
glow intensity against distance along the observation tube; for a 
reaction which is bimolecular with respect to the glow-producing 
system, a linear relation should thus be obtained (see, e.g., Willey, 
loc. cit.). 

Results. 

The Production of a Glow in Pure Nitrogen.—It was found that 
with the hot-copper method of purifying nitrogen and with the trap 
well cooled by liquid air, the faint glow visible in the nitrogen at 
first quickly diminished until the gas was quite non-luminous as it 
passed along the observation tube. Moreover, entirely negative 
results were obtained in attempts to detect chemical activity in the 
nitrogen by means of nitric oxide admitted at B, the peroxide being 
tested for according to the method previously described (Part IV). 
It appears then that nitrogen which is so pure as to give no glow 
is not chemically active. 

Glow Phenomena.—The after-glow could easily be developed 
either by reducing the temperature of the copper or by the addition 
of small amounts of other gases through the photogen feed tap. 
The results of systematic investigation of the effect of added impurity 
are now given; J is the intensity of the glow, and ¢ the time, which 
is proportional to D, the distance along the observation tube. 

(a) Form of the 1/VI-t graph. («) With fairly pure nitrogen 
the line is strongly curved (Fig. 1, A), becoming less so with con- 
tinued increase of photogen (Fig. 1, B) until it passes through a 
linear form (Fig. 1, C), and then again becomes curved (Fig. 1, D). 
This shows that the apparent “ order” of the decay reaction is 
dependent upon the purity of the nitrogen employed. The points 
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for Fig. 1, A give a fairly straight line when plotted as log J against 
D, indicating a decay reaction of approximately the first order. 

(8) During a series of experiments which had as their object the 
determination of the relation between glow intensity and con- 
centration of chemically active species, the following measurements 
were taken: (i) Decay curve (Fig. 2, A); (ii) three estimations of 
the chemically active species; (iii) 20 minutes after this, a further 

decay curve (Fig. 2, B); 





3-0 om, }- and finally (iv) three 
more analyses. During 

A runs (i) and (iii), the 

nitric oxide stream was 

as replaced by an equal 





one of pure nitrogen to 
keep the pressure con- 








rc 7 ; stant, and the flow of 

7 >} e gases and the spark were 

20 3 maintained throughout. 
Img vs h It will be seen that the 
2 rd graphs are linear after 
3 b! the first few cm. but 


1-5 





L <1 vary widely in slope; 
Vf a in spite of this the same 
“4 amount of chemically 
active nitrogen was 
1-0 | found in all six cases. 
Hence it follows that a 
stream of luminous 
nitrogen may decay at 
0°5 widely different rates 
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(y) In another experi- 
ment a decay curve (Fig. 3, A) was plotted for fairly pure nitrogen 
(ca. 0-03% of oxygen being used as photogen), and the photogen 
concentration then increased to ca. 0-07%, after which Fig. 3, B 
was obtained. The apparatus was allowed to function for 90 
minutes, and a further decay curve (3, C) obtained; the observation 
tube was then flamed gently, the gases and spark being shut off 
and a vacuum of 0-0001 mm. maintained. After cooling, the gases 
were readmitted, the spark was run for 90 minutes, and curve 3, D 
was obtained. 
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(8) The clearest explanation of the results described in sections 


(x), (8), and (y) is that they are due to wall effects. 


of a high degree of purity 
the walls are so clean that 
recombination of the atoms, 
assured now, as before, to 
be the primary glow-pro- 
ducing elements, occurs 
with great ease; adopting 
the author’s earlier view 
(Part V) as to the origin of 
the chemical activity, the 
failure to obtain this in the 
absence of photogens is 
also readily explained, and 
is discussed later in the 
light of the Kaplan—Cario 
theory. The findings given 
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in («) arise from the progressive poisoning of the walls by the 


20 25 30 35 


photogen until probably a 
point of minimum wall 
activity is reached when the 
reaction becomes homogene- 
ous and bimolecular (with 
respect to the glow-producing 
elements) as in Fig. 1, C, while 
in 1, D too much photogen is 
present and is influencing the 
gas phase reaction either by 
direct participation in the 
glow emission process or else 
possibly by reaction with the 
chemically active species. 

In Fig. 2, B we have shown 
the influence of an adsorbed 
nitric oxide film upon the 
decay rate of the glow: it is 
much reduced, as would be 
expected. Furthermore, while 
the linear nature of the graph 
shows that the reaction is 
binary with respect to the 


primary glow-producing system, the slope of the curve is not deter- 
mined solely by total gas pressure, as it should be for a reaction 
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2N + N, —» 2N,, when the condition of the walls necessitates their 
being taken into account. A more important phenomenon is the 
constancy of the chemical activity, suggesting that if, as the Kaplan— 
Cario theory indicates, the active species is a participant in the glow 
emission reaction, it has as a complement a substance which is very 
susceptible to wall influence (see later). 

The results given in Fig. 3 are in striking agreement with the 
wall-effect hypothesis. Fig. 3, A has as its fellow Fig. 1, A, while 
at the time when 3, B was obtained sufficient photogen had entered 
the observation tube to poison the walls only so far along the direc- 

tion of flow as the point of 
Fie. 4. inflexion, and the practical 
/ coincidence of 3, C and 3, D 


Yh shows that they represent the 
+ 
‘A 





final state of the walls for 
B / nitrogen of this particular 


2-0 Di 7 degree of purity. No marked 





effect of the photogens upon 
the electrical conditions has 
tnt ; yet been observed, and the 

findings in Fig. 3 cannot be 
i attributed to progressive 
changes in the bulk com- 
position of the gas, since the 
1-0 very small volume between 
eo the photogen inlet and the 
observation tube, taken in 
conjunction with the high 






































05 flow-speed of the gas at the 

0 5 10 16 2 2 30 pressure employed (4-6 mm.), 
D(ct). rules it out of consideration. 

1900 C.c. of nitrogen per hour at N.T.P. (c) The evidence presented 


A = Decay curve for 4°6 mm. 


B= ” ” ” 8 ” 


in sections («), (8), (y), and (8), 
that the condition of the 
walls determines very largely the mechanism of the decay of the 
nitrogen after-glow, may be tested in the following manner. The 
activity of the surface may be expected, ex hypothesi, to be 
proportional to the area exposed; the more the gas adsorbed 
upon it, the less will it influence the decay, provided that reaction 
does not occur between the adsorbed film and the glow-emitting 
system. The simplest way of decreasing the wall effect without 
introducing any such complication is clearly to employ nitrogen as a 
photogen, i.e., by raising the over-all pressure to increase the adsorp- 
tion of molecular nitrogen; if the departure from linearity in the 
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1/\I-t graph is due to wall effects, the curves should be straightened 
in progressive runs from low to high pressures. This effect may 
readily be observed and is shown in Fig. 4. 

(b) The triple-collision hypothesis. Assuming the glow emission 
to result from a reaction 2N + N,-—>» 2N,, it follows that for a 
constant concentration of N the initial intensity will be increased 
and the life of the glow diminished by addition of N,. Kneser 
(loc. cit.) confirmed this deduction, but Bonhoeffer and Kaminsky 
(loc. cit.) dissented from it. The probability of the after-glow 
resulting from a three-body reaction has already been discussed 
(Part V, J., 1928, 1620; 1929, 228) and the balance of evidence 
considered to be in its favour; it will new be shown (i) that a 
further method of calculation produces a result in excellent agree- 
ment with experiment, and (ii) that measurements made in the 
light of the findings discussed earlier in this paper prove that the 
decay in the gas phase is a ternary reaction. 

(i) It is required to calculate the mean life of the atoms, assum- 
ing that they can combine only through the medium of a triple 
collision involving two atoms and one molecule. Let A, be the 
mean free path of the atoms among themselves, and , that of the 
molecules; further, let @ be the r.m.s. velocity of the molecules, 
then a2 is that of the atoms. Now consider a particular atom a, ; 
it will collide @/2/a, times per sec. with a similar atom. If a 
molecule B converts one such atomic impact (between a, and a,)’ 
into a triple collision at a point L, it must have travelled from a 
point distant between (A, — $iat) and (A, + 4ér) from L, + being 
the “‘ duration ” of the a,-a, collision. Hence, at a time t = d,/t 
before the impact, the necessary B molecule must lie in a spherical 
shell of centre L, of mean radius 2,, and of thickness it (assumed 
small compared with 2,). The probable number of B molecules 


in this shell is 
Wt SS ee et ae 


where vg is the concentration of B molecules per c.c. In order, 
however, that the a,-a,-B impact shall occur, B must be definitely 
alined with regard to the colliding atoms, and the collision can 
follow only if B starts on its journey towards them in a solid angle 
mo2/2.2, where o is the radius of the a,-a, complex. The prob- 
ability that it will travel in this direction is 


(mo? /2,2)(1/4n) = 62/402 . . . . « (2) 


and the probable number of B molecules present and moving in 
the right direction is given by the product of (1) and (2), 7.e., 
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The number of such collisions per sec. which the atom a, could 
make (if it were not demobilised by the collision *) is then given 
by the product of (3) and the number of atomic collisions, 7.e., 


Z = nvgiito? x GV 2/0, = eV 2Qi*r02vg/2, « « « (4) 


For nitrogen at 10 mm. pressure and containing 1%, of the active 
form, we have 4, = 8°8 x 107 cm., vg = 3-6 x 1017, 47 = 5-0 x 104 
cm./sec., and cs = 1-9 x 10% cm.; hence, taking + as 10-14 sec., we 
have Z = 1-64 x 10-2, whence the mean free life of an atom, and 
thus the duration of the after-glow, will be 1/1-64 x 10-* = 61 secs. 
This is rather longer than that actually observed (7—10 secs.), but in 
view of the uncertainty as to the numerical values of both + and o 
(since the a,-a, complex will probably be an excited molecule, and 
hence of abnormal diameter), the agreement between calculation 
and experiment is very good. 

A ternary reaction being assumed to give rise to the glow, the 
intensity, 7, will at any instant be proportional to the rate at which 
the atoms are combining, i.e., to the number of triple collisions 
per c.c. per sec.; hence 


kyl = Ova/ot = kava? vp 


Integration gives 1/v, = (¢ + C)kavs, C being a constant, but since 
I = kyvg?vg/k,, we have 


1/VI = Vkyk(t + C)V vp 


and hence the slope of the line giving the relation between 1/VJ 
and ¢ should vary as Vvg, i.e., as the square root of the total gas 
pressure, P. 

(ii) Previous attempts (Part V, loc. cit.) to examine this point 
experimentally led to scattered results which showed that the slope 
varied as P and not as VP, but the dependence of the decay rate 
upon the purity of the gas, and hence upon wall conditions, accord- 
ing to the results described earlier in the present communication, 
gave the clue to the source of the disagreement between theory 
and observation, and clearly indicated that the desired correlation 
should be carried out either (a@) by using a gas rich in photogens 
or (6) in a purer gas but at higher over-all pressures. 

Glowing nitrogen containing 0-03% of oxygen was streamed 
through the observation tube and its decay rate was measured as 
usual. In order to avoid the introduction of any corrections for 
changed flow-speed a constant flow of 1600 c.c./hr. at atmospheric 
pressure was maintained, and the pressure in the apparatus was 


* This does not vitiate the argument, since we are concerned with a 
statistical discussion of the probable life of the atom. 
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~ 


varied by a choking tap in the exhaust line. Fig. 5 shows that 
the slope (8) is a linear function of ~/P between 5-4 and 12-8 mm., 
and that the decay of the glow may therefore be expressed as a 
third-order process, in agreement with theory. 

(c) The action of oxygen upon the after-glow. It has been found 
that when about 5°% or more of oxygen is fed to the glow stream 
and the yellow luminosity is destroyed, the photo-cells behave as 
if strongly illuminated, although the gases have apparently become 
dark at the point of observation just below the oxygen inlet. This 
can only mean that the glow emission is proceeding in the non- 
visible portions of the spectrum, and as the cells have been found 
to be practically insensitive 
beyond the orange region but 
slightly more so in the green 
and blue, it follows that a very 
large radiation in the blue 
region and beyond must be 35 
proceeding in these circum- 
stances. The author is indebted 
to Mr. G. C. Eltenton for the 
information that he too has &3°0 


Fia. 5. 




















observed this phenomenon (see 
also Rayleigh, J., 1918, 113, + / | 
200). b 





(d) Constancy of decay order 2-6 - 
with teme. Since, except under | 
conditions which can be attri- 
buted to wall influence (e.g., 
Fig. 3), no change in form of 2-0 
the decay curves is found with +6 “a 16 
time, it follows that the + 
mechanism of the process does not alter, at any rate at these 
pressures, and that between about 5900 and 4000 A.U. (the 
sensitivity limits of the photo-cells) the emission takes place regu- 
larly among the various bands concerned. This is probably not in 
disagreement with Konig and Klinkmann (Z. physikal. Chem., 1928, 
137, 335), since the range of curve-lengths over which they worked 
is much greater than here: the present measurements apply 
practically only to the «-bands. 

(e) Photogens and chemical activity in nitrogen. It has been 
found that the addition of photo-gas to “ pure” nitrogen causes a 
large increase in the concentration of the chemically active species, 
this being determined by the reaction with nitric oxide as described 
in Part IV. Attempts to establish the relationship between glow 
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intensity and concentration of active nitrogen have not yet led to 
results which can be treated quantitatively, but it appears, in 
agreement with Bonhoeffer and Kaminsky (Z. Hlektrochem., 1926, 
32, 536) and Kénig and Klinkmann (loc. cit.), that there is no simple 
expression which connects them; the former generally tends to rise 
more rapidly, as is shown in a typical experiment in which the 
brightness of the glow changed from 0-3 to 3-45, as measured at 
the point where the analysis was made by the galvanometer deflexion, 
whilst the concentration increased from 0-44 to 1-40%. The 
intensity of the green flame produced during the reaction between 
glowing active nitrogen and nitric oxide appears to bear much the 
same relation towards the concentration of active species as does 
the nitrogen glow alone under the same conditions, the supply of 
nitric oxide being replaced by an equal one of nitrogen to hold the 
pressure constant. The experiments do, however, show that the 
same amount of chemically active nitrogen may be present in glows 
which decay at widely different rates, a point to be discussed later. 

(f) The nature of photogens. In agreement with Rayleigh (Proc. 
Roy. Soc., 1915, A, 91, 303) and with Bonhoeffer and Kaminsky 
(Z. Elektrochem., 1926, 32, 536), it has been found that the optimum 
supplies of these gaseous impurities correspond to about 0-1% 
concentration in the nitrogen, and that water vapour is to be placed 
very high in the order of effectiveness (compare Herzberg, loc. cit. ; 
Lewis, J. Amer. Chem. Soc., 1929, 51, 654, 665). It has not been 
found possible to trace any effects of the photogens which ean be 
ascribed to their specific natures, and hence it appears that their 
action is general in character. 


Discussion. 

These experiments appear definitely to clarify the state of our 
knowledge of active nitrogen. The existence of wall effect now 
demonstrated is in complete harmony with the results of Lewis 
and of Herzberg (published during the course of the present 
research). Among the phenomena to be anticipated from these 
researches are the reversal of the pressure and temperature effects 
normally found for the after-glow, and actually observed by Lewis, 
and also the divergences in the order of the decay process as observed 
by Kneser and the present author, the cause of this clearly being 
slight differences in composition of the nitrogen employed and in 
the surface of the vessels. 

More important, however, is the strong evidence for the triple- 
collision hypothesis and consequent deductions as to the origin of 
the chemical activity and the close connexion apparently existing 
between this and the luminosity. It has already been shown, both 
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in this and in earlier papers, that the ternary-reaction theory leads 
to the assumption that the glow-producing and chemically active 
species are present in comparable concentrations, and Kaplan and 
Cario (Nature, 1929, 121, 906) and Compton and Boyce (Physical 
Rev., 1929, 33, 145) have recently shown that active nitrogen con- 
tains two species of metastable atoms (2-3 and 3-6 volts) and a 
metastable molecule (8-2 volts), evidence thus being forthcoming 
for a substance whose energy agrees well with the value 2-0—2-2 
volts (equivalent to 46,000—50,000 cals./g.-mol.) advanced in 
earlier papers of this series (Parts I, II, and III; J., 1926, 1804; 


' 1927, 669, 2188) for the energy of active nitrogen as it appears in 


its chemical reactions. Upon these spectroscopic findings, Kaplan 
and Cario base a theory of the origin of the after-glow. Its emission 
may result from one or more of three reactions, viz. : (i) recombination 
of one neutral and one 2-3-volt atom ; (ii) reeoml ination of two neutral 
atoms, followed by excitation of the metastable 12 olecule thus produced 
by collision with a 2-3-volt atom; (iii) collisional excitation of an 
8-2 volt metastable molecule by a 3-6-volt atom: since the latest 
work (e.g., Gaviola, Nature, 1928, 122, 313) shows that the heat of 
dissociation of N, —> 2N is ca. 9-5 volts, the 11—11-5 volts necessary 
for emission of the «-bands by the molecule are provided. 

Fri. Sponer (Z. Physik, 1925, 34, 622) has concluded that the 
emission of the «-bands (the visible after-glow) follows the recom- 
bination of atoms in triple collision with a molecule, the energy of 
association being transferred to the third body, which is thus excited 
and re-emits the energy as radiation; as, at the time of her pub- 
lication, the heat of dissociation of N,——» 2N was regarded as 
11-4 volts, no collisional excitation was deemed necessary. It seems 
not unreasonable that the glow emission may be represented by a 
combination of the Kaplan—Cario and Sponer theories, and that the 
process is 

N+ N’ + N,—> 2N, + After-glow, 
where N’ is the 2-3-volt metastable atom, assumed to be the 
chemically active form.* The right-hand side of this reaction must 
be regarded as a mere outline, but the left carries with it certain 
implications which may be considered. 

1. It accounts for the third-order decay of the after-glow, and 
hence for the negative temperature coefficient of this reaction. 

2. It is in conformity with the calculations made by the present 
author as to the comparable concentration of glow-producing and 
of chemically active species. 

* The findings discussed in sections (a) and (f) (p. 340) suggest also that 


the walls may under appropriate conditions act as the third body in the 
reaction. 
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3. If the analogy with active hydrogen is valid, the existence of 
strong wall effects may be attributed to adsorption and hetero- 
geneous recombination of nitrogen atoms. Moreover, if we are 
prepared to admit preferential adsorption of N rather than of N’ 
unless the surfaces are exceedingly “clean,” it follows that the 
glow intensity and decay rates of an active nitrogen stream may be 
almost infinitely variable without corresponding changes in chemical 
activity, in agreement with the findings discussed in Part IV of 
this series and in sections («) and (f) (p. 340). Since a metastable 
atom or molecule can undergo many collisions without suffering 
deactivation—of which a good proportion must be upon the walls— 
whereas the case of atomic hydrogen shows that for normal atoms 
the surface influence is very great indeed, this assumption does not 
appear unjustifiable. 

4. It links up glow effects and chemical activity and provides 
for an entity of the energy content which earlier work has postulated, 
viz., the metastable atom of about 2-3 volts energy (53,000 cals. /g.- 
mol.) (see p. 347). 

There are, however, other possibilities to be considered. The 
principal objection to this view is that it accounts for only about 
one-sixth of the total energy available, and does not provide any 
clue as to why the other excited and metastable species present are 
apparently chemically inert. On the other hand, it is significant 
that in the majority of gaseous reactions the energy exchanges 
involved are much less than the 200,000 cals./g.-mol. with which 
we are here concerned, and it is possible that too abundant a supply 
of energy may be unfavourable to chemical changes in general. 

Moreover, the Kaplan—Cario theory does not provide for a three- 
body recombination process, as found definitely in these experiments 
and less definitely by Kneser. The existence of the strong wall 
effects noted in this work suggests that it is just possible, although 
improbable, that the adsorption of the nitrogen varies as the pres- 
sure, leaving less free surface for the wall action and, by thus 
favouring the homogeneous decay, leading to an erroneous inference 
as to the effect of pressure upon the glow transformation process. 


Summary. 


1. The decay of the nitrogen after-glow has been restudied with 
an improved technique, and found to be most probably partly 
homogeneous and partly heterogeneous, according to experimental 
conditions. 

2. Unless the walls of the vessels concerned are “‘ poisoned ”’ by 
foreign gases, the recombination process is non-luminous and occurs 
as a surface reaction; as the concentration of the impurity rises, 
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the wall reaction diminishes and the homogeneous decay increases, 
but above a limit of ca. 0-1% the impurity reacts chemically with 
the active nitrogen and interferes with the normal decay. 

3. The order of the decay process is determined by the state of 
the walls, which in turn depends upon the purity of the nitrogen 
employed; when the surface reaction is minimised, the effects of 
pressure and addition of other gases are in agreement with the 
three-body recombination theory. 

4. The after-glow probably originates in a reaction 


N + N’—> N,’; N,’ + N, —> 2N,(-+ afterglow), 


N’ being a 2-3-volt metastable atom which is the chemically active 
species whose energy has been measured earlier. 

5. No changes are to be seen in the order of the decay as it pro- 
ceeds; neither do the spectral characteristics of the glow between 
ca. 5900 and 4000 A.U. appear to alter. 


The author’s thanks are due to Major F. A. Freeth, F.R.S., and 
to Professor F. G. Donnan, F.R.S., for providing facilities for the 
prosecution of these researches, which were carried out in 1928 and 
the early part of 1929. The co-operation of his assistant, Mr. 
W. A. Bayliss, has been invaluable. 
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L.—A New Interpretation of the Isomerism amongst 
. Co-ordination Compounds of Platinum. 


By Freperick GEORGE ANGELL, Harry Ducatp KEITH DREW, 
and Witt1AM WARDLAW. 


THE apparently well-established cis- and trans-isomerism found 
among compounds of quadricovalent platinum provides the strongest 
remaining evidence for the view that the four groups surrounding a 
central atom may be situated in a plane instead of at the corners of 
a tetrahedron. We are engaged in a re-examination of the cases in 
which isomerism of this kind is alleged, and the present paper is 
concerned with the compounds which platinous chloride forms with 
diethyl sulphide, these substances being typical of a group in which 
the evidence for a planar configuration seems most complete. We 
have now concluded, however, that the isomerism in this instance 
is of a structural and not of a spatial nature, and hence that, so far 
as these particular substances are concerned, there is no reason to 
doubt that the space distribution of four groupings associated with 
platinum is tetrahedral. 
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Blomstrand (J. pr. Chem., 1888, 38, 352) found that diethyl 
sulphide united with platinous chloride, giving two distinct 
dichlorides to which he assigned the structures (I) and (II), regarding 

a ‘SEt,Cl SEt,Cl SEt,Cl Et,S, 
Pi<qg 7 7 Pt<gmeicr  B8—Pt<oy nes P<cI 
a (II.) (III.) (IV.) 
a-Dichloride (B). -Dichloride (B). a-Dichloride (K). _ -Dichloride (K). 


both substances as containing bivalent platinum. Klason (Ber., 
1895, 28, 1493) extended these observations, and gave the new 
formule (III) and (IV), where platinum is quadrivalent, or perhaps 
sexavalent in the 8-compound. Neither author contemplated a 
planar configuration, or gave really satisfactory proof of the struc- 
tures he alleged, although useful and mainly accurate data were 
accumulated. Werner (‘‘ Lehrbuch der Stereochemie,” pp. 338 et 
seqg.; see also Z. anorg. Chem., 1893, 3, 310), ignoring the relevant 
chemical evidence of his predecessors, attributed the isomerism to 
the presence of cis- and trans-planar types, (V) and (VI), in which 


. Cl 
Et,S., l Et,S:. Cl EtSy 4 
“Pp ; SP . ie PecShts 
Et,S” 1 Cl SEt,  Et,S cl Na 
(V.) (VI.) (VII.) (VIII.) 
a-Dichloride (W). B-Dichloride (W). a-Dichloride. B-Dichloride. 


platinum exhibited 4-co-ordination. His view is universally 
accepted at the present time, although Reihlen has consistently 
adhered to an hypothesis of the lene epee distribution of valen- 
cies (Annalen, 1927, 447, 211; 448, 1312; Z. anorg. Chem., 1926, 
151, 71). 

The structures which we propose as a result of the present work 
are shown in (VII) and (VIII). Im the «-dichloride each sulphur 
atom is united to tetrahedral platinum by a co-ordinate link * 


* After this paper had been read, Dr. N. V. Sidgwick pointed out to us 
that dissociation of the a- and £-dihalides would give rise to the same ions 
in both cases, if the co-ordinate links between the sulphur atoms and the 
platinum atom in the a-compound were equivalent to semipolar double bonds : 


“ + 

Cl ++ SEt, 
a-Dichloride ——> BK ; B-dichloride —> 2Cl ae rn 
Cl Et, SEt, 


With this proviso, therefore, the a- and £-forms are inter-related in a manner 
close and unprecedented. The un-ionised forms are nevertheless not identical, 
because the halogen atoms are situated in different positions in the molecule 
in the two cases; nor do the two substances represent the ionised and un- 
ionised forms of the same substance, because the chemical evidence shows, to 
take one point of several which could be cited, that the £-dichloride is ionised 
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constituted by the sharing with platinum of two electrons derived 
from each sulphur atom; whilst in the §-dichloride the linkings 
between the sulphur atoms and platinum are covalencies and the 
chlorine atoms are potentially ionised as in the sulphonium halides. 

Blomstrand and Klason observed that, whilst both the «- and 
the £-dichloride had the normal molecular weight, the yellow colour 
of the «-compound was deeper than that of the 8-, and in addition 
the former substance was the more soluble in organic solvents. 
The $-compound alone showed noticeable solubility in water, and, 
more significant, it reacted much more rapidly with alcoholic silver 
nitrate. The conductivity of both dichlorides in aqueous alcohol 
was very low, but that of the 6-isomeride was distinctly the higher. 
The «- was transformed to the 8-dichloride by treatment with hot 
aqueous diethyl sulphide. The reverse change could be effected by 
conversion, through silver sulphate and potassium bromide, or 
through the latter alone, into the dibromide, which with silver 
chloride gave the «-dichloride. The dibromide and di-iodide existed 
in one form only, and this form was stated by Blomstrand to be a 
8-form and by Klason an «-form. 

By slight modification of the original procedure, we have been 
able to prepare at will either the «- or the £-dichloride from diethyl 
sulphide and potassium chloroplatinite, the latter being best 
prepared from chloroplatinic acid and potassium oxalate. The 
«-dichloride is readily purified by taking advantage of its solubility 
in light petroleum, and the $-dichloride by making use of the fact 
that it separates from benzene as a sparingly soluble crystalline 





« 
to the extent of about 50% in aqueous solution and yet exists therein free 
from the a-form, although we should expect rapid recombination of the ions 
to produce the insoluble a-form, which would be precipitated. 

In our opinion, the crux of the matter lies in the assumption that the co- 
ordinate linkings in the a-compound are equivalent to semipolar double 
bonds. This assumption cannot be true, because it contradicts the experi- 
mental evidence. We are left with only two reasonable alternatives, viz., 
(1) that the co-ordinate link is an ordinary double bond consisting of two 
covalencies, which means that the normal shells for the sulphur atoms are 
expanded in the a-compounds, the sulphur atom being quadricovalent; or 
(2) that the co-ordinate links in the a-compounds are formed by the sharing 
with platinum of two electrons from each sulphur atom, the sharing not being 
such as to provide a free unit charge on the platinum atom for each co-ordinate 
link. The extent to which such sharing takes place cannot at present be 
assessed in any particular case; and it will depend in the general case on 
the nature of the two atoms concerned (compare J. Soc. Chem. Ind., 1928, 
47,949). At present we refrain from deciding between these two possibilities. 
It may be that both types of bonding will be found among co-ordinately 
linked atoms; but we are inclined to prefer the second possibility in the case 
of the substances under consideration. 
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compound with a molecule of the solvent. We have confirmed the 
molecular weights and analyses of the two substances, and also their 
physical properties as given by Klason. The most noticeable 
physical differences between the isomerides, apart from the colours, 
lie in their solubilities, those of the «-dichloride suggesting a non- 
polar compound whereas those of the $-dichloride indicate a weakly 
polar substance. The @-dichloride was sufficiently soluble in water 
for its conductivity to be measured, and the values obtained showed 
that the salt is considerably ionised—about 50% at v = 1000 if u., 
be taken as 100. 

We find that the chemical properties of the two dichlorides are 
so different as to render it highly improbable that they are merely 
spatial isomerides. The ready transformation, under certain 
conditions, of the 6-compounds to the «- seems to have been the 
main cause which in the past has prevented a recognition of their 
true relationship. We have, for example, been able to isolate a 
second dibromide and to show that this is a §-compound, which, 
when melted at 95°, passes almost completely into the «-isomeride, 
m. p. 129°; and we have obtained evidence that a 6-di-iodide exists 
and is still more easily converted into the «-di-iodide. 

On being kept in the solid state, or in solution or suspension in 
alcchol or benzene, either dichloride tends to pass into an equilibrium 
mixture of both. The isomeric dibromides change in a similar 
manner but much more rapidly; but here the equilibrium mixture 
consists almost entirely of the x-compound. The di-iodides tend 
even more strongly to attain the «-state. In carrying out reactions, 
therefore, it has been found necessary to work with freshly prepared 
or freshly tested substances and to effect the*rapid isolation and 
examination of the products. In some cases, as will be seen later, 
the influence of solvents becomes important, and the effect of 
temperature must also be taken into account. 

The most striking chemical difference between the members of 
the two series of isomeric dihalides, however, is shown by their 
interaction with silver oxide in presence of water. The $-dichloride, 
for example, reacts in a few minutes with the production of silver 
chloride and a markedly basic substance, platinumbisdiethylsulphon- 
ium hydroxide (IX), which is readily soluble in water. This sub- 
stance, which may be referred to as the $-base, can be obtained in: 
transparent, yellowish, deliquescent crystals which rapidly absorb 
carbon dioxide when exposed to the air. After being dried over 
phosphoric oxide, the base gives correct analytical figures for a 
dihydroxide. Its aqueous solution is strongly alkaline to litmus, 
has a moderate conductivity, precipitates metallic hydroxides, and 


neutralises acids, both mineral and organic, with the production of: 
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pure £-salts provided that the temperature is below the point of 
their transformation to the «-compounds, 


SEt,,OH SEt,-0-CO 
(IX.), PtcPitte | Setters, Porth Ae 
SEt,,OH SEt,-0-CO 


In this manner, besides the #-dichloride, the 8-dibromide and 
the f-oxalate (X) were prepared, and were shown to belong to 
the 8-series by quantitative reconversion into the $-dichloride, the 
former by means of silver oxide and hydrochloric acid, and the latter 
by means of the acid alone. The oxalate, a colourless substance 
readily soluble in water and in benzene, reacts at once with lime- 
water, giving a precipitate of calcium oxalate and a solution of the 
pure $-base, a reaction which suggests ionisation of the oxalate in 
aqueous solution. Determination of the conductivity confirmed this. 

When an aqueous solution of the base was gradually neutralised 
with 0-5N-hydrochloric acid, the $-dichloride initially precipitated 
rapidly redissolved, but the precipitate became permanent before 
the half-neutralisation stage was reached. At this stage 0-12 g. of 
pure 8-dichloride had been precipitated from a measured volume of 
solution which, as shown by another experiment, would have given 
on full neutralisation a precipitate of 0-54 g. of 6-dichloride. Thus, 
at half-neutralisation the alkaline filtrate from (-dichloride still 
contains that substance, together with the free base and possibly 
a proportion of hydroxychloride. On evaporation at the ordinary 
temperature, this filtrate gave a yellow alkaline oil which partly 
solidified in a paste. This experiment shows that the 6-base is not 
a complex substance like the base derived from the 8-series of 
Vernon’s dimethyltelluronium dihalides. 

The «-dichloride, on the other hand, is only very slowly changed 
by moist silver oxide under precisely similar conditions, the reaction 
being incomplete after 48 hours. The evolution of diethyl sulphide 
commences at once, and the formation of silver chloride is attended 
by the precipitation of platinum as oxide or hydroxide. The 
filtrate is quite neutral to litmus : Pt(Et,S),Cl, + Ag,O = 2Et,S + 
2AgC] + PtO. The same distinction holds good for the isomeric 
dibromides and di-iodides. 

These experimental results cannot be explained adequately on 
Werner’s formule. The fundamental difference between the «- 
and the 8-dichloride in their behaviour with silver oxide demon- 
strates most clearly that the isomerism is structural. On the new 
formule which we propose, the experimental results find a natural 
interpretation. The «-dichloride should give wholly silver chloride 
and the unstable co-ordination compound (Et,8),Pt(OH),, which 


would be expected to decompose into diethyl sulphide and platinum 
O 
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oxide or hydroxide. The @-dichloride, on the other hand, should 
furnish silver chloride and the stable base (IX). Both the 8-di- 
chloride and the base should be ionised in aqueous solution. Each 
of these deductions has received confirmation. The reason why the 
8-dichloride is less polar in character than a true alkylsulphonium 
halide may well be that the influence of the bivalent platinum atom, 
which has clearly a tendency to attract electrons, prevents, by 
restraining to some extent the valency electrons possessed by the 
sulphur atom, the full development of ionisation of chlorine in the 
8-dichloride, since this development can occur only if the sulphur 
atoms are able to yield to the chlorine atoms their fourth valency 
electrons. The chlorine atoms are therefore partly covalent in the 
3-dichloride ; nevertheless, in aqueous solution it exhibits appreciable 
conductivity. The «-dichloride is completely non-polar because 
the chlorine atoms are attached to platinum by covalencies. 

The only other example of the production of a basic substance 
from a platinum compound of this type is described by Blomstrand 
(loc. cit., p. 362), who noticed that the sulphate derived from a 
dichloride of the dimethyl sulphide series gave an alkaline filtrate 
when sulphuric acid was removed by the action of baryta. The 
liquid left, on spontaneous evaporation, a brownish semi-solid 
residue, but Blomstrand states that the substance could not be 
obtained in a condition suitable for analysis. Imagining that the 
hydroxyl groups were attached to platinum, he gave the formula 
Me >Pt<or although he considered that the sulphate belonged to 
Me,S OH 
the «-series. Owing, probably, to the gummy nature of his product, 
Blomstrand failed to follow up his observation by investigating the 
action of acids upon this substance, contenting himself with the 
remark that the base absorbed carbon dioxide. 

Blomstrand found that either the «- or the 6-dichloride, when 
treated with aqueous silver sulphate and filtered, gave a solution of 
a sulphate which yielded a dibromide (m. p. 118°) on treatment with 
potassium bromide. Klason, who gives m. p. 124°, states that this 
is an «-dibromide and that the same substance is produced by the 
interaction of alcoholic potassium bromide with either dichloride. 
We now find that the interaction of the §-dichloride with silver 
sulphate and potassium bromide in the cold gives the pure §-di- 
bromide (m. p. 95°), identical with that produced by the interaction 
of the @-dichloride and alcoholic potassium bromide, and also with 
that prepared by neutralising the $-base with hydrobromic acid. 
The «-dichloride does not interact either with alcoholic potassium 
bromide or with aqueous silver sulphate at the ordinary temperature; 
if, however, the latter mixture is boiled, some diethyl sulphide is 
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evolved (probably from the unstable «-sulphate), and the aqueous 
diethyl sulphide then converts the remaining «-dichloride into the 
-isomeride, which interacts with the production of 8-sulphate. 
It is evident, therefore, that Blomstrand and Klason must have 
heated the reaction mixture containing «-dichloride, thereby pro- 
ducing @-dichloride, and also that they must at some stage have 
heated to at least 95° the 8-dibromide prepared from the 8-dichloride, 
thereby converting it into the «-dibromide. These puzzling 
differences of opinion are therefore to be referred to the occurrence 
of inter-transformation between members of the «- and the §-series. 

Further convincing evidence in favour of our structures for the 
a- and #-compounds has been obtained by the following methods. 
When‘ chlorine is added to either of the isomeric dichlorides, con- 
version into the tetrachloride occurs. Our formule indicate that 
the «-dichloride should give rise to the octahedral form (XI), whereas 
the §-dichloride should yield the tetrahedral form (XII). We 
should expect these compounds to differ in properties as profoundly 
as do the isomeric dihalides. Moreover, (XII) should become 
transformed to (XI) by means similar to those which effect the 
change #-dihalide —-> «-dihalide. 


Cl Cl. 
Et,8 — ~~ 
ae Pt 9 
(XI) neg (XII.) 
Cl 0; a 6 | 


Blomstrand states that no isomerism exists amongst the tetra- 
halides. He prepared the same yellow tetrachloride (m. p. 175°) by 
the addition of chlorine to either dichloride, and he obtained similar 
results with the tetrabromides, tetraiodides, and a series of tetra- 
halides containing mixed halogens. We find, however, that the 
«-dichloride gives rise quantitatively to a yellow crystalline «-tetra- 
chloride (XI), m. p. 198°, whilst the $-dichloride gives, also quantita- 
tively, a paler yellow crystalline 8-tetrachloride (XII), which melts at 
133° and immediately resolidifies, forming the «-tetrachloride (XI). 
The $-tetrachloride is transformed to the «-isomeride on being boiled 
for a few minutes in ethyl or methyl alcohol, although by very rapid 
crystallisation it may be obtained unchanged from solution in the 
former solvent. Like the «-tetrachloride, however, it is unaltered 
by crystallisation from hot benzene, a non-ionising solvent. The 
transformation of the $- to the «-tetrachloride is therefore an ionic 
reaction which can be brought about by raising the temperature or 
by the use of a polarising solvent; and this is precisely what could 
be predicted from inspection of the formule (XII) and (X]I). 
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The «- and 8-tetrabromides were prepared in an analogous manner. 
They are similarly inter-related, but the transformation of the 
8- to the «-form is even more readily effected than it is among the 
tetrachlorides. 

When the §-tetrahalides are kept in the solid state their melting 
points tend to rise, whilst those of the «-tetrahalides appear to fall 
slightly. It would seem, therefore, that close parallelism exists 
among the «- and @-dihalides and the corresponding tetrahalides, 
dynamic equilibria being set up in both cases. The «-tetrahalides 
may be regarded as bis-dipolar compounds in which each platinum 
atom bears a double negative charge, whilst the sulphur atoms are 
each positively charged, this picture giving complete analogy with 
the accepted formulation of chloroplatinic acid except that the 
positively charged atoms are in that case free instead of being bound 
to the platinum atom by covalencies. Alternatively, the «-tetra- 
halides may be regarded as containing each two co-ordination 
linkings between platinum and the sulphur atoms, as inthe «-dihalides. 

It may be urged that the planar formule of Werner also account 
satisfactorily for the existence of two tetrachlorides, which would 
necessarily have the formule (XIII) and (XIV). Although we 





Cl Cl 
Et, _| Cl Et,S_| __¢y 
(XIIL) Pt ee, 4 et (XIV.) 
*5—G 7 — fer 
Cl Cl 


considered that these formule, which might well represent difficultly 
interchangeable forms, could not account for the experimental 
results as convincingly as did (XI) and (XII), yet further evidence 
seemed necessary to prove finally the inadequacy of Werner’s sup- 
position. This was obtained from the results of an investigation 
of the dichlorodibromides. 

On the planar hypothesis, if no spontaneous rearrangements of 
valencies occur, by adding chlorine to the «-dibromide a dichloro- 
dibromide (XV) should be produced which should differ from that 





Cl Br 
Et,S_| fo Et,S_| a 
- Pt Pt ' 
(XV.) A oe 4 J (XVL) 
Ets __¢. EtS<___G 
Cl Br 


(XVI) obtained on adding bromine to the «-dichloride. On our 
hypothesis, however, the two substances should be identical; and 
we find that this is indeed the case, the sole product being (XX). 
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As products of the corresponding changes in the £-series, the 
planar hypothesis demands, respectively, the two substances (X VII) 





Cl Br 
| 
ioe mg | 
a Pt ef - Pt by a8 
(XVIL) py J C1 Ll (XVIII.) 
Cl Br 


and (XVIII), which should be identical, but different from either 
(XV) or (XVI). We find that neither of these demands is satisfied .* 
Labile tetrahedral forms, (XIX) and(XX1), are in both cases initially 
produced, which may readily be caused to change into the octahedral 
form (XX), and this is identical with the dichlorodibromide from the 
two «-dihalides. There is thus, finally, only one dichlorodibromide 
from the four sources, and the order in which the two different 
halogens are added is immaterial. The labile forms (XIX) and (XX1) 
are different, although closely similar, substances, whose properties 
show that they belong to the 6-tetrahalide series; whilst (XX) is, 
of course, an «-tetrahalide. 





Br 
Et,S | 7 Et.S | —" Et,S vee 
(Br, oa PA 
wih Pt tf 3 VL, Pt a Pt 7 
Et,S—_¢, Et,S 
cI st IK a | 
(a-Dichloride. ) | ps . “ag, (a-Dibromide.) 
Ch. ee Br Br. LN 
! OY 
Et.8 | amy ES |__Br ES | _ EtS | 
Wi. Pt a CWA Mi Pt / a. Pt [4 
A Et,$Z Et,8- Bt,§¢___ 
, Cl Br Br 
(B- “os hloride.) (XXI.) ooh (8-Dibromide.) 


A curious distinction was noticed between the «- and 8-compounds 
of both the di- and the tetra-halide series: the «-compounds are 
without exception “ electrified ”’ when rubbed upon glass with a 
bone spatula, the particles scattering strongly when detached from 
the glass in the attempt to collect them; but the pure §-compounds, 
dried under the same conditions, do not become “charged.” <A 
small proportion of «-compound present as impurity in a $-com- 
pound may be detected in this manner. We are not aware that this 

* Even if we suppose that Werner’s configurations should be reversed, the 


a-compounds being trans- and the £-compounds cis-planar forms, anomaly 
still persists. 
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phenomenon has been noticed before in connexion with isomeric 
series. The triboelectric character of the «-compounds is pre- 
sumably to be ascribed to asymmetry of crystalline structure. 

The conclusion emerges from our experiments that virtually 
quadrivalent platinum in this series is of tetrahedral space structure, 
and that, when this is converted into the octahedral form, the two 
entering groups take up exclusively cis-positions. In other words, 
the octahedron is a simple derivative of the tetrahedron, without 
rearrangement of groupings, the six valency electrons of platinum 
having directions which are approximately fixed in space. This 
conclusion is entirely in accord with the results of Pope and Neville 
(J., 1902, 81, 1552) in connexion with octahedral sulphur and 
selenium. They find, for example, that, when mercuric iodide is 
added to optically active phenylmethylselenitine iodide, complete 
racemisation is produced, showing that the groups HgI and I must 
take up cis-positions : 





I I 
Me | Me 
—|_——CH,, C0, H | ——~CH,CO,H 
¥ Se Yn es ae fi Se yh Pact 
ee > pr “4 
gl 
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The present experiments show, further, that tetrahedral platinum 
must be regarded as derived from the planar bivalent form by the 
similar cis-addition of groups, whence it follows that the valencies 
of platinum in platinous chloride are inclined at an angle of some 
90°. It is improbable, therefore, that in passing from bivalent to 
quadrivalent (or quadricovalent) and to octahedral platinum the 
entering groups take up at either stage other than neighbouring 
positions of the developed octahedron; and it becomes unnecessary 
to suppose that the directions in space of the six valencies around the 
platinum atom are ever modified : 


Y 
Ge bla i aes Cl. y 
las. I Va Po if F } J 
Sanne —> Oh, 4. pale ino ile a 
Qe / bench of a. Z 
l X xX 
(a = ca. 90°.) xX X 


There is thus a possibility that the skew tetrahedron representing, 
é.g., an «-dihalide may be sufficiently permanent to confer molecular 
asymmetry. This aspect is under examination. 

If it be accepted that in the 8-compounds of this series the halogens 
are united with sulphur and not with platinum, far-reaching ques- 
tions are at once raised. The case of the platinammines is s0 
similar to that at present being considered as to suggest that the 
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structure must be analogous in both, and it would therefore follow 
that in the true 8-series of platinammines the halogen atoms are 
united with nitrogen and should be capable of replacement by 
hydroxyl to give strongly basic substances, ¢.g., PtCN HOH 
Evidence that a base of this nature can indeed be produced was put 
forward by Odling many years ago (Chem. News, 1870, 21, 289), but 
the significance of his experiments appears to have been overlooked. 
It seems clear that the structures of many other ammines must be 
re-examined in the light of these results, and we are now engaged in 
work upon the foregoing platinammines and other substances. We 
intend also to examine the possibility of resolving into optically 
active components (i) the halides of the §-series of the form 
Picea in which the sulphur atoms should be centres of 
asymmetry, and (ii) compounds of type (XX), in which the molecule 
should be asymmetric on our theory but not on that of Werner. 


EXPERIMENTAL. 


Preparation of the Isomeric Dichlorides.—Potassium chloro- 
platinite, dissolved in about 5 times its weight of water, was shaken 
with a slight excess above 2 mols. of diethyl sulphide. (a) If the 
«-dichloride was required, the yellow precipitate, which consisted 
mainly of this isomeride, was removed after 2 hours, and the «-di- 
chloride was crystallised from light petroleum (b. p. 40—60°), in 
which the §-isomeride did not dissolve. The aqueous mother- 
liquor, after concentration at the ordinary temperature, deposited 
yellowish-white needles of the $-dichloride. As soon as the aqueous 
liquid commenced to deposit potassium chloride, it was extracted 
with chloroform, which removed the remaining isomeric dichlorides. 
In one instance, pure «-dichloride was obtained on evaporation of 
the chloroform extract. (6) If the $-dichloride was required, the 
yellow precipitate (above) was kept with the mother-liquor in a 
closed flask for a day, whereupon most of it redissolved. The 
filtrate from undissolved material (a mixture of the two dichlorides), 
when evaporated at the ordinary temperature or when freed from 
ethyl sulphide by passage of air through the liquid, yielded the pure 
8-dichloride. The residual liquid was finally treated as in (a). 
The total yield of the two isomerides was aimost quantitative. 

The «-dichloride (VII), m. p. 106—108°, is insoluble in water, but 
readily soluble in ether; chloroform, benzene, and other organic 
solvents. It separates from light petroleum in bright yellow plate- 
lets, and from benzene in large yellow prisms which are without 
solvent of crystallisation. It crystallises well from alcohol in 
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prismatic needles (Found: C, 21:55; H, 4-5; Pt, 43-7; M, cryo- 
scopic in benzene, 434. Calc. for C,H Cl,S,Pt: C, 21-5; H, 4-5; 
Pt, 43-7%; M, 446-5). It reacts rather slowly with silver nitrate 
in alcoholic solution; after 2 days, the filtrate from silver chloride 
gives with potassium chloride a mixture of the «- and the 8-dichloride. 

The 6-dichloride (VIII) melts at 106—107° and is almost white. 
It is appreciably soluble in water and readily soluble in chloroform. 
In benzene it first dissolves and then separates in large, light yellow 
prisms, which often show square faces, containing 1 mol. of benzene 
of crystallisation which is lost on exposure to the atmosphere or 
at 60° (Found: C,H,, 14:2. Cale.: C,H,, 149%). The 6-di- 
chloride is only sparingly soluble in ether or in light petroleum. 
When melted, it gives after solidification a mixture of the «- and the 
8-dichloride (Found, for solvent-free $-dichloride: C, 21-65; H, 
4-55; Pt, 43-75; M, cryoscopic in benzene, 438). 

When the «- and the 6-dichloride are mixed, there is very marked 
depression of the melting point. 

Interconversion of the Isomeric Dichlorides—The «-dichloride is 
partly converted into the B-isomeride on being heated either alone 
or in alcoholic solution, or much more completely by Blomstrand’s 
method of treating it with further aqueous diethyl sulphide, prefer- 
ably in the warm (Klason), which causes it to enter into colourless 
solution in proportions so high as to suggest the formation of a new 
soluble complex with diethyl sulphide stable only in presence of an 
excess of the sulphide. The §-dichloride is partly converted into 
the «-isomeride on being melted or on being allowed to remain in 
solution in benzene for some weeks. When kept, each of the 
crystalline dichlorides slowly reverts to a mixture of both. 

Action of Moist Silver Oxide on the Isomeric Dichlorides.—(1) The 
«-dichloride, ground in a glass mortar with excess of silver oxide and 
a little water, was only very slowly changed, with production of free 
diethyl sulphide, silver chloride, and insoluble platinous oxide or 
hydroxide. After 48 hours, the filtrate showed no alkalinity to 
litmus and gave no precipitate with dilute hydrochloric acid except 
a negligible trace of silver chloride. The precipitate, dried at the 
ordinary temperature and extracted with benzene, gave some 
unchanged «-dichloride. The insoluble residue was shown to 
contain both silver chloride and platinum oxide or hydroxide. 

(2) The 6-dichloride reacted rapidly when treated with silver oxide 
in the same manner, the change being complete in less than } hour. 
The clear, faintly yellow filtrate from silver oxide and chloride had 
no odour of diethyl sulphide. It was strongly alkaline to litmus, 
and when neutralised with dilute hydrochloric acid gave a crystalline 
precipitate of the pure $-dichloride. The aqueous solution of this 
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8-base, when evaporated to dryness in a vacuum over phosphoric 
oxide at the ordinary temperature, gave pale yellow hygroscopic 
crystals of platinumbisdiethylsulphonium hydroxide (IX), which, 
like the aqueous solution, soon absorbed carbon dioxide if exposed 
to air (Found, in base exposed to air as little as possible: C, 23-85; 
H, 5-15; Pt, 47-3, 47-75. C,H,.0,S,Pt requires C, 23-45; H, 5-4; 
Pt, 47-7%). The dried base was easily soluble again in water or in 
ethyl alcohol. Hydrogen sulphide produced a brown precipitate 
of a sulphide of platinum, diethyl sulphide being liberated. 

By neutralising the aqueous solution of the $-base with aqueous 
acids, the following salts, shown to be of the 8-series by the reactions 
briefly summarised below, were prepared. 

The 8-dibromide, Pt(SEt,Br),, separated from alcohol in pale 
yellow, domed prisms, m. p. 93—95°; the melt resolidified and then 
remelted at 128—129°. The substance was identical with a specimen 
of $-dibromide prepared by a second method, viz., the action of 
alcoholic potassium bromide in the cold upon the §-dichloride, also 
dissolved in alcohol; a mixed m. p. of the two specimens showed no 
depression. A third method, the action (which is rapid) of moist 
silver sulphate upon the $-dichloride in the cold, followed by filtra- 
tion and addition of aqueous potassium bromide to the filtrate, gave 
identically the same substance. The $-dibromide is more soluble 
in benzene than the corresponding dichloride (Found: Pt, 36-8. 
C,H, Br,S,Pt requires Pt, 36-45%). It slowly reverts to the 
«-isomeride when kept, and more rapidly when left in contact with 
alcohol. The structure was checked by the following reactions : 





: J ist dilut ‘ } 
8-Dibromide er 6-Base fi aine-s 8-Dichloride. 
Ag,O HCl 


The «-dibromide, PtBr,(SEt,)., prepared by heating the §-di- 
bromide at 100° for a few minutes, the transformation being nearly 
quantitative, crystallised from ethyl alcohol in large, golden-yellow, 
hexagonal spangles, m. p. 129° (Found: Pt, 36-25%). Analcoholic 
solution of potassium bromide was without action upon the «-di- 
chloride : even when the liquid was warmed for a few minutes, the 
dichloride was recovered unchanged. 

The 6-oxalate (X) formed colourless transparent crystals when its 
aqueous solution was allowed to evaporate. It was very soluble in 
water, the solution being neutral to litmus and giving with lime- 
water a deposit of calcium oxalate and a solution of the 6-base, from 
which, after filtration, the addition of hydrochloric acid precipitated 
the pure §-dichloride. The latter is also precipitated by direct 
addition of hydrochloric acid to a solution of the $-oxalate. The 
b-oxalate melts near 60° if heated slowly, but the melt is not clear 


and partial resolidification occurs, the solid melting again near 95°. 
02 
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Probably partial transformation to an «-form takes place at the 
lower temperature. The substance is in part soluble in benzene, 
separating as an oil which solidifies on standing to a crystalline mass 
apparently identical with the initial B-oxalate. For analysis it was 
crystallised from water and dried over phosphoric oxide (Found : 
C, 25-7; H, 4-4; Pt, 42-25. C, 9H ,0,8,Pt requires C, 25-9; H, 
4-35; Pt, 42-1%). 

A sulphate crystallising with 7H,O was prepared by Blomstrand 
(loc. cit.) from either dichloride by treating it with aqueous silver 
sulphate, and hence he prepared what we now know to be the 
a-dibromide, by treatment with potassium bromide. Klason 
afterwards showed that Blomstrand’s «-dichloride contained 20% 
of 8-dichloride, to which its behaviour (above) is now shown to 
be due. 

Although Blomstrand correctly assigned his sulphate to the 
8-series, he did so because he prepared from it a dibromide which 
he thought, incorrectly, to be a @-compound. In reality, he must 
have obtained the 6-dibromide which he unwittingly transformed 
to the «-isomeride by heating the solution at some stage. We 
prepared the 6-sulphate, Pt Spt? > SO, from the §-dichloride 
with silver sulphate and found (p. 354) that its aqueous solution 
precipitated the pure $-dibromide on treatment in the cold with 
aqueous potassium bromide. The same result was obtained when 
the 8-base was neutralised with sulphuric acid, and potassium 
bromide added to the solution. The sulphate is therefore certainly 
a @-sulphate. We found, also, that the «-dichloride was unaffected 
in the cold by moist silver sulphate after 16 hours. If, however, 
the mixture was heated at 100° for some minutes, diethyl sulphide 
was evolved, and this in the presence of water changed some un- 
altered «-dichloride to the 8-isomeride, which, in turn, reacted with 
silver sulphate to produce a proportion of $-sulphate. The «-sul- 
phate, therefore, is probably unstable; and, in any case, it cannot 
be prepared in this manner. 

The §-dichromate, prepared from the @-base with potassium 
dichromate and sulphuric acid, separated from benzene in dark red 
needles, m. p. 140°. It was decomposed by hot ethyl alcohol. 

Attempts to prepare the Isomeric Di-iodides.—Blomstrand prepared 
a di-iodide (m. p. 136°) from the sulphate with potassium iodide. 
He considered this to be a $-compound, but Klason assigned it to 
the «-series. The following experiments indicate that the «-di-iodide 
melts at 142—144° and that the $-di-iodide changes into it without 
melting. Attempts to isolate a pure specimen of the {-di-iodide 
have been fruitless. 
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(1) Alcoholic potassium iodide reacted in the cold with an alco- 
holic solution of the «-dichloride (contrast the behaviour of potassium 
bromide, p. 361). Orange-red crystals of a di-iodide were obtained, 
which, after extraction by cold benzene, reddened near 115° and 
melted at 141—143°. By crystallisation from alcohol, square 
orange prisms in serrated clusters, m. p. 142—144°, were obtained. 
This substance gave no $-base with moist silver oxide; the mixture 
slowly evolved diethyl sulphide. The substance was therefore the 
a-di-iodide. When the above reaction mixture is heated, some 
diethyl sulphide is evolved. 

(2) Alcoholic potassium iodide reacted at once in the cold with 
an alcoholic solution of the $-dichloride, giving a di-iodide (m. p. 
1838—140°), which was apparently identical with the former sub- 
stance. Silver oxide, however, acted upon it to give a very small 
proportion of #-base. 

(3) The action of hydriodic acid (colourless) on a solution of the 
$-base at the ordinary temperature gave a product (orange-yellow, 
m. p. 138—140°), which crystallised from alcohol in the same form, 
and did not depress the m. p. of the former product. It gave no 
§-base with moist silver oxide. 

When the reaction was carried out at 0°, a product was obtained 
(m. p. 138—140°) which, after crystallisation from alcohol (Found : 
Pt, 31-2. Cale. for CgHyoI,8,Pt: Pt, 31-0%), gave a considerable 
proportion of $-base, together with diethyl sulphide, when treated 
with moist silver oxide (16 hours). The original material was 
therefore probably a mixture of the «- and the #-di-iodide. + 

In another similar experiment, in which the $-base was treated 
below 0° with aqueous potassium iodide and then with a slight excess 
of dilute sulphuric acid, a brownish-yellow di-iodide, m. p. 132— 
135°, was obtained. From methyl alcohol, it separated in minute 
yellowish-brown crystals, m. p. 141—143°, which partly melted if 
plunged into a bath at 125°. With moist silver oxide, it gave a small 
proportion of #-base. 

(4) When the 6-dichloride was decomposed with aqueous silver 
sulphate, and to the filtered solution of the §-sulphate an excess 
of aqueous potassium iodide was added below 0°, a yellow di-iodide 
was precipitated. After extraction with benzene, however, the 
orange product was indistinguishable from the «-di-iodide. 

It must be concluded from these experiments that the 6-di-iodide 
is easily transformed to the «-isomeride. 

Tetrahalides.—The «-tetrachloride (X1) was prepared in quantita- 
tive yield by passing a slight excess of chlorine at 0° or at the 
ordinary temperature into a chloroform or benzene solution of the 
«-dichloride. The crude product had m. p. ca. 196° (decomp.); it 
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separated from ethyl alcohol in lemon-yellow needles or in massive 
rectangular tablets belonging to the cubic system. The pure 
substance melts and decomposes at 198°, with sintering from 188°, 
It is readily soluble in benzene, from which it crystallises unchanged 
in cubic tablets (Found : C, 18-85; H, 4-25; Pt, 37-5. CgHCl,S,Pt 
requires C, 18-55; H, 3-9; Pt, 37-7%). 

The §-tetrachloride (XII) was similarly obtained from the §-di- 
chloride. The crude product melted between 120° and 130° but 
contained some «-tetrachloride. Crystallised from benzene, in 
which it is much less soluble than the «-isomeride, it separates in 
jagged, light-yellow prisms or (more slowly) in compact prisms 
capped by pyramids, the crystals being cubic (Found: C, 18-75; 
H, 4-2; Pt, 37-6, 37-9%). The powdered crystals melt completely 
when plunged into a bath at 135°; the yellow melt then resolidifies, 
the solid melting again near 195°. When boiled with methyl or 
ethyl alcohol for a short time, it is changed to the «-tetrachloride, 
which separates in the pure state; but it may be crystallised from 
ethyl alcohol by momentary heating and cooling, whereupon it 
separates in small, greenish-yellow, glistening platelets, melting 
first at 133° and then near 198°. The mixed m. p. of the two 
specimens of «-tetrachloride, prepared (i) directly and (ii) through 
the 8-tetrachloride, was the same as that of either. 

The «-tetrabromide, PtBr,(SEt,),, obtained quantitatively by the 
action of bromine on a chloroform solution of the «-dibromide, 
crystallises from ethyl alcohol in lustrous scarlet needles, sintering 
from 192° and melting at 198° (decomp.) (Found: C, 14-0; H, 2-95; 
Pt, 28-0. C,H Br,S,Pt requires C, 13-8; H, 2-9; Pt, 281%); 
it is much more readily soluble in benzéne than the $-form. 

The 8-tetrabromide, PtBr,(SEt,Br),, was obtained by adding at 0° 
a slight excess of bromine in pure chloroform or, better, in benzene, 
to a solution of the 8-dibromide in the same solvent. The crude 
product melted completely and resolidified in a few seconds if 
plunged into a bath at 135°, but if plunged at 115° and then heated 
it was changed without melting to the «-isomeride. It separated 
from warm benzene in light red, flat, prismatic needles (Found: 
C, 13-6; H, 2-95; Pt, 27-8, 28-05%), which melted if plunged at 125° 
and then resolidified to the «-compound, melting again at about 
195°. When crystallised once from ethyl alcohol, it was changed 
to the «-form, the m. p. and mixed m. p. with that substance being 
identical. This 6-compound is more easily changed to the «-form 
than is the $-tetrachloride. It should not be heated longer than 4 
few seconds to effect solution even with benzene. 

Dichlorodibromides.—In the following reactions addition of 
halogen to the dihalides was carried out in solution in alcohol-free 
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chloroform, in pure benzene, or in a mixture of chloroform and 
ligroin. Experiments indicated that benzene was the best solvent 
and that undue excess of halogen was to be avoided. In all cases 
the solvent was at once evaporated at the ordinary temperature, 
the product was quickly dried, and its m. p. observed. The whole 
product was then crystallised from pure benzene with momentary 
heating, and the crops were examined as to colour, crystalline form, 
and m.p. In all cases identities were checked by these means and 
by mixed m. p.’s and analyses. 

(1) Action of chlorine on the «-dibromide. The crude «-dichloro- 
dibromide (XX) separated as a mass of crystals, m. p. 190—193° 
(decomp.; after sintering). Crystallised from benzene, in which it 
was readily soluble, it separated in massive orange-red rhombs 
showing square and hexagonal faces. The powdered substance, 
which was strongly triboelectric, showed no signs of melting when 
plunged into a bath at 140°. It softened somewhat above 185° and 
melted at 190—193° (decomp.). It separated readily from ethyl 
alcohol in prismatic crystals, m. p. 192—193° (decomp.); but 
examination of the mother-liquors showed that the substance is 
partly reduced by alcohol, the use of which is therefore to be avoided 
in this connexion (Found: Pt, 31-8, 32-1, 32-3. C,H, Cl,Br,8,Pt 
requires Pt, 32-2%). Even from benzene the substance should not 
be recrystallised more than once. 

(2) Action of bromine on the «-dichloride. The crude product 
consisted of crystals of the same «-dichlorodibromide, m. p. 189— 
192° (decomp.) after sintering. The crystals from alcohol or from 
benzene were those of (XX). Analyses were carried out after 
one crystallisation from benzene (Found: C, 16:1; H, 3-65; Pt, 
82-15, 32-1°%) and then after a recrystallisation from the same 
solvent (Found: Pt, 31-8. Calc.: C, 15-8; H, 3-3; Pt, 32-2%). 

(3) Action of chlorine on the 8-dibromide. The crude orange- 
yellow crystalline product, which was thrown out of solution when 
chlorination was carried out at 0° in benzene, consisted of the 
8-dichlorodibromide (X1X), melting completely when plunged into a 
bath at 105° and then resolidifying and again melting near 188°. 
When crystallised from ethyl alcohol, it was completely changed to 
the «-isomeride (XX); but it could be crystallised by momentary 
warming with benzene, from which it separated in small, dark yellow, 
complex prisms or in rhomboidal platelets melting if plunged at 110°, 
or near 120° (incompletely) if heated in the ordinary way (Found, 
in different preparations: C, 15-5; H, 3-4; Pt, 31-8, 32-1%). 
A mixture with the isomeric $-dichlorodibromide (XXI, below), 
m. p. 125°, melted completely if plunged into a bath at 115°, but 
if heated in the ordinary way melted only at 190—192°. This 
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dichlorodibromide was much less permanent than (X XI), changing, 
even on a few minutes’ boiling with benzene, into the «-isomeride, 
which was shown to be identical with (XX). 

(4) Action of bromine on the §-dichloride. The crude product 
consisted of a mass of salmon-yellow prisms of the §-dichloro- 
dibromide (X XI), completely melting when plunged at 128°, resolidi- 
fying, and again melting near 188°. Crystallised from benzene, in 
which it was much less soluble than the «-isomeride, it separated in 
complex prisms, m. p. 125° (with resolidification), of salmon-yellow 
shade, showing rhomboidal faces (Found: C, 15-8; H, 3:35; Pt, 
32-25%). One crystallisation from ethyl alcohol or 10 minutes’ 
heating in solution in benzene changed it completely to the «-form, 
which was again proved to be identical with (XX). This $-dichloro- 
dibromide, which is of darker shade than (XIX), can be kept in the 
solid state for several days without suffering more than slight change 
to the «-form. 

All four of the 8-tetrahalides prepared were easily wetted and 
decomposed by concentrated nitric acid, in marked contrast to the 
a«-tetrahalides, which were remarkably stable to the warm reagent. 

In solution, the «-tetrahalides are probably in equilibrium with 
small proportions of the partly ionised §-tetrahalides, for the 
«-dichlorodibromide tends to pass after many crystallisations from 
benzene into an «-chlorotribromide, large ruby-red prisms from 
benzene, m. p. 196° (decomp.) (Found: C, 15-05; H, 3-2; Pt, 
30-0, 29-9. C,H, CIBr,S,Pt requires C, 14-75; H, 3-1; Pt, 30-0%). 

Equimolecular mixture of the «-tetrachloride and «-tetrabromide. 
The mixed substances, intimately ground together, had the same 
m. p. as the «-dichlorodibromide (XX), and it was practically 
unaltered when the latter was added to the mixture. Crystallisation 
from alcohol (Found: Pt, 31-7°%) or benzene gave products very 
similar to those obtained by crystallising (XX) from the same 
solvent. It will be seen that the «-tetrachloride does not depress to 
a normal extent the m. p. of the «-tetrabromide, and this pheno- 
menon is to be expected (compare J., 1928, 512). It is uncertain, 
therefore, whether an equimolecular mixture of these substances 
would depress to any noticeable extent the m. p. of a true «-dichloro- 
dibromide (XX). There remains the possibility that (XX) is 
produced when the mixture crystallises, or that mixed crystals of 
the two tetrahalides, indistinguishable from (XX) by the means 
employed, are formed. Again, it is possible that at temperatures 
near 180° the «-dichlorodibromide (XX) becomes changed into an 
equimolecular mixture of the two simple «-tetrahalides. The 
matter will be further examined. 
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Physico-chemical Measurements. 


Molecular Weights.—These determinations were made to show 
that the isomerism of the «- and $-salts could not be explained by 
supposing that one was a polymeride of the other, this view of the 
relationship of certain 4-co-ordinated platinum compounds being 
maintained by Reihlen and Nestle (Z. anorg. Chem., 1927, 159, 343; 
Annalen, 1926, 447, 21, 312, 448). 

The benzene used was supplied by the British Drug Houses, Ltd., 
especially for molecular-weight determinations. Traces of moisture 
were removed by distillation over phosphoric oxide (compare 
Sidgwick, J., 1920, 117, 1340). A determination with naphthalene 
in this solvent gave M, 128-2. The «- and £-salts were analytically 
pure and their m. p.’s were unchanged by successive recrystallis- 
ations from light petroleum (b. p. 40—60°) in the case of the «-, and 
from hot benzene in the case of the 8-form, benzene of crystallisation 
being afterwards removed [Found : for «-salt, M, 434; for £-salt, 
M, 438. PtCl,(SEt,), requires M, 446-5]. 

Conductivity Measurements.—These determinations, which 
required special care on account of the small solubility of the 
substances in water, could not be accurately made by the use of a 
Kohlrausch slide wire. To overcome these and other disadvantages, 
a substitution bridge, constructed by Messrs. Tinsley and Son to 
the specifications of Mr. H. M. Spittle of this Department, was 
employed. 

The arrangement of the apparatus is outlined in Fig. 1. 

A valve oscillator, V, producing a pure sine wave of 1000 cycles, 
formed the source of alternating current, all capacity effects being 
eliminated by the use of two fixed inductances and one variable 
inductance, I, the effective inductance of which balanced the 
capacity of the liquid in the conductivity cell, C. Two 2000-ohm 
non-inductive resistances, R, and R,, formed two arms of the bridge, 
the third, R,, consisting of a variable non-inductive resistance of 


- 0—11,000 ohms. The fourth contained another variable non- 


inductive resistance of 0—10,000 ohms, R,, which could be coupled 
with the cell, and, where necessary, R, and R, were increased by the 
introduction of additional, standardised non-inductive resistances. 
Readings were made by altering R,, so that a balance was obtained 
with R, about 50 ohms, when in series with the cell. By eliminating 
the cell, the true value of R, was determined, the difference between 
the two readings giving the actual resistance of the cell, although the 
total resistance of the bridge remained unaltered. In this way 
successive readings of a resistance of any magnitude never fluctuated 
by more than 0-1%. 

Conductivity water. The water used possessed a conductivity of 
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3-1 x 10 mho at 18°, and this did not materially increase during 
the course of several weeks. 

Conductivity vessel. The conductivity vessel was constructed to 
hold 5 c.c. of liquid and fitted with a ground-glass stopper. After 
being washed with conductivity water, the vessel was dried in a 
vacuum desiccator, which was then opened in a slow stream of 
carbon dioxide-free air. Dilutions (v) are given in litres per g.-mol., 
and the temperature was 18° in each case. 


Fie. 1. 

















{') t 


Results. Solutions of the $-dichloride were prepared in two 
ways: (a) by warming to 30°, followed by cooling to 18° (the 
solution was not acid to litmus or Congo-red paper), and (b) by 
shaking the salt (2 mg.) with water (5 c.c.) in the cell over-night. 








v. p v. py. 

£-Dichloride (solution a) 658-2 43-4 B-Oxalate 355-3 18-6 
- ( - b) 1037 50-9 f-Base 276-4 1l-4 

id ( as b) 1178 50-4 115-0 7-2 


Werner and Herty’s conductivity data (Z. physikal. Chem., 1901, 
38, 347) for the diammines of platinous chloride are of interest in 
connexion with our results for the dichloride. Their initial values 
for » for the cis-form were low (1 2—4) provided that the solution 
was prepared at 25°, but if it was first heated to 50° and then cooled 
to 25° a value of ca. 40 was recorded. Owing to the minute solu- 
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bility of the trans-form in water at 25°, they could not obtain 
suitable solutions for conductivity measurements by operating at 
this temperature, but they found that if the salt was dissolved in 
water at 50° and the solution then cooled to 25°, a conductivity of 
about 40 was registered. Hence they inferred by analogy with the 
behaviour of the cis-form that, if direct solution could have been 
effected at 25°, the trans-form would have been a non-electrolyte. 
Their statement that the cis- and trans-diammines are non-electro- 
lytes is based, therefore, on analogy rather than on direct experi- 
mental evidence. 


The authors wish to express their thanks to the Department of 
Scientific and Industrial Research for a grant to one of them 
(F. G. A.), and to the Chemical Society for their grant in aid of this 
investigation. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, December 3rd, 1929.] 





LI.—The Partial Esterification of Polyhydric Alcohols. 
Part X. The Discovery of the First True B-Glyceride, 
and the Untrustworthiness of the Supposed Structures 
of Certain Diglycerides. 

By ARTHUR FAIRBOURNE. 


THE following method of synthesising @-derivatives of glycerol has 
formerly been regarded as trustworthy for §-esters (Griin, Ber., 
1910, 43, 1288), although untrustworthy for $-ethers (Gilchrist and 
Purves, J., 1925, 127, 2735) : 


H,C1 CH,Cl CH,-OH 
CHOH -—> CHOR -—>: CH-OR 
CH,Cl CH,Cl CH,-OH 


In Part V (J., 1926, 3148), however, it was shown to produce 
a- instead of $-esters, and the publication of this result was followed 
by claims of the discoveries of the first true @-ester of glycerol 
(Helferich and Sieber, Z. physiol. Chem., 1927, 170, 31; 1928, 175, 
311) and also of the first true @-ether (Hill, Whelen, and Hibbert, 
J. Amer. Chem. Soc., 1928, 50, 2235; Hibbert, Whelen, and Carter, 
tbid., 1929, 541, 302). 

In Part IX (J., 1929, 2232) it was shown, on the other hand, that 
the method was trustworthy for the preparation of the 6-ethers, thus 
precisely reversing the relative values assigned to the reaction in 
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the literature; and it was incidentally realised that the credit of 
synthesising the first true $-ether of glycerol is apparently due to 
Gilchrist and Purves (loc. cit.), who, however, mistakenly recorded 
their experiment as a failure instead of as a success. 

An almost parallel re-investigation of this synthesis has now 
been independently carried out by Hibbert and Whelen (J. Amer. 
Chem. Soc., 1929, 54, 1943), who, reasoning from the evidence 
considered in Part VII of this series, studied the same reactions 
and reached identical conclusions. These authors, however, effected 
their final hydrolysis by a modified process which involved a treat- 
ment with acid. Since alkaline conditions frequently favour 
migratory changes, it is very doubtful whether acidic conditions 
ought thus to be substituted for them, in seeking to prove that 
migrations could not have occurred in Gilchrist and Purves’s work, 
On the other hand, the introduction of acid has greatly improved 
the yield obtainable from these reactions, which therefore now 
constitute a trustworthy process for preparing true §-ethers of 
glycerol without the formation of their «-isomerides. 

If the conclusion reached in Part V (loc. cit.) is correct, that all the 
preparations of supposed “ 8 ’’-monoglycerides known in 1926 were 
illusory, Helferich and Sieber would appear to be justified (loc. cit.) 
in claiming that they have now isolated the first true $-glyceride 
ever obtained. 

It is clearly desirable, for this and other reasons, that all supposed 
esterifications in the @-position of glycerol should be subjected to 
careful scrutiny, and the present paper consists of an inquiry into 
some of these cases. 

Esters of inorganic acids, such as the nitrates and phosphates, 
have not normally been contemplated in connexion with the general 
statements referring to “ 6 ’’-monoglycerides and “ 8 ’’-mono-esters 
made in this series of papers, but “ $ ’’-monochlorohydrin has 
necessarily been taken into consideration, to some extent, as an 
intermediate product in one of the suggested syntheses investigated 
in Part V (loc. cit.). Prepared by the method of Hanriot (Ann. 
Chim., 1879, 17, 76), the particular specimen employed in that 
investigation was proved by its p-nitrobenzoate to consist almost 
entirely of the unwanted «-isomeride. Henry (Bull. Acad. roy. Belg., 


1897, 33, 110), however, apparently succeeded in differentiating | 


between samples of these isomerides by reducing them to propylene 
glycol and trimethylene glycol, respectively. Read and Hurst 
(J., 1922, 121, 989) also describe a preparation of the “ 8 ’’-mono- 
chlorohydrin, but give no satisfactory proof of the structure of their 
product. Smith and Samuelsson (Z. physikal. Chem., 1918, 92, 
717; 1920, 94, 691, 723) have shown that the proportion of the 
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isomerides which are produced when glycerol and hydrogen chloride 
react upon one another varies with the conditions adopted. 

No record has been found of any attempt to prepare a $-mono- 
glyceride from a veritable specimen of $-monochlorohydrin by the 
method Griin suggested (loc. cit.), although Delaby and Dubois 
recently contemplated this synthesis (Compt. rend., 1928, 187, 949) 
in connexion with their belief that the 8-mono-ester predominates 
when glycerol and formic acid react; nor is it thought likely that 
such an attempt will succeed, since a preferential production of 
a-mono-esters is usual whenever intermediate «$-rings can occur 
(compare Part V, loc. cit.; Part VII, J., 1929, 129; Part IX, 
loc. cit.). 

Griin considered, however, that the trustworthiness of his 
alternative process for preparing $-monoglycerides, based on the 
reactions discussed at the beginning of this paper, had been experi- 
mentally confirmed (loc. cit.) by his resulting “ @ ’’-monolaurin 
reacting with phenylcarbimide, and by his “ «’’-monolaurin not 
doing so. 

This reaction has therefore been re-investigated: it is found 
that both the «- and the “ 8 ’-monolaurin prepared by his method 
can yield diphenylurethanes, which are identical, since no depression 
of melting point is caused when they are mixed. 

Thieme also synthesised a ‘‘ 8 ’’-monolaurin by a modification of 
Griin’s process (J. pr. Chem., 1912, 85, 284) : 


CH,Cl CH,Cl CH,Cl CH,I CH,"O-NO CH,°OH 
CH-OH > CH-0-S0,H > CH:OLa -> CH: OLa > CH- OLa > CH-OLa 
CH,Cl CH,C1 CH,Cl CH,I CH,°0O-NO CH,°OH 


[La = CO-C,,H,9] 


Comparison of his product with an authentic specimen of «-mono- 
laurin led him to believe that they were different substances; he 
consequently extended his researches to include the corresponding 
“a6”. and ‘‘ wy ’’-dilaurins, which, again, he found to be different 
from each other. Finally (loc. cit.) he investigated the disintegration 
of trilaurin by sulphuric acid, and estimated the proportions of 
the various partly esterified laurins produced in that reaction. 

The whole of this work is shown in the following experimental 
portion to rest on a double fallacy, since the “ 8 ’’-monolaurin 
obtainable by his method is undoubtedly identical with «-mono- 
laurin, when pure, and the supposedly isomeric “‘ «8 ”’- and “ ay ” 
dilaurins are identical with each other also. 

The controversy which arose between Griin and Thieme (Ber., 
1912, 45, 3691; 1913, 46, 1653, 2198) is thus largely explained : 
both authors correctly recognised the same material as the one 
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they had synthesised, and each insisted on the structure which his 
own preparation appeared to support. 

To make the evidence of identity more definite, Thieme’s inter- 
mediate «y-di-iodohydrin $-monolaurate has now been synthesised 
in another way, and obtained for the first time as a solid. This 
was hydrolysed, like the crude material, to «-monolaurin, which was 
again identified by a mixed melting point. 

Another supposed $-monoglyceride is “ $’’-monomyristin, iso- 
lated by Griin; Schreyer, and Weyrauch (Ber., 1912, 45, 3420). 
Their preparation has therefore been repeated, and the product 
compared with an authentic specimen of «-monomyristin obtained 
by the method of Fischer, Bergmann, Barwind, and Pfahler (Ber., 
1920, 53, 1589, 1606, 1621). Both are identical. 

Further, the corresponding “ «8 ”’- and “ ay ’’-dimyristins described 
by Griin and Theimer (Ber., 1907, 40, 1792) have now been prepared 
by the recommended processes, and the samples obtained are again 
identical with each other. 

A precisely similar case to the laurins and the myristins is that 
of the margarins, all five of which have recently been described by 
Thomson (7'rans. Roy. Soc. Canada, 1926, 20, ILI, 445) : 


I. a-Monomargarin | is) ae 
/m. p. 1-441. 
II. ‘‘g’’-Monomargarin J ee 
III. “‘«8”-Dimargarin | ma 9° off 1, 
IV. «y-Dimargarin J I, TONEY Oe) SHSODs 
V. afy-Trimargarin. 


By analogy with the cases just cited, and also from a consideration 
of the methods of preparation adopted for these glycerides, it is 
very probable (see Part V) that (I) and (IT) should be identical, and 
(see Parts VII and VIII) that (III) and (IV) should be identical 
with each other also. 

The eight recorded determinations of physical constants sum- 
marised in the above table appear to establish these identities, 
and make it clear that only two out of the four possible partly 
esterified margarins have really been isolated. (Mixed melting points 
would, however, still be desirable in confirmation of these identities. ) 

Among other similar cases of supposed isomerism, believed to be 
due to esterification in the $-position, may be mentioned the 
“a8 ”’- and “ ay ’’-dipalmitins and the “ «8 ”’- and “ wy ’’-distearins. 

The “«8’’- and “ #y’’-structures are still separately assigned to 
these diglycerides in authoritative modern works of reference (e.g., 
Ubbelohde’s “ Handbuch der Ole und Fette,”’ 1929, vol. I, pp. 174— 
176), and the reactions concerned in their preparations are still 
often relied upon as satisfactory evidence of constitution (see 
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Thomson, 1928, loc. cit.; Delaby and Dubois, Compt. rend., 1928, 
187, 767, who now record the syntheses of “ a6”’- and “ ay ’’-di- 
formates in these ways; also the work of Griin and Limpacher 
described below; and the applications of these reactions to the 
preparations of “symmetrical”? and ‘“ unsymmetrical” mixed 
triglycerides by Whitby, J., 1926, 1458, by Humnicki and Lunkie- 
wicz, Bull. Soc. chim., 1929, 45, 422, and by Weizmann and Haskel- 
berg, Compt. rend., 1929, 189, 104). 

Their syntheses have therefore been re-investigated, and the 
expected identities experimentally proved. 

Thus, in the typical case of the distearins, the ‘ «8 ’’-isomeride is 
described as having been synthesised both from «$-dibromohydrin 
by Guth (Z. Biol., 1903, 44, 78) and by Renshaw (J. Amer. Chem. 
Soc., 1914, 36, 537), and also from the «$-distearate of monochloro- 
hydrin by Griin and Theimer (Ber., 1907, 40, 1792) : 


CH,Br _ _ OH,*0-CO-C,,Hy5 __ OH,°0-CO-C,,H;, 
CHBr 9 SulatO'* CH-O-CO-C,,H;; <<? CH-0-CO-C,;Hs, 
CH,-0H CH,:0OH 5H,Cl 


Repetition of these two processes has now produced specimens 
of the supposed “‘ «$8 ”’-distearin, melting, alone or mixed, at 
78—79°; but the «8-structure cannot be regarded as confirmed by 
this agreement (compare Part VII), since the same distearin, again 
causing no change in mixed melting point, has also been obtained 
from «y-dichlorohydrin by a repetition of the synthesis of “ ay ’’- 
distearin described by Guth (loc. cit.). 

Fischer (Ber., 1920, 53, 1621) employed the «$-distearate of mono- 
iodohydrin, instead of that of monochlorohydrin, in a reaction which 
is very similar to one of the three just mentioned, but he diagnosed 
the unexpected “ «y ”-structure of his product indirectly from the 
difference in physical properties of its acetate and of «-acetoxy- 
Sy-distearin synthesised in another way : 


OH,OSt  CH,OSt CH,-OSt CH,-OSt 
CH-OSt—>CH-OSt or CH-OH ——> CH-OAc 
CH,I CH,-OH CH,-OSt CH,-OSt 


m. p. 64°.| Not identical, 
> mh. p. of mixture 
H, O~cMe, CH,"OAc CH, OAc 56—58". 
CH-O~_” CH-OH —> CH-OSt 
CH,-OH CH,-OH CH,OSt 
m. p. 59°./ 
[St = -CO-C,,H;5] 


The identity of the samples of the “ «8 ”’- and “ wy ’’-distearins 
now obtained is thus fully in accord with Fischer’s interpretation 
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of his experiment, and with his prophecy that the “a?” mixed 
diglycerides of Griin and Schreyer (Ber., 1912, 45, 3420) will probably 
be found to have the wy-structure ; moreover, it explains Renshaw’s 
confidence (loc. cit.) that Hundeshagen (J. pr. Chem., 1883, 28, 219) 
must have isolated at least a small quantity of the “ «8 ’’-isomeride 
from his direct esterification of glycerol with stearic acid ; it explains 
the similar claim of Kreis and Hafner (Ber., 1903, 36, 1123); but 
it discredits, for example, the constitution of the glyceride phosphate 
recorded by Renshaw and Stephens (J. Amer. Chem. Soc., 1914, 
36, 1770). 

No suggestion is now made that both possible isomerides may not 
be present to some extent in the crude products obtained from any, 
or indeed from all, of these reactions; all that is claimed in this 
connexion is that various processes separately recommended for 
the preparations of the “«®’’- and “ «y ”’-dilaurins, -dimyristins, 

+ -dipalmitins, and -distearins have produced specimens which, when 
purified, are identical with their supposed isomerides in every case. 

Two of the reactions now under consideration can also give rise 
to identical glycerol di-ethers (Part VIII, J., 1929, 1151; Gilchrist 
and Purves, J., 1925, 127, 2735). Since, in this case, no subsequent 
wandering of acyl groups can occur, these identical products must 
result directly from the syntheses themselves, and the explanation 
would consequently seem limited to the assumption than an a-oxide 
is formed (Part IX, loc. cit.), 


CH,Cl CH~¢ 

CH-OH —»> CH- 

CH,Cl CHCl —~» GH,'0Me ys, betray 
CH-OH or CH-OMe 

CH,"OH CH0 _— 7 CH,°OMe CH,°OH 

CHBr —-> CH- 

CH,Br CH,Br 


an assumption which is strengthened by the experimental proof that 
initial substitution of its «8-oxide,.epichlorohydrin, for the dichloro- 
hydrin does not affect the identity of the product obtained (Part 
Vill). 

The formation of these intermediate «$-oxides can doubtless 
occur also during the similar preparations of the glycerol esters. In 
addition, however, interchanges of acid radicals, with one another 
and also with different radicals, take place so easily (see Part VII) 
that an explanation of these changes, not involving a large or difficult 
movement of heavy radicals such as the stearyl and palmityl groups, 
is much needed. 
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If the tendency towards the formation of ortho-esters is taken 
into consideration (see Parts VII and IX), these changes can readily 
be represented merely by a rearrangement of valencies in which 
little or no actual migration or relative movement of the atoms 
themselves has to be presumed. 


O CH,-O~ pn O-CH, Ow a. 
Cis HyC< —, 92 CCH 35 Cis CK ‘beg? 2 9 OCi7Hss 
CH,-0-CO-C,,Hy; CH,-0-CO-C,,H3; 
ay-Distearin-B-palmitate. By-Distearin-a-palmitate. 


If conditions can exist in which the Hantzsch type of carboxyl 
group (Ber., 1917, 50, 1422; Part VII, loc. cit.) actually occurs, the 
above two formule may even become identical, 


‘ .fO--CH,--O va 
C15H31°C S bet ¥ 6} OCs: 
CH,°0°CO-C,,H;; 


and, in any case, a tendency towards the transitory formation of 
such «$-oxidic rings would seem very probable. 

It is specially noteworthy, moreover, that these “ migrations ” 
appear to take place most readily while other reactions are in progress : 
the ‘‘ migration ’’ of an acyl radical occurring simultaneously with 
the elimination of a halogen atom from a glycerol molecule, even 
if the latter does not contain a hydroxyl group, is frequently 
experienced (Part VII), but could not previously be explained. 
Such reactions, however, for example, the formation of identical 
di-p-nitrobenzoates from «$- and «y-dibromohydrin palmitates 
(Part VII), 


“ec 


‘ ‘ O-CH, ‘ 4 O CH, Br 
C . 2 
: isHy1 CX CH Br or Cy5H3'C< C< O- CH 
OH,Br CH,Br 


mm " i... 


CysHarC (0 tet BrAgi—O-CO-C,H,-NO, 


CH,Br mt 
seer me 
O CH, -O0-CO-C,H, NO, 
<o-u 
CH-0-CO-C,H,-NO, 


O0-CH or Cy5H3)°C< 
CH CH, 15**31 
15**31 < CH-0-CO-C,H,'NO, 


CH,0-CO-C,H,-NO, 
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and of identical diphthalimido-compounds from the «- and f-acetates 
of halogenohydrins (Part VII), 


O-CH, CH.-C O CH,Cl 
CH, CX O CHBr or . *<o- -CH 
CH,Br CH,Cl 


a 


(O--CH, - sie 
CHyC{) te ~~ [HaFK/|-N<EA>C.H, 


ph oe Hal. hag? 


O OH, -—N<GP>C ee eg ile 
CH,C 0 CH,C 
<o-cu a een <0 ¢H- N<og>Cel 
CH fron CH, N<Gp>CoHy 


can easily be represented in this way. 

The formation of «y-diglycerides, by the esterification and sub- 
sequent elimination of the halogen atoms of «-monochlorohydrin 
and «-monoiodohydrin, discussed earlier in this paper, can similarly 
be explained, 


O-CH, 


R-o{07" a ~~ {Hal-Ag|—NO, + RC<) diino, —> 
be, O-COR CH,-0-COR 
CH,-0-COR 
CH-OH 
CH,0-COR 


but in such cases, where a free hydroxyl group is present or is produced, 
a somewhat similar explanation has already been put forward 
tentatively by Fischer (Ber., 1920, 53,1621), the hydroxyl group being 
supposed by him to play an essential part in the mechanism of the 


change. 
CH, OW voH)R CH,°0-COR 
H pe —> CH:OH 
CH,°0-COR CH,°0-COR 


It is now clear, however, that these migrations occur whether a 
hydroxyl group is present or absent, and that a wider explanation 
is therefore required. 

The only attempt to apply broadly the tendency towards the 
formation of ortho-esters to explain migratory changes in glycerides 
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appears to be that of Griin (Ber., 1921, 54, 290), whose explanation, 


ck 
OX QO. for the 


HO-C,H,—O-C-R 
diglycerides themselves, instead of the simple mechanism now 
suggested. 

In addition to complications arising (i) from the formation of 
intermediate glycidic rings, such as that in epichlorohydrin, men- 
tioned earlier in this paper, and (ii) from the migratory effects just 
considered, there is also, in most syntheses, (iii) the possibility, due 
to the presence of metallic compounds, that hydrolyses and re-esteri- 
fications will take place rapidly (Fischer, Pfahler, and Brauns, Ber., 
1920, 53, 1634; Part III, J., 1925, 127, 2759). It is therefore 
thought that the «$-formula should be accepted as representing the 
structure of any particular diglyceride only when optical rotation 
can be demonstrated, or when some other physical difference from 
the «y-isomeride, such as the depression of the latter’s melting point, 
can be proved (compare Part VII). 

Even in the event of an optical rotation being detected, caution 
should still be observed : Griin and Limpicher, for example (Ber., 
1926, 59, 1350), synthesised a lecithin from a supposed “ « ’’-di- 
stearin, m. p. 69°, the sulphuric ester of which had shown some 
evidence of containing an asymmetric material. The lecithin they 
obtained was afterwards found to be indistinguishable from that 
prepared from «y-distearin (Ber., 1927, 60, 147). They further 
synthesised the corresponding kephalins (ibid., p. 151), and were 
again unable to distinguish between their products. 

A preparation of a sample of “ «8 ’’-distearin, with this melting 
point, and similarly made from its sulphuric ester, is described in 
detail by these authors in a later paper (ibid., p. 264), but there is 
nothing in this description to prove that their product was a satis- 
factory specimen of the true «$-isomeride as they supposed ; it may 
have consisted, even substantially, of ordinary or «y-distearin, 
particularly as they mention that, during its final treatment, 
crystals were deposited which had the usual melting point of that 
compound. 

The conclusions reached in Part V (loc. cit.), that every swpposed 
isolation of a 6-monoglyceride then recorded was probably illusory, 
and in Parts VII and IX (doce. cit.), that “ «6- and ay-isomerism ” in 
diglycerides is frequently accepted on insufficient evidence, are both 
thus fully confirmed, so far as the re-examination of “ @ ’’-esters has 
yet been carried. 

These conclusions, and the experimental evidence previously put 


however, involves the vague formula 
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forward in their support, have recently been quoted in several 
connexions by Hibbert, Whelen, and Carter (J. Amer. Chem. Soc., 
1929, 51, 304, 1602, 1606, 1944, 1945), who stress their importance 
in reaching an accurate view of the structures of glycerol compounds. 
It thus becomes increasingly clear that the relative values assigned 
to the various methods described in the literature for synthesising 
partly substituted glycerols require to be modified considerably, 
and a selection has consequently been made below, in accordance 
with the evidence obtained now and in the previous papers of this 
series, of what appear to be trustworthy processes for preparing 
a-, B-, aB-, wy-, and «Sy-ethers and esters of definite structure :— 

(i) «-Mono-ethers, the structures of which were established by 
Irvine, Macdonald, and Soutar (J., 1915, 107, 337), are readily 
produced either by reacting upon monochlorohydrin with alkali and 
the requisite alcohol (Reboul, Annalen Suppl., 1862, 1, 238), or by 
the converse process (Parts I and III,* J., 1921, 119, 1035; 19235, 
127, 2759; Cross and Jacobs, J. Soc. Chem. Ind., 1926, 45, 3207) of 
reacting upon sodium glyceroxide with the requisite halide. 

The accidental production of higher ethers (Part III, loc. cit.) and 
of $-ethers (Part IX, loc. cit.) as by-products, however, is a com- 
plication arising from the use of sodium glyceroxide. 

(ii) 8-Mono-ethers may be prepared, as exemplified in the case of 
the $-methyl ether, by introducing an ethereal group either into 
«y-dichlorohydrin, or into certain other subsequently decomposable 
«y-compounds (Part 1X, loc. cit.; Hibbert, Hill, Whelen, and Carter, 
J. Amer. Chem. Soc., 1928, 50, 2235; 1929, 51, 302, 1943). 

(iii) «-Monoglycerides may conveniently be prepared from 
isopropylideneglycerol (Fischer, Bergmann, Barwind, and Pfahler, 
Ber., 1920, 53, 1589, 1606, 1621), a synthesis which strongly indi- 
cates the «-structure; confirmation being afforded by the rotatory 
evidence of Abderhalden and Eichwald (Ber., 1915, 48, 1847) and 
perhaps by the direct formation of these esters from allyl esters 
(Part IV, J., 1926, 3146; Hibbert and Carter, J. Amer. Chem. Soc., 
1929, 54, 1606). 

They also result from the simple esterification of glycerol, or by 
the action of metallic salts on monochlorohydrin, but, in all such 
cases, are liable to be difficultly separable from higher glycerides 
cecurring as by-products. 

(iv) 8-Monoglycerides were formerly believed to be obtainable by 
method (ii) above, but (see Part V, loc. cit.) the true B-isomerides 
have been produced by this method only when applied in a specially 


* These two papers, and also Parts II and VI (J., 1921, 119, 2076; 1926, 
3240), were published under sectional titles only, and consequently were not 
numbered. 
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modified form, glycerol ditrityl ether being used as the initial 
ay-material (Helferich and Sieber, loc. cit.). 

(v) «8-Diethers of true structure have never been recorded (Part 
VIII, loc. cit.); successful methods for their preparation have been 
mentioned (Part IX, loc. cit.), and a further communication on this 
subject will be made later. 

(vi) «y-Diethers. All syntheses yet recorded for glycerol diethers, 
whether “«®8”’ or “ ay,’ produce specimens which are identical 
after purification (Part VIII, loc. cit.) and can be proved to have 
the «y-structure by arguments not yet put forward. 

(vii) «8-Diglycerides. Of the various syntheses in the literature, 
only two would appear to be satisfactory : (a) indirect preparations 
from propylamines by Abderhalden and Eichwald and by Bergmann 
and co-workers (see Part VII, loc. cit.); (b) the method of Helferich 
and Sieber (loc. cit.) which employs glycerol «-monotrityl ether. 

(viii) «y-Diglycerides. With the exception of the methods of 
synthesis mentioned in (vii) above, all known preparations of di- 
glycerides, whether by direct esterification or from chlorohydrins, 
etc., appear to produce the «y-isomerides preferentially, although 
many statements occur in the literature to the contrary. Probably 
a chemically pure «y-diglyceride is most conveniently prepared by 
Fischer’s method (Ber., 1920, 53, 1621) from the $y-di-ester of 
a-iodohydrin. 

(ix) «Sy-T'ri-ethers and -esters, containing different radicals, but 
of known constitution, are obtainable by mild methods (Fischer, 
loc. cit.) from the various types of partly substituted glycerols 
summarised above. ; 

No investigation has yet been made to determine whether the 
alternative method of Whitby (J., 1926, 1458) for synthesising 
“ symmetrical” glycerides, also used by Thomson (loc. cit.), is 
affected by migratory changes such as have now been proved to 
occur in the very similar reactions considered in this paper and 
in Part VII (loc. cit.); for the same reasons the structures of the 
“ symmetrical’ and “ unsymmetrical” triglycerides of Humnicki 
and Lunkiewicz (Bull. Soc. chim., 1929, 45, 422) and of Weizmann 
and Haskelberg (Compt. rend., 1929, 189, 104) must also be regarded 
as unproven. 

EXPERIMENTAL. 

ay-Di-iodohydrin 8-Laurate, C,,H ,°CO*O-CH(CH,I)..—(a) A crude 
material, believed to contain this substance, and obtained as an 
intermediate in the synthesis of “‘ 8 ’’-monolaurin, has been described 
by Thieme (loc. cit.); this complicated preparation has now been 
repeated, and the expected liquid obtained, but on hydrolysis, as 
stated below, it yielded «-monolaurin instead of the £-isomeride. 
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(b) The pure compound has now been obtained as a colourless 
solid, m. p. 34° after recrystallisation from alcohol, by the direct 
esterification of «y-di-iodohydrin by the method described in Part V 
(loc. cit.) for the corresponding ester of wy-dichlorohydrin and for 
the p-nitrobenzoate of the latter (Found : C, 36-3; H, 5-6; I, 51-3. 
C,;H,,0,I, requires C, 36-4; H, 5-7; I, 514%). 

a- and “8”’-Monolaurin, C,,H,,*CO*O-CH,-CH(OH)-CH,-OH.— 
(a) The supposed “6 ”’-monolaurin of Thieme was obtained from 
the crude «y-di-iodohydrin (-laurate as described by him... It un- 
questionably had the a- and not the @-structure, however, since it 
melted at 61—62°, alone or mixed with an authentic specimen of 
«-monolaurin prepared by Fischer’s method (Ber., 1920, 53, 1600). 

(b) The pure ay-di-iodohydrin $-laurate described above was also 
hydrolysed in an identical manner to «-monolaurin, m. p., alone or 
mixed, 61—62°. 

a-Monolaurin Sy-Diphenylurethane, 

C,,H,,°CO-O-CH,*CH(O-CO-NHPh)-CH,°0-CO-NHPh. 
—(a) «-Monolaurin was warmed with excess of phenylearbimide 
and kept for several days. The diphenylurethane, recrystallised 
from ligroin, melted at 90° (Found: C, 68-0; H, 7-9; N, 5-7. 
CygHyO,N, requires C, 67-9; H, 7-8; N, 5-5%). 

(b) A sample prepared in an identical manner from the “  ”’- 
monolaurin of Griin and Skopnik (Ber., 1909, 42, 3750; see Part V, 
loc. cit.) melted, alone or mixed with (a), at 90°. The two samples 
therefore behave in the same way with phenylcarbimide, thus 
disposing of one of the arguments of Griin in support of the 
supposed “ 6 ”’ structure of his preparation. 

“a8”. and “ay”-Dilaurins, (C,,H,,°CO-O),C,H,-OH.—(a) A 
specimen of “ «8 ”’-dilaurin, prepared from «-monochlorohydrin by 
Thieme’s method (loc. cit.), melted at 56°. 

(b) Aspecimen of “ «wy ’’-dilaurin, prepared from «y-dichlorohydrin 
by Griin’s method (Ber., 1912, 45, 3691), melted, alone or mixed 
with (a), at 56—57°, their identity thus being proved. 

a- and “8”.Monomyristin, C,,H,,-CO-O-C,;H,(OH),.—(a) The 
supposed “§”’-monomyristin of Griin, Schreyer, and Weyrauch 
(Ber., 1912, 45, 3420) was prepared as described by them; it melted 
at 68°. 

(b) An authentic specimen of «-monomyristin was prepared from 
myristyl chloride and isopropylideneglycerol by means of the 
general method for preparing «-mono-esters described by Fischer, 
Bergmann, Barwind, and Pfahler (Ber., 1920, 53, 1589, 1606, 1621). 
10 G. of myristyl chloride were cautiously added with shaking to a 
mixture of 5-2 g. of «sopropylideneglycerol and 5-8 g. of quinoline; 
after 2 days, the whole was treated with ether and the extract was 
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washed with N/2-sulphuric acid, potassium bicarbonate solution, 
then with water, and dried with anhydrous sodium sulphate. The 
product was shaken with hydrochloric acid (d 1-19) ; after crystallising 
several times from ether, it melted at 68°, alone or mixed with (a) 
(Found : C, 67-8; H, 11-1. C,,H,,O, requires C, 67-6; H, 11-2%). 

The supposed “‘ 8 ”’-monomyristin is therefore «-monomyristin. 

“a8” ~and “ ay ”-Dimyristin, (Cy3H,7°CO-O),C,;H,-OH.—(a) The 
supposed “ «8 ’’-dimyristin prepared by the method of Griin and 
Theimer (Ber., 1907, 40, 1792) melted at 64—65°. 

(b) A specimen of “‘ wy ’’-dimyristin, prepared as described by the 
same authors (loc. cit.), also melted at 64—65°, alone or mixed with 
(a). Their two processes therefore gave rise to the same compound. 

“ap. and “ay”’-Dipalmitin, (C, ;H3;-CO-O),C,H,-OH.— 
(a) “«8’’-Dipalmitin prepared from «$-dibromohydrin by the 
method of Guth (Z. Biol., 1903, 44, 78) melted at 69°. 

(b) ‘‘ay”’-Dipalmitin prepared from «y-dichlorohydrin by a 
method also recommended by him (loc. cit.) melted at 69°, alone or 
mixed with (a). When pure, therefore, these specimens of Guth’s 
“a8 ’’- and “ wy ’’-dipalmitins are identical. 

ay-Dichlorohydrin $-Stearate, C,,H3,,>CO-O-CH(CH,Cl),—\In an 
attempt to apply Griin’s method for the synthesis of “ 8 ’’-mono- 
glycerides to the preparation of “ $’’-monostearin, in a similar 
manner to that used in the previous investigations of the supposed 
“8”’-monolaurin, “8 ”’’-monomyristin, and “ @ ’’-monopalmitin, 
wy-dichlorohydrin was esterified by stearyl chloride in quinoline ; 
the resulting «y-dichlorohydrin $-stearate, after crystallising from 
alcohol, melted at 39° (Found: C, 63-6; H, 10-0; Cl, 17-8. Cale. 
for Cy,H490,Cl, : C, 63-8; H, 10-1; Cl, 18-0%). 

Whitby (J., 1926, 1458) obtained a compound of this melting 
point by treating epichlorohydrin with stearyl chloride, a result that 
must be regarded as an example of an acyl group spontaneously 
entering the -position in the glycerol molecule. Humnicki also 
(Bull. Soc. chim., 1929, 45, 279) prepared probably the same com- 
pound by direct esterification of dichlorohydrin with free stearic acid. 

Attempts to hydrolyse this product to the a- or “ # ’’-mono- 
glyceride, either by the method described in Part V (loc. cit.), or 
after preliminary treatment with potassium iodide such as was 
used in Thieme’s process mentioned above, have been unsuccessful. 
It was recorded in Part V that, although the corresponding laurate 
and palmitate of «y-dichlorohydrin were successfully hydrolysed, 
the p-nitrobenzoate, the 3 : 5-dinitrobenzoate, and also the corre- 
sponding p-nitrobenzoate of «y-dibromohydrin could not be 
hydrolysed in that way. Griin was of opinion (Ber., 1910, 43, 
1288) that it is the esters of simple acids, such as acetic and benzoic 
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acids, which give only poor yields but it would appear that 
other radicals can produce the same effect. The stability of 
the halogen atoms is perhaps significant in connexion with the 
formation of «$-oxidie rings (Part VII, loc. cit.) which account for 
some of the migratory changes that frequently occur. In this 
connexion there may also be mentioned the very stable 6-methyl 
and %-trityl ethers of dichlorohydrin (Parts [X and VII), the distear- 
ate of monochlorohydrin (Griin and Theimer, Ber., 1907, 40, 1792), 
and the chloride of isopropylideneglycerol (Fischer and Pfahler, Ber., 
1920, 53, 1606). 

This ester also resisted an attempt to displace its chlorine atoms 
by means of potassium phthalimide in the manner described in 
Part VII. 

* 48-” and “ wy”’-Distearins, (C,,H3;°CO*O),C,H -OH.—(a) “ «8 ”’- 
Distearin has been prepared from «$-dibromohydrin by the method 
of Guth (loc. cit.) and Renshaw (J. Amer. Chem. Soc., 1914, 36, 537), 
and obtained with the m. p. 78—79°. 

(b) Another specimen of “ «@ ’’-distearin has been prepared from 
«-chlorohydrin (#y-distearate by repeating the synthesis of Griin 
and Theimer (loc. cit.) ; it melted at 78—-79°, alone or mixed with (a). 

(c) “‘ wy ’-Distearin was prepared from «y-dichlorohydrin by the 
method of Guth (loc. cit.; compare Bémer and Limpricht, Z. Unters. 
Nahr. Genussmittel, 1913, 25, 354). This again melted at 78—79°, 
alone or mixed with either (a) or (b). 

Throughout the work described in this paper, many recrystallis- 
ations from alternating solvents were frequently necessary in pre- 
paring specimens of supposed isomerides for mixed melting point 
determinations. 


The author desires to express his indebtedness to the Chemical 
Society for a grant which has partly met the expenses incurred in 
this work. 


Kinea’s CoLLece, Lonpon. [ Received, November lst, 1929.] 





LIl.—Strychnine and Brucine. Part IX. Prepar- 
ation of Some Isomerides of Dinitrostrychol and 
Trinitrostrychol. 


By Jutius NICHOLSON ASHLEY, (the late) WiLLIAM HENRY PERKIN, 
jun., and Ropert Rosinson. 


In 1898, Tafel (Annalen, 301, 336) showed that, when strychnine 
was heated first with dilute and then with concentrated nitric acid, 
the base was nitrated and subsequently degraded, with the formation 
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of oxalic and picric acids, together with a compound, C,,H,O,N3, 
considered to be C,NH,(OH),(NO,),°CO,H and termed dinitro- 
strycholcarboxylic acid. 

The carboxyl group could be eliminated, or displaced by nitroxyl!, 
dinitrostrychol, C,NH,(OH),(NO,)o, and _ trinitrostrychol.. 
CyNH,(OH),.(NO,)3, respectively being produced. 

From the properties of these substances and of dinitrostrychol 
monomethyl! ether, Tafel concluded that the hypothetical strychol 
is either a dihydroxyquinoline or a dihydroxyisoquinoline; he 
further considered that one of the hydroxyl groups is in proximity 
to a nitro-group and is responsible for the formation of the yellow 
neutral alkali-metal salts of dinitrostrychol and that the other 
hydroxy] exhibits a carbostyril-like character and functions in the 
formation of the red alkaline-reacting salts. Finally, Tafel stated 
(loc. cit., p. 300) that attempts to transform dinitrostrychol deriv- 
atives to known substances had been unsuccessful, and that synthe- 
tical experiments also had been fruitless; the details of the latter 
have not been published. 

The work recorded in the present communication was completed 
in 1926, before there was any suggestion (Fawcett, Perkin, and 
Robinson, Part VII, J., 1928, 3082) that dinitrostrychol might be 
an isoquinoline derivative,* and, at that time, we followed Tafel in 
regarding strychnine as a derivative of quinoline. It appeared 
highly improbable that the benzene ring of dinitrostrycholearboxylic 
acid is not the original benzene ring of strychnine; brucine gives 
quite different products and nitric acid would not be expected to 
dehydrogenate the reduced rings of the alkaloid. T'ne same argu- 
ment applies to the picric acid which is formed alongside the dinitro-. 
strycholearboxylic acid. But the first action of nitric acid on 
strychnine is to nitrate it to dinitrostrychnine hydrate, which must 
then break down into picric acid and the strychol derivative. It 
follows from these considerations that the nitro-grouys in dinitro- 
strychnine hydrate and dinitrostrycholearboxylic acid are in the 
m-relation to each other. i 

On the assumption that dinitrostrychol is a dinijtrodihydroxy- 
quinoline, we can proceed a step further and restrict a‘ctention to the 
6 : 8-dinitrodihydroxyquinolines, since the quinoline ;nitrogen atom 
would certainly be replaced by hydroxy] in the course gf the reactions 
leading to the formation of picric acid from dimitrostrychnine- 
hydrate. The same orientation follows from a comsideration of 
analogies in connexion with the original nitration of strychnine; the 


* We have now a definite proof that the substance is a quinoline derivative. 
A communication on this subject will shortly be submitted to tihe Society.— 
R. R. 
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nitro-groups would, doubtless, enter the op-positions with respect 
to the nitrogen atom attached to the nucleus. 

The positions 6 and 8 are therefore not possible situations for the 
hydroxyl groups of dinitrostrychol, and strychol might be 2 :3.-, 
2:4-,2:5-,2:7-,3:4-,3:5-,3:7-,4:5-,4:7-, or 5: 7-dihydroxy- 
quinoline. 

Very little was known of the nitro-derivatives of such dihydroxy- 
quinolines, and in order to study their properties we have synthesised 
some typical members of this group, selecting those representatives 
which had the best claim to be considered in connexion with the 
strychol problem. 

The outcome has been to exclude the 2: 4-, 2:5-, and 2: 7- 
formule with certainty, and the 4:7-formula on somewhat less 
definite grounds. Of the remaining possibilities, all but the 2: 3-, 
3:4-, and 4: 5-formule are highly improbable. 

The first stage in the nitration of 2 : 4-dihydroxyquinoline was 
studied by Gabriel (Ber., 1918, 54, 1500), who obtained 3-nitro- 
2 : 4-dihydroxyquinoline (I), and this substance has been found to 
yield 3 : 6(or 8)-dinitro-2 : 4-dihydroxyquinoline (II, 3 : 6) on further 
nitration in sulphuric acid solution. The introduction of a third 
nitro-group presented great difficulties, which were only surmounted 
after many unsuccessful experiments. The acetyl derivative of (II) 
was treated under special conditions with a mixture of 10% oleum 
and potassitim nitrate, and the product was 3 : 6 : 8-trinitro-2 : 4-di- 
hydroxyquindline (ILL), an isomeride of trinitrostrychol. 


OH | OH OH 
NO, NO, NO, NO 10, 
OH OH OH 

/ N No, N 

(I.) j (II.) (III.) 


The constitiution of the substance is proved by its conversion into 
picric acid b‘y means of boiling nitric acid, and this reaction con- 
stitutes one of the distinctions from trinitrostrychol, which cannot 
be similarly degraded. Attempts to effect the ring closure of ethyl 
3 : 5-dinitro-2-(acetamidobenzoate, which would have afforded 
6 : 8-dinitro-2 ': 4-dihydroxyquinoline, were not successful. 

6 : 8-Dinitro,2 : 5-dihydroxyquinoline (IV) and 6 : 8-dinitro-2 : 7-di- 
hydroxyquinoli. ne (V) were obtained from the corresponding amine- 
carbostyrils b'y diazotisation, decomposition, and nitration without 
isolation of iy atermediate stages. 

Neither ofi these substances was identical with dinitrostrychol ; 
they did not yield trinitro-compounds but suffered degradation on 
boiling witSh nitric acid and gave rise to styphnic acid. 
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Compound (IV) was much more stable than (V), and the yield 
of the trinitroresorcinol was poor; the reaction is of interest in that 
it confirms the view that the quinoline nitrogen atom is replaced by 
-— in all such nitration—oxidation eer 


BOO 00-17 OOn16:. 


oo. NO, N 
(V. ’ (VI.) (VII.) 


A Abe’ of 4-hydroxy-7-methoxyquinoline-2-carboxylic acid (VI) 
has been effected, and the results obtained on nitrating this sub- 
stance were not in agreement with the view that strychol is 
4 : 7-dihydroxyquinoline. 

Further, in some preliminary experiments on the synthesis of 
4 : 5-dihydroxyquinoline derivatives, the Tiemann—Reimer reaction 
was applied to m-nitrophenol, and 6-nitrosalicylaldehyde (VII) 
obtained in 3% yield. The orientation of this substance follows 
from the facts that it is not a p-hydroxybenzaldehyde, being volatile 
in steam, and that its methyl ether yields an indigotin derivative 
on treatment with acetone and sodium hydroxide. 


EXPERIMENTAL. 

Dinitrostrycholearboxylic Acid and Dinitrostrychol—The method 
of Tafel (loc. cit.) was modified in that the mixture of strychnine and 
20% nitric acid was heated on the steam-bath for 120 hours; losses 
by senaemeiiies were compensated by the addition of*20% nitric 
acid. Strychnine nitrate (115 g.), nitric acid (900 g., d 1-42), and 
water (3600 c.c.) gave ultimately 10-3 g. of pure dinitrostrychol- 
carboxylic acid. 

A large number of analyses of dinitrostrycholearboxylic acid, of 
dinitrostrychol and its methyl ether have been carried out, and 
Tafel’s view of the composition of these substances is unquestionably 
correct. 

Dinitrostrychol crystallises best from acetic acid, in very pale 
yellow needles, m. p. 282° (Tafel, loc. cit., crystallised the substance 
from alcohol or nitric acid, and gives the m. p. 284°). 

When dinitrostrychol is reduced in alcoholic solution with zinc 
dust and hydrochloric acid, the resulting colourless solution exhibits 
a strong bluish-violet fluorescence; it becomes discoloured rapidly, 
and, on dilution with water and the addition of ferric chloride, 
develops a deep red coloration, changing to reddish-brown. 

Attempts to reduce only one nitro-group of dinitrostrychol were 
unsuccessful. 

P 
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Complete degradation, without formation of picric or styphnic 
acid, resulted when dinitrostrychol (0-5 g.) was heated in a sealed 
tube at 200° with nitric acid (4 c.c., d 1-5) for 44 hours. With the 
same quantities, heated at 120—125° for 2 hours, the product was 
pure trinitrostrychol. 

Dinitrostrychol monomethyl ether (Tafel, loc. cit., p. 345) was 
obtained by heating the dry monopotassium salt of dinitrostrychol 
(2 g.) with methyl iodide (5 c.c.) in a sealed tube at 155° for 24 hours, 
or by refluxing a mixture of the monopotassium salt (4 g.), purified 
methyl sulphate (5 c.c.), and xylene (150 c.c.) for 1} hours (yield, 
70—75%; m. p. 194—195°). 

The conditions for the hydrolysis of the methyl ether by aqueous 
sodium hydroxide have been studied, and the following experiments 
are typical. (1) The finely powdered methyl ether (0-2 g.) was 
triturated with cold aqueous sodium hydroxide (10 c.c. of 1%); 
very little material passed into solution. On heating at 40° for 2 
minutes, an orange-red solution was obtained, and this was filtered 
and acidified, yielding dinitrostrychol free from its methyl ether. 
(2) The finely powdered methyl ether (0-2 g.); when triturated with 
cold aqueous sodium hydroxide (10 c.c. of 8%), was converted into a 
deep red, insoluble sodium salt. This was collected and treated 
with dilute sulphuric acid, yielding the original methyl ether, m. p. 
192°. It is evident that the monomethyl ether possesses very weak 
acidic character, and is hydrolysed by aqueous alkalis with special 
facility. 

Tafel (loc. cit.) made the very interesting observation that dinitro- 
strychol behaves as a dibasic acid towards baryta, since, although 
the potassium salt, stable in the presence of water, has the com- 
position C,H,O,N,K, the barium salt under similar conditions 
appears to be C,H,0,N,Ba. This suggested to us that the hydroxyl 
groups are probably in the ortho- or peri-positions with respect to 
each other, and we attempted to confirm this view by the preparation 
of an ethylene ether or an oxalyl derivative of dinitrostrychol. The 
disodium salt (5 g.) was refluxed for 50 hours with ethylene dibromide 
(4 c.c.) and absolute alcohol (100 c.c.). Apart from unchanged 
dinitrostrychol, a relatively very small amount of a sparingly 
soluble substance, crystallising from alcohol in pale brown needles, 
m. p. 186—187° (Found: N, 15-0, 148%), was isolated. This 
substance exhibited the behaviour of dinitrostrychol monomethy] 
ether towards 1% sodium hydroxide solution and was probably the 
corresponding monoethy]l ether (N, 15-1%). 

The dipotassium salt of dinitrostrychol (2-9 g.) was mixed with 
oxalyl chloride (2 c.c.) (Staudinger, Ber., 1908, 41, 3563) and pure 
toluene (10 c.c.); the initial reaction was controlled by cooling in 
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water and, after 12 hours, the mixture was heated on the steam-bath 
for 2 hours. The filtered liquid was evaporated under diminished 
pressure; the pale yellow residue, after being lixiviated with water, 
crystallised from toluene in very pale yellow, irregular prisms, 
m. p. 161° (Found: N, 19-5, 19-5%). Unfortunately, the yield was 
poor, so that a full examination was not possible, but it is clear that 
the action of the oxalyl chloride must have removed either carbon 
or oxygen or both from the dinitrostrychol molecule (dinitro- 
strychol, C,H;O0,N;, requires N, 16-8%). 

The substance was insoluble in cold aqueous sodium carbonate, 
but, on boiling, it dissolved to an orange solution; it was immedi- 
ately soluble in cold dilute aqueous sodium hydroxide to an orange- 
red solution. On boiling with nitric acid (d 1-42, boiled), oxidation 
occurred and the evaporated liquid gave, with a little water, long, 
pale yellow rods, m. p. 278—279° (decomp.) (Found : N, 15-3%, a 
provisional figure in the absence of a duplicate). This substance 
was readily soluble in cold dilute sodium carbonate to a deep orange 
solution. 

It is very difficult to explain these remarkable results, and the 
subject merits further investigation. 

Trinitrostrychol was found to be more readily obtainable by the 
nitration of dinitrostrychol than from dinitrostrycholcarboxylic 
acid (Tafel). It sufficed to heat a mixture of dinitrostrychol (0-5 g.) 
and nitric acid (5 c.c., d 1-5) on the steam-bath for 1 hour. On the 
addition of water (15 c.c.), the trinitrostrychol separated in pale 
yellow, microscopic needles, m. p. 218°. No trace of picrie or 
styphnic acid was produced. The pale yellow solution in dilute 
aqueous sodium hydroxide rapidly darkened on heating and became 
deep brown. This characteristic behaviour is exhibited by traces 
of trinitrostrychol, and advantage has been taken of this fact in 
showing that certain synthetic products do not contain the substance. 

2 :4-Dihydroxyquinoline and Derivatives.—According to Camps 
(Arch. Pharm., 1899, 237, 688), the action of sodium on methyl 
acetylanthranilate (Mehner, J. pr. Chem., 1901, 64, 83) gives a 60% 
yield of crude 2 : 4-dihydroxyquinoline, but we find that the yield 
of pure substance barely exceeds 40%. Other methods, however, 
including those of Erdmann (Ber., 1899, 32, 3570) and of D.R.-P. 
11767, were still less satisfactory. Camps’s method was slightly 
modified. Dry powdered methyl acetylanthranilate (50 g.) was 
added to granulated sodium (6 g.) suspended in toluene (200 c.c.). 
Reaction occurred and the yellow liquid boiled spontaneously. 
The mixture was finally refluxed (oil-bath) until it became viscous. 
After cooling, the solid was collected, freed as far as possible from 
toluene, and dissolved in water (800 c.c.) at 70—80°. The solution 
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was just acidified to litmus, and the precipitated dihydroxyquinoline 
collected (Found: N, 8-7. Calc. : N, 8-7%). 

Further addition of acid to the filtrate precipitated acetylanthr- 
anilic acid in a crystalline condition. 

4(or 2)-Hydroxy-2(or 4)-acetoryquinoline was obtained when 
2 : 4-dihydroxyquinoline (1 g.) was heated with acetic anhydride 
(20 c.c.) and three drops of pyridine on the steam-bath for ? hour. 
The derivative crystallised from alcohol in needles, m. p. 214—215° 
(Found: C, 65-1; H, 45; N, 6-6. C,,H,O,N requires C, 65-0; 
H, 4:5; N, 69%), readily soluble in acetic acid and acetone, 
moderately readily soluble in methyl alcohol, chloroform, ethyl 
acetate, and benzene, sparingly soluble in ether and light petroleum. 

4(or 2)-Hydroxy-2(or 4)-p-nitrobenzyloxyquinoline possesses similar 
solubility properties and was prepared by refluxing a mixture of 
2 : 4-dihydroxyquinoline (4 g.), alcohol (250 ¢.c.), p-nitrobenzyl 
bromide (6 g.), and potassium hydroxide (2 g.) for 2 hours. Yellow 
crystals separated from the filtered solution, and this substance 
crystallised from alcohol in pale yellow plates, m. p. 247° (decomp.) 
(Found: C, 648; H, 43; N, 9-7. C,gH,.0,N, requires C, 64-9; 
H, 4:1; N, 9-5%). 

3-Nitro-2 : 4-dihydroxyquinoline (I) was prepared by Gabriel’s 
method (Ber., 1918, 51, 1500) in 85% yield, and also by nitration 
in sulphuric acid solution in somewhat inferior yield. A clear 
proof of the constitution of this derivative does not appear to have 
been recorded, but we have now observed that a small amount of 
aniline is formed on distillation with soda-lime. 

The monoacetyl derivative was obtained under the conditions 
described above for the acetylation of 2 : 4-dihydroxyquinoline. 
It formed yellow needles, m. p. 194° (decomp.), from alcohol (Found : 
C, 53-6; H, 3-6; N, 11-1. C,,H,O;N, requires C, 53-2; H, 3:3; 
N, 11-3%). 

Attempts to obtain a methyl ether of 2: 4-dihydroxyquinoline 
were unsuccessful, but the action of diazomethane was not tried. 

3 : 6-Dinitro-2 : 4-dihydroxyquinoline (I1).—Powdered potassium 
nitrate (16 g.) was added during 1 hour to a solution of 2 : 4-di- 
hydroxyquinoline (10 g.) in sulphuric acid (100 c.c.) with stirring 
and cooling to below 5°. Nitric acid (20 c.c.) was then introduced 
in four portions, and the stirring continued at room temperature 
for 2} hours. The brown liquid was added to crushed ice, and the 
yellow solid isolated and dissolved in hot aqueous sodium carbonate. 
On cooling, the sodium salt separated in glistening, slender, yellow 
needles (Found : Na, 8:2. C,H,O,N,Na requires Na, 8-4%). The 
regenerated nitrophenol was almost colourless and crystallised from 
acetic acid in long needles, m. p. 200° (decomp.) (yield, 60%) 
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(Found: C, 43-5; H, 2-2; N, 16-8. C,H,O,N, requires C, 43-1; 
H, 2-0; N, 16-7%). 

3 : 6-Dinitro-2 : 4-dihydroxyquinoline is moderately readily soluble 
in the simple alcohols, acetone and hot water, but is very sparingly 
soluble in ether, light petroleum, benzene, ethyl acetate, and chloro- 
form. It does not dissolve readily in cold aqueous sodium carbonate, 
but with sodium hydroxide an orange-red disodium salt is produced. 
The stability of this substance towards alkali is remarkable; 1 gram 
was heated with 15 c.c. of 10% sodium hydroxide solution in a 
sealed tube at 145° for 10 hours without suffering any decomposition. 

A completely reduced acid solution became deep blue, quickly 
changing to reddish-brown, on the addition of ferric chloride. 

The monoacetyl derivative was obtained by heating a mixture of 
the dinitrodihydroxyquinoline (1 g.) and acetic anhydride (20 c.c.), 
with stirring, just to the boiling point. The yellow solution deposited 
almost colourless plates, m. p. 190° (decomp.) after recrystallisation 
from acetic acid (Found: C, 45-3; H, 2-6; N, 14-2. C,,H,0,N, 
requires C, 44-9; H, 2-4; N, 14:3%). 

3:6: 8-T'rinitro-2 : 4-dihydroxyquinoline (III).—Finely powdered 
potassium nitrate (11 g.) was gradually added with shaking to a 
solution of 3 : 6-dinitrohydroxyacetoxyquinoline (5 g.) in 10% oleum 
(50 c.c.), and the yellow liquid stirred at 85° for 3 hours and then 
at 90—95° for 4 hours, the temperature having been raised very 
gradually. The product was slowly added to water (200 c.c.) with 
stirring. The pale brown solid obtained crystallised from acetic 
acid in pale yellow leaflets, m. p. 192—193° (decomp.) (yield, 65%) 
(Found: C, 36-9; H, 16; N, 18-4. C,H,O,N, requires C, 36-6; 
H, 1-4; N, 18-9%). 

This trinitrodthydroxyquinoline is fairly readily soluble in water, 
alcohol and ethyl acetate and readily soluble in acetone; it is 
sparingly soluble in most other organic solvents. 

The solution in aqueous sodium carbonate is golden-yellow. In 
aqueous sodium hydroxide the compound gives a deep yellow 
solution, from which a sparingly soluble sodium salt separates 
almost immediately ; there is no change on boiling : this behaviour 
is in marked contrast with that of trinitrostrychol. 

The monoacetyl derivative was prepared by heating the trinitro- 
dihydroxyquinoline with acetic anhydride for 5 minutes; it crystal- 
lised in colourless elongated plates, m. p. 158° (decomp.) (Found : 
C, 38-8; H, 1-9. C,,H,O,N, requires C, 39-1; H, 1-8%). 

The oxidation and nitration of the trinitrodihydroxyquinoline 
(1 g.) afforded a proof of its constitution and was effected by heating 
the substance with a mixture of acetic acid (10 c.c.) and nitric acid 
(10 c.c., d 1-5) for 4 hour on the steam-bath and, after addition of 
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water (10 c.c.), refluxing the solution for 4 hour and concentrating 
it to a syrup. The picric acid formed was isolated as its sodium 
salt and characterised by its m. p., undepressed by admixture with 
an authentic specimen, and by other properties. 

2 - Chloro-3 : 5-dinitrobenzoyl Chloride.—2- Chloro-3 : 5-dinitro- 
benzoic acid (Purgotti and Contardi, Gazzetta, 1902, 32, i, 526) was 
treated with phosphorus pentachloride; the chloride (mentioned by 
Barnett, Ber., 1925, 58, 1610, without properties or analysis) 
crystallised from ether—benzene in white needles, m. p. 62° (Found : 
Cl, 26-7. C,H,O,;N,Cl, requires Cl, 26-8%). Attempts to condense 
the chloride with ethyl sodioacetoacetate and to hydrolyse the 
product were fruitless. 

3 : 5-Dinitro-2-methoxybenzoyl Chloride.—The acid was obtained 
in 85% yield by following Ullmann’s directions (Annalen, 1909, 366, 
85), and in 95% yield by nitrating o-methoxybenzoic acid (20 g.) 
with a mixture of sulphuric acid (100 c.c.) and nitric acid (30 c.c., 
d 1-5) for 4 hour at room temperature. 

The chloride crystallised in plates when the crude product was 
washed with light petroleum; it had m. p. 37—38° (Found: Cl, 
13-8. C,H,O,N,Cl requires Cl, 13-6%). Condensations with the 
sodium derivatives of ethyl acetoacetate and ethyl malonate led to 
no satisfactory outcome. 

Methyl 3 : 5-Dinitro-2-acetamidobenzoate.—Salkowski (Annalen, 
1874, 173, 46) obtained methyl 3: 5-dinitroanthranilate by the 
action of ammonia on methyl dinitroethoxybenzoate, and recorded 
the m. p. 166°. Esterification of 3: 5-dinitroanthranilic acid 
(Purgotti and Contardi, loc. cit.) by means of 5°, methyl-alcoholic 
sulphuric acid gave the same derivative, m. p. 165—166°, in 71% 
yield (Found: C, 39-6; H, 3-1. Cale. for C,H,0,N,: C, 39-8; 
H, 2:9%). The corresponding ethyl ester had m. p. 136°. 

Acetylation of the methyl ester (2-5 g.) was carried out by means 
of acetic anhydride (25 c.c.) and a drop of sulphuric acid. The 
acetyl derivative crystallised from the solution after a few minutes 
and separated from benzene in long colourless rods, m. p. 172— 
173° (Found: C, 42-3; H, 3-4. C, 9H,O,N, requires C, 42-4; H, 
32%). The related ethyl ester could be obtained by the use of 
acetic anhydride without a catalyst; it crystallised from benzene 
in clusters of needles, m. p. 174° (Found : C, 44-9; H, 3-7; N, 14-2. 
C,,H,,0,N, requires C, 44-5; H, 3:7; N, 14-1%). Ring closure of 
these esters was attempted under a variety of conditions, but it 
could not be effected and thus a long series of attempts to prepare 
6 : 8-dinitro-2 : 4-dihydroxyquinoline failed. 

6 : 8-Dinitro-2 : 5-dihydroxyquinoline (IV).—5-Aminocarbostyril 
has been prepared by Claus and Setzer (J. pr. Chem., 1896, 53, 392), 
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but the method was modified in some details. 5-Nitrocarbostyril 
(10 g.) was mixed with hydrated stannous chloride (36 g.) and 
concentrated hydrochloric acid (70 g.). After boiling for a few 
minutes, the solution was concentrated, then diluted, and tin 
eliminated as sulphide. The filtrate was again concentrated until 
crystals separated from the hot liquid. After cooling and keeping, 
the hydrochloride was isolated (6-5 g.); it crystallised in long colour- 
less rods and gave a deep brownish-red coloration with ferric chloride 
in aqueous solution. 

Sodium nitrite (4 g.), dissolved in water (10 c.c.), was gradually 
added to a stirred solution and suspension of 5-aminocarbostyril 
hydrochloride (9 g.) in water (100 c.c.) and nitric acid (20 c.c., 
d 1-42) cooled to 0°. The mixture was kept at 0° for 1 hour and then 
heated on the steam-bath for 2 hours; nitrogen was evolved at 
about 70°. An almost black, resinous substance which separated 
was collected and dissolved in acetic acid; the solution deposited 
crystals and, after several recrystallisations, ,6 : 8-dinitro-2 : 5-di- 
hydroxyquinoline was obtained in pale yellowish-brown prisms, 
m. p. 260° (decomp.). A small additional amount was obtained from 
the reaction mother-liquor and had m. p. 261° (decomp.) (Found : 
C, 43-2; H, 2-3. C,H;O,N, requires C, 43-0; H, 20%). The 
substance is moderately readily soluble in alcohol, acetone, ethyl 
acetate, and water and sparingly soluble in chloroform, benzene, ether, 
and light petroleum. The aqueous solution is golden-yellow, and the 
solution in cold aqueous sodium carbonate is yellow. With aqueous 
sodium hydroxide, a deep red salt is produced; this dissolves 
to an orange-red solution on heating. 

When the substance was refluxed with fifteen times its weight of 
nitric acid (d 1-5) for 3 hours, a small amount of styphnic acid, 
m. p. 175°, was produced. 

The reduced acid solution is not fluorescent and develops a bright 
red colour on the addition of ferric chloride. 

The derivative obtained on acetylation with boiling acetic 
anhydride for 10 minutes crystallised from alcohol in clusters of 
very pale yellow needles, m. p. 178°. 

6 : 8-Dinitro-2 : 7-dihydroxyquinoline (V).—Decker (J. pr. Chem., 
1901, 64, 99) recorded meagre details of his preparation of 7-nitro- 
carbostyril and did not state the yield. Following his method as 
closely as possible, we found this to be 23%: under the following 
conditions, the yield is about 60%. 

A solution of 7-nitroquinoline (22 g.) in water (1600 c.c.), boric 
acid (160 g.), and sulphuric acid (5 c.c.) was added to water (4400 
¢c.c.) and heated on the steam-bath until a clear solution resulted. 
Fresh bleaching powder (200 g.) was digested with water (900 c.c.) 
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for 24 hours, and the filtered solution added to the nitroquinoline 
solution. After 24 hours, the precipitate was collected and boiled 
for 5 minutes with a solution of sodium hydroxide (14 g.) in water 
(1100 c.c.). Acidification of the alkaline filtrate afforded a volumin- 
ous precipitate of the carbostyril. The reduction was carried out 
like that of the isomeride (above), and the diazotisation, decom- 
position and simultaneous nitration were also similar to those 
already described. Here, however, the black resin yielded nothing, 
and the filtrate from it, after being heated for a further period, was 
cooled and kept. The yellow solid that separated was collected, 
washed, and dried; it then crystallised from benzene in glistening 
yellow plates that gradually darkened on heating and had m. p. 
207—208° (decomp.), exploding a few degrees higher. The resuits 
of analyses indicated a composition midway between that of a 
mono- and of a di-nitro-derivative. Accordingly, the product 
(1 g.) was dissolved in sulphuric acid (5 ¢c.c.), and potassium nitrate 
(2 g.) added slowly, with stirring. The mixture was poured into 
water (25 c.c.), and the precipitate crystallised several times from 
aqueous acetic acid, giving glistening, pale orange parallelipipeds, 
which darkened on heating but did not melt below 310°. At higher 
temperatures, explosion occurred, and for this reason no analysis 
by combustion could be performed. By using a very large excess of 
copper oxide, a Pregl-Dumas estimation of nitrogen could be carried 
out (Found: N, 16-6. C,H,0,N; requires N, 16-7%). 

The substance is soluble in hot water to a yellow solution, and in 
this respect and in other solubility properties and colour reactions 
with alkalis it resembles the dinitro-2 : 5-dihydroxyquinoline 
described above. 

The decomposition to styphnic acid was more facile than with the 
isomeride and could be effected by boiling the substance (0-5 g.) 
under reflux with nitric acid (5 c.c., d 1-5), acetic acid (5 c.c.), and 
water (5 c.c.) for $ hour. The liquid was evaporated to dryness, 
and the residue extracted with ether; the resulting styphnic acid 
had m. p. 174—175°. This treatment does not change dinitro- 
2 : 5-dihydroxyquinoline to any appreciable extent. 

3-Nitroanisic Acid and Derivatives—The conditions for the 
nitration of p-tolyl carbonate (D.R.-P. 206,638) were modified. 

A mixture of nitric acid (102 g., d 1-5) and sulphuric acid (265 g.) 
was gradually added to a stirred solution of p-tolyl carbonate 
(181 g.) in sulphuric acid (1200 c.c.) kept below 20°. After 5 hours, 
the product was isolated and hydrolysed; the yield of the nitro- 
cresol was 75%. 

3-Nitroanisic acid has been obtained by Simonsen and Rau 
(J., 1917, 141, 235) by a series of reactions from 2-nitroanisic acid. 











vu 


d. 











STRYCHNINE AND BRUCINE. PART IX. 393 


It can also be prepared by oxidation of 2-nitro-p-tolyl methyl ether 
in 35% yield. 2-Nitro-p-tolyl methyl ether (100 g.) was refluxed 
with a solution of potassium permanganate (120 g.) in water (2500 g.), 
further quantities of permanganate (180 g.) being introduced in the 
course of 5 hours and the boiling continued for 2 hours more. The 
acid, isolated in the known manner, crystallised from acetic acid in 
white hexagonal prisms, m. p. 195—196° (Found: C, 48-6; H, 3-9. 
Calc. for C,H,0;N : C, 48-7; H, 3-6%%). 

Hydrogen chloride was the catalyst used in the preparation of the 
ethyl ester, which crystallised from alcohol in colourless plates, 
m. p. 71—72° (Found: C, 53:2; H, 5-0. C,9H,,0;N requires 

‘, 53°3; H, 4:9%). 

The chloride was obtained by boiling the acid (50 g.) for 3 hours 
with pure thionyl chloride (140 c.c.). The yield was 53 g. and the 
derivative crystallised from light petroleum in small white tablets, 
m. p. 56° (Found: C, 44-3; H, 2-9. C,H,O,NClI requires C, 44-5; 
H, 2:8%). 

2-Nitro-4-methoxybenzoylpyruvic Acid, 

NO,°C,H,(OMe)*CO-CH,°CO-CO,H. 

—2-Nitroanisoyl chloride was brought into reaction with an equi- 
molecular quantity of ethyl sodioacetoacetate in dry ethereal 
solution and suspension ; the mixture was refluxed for 1 hour. The 
oily product gave a potassium salt which crystallised from alcohol 
in bright yellow leaflets (Found: K, 11-0. C,,H,,0,NK requires 
K, 11-2%). The regenerated ester (25 g.) was refluxed for 8 hours 
with a mixture of sulphuric acid (50 g.) and water (100 c.c.), and 
about 6 g. of 2-nitro-4-methoxyacetophenone were isolated from the 
mixture as a yellowish-brown oil. This ketone (5 g.) and then ethyl 
oxalate (7 g.) were added with shaking and cooling to a solution of 
sodium (3 g.) in alcohol (100 c.c.). After 24 hours, water (500 c.c.) 
was introduced, and the filtered liquid acidified with hydrochloric 
acid. On keeping, a pale brown, flocculent substance was deposited 
which crystallised from benzene-light petroleum in almost colour- 
less, feathery needles, m. p. 161° (yield, 65°%) (Found: C, 49-4; 
H, 3-6. C,,H,O,N requires C, 49-4; H, 3-4%). 

The acid is readily soluble in most organic solvents with the 
exception of light petroleum. It gives a bright yellow solution in 
aqueous sodium hydroxide and a deep reddish-brown ferric chloride 
reaction in alcoholic solution. Reduction with alkaline hydro- 
sulphite, followed by oxidation, gave a bluish-green precipitate of 
dimethoxyindigotin. 

4-Hydroxy-7-methoxyquinoline-2-carboxylic Acid  (7-Methoxy- 
kynurenic Acid) (VI).—A hot solution of crystallised ferrous sulphate 


(40 g.) in water (80 c.c.) was slowly added to one of 2-nitro-4-meth- 
P2 
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oxybenzoylpyruvie acid (10 g.) in water (100 c.c.) and aqueous 
ammonia (60 c.c., d 0-880). The liquid was heated for $ hour on 
the steam-bath and filtered hot, and the precipitate washed with 
boiling dilute aqueous sodium carbonate. The combined filtrates 
were acidified, and the whole process was repeated on the isolated 
solid. The crude acid was boiled with acetic acid (50 c.c.), and the 
residue crystallised from a much larger volume of the same solvent, 


affording microscopic needles (2 g.), m. p. 278° (decomp.) (Found : 


C, 60-0; H, 3-8. C,,H,O,N requires C, 60-3; H,4:1%). The acid 
is extremely sparingly soluble in the usual organic solvents. Its 
solution in sulphuric acid is yellow, and in alkaline solution it 
couples with benzenediazonium chloride to a red azo-compound. 
3(or 8)-Nitro-7-methoxykynurenic Acid.—A solution of 7-methoxy- 
kynurenic acid (0-5 g.) in nitric acid (5 c.c., d 1-5) was stirred for 
15 minutes, heated at 30° for 10 minutes, cooled, and poured into 
water. The derivative crystallised from acetic acid in clusters of 
almost colourless needles, m. p. 250° (decomp.) (Found: N, 10-5; 
MeO, 11:3. C,,H,O,N, requires N, 10-6; 1MeO, 11:7%). The 
acid is soluble in alcohol, moderately readily soluble in acetone, 
chloroform and ether, and very sparingly soluble in other organic 
solvents of low b. p. It gives bright yellow alkaline solutions. 

3: 6 : 8-Trinitro-7-methoxykynurenic Acid.—A solution of 7-meth- 
oxykynurenic acid (0-5 g.) in nitric acid (5 ¢.c., d 1-5) was refluxed 
for 1 hour and then evaporated to dryness on the steam-bath; the 
residue crystallised from acetic acid in colourless, nearly rectangular 
prisms, which darkened but did not melt below 310° (Found : 
N, 15-8; MeO, 8-8. C,,H,O, )N, requires N, 15-8; 1MeQO, 8-8%). 
This trinitromethoxykynurenic acid is moderately readily soluble in 
alcohol, acetone, or ethyl acetate, but is almost insoluble in other 
usual solvents. The solution in aqueous sodium carbonate is pale 
yellow, and the yellow solution in cold aqueous sodium hydroxide 
almost immediately deposits a yellow sodium salt. 

A number of experiments were made on the exhaustive nitration 
of decarboxylated 7-methoxykynurenic acid and specimens un- 
doubtedly containing 3: 6: 8-trinitro-7-methoxyquinoline were 
obtained. These did not show the characteristic behaviour of 
trinitrostrychol towards hot aqueous sodium hydroxide, and we are 
convinced that the trinitro-4 : 7-dihydroxyquinoline derivatives are 
more stable than trinitrostrychol. 

6-Nitrosalicylaldehyde (VII).—Chloroform (24 c.c.) was added 
to a solution of m-nitrophenol (30 g.) in water (200 c.c.) and sodium 
hydroxide (40 g.), and the mixture refluxed for 1 hour. After 
removal of the excess of chloroform, the solution was acidified with 
sulphuric acid and distilled in steam. The pale yellow solid (yield, 
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3%) in the distillate crystallised from light petroleum or methyl 
alcohol in pale yellow prisms, m. p. 54—55° (Found: N, 8-6. 
C,H,;O,N requires N, 8-4%). The sodium salt was orange-red, and 
the ferric chloride coloration in alcoholic solution was reddish-brown. 
The salicylaldehyde configuration was confirmed by applying 
Dakin’s reaction, a substance giving pyrocatechol-type reactions 
being obtained in small yield. 

Methylation by means of methyl sulphate and sodium hydroxide 
yielded the methyl ether, which crystallised from carbon tetra- 
chloride in colourless plates or needles, m. p. 111° (Found : C, 52-9; 
H, 3-9. C,H,O,N requires C, 53-0; H, 3-9%). This methoxy- 
o-nitrobenzaldehyde gave a bulky, deep blue precipitate of di- 
methoxyindigotin (dark brownish-purple lustre) when cold aqueous 
sodium hydroxide was added to its solution in acetone. 


THE UNIVERSITIES OF OXFORD AND MANCHESTER (1925). 
[ Received, February 1st, 1930.] 





LITI.—The Reaction between Cupric Chloride and 
Hydrazine Sulphate. 


By TxHomas IREDALE and CATHERINE ELEANOR MALLEN. 


DovuBLE compounds of the salts of hydrazine and copper, both 
cuprous and cupric, have been described (Curtius and Jay, J. pr. 
Chem., 1894, 50, 311; Hofmann and Marburg, Annalen, 1899, 305, 
191, 222; Ranfaldi, Atti R. Accad. Lincei, 1906, 15, ii, 95; Franzen 
and Lucking, Z. anorg. Chem., 1911, 70, 152; Ferratini, Gazzetta, 
1912, 42, i, 138), and copper salts have been used for the gaso- 
metric estimation of hydrazine (Purgotti, ibid., 1896, 26, 559; de 
Girard and de Saporta, Bull. Soc. chim., 1904, 31, 905; Rimini, 
Atti R. Accad. Lincei, 1905, 14, i, 386; Ebler, Z. anorg. Chem., 
1905, 47, 371). The cupric double compounds are usually formed 
without any chemical action other than perhaps a double decom- 
position. This is possible as a rule only in neutral or somewhat 
acid solutions; in alkaline solutions reduction to a cuprous salt, 
fnally giving cuprous oxide, takes place, with evolution of nitrogen : 
8Cu"* + 2N,H," + 100H’ = 8Cu’ + 10H,O + 2N,. According to 
Gutbier (Z. anorg. Chem., 1902, 32, 355), colloidal cuprous oxide 
may sometimes be formed in this way under certain conditions ; 
with high concentrations of hydrazine, however, copper itself may 
be the final reduction product (Rimini, loc. cit.; Curtius and Jay, 
Ber., 1887, 20, 1632). Brown, amorphous solids of uncer- 
tain composition are sometimes precipitated which deposit copper 
standing. On exposure to air they form basic copper carbonates. 
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By working under certain conditions, we have prepared from 
hydrazine sulphate and cupric chloride a new compound which is 
more complex than any hitherto described, and has some unusual 
properties. 

EXPERIMENTAL. 

‘ N-Cupric chloride solution is run drop by drop into a mixture 
of 40 g. of hydrazine sulphate in 250 c.c. of water with 25 g. of 
potassium hydroxide (or the equivalent sodium hydroxide) in 250 
c.c. of water. The solution turns blue at first, and then becomes 
brown, with evolution of nitrogen. A brown precipitate begins to 
form, and if the cupric chloride is run in slowly, a stage is reached 
where glistening brown plates separate. Further quantities of the 
chloride should be added cautiously in order to avoid formation of 
a blue solution due to excess of copper salt. The crystals are 
allowed to settle, filtered off as rapidly as possible on a Buchner 
funnel, washed with 95° alcohol and finally with absolute alcohol, 
kept over sulphuric acid in a vacuum desiccator, and analysed with- 
out further purification. 

Analysis. (i) From the solution in hydrochloric acid, hydrogen 
sulphide precipitated copper sulphide; this was dissolved in nitric 
acid, and the metal estimated by the iodide method. (ii) The 
filtrate from the sulphide was freed from excess of hydrogen sul- 
phide by a current of carbon dioxide, and the hydrazine was 
estimated in the solution by the iodine—bicarbonate method. 
(iii) Chlorine was estimated either by direct weighing as silver 
chloride, or by the Volhard method after an ammoniacal solution 
of the compound had been acidified with nitric acid. (iv) Sulphate 
was estimated as barium salt in the original hydrochloric acid 
solution (Found: Cu, 46-4; Cl, 12-1; N,H,, 21-1; SO,, 180. 
2CuCl,Cu,SO,,4N,H, requires Cu, 46-3; Cl, 12-9; N,H,, 23°3; 
SO,, 17-5%). 

Properties. The substance is readily decomposed by cold water, 
but can be preserved for some time under anhydrous conditions. 
Hot water precipitates cuprous oxide, leaving a nearly neutral 
(methyl-orange) solution of hydrazine sulphate and chloride. The 
complex is insoluble in alcohol and in most organic solvents, but 
dissolves in formamide and pyridine to give straw-coloured solutions 
which rapidly become blue owing to oxidation; it also gives 4 
similar solution in concentrated aqueous ammonia in an inert 
atmosphere, but access of oxygen rapidly produces the blue solution 
characteristic of cupric complexes. This rapid oxidation makes 
satisfactory recrystallisation from formamide difficult. Dilute 
sulphuric or nitric acid causes precipitation of copper, but hydro- 
chloric acid at first yields a white precipitate which dissolves to 4 
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colourless solution when the concentration of acid is increased, 
doubtless owing to the solubility of cuprous chloride in the con- 
centrated acid. 

The compound might simply be a double salt, but there appear 
to be at least three reasons for regarding it as fully co-ordinated : 
(1) the small number of acid radicals compared with hydrazine 
molecules and copper atoms; (2) the datk colour of the compound, 
probably indicating a large ion—the simpler double salts of cuprous 
copper are usually colourless, but the ammino-cuprous chlorides are 
brown (Lloyd, J. Physical Chem., 1908, 12, 398); (3) the ease with 
which it reacts with water to give cuprous oxide, suggesting the 


structure 
N,H,N\,, | ¥N,H AN 
cl] Cug Nets Cu | 80, | Cay Nat 3Cu |. 
NAH," I \N,H,7 

Estimations of the molecular weight in pyridine and formamide 
were not satisfactory, owing to rapid oxidation and to the form- 
ation of other complexes. 

Attempts to prepare related compounds have not been successful. 
When cupric sulphate is substituted for the chloride in the prepar- 
ation, metallic copper separates. 


We are indebted to Mr. W. J. Lawrence for checking some of the 
analyses. 


ARMSTRONG COLLEGE, UNIVERSITY OF DURHAM, AND 
UNIVERSITY OF SYDNEY. [Received, November 28th, 1929. ] 





LIV.—WNitration of Phenyl Substituents of 
Heterocyclic Nuclet. 


By Ropert ForsytH and FrRanK LEE PyMan. 


NiTRATION of 2-phenylglyoxaline by addition of the nitrate of the 
base to cold sulphuric acid and heating at 100° gave 2-p-, 2-0-, and 
2-m-nitrophenylglyoxalines in yields of 50, 1-5, and 0-2% of the 
theoretical respectively (Pyman and Stanley, J., 1924, 125, 2484). 
In view of the poor total yield, the nitration has now been repeated, 
the mixture, however, being kept for 60 hours at the ordinary 
temperature instead of being heated : the result was but little better, 
2-p-nitrophenylglyoxaline being obtained in a yield of 57% of the 
theoretical, and oxidation of the by-products gave a mixture of 
acids from which crude m-nitrobenzoic acid was isolated in 5% 
yield. Attempts to obtain a clearer picture of a similar nitration by 
employing 2-phenyl-l1-methylglyoxaline were unsuccessful, for the 
only identifiable products in this case were the p-nitro-derivative in 
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39% yield and p-nitrobenzoic acid (by oxidation of the by-products) 
in 4-4%, yield. 

Whilst the above nitrations yield p-nitro-derivatives as main 
products, the nitration of 2-phenylglyoxaline-4 : 5-dicarboxylic acid 
(Pyman and Stanley, loc. cit.), 2-phenyl-4 : 5-dihydroglyoxaline, 
and benzamidine (Forsyth, Nimkar, and Pyman, J., 1926, 80C) have 
been shown to yield predominantly m-nitro-derivatives. In the 
hope of throwing light on this difference in substitution, the nitration 
of a number of allied compounds has been studied, but experimental 
difficulties prevented anything more than an incomplete picture of 
the nitration being obtained in each case. 4-Hydroxy-2-phenyl- 
6-methylpyrimidine gave 50% of the m-nitro-compound, and 
oxidation of the mother-liquor gave a further 7° of m-nitrobenzoic 
acid : it thus resembles benzamidine rather than 2-phenylglyoxaline. 
The nitration of phenylacetamidine gave 75% of the p-nitro- 
derivative, just as the nitration of 8-phenylethylamine gives mainly 
the p-compound, and 1-phenylglyoxaline also gave the p-nitro- 
compound (58%). On nitration, 4-phenylpiperidine gave the p-, o-, 
and m-nitro-compounds in yields of 52, 8, and 3% respectively : the 
proportion of m-compound is thus considerably less than in the 
nitration of 4-phenylpyridine, where the p-, o-, and m-compounds 
were isolated in yields of 38, 13, and 28% respectively. 

We regret that in publishing our paper on the nitration of 2-, 
3-, and 4-phenylpyridines (J., 1926, 2912) we overlooked the previous 
publication of Tschitschibabin and Schemjakina (J. Russ. Phys. 
Chem. Soc., i921, 53, 217) owing to the fact that no reference was 
made to it in our Abstracts, although it was abstracted in the Chem. 
Zentralblatt, 1923, ii, 1024. These authors, using different methods 
from ours, separated from the products of interaction of pyridine 
with diazotised p-nitroaniline two p-nitrophenylpyridines, m. p. 
131—131-5° and 146—147° respectively. They proved that the first 
was 2-p-nitrophenylpyridine (for which we found m. p. 130-5— 
131-5°) and assumed ‘that the second was 4-p-nitrophenylpyridine. 
In view of our results, however, it is clear that their second com- 
pound was 3-p-nitrophenylpyridine, for which we found m. p. 
148—149°. 

EXPERIMENTAL. 

Nitration of  2-Phenyl-1-methylglyoxaline.—2-Phenyl-1-methyl- 
glyoxaline nitrate, described as needles, m. p. about 100°, but not 
analysed by Balaban and King (J., 1925, 127, 2701), crystallises 
from dry acetone in prismatic needles, m. p. 126—127° (corr.). It 
is anhydrous, readily soluble in water, and fairly readily soluble in 
alcohol or acetone (Found : C, 54-2; H, 5-3; N, 19-1. C,)>H,9N,,HNO, 
requires C, 54:3; H, 5-0; N, 19°0%). 
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This salt (5 g.) was added to sulphuric acid (10 ¢.c.) below 0° and 
the solution was kept for an hour, heated at 100° for another hour, 
and diluted with ice-water. The colourless crystals which separated 
(0-56 g.; m. p. 167—168°) were rejected, as was also an ether-extract 
of the solution (0-38 g. of gummy crystals). When the aqueous 
solution was basified with sodium hydroxide, pale yellow crystals 
separated (2-4 g.; m. p. 90—100°); chloroform extracted from the 
mother-liquor 1-21 g. of syrupy bases. The precipitated base was 
converted into nitrate, which was crystallised from alcohol, giving 
pure 2-p-nitrophenyl-l-methylglyoxaline nitrate (2-05 g.; m. p. 
184—185° [corr.]; yield, 34-1%); the mother-liquors gave a further 
4-8% yield of the same substance rather less pure, and after oxidation 
with permanganate a 4-4% yield of crude p-nitrobenzoic acid. 

The above nitrate and the base, m. p. 117—118° (corr.J; and 
picrate, m. p. 214—215° (corr.), prepared from it were shown by the | 
mixed melting-point method to be identical with the base and its 
salts prepared by the methylation of 2-p-nitrophenylglyoxaline, for 
which Balaban and King (loc. cit.) give the m. p.’s (nitrate) 186°, 
(base) 116-5°, and (picrate) 212° (all corr.). 

Phenylacetamidine Nitrate-—Phenylacetiminoethyl ether hydro- 
chloride was prepared by the method of Luckenbach (Ber., 1884, 17, 
1421) in 92% yield; it had m. p. 99—100° (corr.; efferv.) after 
sintering from 97°. Luckenbach gives m. p. 85° after softening at 
60°. This salt was converted into crude phenylacetamidine hydro- 
chloride by means of alcoholic ammonia (Luckenbach, loc. cit.) and 
thence into the nitrate by means of silver nitrate. Phenylacetamid- 
ine nitrate was thus obtained in 93% yield. It crystallises from 
water in large rhombic prisms, m. p. 168—169° (corr.). Bernton 
(Arkiv Kemi Min. Geol., 1918, 7, 1) gives m. p. 166—167°, but 
does not give an analysis of this salt. It is moderately easily soluble 
in water and sparingly soluble in alcohol (Found: N, 21-6. 
C,H, N,,HNO, requires N, 21-3%). 

Nitration of Phenylacetamidine.—Phenylacetamidine nitrate (5 g.) 
was added to sulphuric acid (10 c.c.) below 0°. The solution was 
kept for one hour, heated at 100° for 2 hours, cooled, and diluted with 
ice-water. On extraction with ether, only a trace of material was 
removed. The aqueous solution was mixed with sufficient aqueous 
barium chloride to remove sulphate ions, filtered from barium 
sulphate, and concentrated to small bulk. Since the hydrochlorides 
obtained did not crystallise, they were dissolved in water and mixed 
with the equivalent quantity of silver nitrate. After removal of 
silver chloride and concentration, crude p-nitrophenylacetamidine 
nitrate separated (5-66 g.; m. p. 150°); the mother-liquor gave on 
evaporation a sticky residue (0-59 g.; m. p. 100—115°). Crystal- 
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lisation of the nitrate of higher m. p. from alcohol gave pure p-nitro- 
phenylacetamidine nitrate (4-42 g.; m. p. 157° [corr.]; yield, 
69-7°%), which was identified with the synthetic product described 
below by the mixed melting-point method. Attempts to fractionate 
the remaining material by crystallisation as nitrate, or as picrate, 
or after oxidation as nitrobenzoic acids, were fruitless. Orientation 
of p-nitrophenylacetamidine was effected by its synthesis from 
p-nitrophenylacetonitrile. 

Synthesis of p-Nitrophenylacetamidine.—A suspension of p-nitro- 
phenylacetonitrile (16-2 g.) in dry ether (20 c.c.) and absolute alcohol 
(4-6 g.) was saturated with dry hydrogen chloride. After 3 days, 
the p-nitrophenylacetiminoethyl ether hydrochloride, which had 
separated as a colourless crystalline powder, was collected and 
washed with ether (yield, 21-6 g.; 88%). When heated slowly from 
the ordinary temperature, it softened at about 188° and melted at 
191—192° (corr.; decomp.), but it decomposed when placed in a 
bath at 150° (Found: Cl, 14-2. C,9H,,0,N,,HCl requires Cl, 
145%). This salt is fairly readily soluble in alcohol, but sparingly 
soluble in ether; it is decomposed by water. 

To p-nitrophenylacetiminoethyl ether hydrochloride (10 g.), 
suspended in absolute alcohol (10 c.c.), absolute alcohol saturated 
with ammonia at 0° was added gradually until a slight excess of 
ammonia remained after prolonged shaking. After being kept at 
30° for 2 days, the mixture was diluted with water, acidified faintly 
with hydrochloric acid, concentrated to remove alcohol, and 
extracted with ether. The aqueous liquor was mixed with sufficient 
aqueous silver nitrate to remove chlorine ions, filtered from silver 
chloride, and concentrated. p-Nitrophenylacetamidine nitrate 
[7-6 g.; m. p. 157° (corr.)] then separated, and the mother-liquor on 
concentration gave a further deposit which, after removal of non- 
basic material by ether, afforded a further 0-72 g. of the nitrate, 
m. p. 157° (corr.). Total yield, 81%. 

p-Nitrophenylacetamidine nitrate crystallises from water or moist 
alcohol in colourless coarse needles which rapidly become pale 
yellow in contact with air. It contains }H,O, which is lost slowly 
over sulphuric acid, and the dried salt has m. p. 157° (corr.). It is 
moderately easily soluble in water or alcohol. Its aqueous solution 
becomes intensely red on addition of alkali (Found in air-dried salt : 
loss over H,SO,, 3-6. C,H,O,N;,HNO,,4H,O requires $H,O, 3-6%. 
Found in dried salt : C, 39-8; H, 4:3; N, 22-9. C,H,O,N,,HNO, 
requires C, 39-7; H, 4-1; N, 23-1%). The picrate crystallises from 
water or alcohol in yellow needles, m. p. 210° (corr.). It is very 
sparingly soluble in both these solvents, but fairly readily soluble 
in acetone. 
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Nitration of 4-Hydroxy-2-phenyl-6-methylpyrimidine.—The pyri- 
midine (5 g.) was added to sulphuric acid (10 c.c.) below 0°, followed 
gradually by potassium nitrate (2-7 g.). The mixture was kept for 
2 hours at the ordinary temperature, heated for 2 hours at 100°, 
cooled, and poured into water; crude 4-hydroxy-2-m-nitrophenyl- 
6-methylpyrimidine then separated (4-02 g.; m. p. 245—247°). 
After prolonged fractional crystallisation, this product gave 3-1 g. 
(yield, 50°) of the pure base, m. p. 257° (corr.), and small quantities 
(in all, 7%) of crude m-nitrobenzoic acid were obtained by oxidising 
the bases isolated from the mother-liquors. Orientation of the 
main product was effected by its oxidation and comparison of the 
oxidation product with m-nitrobenzoic acid, and by its identification 
with 4-hydroxy-2-m-nitrophenyl-6-methylpyrimidine prepared from 
m-nitrobenzamidine and ethyl acetoacetate. The base so prepared 
by us had m. p. 257° (corr.); Pinner (Ber., 1895, 28, 485) gives 
m. p. 254°. 

Nitration of 4-Phenylpiperidine.—4-Phenylpiperidine was pre- 
pared by the reduction of 4-phenylpyridine with sodium and alcohol 
after Bailly (Ber., 1887, 20, 2590), and the base, which distilled 
mainly at 264—267° (corr.)/756 mm. (Bailly gives b. p. 255—257°/ 
725 mm.), was converted into nitrate, the yield of pure nitrate being 
67% of the theoretical calculated on the 4-phenylpyridine employed. 
4-Phenylpiperidine nitrate crystallises readily from water in colour- 
less, diamond-shaped, anhydrous plates, m. p. 139° (corr.) (Found : 
C, 58-8; H, 7-1. C,,H,;N,HNO, requires C, 58-9; H, 7-1%). 

4-Phenylpiperidine nitrate (30 g.) was added to concentrated 
sulphuric acid (60 c.c.) cooled with water, and the solution was 
heated for 4 hour at 100°. After being basified with sodium 
hydroxide, the product was collected by ether and mixed with 
5N-nitric acid (28 c.c.); a crystalline nitrate (24 g.; m. p. 140— 
145°) then separated. The mother-liquor was evaporated to dryness 
and the residue was mixed with absolute alcohol and kept; it then 
deposited an oil which became partly crystalline. This product was 
separated into crystalline and oily nitrates. All the crystalline 
nitrates were recrystallised several times from water (3—4 parts) 
and gave 16-4 g. of pure 4-p-nitrophenylpiperidine nitrate. The 
mother-liquors from this were mixed with sodium iodide and gave a 
mixture of hydriodides from which 4-m-nitrophenylpiperidine 
hydriodide separated first on crystallisation from water. The 
hydriodide mother-liquors were basified and extracted with ether 
and the recovered base was converted into nitrate, a little more of 
the pure p-salt being obtained; the mother-liquors then yielded 
with sodium iodide a mixture of hydriodides from which more of the 
m-salt was obtained. The oily nitrates mentioned above gave with 
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sodium iodide in aqueous solution an oily hydriodide, which became 
partly crystalline, and the crystalline part on recrystallisation from 
water gave 4-o0-nitrophenylpiperidine hydriodide. The yields were 
p-nitrate, 19-42 g. pure (52-5%) ; m-hydriodide, 1-17 g. pure + 0-2 g. 
of m. p. 225° (3-1%); o-hydriodide, 3-8 g. pure air-dried (8-1%%). 
The three bases were precipitated by sodium hydroxide from 
aqueous solutions of their salts as oils, and when these were collected 
by ether the p- and m-bases crystallised, melting without further 
purification at 95° and 77° respectively, whereas the o-base did not 
crystallise. All three bases readily absorbed carbon dioxide from 
the air, yielding crystalline carbonates. On oxidation with per- 
manganate the three bases gave the corresponding nitrobenzoic 
acids, which were identified by the mixed m. p. method. 
4-p-Nitrophenylpiperidine nitrate crystallises from water in very 
pale buff plates, m. p. 162—163° (corr.), which are anhydrous and 
sparingly soluble in cold water (Found: C, 49-1; H, 5-7. 
C,,H,,0,.N,,HNO, requires C, 49:1; H, 56%). The hydriodide 
crystallises from alcohol in deep yellow, anhydrous prisms, m. p. 
189—190° (corr.), which are sparingly soluble in cold water or alcohol 
(Found: C, 39-9; H, 4:5. C,,H,,0,N,,HI requires C, 39-5; H, 
4-5%). 
4-m-Nitrophenylpiperidine hydriodide crystallises from water in 
flat, pale yellow needles, m. p. 236° (corr.). It is anhydrous and 
sparingly soluble in cold water (Found: C, 39-6; H, 4-5. 
C,,H,,0,N,,HI requires C, 39-5; H,4:5%). The nitrate crystallises 
from water in cream-coloured prismatic needles, m. p. 205—206° 
(corr.), which are sparingly soluble in cold water. 
‘4-0-Nitrophenylpiperidine hydriodide crystallises from water in 
almost colourless prismatic needles, containing 1H,O, which are 
sparingly soluble in cold water. After drying at 100°, it melts at 
160—161° (corr.) (Found in air-dried salt: loss at 100°, 5-1. 
C,,H,,0,N,,HI,H,O requires H,O, 5-1%. Found in dried salt: 
C,-39-5; H, 45%). The nitrate crystallises from water in almost 
colourless prisms, m. p. 131—132° (corr.), which are more readily 
soluble in water than the nitrates of the p- and m-isomerides. 
Nitration of 1-Phenylglyoxaline—When 1-phenylglyoxaline was 
dissolved in a slight excess of 5N-nitric acid, a solution was obtained 
which did not crystallise, but after addition of an excess of concen- 
trated nitric acid and concentration of the solution under diminished 
pressure over sulphuric acid and sodium hydroxide, 1-phenyl- 
glyoxaline dinitrate crystallised in large prisms, m. p. 82—86° (corr-) 
(Found: C, 40:0; H, 3-7. C,H,N,,2HNO, requires C, 40-0; H, 
37%). This salt (3-5 g.) was added gradually to concentrated 
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sulphuric acid (7 c.c.), cooled with water. The solution was kept 
for 2 hours, diluted with water (50 c.c.), filtered from a colourless 
non-basic precipitate (0-12 g.), and basified with aqueous sodium 
hydroxide; brown crystals (1-85 g.; m. p. 195° after sintering 
earlier) were then collected. The mother-liquor on extraction with 
ether gave only 0-1 g. of a brown oil, which became partly crystalline, 
but was neglected. When the brown crystals were extracted with 
hot dilute hydrochloric acid, some resin remained undissolved ; the 
solution, after treatment with charcoal, was basified, 1-p-nitropheny]- 
glyoxaline (1-6 g.; m. p. 198—200° after previous sintering) being 
precipitated. After crystallisation from alcohol, this gave 1-42 g. of 
the pure base (yield, 58%). 

1-p-Nitrophenylglyoxaline crystallises from alcohol in cream- 
coloured prismatic needles, m. p. 204—205° (corr.) (Found: C, 
56:9; H, 3-9. C,H,O,N, requires C, 57-1; H, 3-7%). It is 
insoluble in water and sparingly soluble in cold alcohol. The 
hydrochloride crystallises from dilute hydrochloric acid in almost 
colourless, elongated, anhydrous prisms, m. p. 293—294° (corr. ; 
decomp.) (Found: Cl, 15-7. C,H,0O,N;,HCl requires Cl, 15-7%). 

In order to determine the orientation of the nitro-group, the base 
(0-75 g.) and methyl sulphate (0-75 c.c.) were heated for a few 
minutes at 100°; a crystalline methosulphate was then formed. 
This was decomposed by boiling with aqueous sodium hydroxide ; 
the p-nitroaniline (0-45 g.; m. p. 132°) that separated gave 0-15 g. 
of the pure base (m. p. 148°, alone or mixed with pure p-nitroaniline) 
after purification. 


MUNICIPAL COLLEGE OF TECHNOLOGY, 
UNIVERSITY OF MANCHESTER. [ Received, January 22nd, 1930.] 


LV.—The Constitution of Cryptal. 
By ArtHurR Ramon PENFOLD and JoHN LIONEL SIMONSEN. 


It was shown some years ago (Penfold, J., 1922, 121, 266) that the 
aldehyde ‘“‘ aromadendral ”’ described by Smith (J. Roy. Soc. New 
South Wales, 1900, 34, 286; Pharm. J., 1905, 75, 356, 382; Trans. 
Roy. Soc. South Australia, 1916, 40, 485) was a mixture of cumin- 
aidehyde, phellandral, and a new aldehyde, /-cryptal, isomeric with 
phellandral. This aldehyde has now been found to be 4-isopropyl- 
A*-cyclohexenal (I), since on oxidation with potassium permanganate 
in acetone solution it gives d-«-isopropylglutaric acid (III) in almost 
quantitative yield, oxidation evidently proceeding in accordance 
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with the following scheme, diosphenolecarboxylic acid (II) being 
formed as an intermediate product : 


CH-CHO CH-CO,H CH-CO,H 
| H,C/ \GH __, HC” \CH-OH H,c” Sco 
HC. CH H,C. HOH ” HAC \ 40 
CH-CHMe, CH-CHMe, 7 CH-CHMe, 
(I.) k 
CO,H C-CO,H 
H.C’ \c-OH 
. : <— 
Bre HC O,H Bi O01. 
CH-CHMe, CH-CHMe, 


A number of experiments were made with the object of oxidising 
l-cryptal to the corresponding cyclohexenecarboxylic acid, but these 
were uniformly unsuccessful. The reaction with silver oxide 
proceeds smoothly, but, under all the conditions employed, the acid 
was a gum which showed no tendency to crystallise. This was 
possibly due to its being a mixture of «$- and #y-isomerides, but the 
quantity of material available was insufficient for a separation to be 
attempted. In another series of experiments, |-cryptaloxime was 

treated with acetic anhydride with the object of converting it into 
the nitrile: the reaction, however, proceeded abnormally and, 
although a little impure nitrile was obtained, the main product was a 
crystalline substance, m. p. 102—103°, which from its analysis 
appeared to have the formula C,,H3,0,N, or Cy9>H,,0,N,. It had 
the properties of a weak base, but itsconstitution was not determined. 


CMe 
HCY \cH 
HC. CH 
CH-CHMe, 
|) Xe 
= 
C-CHO CH-CHO C-CHO 
7 cH, H.C’ \cH HCY \cH 
HC. CH, HC. CH HC. ya 
(H-CHMe, CH-CHMe, (-CHMe, 
Iv.) (I.) (V.) 


The constitution which is now shown to be that of l-cryptal was 
assigned originally by Wallach (Annalen, 1905, 340, 15; 343, 34) 
to the tetrahydrocuminaldehyde formed by the action of dilute 
sulphuric acid on $-phellandreneglycol. This aldehyde was shown 
subsequently to be identical with phellandral (4-isopropyl-A!-cyclo- 
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hexenal) (IV) (compare Schimmel’s Report, 1909, October, p. 88). 
The occurrence in admixture with each other of the three aldehydes 
cuminaldehyde (V), phellandral (IV), and cryptal (I), is not without 
biogenetic interest, since they can all three arise very simply from 
a-phellandrene (VI), the chief hydrocarbon constituent of the oils 
in which they occur. 


EXPERIMENTAL. 


The /-cryptal used in these experiments was the original specimen 
prepared by Penfold in 1922. 

1-Cryptaloxime was readily obtained by the interaction of an 
alcoholic solution of cryptal with hydroxylamine hydrochloride in 
the presence of sodium acetate. After distillation in steam the 
oxime was obtained as a thick oil, b. p. 150°/17 mm., n§* 1-5139; it 
did not crystallise even when cooled to a low temperature (Found : 
C, 71:7; H, 9-8. C,9H,,ON requires C, 71-8; H, 10-2%). 

When the oxime was mixed with an excess of acetic anhydride in 
the presence of sodium acetate, heat was generated and the solution 
became yellow. After 30 minutes’ boiling, a very vigorous reaction 
occurred and the solution became deep brown. When the cooled 
solution was poured into water, a viscid brown oil separated : this 
was dissolved in ether, the extract washed with sodium carbonate 
solution, dried, and evaporated, and the residual oil distilled under 
diminished pressure; the greater part boiled at 200—210°/23 mm., 
leaving a considerable residue. The distillate, which smelt strongly 
of a nitrile, crystallised almost completely on keeping. . The solid, 
after being drained on porous porcelain, crystallised from light 
petroleum (b. p. 60—80°) in fine long needles, m. p. 102—103° 
(Found: C, 74-1, 74:3; H, 8-8, 8-6; N, 8-4. C,H 90,N, requires 
C, 74-6; H, 85; N, 7-9. CygHgO,N, requires C, 74-1; H, 9-0; 
N, 7:9%). This substance, which was optically inactive, was not 
attacked by alkali even on prolonged boiling; it was soluble in 
concentrated mineral acids and precipitated on dilution with water. 

l-Cryptalphenylhydrazone is an oil, but the p-nitrophenylhydrazone 
crystallised from alcohol in terra-cotta, highly iridescent, soft needles, 
m. p. 167° (Found: N, 14-9. C,,H,,O,N, requires N, 14-6%). 

Oxidation of \-Cryptal—To the aldehyde (10 g.), dissolved in 
acetone (200 c.c.) and cooled to 0°, potassium permanganate (25 g.) 
was gradually added. The oxidation proceeded rapidly at first but 
later became very slow. Water (50 c.c.) was then added and the 
oxidation completed by the addition of potassium permanganate 
(20 g.). The manganese dioxide sludge was separated and well 
washed with boiling water and the filtrate was evaporated to a small 
bulk in a current of carbon dioxide. After acidification the oxid- 
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ation product was extracted with ether (10 times), the extract dried, 
and the solvent evaporated. The residual oil (11 g.) crystallised on 
keeping and after draining on porous porcelain had m. p. 90°. It 
was recrystallised from hydrochloric acid, yielding small glistening 
plates, m. p. 93—94°, of d-«-isopropylglutaric acid (Found : C, 55-2; 
H,7-:9; M,175. Cale.: C, 55-1; H, 80%; M,174). In aqueous 
solution (c = 0-766), [«];4g, ++ 14:2° was observed. The anhydride 
crystallised from light petroleum in the curious soft needles, resemb- 
ling cotton-wool, described by Perkin (J., 1896, 69, 1495); the 
anilic acid had m. p. 154—155°. 
Tur TECHNOLOGICAL MUSEUM, Guy’s Hospirat Mepicat ScHoo. 
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LVI.—Derivatives of 3-Keto-2 : 3-dihydrothio- 
naphthen 1: 1-Dioxide. 
By Aaron CoHEN and SAMUEL SMILES. 


CERTAIN members of this group were required in connexion with 
other experiments, but no systematic method of obtaining them 
was available. Treatment of 3-keto-2 : 3-dihydrothionaphthen 
with hydrogen peroxide gives the parent substance (II, R = H) 
in poor yield (Lanfry, Compt. rend., 1912, 154, 1517), but the 
method is untrustworthy for the preparation of derivatives. Price 
and Smiles (J., 1928, 2860) prepared 3-keto-2-p-nitropheny]l- 
2 : 3-dihydrothionaphthen | : 1-dioxide (II, R = p-NO,°C,H,) from 
the sulphone ester (I, R = p-NO,°C,H,) derived from o-carboxy- 
benzenesulphinic acid, and the carbethoxy-derivative (II, R = 
CO,Et) was obtained in a similar manner. 


ay _-00-0-CH,R CO. aq CO, 
CoHs<S0,-CH,R CoHi< go, >CHR CoH S020H,R 
(I.) (II.) (III.) 


This mode of synthesis has now been further studied and, with 
certain limitations, has been found satisfactory; for instance, the 
phenyl, o-nitrophenyl, acetyl, and benzoyl derivatives (II, R = sub- 
stituent) are readily obtained by reaction of the corresponding 
sulphone esters with sodium ethoxide. 

The requisite sulphone esters (I) are often conveniently obtained 
in one operation from an alkali o-carboxybenzenesulphinate and the 
halogen derivative, but in cases (e.g., I, R = Ph) where esterification 
does not proceed easily under the conditions it is more convenient to 
treat the ethyl ester of the sulphone acid (III) with sodium ethoxide, 
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admixture of the product with the ether (e.g., IV) thus being 
avoided. 

The structural conditions necessary to this closing of the ring are 
provided by the sulphone group (compare Troeger and Kroseberg, 
J. pr. Chem., 1913, 87, 67) and by the nature of R. For instance, in 
contrast with the corresponding sulphones, the ester of the benzyl 
sulphide (V, R = Ph) does not yield the ketodihydrothionaphthen 
with sodium ethoxide (Apitzsch, Ber., 1913, 46, 3092), the ester of 
o-carboxyphenylmethylsulphone (I, R = H) does not give the cyclic 
sulphone, and the ethyl ester of ethylene di-o-carboxyphenylsulphone 
(as III, R = CH,.) is not converted into the dicyclic sulphone by this 
method. 

The’ stability conferred on the thionaphthen ring by the sub- 
stituents phenyl, acetyl, benzoyl, and nitrophenyl is remarkable ; 
the derivatives having these substituents in the 2-position dissolve in 
warm aqueous alkali hydroxide without fission, whereas the parent 
substance is attacked by the cold reagent, yielding o-carboxyphenyl- 
methylsulphone. 


O-CH,Ph 
(IV.) 1 2 O,H  (V.) 
CoH <go,>CPh Coie} ‘CHR 


Very stable polycyclic systems are easily formed from derivatives 
of type (II): reduction of the o-nitrophenyl derivative leads 
directly to the thionaphthindole dioxide (V1), and the monophenyl- 





NPh 
acl | a cack 
SO,—-C-C,H, fot —CR 

(VI.) (VILI.) 


hydrazones of the acetyl and benzoyl derivatives yield the thio- 
naphthapyrazole dioxides (VII, R = Me and Ph, respectively). 

The characters of 3-keto-2-benzoyl-2 : 3-dihydrothionaphthen and 
of the corresponding dioxide (II, R = COPh) have been contrasted in 
a few typical experiments: these indicate that the latter substance 
approaches more closely to the $-diketonic structure than the former, 
which behaves as a 2-hydroxy-ketone. For example, the thio- 
naphthen is easily acetylated and yields only a monophenylhydrazone 
(Hart and Smiles, J., 1924, 125, 876), but the corresponding dioxide 
gives a diphenylhydrazone and cannot be acetylated under com- 
parable conditions. The relationship is also well illustrated by the 
instability of the borodiacetate of the dioxide (VIII) in comparison 
with the stability of the characteristic derivative (VIII with S in 
place of SO,) of the thionaphthen. This relationship accords with 
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the observations of McClelland (J., 1929, 1590) that sulphur in the 
ortho-position to carbonyl favours enolisation of the latter by 


0 
C—O NBA 
anion C,H, "46 a lc, BK Sto 


C,H; 

(VIII) (IX.) (X.) 
increasing the negative character of the oxygen, whereas conversion 
of the sulphide into the sulphone lessens the activity of the sulphur 
as a source of electrons and thus moderates the enolic tendency of the 
carbonyl oxygen. 

The halogen derivatives of this series exhibit interesting features. 
Bromination proceeds easily at the 2-position when available 
hydrogen is present. The parent substance (II, R = H) yielded the 
2 : 2-dibromo-derivative, and the monobromo-derivative (IX) could 
be obtained only by decomposition of the unstable 2-bromo-2- 
carbethoxy-compound (IX with CO,Et in place of H); other 
bromine derivatives of the 2-substituted ring (II with Br in place 
of H) were more stable. 

In accordance with the known character of the sulphone group and 
with the observations of Macbeth and his co-workers (J., 1922, 421, 
892, 904, 1116) on substances of analogous type, the halogen in the 
2-bromo-derivatives is removed as hypobromite by alkali hydroxide, 
being replaced by hydrogen, except in the mono- and di-bromo- 
compounds, where the process is modified by fission of the sulphone 
ring system. Moreover, in the monobromo-derivatives (IX, and 
II with Br in place of H) the halogen quantitatively liberates iodine 
from potassium iodide. These reactions appear to be characteristic 
of chlorine or bromine in the 2-position. Nitrous acid also attacks 
hydrogen in this position: in the parent substance replacement is 
complete, the nitroso-derivative undergoing further substitution 
(compare Friedlander, Ber., 1908, 41, 227), but with the 2-phenyl 
derivative oxidation ensues, the oxide (X) being formed. This oxide 
is devoid of basic character and the corresponding 2-bromo-deriv- 
atives do not exhibit the properties of salts. 

These facts give useful information concerning the structure of the 
product obtained by the action of excess of nitrous acid on the 
2-p-aminophenyl derivative. The red crystalline material thus 
formed is basic in character and the chloride, from which the base is 
regenerated by hydrolysis, furnishes a ferrichloride and a chloro- 
platinate. In composition the base conforms with the structure 
(XI), but this arrangement, which involves the association of 
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hydroxyl with the 2-carbon atom, cannot be adopted, since the 
2-oxide is entirely lacking in basic character. Similarly, the associ- 
ation of halogen with the 2-position of the thionaphthen nucleus 
(XI with Cl in place of OH) cannot be admitted in the case of the 
chloride or bromide; these salts are ea hydrolysed by water or 


(XL) OH y<os 9 >€ sah | Coe ye, H.<OH (xn) 


(XIII) a H<S0, >C:C,H, oon |x 


dilute alkalis and do not exhibit the characteristic behaviour of the 
2-bromo-derivatives (IX, and II with Br in place of H), which 
liberate hypobromite on treatment with such agents. Moreover, a 
quinolide structure (XII) similar to that proposed by Gomberg 
(J. Amer. Chem. Soc., 1913, 35, 1035) for one of the isomeric forms of 
4-hydroxytriphenylcarbinol and analogous substances is unaccept- 
able, since removal of water from the base in question is effected only 
with difficulty, prolonged heating in a vacuum in presence of phos- 
phoric oxide being necessary. On the other hand, the formation 
and properties of the base and salts are well expressed by the 
formula XIII (X = OH or Cl) in which the kation is formed by co- 
ordination of hydrogen with the carbonyl group of the quinone. 
This view accords with those of Pfeiffer (e.g., Annalen, 1917, 413, 
328) on the nature of salts formed by substances containing the 
carbonyl group. 
EXPERIMENTAL. 

3-Keto-2-benzoyl-2 : 3-dihydrothionaphthen 1 :1-Dioxide (Il, R = 
COPh).—(a) A concentrated solution of w-bromoacetophenone 
(23 g.) was added to an alcoholic solution of o-carboxybenzene- 
sulphinic acid (10 g.) (J., 1928, 2860) which had been neutralised with 
concentrated aqueous potassium hydroxide. When the mixture was 
boiled, potassium bromide separated (4 hour); the cooled liquid 
yielded a further quantity of this salt together with phenacyl-o- 
carbophenacylphenylsulphone (I, R = COPh). This substance (70% 
yield) separated from acetone—alcohol in needles, m. p. 164° (Found : 
C, 65-1; H, 4:5; 8, 7:5. C,,H,,0,8 requires C, 65-4; H, 43; 
8, 7-6%). A solution of this ester (8 g.) in alcohol (50 c.c.) in which 
sodium (0-4 g.) had been dissolved was boiled for 30 minutes and the 
solvent was then evaporated after the addition of water. Benzoyl- 
carbinol was removed by solution in ether and the aqueous liquid was 
mixed with an excess of dilute sulphuric acid. 3-Keto-2-benzoyl- 
2 : 3-dihydrothionaphthen | : 1-dioxide, which separated in 66% yield, 
crystallised from benzene in plates, m. p. 188° (Found: C, 62-6; 
H, 3-6; 8, 11-0. C,;H,,0,8 requires C, 62-9; H, 3-5; 8, 11-2%). 
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(6) 3-Keto-2-benzoyl-2 : 3-dihydrothionaphthen (0-5 g.), suspended 
in acetic acid (10 c.c.) to which hydrogen peroxide (1 c.c. of 30%) had 
been added, dissolved after 2 days and the oxidation product, 
which was identical with the substance obtained as described above, 
separated. 

The substance was recovered unchanged from 10% sodiur 
hydroxide solution after 3 hours’ boiling and attempts to obtain an 
acetyl or benzoyl derivative by the usual methods were unsuccessful. 
The diphenylhydrazone, m. p. 243° after crystallisation from alcohol, 
was obtained from the substance (1 mol.) and phenylhydrazine 
(3 mols.) in boiling concentrated benzene solution (Found : N, 12-2. 
C,,H,.0,N,8 requires N, 12-0%). 

When the preparation of a monophenylhydrazone of 3-keto- 
2-benzoyl-2 : 3-dihydrothionaphthen 1 : 1-dioxide was attempted by 
boiling an alcoholic solution containing phenylhydrazine (1 mol.), 
1 : 3-diphenylthionaphthapyrazole 5: 5-dioxide (VII, R = Ph) was 
obtained : this crystallised from acetone in prisms, m. p. 225°, which 
were insoluble in alkali and responded to Knorr’s pyrazole test (Ber., 
1893, 26, 100) (Found : N, 8-2; S, 8-8. C,,H,,0,N,S requires N, 
7:8; S, 89%). 

The borodiacetate (VIII) separated in lemon-yellow needles, m. p. 
220° (decomp.), when a boiling solution of the substance (II, 
R = Ph) in acetic anhydride containing boroacetic anhydride was 
cooled. It was easily decomposed by cold water, yielding the parent 
substance (II); analysis was made by weighing this product (Found : 
C,5;H190,8, 68-9. C,,H,,O,SB requires C,,H, 0,8, 69-2%). For 
comparison, the borodiacetate of 3-keto-2-benzoyl-2 : 3-dihydro- 
thionaphthen (VIII with S in place of SO,) was prepared in a similar 
manner : it formed red prisms which were very slowly decomposed by 
boiling water (Found: C,;H,,0,8, 67-1. C,,H,;,O,SB requires 
C,5H 190.8, 66-7%). 

3-Keto-2-phenyl-2 : 3-dihydrothionaphthen 1:1-Dioxide (11, R = 
Ph).—(a) Alcohol (50 c.c.) which contained benzyl chloride (6-8 g.) 
and the potassium salt of o-carboxybenzenesulphinic acid (14-2 g.) 
was boiled for 3 hours. When the potassium chloride had been 
removed, the sparingly soluble potassium salt (7-8 g.) of o-carboxy- 
phenylbenzylsulphone (III, R = Ph) separated. The acid, liberated 
in the usual manner, crystallised from water in needles, m. p. 126— 
128° after dehydration at 100° (Found: C, 60-8; H, 4:3; H,O, 6-2. 
C,,H,,0,8,H,O requires C, 61-1; H, 4-0; H,O,6-1%). The methyl 
ester (1 mol.), prepared from the silver salt, was heated for 20 minutes 
with alcohol which contained sodium ethoxide (1 mol.); the solvent 
was then evaporated, and an aqueous extract of the residue treated 
with an excess of dilute sulphuric acid. 3-Keto-2-phenyl-2 : 3-di- 
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hydrothionaphthen 1 : 1-dioxide, obtained in 60% yield, crystallised 
from acetone-alcohol in prisms, m. p. 174° (Found : C, 65-0; H, 3-9. 
C,,H,,0,8 requires C, 65-1; H,3-9%). The yellow alkaline solution 
yielded unaltered material after 2 hours’ boiling. 

(b) This phenyl derivative was also obtained by boiling a solution 
of potassium 0-carboxybenzenesulphinate (1 mol.) in alcohol which 
contained benzyl chloride (2 mols.) and treating the resulting solution 
with sodium ethoxide as usual. When the solvent and other volatile 
materials had been removed in steam, the remaining aqueous 
alkaline solution gave the 2-phenyl derivative in 15% yield on treat- 
ment with acid. An equal quantity of material which was insoluble 
in the alkali was identified with the benzyl ether (IV) of 3-hydroxy- 
2-phenylthionaphthen 1 : 1-dioxide synthesised from the 2-pheny] 
derivative (II, R = Ph) and benzyl chloride in alkaline solution : it 
separated from acetone-alcohol in prisms, m. p. 146° (Found: 
C, 72-4; H, 46; M, 357. C,,H,,0,8 requires C, 72-4; H, 46%; 
M, 348). 

3-Keto-2-acetyl-2 : 3-dihydrothionaphthen 1:1-Dioxide (II, R = 
CO-CH,).—Alcohol (75 c.c.) which contained monochloroacetone 
(15 g.) and the potassium salt prepared from o-carboxybenzene- 
sulphinic acid (15 g.) was boiled for 5 hours. The solution, which 
contained the sulphone ester (I, R = CO-CH,), was treated with 
sodium ethoxide in the usual manner. Half the volume of solvent 
was evaporated and the material which separated from the cooled 
residue was purified from water (charcoal). The required product 
was liberated from the aqueous solution by dilute mineral acid; it 
separated from benzene-ligroin in prisms, m. p. 164° (Found: C, 
53-5; H, 3:7. CygH,0,8 requires C, 53-6; H, 3-6%). The ketone 
was recovered unchanged from a boiling alkaline solution. Attempts 
to prepare the substance by oxidation of 3-keto-2-acetyl-2 : 3-di- 
hydrothionaphthen with hydrogen peroxide were unsuccessful, 
the chief product being “ thioindigo.”’ 

The monophenylhydrazone was obtained by boiling an alcoholic 
solution of the ketone with phenylhydrazine (slightly more than 
1 mol.) for 3 hours. It crystallised from alcohol in yellow needles, 
m. p. 210°, which were soluble in aqueous alkali (Found : C, 61-1; 
H, 4:8; N, 9-2. C,,H,,0,N,S requires C, 61-1; H, 4:8; N, 8-9%). 
When a solution of the phenylhydrazone in acetic acid containing a 
few drops of sulphuric acid was warmed at 90° for ] hour, dehydration 
was effected and 1-phenyl-3-methylthionaphthapyrazole 5 : 5-dioxide 
(VII, R = CH,) was produced. This, isolated from the fluor- 
escent solution by dilution, formed prisms, m. p. 180°, which were 
insoluble in alkali or acid (Found: N, 9-7. C,gH,,0,N,8 requires 
N,9:5%). The substance responded to Knorr’s pyrazole test. 
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3-Keto-2-0-nitrophenyl-2 : 3-dihydrothionaphthen 1 : 1-Dioxide (II, 
R = o-NO,°C,H,).—The 0-nitrobenzyl ester (I, R = 0-NO,°C,H,) 
of o-carboxyphenyl-o-nitrobenzylsulphone was prepared from o-nitro- 
benzyl chloride and potassium o-carboxybenzenesulphinate in the 
usual manner; it separated from aqueous acetone in plates, m. p. 
156° (Found: C, 55-1; H, 3-7; N, 5-9. C,,H,,0,N,8 requires 
C, 55:3; H, 3-5; N, 6-1%). A solution of this substance (5 g.) in 
alcohol (100 c.c.) in which sodium (0-25 g.) had been dissolved was 
boiled (} hour); the solvent was then evaporated, and the residue 
treated with water and ether. The latter solvent removed o-nitro- 
benzyl alcohol. The aqueous solution on treatment with excess of 
dilute acid yielded 3-keto-2-0-nitrophenyl-2 : 3-dihydrothionaphthen 
dioxide (2 g.), which crystallised from acetone in prisms, m. p. 
187° (Found: C, 55-3; H, 3-2. C,,H,O;NS requires C, 55-5; 
H, 3-0%). 

Zinc dust was added to a boiling solution of the nitro-compound 
in acetic acid. The product, separated from the cooled liquid and 
crystallised from alcohol, gave thionaphthindole dioxide (V1) in 
needles, m. p. 220° (Found : C, 65-6; H, 3-6; 8, 12-4. C,,H,O,NS 
requires C, 65-9; H, 3-5; S, 12-6%). This substance was also 
prepared by oxidation of thionaphthindole obtained by McClelland 
in another manner (J., 1929, 1589). 

3-Keto-2-p-aminophenyl-2 : 3-dihydrothionaphthen 1 : 1-Diowide (II, 
R = p-NH,°C,H,).—A concentrated aqueous solution of sodium 
hydrosulphite was added to a warm (70°) alkaline solution (200 c.c.) 
of the sodium salt (3 g.) of the 2-p-nitropheny] derivative (J., 1928, 
2862) until the red colour of the latter was discharged. When 
dilute acetic acid was added to the cooled mixture, the required 
amino-derivative (1-5 g.) was liberated. This separated from alcohol 
in yellow prisms, m. p. ca. 180°, which were too unstable for further 
purification. It was characterised by the acetyl derivative, which 
formed plates, m. p. 226°, from acetic acid (Found: C, 60-6; H, 
4-3. C,gH,,0,NS requires C, 60-9; H, 4-1%). 

Ethylenedi-o-carboxyphenylsulphone (as III. R = CH,*).—Alcohol 
(50 c.c.) which contained ethylene dibromide (5 g.) and the potassium 
salt derived from 10 g. of o-carboxybenzenesulphinic acid was boiled 
(4 hours). The solvent was then evaporated and ethylene dibromide 
was removed from the residue by a current of steam. The aqueous 
solution (charcoal) was mixed with excess of sulphuric acid (60%). 
The product liberated (40% yield) crystallised from acetone in 
needles, m. p. 250° (Found : C,47-8; H,3-7. C,,H,,0,8, requires 
C, 48-2; H, 35%). Boiling thionyl chloride converted it into the 
chloride, from which the ethyl ester was obtained in good yield. 
This formed plates from alcohol and had m. p. 150° (Found: 
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©, 52-7; H, 5-0; S, 14:2. Cy 9H,.0,S, requires C, 52-8; H, 4:8; 
S, 141%). 

2-Bromo-derivatives.—These substances, except the monobromo- 
derivative of the parent compound, were obtained by the direct action 
of the necessary amount of bromine in a suitable solvent, usually 
acetic acid, and were isolated by dilution with water. 

2 : 2-Dibromo-3-keto-2 : 3-dihydrothionaphthen 1:1-dioxide (IX 
with Br in place of H) crystallised from alcohol in needles, m. p. 148°. 
It liberated iodine from acidified aqueous potassium iodide. Halo- 
gen was determined in this manner (a) and also by the usual method 
(6) [Found : Br, (a) 47-2, (6) 47-1. C,H,O,Br,S requires Br, 47-1%]. 
The substance dissolved in warm aqueous alkali and the solution 
was found to contain carboxylic acids, evidently produced hy 
rupture of the thionaphthen ring system. 

2-Bromo-3-keto-2 : 3-dihydrothionaphthen 1:1-dioxide (IX). A 
suspension of the 2-carbethoxy-derivative (Feist, Ber., 1925, 58, 
2311) (2 g.) in acetic acid was heated together with a solution of 
bromine (1-4 g.) in the same solvent for 14 hours, carbon dioxide being 
liberated. The product, isolated in the usual manner, crystallised 
from benzene in needles, m. p. 149—150° [Found: C, 36-9; H, 
2-0; Br, (a) 30-7, (6) 30-2. C,H,O,BrS requires C, 36-8; H, 1-9; 
Br, 30-6%]. It was decomposed by warm aqueous alkali, the ring 
suffering fission and bromine being eliminated. 

2-Bromo-3-keto-2-benzoyl-2 : 3-dihydrothionaphthen 1 : 1-dioxide 
(IX with COPh in place of H) crystallised from alcohol in needles, 
m. p. 168° (Found: Br, 22-1. C,;H,O,BrS requires Br, 21-9%%). 
It dissolved in warm aqueous sodium acetate, and acid liberated 
the original 2-benzoyl compound from the solution. 

2-Bromo-3-keto-2-phenyl-2 : 3-dihydrothionaphthen 1 : 1-dioxide (IX 
with Ph in place of H) formed plates, m. p. 170°, from which aqueous 
sodium acetate removed halogen, replacing it by hydrogen (Found : 
Br, 23-7. C,,H,O,BrS requires Br, 23-8%). 

2-Bromo-3-keto-2-p-nitrophenyl-2 : 3-dihydrothionaphthen 1 : 1-di- 
oxide (as IX) formed plates, m. p. 155°, from acetic acid. The 
substance behaved in the usual manner with warm sodium acetate 
solution (Found: Br, 20-8. C,,H,O;NBrS requires Br, 20-9°,). 
None of these bromine derivatives yielded perbromides or additive 
compounds with metallic bromides. 

The 2-Oxide of 3-Keto-2-phenyl-2 : 3-dihydrothionaphthen 1 : 1-Di- 
oxide (X).—(a) Concentrated hydrochloric acid (3 c.c.) was slowly 
added to alcohol (25 c.c.) which contained 3-keto-2-phenyl-2 : 3-di- 
hydrethionaphthen dioxide (1 g.) and ethyl nitrite (2-7 c.c. of 15%, 
solution) and the mixture was warmed at 90° for } hour. The 
product (0-8 g.), obtained on cooling, separated from benzene, on 
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addition of light petroleum, as a microcrystalline powder, m. p. 
220° (Found: C, 63-5; H, 3-7; M, 515. C,,H,,0,S, requires C, 
63-4; H, 3-4%; M, 530). 

(b) Chromic acid (0-25 g.) was added to acetic acid (15 c.c.) which 
contained the above phenyl derivative (1-1 g.), and the mixture was 
warmed and then diluted with water. After purification, the 
product (1 g.) was identified with that obtained in (a). 

When 3-keto-2 : 3-dihydrothionaphthen 1 : 1-dioxide was treated 
with an excess of nitrous acid under similar conditions to the above, 
a substance was obtained in almost quantitative yield. It formed 
plates, which decomposed at 173°, and gave a red solution in cold 
aqueous alkali; in the warm reagent, decomposition took place, 
o-carboxybenzenesulphinic acid being formed (compare Friedlinder, 
loc. cit.) (Found: C, 42:3; N, 9-4; 8, 14-0. C,,H,O,N,S, requires 
C, 42-5; N, 9-3; S,14-1%). From these data the substance appears 
to be a _ nitroso-oximino derivative containing the structure 
>C(NO)-N(OH)-C(NO)< formed by complete replacement of the 
2-hydrogen atoms in the parent substance (II, R = H). 

3-Keto-2-benzoyl-2 : 3-dihydrothionaphthen 1 : 1-dioxide was not 
attacked by nitrous acid. 

3-Keto-2-p-quino-2 : 3-dihydrothionaphthen 1 : 1-Dioxide Hydroxide 
(XIII, X = OH).—A solution of sodium nitrite (1 g. in 10 ¢.c.) was 
slowly added to a cold solution of 3-keto-2-p-aminopheny]-2 : 3-di- 
hydrothionaphthen 1 : 1-dioxide (4 g.) in concentrated hydrochloric 
acid (10 c.c.). The crystalline material which separated was washed 
with aqueous sodium acetate, with water, and with ether. It formed 
deep red plates, which decomposed at 123° (Found: C, 58-1; 
H, 3-3; H,O, 6-1. C,,H,O,8,H,O requires C, 57-9; H, 3-4; H,O, 
6-2°%). The substance dissolved in warm concentrated hydrochloric 
acid, and when chloroplatinic acid was added to the solution the 
chloroplatinate was precipitated in the crystalline state [Found : 
Pt, 19-9. (C,,H,O,S,HCl),PtCl, requires Pt, 20-4%]. The ferri- 
chloride was obtained in orange crystals by a similar method (Found : 
Fe, 12-6. C,,H,0,S8,HCI,FeCl, requires Fe, 11-9°/,). Both salts were 
unstable in presence of moisture and decomposed when heated. 
When a solution of the chloride was diluted, the hydroxide was 
produced. 


Kine’s CotteGe, LONDON. [Received, January 17th, 1930.] 
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LViI.—The Interaction of Ethyl 1-Mandelate and 
Thionyl Chloride in the Presence of Pyridine. The 
Mechanism of the Replacement of Hydroxyl by 
Chlorine by Means of Thionyl Chloride. 


By JosePpH KENYON, ALFRED GEORGE LipscoMB, and 
HENRY PHILLIPS. 


WHEN a levorotatory hydroxy-acid or its ester is treated with 
thionyl chloride, the chloro-acid or ester produced is dextrorotatory ; 
e.g., ethyl l-malate is converted into ethyl d-chlorosuccinate (McKen- 
zie and Barrow, J., 1911, 99, 1910) : 


1-EtO,C-CH,*CH(OH)-CO,Et —> d-EtO,C-CH,-CHCI-CO,Et. 


McKenzie and Clough (J., 1910, 97, 2564) discovered, however, that 
thionyl chloride behaves differently towards hydroxy-acids (and 
esters) containing a phenyl group directly attached to the asym- 
metric carbon atom, since from these compounds it produces chloro- 
acids (and esters) with the same sign of rotation as the parent 
hydroxy-compound ; ¢.g., ethyl /-mandelate is converted into ethyl 
l-phenylchloroacetate (McKenzie and Barrow, loc. cit.). It has 
now been found that if ethyl /-mandelate is first dissolved in a ter- 
tiary base (pyridine, quinoline, or isoquinoline) and then treated 
with thionyl chloride, ethyl d-phenylchloroacetate is obtained 
instead of ethyl /-phenylchloroacetate. The following changes have 
therefore been realised : 
z £0 Ph ’ OH ©) Ph 
_ OH 
EtO, OCS Sans EtO, H > EtO, H 


These results are the more surprising since /-8-octanol is converted 
into d-8-chloro-octane by thionyl chloride both in the absence 
(Levene and Mikeska, J. Biol. Chem., 1924, 59, 45) and in the 
presence of _— (McKenzie and Tudhope, ibid., 1924, 62, 551) : 


SOCI, (alone) C.H H 
“tH >C<On ‘500, +OHN é CH, 1 


There can be little doubt that the mechanism of the interaction of 
thionyl chloride with hydroxy-compounds is modified by the 
presence of a tertiary base. The work now described suggests, 
however, that such modification only determines the sign of rotation 
of the resulting chloro-compound when a phenyl group is directly 
attached to the asymmetric carbon atom. 

In the paragraphs below, the results of the experiments are 
briefly described and then the mechanisms of the chlorination 
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reaction of thionyl chloride in the presence and in the absence of 
pyridine are discussed. An explanation is also put forward to 
account for the difference in behaviour of hydroxy-compounds which 
contain an aromatic radical. 

Results of the Experiments.—Thiony] chloride (1 or 2 mols.) was 
added slowly to an ice-cold solution of ethyl /-mandelate and the 
tertiary base (1 or 2 mols.) in about five volumes of dry ether. After 
the initial vigorous reaction had ceased, the reaction mixture was 
warmed on a steam-bath for 30 minutes. Water was then added, 
and the product extracted with ether. The ethereal extract was 
washed with dilute hydrochloric acid and dried, and the product 
isolated and distilled. The ethyl d-phenylchloroacetate obtained 
was sometimes contaminated with ethyl /-mandelate, particularly 
in those experiments in which the /-ester was dissolved in only one 
molecular proportion of the tertiary base. This was most probably 
due to incomplete reaction under the mild experimental conditions 
employed, which were chosen to minimise the interaction between 
the chloro-ester produced and the tertiary base. 

In Table I are recorded the rotatory powers of the ethyl d-phenyl- 
chloroacetate and of the mixtures of ethyl d-phenylchloroacetate 
and ethyl l-mandelate which were isolated. The percentages of 
d-chloro-ester in the mixtures were calculated from the percentages 
of chlorine which they were found to contain. For purposes of 
comparison, the rotatory power of the ethyl /-phenylchloroacetate 
prepared by McKenzie and Barrow (loc. cit.) is also included in the 
Table. The observed rotatory power of this /-ester ([«],4.,, / = 1-0) 
was calculated from the recorded value ([«];.93, / = 1-0) by aid of 
the dispersion ratio «;495/%54¢, 0-816, which was determined for 
this purpose, 

TaBLE I. 
The Observed Rotatory Powers of Ethyl Phenylchloroacetate prepared 
from Ethyl |1-Mandelate by Means of Thionyl Chloride in the 
Presence of Tertiary Bases. 


Observed % Ethyl 
rotatory phenylchloro- % Cl 
power, [a]s4,, acetate in in the 
Tertiary base used. (Z = 1-0). the product. product.* 
None (McKenzie and Barrow) ...... — 91-3° 100-0 oo 
Pyridine. 
Bok; BOCR, Bimol. .icissciscs. + 41-2 63-3 11-3 
2 mols.; BOC, 2 Mls... ...0icccccee + 122-0 100-0 18-0 
Quinoline. 
2h tees BOCK, Packs iicicccsscsai.c + 107-2 83-3 14-9 
2 mols. ; SOCI,, 2 mols. ............ +116-2 100-0 17-7 
dsoQuinoline. 
BE mes.s Dede 2B mel. ..c2dsisidinc +114-4 100-0 18-2 
2 mols.; SOCI,, 2 mols. ............ + 73-0 88-4 15- 


* Ethyl phenylchloroacetate contains 17-9% Cl. 
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It will be seen that the magnitudes of the rotatory powers of the 
ethyl d-phenylchloroacetate obtained in these experiments were 
higher than that of the /-ester cbtained by means of thionyl chloride 
alone. They are also greater than the rotatory power of the d-ester 
obtained by Walden (Ber., 1895, 28, 1287) by the action of phos- 
phorus pentachloride on a solution of ethyl l-mandelate in chloro- 
form. The rotatory power of this ester was [«];.9, + 25°19°, from 
which it can be calculated that it had «;,,, + 37-0° (1 = 1-0). 

The Interaction of Thionyl Chloride with 1-8-Octanol and Ethyl 
1-Mandelate in the Presence of Pyridine.—The reaction between 
thionyl chloride and an alcohol takes place in two stages. The 
alcohol is first converted into a chlorosulphinic ester, and this ester 
then loses sulphur dioxide and forms the chloride. In the case of 
d-amyl] alcohol, McKenzie and Clough (J., 1913, 103, 698) were able 
to isolate the d-amyl chlorosulphinate and showed that by heating 
to 120° it was converted into d-amyl chloride. Similarly, Frankland 
and Garner (J., 1914, 105, 1101) have isolated ethyl d-«-chloro- 
sulphinoxypropionate. Attempts made in these laboratories to 
isolate 1-8-octyl chlorosulphinate from the product of the interaction 
of /-8-octanol and thionyl chloride have been unsuccessful, the sole 
product obtained in every experiment being d-§-chloro-octane. 
Nevertheless, it is probable that this reaction, as with d-amy] alcohol, 
also occurs in two stages, and that the chlorosulphinic ester, which 
is the product of the first stage of the reaction, is difficult to isolate 
owing to its instability. 


1-C,H,,"OH + SOCI, = 1-C,H,,"0-SOCI + HCl. , 
1-C,H, ,"O-SOCI = d-C,H,,Cl + 80,. 


If pyridine were present, it could take part in both stages of the 
reaction. It could facilitate the formation of the chlorosulphinate, 
and also aid its decomposition by combining with it to form the 
unstable intermediate complex (I), a egaroll a3 chloride. 


eg 0 TaN Fas #6 an 

a \a— 

CH, ie O 8 Ny Vy, "B0,C O S _— y, 
(I.) ” es 


A similar unstable pyridinium chloride (II) might also arise during 
the reaction between ethyl /-mandelate and thionyl chloride in the 
presence of pyridine. The constitutions assigned to (I) and (II) 
involve few, if any, assumptions. It is also considered that they 
emphasise certain important characteristics of the unstable inter- 
mediate complexes the formation of which can be postulated in 
many reactions which lead to a Walden inversion. In previous 

Q 
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papers two reactions have been described which are known, with 
some degree of certainty, to take place with a Walden inversion. 
One is the conversion of p-toluenesulphonic esters into carboxylic 
esters (Phillips, J., 1923, 123, 44; 1925, 127, 2566; Kenyon, 
Phillips, and Turley, ibid., p. 399; Gough, Hunter, and Kenyon, 
J., 1926, 2052), and the other the conversion of /-$-octyl p-toluene- 
sulphinate into d-$-octanol (Houssa, Kenyon, and Phillips, J., 
1929, 1700). The results obtained with the p-toluenesulphinate and 
the p-toluenesulphonate of /-8-octanol were as follows : 


0,H H - Call 
Ti ibe 0 em iy an 4+ C,H, SO,Cl. 
CH, marti, re nel 
fet 2 


CoH; H - KO,C-‘CH CeHis. A 

LK 12, ay de <4. C,H, S0,-0K. 
CH, \O—S—C,H, cH,” \O-CO-CH, | 
0 


It was also found (Houssa, Kenyon, and Phillips, loc. cit.) that 
d-8-chloro-octane could be obtained either by the action of chlorine 
on the l-sulphinic ester or by the action of lithium chloride on the 
l-sulphonic ester. It was considered highly probable that these 
reactions were also accompanied by an inversion, since they were 
similar to the corresponding reactions with hypochlorous acid and 
potassium acetate. On this assumption, d-$-chloro-octane has the 
same configuration as d-$-octanol. Houssa, Kenyon, and Phillips 
(loc. cit.), abandoning the «-hydrogen hypothesis of Phillips (loc. 
cit.), made use of the revised structural formule for. p-toluene- 
sulphinic esters (Phillips, loc. cit., p. 2552) and sulphonic esters 
(Sugden, Reed, and Wilkins, J., 1925, 127, 1525), and suggested 
that during the reactions, mentioned above, which lead to the 
formation of d-8-chloro-octane, the intermediate complexes (III) 
and (IV) were formed. 





C,H He P gl H Li+ 
I. 6 4 9%, 13\. PKo2 a Pie 
CH, _ O—S—C,H, 
Cl Cl 
(III.) ae! ) 


On comparing the constitutions assigned to these two complexes, 
the decomposition of which is accompanied by a Walden inversion, 
with those assigned to the complexes (I) and (II), certain striking 
similarities are found. In all four the group about to sever its 
union with the asymmetric carbon atom has become preponderantly 
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positive in character. Further, the chlorine atom, about to unite 
with the asymmetric carbon atom, exists in each case as a negative 
ion. It is also noteworthy that intermediate complexes possessing 
these two characteristics may also be formed during two other 
reactions, by the aid of which, and according to the conclusions of 
Houssa, Kenyon, and Phillips (loc. cit.), l-8-octanol can be converted 
into d-8-chloro-octane. These are the interaction of 1-8-octanol 
and hydrogen chloride (V) (Pickard and Kenyon, J., 1911, 99, 45) 
and the interaction of /-8-octyl chlorocarbonate and pyridine 
(Houssa and Phillips, J., 1929, ae (VI). 


~ re C * lig rXo$ 
(V.) + + y—~ (VI) 
au . 


By the interaction of /-8-octanol and "eis chloride, in the 
presence of pyridine (I), d-8-chloro-octane is produced and therefore 
this reaction can also be assumed to take place with inversion of 
configuration. It thus appears that in all the reactions by which 
|-8-octanol, 1-8-octyl p-toluenesulphonate or p-toluenesulphinate 
can be converted into $-chloro-octane a Walden inversion occurs. 
Moreover, each of these reactions and also those by which 1-8-octyl 
p-toluenesulphonate is converted into carboxylic esters of d-8-octanol, 
and /-8-octyl p-toluenesulphinate into d-8-octanol, all pass through 
a phase in which unstable intermediate complexes, possessing certain 
notable characteristics in common, are produced. 

It will be assumed that since, during the reaction between ethyl 
Lmandelate and thionyl chloride in the presence of pyridine, the 
formation of an intermediate complex of the same type may also 
be postulated, this reaction is accompanied by a Walden inversion : 
in other words, that ethyl /-phenylchloroacetate has the same 
configuration as ethyl /-mandelate. It follows, therefore, on this 
assumption, that the interaction of ethyl /-mandelate and phos- 
phorus pentachloride is also attended by a configurative change. It 
is significant that here again the same type of intermediate complex 


(VII) may arise. 
1 (VII.) 
Et0, att hos Loi 


Cl 
Cl \a 


A general idea underlying most of the theories of the Walden 
inversion (Fischer, Annalen, 1911, 384, 132; Werner, Ber., 1911, 
44,881; Pfeiffer, Annalen, 1911, 383, 123; Gadamer, Chem. Zig., 
1912, 36, 1327; Lowry, Dewxiéme Conseil de Chimie Solvay, 1925, 
40) is that in such reactions the entering group attaches itself to 
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the opposite side of the asymmetric molecule to that occupied by 
the group to be displaced. It is essential, therefore, for the occur. 
rence of a Walden inversion that the entering group should be free 
to take up this position. In the unstable intermediate complexes 
of the inversion reactions described in this paper, the entering 
group, the chlorine anion, is always available to assume this favour. 
able position in the molecular complex, before the groups to be 
displaced leave the asymmetric carbon atoms. 

The Interaction of Thionyl Chloride with \-8-Octanol and Ethyl 
1-Mandelate in the Absence of Pyridine—With |-8-octanol. Levene 
and Mikeska (loc. cit.) have shown that the action of thionyl chloride 
on 1-8-octanol in the absence of pyridine leads to the formation of 
d-8-chloro-octane; hence a Walden inversion occurs, since it has 
been concluded that d-8-chloro-octane has the same configuration as 
d-8-octanol. Furthermore, since the inversion is unlikely to occur 
during the first stage of the reaction (as the bonds of the asymmetric 
carbon atom are not disturbed), it follows that it takes place when 
the 1-8-octyl chlorosulphinate decomposes. 


(VIII.) I- eg ee D4 ) (IX.) 
CH O—-S—Cl CH,’ _ \O—S—Cl 
~ + 


3 oe 


It has been found that the- interaction of thionyl chloride and 
I-8-octanol in the presence of potassium carbonate also leads to the 
formation of d-§-chloro-octane. This result indicates that the 
d-8-chloro-octane obtained in the absence of potassium carbonate 
does not arise from the interaction, as shown in (IX), of the chloro- 
sulphinate with the hydrogen chloride produced in the first stage of 
the reaction. 

It seems reasonable to assume that when the various intermediate 
complexes, which have been postulated, decompose, the asymmetric 
carbon atoms necessarily acquire a positive charge, since, ultimately, 
they each unite with a negative chlorine ion. It is therefore possible 
that, when /-8-octyl chlorosulphinate decomposes, it splits up into 
a carbonium kation, sulphur dioxide, and a chlorine anion, and that 


the d-8-chloro-octane is formed by the union of the carbonium ion ; 


with the chlorine ion : 
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C,H 0 CH 4 : 
"Hh »YCH-O-S-C1 = (d-orl-2) © ™Sé +80, + @. 
CH + CH VA 
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Experimental evidence, however, is still wanted which will show 
whether the formation of a carbonium kation is attended with 6 
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by | Walden inversion and also whether the kation is capable, even 
cur- | momentarily, of a free existence in an optically active state. 

free McKenzie, Roger, and Wills (J., 1926, 779) have, however, already 
*x€8 | described a remarkable molecular rearrangement, from the results 
ring j of which they conclude that a carbonium ion can retain its asym- 
our- | metry in the free state. The nature of the charge on this ion is not 
» be specified, but it is difficult to conceive it as being other than positive. 
These authors found that levorotatory $-amino-««-diphenyl- 
ithyl n-propyl alcohol was converted into a dextrorotatory ketone by 
yené | the action of nitrous acid. The following mechanism was suggested 


ride | for the change : 
n of 


i ht |, a Me. 
hee Ph <r —> pp H Pg ‘<> 

) 

cour OH Nu, (X.) OH HO-N:N (x1) ze K (XII.) 
etric % M 

Pat PhCO-CH<py (XIIL) 


The weak points in this interpretation are, first, that a nitrogen 
atom in (XI) is linked to other atoms by five covalencies and, 
x.) Jsecondly, that it has to be assumed that the carbon and oxygen 
atoms in (XII) bear charges of the same sign (K’ and K) to explain 
the absence of the stable compound, diphenylpropylene oxide, in 
the products of the rearrangement. In the interpretation of the 


and ; : , age 
change given below, the non-formation of this oxide is accounted 


a for without departing from accepted theories of valency. 
ynate Ph ( Me _. Ph Me __ * heb a 

loro- Ph> OH rh ge He (<a P Phot (<H 
ge of H NH, H N=-NOH O +N=N 
diate . ‘s, Me __, Ph, 

retric (XV.) rik (<i <H yi (<e 

itely, wat f 

ssible hi (Pee 


into} From this interpretation of the pee it is no longer 
| that [Possible to draw the conclusion of McKenzie, Roger, and Wills that 
n ion| During the transposition of the phenyl group . . . we are dealing 
vith a reaction of substitution, the electric charge K, playing the 
part of a group and being displaced by a phenyl group. .. .” 
Unfortunately, therefore, this remarkable transformation cannot 












l. le advanced as evidence that a carbonium ion can remain optically 

ive in the free state. It is, however, again significant that to 

xplain this complicated change, which may lead to a Walden 

ye mversion, the formation of an unstable complex (XV) must be 
vi 


bstulated which contains an entering group (the phenyl! group) as 
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a negative ion and a positively charged group (the nitrogen molecule) 
about to leave the asymmetric carbon atom. 

With ethyl 1-mandelate. McKenzie and Barrow (loc. cit.) have 
shown that thionyl chloride, in the absence of pyridine, converts 
ethyl l-mandelate into ethyl /-phenylchloroacetate. It has been 
suggested that these two compounds have the same configuration 
and therefore that the reaction is not accompanied by a Walden 
inversion. As in the study of the interaction of /-$-octanol and 
thionyl chloride, an experiment was made to prove that the ethyl 
l-phenylchloroacetate was not formed by the interaction of the 
products of the first stage of the reaction, namely, hydrogen chloride 
and ethyl /-mandelylchlorosulphinate. It was found that potassium 
carbonate (in marked contrast to pyridine) had no influence on the 
sign of rotation of the ethyl phenylchloroacetate obtained. There 
appear to be two possible mechanisms (A and B) by which the 
decomposition might take place. 


C, H XN H - 
OY +. SO, + Cl. 
AN ey _» EtO,C 
EtO, me < C,H 
pea My aa +80, + G1. 
Et0,C% *" 


Of these two alternatives, only (B) sharply differentiates the decom- 
position of ethyl /-mandelylchlorosulphinate from that of 1-8-octy! 
chlorosulphinate and assigns a definite function to the pheny! 
group. This function is to confer on the asymmetric carbon atom 
the power to retain electrons during the decomposition. A pheny! 
group can function in this way, since it is strongly electron-attracting, 
whereas purely aliphatic groups, such as methyl and n-hexy]l, are 
electron-donating groups, which, therefore, when attached to al 
asymmetric carbon atom, weaken its power to retain electrons. 
This mechanism also gives a satisfactory explanation of the power 
of pyridine to change the sign of rotation of the product of thi 
decomposition. The interaction of pyridine with the chloro 
sulphinate produces a pyridinium chloride (II) in which the positive 
character of the chlorosulphinoxy-group has been augmented and 
its electron-retaining power therefore increased. Hence, when tht 
chlorosulphinate decomposes in the presence of pyridine, the 
increased electron-retaining power of the chlorosulphinoxy-group 
enables it to overcome the electron-retaining power conferred on the 








Ix co 





asymmetric atom by the phenyl group, with the result that tht 
asymmetric carbon atom loses two electrons during the furthe 
stages of the decomposition, which now leads to a Walden inversiol 
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EXPERIMENTAL. 


l-Mandelic acid, isolated from amygdalin (Freudenberg and 
Markert, Ber., 1925, 58, 1753), was converted into ethyl /-mandelate 
by the method of Fischer and Speier. 

The Interaction of Thionyl Chloride with Ethyl |-Mandelate and 
d-8-Octanol in the Presence of Potassium Carbonate.—With ethyl 
l-mandelate. Thionyl chloride (2-97 g.) in ether (10 c.c.) was added 
to a solution of ethyl /-mandelate (4-5 g.) in ether (50 c.c.) containing 
recently ignited potassium carbonate (10-4 g.). The mixture was 
heated under reflux for } hour, the potassium carbonate and chloride 
were removed by filtration, and the ether was distilled from the 
filtrate. The residue on distillation gave a mixture of ethyl 
l-mandelate and ethyl /-phenylchloroacetate, b. p. 136—138°/ 
18 mm., with a54,, —30-94° (J = 0-25) (Found: Cl, 7:7%). The 
mixture therefore contained 43°%, of the chloro-ester. 1-14 G. of 
ethyl /-mandelate were dissolved in 0-86 g. of ethyl dl-phenylchloro- 
acetate. This solution had «;,4,, —20-98° (1 = 0-25) and hence the 
ethyl phenylchloroacetate in the mixture isolated in the above 
experiment was lzevorotatory. 

With d-8-octanol. d-8-Octanol (2-9 g.) in ether (30 c.c.) was 
added slowly to an agitated solution of thionyl chloride (10 g.) in 
ether (30 c.c.) containing potassium carbonate (12 g.). After 12 
hours, the ether was removed by distillation, and the residue extracted 
with ether. In this manner the reaction was completed in the 
presence of potassium carbonate. The ethereal extract, on evapor- 
ation, gave /-8-chloro-octane (2-5 g.), b. p. 60—61°/14 mm. and 
tts4g, —5°05° (I = 0-25). 


The authors wish to express their thanks to the Government Grant 
Committee of the Royal Society and to Imperial Chemical Industries, 
Ltd., for grants which have defrayed the cost of this investigation. 
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LVIII.—Synthesis of Alkyl Naphthalenes. Part I. 
5-, 6-, and 7-Ethyl-1-methylnaphthalenes. 


By Joun Harvey, Istpor Morris HEILBRON, and 
DoNALD GRAHAM WILKINSON. 


In connexion with the study now being carried out in this laboratory 
of the structure of the naphthalene hydrocarbon C,,H,, obtained 
by dehydrogenation of tetracyclosqualene with sulphur (Harvey, 
Heilbron, and Kamm, J., 1926, 3136) it became desirable to have, 
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for reasons which will be explained in a later communication, in- 
formation regarding the properties of the methylethylnaphthalenes 
containing a methyl group in position 1 and the ethyl radical in the 
second benzene ring. The present communication deals with the 
synthesis of the three isomerides indicated above. 

1- Methyl-7-ethylnaphthalene.—o-Tolualdehyde and ethyl «-bromo- 
butyrate were condensed together in presence of zinc, whereby 
ethyl §-hydroxy-$-o-tolyl-«-ethylpropionate (I) was obtained. The 
hydroxy-ester was converted into ethyl o-methyl-«-ethylcinnamate 
(II) by treatment with phosphorus tribromide and subsequent re- 
moval of hydrogen bromide by heating with diethylaniline. Re- 
duction of the unsaturated ester by Bouveault’s method gave the 
alcohol (III), which was converted through the bromide and nitrile 
(compare Ruzicka, Helv. Chim. Acta, 1922, 5, 934) into y-o-tolyl- 
8-ethylbutyric acid (IV). Ring closure was brought about by the 
action of aluminium chloride on the acid chloride of (IV), an almost 
theoretical yield of the cyclic ketone (V) being obtained. The 
ketone was reduced by Clemmensen’s method to 1-methyl-7-ethyl- 
5:6:7 : 8-tetrahydronaphthalene (V1), and this on treatment with 
selenium (compare Diels, Gidke, and Kérding, Annalen, 1927, 
459, 1) gave 1-methyl-7-ethylnaphthalene. 
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1-Methyl-5-ethylnaphthalene.—o-Tolualdehyde was condensed with 
ethyl acetate in presence of sodium, as described by Young (Ber., 
1892, 25, 2102), to ethyl o-methylcinnamate (VII), which was reduced 
with sodium and alcohol, in the apparatus described by Rupe and 
Lauger (Helv. Chim. Acta, 1920, 3, 272), to y-o-tolylpropyl alcohol 
(VIII). The alcohol was converted through the bromide and the 
nitrile into y-o-tolylbutyric acid ({X), from which 5-keto-1-methyl- 
5:6: 7 : 8-tetrahydronaphthalene (X) was obtained by the action of 
aluminium chloride on the acid chloride. The ketone on treatment 
with magnesium ethyl iodide yielded the hydroxy-compound (XI), 
which, on distillation or on heating with acetic anhydride, lost 
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water, giving 1-methyl-5-ethyl-7 : 8-dihydronaphthalene (XII). De- 
hydrogenation of this hydrocarbon by means of selenium gave the 
required apart en ~nctyey 


Me CH Me Me CH, 
/\on SAN ices 
Lay C 0, lied CH, OH” 
re : 
(VII.) (VIII.) (IX.) 
Me Va Me C % Me CH, 
a a 2 a \G8 
f CO CEt 
ni 
(X.) et - (XII.) 


1-Methyl-6-ethylnaphthalene.—2-Methylstyryl ethyl ketone (XIII), 
prepared by the condensation of o-tolualdehyde with methyl ethyl 
ketone in presence of alkali, on hydrogenation in presence of colloidal 
palladium, gave {-0-tolyldiethyl ketone (XIV), and this on reduction 
with sodium gave a satisfactory yield of +-o-tolyl-«-ethylpropyl 
alcohol (XV), from which y-o-tolyl-«-ethylbutyric acid (XVI) was 
readily obtained in the usual manner. The acid was converted 
into its acid chloride, which on treatment with aluminium chloride 
gave an almost quantitative yield of 5-keto-1-methyl-6-ethyl- 
5:6: 7 : 8-tetrahydronaphthalene (XVII). On reduction of the 
ketone by Clemmensen’s method 1-methyl-6-ethyl-5 : 6:7 : 8-tetra- 
hydronaphthalene (X VIII) was formed, and this was dehydrogenated 
with selenium, giving 1-methyl-6-ethylnaphthalene. A somewhat 
better yield of the alkylnaphthalene is obtained by reducing (XVII) 
with sodium and alcohol, whereby a mixture of carbinol and un- 
saturated hydrocarbon is produced which, without further purific- 
ation, is treated with selenium. 
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EXPERIMENTAL. 

Ethyl @-H ydroay--0-tolyl-«-ethylpropionate (I1)—A mixture of 
ethyl «-bromobutyrate (72 g.) and freshly distilled o-tolualdehyde 
(45 g.) was added gradually to pure zinc turnings (26 g.) covered 
with dry benzene, in a flask fitted with a reflux condenser. After 
the addition of 20 c.c. of the mixture the flask was warmed on a 
steam-bath in order to start the reaction. The remainder was then 
added in small quantities at a time so as to regulate the reaction, 
and the whole refluxed for 4 hours. The product was decomposed 
with ice-cold dilute hydrochloric acid and the benzene layer was 
separated, washed with water, and dried over calcium chloride. 
After removal of the benzene the hydroxy-ester was fractionated in a 
vacuum and obtained as a thick oil (65 g.), b. p. 164—166°/12 mm, 
(Found : C, 70-8; H, 8-5. C,H. 0, requires C, 71-2; H, 85%). 

Ethyl o-Methyl-x-ethylcinnamate (I1).—A solution of the hydroxy- 
ester (65 g.) in dry benzene (100 c.c.) was heated on a water-bath 
with phosphorus tribromide (85 g.) until the evolution of hydrogen 
bromide had practically ceased (5 hours). The excess of phosphorus 
tribromide was decomposed with alcohol (with ice-cooling), the 
solution poured into water, and the benzene layer separated and 
dried over calcium chloride. After removal of the solvent, the 
bromo-ester was obtained as a heavy oil (82 g.) with an irritating 
effect on the eyes. Without further purification, it was mixed with 
diethylaniline (70 g.) and heated at 180° for 4 hours. Water was 
added, the whole extracted with ether, and the excess of diethyl- 
aniline removed by repeated washing with dilute hydrochloric acid. 
The residual unsaturated ester was fractionated under reduced 
pressure, practically the whole distilling at 144°/15 mm. . 

y-0-Tolyl--ethylpropyl Alcohol (III).—A solution of the above 
ester (45 g.) in absolute alcohol (300 c.c.) was placed in a flask fitted 
with a sealed stirrer, a reflux condenser, and a short wide inlet tube. 
The stirrer was set in rapid motion and sodium (65 g.), cut into small 
strips, was added graduaily through the inlet tube to the boiling 
solution. During the course of the reduction (14 hours) more 
alcohol (200 c.c.) was added from time to time to assist the solution 
of the sodium. The liquid was diluted with water, the alcohol 
distilled, and the residual alkaline solution extracted with ether. 
The ethereal solution, after being washed with water, dried, and 
evaporated, gave 19—20 g. of the crude alcohol. When the aqueous 
solution was rendered acid, §-0-tolyl-«-ethylpropionic acid was pre- 
cipitated as an oil. After being extracted in ether, it distilled as a 
thick oil, b. p. 173—175°/12 mm., which gradually solidified, and 
then separated from light petroleum in large colourless prisms, 
m. p. 53—54° (Found: C, 75-0; H, 8-5. C,.H,,0, requires C, 
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75-0; H, 83%). The acid was esterified and reduced as described 
above; a further quantity of y-o-tolyl-8-ethylpropyl alcohol was then 
obtained. The whole was distilled, and the pure alcohol collected 
as a colourless viscous liquid, b. p. 145°/15 mm. (Found: C, 81-2; 
H,10-2. C,,H,,0 requires C, 80-9; H, 10-1°%). 

y-0-Tolyl-B-ethylpropyl Bromide.—The alcohol (25 g.) was heated 
under pressure with a 30°, solution of hydrogen bromide in glacial 
acetic acid (250 g.) at 100° for 16 hours. The cooled liquid was 
poured into water; the bromide then separated as a heavy oil, 
which was extracted with ether. The ethereal solution was washed 
and dried, and the residual bromide distilled, b. p. 136—138°/12 mm. 
Yield, quantitative (Found: Br, 32-7. C,,H,,Br requires Br, 
33-2%). 

y-0-Tolyl-8-ethylbutyric Acid (IV).—A solution of the bromide 
(31 g.) in alcohol (500 c.c.) was boiled with potassium cyanide 
(25 g. in 70 c.c. of water) for 20 hours. The alcohol was then re- 
moved, and the residue diluted with water; the nitrile separated 
as an oil, which was directly hydrolysed by boiling for 40 hours 
with concentrated alcoholic potash (30 g. KOH). The crude acid 
was precipitated from the diluted alkaline solution, extracted with 
ether, and distilled, y-o-tolyl-8-ethylbutyric acid being obtained as a 
thick oil (21 g.), b. p. 186°/13 mm. (Found: C, 75-4; H, 8-8. 
C,3H,,0, requires C, 75-7; H, 8-7%). 

The acid chloride, prepared by treatment of the acid with thionyl 
chloride, was obtained as a colourless mobile oil, b. p. 149—150°/ 
12 mm. 

5-Keto-1-methyl-7-ethyl-5 : 6 : 7 : 8-tetrahydronaphthalene.—A solu- 
tion of y-o-tolyl-8-ethylbutyryl chloride (19-5 g.) in petroleum 
(20 c.c., b. p. 80—100°) was gradually added to freshly prepared 
aluminium chloride (17 g.) covered with the same solvent. After 
the initial vigorous reaction had ceased, the mixture was heated on 
a steam-bath for 2 hours, and the product decomposed with ice-cold 
dilute hydrochloric acid. The ketone was extracted with ether 
and fractionated in a vacuum; a colourless oil, b. p. 165°/12 mm., 
was obtained which gradually solidified. On crystallisation from 
aqueous methyl alcohol, 5-keto-1-methyl-7-ethyl-5 : 6:7 : 8-tetra- 
hydronaphthalene (17 g.) separated in small needles, m. p. 38° 
(Found : C, 82-7; H, 8-7. C,,H,,0 requires C, 83-0; H, 8-5%). 

1-Methyl-7-ethyl-5 : 6 : 7 : 8-tetrahydronaphthalene.—The ketone 
(15 g.) was reduced by boiling with concentrated hydrochloric acid 
and amalgamated zinc (100 g.). When the greater part of the zinc 
had dissolved, the liquid was steam-distilled and the distillate ex- 
tracted with ether. The crude tetrahydronaphthalene was fraction- 
ated, giving a mobile oil (6 g.), b. p. 129—131°/14 mm. 
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1.Methyl-7-ethylnaphthalene.—The _tetrahydro-derivative was 
heated with powdered selenium (6 g.) at 300° for 24 hours. The 
reaction product was distilled over sodium, yielding a colourless 
oil (4:8 g.), b. p. 134—138°/14 mm., which was directly treated with 
warm alcoholic picric acid solution. The crude picrate which 
separated on cooling was recrystallised from alcohol, giving long, 
silky, golden-yellow needles (5 g.), m. p. 97° (Found: C, 56-7; H, 
4-3; N,10-7. C,,H,,0,N, requires C, 57-1; H, 4:3; N, 10-5%). 

The picrate was decomposed with ammonia, and the hydrocarbon 
extracted with ether. 1-Methyl-7-ethylnaphthalene was obtained 
as a colourless oil, b. p. 133°/12 mm., nf” 1-5970, which failed to 
crystallise (Found: C, 91-4; H, 8-2. C,,H,, requires C, 91-8; 
H, 8-2%). 

Ethyl o-methylcinnamate (VII) was prepared as detailed by Young 
(loc. cit.) from o-tolualdehyde and ethyl acetate in presence of 
sodium. The pure ester, which does not appear to have been de- 
scribed, was obtained as a highly refractive liquid, b. p. 157°/25 mm. 
(Found: C, 75-8; H, 7-6. C,,.H,,0, requires C, 75-8; H, 7-4%). 

y-o-Tolylpropyl alcohol (VIII), obtained by reduction of the 
above ester (25 g.) as described under y-o-tolyl-$-ethylpropyl 
alcohol, formed a thick colourless oil (4 g.) with a sweetish odour, 
b. p. 136°/15 mm. The urethane formed long needles, m. p. 58°, 
from light petroleum (Found : N, 4-9. C,,H,,0,N requires N, 5-2%). 

8-o-Tolylpropionic acid, which formed the main product (14 g.) 
in the Bouveault reduction, separated when the aqueous alkaline 
solution was rendered acid. It melted at 105°; Young (loc. cit.) 
gives m. p. 102° (Found: C, 73-1; H, 7-4. Cale. for Ci 9H,,0,: 
C, 73-3; H, 7-3). The acid was esterified, yielding 14 g. of, the 
ethyl ester, b. p. 141°/22 mm., which was reduced to furnish a further 
quantity of the alcohol. 

y-o-Tolylpropyl bromide formed a heavy, sweet-smelling liquid, 
b. p. 124°/17 mm. Yield, quantitative (Found: Br, 37-7. C, 9H,,Br 
requires Br, 37-5%). 

y-o-Tolylbutyric Acid (IX).—A solution of the bromide (25:5 g.) 
in alcohol (450 c.c.) was boiled with potassium cyanide (20 g. in 
80 c.c. of water) for 24 hours. After removal of the alcohol the 
liquid was diluted with water and the nitrile then separated as an 
oil. It was extracted with ether and hydrolysed with alcoholic 
potash (26 hours), and the diluted solution acidified ; y-o-tolylbutyrit 
acid was then precipitated as an oil which quickly solidified. On 
crystallisation from light petroleum it separated in needles (20 g.), 
m. p. 60° (Found: C, 74:3; H, 7-9. C,,H,,0, requires C, 742; 
H, 7:9%). The acid chloride was obtained as a colourless mobile 
liquid, b. p. 143°/17 mm. 
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5-Keto-1-methyl-5 : 6 : 7 : 8-tetrahydronaphthalene (X) was pre- 

pared as described under (V). The reaction product was decomposed 
with ice-cold dilute hydrochloric acid, and the liquid steam-distilled. 
The distillate was extracted with ether; the ketone was then 
obtained as a crystalline solid. It separated from light petroleum 
in large crystals, m. p. 50—51° (yield, 5 g. from 7-5 g. of the acid 
chloride) (Found: C, 82-7; H, 7-7. C,,H,.0 requires C, 82-5; 
H, 7:5%). 

1-Methyl-5-ethyl-7 : 8-dihydronaphthalene (XII).—A solution of 
the ketone (6 g.) in dry ether (25 c.c.) was added gradually to a well- 
cooled solution of magnesium ethyl] iodide, prepared from magnesium 
(3-3 g.), ethyl iodide (20 g.), and dry ether (100 ¢.c.). The reaction 
mixture was heated under reflux for 4 hours and then decomposed 
with ice-cold dilute hydrochloric acid. The ethereal layer was 
washed with water and dried over sodium sulphate. After removal 
of the solvent the viscous carbinol was directly converted into the 
hydrocarbon by boiling with acetic anhydride (30 c.c.) under reflux 
for 1 hour. The acetic anhydride was decomposed with hot water 
and the hydrocarbon was extracted with ether and purified by 
distillation over sodium under reduced pressure; it was then 
obtained as a colourless mobile liquid (4-5 g.), b. p. 130—131°/12 mm. 

1-Methyl-5-ethylnaphthalene.—The dihydro-compound (8 g.) was 
heated with selenium (4-2 g.) at 300° for 24 hours. The solid re- 
action product was distilled over sodium; the main portion, b. p. 
133°/10 mm., was directly converted into picrate by treatment 
with warm alcoholic picric acid solution. On cooling, the picrate 
crystallised in small orange needles (13 g.), m. p. 97° (Found: C, 
56-8; H, 4:4; N, 10-5. C,)H,,0,N, requires C, 57-1; H, 4-4; 
N, 10-5°%). 

1-Methyl-5-ethylnaphthalene was regenerated by treating the 
picrate, suspended in ether, with dilute aqueous ammonia. It 
crystallised from alcohol in plates, m. p. 40°, closely resembling 
naphthalene in appearance and odour; nj" 1-600. 

2-Methylstyryl Ethyl Ketone (XII1).—A solution of o-tolualdehyde 
(46 g.) and methyl ethyl ketone (52 g.) in 50°% alechol (800 c.c.) 
was treated with 2N-sodium hydroxide solution (20 c.c.), and the 
whole left over-night ; 2-methylstyryl ethyl ketone then separated 
as a heavy yellow oil. After dilution with water the liquid was 
extracted with ether, and the ethereal solution dried over sodium 
sulphate. The residual oil was distilled, the main fraction passing 
over at 145—160°/14 mm. After further fractionation the ketone 
was obtained as a pale yellow oil (19 g.), b. p. 150—153°/14 mm. 

The semicarbazone, prepared in the usual manner, crystallised 
from acetone in colourless needles, m. p. 176—178°; it exhibited 
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phototropic properties, becoming bright yellow on exposure to 
sunlight (Found: N, 18-2. C,,H,,ON, requires N, 18-2%). 

8-0-Tolyldiethyl Ketone (XIV).—2-Methylstyryl ethyl ketone 
(18 g.) was dissolved in dry ether (200 c.c.) and hydrogenated at 
room temperature in presence of palladium-black. After the 
absorption of hydrogen had ceased, the ether was removed and 
the residual oil distilled, the ketone being obtained as a pale yellow 
liquid (17 g.), b. p. 140—143°/16 mm. (Found: C, 81-4; H, 8-9. 
C,,.H,,0 requires C, 81-8; H, 9-1%). The semicarbazone crystal- 
lised from alcohol in plates, m. p. 160° (Found: C, 66-6; H, 8-2; 
N, 18-2. C,,H,,ON, requires C, 66-9; H, 8-2; N, 18-0%). 

y-0-Tolyl-«-ethylpropyl Alcohol (XV).—A solution of the above 
ketone (15-2 g.) in boiling absolute alcohol (150 c.c.) was reduced 
by means of sodium (20 g.), added in small quantities at a time. 
The reaction mixture was diluted with water and extracted with 
ether. After removal of the solvent the alcohol was distilled in a 
vacuum, forming a colourless viscous oil (12-5 g.), b. p. 145—146°/ 
14 mm. (Found: C, 80-7; H, 10-2. C,.H,,O requires C, 80:9; 
H, 10-1%). 

y-0-Tolyl-«-ethylpropyl bromide, prepared as already described 
(p. 427), formed a colourless mobile liquid, b. p. 149—151°/18 mm. 
(Found: Br, 32-6. C,,H,,Br requires Br, 33-2%). 

y-0-Tolyl-x-ethylbutyric Acid (XV1).—A solution of the bromide 
(12-5 g.) in alcohol (200 c.c.) was boiled with potassium cyanide 
(15 g. in 40 c.c. of water) for 30 hours. The alcohol was removed, 
and after dilution with water, the residue was extracted with ether. 
The crude product was distilled under reduced pressure, and yielded 
together with the nitrile fraction, b. p. 150—165°/16 mm. (6 g.), a 
lower-boiling fraction consisting of unsaturated hydrocarbons 
(3 g.). The nitrile was hydrolysed with amyl-alcoholic potash 
(potassium hydroxide, 10 g., in 100 c.c. of amyl alcohol) for 15 hours, 
and the amyl alcohol removed with steam. When the solution 
was acidified, y-o-tolyl-«-ethylbutyric acid was precipitated as an 
oil, which was extracted with ether and distilled. The acid was 
collected as a viscous oil, b. p. 195—196°/18 mm., which solidified 
after some days. It crystallised from light petroleum in large 
prisms (4:5 g.), m. p. 51° (Found: C, 75-6; H, 8-8. C,,H,,0, 
requires C, 75-7; H, 8-7%). The acid chloride was obtained as a 
colourless liquid, b. p. 158—160°/18 mm. 

5-Keto-1-methyl-6-ethyl-5 : 6 :'7 : 8-tetrahydronaphthalene (XVII) 
was prepared from the acid chloride (9 g.) as described on p. 427. 
The pure ketone (8 g.) was a colourless oil, b. p. 172°/19 mm. (Found : 
C, 82-9; H, 8-6. C,,H,,O requires C, 83-0; H, 8-5%). 

1-Methyl-6-ethylnaphthalene.—A portion of the ketone (3-7 g.) 
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was reduced by Clemmensen’s method, giving 2 g. of 1-methy]l- 
6-ethyl-5 : 6 : 7 : 8-tetrahydronaphthalene, b. p. 130°/16 mm. The 
remainder of the ketone (4:5 g.) was dissolved in alcohol and heated 
with sodium (7 g.) at 130°. After removal of the alcohol the liquid 
was diluted with water and extracted with ether. The residual oil 
was distilled, the greater part (2-4 g.) passing over at 110—160°/ 
20mm. It was unsaturated towards bromine, and was probably a 
mixture of unsaturated hydrocarbon and carbinol. The products 
from both experiments were mixed together and heated with an 
equal weight of selenium at 300° for 24 hours. The oil was diluted 
with ether, filtered from unchanged selenium, and purified by 
distillation over sodium. The crude hydrocarbon (3-1 g.), b. p. 
145—152°/20 mm., was converted into the picrate, which crystallised 
front alcohol in small yellow needles, m. p. 82° (Found: C, 56-8; 
H, 4-4; N, 10-4. C,,H,,0,N, requires C, 57-1; H, 4:3; N, 10-5%). 

1-Methyl-6-ethylnaphthalene, which was regenerated from the pure 
picrate, formed a colourless, highly refractive liquid having a faint 
naphthalene-like odour; b. p. 140°/12 mm., nj” 1-598 (Found : 
C, 91-4; H,83. C,,H,, requires C, 91-8; H, 8-2°%). 


Grateful acknowledgment is made to the Department of Scientific 
and Industrial Research for grants which have enabled this in- 
vestigation to be carried out. 
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LIX.—The Nature of the Alternating Effect in 
Carbon Chains. Part XXXII. The Directive 
Influence of $-Basic Systems in Aromatic Substi- 
tution. Nitration of Benzylidene-m-nitroaniline. 


By JoHN WittiAM Baker and CHRISTOPHER KELK INGOLD. 


THE study of orientation by neutral and by ionic substituents has a 
natural sequel in the consideration of directive action by the inter- 
mediate class of “‘ ionogenic ”’ groups, that is, neutral systems which 
tend to acquire an ionic charge by interaction with the reagent 
employed for further substitution. This category comprises not 
only simple acidic and basic substituents with a single potentially 
ionic centre (e.g., OH, NR,), but also y4-acidic and y-basic groups, 
the ionic forms of which are regarded as possessing a distributed 
charge; and in Part XX XI (Baker, J., 1928, 2257) it was shown, by 
reference to the nitration of some 4-acidic phenylnitromethanes, that 
the anionic charges, which are developed in the side chains of these 
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substances under certain conditions, dominate nuclear substitution, 
consistently with their assumed partial location on the atom adjoin- 
ing the ring (I). Here the aromatic nucleus occupies the 4-position 
of a y-acidic system, and ionisation leads to op-substitution ; 
similarly, when the nucleus occupies the 4-position in a 4-base, ion- 
formation with partial transference of the charge to the «-atom of 
the side chain should produce strong m-orientation (II). 


° ® 
(I). fon.) GR’INO-O m-) CRNRH {) 
(anion of #-acid) (kation of ¥-base) 


One of the simplest series of cases in which illustrations of this 
effect are to be expected is furnished by the substitution in acid 
media of the Schiff’s bases derived from benzaldehyde. It has, 
indeed, long been known that these bases yield essentially m-nitro- 
products on nitration with nitric acid in concentrated sulphuric 
acid. Recently, however, Fliirscheim and Holmes (J., 1928, 2230), 
whose estimate (87:5) of the proportion of m-nitro-derivative 
formed from benzylidene-m-nitroaniline, C,H,-CH:NR, is definitely 
higher than the corresponding figure for benzaldehyde, C,H,-CH:O, 
claimed to have proved that this high proportion is formed, not 
from the kation, but from the free base. The point is one of some 
importance, for, if it were true, only Fliirscheim’s theory could 
consistently explain it. All theories of aromatic substitution (even 
the less acceptable varieties) which are based on, or allied to, the 
electronic theory of valency, unite in requiring that, in the absence 
of salt formation, the m-orienting effect of -CH°:NR should be less 
than that of -CH:O (III, IV); the theory of affinity-demand alone 
reverses that order (V) (compare loc. cit., p. 2236). Indeed, the 
example may fairly be described as the remaining piéce de résistance 
of the affinity-demand theory of orientation, and Fliirscheim and 
Holmes, who clearly realise the importance of the instance, con- 
clude that their work appears strongly to support a non-electronic 
interpretation of aromatic substitution as opposed to an inter- 
pretation based on the electronic theory of valency. 


my >CHX J -O=K =x 
(III. O>NR) (IV. O>NR)  (V. NR>O) 


The first step in Fliirscheim and Holmes’s alleged demonstration 
that nitration proceeds through the free base consists in their 
statement that the base is ‘‘ proved” to be largely present as such 
in their sulphuric acid solvent. We cannot find in their paper any 
clear evidence for this assertion, although a reference is made to 
the ‘intensely yellow colour” of the sulphuric acid solutions. 
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“Intensely yellow” is certainly a correct description; but the 
base itself is almost colourless and forms colourless solutions in dry 
alcohol. It is true that Fliirscheim and Holmes prepared a ‘‘ colour- 
less” solid hydrochloride by precipitation with hydrogen chloride 
in dry benzene, but this might well be a non-ionised form, such as a 
y-salt, Ph-CHCl-NHR, which (like triphenylchloromethane and 
many other substances) might develop colour in suitable ionising 
solvents (see below) ; it does, indeed, form a strongly yellow solution 
in dry alcohol. Our experiments lead us to suggest that, on the 
contrary, the free base, for all practical purposes, is absent, and that 
the compound exists entirely as a sulphate in the sulphuric acid 
medium. This conclusion is based largely on partition experiments. 
When a solution of the base in ligroin is shaken with the acid, the 
whole of the base passes into the acid (with development of the 
usual strong colour). When a saturated solution of the base in. the 
acid is shaken repeatedly with ligroin, or even with carbon tetra- 
chloride, in which the base is very soluble, none is removed.* 
Finally, when a warm concentrated solution of the base in the acid 
is cooled to the ordinary temperature and kept, the hydrogen 
sulphate separates. This salt, when dry, is almost colourless; but 
it gives the usual strong colour on solution in sulphuric acid. 
Fliirscheim and Holmes’s second argument is that the high pro- 
portion of m-isomeride cannot be due to nitration of the ammonium 
kation, which “‘ fact,’’ according to them, is “‘ established ” by the 
observations that the m-ratio remained nearly the same when 
ammonium sulphate was added to the nitration solvent, whereas 
in the nitration of diethylbenzylamine (idem, J., 1926, 1569), 
admittedly a reaction of the kation, the addition of ammonium 
sulphate caused the m-ratio to be strongly depressed. Our observ- 
ations compel us to challenge this conclusion also. It is true that, 
under the conditions used by Fliirscheim and Holmes for the 
nitration of the Schiff’s base, the addition of ammonium sulphate 
makes no great difference to the proportion of m-isomeride; but 
we find that precisely the same is true of the nitration of diethyl- 


benzylamine. Furthermore, although careful observation shows 
that there is a small difference, which will be considered later, 


between the two cases, the direction of the disparity is the opposite 
of that suggested by Fliirscheim and Holmes. 


* Neither is benzaldehyde extracted, which proves thé absence of hydro- 
lysis, since added benzaldehyde is readily removed. Indeed, if benzaldehyde 
and m-nitroaniline are brought together in the solvent, rapid combination 
occurs with formation of the anhydro-base, which, since it is present as 
sulphate, cannot be partitioned with neutral solvents, but can be recovered 
in good yield by pouring the acid solution into excess of ice-cold sodium 
hydrogen carbonate solution. 
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In seeking confirmatory evidence of the theory that nitration 
of the Schiff’s base proceeds through the salt, we first studied its 
nitration with a nearly neutral reagent, namely, acetyl nitrate, the 
expectation being that salt formation would occur only to a small 
extent or not at all, and that, consequently, the proportion of 
m-isomeride would be found to be below the value, 79°, given by 
benzaldehyde in mixed acids. This was confirmed, the proportion 
found being 41°; but it soon transpired that the result could not 
justly be regarded as evidence on the question at issue, since at 
least one derivative of the Schiff’s base other than its salt was almost 
certainly present in the nitration medium. From a solution of 
m-nitrobenzylidene-m-nitroaniline in this medium we have isolated 
an unstable crystalline compound which may have the constitution 
(VI), and it is possible, therefore, that nitration of benzylidene-m- 
nitroaniline takes place at least partly through a similar addition 
compound with acetyl nitrate. In this connexion the following 
analogy also seems to have some value: when benzaldehyde was 
nitrated with acetyl nitrate in excess of acetic anhydride, it was 
found possible to isolate the p-nitro-additive compound (VII); 
and the proportion of m-nitro-product in the mononitro-compounds 
was only 37%. 


(VI.) 0-NO, OAc (VII) 
NO,-C,HyCH-NAc‘C,HyNO, NO,*C,H,CH-OAc 


We therefore resumed the comparative study of the nitration 
of benzyldiethylamine and the Schiff’s base in sulphuric acid with 
and without ammonium sulphate, on the basis of the following 
considerations. First, we concur with Fliirscheim and Holmes in 
assuming that, if the Schiff’s base is nitrated essentially as such, 
the depression in the m-ratio caused by sulphate ions should be 
negligible in comparison with that observed in a corresponding 
experiment with benzyldiethylamine, in which it is known that 
nitration occurs through the kation of the salt and that sulphate 
ions cause electrostriction equivalent to a certain amount of change 
in the direction, dissociated kation —-> undissociated salt; this 
difference, if established, would, we agree, constitute strong evidence 
that the azomethine is nitrated as base. Secondly, we suggest that 
if, on the other hand, the Schiff’s base, like benzyldiethylamine, is 
nitrated through the kation of its salt, then, if there is any observable 
difference of behaviour, it should be the Schiff’s base which should 
exhibit the larger repression of m-substitution when nitrated in the 
presence of sulphate ions. The reason is that the Schiff’s base is a 
pseudo-base and that any association of the ions of the true (electro- 
valent) salt should be succeeded by partial conversion of this into 
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the pseudo-(covalent) salt; in other words, whilst any depression 
of the m-ratio in the nitration of benzyldiethylamine is dependent on 
the loss of m-orienting power represented by the change, ion ——> 
salt, 7.e., pole —> dipole, in the case of the Schiff’s base a further 
m-repressing influence exists in the second stage of the change, 
ion —> salt —+> y-salt, i.e., pole —-> dipole —-> neutral form. 
A difference in this direction would therefore be strong evidence in 
favour of the theory that the nitration of the azomethine, leading 
to the high proportion of m-isomeride, takes place through the ion 
of the salt. The details of our nitrations are given in the experi- 
mental portion, but Table I constitutes a summary of the results 
relating to the point at issue. The figures represent the mean values 
of the percentage of m-isomeride, together with the mean deviations 
from the mean to give an indication of consistency. 








TABLE [. 
Diethylbenzylamine. Benzylidene-m- n-nitzoaniline. 
Conditions. meta (%). Conditions. meta ( (%). 
Without (NH,),SO, ... 61-0 + 1:3 Without (NH,).SO, ... 89-1 + 0:3 
With (NH,),SO, --- 61-9 + 03 With (NH,).SO, ee! tee 7+ 0-2 
Diff. osk -- +0-9 + 1-6 Diff. bee : 4+ 05 


The difference here recorded for benzyldiethylamine is within 
the experimental error; no importance can be attached to it, and 
the only possible conclusion is that any alteration of the m-ratio 
caused by ammonium sulphate cannot be detected in the experi- 
ments we have conducted. On the other hand, the difference for 
benzylidene-m-nitroaniline, although not large, is well beyond the 
limits of precision, and affords clear evidence of nitration through 
the kation of the salt, confirming the indications of the experiments 
described earlier in this paper. 

Thus it transpires that a reinvestigation of this crucial nitration 
reverses the theoretical situation in the direction favourable to 
those theories of aromatic substitution which are directly or indirectly 
related to the electronic theory of valency; and the same investig- 
ation shows that the theory of the distributed charge in ¥-basicity, 
as well as in ¥-acidity, is to be seriously regarded in its application 
to orientation by ionogenic systems.* 


EXPERIMENTAL, 
Materials—The benzylidene-m-nitroaniline employed had m. p. 


72°, and was almost colourless (very pale greenish-yellow) (Found : 


* The application of this theory to the nitration of benzylidene-m-nitro- 
aniline was made by the undersigned shortly after the appearance of Fliir- 
scheim and Holmes’s publication, despite their claim to have proved the 


contrary (Ann. Reports, 1928, 25, 140).—C. K. I. 
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C, 68-8; H, 4:2. Cale.: C, 69-0; H,4:4%). Following Fliirscheim 
and Holmes’s procedure, the sulphuric acid used for nitration con- 
tained a smail excess of sulphur trioxide as a precaution against 
hydrolytic fission; for the same reason, the nitric acid employed 
was rendered anhydrous by distillation with excess of sulphuric 
acid. 

Salts of Benzylidene-m-nitroaniline.—The base formed a colourless 
solution in alcohol dried with calcium, but a yellow solution in 
concentrated or fuming sulphuric acid. The hydrochloride, pre- 
pared by Fliirscheim and Holmes’s method, gave a yellow solution 
in calcium-dried alcohol and a yellow solution in concentrated or 
fuming sulphuric acid. The hydrogen sulphate was obtained as 
follows : The base (3-5 g.) was added in small portions with shaking 
to sulphuric acid (10 g.) containing 2-7°/, excess sulphur trioxide. 
The warm suspension was filtered through asbestos with precautions 
against access of moisture from the atmosphere, and the saturated 
solution of the sulphate kept in a sealed vessel at the ordinary 
temperature for several days, crystals slowly separating; these 
were collected and washed with ethyl sulphate and dry ether 
successively, or with ether only. A further quantity was precipi- 
tated from the mother-liquor by dilution with dry ether. The salt 
(Found: §S0,’, 32-4. C,,H,)0.N,,H,SO, requires SO,”, 29-6%) 
is very pale yellow, is comparatively stable in air, has m. p. 225° 
(decomp.) with previous darkening, and gives a yellow solution in 
fuming sulphuric acid. 

Partition Experiments.—The ligroin (b. p. 110—120°) and carbon 
tetrachloride used were purified by repeated and prolonged shaking, 
first with concentrated and finally with fuming sulphuric acid (5% 
sulphur trioxide). The solvent for the second phase was sulphuric 
acid containing 2-7°/, excess of sulphur trioxide. The temperature 
was that of the room and the mixtures were shaken for periods 
varying from 1 to 24 hours. The results are summarised in the 
introduction. . 

Formation of Azomethines in Sulphuric Acid.—The acid used as 
solvent and condensing agent contained 2-7°/, excess of sulphur 
trioxide. The formation and isolation of benzylidene-m-nitro- 
aniline have already been described; a similar experiment with 
m-nitrobenzaldehyde in place of benzaldehyde yielded m-nitro- 
benzylidene-m-nitrobenzylamine, which was similarly isolated. 
The product in each case was identified by m. p. and mixed m. p. 
with authentic specimens. 

Side-chain Transformations of an Azomethine and of Benzaldehyde 
with Nitric Acetic Anhydride.—(Nitration 3). Benzylidene-m- 
nitroaniline (2-3 g.) was added in small portions at 35° to a mixture 
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prepared at 0° of absolute nitric acid (6-0 g.) and acetic anhydride, 
and the mixture was kept at room temperature over-night. The 
product was poured on ice and excess of potassium hydrogen 
carbonate and extracted with ether and benzene after decomposition 
of the acetic anhydride. Qualitative separation of the residue 
showed that substances other than nitrobenzylidene-m-nitroanilines 
were present, but the mixture was too complex to admit of the 
isolation of a pure individual. The whole process was therefore 
repeated with m-nitrobenzylidene-m-nitrobenzylamine in place of 
the original azomethine, except that the separation by means of 
ether and alkali was replaced by evaporation to constant weight 
at the ordinary temperature in an oil-pump vacuum with passage 
of a limited stream of dry air. The gain in weight was 42-4%, 
whereas the gain required for the addition of 1 mol. of acetyl nitrate 
is 38-89%. The material was not crystalline, but a product which 
remained crystalline for a short time was obtained as follows. A 
moderately concentrated solution of m-nitrobenzylidene-m-nitro- 
aniline in a similarly prepared mixture of nitric acid and acetic 
anhydride was cooled in liquid ammonia for several hours; the 
liquid then became filled with a mass of colourless crystals. These 
rapidly dissolved if the temperature was raised, and were therefore 
collected at —30° in jacketed apparatus and washed with ethyl 
nitrate and ligroin at the same temperature. The crystals had 
m. p. 50—55° (decomp.) when rapidly heated in a sealed tube, but 
quickly decomposed at the ordinary temperature, either in the air 
or in sealed tubes, giving nitrous gases and a red gum. The freshly 
prepared crystals when warmed with dilute sulphuric acid gave 
nitric acid (nitron precipitate) in addition to the normal hydrolysis 
products. These experiments are regarded as proving the form- 
ation, rather than the constitution, of an addition product of the 
azomethine with the reagent used. 

(Nitration 5). Benzaldehyde (5-0 g.) was added during 2 hours 
at 35° to a nitration solution prepared at 0° from absolute nitric 
acid (18 g.) and acetic anhydride (30 c.c.). After being kept over- 
night, the mixture was poured on ice and excess of potassium 
hydrogen carbonate, and, after decomposition of the acetic anhydride, 
extracted twice with ether and once with benzene. The residue 
obtained after removal of the solvents partly crystallised, and the 
crystals were drained and washed with ether-ligroin. They then 
had m. p. 118—120°, and one crystallisation from ether raised this 
to 125—127°, alone or in admixture with an authentic specimen of 
p-nitrobenzylidene diacetate. 

Nitration of Benzylidene-m-nitrobenzylamine and of Benzaldehyde 
in Acetic Anhydride.—The numerical particulars, except analyses, 
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relating to these nitrations are given in Table II; the analytical 
details and results are in Table IV. 

The products of the nitration of the azomethine were isolated as 
described for nitration 3 above, and hydrolysed by boiling with 
dilute sulphuric acid. The aldehydes were isolated by extraction 
with ether and benzene successively, and oxidised with permanganate 
to acids, which were isolated and analysed by reduction and bromin- 
ation as usual. 

The nitration product of benzaldehyde was isolated in the same 
way, and the subsequent treatment was the same except for the 
omission of the hydrolysis. 


TABLE II. 
Nitr- Substance Weight HNO, Ac,O Time  Pro- Treated Acids 
ation]No. nitrated. taken (g.). (g.). (g.) Temp. (brs.). duct (g.). — (g.). (g.). 
° 9.9 ; 
in 2-2\ 9.68 218 0-916 


1 PhCH:NR- 2-00 6-08 25 (room O-8f 


2:29 7-0 11-5{ 35 25\ 9.640 2-037 1-002 


» 
= room 24-0 


4 PhCH:O 4-98 180 30 Can 20-0} 10-40 4-682 2-480 

The heading ‘‘ Treated” should be interpreted, “ Product 
hydrolysed and oxidised ’’ for nitrations 1 and 2, and “ Product 
oxidised ” for nitration 4. 

In nitration 1 the azomethine was previously dissolved in half 
the acetic anhydride, and the solution was slowly added to a mixture 
of the nitric acid and the other half. 

In nitration 2 the solid azomethine was added in small portions 
to the nitration mixture. 

In nitration 4 the benzaldehyde was run into the nitration solution. 
Part of the solution of the acids obtained by oxidation was lost 
and the weight recorded is that of the residue from the remaining 
solution. 

Nitration of Benzyldiethylamine and Benzylidene-m-nitroaniline in 
Sulphuric Acid with and without Addition of Ammonium Sulphate.— 
The numerical particulars, except analyses, relating to these 
nitrations are recorded in Table III; the analytical details and 
results will be found in Table IV. 

The benzyldiethylamine, b. p. 105—107°/20 mm., was in all cases 
run into the nitration solution. The product was poured on ice, 
basified with potassium hydroxide, and extracted with chloroform. 
Owing to the difficulty of removing the last traces of this solvent 
from the residual oil, some of the recorded yields of nitro-bases may 
be slightly too high. The products were oxidised, and the acids 
analysed, as usual. 

The solid benzylidene-m-nitroaniline was in all cases added little 
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by little without solvent to the nitration solution. The product 
was poured on ice and excess of potassium hydrogen carbonate and 
extracted successively with ether and benzene. The material 
obtained was subjected to the usual routine of hydrolysis, oxidation, 
reduction, and bromination. 


Taste III. 

Nitr Sub- — Weight SO, % Pro- Alde- 

ation stance taken Am.SO,HNO,H,SO, in Time duct. hydes Treated Acids 
No. nitrated. (g.). (). @&.). @.). H,SO,. Temp. (hrs). @). (&). @) 
6 PhOH,;NEt, 300 — 3-06 66 15 { som 20% 2817 — 2268 1-321 
7 " 266 — 1:50 38 2-7 { oom sof 3-253 — 2-005 1-173 
8 . 301 — 160 20 5-0 f om at 3-795 — 3131 0-908 
ae 300 35 306 66 1-5 § som yt 3581 — 2654 1-209 
10 - $98 26 200 57 2-74 com tet 4-751 — 3-879 2-880 
11 is 303 6 «6180620 50S 0 DN 3.795 = 28481414 
12 PhOH:NR 300 — 245 71 1-54 35°40° oy — 1824 1-824 1-821 
13 2 8-00 — 060 16-5 27f 10° S13} 3-410 — 2254 1-198 
14 7 300 21 240 40 27 B.A 210} — 1-968 1-968 1-062 
15 a 3-00 21 240 40 27f 35°40° 200} — 1-601 1-601 1-264 


The heading “Treated” should be interpreted ‘ Product 
oxidised ”’ for nitrations 6—11, ‘‘ Product hydrolysed and oxidised ” 
for nitration 13, and “‘ Aldehydes oxidised ” for nitrations 12, 14, 
and 15. The corresponding figures for nitrations 6—11 may be 
somewhat too high owing to the difficulty, mentioned above, of 
completely freeing the oily nitration product from chloroform. 

In nitration 8, part of the solution of the acids obtained by oxid- 
ation was lost and the weight recorded is that of the residue from 
the remainder. 

In nitration 13, the 2-254 g. of nitration product yielded 1-645 g. 
of aldehydes and the whole of this was oxidised. 

In nitrations 12, 14, and 15, the nitration products were hydrolysed 
without weighing, but the aldehydic product was weighed and the 
whole of it oxidised. 

Analytical Results relating to the Nitrations—The analytical 
data and the proportions of isomeride calculated therefrom are given 
in Table IV. 

Table I (p. 435) shows the mean values (and mean deviations) of 
the proportion of m-nitro-isomeride formed from benzyldiethyl- 
amine and from benzylidene-m-nitroaniline in mixed acids, together 
with difference figures indicating the effect of ammonium sulphate on 
the meta-ratio; in the latter case, the mean deviations are obtained 
by subtracting one from another the individual results taken in pairs. 

It should be stated that the experimental conditions (temperature, 
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proportions of reagents, etc.) relating to the individual nitrations 
of which the results are averaged are not exactly the same (Table 
III); nevertheless, the internal consistency of the results of each 
of the several sets so treated is such as to show that any differences 
due to the varied conditions referred to are too small to be detected 
by the experiments here recorded. 








TABLE LY. 
* Recovered (g.). 
5. gel 
i z a § Cugetiiee. 
i) = - <2 Sania magee Percentage 
wie. Acie if ic f P R-CO,H (mols. %). nitro-isomerides. 
cs ~ eo = op- > — 
¥ ~— 3 =) 3 O.H,. NO, CoH. NO,0,H,. “op. mm. 
1 0-725 0-550 0-041 0-046 95-0 2-5 2-5  (50ca.) (50ca.) 
2 0-862 0-015 0-815 0-624 2°38 57-6 39-6 59-3 40-7 
4 0-9115 0-015 1-047 0-773 2°3 59-1 38-6 62-6 37°4 
6 0-805 0-012 0-600 0-998 2-1 39-7 58-2 40-4 59-6 
7 0-835 0-014 0-601 1-030 2-4 38-8 58-8 39-6 60-4 
8 0-734 0-048 0-483 0-928 9-0 33-7 57°3 37-0 63-0 
9 0-777 0-025 0-550 0-984 4-6 37-0 58-4 38-7 61-3 
10 1-008 0-066 0-662 1-223 9-1 34°5 56-4 38-0 62-0 
ll 0-720 0-009 0-497 0-930 1-8 37-2 61-0 37:7 62°3 
12 0-903 0-014 0-175 1-573 3-2 10-8 86-0 11-2 88-8 
13 0-681 0-209 0-090 0-845 40-4 6-5 53-1 10-7 89-3 
14 0-790 0-260 0-136 0-799 45-5 8-8 45-7 16-1 83-9 
15 0°857 0-473 0-063 0-360 77-2 3°8 19-0 16-5 83-5 
THe UNIversity, LEEDS. , [Received, February 4th, 1930.]} 





LX.—Primary and Associated Results of Replacement 
of Hydrogen directly attached to 4-Co-ordinated 
Carbon. 


By Westey Cocker, ARTHUR LAPWORTH, and ARTHUR WALTON. 


Tue substituents NO,, CN, COR, and SO,R in attachment to phenyl 
are meta-directive. In position X, in X-CHR,R,, these substituents 
render the hydrogen atom labile and, moreover, the compound 
X:CHR,R, is able to exist in two “tautomeric” forms. These 
relations were recognised nearly thirty years ago (compare J., 1901, 
79, 1901). 

It is not easy to state when the idea was first advanced that 
enolisation of a ketonic form originates in a minute degree of 
ionisation of the hydrogen atom which is attached to the carbon 
atom in the «-position. It was certainly no later than 1902, when 
definite schemes based on this idea were proposed for reversible 
desmotropic changes belonging to the type now commonly called 
prototropic (J., 1902, 81, 1508). References were given in this 
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paper to still earlier suggestions, in which conceptions of dissociation 
had been applied to such phenomena by Briihl, Thiele, and Henrich, 
and the names of Kekulé, Williamson, Euler, Goldschmidt, Knorr, and 
others should have been mentioned in any exhaustive treatment. 

The conception of the acceleratory influence of an alkali on enolis- 
ation as due to the attack of hydroxyl ion on an “ incipiently 
ionised ’”’ hydrogen atom in direct attachment to carbon on the 
ketonic form was formulated in 1920 (Mem. Manchester Phil. Soc., 
1921, 64, 13 and 14). 

The above ideas are now widely used, but few of those who have 
adopted them as working hypotheses appear to be aware that even 
the most recent of them took definite shape nearly nine years ago. 

On .the view above described, expressed in terms of current 
theory, compounds of the type X-CHR,R, (X being defined as above) 
are themselves very feeble acids—too feeble, as a rule, to yield their 
protons to the very weak base, water, but able to yield them to 
more potent acceptors. 

With the introduction of electronic conceptions it followed 
naturally, as Lewis himself pointed out, that the affinity of an acid 
must be associated with the degree of restraint on the bonding 
electrons of the atom to which the acidic hydrogen, or proton, is 
attached. Hence, if the above ideas are sound, it follows as a 
matter of course that each of the substituents NO,, CN, COR, 
and SO,R must exercise some special restraint on the electrons of 
an attached carbon atom; the case is only one of many covered 
by scheme 7, in the paper by Allan, Oxford, Robinson, and Smith 
(J., 1926, 404), in which scheme carbonyl was evidently used to 
typify all substituents which come in the above category (compare 
ibid., p. 403, line 8 from bottom). The connexion between electron- 
restraining properties and meta-directive power had previously 
been a strong plank in the platform of supporters of “ polarity 
theories ” and a passing reference to Robinson’s discerning extra- 
polation from this general basis and his own experiments to the 
prediction of meta-directive effects in benzylamine salts may serve 
as a reminder of this. It may therefore be maintained that no date 
later than that of the paper by Allan, Oxford, Robinson, and Smith 
may properly be assigned to the complete association of all the 
above ideas, although much of real novelty has since been written 
in connexion with the same topics and numerous important 
extensions have been suggested. 

It is, however, not enough to attribute to any given substituent 
an “inherent ”’ electron-attractive or electron-repulsive power, and 
then to assume that the apparent contradictions are due to covalency 
adjustments which are inseparable from a completed chemical 
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change. The present authors are convinced that the idea of interior 
electron displacements formulated by Lewis (compare “ Valence 
and the Structure of Atoms and Molecules,”’ G. N. Lewis, American 
Chemical Society Monographs, 1923), though acceptable in many 
applications and in particular to the strengths of the hydroxides of 
the elements as bases and acids (loc. cit., p. 138), does not admit of 
the extension suggested by Lewis himself in his attempt to account 
for the high ionisation constants of «-, B-, y-, and 8-chloro-derivatives 
of saturated aliphatic acids (loc. cit., p. 139). A number of workers 
have accepted the lead given by Lewis on this point; but it may be 
noted that in certain schools of thought the mass of indications 
pointing to the existence of some transmission of effects by interior 
means is ignored and distances of points from poles are calculated 
apparently on the assumption that the disturbances are propagated 
solely through the medium (compare Larsson and Holmberg, 
Z. anorg. Chem., 1929, 183, 30). 

Insufficient attention has been paid to the possibility, already 
partly recognised, that even in the resting state of a molecule the 
effect of a substituent at a given point, even at a considerable dis- 
tance from the substituent, may be the resultant of at least two 
simultaneous influences, one reaching the point from the exterior 
and the other from the interior, that is via the electronic system of 
the adjacent atom, the condition of which, in its turn, is likely to 
be determined by the resultant of interior and exterior influences. 
The exterior and interior forces at a given point may operate either 
in harmony or in opposition according to the nature of the sub- 
stituent, and possibly also according to other circumstances, and 
obviously may affect one another to a greater or less extent through- 
out the whole range of collateral transmission. 

It is almost certainly erroneous to suppose that the net effect of 
a substituent, Y, in say, YYCHR,R,, on the electrons of the carbon 
atom to which it is directly attached is always in the same sense 
as its net effect on the electrons of more remote atoms. It so hap- 
pens that, if attention be restricted to the meta-directive sub- 
stituents above specified, no glaring discrepancy is revealed, for 
not only does each of these substituents exercise, in the light of 
the above ideas expressed in terms of Lewis’s theory of proton 
expulsion, a marked restraining effect on the electrons of any carbon 
atom to which it is directly attached, but it also displays consistent 
restraining effects on the electrons of atoms more remote, as shown 
by the large ionisation constants of all carboxylic acids in which 
these substituents occur. With a number of other substituents, 
however, and more especially with some of the powerfully ortho-para 
directive ones, no such consistency obtains. 
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Discussion of even the most elementary issues involved in this 
complicated question requires a clear understanding as to the 
implication of terms used. In view of this, the electropolar effect 
of a substituent is now defined for the present purpose and without 
references to any particular hypothesis, as that effect which, when 
the substituent occurs at the «-, B-, y- and more remote positions 
in a saturated aliphatic acid, leads consistently to a rise or consis- 
tently to a fall in the ionisation constant of the acid, and diminishes 
as the distance from the substituent increases. The rate of diminu- 
tion in the series of saturated fatty acids is given approximately by 
Derick’s logarithmic rule (J. Amer. Chem. Soc., 1911, 33, 1152).* 

The authors prefer to use the description ‘“ electropolar ”’ effect 
or factor, due to Fliirscheim, rather than “electron affinity ” 
(Lewis), because the latter expression has been applied (a) to the 
restraint which an atom exercises over its own electrons, (b) to 
interior electron displacements consequent thereon, and (c) to true 
electropolar effects, which, in the view of the present authors, 
have often been confused with (b). The description ‘“ general 
polar,” originally suggested (1921) as equivalent to Fliirscheim’s 
“* electropolar,” has since been used to specify not only true electro- 
polar effects but also effects of interior electron displacements as 
conceived by Lewis. 

Significant connexions which have appeared from the work of 
Bjerrum and others between electropolar effects and dipole moments, 
combined with the circumstances that electropolar effects make 
themselves felt at considerable distances from their point of origin 
even when a long saturated chain of carbon atoms intervenes, lead 
the authors to accept the view that the electropolar effect of a 
substituent, Y, is essentially the manifestation of a change in the 
electrical fields immediately exterior to the chains of atoms on the 
molecule. They imagine that the substitution ordinarily produces 
a change in the external field which is equivalent to the super- 
position of a new external field on the original one, and that this 
superimposed field increases in intensity as the substituent is 
approached from distant parts of the molecule. At some point, 
at a very small distance (measured in atomic diameters) from the 
point of substitution, it is, however, presumed that the super- 
imposed field may be extremely complex, so that neither its intensity 
nor its sign can be deduced from a knowledge of the distribution 
of that field at points more remote—or at least not until that know- 
ledge is far more exact than can be claimed at the present time. 
The precise distance at which the exterior effects may be treated as 


* Admittedly the criterion can strictly be applied only when the influence 
of ‘‘ steric ’’ factors has been eliminated. 
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mathematically separable from the primary and its interiorly trans- 
mitted effects is likely to remain as an outstanding difficulty; but 
on the view advanced by Lapworth and Manske (J., 1928, 2536, 
2537) its point must be somewhere beyond the atom at which 
substitution takes place. Assuming, for simplicity, that this point 
in saturated systems lies immediately beyond the electrons of the 
atom in question and that “ steric ’’ effects may be treated as irregu- 
larities in an otherwise regularly diminishing, exterior field beyond 
this point, the opposite electropolar factors of O-CH, and CH, may 
be suggested by the arrows placed above the two figures 


eeeeeee 


«<_< poe 
(CH,-O)—CH,->-CO—OH. (CH;)—CH,->-CH,—-CO—OH 


To the left of these two upper arrows it is postulated, not that 
an exterior field is non-existent, but that, whatever its direction 
may be, it is, by definition (J., 1928, 2536), only one of the factors 
in the primary effect, X—-+>CH,-+—, of the substituent on the 
electrons of the carbon atom to which it is directly attached, and 
may not be counted twice. 

This interpretation of the facts, however, demands that in the 
two cases just specified, the displacements implied by the >— signs 
are very small, which is consistent with remarks which are made 
later in this paper on transmission by a single bond in a saturated 
carbon system (p. 450). The sign z is used to imply that the value, 
>, is almost zero. 

Proton is admittedly unique; and there is strong physical evi- 
dence, largely but not wholly spectroscopic, that proton can enter 
very deeply into the electronic systems of other atoms (compare 
Knorr, Z. anorg. Chem., 1923, 129, 109; Miiller, Z. Elektrochem., 
1924, 30, 493; 1925, 31, 46, 143; Lederle and Rieche, Ber., 1929, 
62, 2576). The presence of hydrogen in direct combination with 
another non-metallic atom may then be equivalent to an increase 
in the central restraining charge of that atom, and this would lead, 
algebraically, to a corresponding decrease in restraint when the 
hydrogen is replaced. This factor is doubtless not the only one 
operative, and electrostatic attraction between the nucleus of one 
atom and the electrons, especially if ‘‘ unshared,’ of another atom 
in the sense of theories previously used by Stark, Robinson, Lap- 
worth and others is consistent with numerous data and is not 
excluded by electronic theory. It remains, however, as a striking 
fact that, with the exception of some, like NMe,®, which themselves 
contain an additional positive charge, and others, like NO,, which 
contain a qualitatively equivalent dipole, nearly all the familiar 
substituents produce, on 3-co-ordinated carbon, chemical effects 
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which correspond with those to be anticipated from a virtual 
decrease in the central charge of the carbon atom (compare Lap- 
worth and Manske, J., 1928, 2536). Examples of this include such 
diverse substituents as NH,, NMe,, OMe, Cl, and Alk, some (e.g., Cl) 
with electron-restraining and others (e.g., Alk) with electron- 
releasing electropolar factors. 

On the evidence of the ionisation constants of substituted acetic, 
propionic and butyric acids, the electropolar factors for OH and 
O-CH, attached to 4-co-ordinated carbon are definitely electron- 
restraining; moreover, m-hydroxybenzoic acid is stronger than 
benzoic acid, and there is strong evidence that the electropolar 
effect is usually the dominant one in the meta-position (compare, 
inter alia, J., 1929, 2547, lines 7—9). Nevertheless, OH, or O-CHs, 
when replacing H attached to an aromatic nucleus, confers on some 
electrons of the nucleus a greatly decreased restraint ; and when OH 
replaces the H of the kation, H-CO,0, of formic acid, the product, 
HO-CO,©, has a very greatly increased affinity for proton, con- 
noting a greatly decreased restraint on the electrons of the carboxyl 
oxygens. In these two cases, however, the OH has replaced H 
attached to 3-co-ordinated carbon and the view has already been 
expressed by Lapworth and Manske (J., 1928, 2536), that this 
occurrence is undoubtedly associated, in the case of OH, with a 
greatly decreased restraint on the carbon electrons, which restraint 
can be transmitted in turn, by electron displacements (Lewis), to 
other atoms in the molecule, the intensity and extent of trans- 
mission varying very greatly with structural conditions, 

It is perhaps desirable at this juncture to state that the present 
view accommodates the case of initiation of electron displacement at 
points remote from the substituent by the operation of the electro- 
polar effect on a plastic system, such as a double bond, a 1 : 3-diene 
system, or a carbon-halogen linkage. The slight polarisation of the 
ethylenic linkage in stearolic acid, demonstrated by Robinson and 
Robinson (J., 1926, 2204), is regarded by the present authors as a 
case coming within this category; such effects might suitably be 
called “‘ imported,” in contrast to “‘ transmitted.” 

A 1:3-diene, or an aromatic, system, when acted upon either by 
an imported or a transmitted strain, may display “alternate 
effects ’’ of several kinds. The problem of the mechanism of “‘ static ”’ 
alternate effects such as those indicated by study of dissociation 
constants of aromatic carboxylic acids and cyanohydrins must be 
approached from the standpoint of a sound theory of the more 
elementary phenomena associated with substitution. 

The question whether a given substituent operates on 4-co- 
ordinated (or ‘‘ saturated ’’) carbon in the same mode as it operates 
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on 3- and 2-co-ordinated carbon was touched on very lightly by 
Lapworth and Manske, in view of the paucity of convincing evidence 
bearing thereon (loc. cit., p. 2537). The substituents NO,, CN, 
COR, and SO,R offer no difficulty from the qualitative point of 
view, their primary interior factors (ibid., p. 2536) and electropolar 
factors being, as previously stated, clearly and consistently electron- 
restraining, no matter to which type of carbon atom they are 
attached. It has been shown in the preceding pages that the con- 
junction of Lewis’s theory with the idea of incipient ionisation in 
the derived systems, X-CHR,R,, implies that these substituents 
exercise a restraining effect on the electrons of 4-co-ordinated carbon, 
thus facilitating the removal of the hydrogen atom as proton by 
suitable acceptors. In the following pages an attempt is made to 
show that some of the more powerfully ortho-para directive sub- 
stituents exert precisely the opposite effect on the electrons of 
directly attached, 4-co-ordinated carbon, so that when the latter is 
also associated with an atom or group, which either per se or by 
association with a suitable acceptor, can act as an anion, a state of 
“incipient ionisation’ is brought about in the sense opposed to 
that induced by the meta-directive substituents NO,, CN, COR 
and SO,R, when occupying similar positions. 

It is well known that the halogen in «-chloroalkyl oxides such as 
monochlorodimethyl ether, CH,°O°CH,Cl, is exceptionally labile. 
Contrasting CH,*O-CH,Cl with H-CH,Cl, it may be said with con- 
fidence that the replacement of H by O-CH, does not lead to any 
of the results to be anticipated from a virtual increase in the central 
charge of the carbon atom of the CH, group. Such results would 
be, for example, a more ready reducibility of the chloro-compound 
to the hydride, or a tendency to react with water in accordance 
with the scheme R-Cl + HOH — >» RH + HOCI (compare the 
properties of NC], and NH,Cl with those of chloro-derivatives of 
methane). On the contrary, there is observed a greatly increased 
tendency for the halogen atom to appear as chloridion; moreover, 
the group CH,°O-CH, has apparently so small an affinity for its 
bonding electrons that it can replace proton, even in presence of 
free hydrochloric acid, as in the facile reaction of the chloride 
CH,°O-CH,Cl with methy! alcohol : 


CH,-0-CH,Cl + HO-CH, —> CH,-0-CH,-0-CH, + HCl 


(Henry, Ber., 1893, 26, 933, Ref.). 

The extraordinary facility of the transformations of this chloride 
and the consistent relative “ polarities ” of its two parts, CH,*O-CH, 
and Cl, as well as the comparatively small heat changes involved, 
are well illustrated by its behaviour towards water, alkali and con- 
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centrated hydriodic acid respectively. In each case hydrolysis 
occurs quickly, the chloro-ether, at first insoluble, dissolves within 
a few seconds when shaken vigorously with the cold aqueous liquid. 
In the case of the strong, aqueous hydriodic acid, the heat display 
is so small that, with equal volumes of acid and chloro-ether, the 
rise of temperature is only about 7°. No free iodine is liberated 
even if the compound is added to the hot acid. From the work of 
Henry (loc. cit.) and others there is good reason to conclude that in 
each of the three cases the change which takes place is simply a 
reversal of that on which the ordinary method of preparing the 
ether is based : 


CH,O + CH,-OH + HCl<>CH,-0-CH,Cl + H,0. 


‘Monochlerodimethyl ether acts almost instantaneously on tertiary 
bases (Litterschied, Annalen, 1901, 316, 161), forming quaternary 
salts : 





@ 8 
CH,-0-CH,Cl + NR, —> CH,-0-CH,-NR,}Cl. 


The present authors have observed that although, as found by 
Litterschied, these salts are also formed almost instantaneously in 
presence of an alcoholic solvent, such as amy] alcohol or cyclohexanol, 
they may subsequently react with the alcohol on warming in 
presence of excess of the tertiary base, the methoxymethy] residue 
vidently leaving the nitrogen atom and replacing the proton of 
me of the alcohol. Thus with pyridine and amyl alcohol : 





@ <) 
(,H,N + C;H,;N(CH,-0-CH,)}Cl + C;H,,-OH —> 
® 8 
C;H,NH}Cl + C;H,N + 0;H,,°O-CH,-0-CH,. 


It may be worth while to point out that these reactions do not 
seem to differ in any essential feature from those which occur during 
he well-known process, due to Einhorn, for acylation of alcohols 
by means of acy! chlorides and tertiary amines (Annalen, 1898, 
D1, 95), though the yields obtained are less satisfactory, owing in 
ome cases to less complete reaction and in others to formation of 
oducts of higher molecular weight in which methoxyl has been 
placed. In both cases quaternary salts are formed in the first 
instance by direct union of amine and acid chloride (compare 
Dennstedt and Zimmermann, Ber., 1886, 19, 75) and there is no 
sufficient reason to assume that there is an essential distinction 
between the two mechanisms. The authors infer that both acyl 
foups and «-alkyloxymethyl groups can function much as protons 
lo; that is to say, while probably not capable of separate existence 
m solution as kations, they are readily detached from their bonding 
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electrons and thus, in the same sense as such protons, occur in the 
state frequently described as “ incipient ionisation.” 

In the authors’ view the conditions which give rise to the modes 
of reaction of monochlorodimethyl ether are to be regarded as 
pre-existent in the resting molecules, CH,*O-CH,Cl, and it is not 
necessary to assume complete conversion of the molecules into 
desmotropic forms prior to interaction with the agents. Oxonium 
chemistry certainly indicates that reversible changes such as 
CHyO-CH,Cl<-> CH,-0:CH,}C1 might take place readily; but the 


existence of such reversible relations in itself connotes comparatively 
small free energy differences between the molecular configurations 
in the two isomeric forms, and such forms are probably subject to 
similar interior distortions, demanding comparatively small 
“activation ’’ increments of energy for transformation in either 
direction. It is on this basis, and not on the hypothesis of one 
ion common to both forms, that the authors would approach the 
theory of isodynamic isomerism; the observations of Leuchs (Ber., 
1913, 46, 2438) and of Kuhn and Albrecht (Ber., 1927, 60, 1297), 
with optically active compounds, strongly support the idea that the 
ions of the so-called “‘ pseudo-acid ” forms have individual existence, 

The present authors would represent the interior effects which 
they believe to be produced by the conversion of H*CH,Cl into 
CH,°0-CH,Cl, by the strain-symbol, CH,-O—CH,->—Cl, where, 

> 


in contrast to the case of CH,°O-CH,°CO,H (p. 444), the 
transmitted effect is considerable (in the plastic C->—Cl bond) 
and has more influence on the properties of the compound than 
has the electropolar effect 
ae 
CH,-O—CH,—Cl 
The extremely variable lability of CN directly attached to carbon 
seems strongly to support the general ideas above advanced. 
Ordinarily, CN directly attached to carbon cannot be removed 
as cyanidion. Even cyanohydrins HO-CR,°CN are mostly quite 
stable in this respect at the ordinary temperature, providing that 
appreciable ionisation of the hydroxyl hydrogen be prevented, a 
by addition of a trace of mineral acid (Lapworth, J., 1901, 79, 
1268; 1906, 89, 948; Ultée, Rec. trav. chim., 1909, 28, 248, 257); 
on the other hand, partial breaking down, with attainment of 
equilibrium, takes place extremely quickly at the ordinary tem 
perature if the conditions are on the alkaline side, thus permitting 
of a small amount of ionisation of the acidic cyanohydrin (J., 1904, 
85, 1206) : 





©60-CH,:CN <-> 0:CH, + CNO 
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The instability of «-amino-nitriles is well known, and the authors 
have observed that the compound NEt,-CH(CH,)-CN decomposes 
at the ordinary temperature in presence of water; free hydrogen 
cyanide is formed and if this be allowed to escape from the system 
complete decomposition takes place ultimately at the ordinary 
temperature. The reactions involved are again reversals of those 
followed during the ordinary method of preparing the compound : 


NEt,*CH(CH,)-CN + H,O<—NEt,°-CH(CH,)-OH + HCN 


o 
(not necessarily by way of the desmotropic form NEt,CH(CH,)}CN). 

The compound NEt,*CH(CH,)-OH then breaks down much in 
the same way as a cyanohydrin does, giving NHEt, and CH(CH,):0. 
The case of cyanodihydroberberine is closely comparable with this 
(compare Robinson and Robinson, J., 1917, 141, 966). 

Compounds having the structure CH,‘O-CR,R,°CN, unlike 
eyanohydrins themselves and unlike «-amino-nitriles, are exceed- 
ingly stable compounds, and do not yield their cyanidion under 
most drastic treatment. 

It seems clear, therefore, that in respect to their efficiencies in 
promoting the withdrawal of CN from the same carbon atom, the 
order of four important substituents is OO, NAlk,, OH, O-CH,. 
The last of these is here quite ineffective, and even OH is usually 
effective only at temperatures above the ordinary, in which cir- 
cumstances almost any ketone cyanohydrin can lose hydrogen 
cyanide; menthone cyanohydrin when exposed cannot be prevented 
from doing so slowly even at the ordinary temperature and in 
presence of stabilising hydrogen chloride (Lapworth, Manske, and 
Robinson, J., 1927, 2054). It may be noted that the order of the 
four substituents above deduced is the same as that accepted for 
ortho-para directive powers, which order, however, is not necessarily 
always the same as that for “static’”’ or average primary effects. 
Aromatic substitution, as Robinson has constantly maintained, is 
no doubt very largely a phenomenon connected with specially 
energised molecules in the system and not with the average mole- 
cules, and the nitroso-group affords a striking example of a sub- 
stituent the ‘‘ static ’’ primary effect of which on carbon is in one 
sense (electron-restraining, like CO-R or NO,) and nevertheless does 
not too effectively oppose the formation of energised forms in which 
it is in effect operating in the opposite sense (ortho-para directive 
and electron-releasing) (compare Robinson, Chem. and Ind., 1925, 
456). Such an associated function may be termed a “ permissive ”’ 
property of the substituent. 


When alcoholic potassium cyanide acts on polynitro-derivatives 
R 


‘eé 
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of the aromatic series, the group O-CH, enters the molecule at the 
carbon atom from which the NO, radical is displaced; the group 
CN, when it enters, is found on a carbon atom to which H was 
originally attached (Bruyn and others; compare Kenner, J., 1914, 
105, 2730). The opposite primary interior effects of O-CH, and CN 
are doubtless here foreshadowed or utilised in some way at inter- 
mediate stages, 


| I 
é — T . ae *. 
— O07¢>-NO, = Av <H 


ONO, being “loosened ”’ in the former case and @H in the latter 
(compare “ Summary ” of present paper). 

On considering all the evidence now available it seems clear that 
the statement made by Lapworth and Manske to the effect that the 
influence of substituents on 4-co-ordinated carbon is “ certainly 
small” (J., 1928, 2537) was unfortunate, and a more accurate 
statement would have been that the changes produced by substi- 
tution of H attached to 4-co-ordinated carbon are “ certainly more 
difficult to detect” than with 3-co-ordinated carbon. _ 

This difficulty seems to be due in the main to the circumstance 
that changes in the restraint on the electrons of 4-co-ordinated 
carbon are transmitted, if at all, only to a very feeble extent to 
another carbon atom; thus even the considerable effect of the 
substituent O-CH,, which is manifest in the properties of 
CH,°O-CH,Cl, does not suffice to cause loss of the CN group from 
CH,°O-CH,°CN or CH,°O-CH(CH;)-CN (compare Robinson, on 
resistance offered by a saturated carbon atom, Chem. and Ind., 
1925, 118). 

Owing to the difficulty of detection and comparison of static 
primary effects on 4-co-ordinated carbon, except in special cases 
such as those above discussed, it would be premature to maintain 
that the sequence of substituents in this connexion is the same as 
the sequence for static primary effects on 3-co-ordinated carbon. 
On a priori grounds it would seem possible that such might be the 
case, at least for substituents which contain no double-bonded 
structure adjacent to the point of attachment. Comparison of 
the properties of (Cl)-CH,Cl and (CH,)-CH,Cl with those of 
(H)-CH,Cl clearly indicates that the ‘‘ primary ”’ influence of Cl or 
CH, on 4-co-ordinated carbon is very much smaller than that of 
O-CH;, and this again is broadly in agreement with effects already 
deduced on 3-co-ordinated carbon. Whatever may transpire here- 
after, it now seems beyond reasonable doubt that when substituents 
are arranged in the order of their “ static’ (or average) primary 
effects on directly attached, 4-co-ordinated carbon, that order will 
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be quite different from the electropolar sequence (order of.‘ electron 
affinities ’’) and will correspond much more closely with Fliirscheim’s 
“ quantitative ’. sequence, though, as already explained (p. 449), 
with certain modifications connected with the mechanism of aromatic 
substitution. It is doubtful whether the precise order, even if 
there be such, for static primary effects of substituents can be 
deduced from chemical reactions, but the authors assume that facile 
and reversible reactions provide the most trustworthy indications. 
The study of equilibrium constants furnishes a basis for comparing 
average free energies over a large number of molecules; but 
“ primary ”’ effects are not the only factors involved. 

There is yet another complication; as there is reason to believe 
that with certain substituents which have comparatively small 
primary effects, even the sense of their primary effects is not wholly 
independent of the nature of the other substituents present on the 
same atom. Thus the successive replacement of hydrogen atoms 
in ammonia by methyl groups causes at the first step a rise and at 
the last a fall in the basic affinity constant. Again the capacity of 
the CCl, group to pass, together with its bonding electrons, from one 
state of combination to another (as from proton in chloroform to 
depleted carbon in acetone) suggests that the jomt primary (7.¢., 
totalised) effect of the three chlorine atoms on the carbon is electron- 
restraining, whereas the primary effect of Cl on carbon of the aro- 
matic nucleus or of carbonyl appears consistently electron-releasing 
(compare J., 1928, 2547); on the other hand, a “ permissive ”’ effect 
might be concerned here. 


Section II. 


This section deals only with observations of which a more detailed 
account than has been given in the preceding pages seems desirable. 

(1) Action, of Methoxymethylpyridinium Chloride on Hydroxy- 
compounds,—(a) Benzyl alcohol. Chlorodimethyl ether (40 g.) was 
slowly added to purified pyridine (100 c.c ) dissolved in dry ether 
(500 c.c.) cooled in ice-water, the crystalline quaternary salt which 
at once separated being then collected rapidly on a Buchner funnel, 
washed with ether, and transferred to a dry flask. A small sample 
of the chloroplatinite was prepared and had m. p. 180—182° (efferv.) 
(compare Litterschied, Annalen, 1901, 316, 168), The bulk of the 
salt was heated with dry benzyl alcohol (54 g.) and pyridine (80 c.c.) 
at 90-—95° for 6 hours, after which time addition of ether to a sample 
of the cooled mixture led to precipitation of pyridine hydrochloride 
(chloroplatinite, m. p. 238—240°). In working up the product, the 
latter was cooled and mixed with water, made slightly acid, and 
extracted twice with ether (400 c.c. in all), which was then washed 
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with dilute hydrochloric acid and water successively, dried over 
sodium sulphate, and evaporated. From the residual liquid, a 
main portion (40 g.), b. p. 205—215°, and a less volatile portion 
(5 g.) were obtained. To remove benzyl alcohol, the former was 
shaken repeatedly with a concentrated aqueous solution of sodium 
salicylate * until it suffered no further appreciable diminution in 
bulk and was then refractionated. A fraction (25 g.), b. p. 208— 
211°, was obtained, consisting of methoxymethyl benzyl ether, 
C,H,-CH,*O-CH,-O-CHs. ; 

The ether is obtained in better yield (about 36 g.) by simply 
mixing benzyl alcohol (54 g.), chlorodimethyl ether (40 g.), and dry 
pyridine (50 g.) slowly but without special cooling, and working up 
the product as before. It is a colourless oily liquid, b. p. 208—211°/ 
756 mm., having a fragrant fruity odour (Found: C, 70-8; H, 7-9. 
C,H,,0, requires C, 71-1; H, 8-0%). 

In each of the following cases, the alcohol was warmed with the 
mixture of chlorodimethyl ether and pyridine for several hours, 
and the product worked up as above. 

(b) cycloHexanol. The yield of methoxymethyl cyclohexyl ether 
was so poor that a homogeneous product could not be isolated. 
Most of the alcohol was recovered unchanged, and from 50 g. of 
cyclohexanol only 1-8 g. of oil (b. p. 190—210°) were obtained (Found : 
C, 67-3; H, 11-2. C,H,,0, requires C, 66-6; H, 11-2%). About 
2-5 g. of higher-boiling product (b. p. 255—274°) accompanied this. 

(c) sec.-8-Octyl alcohol. From 65 g. of this alcohol were obtained 
5 g. of methoxymethyl sec.-octyl ether, as a liquid with a fragrant 
odour; b. p. 188—190° (Found: C, 69-2; H, 12-7. Cj, H,.0, 
requires C, 69-0; H, 12-6%). 

(d) “ Amyl alcohol.” A commercial amyl alcohol, b. p. 131— 
132°, being used (44 g.), a fraction representing methoxymethy! 
“amyl” ether was obtained in fair yield (15 g.). This product had 
a very powerful, not unpleasant odour, reminiscent of amyl alcohol 
(Found: C, 63-5; H, 12-2. C,H,,0, requires C, 63-6; H, 12-7%)- 

The action of methoxymethylpyridinium chloride on amyl alcohol 
appears to be much less energetic than on benzyl alcohol. In the 
latter case the heat disengaged in admixture is sufficient to ensure 
completion of the reaction, but in the former it was found that 
most of the amy] alcohol is recovered unchanged unless the mixture: 
is heated on the steam-bath before it is worked up. No special 
trials were made to find the minimum time necessary. 

(e) Phenol. No reaction appeared to take place with the quater- 


* A solution of sodium salicylate seems to have been used in industry for 
the separation of alcohols from mixtures of these with non-alcoholic com- 
pounds. 
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nary pyridinium salt, and no neutral product boiling above 100° 
was detected. A sample of the recovered phenolic material was care- 
fully fractionated in order to ascertain whether any alkylation in the 
nucleus had taken place, but nothing boiling appreciably higher than 
phenol could be isolated. The expected ether, C,H;O-CH,°O-CH, 
boils at 188—189°/760 mm. (compare Centr., 1909, I, 1681). 

This inertness of phenol is doubtless associated with its acid 
character, having a parallel in the difficulty which is experienced in 
the alkylation of nitrophenols or carboxylic acids by means of 
aqueous alkali and methyl sulphate. 

The order of the hydroxy-compounds examined as to the facility 
with which they react with methoxymethylpyridinium chloride 
appears to be: benzyl alcohol, amyl alcohol, sec.-octyl alcohol, 
cyclohexanol, phenol, and a close relation with the order of their 
acidities may be suspected. 

(2) Observations on some «-Substituted Nitriles.—(a) «-Diethyl- 
aminopropionitrile. This compound, which has already been made 
by Klages (J. pr. Chem., 1902, 65, 196), is readily produced by slowly 
mixing diethylamine with a slight excess of acetaldehyde and liquid 
hydrogen cyanide in the required proportion. There is considerable 
heat development and careful cooling is therefore necessary. The 
product, after exposure in a vacuum for a short time, forms a mobile 
liquid, stable in absence of water at the ordinary temperature 
(Found: N, 21-9. Cale. for C,H,,N,: N, 22-2%). 

A sample so prepared was added to a solution of silver nitrate 
acidified with nitric acid and yielded silver cyanide corresponding 
with 1-3°% of free hydrogen cyanide, the nitrile itself (or rather its 
salt) being stable to this reagent. The total CN present in the same 
sample was determined by shaking with excess of dilute sodium 
hydroxide solution and silver hydroxide and then adding excess of 
dilute nitric acid. The total CN found was 23-1%; hence the 
combined CN was 21-8% (theory requires CN, 20-4%). 

On distillation of the nitrile under reduced pressure, a portion, 
b. p. 72—77°/17 mm., amounting to about at least 60%, of the 
whole is obtained. This appears to consist mainly of the original 
nitrile, but is decidedly more viscous, and some decomposition 
products are probably present. 

The nitrile can also be obtained, though in smaller yield (about 
30° of the theoretical), by adding diethylamine and acetaldehyde 
in equimolecular proportion to a concentrated aqueous solution of 
potassium cyanide and extracting the product with a large bulk of 
ether. Here potassium hydroxide must be formed : 


NHEt, ++ CH,CHO + KCN<+>NEt,-CH(CH,)-CN + KOH, 
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When the amino-nitrile is left with water, the odour of hydrogen 
cyanide becomes perceptible within a few minutes. If the hydrogen 
cyanide formed is continuously removed by exposure of the vessel 
in a vacuum desiccator over a solution of sodium hydroxide, the 
layer of oily nitrile gradually disappears and, after several days, 
only a scum of tarry product can be seen on the surface of the water, 
though-even then a faint odour of hydrogen cyanide is perceptible. 

The picrate is best made from the nitrile before distillation, a 
solution of picric acid in cold dry ether being used. It is deposited 
as long prisms, m. p. 99-5—102°; Klages (loc. cit.) gives m. p. 102°. 
As its melting point was appreciably lowered by recrystallisation, 
the crude salt was analysed (Found: C, 44:2; H, 4:8; N, 22-3, 
19:7: Cale. for C,,H;,O;,N,: C, 43-9; H, 48; N, 19-7%). 

(b) Methoxyacetonitrile. This was made by the method of 
Polstorff and Meyer (Ber., 1912, 45, 1911) from formaldehyde, 
potassium cyanide, and methyl sulphate... Its identity was confirmed 
by its boiling point (120—122°) and other properties (Found : 
CH,’O, 42-7. Calc. for CH,-O-C,H,N : CH,°O, 43-6°), as well as 
by the properties and composition of the methoxyacetamide pre- 
pared from it; needles, m. p. 96-5—97° (Found: CH,°O, 348. 
Cale. for CH,*O-C,H,ON : CH,-O, 348%). 

The nitrile does not yield detectable traces of hydrogen cyanide 
or metallic cyanide when heated alone, with alkalis, with solid 
sodium hydroxide at its boiling point, with potassium in boiling 
toluene, or with silver nitrate and dilute nitric acid. 

(c) Methoxypropionitrile: This compound is most readily made 
by the method used by Polstorff and Meyer in preparing the lower 
homologue, the formaldehyde: being replaced by an equivalent 
amount of acetaldehyde. It has previously been made by Gautier 
from the corresponding chloro-ether (Ann. Chim. Phys., 1909, 16, 
315). 

The product obtained by the present authors had b. p. 128— 
130°/758 mm. (Found: CH,-O, 30-0. Cale. for CH,y°O-C,H,N : 
CH,*O, 301%). It was readily converted into the corresponding 
amide (needles, m. p. 83°, from light petroleum) by means of alkaline 
hydrogen peroxide. It yielded no hydrogen cyanide nor metallic 
cyanide under the most drastic treatment. 


Summary. 

The electron displacement theory of G. N. Lewis, in its application 
to phenomena associated with results of introducing substituents 
into the molecules of carbon compounds, is accepted only in part. 

It is shown that there is good reason to believe that the sub- 
stituents ©O, NAlk,, OH and -O-CH,, im descending order of 
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efficiency, greatly increase the electron fugacity of directly attached, 
4-co-ordinated carbon, and thus form a group in complete contrast 
to the carbonyl and nitro-radicals. 

There is no simple relation between such effects (‘‘ primary ” 
effects) and the so-called electron affinities (‘‘ electropolar ”’ factors) 
of substituents. There is a close general connexion, however, 
between the former and the ortho-para directive powers (‘‘ quanti- 
tative ’ factors). 

The tendency of a radical to enter into combination with a given 
carbon atom or/and to replace. another radical attached thereto, is 
influenced not only by the nature of the radicals aiready attached 
to the carbon atom but also by those properties of the entrant radical 
which determine what the sign and the magnitude of the “ primary ” 
effect of that radical will be after such combination has taken place. 

Evidence is cited that, at least with a substituent which has a 
comparatively small “ primary ”’ effect, even the sign of that effect 
is not always independent of the nature of the other radicals attached 
to the atom. 


THe UNIversity, MANCHESTER. [Received, February 4th, 1930.] 





LXI.—Substituted Diaryl Ethers. Part III, A 
New Synthesis of Substituted Xanthhydrols. 


By Josep Remy and Peter J. Drumm. 


In a recent communication (J., 1927, 2814) the authors showed that 
di-p-tolyl ether yields only monosubstituted derivatives in the 
Friedel-Crafts reaction. The product of interaction of benzoyl 
chloride and di-p-tolyl ether was assigned the constitution of an 
ortho-substituted diaryl ether (I) because it was converted into 
9-phenyl-2 : 7-dimethylxanthen (II) and also because its solutions 
in acetic and sulphuric acids were yellow, indicating xanthhydrol 
formation through ring closure. The non-formation of a phenyl- 
hydrazone was attributed to steric hindrance by the tolyloxy- 
radical in the ortho-position to the carbonyl group. The supposed 
ketone (I) has now been found to be the isomeric 9-phenyl-2 : 7-di- 
methylxanthhydrol (III), which has also been obtained by the action 
of magnesium phenyl bromide on 2 : 7-dimethylxanthone. 


COPh CHPh PhC-OH 


Me ere Me "Oh ete ie Me 
YY ‘4 


(I.) (II.) (III.) 





456 REILLY AND DRUMM: 


This interaction constitutes a simple method of producing substi- 
tuted xanthhydrols in good yield from readily accessible materials. 
Ordinarily, xanthhydrols are prepared from the corresponding 
xanthones by the Grignard reaction (compare Ullmann and Engi, 
Ber., 1904, 37, 2370). This method is unsuitable in the case of the 
above xanthhydrol, since the preparation of 2 : 7-dimethylxanthone 
from p-cresotic acid is not satisfactory. 

9-Phenyl-2 : 7-dimethylxanthhydrol, when boiled with acetic 
acid, gave 9-phenyl-2 : 7-dimethylxanthen (loc. cit.), which was also 
prepared by Feuerstein and Lipp (Ber., 1902, 35, 3255) by distill- 
ation of 6: 6’-dihydroxy-3 : 3’-dimethyltriphenylmethane. In 
Part II (J., 1927, 2815) it was suggested that Feuerstein and Lipp’s 
compound might be a fluorene on the ground that acetic acid is not 
usually a reducing agent. The xanthen constitution is more in 
line with the experimental facts, reduction of the xanthhydrol 
having been brought about by the presence of reducing agents in 
the acetic acid used : reduction does not take place with specially 
purified acid. The constitution assigned by Feuerstein and Lipp 
was confirmed by the re-conversion of their 9-phenyl-2 : 7-dimethy]l- 
xanthen into the corresponding xanthhydrol by oxidation with lead 
peroxide. 

It has been shown by Schmidlin and Garcia Banis (Ber., 1912, 45, 
3188) that triphenylcarbinol is,readily reduced to triphenylmethane 
by heating with alcoholic sulphuric acid, and Kauffmann and 
Pannwitz (ibid., p. 766) have shown that a similar reduction takes 
place by boiling with alcoholic hydrogen chloride. The present 
authors have obtained similar results with these reagents in the case 
of 9-phenyl-2 : 7-dimethylxanthhydrol and comparative experi- 
ments have shown that the latter is reduced much more readily than 
triphenylearbinol. Formic acid also is an effective but less vigorous 
reducing agent. 

By the action of hydrogen chloride on 9-phenylxanthhydrol in 
chloroform solution, Biinzly and Decker (Ber., 1904, 37, 2935) 
obtained a coloured chloride. With hydrogen chloride, 9-phenyl- 
2 : 7-dimethylxanthhydrol forms a coloured chloride hydrochloride 
which readily loses a molecule of hydrogen chloride, giving the 
colourless chloride (compare Gomberg and Cone, Annalen, 1909, 
370, 142). Work on the application of the above synthesis to the 
preparation of substituted thioxanthhydrols is in progress. 


EXPERIMENTAL, 
9-Phenyl-2 : 7-dimethylxanthhydrol.—Finely powdered 2: 7-di- 
methylxanthone (6 g.) was gradually added to a cooled solution 
prepared from bromobenzene (10 g.), magnesium (1 g.), and anhydr- 
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ous ether (50 c.c.). A vigorous reaction ensued and. a yellow 
magnesium double compound separated. After addition of benzene 
(10 c.c.) the mixture was heated on a water-bath.for 1 hour. The 
solvent was removed, and the residue decomposed by careful 
addition of ice-cold water. Just sufficient dilute sulphuric acid was 
then added to dissolve basic magnesium salts. On addition of 
alcohol to the mixture the precipitated oil quickly solidified (yield, 
6-2 g.). The product was. crystallised from ethyl alcohol-ethyl 
acetate, 9-phenyl-2 : 7-dimethylxanthhydrol being obtained in 
colourless rhombohedra which, alone or when mixed with the 
product of interaction of benzoyl chloride and di-p-tolyl ether, 
melted at 185—186°. 

4’. Diethylamino- 9 : 9 - diphenyl - 2 : 7- dimethylxanthen.—Diethy]- 
aniline (1 g.) and 9-phenyl-2 : 7-dimethylxanthhydrol (1 g.) were 
heated under reflux in acetic acid solution for 30 minutes. The 
product, which separated on cooling, was obtained from alcohol— 
ethyl acetate in colourless needles, m. p. 183—184° (Found by the 
micro-method : C, 85°5; H, 7-0. C,,H;,ON requires C, 85-9; 
H, 7:1%). 4'-Diethylamino-9 : 9-diphenyl-2 : 7-dimethylxzanthen is 
readily soluble in chloroform and ethyl acetate and slightly soluble 
in ethyl alcohol. 

9-Phenyl-2 : 7-dimethylaanthhydrol chloride hydrochloride was 
obtained on saturating a solution of 9-phenyl-2 : 7-dimethylxanth- 
hydrol in anhydrous ether (containing a few drops of acetyl chloride) 
with dry hydrogen chloride. It separated slowly in well-defined, 
reddish-orange prisms, m. p. 147—149° (Found: Cl, 20:3. 
C,,H,,OC1,HCl requires Cl, 19-9%). The chloride hydrochloride 
is readily soluble in chloroform and acetic acid and insoluble in 
benzene and ether. It is very susceptible to traces of moisture, 
being decomposed immediately by water. Heated in a vacuum 
over quicklime at 130°, it loses a molecule of hydrogen chloride, 
giving the colourless chloride (Found: HCl, 10-8. Cale. for 
C,,H,,OCl: HCl, 10-2%). The latter is very unstable, turning red 
on exposure to air. Its double salt with ferric chloride is identical 
in all respects with the ferrichloride prepared from 9-phenyl-2 : 7-di- 
methylxanthhydrol by addition of anhydrous ferric chloride to a 
solution of the xanthhydrol in glacial acetic acid previously saturated 
with hydrogen chloride, which crystallised from glacial acetic acid, 
containing hydrogen chloride, in reddish-orange rectangular plates, 
m. p. 181° (Found : Cl, 30-0. C,,H,,OCI,FeCl, requires Cl, 29-4%). 
It is stable in the air (not showing any signs of decomposition after 
2 days), but is slowly decomposed by cold, and more readily by hot 
water. It dissolves readily in chloroform, nitrobenzene and acetone, 


but is sparingly soluble in cold acetic acid and insoluble in benzene 
R2 
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and ether. The mercuric chloride and gold chloride double salts 
were prepared in a similar manner, the former consisting of reddish 
prisms soluble in chloroform and the latter of golden-yellow needles. 

Addition of a solution of bromine in acetic acid to a solution of 
the xanthhydrol in the same solvent saturated with dry hydrogen 
bromide gave a precipitate of the tribromide, which formed short 
reddish-orange prisms, m. p. 145—-146° (decomp.) (Found: Br, 
46-1. C,,H,,OBr, requires Br, 45-7%). The tribromide is readily 
soluble in chloroform, nitrobenzene and acetone, but is sparingly 
soluble in benzene and ether. Water slowly decomposes it with 
regeneration of the carbinol base. 

9-Phenyl-2 : 7-dimethylxanthen.—Zinc dust was gradually added 
to a boiling solution of 9-phenyl-2 : 7-dimethylxanthhydrol (1.g.) in 
80% acetic acid (50 c.c.). At first a reddish-orange solution was 
obtained, the colour of which was completely discharged after 10 
minutes’ boiling. The solid which separated from the hot filtrate 
was obtained from glacial acetic acid in colourless needles, which 
melted, alone or when-mixed with the 9-phenyl-2 : 7-dimethyl- 
xanthen of Feuerstein and Lipp (loc. cit.), at 195—196°. Contrary 
to the statement of these authors, sulphuric acid in contact with the 
above xanthen does not develop a yellow colour. On heating, 
however, a yellow solution with a green fluorescence is obtained, 
owing probably to partial petitnttons of the xanthen to the xanth- 
hydrol by the acid. 

Oxidation of 9-Phenyl-2 : 1-dimethylzanthen.—To a hot solution 
of the xanthen (3 g.) in 80% acetic acid (100 c.c.) was added, during 
1 hour, with stirring, freshly prepared lead peroxide (1 mol.) made 
into a paste with acetic acid. The solution, at first colourless, 
gradually assumed a deep orange colour. The solid obtained on 
dilution of the filtrate with water was collected, washed with hot 
water, dried, and redissolved in glacial acetic acid. The ferri- 
chloride was identical with that from 9-phenyl-2 ; 7-dimethy]l- 
xanthhydrol. 


University CoLiLEeGcE, Cork. [Received, December 9th, 1929.] 





LXII.—Photomicrographic Methods applied to Two- 
component Salt Mixtures. 


By Water MartHew Manper. 


DiscussinG the deduction of the type of a two-component system, 
Freeth (J. Physical Chem., 1925, 29, 497) states that the methods 
of thermal analysis are not conclusive in many cases. Such methods 
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would be expected to be most inconclusive in systems where the 
melting point of each component is lowered by addition of the 
second component and where the solids are wholly or partially 
miscible : in both of these systems cooling curves may be misleading, 
e.g., when the rate of cooling is too rapid and gives rise to cored 
structure, and the systems may be mistaken for simple eutectic 
systems. The very successful application of photomicrographic 
methods to the study of metallic alloys suggests that similar methods 
might be of value in the cases discussed above, and, in fact, 
Schemtschuschny (Z. anorg. Chem., 1908, 57, 267) has thereby 
obtained useful data as to the miscibility or otherwise of potassium 
chloride with potassium chromate, potassium dichromate, or silver 
chloride. 

From the results of thermal analysis, Guthrie (Phil. Mag., 1884, 
17, 462) concluded that the salt pair potassium nitrate—lead nitrate 
formed a simple eutectic system, but he did not prove the non- 
existence of limited solid miscibility. Accordingly a photo- 
micrographic study of this system has been undertaken, and the 
results afford confirmation of Guthrie’s. In addition, they point 
to the conclusion, which would be difficult to deduce from thermal 
data, that the components of the system show little or no solid 
miscibility. 

Pure lead nitrate is not fusible without decomposition, but with 
potassium nitrate it forms fusible mixtures of low melting point 
which are stable provided they do not contain more than 70% of 
lead nitrate (Guthrie, loc. cit.). The melting point of this limiting 
mixture is given as 335°, which is therefore the highest working 
temperature permissible and is practically the melting point of pure 
potassium nitrate (330°; Briscoe and Madgin, J., 1923, 123, 1608). 
This restricted working temperature is an important consideration 
when synthetic mixtures are being prepared as described below. 


EXPERIMENTAL. 


The materials used were supplied as of pure quality and were 
recrystallised until analysis showed at least 99-9°%, purity. 

Mixtures of potassium nitrate and lead nitrate in various pro- 
portions and cast in a suitable form for polishing were prepared 
in ordinary glass test-tubes (3’’ diameter) by weighing an amount 
of lead nitrate in a tube and adding a weighed amount of potassium 
nitrate, which was always on top of the lead salt. The test-tube 
was placed in an electric heater similar to that described by Briscoe 
and Madgin (loc. cit.) but sufficiently large to. cover most of the tube. 
By this procedure no decomposition of lead nitrate ever occurred, 
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since the temperature never exceeded 335°, and no lead nitrate could 
ever be left undissolved, being always below the potassium nitrate. 

When complete fusion had occurred, the heater was slowly cooled 
by altering the external resistance, and the rate of cooling was 
adjusted so as to secure the growth of large crystals. The com- 
position of the various mixtures used is shown below as % of 
potassium nitrate by weight, No. 4 being the eutectic mixture : 
Mixture No, ........0000 1 2 3 4 5 
EMG, % iilii.ndicrs 89-6 17-8 65-5 48-6 35-9 

Mixtures at or near the eutectic composition (Nos. 3, 4, and 5) 
required very slow cooling, viz., 10° per hour, in order to yield 
moderately large crystals. Nos. 1 and 2 were cooled much more 
rapidly, being completely solidified in one hour (a fall of 130°); 
otherwise the primary crystals of potassium nitrate were much too 
large and the enclosed eutectic solid was difficult to detect. 

The eutectic composition given above differs slightly from that 
given by Guthrie (loc. cit.) and was therefore redetermined as a 
preliminary to the present work. Further details of this deter- 
mination will be published elsewhere. 

The solidified mixtures obtained as described above were of such 
an amount as to fill the test-tubes to a depth of 1 inch. After 
removal from the test-tubes, the castings were sawn into pieces 
about 4’’ in length and the fresh-cut surfaces were polished. 

Polishing of Specimens.—The surfaces were filed smooth, rubbed 
on emery cloth, and then on three grades of emery paper of increasing 
fineness. This gave a moderate polish but left scratches readily 
visible under the microscope; further polishing was therefore done 
on Selvyt cloth on a rotating wheel. 

The result of these various treatments was a highly polished but 
flowed surface, with little or no structure visible, and as ordinary 
etching reagents could not be employed to remove this surface, 
96%, alcohol was tried (compare Schemtschuschny, loc. cit.). 
Polished specimens were placed in warm 96% alcohol for about 
1 minute, then removed and repolished on the Selvyt cloth. Two 
or three repetitions of this treatment gave a highly polished surface 
which showed the structure of the specimen very clearly when 
examined under the microscope with vertical illumination. It was 
concluded that the small amount of water in the alcohol had been 
sufficient to remove the flowed surface and etch lightly the surface 
beneath. 

Microscopic examination showed the existence of two distinct 
crystalline substances, one white and the other dark grey. Since 
the specimens were white, this difference is attributed to alteration 
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in reflecting power, which, according to Schemtschuschny (loc. cit.), 
is caused by the extensive dissolution of one component in the 
alcohol leaving hollows on the surface. These hollows appear dark 
grey under the microscope. The structural arrangement of the 
crystals in the specimens under microscopic examination was 
characteristic of a eutectic system, namely, large crystals of the 
component which is in excess, surrounded by areas containing an 
intimate mixture of smaller crystals of each pure component. These 
mixtures showed the familiar banded structure of eutectic mixtures. 

Photomicrographs of the polished surfaces were prepared, vertical 
illumination being used, and the results are shown in Figs. 1, 2, 3, 
and 4, the relevant compositions being given. 

Figs. 1 and 2 show large primary crystals of the individual nitrates 
surrounded by areas of eutectic mixture. Fig. 4 is similar to Fig. 2 
but is of greater magnification. Fig. 3 represents a eutectic mixture 
(lead nitrate appearing white and potassium nitrate dark grey) 
wherein the banded structure characteristic of eutectic mixtures is 
clearly shown. 

Staining Action of Hydrogen Sulphide.—It was suggested to the 
author by Dr. J. A. Smythe that hydrogen sulphide might react 
with lead nitrate and leave potassium nitrate unaffected, thus 
distinguishing sharply between the structural constituents and 
possibly affording a method of detecting the existence of solid 
solutions if such occur. 

Accordingly a current of dried hydrogen sulphide was passed 
over the polished specimens prepared as previously described. 
Little reaction occurred at the ordinary temperature, but a pro- 
nounced reaction was manifest at 70°, the specimens becoming 
deeply stained with a black lustrous deposit of lead sulphide. 
After these stained specimens had been polished on the dry Selvyt 
cloth, the structure was revealed very well under the microscope, 
the lead sulphide showing a bright lustre and reflecting light 
brilliantly in a manner resembling naturally occurring galena. 
Figs. 5, 6, and 7 are photomicrographs of these stained specimens, 
prepared by using oblique illumination; since the lead sulphide 
now appears black and the potassium nitrate white, there is a 
reversal of colours from those in Figs. 1—4. 

Examination by Transmitted Light——Small quantities of the 
various mixtures were fused on microscope-slide glasses and allowed 
to crystallise slowly under a cover slip. When examined under a 
petrological microscope, in transmitted light, the specimens showed 
evidence of two different crystalline materials, but the eutectic 
structure, previously shown by photomicrographs, was not visible. 
Doubtless this absence of structure is due to the conditions of 
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cooling between two plane glass surfaces, where complex capillary 
forces would exist, and this does not provide a convenient method 
for examining structure. 

Results.—The photomicrographs show that potassium nitrate and 
lead nitrate mixtures containing between 89-6%, and 36% of the 
former afford no evidence of solid miscibility and form a eutectic 
system; banded eutectic structure is easily recognisable in all 
cases, and staining with hydrogen sulphide enables the two com- 
ponents to be differentiated readily. However, the possibility of 
partial solid miscibility is not excluded in mixtures of compositions 
outside the above range. Mixtures containing less than 36% of 
potassium nitrate would have melting points above 335° and 
therefore could not be examined. On the other hand, microscopic 
examination of specimens containing 93, 96, and 98% of potassium 
nitrate showed the presence of the usual eutectic structure in all 
cases and, after the specimens had been stained with hydrogen 
sulphide, the presence of banded eutectic areas between large 
primary crystals was much more easily recognisable. The photo- 
micrographs of these specimens are not included, as they did not 
show any fundamental differences from the specimens illustrated. 

The stained specimens (Figs. 5, 6, and 7) provide valuable evidence 
of the absence of solid miscibility. If solid lead nitrate was in any 
way miscible with potassium nitrate, lead sulphide staining should 
penetrate throughout the white crystals of potassium nitrate. The 
absence of such penetration (e.g.; Fig. 5) is evidence that the two 
components are immiscible in the solid state. 

Figs. 2, 4, and 7 show that lead nitrate, the constituent in excess, 
tends to form dendrites much more than potassium nitrate appears 
todo. It is seen in Fig. 4 that the primary crystals of lead nitrate 
are surrounded by dark-coloured bands which do not appear to 
contain any of the lead salt. According to Huntington and Desch 
(Trans. Faraday Soc.;' 1908, 4, 51) this phenomenon is due to 
segregation, large crystals growing at the expense of small crystals 
when both are in contact with a saturated solution, and it may be in 
some way related to the tendency of lead nitrate to exhibit dendritic 
growth. Similar phenomena were not observed in mixtures con- 
taining excess of potassium nitrate. It was thought that the 
formation of these bands surrounding primary crystals might be the 
outcome of supercooling, since Guthrie (loc. cit.) has shown that the 
eutectic mixture and also those mixtures containing excess of lead 
nitrate exhibit pronounced supercooling, whereas mixtures con- 
taining excess of potassium nitrate do not manifest such super- 
cooling. However, Lamplough and Scott (Proc. Roy: Soc., 1914, 
90, A, 600) have confirmed the conclusions of Huntington and Desch 
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and have shown that these bands surrounding primary crystals may 
be formed without supercooling and may be absent when supercooling 
occurs. 

Summary. 


(1) A method of preparing etched and polished surfaces of 
mixtures of lead and potassium nitrates is described, and such 
surfaces are illustrated by photomicrographs. ° 

(2) Hydrogen sulphide reacts with the lead nitrate in these 
mixtures, and in the photomicrographs the resulting lead sulphide 
enables the structure to be seen very clearly. 

(3) It is concluded that solid potassium nitrate and lead nitrate 
are completely immiscible when the former exceeds 35°% by weight 
in any mixture. Mixtures containing more than 65% of lead 
nitrate cannot be investigated. 

(4) The results are in agreement with Guthrie’s thermal analysis 
of the same system. 


UnNIvERsSITY OF DuRHAM (ARMSTRONG COLLEGE), 
NEWCASTLE-UPON-TYNE. [Received, December 30th, 1929.] 





LXIII.—The Interaction between Alkyl Grignard 
Reagents and Antimony Trichloride. 


By. WutFRED JAMES CECIL DYKE, WALTER CULE DaVIEs, and 
y 
WitL1aM JAacoB JONES. 


On treating magnesium ethyl bromide in ethereal solution with 
excess.of antimony trichloride, Auger and Billy (Compt. rend., 1904, 
139, 599) obtained a mixture which they supposed to contain 
ethyl-dichloro- and -dibromo-stibine. Using equivalent weights of 
magnesium, methyl iodide, and antimony trichloride, Hibbert 
(Ber., 1906, 39, 160) prepared trimethylstibine (which he isolated as 
dibromide representing a yield of 60—70%), together with high- 
boiling by-products, which were not further examined. Subse- 
quently, Hibbert’s method was employed both by Hantzsch and 
Hibbert (Ber., 1907, 40, 1512), and by Morgan and Yarsley (J., 
1925, 127, 184), who devised a special form of apparatus in which 
the trimethylstibine was purified by distillation of its dibromide 
with zine in an inert atmosphere. Morgan and Yarsley also used 
triethyl- and tri-n-butyl-stibine in attempts to prepare bistrialkyl- 
stibinedichloroplatinums, but they do not describe the properties of 
the butylstibine. The reactions of the substituted chloro- and iodo- 
stibines with alkyl Grignard reagents have been investigated by 
Griittner and Wiernik (Ber., 1915, 48, 1484, 1759), by Griittner and 
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Krause (Ber., 1916, 49, 437), and by Ingold, Shaw, and Wilson (J., 
1928, 1283). 

The purpose of the present work was twofold, viz., (1) to investigate 
the character and yields of products other than tertiary stibines, 
and (2) to characterise the tertiary stibines and investigate their 
general properties, 

In all cases hydrocarbon, formed by the synthetic action of the 
magnesium on the alkyl bromide, was isolated by exhaustively 
treating the first runnings, obtained in the isolation of the stibine, 
with concentrated sulphuric acid. 

No evidence of any considerable formation of alkylhalogeno- 
stibine, such as that supposed by Auger and Billy (loc. cit.), was 
obtained. Moreover, no higher-boiling product then the stibine 
(compare Hibbert, loc. cit.) was produced in appreciable amount, 
except the stibine oxide, which, in spite of careful exclusion of air, 
was always formed to a slight extent. 

Interaction between alkyl Grignard reagents and antimony 
trichloride is always accompanied by separation of finely divided 
antimony. Direct experiment has proved that on mixing alkyl- 
stibines with antimony trichloride there is immediate reduction to 
antimony. 

The total yield of stibine in a preparation, determined iodo- 
metrically «see Experimental), was generally 60—70°% of the 
theoretical, in agreement with that found by Hibbert in the case 
of trimethylstibine, but for triethylstibine the yield was 80—85%. 

In view of the ease of oxidation of the trialkylstibines, special 
precautions were taken to exclude air, both during reactions and in 
the subsequent separation and manipulation of the products. 

Trimethylstibine (Landolt, Annalen, 1851, 78, 91) and triethyl- 
stibine (Léwig and Schweizer, ibid., 1850, 75, 315, 327) have long 
been known, but, excepting the preparation of tri-n-butylstibine by 
Morgan and Yarsley (loc. cit.), no preparations of higher trialky]- 
stibines have been recorded since 1856, when Berlé (Annalen, 1856, 
97, 316) prepared a triamylstibine. 

The higher trialkylstibines are clear liquids of peculiar odour. 
Their density falls regularly as the series is ascended, whilst their 
boiling points rise. When distilled under reduced pressure, the 
lower members pass over undecomposed, but tri-n-hexylstibine is 
partly decomposed. When cooled to the temperature of liquid air, 
they crystallise. They are only slightly miscible with water, but 
at the ordinary temperature they mix in all proportions with alcohol, 
ether, benzene, and carbon disulphide. 

Trialkylstibines combine vigorously with oxygen, which causes 
an immediate clouding of the originally clear liquid, considerable 











O- 
ne 


/ 
‘or 


ial 


yl- 


by 
yl- 


ur. 
eir 


is 
‘ir, 
put 
ol, 


ses 
ble 





ALKYL GRIGNARD REAGENTS AND ANTIMONY TRICHLORIDE. 465 


heat being evolved. The avidity for oxygen, however, falls off with 
increased molecular weight. Stibines readily ignite when warmed 
in the air, burning with the greyish-green flame characteristic of 
antimony and evolving clouds of antimonous oxide. When allowed 
to fall on filter paper, they cause charring and, if in quantity, 
ignition. Chlorine, bromine, and iodine readily combine with the 
stibines, dihalides being formed quantitatively. In contradis- 
tinction to the phosphines, trialkylstibines combine only lethar- 
gically with methyl and other alkyl iodides, and with carbon di- 
sulphide they yield no coloured compounds. They reduce mercuric 
salts in cold aqueous solution, and, on warming, auric and silver 
salts also, to the metal. 

Antimony was determined in the stibines by heating the com: 
pound with sodium carbonate in a stream of oxygen _ 
in a combustion tube. The contents of the tube =| 
were dissolved in 10% hydrochloric acid and oT 
antimony trisulphide was precipitated from the 
boiling solution by the passage of hydrogen sulphide 
for} hour. An equal volume of hot water was then 
added to the liquid, and the stream of hydrogen 
sulphide was continued for 5 minutes. The pre- => in 
cipitate was collected on a Gooch crucible, washed,  80rmTLE 
and dried for 2 hours at 130° and for 2 hours at W—, 
280—300° in carbon dioxide. C02 























EXPERIMENTAL. 
FUNNEL 


The apparatus consisted of a wide-necked bottle, ‘ 
of 1 litre capacity, fitted with a rubber stopper 
carrying a mercury-sealed stirrer, a dropping funnel, 

a reflux condenser, an inlet tube for hydrogen, and 

a siphon whereby liquid layers could be withdrawn and separated 
in absence of air. The exterior limb of the siphon was fitted with 
a tap and it slid smoothly through a glass jacket fixed in the stopper 
of a separating funnel (see fig.). Air-tightness was secured by 
stretching rubber tubing over both the jacket and the limb of the 
siphon. The other limb of the siphon passed into the reaction 
bottle by a similar device, which permitted adjustment of the siphon 
to any desired level. The separating funnel was provided with two 
tubes with taps to serve either as inlet and outlet, respectively, for 
carbon dioxide, or for the application of suction. 

The Grignard solution was prepared by dropping the freshly 
prepared alkyl halide, dissolved in 150 c.c. of ether, on 12-1 g. of 
magnesium turnings immersed in 150 c.c. of ether to which a granule 
of iodine had been added. Throughout the preparation of this 





466 DYKE, DAVIES, AND JONES: THE INTERACTION BETWEEN 


solution and its interaction with antimony trichloride, pure dry 
hydrogen was passed over the liquid. The liquid was then cooled 
to 0° and 38-1 g. of freshly redistilled antimony trichloride in 100 
c.c. of ether were added drop by drop. After the adc im was 
complete the mixture was warmed for } hour, again eo) o 0°, 
and then treated with ammonium chloride solution. .‘h« . sparat- 
ing funnel was now filled with pure dry carbon dioxide, and the 
ethereal layer was transferred from the reaction bottle into the 
funnel. In this way an unclouded solution was obtained. 

In the estimation of the total yield of stibine a standard solution 
of iodine in ether, or of bromine in carbon tetrachloride, was run into 
the funnel through the inlet tube until the colour persisted, indicat- 
ing quantitative conversion into the dihalide. 

In cases where the stibine was isolated, the ethereal solution was 
dried with anhydrous sodium sulphate, the ether distilled off in an 
atmosphere of carbon dioxide, and the residue fractionally distilled 
under reduced pressure. A 2° fraction containing the stibine 
was collected in a pyknometer-receiver with a tubular neck and 
ground-glass stopper. The stibine was thus obtained as a clear 
liquid. 

Triethylstibine was prepared by the addition of the equivalent of 
antimony trichloride in ether to the Grignard solution prepared from 
55 g. of ethyl bromide. The total yield of stibine in the ethereal 
solution was 80—85%. 

Tri-n-propylstibine, obtained by the addition of antimony 
trichloride to magnesium n-propyl bromide prepared from 62 g. 
of the alkyl bromide, has b. p. 100°/25 mm., 113°/39 mm.; d? 
1-241 (Found: C, 43-2; H, 8-5; Sb, 48-1. C,H,,Sb requires C, 
43-1; H, 8-4; Sb, 48-5%). The total yield of stibine was 60—70%, 
and the yield of purified material 11 g. The stibine possesses a 
penetrating, alliaceous odour. 

The residue after removal of ether in the case of the interaction 
between antimony trichloride and magnesium isopropyl bromide, 
on being heated under reduced pressure, continuously emitted 
gaseous decomposition products. This result is comparable with 
that obtained in the interaction between various phosphorus 
chlorides and the Grignard reagent of isopropyl bromide (Davies, 
Pearse, and Jones, J., 1929, 1268). 

From the products of the interaction between magnesium n-butyl 
bromide (from 69 g. of n-butyl bromide) and its equivalent of 
antimony trichloride, a first fraction containing n-octane was ob- 
tained. From this, ‘5 g.of the purified hydrocarbon, b. p. 125°/760 
mm., were isolated. The distillation was continued under reduced 
pressure, whereupon there were obtained 11 g. of tri-n-butylstibine, 
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b. p. 131°/12 mm.; d%" 1-191 (Found: C, 48-8; H, 9-9; Sb, 40-5. 
C,.H,,Sb requires C, 49-2; H, 9:3; Sb, 41-5%). 

Trisobutylstibine, b. p. 135°/31 mm., d2° 1-323 (Found: Sb, 
41-8. C,H, Sb requires Sb, 41:5%), was prepared (yield, 11 g.) by 
the interaction between the antimony halide and magnesium iso- 
butyl bromide made from 69 g. of the alkyl bromide. The first 
runnings furnished 6 g. of Se-dimethylhexane, b. p. 109°/760 mm. 
The butylstibines possess a mixed alliaceous—butylic odour. The 
isobutylstibine is distinctly yellow. 

The preparation of tri-n-amylstibine was effected by adding anti- 
mony trichloride to the Grignard reagent obtained from 76 g. of 
n-amyl bromide ; yield, 15 g., b. p. 168°/16 mm., di 1-136 (Found : 
C, 53°38; H, 9-3; Sb, 37-2. C,,H,,Sb requires C, 537; H, 9-9; Sb, 
36:3%). In the preparation of this stibine there were obtained 
8 g. of n-decane, b. p. 88°/50 mm. (Krafft, Ber., 1882, 15, 1695, 
gives b. p. 90°/50 mm.) 

Tri-dl-8-methylbutylstibine, obtained from the Grignard reagent 
made from 76 g. of dl-8-methylbutyl bromide (yield, 10 g. of purified 
product), has b. p. 150°/14 mm.; d?" 1-242 (Found: Sb, 36-5. 
C,;H3,Sb requires Sb, 363%). The synthetic action of ‘the mag- 
nesium gave 6 g. of y¢-dimethyloctane, b. p. 159°/760 mm. 

The interaction between equivalents of antimony trichloride and 
magnesium isoamyl bromide yielded 10 g. of triisoamylstibine (tri-y- 
methylbutylstibine), b. p. 149°/14 mm.; d?” 1-227 (Found: Sb; 
36-2. C,;H,,Sb requires Sb, 363%). There were obtained 10 g. 
of 6y-dimethyloctane, b. p. 159°/760 mm. When distilled in a stream 
of carbon dioxide under atmospheric pressure, the stibine passed over 
with considerable decomposition at about 260°. All the amyl 
stibines have a preponderatingly amylic smell. m-Amylstibine is 
colourless, but B- and y-methylbutylstibines are both yellowish. 

Tri-n-hexylstibine, prepared (yield 10 g.) from the Grignard 
reagent made from 83 g. of -hexyl bromide, boils at 190°/10 mm. 
with partial decomposition and liberation of antimony. The 
distillate had d?" ca..1-15.. For the purpose of analysis the separated 
antimony was allowed to settle out of the liquid (Found : Sb, 31-2. 
0,,H,,Sb requires Sb, 32-39%). The smell resembles that of n-hexyl 
alcohol. In this preparation 12 g. of n-dodecane, b. p. 95°/12 mm. 
(Krafft, loc. cit., gives b. p. 98°/15 mm.), were obtained. 

Investigation of derivatives of the trialkylstibines is being 
pursued. 


Tae Tatem LasoraTories, UNIVERSITY COLLEGE, 
CARDIFF, [Received, January 28th, 1930.] 
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LXIV.—Syntheses by Means of Magnesium Amyl 
Halides. 


By Water Cute Davies, Ropert Sinciarr Drxon, and 
WittiaM Jacos JONES. 


ALTHOUGH the magnesium derivatives of isoamyl] halides have been 
extensively employed in synthesis, the use of Grignard reagents 
containing the n-amy]l radical and, particularly, the 8-methylbutyl 
radical has been rare. Those of the former type have been used 
by Henry and de Wael (Rec. trav. chim., 1909, 28, 446), by Pexters 
(Bull, Acad. roy. Belg., 1906, 796), by Griittner and Krause (Ber., 
1916, 49, 2666), by Davies, Pearse, and Jones (J., 1929, 1265), and 
by Dyke, Davies, and Jones (preceding paper); and the Grignard 
reagent of dl-8-methylbutyl bromide was used for the first time by 
Davies, Pearse, and Jones, and later by Dyke, Davies, and Jones, 
whilst Klages and Sautter (Ber., 1904, 37, 653) used that prepared 
from optically active amyl iodide. 

The products of the reactions of certain aldehydes and ketones 
with magnesium n-amyl and dl-$-methylbutyl bromides are now 
described. In these preparations several types of reaction were 
encountered, although the conditions were so chosen that the 
addition reaction yielding carbinol should predominate, 

In all cases the decanes were produced as by-products. Under 
the conditions existing in the present experiments the extent of 
this synthetic action of metallic magnesium on the amyl bromides 
was such as to yield about 24 c.c. of decane per 24-3 g. of magnesium. 
The decane was isolated from the fraction, b. p. 70—100°/50 mm., 
of the product by shaking with concentrated sulphuric acid, washing 
with water, drying over sodium, and distillation. In this way were 
obtained n-decane, b. p. 169°/760 mm., and dl-y¢-dimethyloctane, 
b. p. 79°/50 mm., 159°/760 mm.; di 0-7307; np 1-4106; [Rz}o 
48-33 (Cale., 48-38) (Found: C, 84-6; H, 15-3. Calc. for Cy gH,» : 
C, 84:5; H, 15-5%) (compare Dupont, Ann. Chim., 1913, 30, 516). 

Enolisation of the reacting ketone by the Grignard compound 
occurred extensively between acetophenone and magnesium dl-$- 
methylbutyl bromide. For instance, purified acetophenone in 52% 
yield was recovered from the product of reaction, with only 14% 
yield of the purified tertiary alcohol. In striking contrast thereto 
was the behaviour of magnesium n-amy] bromide with acetophenone, 
where a 30% yield of purified alcohol was obtained, but no aceto- 
phenone was recovered. These results are consonant with the views 
of Conant and Blatt (J. Amer. Chem. Soc., 1929, 54, 1236) that the 
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occurrence of subsidiary reactions, such as enolisation, can be 
correlated with branching of the alkyl groups involved. 

In no case in the present work was reduction met with, but con- 
densation appeared to have occurred in the interaction between 
methyl n-nonyl ketone and magnesium dl-$-methylbutyl bromide, 
since an appreciable amount of a substance having a higher b. p. 
than the carbinol was obtained. 

In several cases, details of which are given in the experimental 
portion, the yield of carbinol was low owing to loss of the elements 
of water and formation of unsaturated hydrocarbon during the 
reaction and isolation; and in every case the dehydration was 
readily effected even on treatment with mild agents. 

The’preparation of esters of the amylcarbinols, particularly those 
which contain other higher radicals, is often attended by difficulties. 
For instance, the acetic ester of phenylmethyl-(8-methylbutyl)- 
carbinol was obtained in poor yield, but on being distilled even 
under reduced pressure it continuously decomposed. Again, in an 
attempt to prepare the bromide of this carbinol, 8-phenyl-8-methyl- 
L8-hexylene was obtained in good yield. In a similar attempt with 
phenyl-(8-methylbutyl)carbinol, the bromide obtained readily parted 
with hydrogen bromide, yielding dl-«-phenyl-y-methyl-A+-amylene 
(dibromo-compound, m. p. about 75°), the optically active form of 
which has been described by Klages and Sautter (loc. cit.). In a 
preparation of the oxalic ester of phenyl-n-amylcarbinol,by heating 
the latter with the anhydrous acid, a considerable amount of 
unsaturated hydrocarbon was formed, and on distillation the 
residual oxalate broke down. 

The amylearbinols prepared in the present investigation gave 
methane with an amyl-ethereal solution of magnesium methyl 
iodide. 

EXPERIMENTAL. 

Preparation of Carbinols——The aldehyde or ketone in ethereal 
solution was dropped into the filtered Grignard solution, which was 
kept at 10°. Equivalent weights of the reactants were used. After 
the addition was complete the mixture was gently boiled for $ hour, 
poured on ice, and treated with sufficient mineral acid to dissolve 
the precipitated magnesium salts. The ethereal layer was washed 
with sodium bicarbonate solution, with the addition, where neces- 
sary, of sodium bisulphite solution. The dried ethereal solution was 
fractionally distilled under 50 mm. pressure. The carbinol fraction 
was redistilled. 

Preparation of Ketones.—20 C.c. of the secondary alcohol were 
gradually added with shaking and cooling to 100 c.c. of a saturated 
solution of potassium dichromate in 20% aqueous sulphuric acid. 
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The mixture was then mechanically shaken for 5 hours. The result- 
ing ketone was extracted with ether, isolated by fractional distil- 
lation, redistilled, and purified by freezing where possible. 

All thermometer readings given have been corrected. 

Phenyl-n-amylearbinol was prepared by the addition of 106 g. of 
benzaldehyde in 100 c.c. of ether to a Grignard solution made from 
151 g. of n-amyl bromide, 24-3 g. of magnesium, and 500 c.c. of ether. 
The alcoholic fraction distilled at 167—171°/50 mm., and on redis- 
tillation yielded 64 g. of pure alcohol, a thick liquid, b. p. 170°/ 
50mm.; d% 0-9477; n® 1-5042; [R,]p 55-65 (Cale. for C,,H,,0,3-, 
55-54); n?’—n®" 0-0136 (Cale., 0-0122) (Found: C, 81-1; H, 9-9. 
C,.H,,0 requires C, 80-9; H, 10:1%). Phenyl n-amyl ketone, 
m. p. 27° (semicarbazone, m. p. 132°) (compare Schroeter, Ber., 
1907, 40, 1603), was obtained on oxidation of the alcohol. 

From the products of the interaction between anisaldehyde and 
magnesium m-amyl bromide there was obtained a considerable 
amount of anisaldehyde, identified by b. p., 164°/50 mm. (literature 
gives 166°/50 mm.), and by conversion into anisic acid, m, p. 184°. 
The first fractional distillation of the product also gave p-methoxy- 
phenyl-n-amylearbinol, b. p. 207—210°/50 mm. On being redistilled 
at low pressures this carbinol partly decomposed with elimination of 
water, a behaviour similar to that observed by Stedman and Sted- 
man (J., 1929, 614) in the case of the corresponding methyl] carbinol, 
On this account the carbinol distillate was saturated with hydrogen 
chloride and then boiled with excess of pyridine, whereby, after 
treatment with water, there was obtained «-p-methoxyphenyl- 
A*-hexylene, b. p. 187—188°/50 mm.; dj? 09594; nz 1-5356; 
[Rz]p 61-77 (Cale. for C,,H,,0,4/-, 59-81); ni’ —n% 0-0213 (Calc., 
0-0134) (Found: C, 81-4; H, 97. C,,H,,O requires C, 82-0; H, 
9-5%). This compound readily adds on bromine. 

Methylethyl-n-amylearbinol was prepared by adding 72 g. of 
methyl ethyl ketone in 75 c.c. of ether to the Grignard reagent 
formed by 151 g. of n-amyl bromide, 24-3 g. of magnesium, and 
500 ¢.c. of ether. The alcoholic fraction after several redistillations 
yielded 35 g. of the purified carbinol, b. p. 97:5°/50 mm.; df 
0-8108; nf 1-4257; [Rz]> 45°52 (Calc., 45-29); n?°—n®’ 0-0077 
(Calc., 0-0074) (Found: C, 75-5; H, 13-8. C,H, O requires 0, 
749; H, 140%). The carbinol is a mobile liquid, possessing a 
characteristic, slightly peppermint-like, smell. 

Methyl-n-amyl-n-nonylearbinol was obtained from the product of 
the interaction between 170 g. of methyl n-nonyl ketone, dissolved 
in 100 c.c. of ether, and magnesium n-amyl bromide prepared from 
the equivalent of the amyl bromide, The ketone was obtained by 
washing oil of rue successively with 20°, sulphuric acid, 5°% sodium 
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carbonate, and 5% sodium hydroxide solutions, and fractionally 
distilling it under reduced pressure, and was finally purified by 
repeated freezing (Sanderson and Jones, J. Soc. Chem. Ind, 1923, 
42, 1). The interaction between the ketone and the Grignard 
reagent was not vigorous, and, for that reason, the mixture was kept 
for 12 hours. The usual separation of the magnesium salt-complex 
was not observed in this case, but the treatment with crushed ice 
and mineral acid was continued as in the other preparations. The 
ether having been expelled, the product was repeatedly fractionally 
distilled under 50 mm. pressure, whereby there were obtained the 
following main fractions: (1) up to 115°, decane, which on treat- 
ment with concentrated sulphuric acid gave 20 c.c. of the hydro- 
carbon; (2) 143—147°, methyl n-nonyl ketone, 50 c.c., identified 
by its semicarbazone, m. p. 123°; (3) 199—200°, methyl-n-amyl- 
n-nonylearbinol, 80 c.c.; d% 0-8316, nf 1-4446, [R,], 77-50 
(Cale., 77-61), n#—n? 0-0079 (Calc., 0-0079) (Found: C, 79-7; 
H, 14-2. C,,H,,0 requires C, 79-3; H, 142%). The large amount 
of recovered ketone suggests enolisation. It is noteworthy that the 
only previous application of the Grignard reagent to this ketone was 
in the preparation of dimethyl-n-nonylcarbinol (Houben, Ber., 
1902, 35, 3591). 

Phenylmethyl-n-amylcarbinol has b. p. 169°/50 mm.; d?° 0-9389; 
nm 1-5028; [Rz]p 60-47 (Calc. for C,3H,0,3/-, 60-16); nF —nz 
00131 (Calc., 0-0119) (Found: C, 80-5; H, 9-8. C,,H,.0 requires 
C, 81-2; H, 105%). It was prepared by the interaction of 120 g. 
of acetophenone with the magnesium n-amyl bromide made from 
161 g. of the bromide and 24:3 g. of magnesium: The crude carbinol 
fraction contained unsaturated hydrocarbon, from which the carbinol 
was purified by redistillation; yield, 58 g. 

Methyl 6-methylbutyl ketone has been prepared by Kohler (Amer. 
Chem. J., 1907, 38, 527) from ethylideneacetone and magnesium 
ethyl bromide, and by Clarke (J. Amer, Chem. Soc., 1908, 30, 1150) 
by the hydrolysis of ethyl sec.-butylacetoacetate. We have now 
prepared it by treatment of the carbinol fraction, 68—73°/50 mm., 
obtained from the interaction between acetaldehyde and mag- 
nesium dl-2-methylbutyl bromide, with a saturated solution of 
potassium dichromate in 20% sulphuric acid. The ketone was 
purified through its semicarbazone, 62 c.c. of the crude material 
being mechanically stirred on the water-bath for 2 hours with 38 g. 
of semicarbazide hydrochloride, 47 g. of sodium acetate trihydrate, 
12 c.c. of ethyl alcohol, and 140 ¢.c. of water. The solid semi- 
carbazone was recrystallised from aqueous alcohol, and gave 27 g. 
of pure product. 

Methyl $-methylbutyl ketone semicarbazone, m. p. 120—121° 
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(Found: N, 24-2. C,H,,ON, requires N, 24-5%), was converted 
by 1 hour’s boiling with 15% hydrochloric acid into the ketone, 
b. p. 68°/50 mm., 69-5°/57 mm.; 4,2 0-8085; nf 1-4050; [R;}, 
34-56 (Calc., 34:54); n?—n® 0-0073 (Calc., 0-0074) (Found: 
C, 74-0; H, 12:5. Cale. for C,H,,0: C, 73-7; H, 12:4%). 

Klages and Sautter (loc. cit.) state that the product of interaction 
between benzaldehyde and the magnesium derivative of active amyl 
iodide consists chiefly of active hexenylbenzene, together with some 
of the carbinol, which they did not isolate. In the present experi- 
ments, however, no difficulty was experienced in isolating the 
inactive carbinol in pure condition and fair yield. Moreover, no 
elimination of water from the carbinol during reduced-pressure 
distillation was noticed (contrast Klages and Sautter, loc. cit.). 
Phenyl-(8-methylbutyl)carbinol (yield, 40 g.), obtained by the addition 
of 106 g. of benzaldehyde to magnesium dl-6-methylbutyl bromide 
prepared from 151 g. of the dl-amyl bromide, has b. p. 163°/50 mm. ; 
ae 0-9523; nz 1-5059; [Rz]p 55°51 (Cale. for C,,H,,0,3/, 
55-54); n?’—n® 0-0143 (Calc., 0-0123) (Found: C, 81-0; H, 
10-0; OH, 8-3. C,,H,,0 requires C, 80-9; H, 10-1; OH, 9-5%). 
On dehydration the carbinol yielded unsaturated hydrocarbon. 
Phenyl 8-methylbutyl ketone (Found: C, 81-4; H, 9-0. C,,H,,0 
requires C, 81-8; H, 9-1%) boils at 163°/50 mm.; d? 0-9640; 
n> 1-5093; [Rz)p 54-49 (Cale. for C,.H,,0,3/—, 54-03); n?—n® 
0-0156 (Calc., 0-0127). The semicarbazone (Found: N, 18%. 
C,,H,,ON,; requires N, 18-0%), m. p. 160°, separates as rods from 
alcohol. 

In an attempt to prepare p-methoxypheny] §-methylbutyl ketone, 
by oxidising the product obtained from the interaction of mag- 
nesium dl-8-methylbutyl bromide with anisaldehyde, considerable 
amounts of anisaldehyde and anisic acid were obtained, but no 
ketone. 

Methylethyl-(8-methylbutyl)carbinol, b. p. 95—97°/50 mm.; d? 
0-8177; n®” 1-4251; [Rz]p 45:10 (Cale., 45-29); n¥’—n% 0-0076 
(Calc., 0-0075) (Found: C, 746; H, 13-9. C,H,,O requires C, 
74-9; H, 140%), results (in 25 g. yield) from the interaction of 
72 g. of methyl ethyl ketone in 100 c.c. of ether with magnesium 
dl-8-methylbutyl bromide made from 151 g. of the bromide and 
24-3 g. of magnesium. The smell of the carbinol resembles that of 
the corresponding n-amyl carbinol, but is more penetrating. 

Methyl-(8-methylbutyl)-n-nonylcarbinol was prepared by treating 
170 g. of methyl n-nonyl ketone in 100 c.c. of ether with magnesium 
dl-8-methylbutyl bromide prepared from the equivalent. of the 
alkyl bromide, and keeping the reaction mixture for 12 hours. 
Here also, as in the preparation of methyl-n-amyl-n-nonylearbinol, 
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there was no separation of the magnesium salt-complex. After 
treatment with mineral acid and removal of ether, the resulting oil 
was repeatedly fractionally distilled at 50 mm. Methyl n-nonyl 
ketone (90 c.c., identified by b. p. and semicarbazone) was recovered. 
The carbinol fraction (32 ¢.c.; b. p. 194—202°) was twice redistilled, 
but yet was not satisfactorily purified. The fraction of b. p. 198— 
200° /50 mm. (Found : C, 77-4; H, 13-8. C,,H,,0 requires C, 79-3; 
H, 14:2%) has d? 0-8301; nf 1-4438; [R,]p 77-50 (Calc., 77-61). 
The residue, 27 c.c., left after distillation of the carbinol fraction, 
on being redistilled yielded 11 c.c. of liquid, b. p. 255—265°/50 mm. 
This substance appears to be CH,’C(C;H,,)(CyH,,9)°O-C;H,, (Found : 
C, 81:9; H, 13-7; M, 295. C,,H,,O requires C, 80:7; H, 14:2%; 
M, 312); d? 0-8433; nF 1-4582; [Rz]p 103-5 (Cale., 100-8). 

Enolisation was encountered in the interaction between equiva- 
lents of acetophenone (120 g.) and magnesium dl-8-methylbutyl 
bromide. Fractionation of the crude product gave (1), b. p. 105— 
140°/50 mm., 72 g., which on redistillation yielded 62 g. of aceto- 
phenone, b. p. 115°/50 mm. (Found: C, 80-1; H, 7-0, Cale. : 
C, 80-0; H, 6-7%), and (2), b. p. 140—170°/50 mm., 48 g., which 
on redistillation yielded 27 g. of phenylmethyl-(8-methylbutyl)carbinol, 
b. p. 163-5°/50 mm.; d? 0-9388; n# 1-5027; [Rz]p 60-47 (Calc. 
for C,3H,0,3|-, 60-16); n#—n® 0-0137 (Cale., 0-0119) (Found : 
C, 81:1; H, 10-2; OH, 8-6. C,,H,,50 requires C, 81-2; H, 10-5; 
OH, 88%). On dehydration, the carbinol yielded §-phenyl-3- 
methyl-A®-hexylene, b. p. 142°/50 mm.; d? 0-8839; ni 1-5117; 
{Rz]> 59-10 (Cale. for C,,H,.,4/=, 58-16); n#—n® 0-0167 (Calc., 
0-0132) (Found: C, 89-4; H, 10-3. C,,H,, requires’C, 89-6; 
H, 10-4%). 

THE TatemM LABORATORIES, UNIVERSITY COLLEGE, 

CARDIFF. [ Received, January 28th, 1930.] 





LXV.—The Reduction of Triphenylhalogenomethanes. 


By James Ciirrorp Tuomas, SypNEY THomas BowDEN, and 
WILLiAM JACOB JONES. 


Tue utility of certain heavy metals for the reduction of triphenyl- 
halogenomethanes has been demonstrated in the classical investig- 
ations of Gomberg (Ber., 1900, 33, 310) on the preparation of the 
free radical, triphenylmethyl, and in subsequent work (Chem. 
Reviews, 1924, 1, 99) on various triarylmethyls. In the case of 
triphenylehloromethane in benzene solution it was shown that the 
halogen is quantitatively removed by zinc, and that the reduction 
is also effected by mercury and silver. Copper, in the form of 
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Naturkupfer-C, has been employed by Schlenk (Annalen, 1909, 372, 
17) for the same purpose, but in this instance the application of 
heat is usually necessary for the completion of the reaction. The 
investigation of the action of magnesium on triphenylchloromethane 
in ethereal solution by Schmidlin (Ber., 1906, 39, 4183) led to the 
elaboration of a method for the preparation of triphenylmethyl 
through the interaction of magnesium triphenylmethy] chloride with 
triphenylechloromethane (Ber., 1908, 41, 423). 

More recently, Kraus and Kawamura (J. Amer. Chem. Soc., 1923, 
45, 2756) have studied the action of sodium and potassium upon 
triphenylchloronmethane in liquid ammonia, and have found that 
the primary reduction is followed by the combination of free radical 
with alkali metal to give the corresponding triphenylmethide. The 
colour which is produced when liquid ammonia solutions of tri- 
phenylmethyl are treated with metallic calcium led these authors to 
infer the existence of calcium triphenylmethide. 

It was observed by Schlenk and Marcus (Ber., 1914, 47, 1678) 
that triphenylmethy] in ethereal solution on treatment with sodium 
is converted into p-benzhydryltetraphenylmethane. Sodium tri- 
phenylmethide, however, is obtained when an ethereal solution of 
triphenylchloromethane is treated with sodium amalgam. Grosse 
(Ber., 1926, 59, 2652) has shown that lithium, rubidium, and czsium 
triphenylmethides may be obtained by agitating the aryl chloride 
in ethereal solution with the corresponding amalgam. 

In view of the’ comparative: ease with which triphenyl-chloro- 
and -bromo:methanes undergo reduction by the heavy metals, it is 
of interest to note that Blicke (J. Amer. Chem. Soc., 1924, 46,1515) 
was not able to reduce triphenylfluoromethane by means of silver. 

No systematic survey of the action of other metals on triphenyl- 
chloro- and -bromo-methanes has hitherto been undertaken, and we 
have accordingly carried out a preliminary investigation of the action 
of a series of representative elements. 

The influence of the’solvent upon the reaction between triphenyl- 
halogenomethanes and metals is very marked, and is to be referred 
primarily to two factors. The first is largely a physical influence, 
and in view of the heterogeneity of the reaction system, it follows 
that in those cases where an “ active ”’ metallic surface is maintained, 
as a result of the solution or disintegration of the metallic halide 
formed on the surface of the metal, an increase will be evident in 
the rate and extent of reduction. The second is the purely chemical 
influence, in which the constitutional effect of the solvent is evident 
in modifying the molecular state of the ary! halide in solution, and 
in further determining the character of the interfacial phenomena 
which obtain at the metal-solution interface. These factors are 
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brought into special prominence in the present investigation by a 
comparison of the behaviour of acetone and of benzene with that of 
n-hexane. Reduction of triphenylehloromethane in n-hexane is 
effected by only few metals; even with mercury and silver, reaction 
proceeds much more slowly than in benzene. 

Cadmium, thallium, lead, tin, arsenic, antimony, bismuth, 
selenium, tellurium, and iron were found to react with tripheny]l- 
chloro- and -bromo-methanes in benzene, toluene, and ethereal 
solution. The rate of reaction differs considerably in ‘the various 
cases, the most reactive metal being iron and the least:réeactive lead. 
The reduction of triphenylchloromethane by cadmium takes place 
considerably more slowly than by zinc. -Triphenylchloromethane 
in benzene, toluene, bromobenzene, hexane, or ether is not attacked 
by cobalt or nickel, and only to a slight extent by manganese and 
chromium. 

In several cases the direet reduction. is followed by secondary 
reactions, which may involve (a) combination of metallic halide 
with unchanged aryl halide, (6) interaction of the liberated free 
radical with the metallic halide, (c) combination of the free radical 
with unchanged element, and (d) interaction of the metallic halide 
with the solvent. Triphenylbromomethane is rapidly reduced by 
zinc and tin, the initial reaction being followed by the combination 
of the metallic bromide with unchanged aryl bromide to give highly 
coloured addition compounds. The addition of finely divided iron 
to a benzene solution of triphenylechloromethane immediately 
produces a yellow coloration, which rapidly increases in intensity 
until the final colour is greenish-yellow. This solution does not 
contain free triphenylmethyl, and no triphenylmethyl peroxide is 
obtained by the prolonged action of oxygen. The evidence would 
seem to indicate the existence in solution of a stable ‘triphenyl- 
methyl-ferrous chloride complex. 

Aluminium, as pure powder, appears to have no action on benzene 
solutions of triphenylchloromethane at the ordinary temperature, 
but reaction occurs fairly rapidly with the turnings of the commercial 
metal. In this reaction, the primary reduction is followed by the 
formation of an addition compound with aluminium chloride. 
When, however, the reaction is carried out in acetone, interaction 
occurs between the aluminium chloride and the solvent, and in some 
cases the solution sets to a gel in the course of a few days. 

The behaviour of cobalt, manganese, and chromium towards 
triphenylchloromethane in acetone is remarkable, inasmuch as 
rapid and complete reduction to triphenylmethyl takes place. 
This reactivity is in direct contrast to the behaviour of these metals 
towards solutions of the substance in benzene, toluene, bromobenzene, 
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ether, and hexane. In this connexion, it may be mentioned that 
tritolylchloromethane in acetone solution has been shown by Norris 
(Amer. Chem. J., 1907, 38, 627) to conduct the electric current. 
In like manner, we find that triphenylchloromethane exhibits a 
marked conductivity in this solvent, but that in the fused state it is 
not a conductor. 

In several cases anomalous results were obtained with acetone 
solutions of triphenyl-chloro- and -bromo-methanes, and we have 
ascertained that this is due to a reaction other than that between 
metal and the aryl halide. Even at the ordinary temperature, 
triphenylbromomethane interacts slowly with the enolic form of 
acetone, the solution assuming a dark brownish colour in the course 
of a few days. This reaction will be the subject of a further com- 
munication. 

Both calcium and nickel are entirely non-reactive towards the 
triphenylhalogenomethanes in all the solvents examined (except 
possibly acetone), and magnesium is also extremely lethargic except 
with ethereal solutions. In the latter case, magnesium triphenyl- 
methyl chloride is formed on prolonged agitation at the ordinary 
temperature and in the absence of external catalyst. 


EXPERIMENTAL. 


In order to avoid the complicating influences of atmospheric 
oxidation, all the experiments -were conducted in the entire absence 
of air. In general, therefore, the reactions were carried out at the 
ordinary temperature in sealed tubes. Excess of the element was 
placed in a suitably constricted tube, and after all the air had been 
displaced by pure dry carbon dioxide, the tube was almost completely 
filled with a standard solution of the triphenylhalogenomethane. 
A small amount of the pure solvent was added in order to remove the 
film of solution from the constriction, and the tube was then sealed 
under carbon dioxide. The tubes, together with standard com. 
parison tubes containing silver or mercury, were placed in a shaking 
machine, and their contents agitated in the dark for specified 
periods and then examined. Triphenylmethyl was recognised by 
its characteristic colour, and by its conversion into triphenylmethy! 
peroxide under the influence of oxygen or into diphenylbisdi- 
phenylene-ethane on irradiation. 

In many cases it was necessary to conduct the experiments on 4 
larger scale, and for this purpose the triphenyl-chloro- or -bromo- 
methane solution and the finely powdered element were placed in 
a flask, which could be charged with carbon dioxide. After the 
contents had been agitated for the stipulated period, the solution 
was drawn under carbon dioxide through a suitable filter into 4 
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partly evacuated vessel, where its nature wasexamined. The follow- 
ing experiment is representative of the methods employed. 

Triphenylchloromethane (5 g.) in acetone (50 c.c.) was agitated 
under carbon dioxide with excess of metallic cobalt for 3 hours. 
The resulting greenish-blue solution was filtered in an atmosphere 
of carbon dioxide, and the filtrate divided into two parts. Air was 
passed through the first portion, whereupon the solution assumed a 
blue colour with simultaneous precipitation of finely crystalline 
triphenylmethyl peroxide, m. p. 183°; yield 60%. The second 
portion of the filtrate was exposed in a sealed tube to direct sunlight. 
Photochemical decomposition proceeded more rapidly than with the 
ordinary yellow solutions of triphenylmethyl in benzene (Bowden 
and Jones, J., 1928, 1150); the solution became blue, and diphenyl- 
bisdiphenylene-ethane, m. p. (in a vacuum) 248—250°, was precip- 
itated. The presence of cobaltous chloride in the above solutions 
was demonstrated by the usual tests. 

Interaction of Triphenylbromomethane with Acetone.—Pure re- 
crystallised triphenylbromomethane (10 g.) was dissolved in dry, 
acid-free acetone (245 c.c.) in a flask which was then sealed and 
kept in the dark at the ordinary temperature. The freshly prepared 
solution was colourless, but after standing for 3 or 4 days, it was: 
brownish-yellow, which changed to a deep dark brown after 12 weeks. 
At the end of this period the solution was divided into two portions, 
solution A (205 ¢.c.) and solution B (40 c.c.), which were examined 
in the following manner. 

Solution A. This portion was subjected to careful fractionation 
through a long Vigreux column, the receiving flask being cooled 
in a freezing mixture in order to ensure the retention of low-boiling 
products. Examination of the first portions of the distillate showed 
the absence of hydrogen bromide and of 6-bromopropylene, b. p. 
48°. After removal of the bulk of acetone, the residual liquid 
(40 c.c.) was placed in a tightly-stoppered fiask and cooled in ice. 
After some hours, impure triphenylearbinol (1-2 g.) was deposited. 
The filtrate was agitated under nitrogen with excess of metallic 
silver for several hours, after which the solution was filtered in an 
atmosphere of nitrogen. Dry air was passed through the filtrate 
in order to effect the complete oxidation of triphenylmethyl formed 
by the reduction of unchanged triphenylbromomethane. In this 
manner, crude triphenylmethyl peroxide (0-22 g.), m. p. 175—178°, 
was obtained. 

Solution B. This solution was agitated under nitrogen with excess 
of silver for several hours, filtered in a stream of nitrogen, and the 
clear filtrate oxidised by means of a current of air. The precipitated 
peroxide (0-18 g.) was practically white: m. p. 182—183°. 
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Preliminary experiments showed that the yield of peroxide 
obtainable from freshly prepared solutions of triphenylbromo- 
methane was 65%. On this basis, the above results show that 
79-2% of the triphenylbromomethane interacted with acetone at 
the ordinary temperature. 

Addition Compounds of Triphenylbromomethane.—The following 
addition compounds of triphenylbromomethane with metallic 
bromides were prepared during the course of the investigation. 

With aluminium bromide. Anhydrous aluminium bromide, dis- 
solved in carbon disulphide, was added to a slight excess of triphenyl- 
bromomethane in benzene solution. The dark red oil, which 
separated immediately, was washed rapidly with benzene, and 
finally with carbon disulphide. After being preserved for some 
hours in a vacuum, it crystallised in cubes, m. p. 120—123° [Found : 
C, 37-9; H, 2-6; Br, 53-5; Al, 44. (C,H,;),CBr,AlBr, requires 
C, 38-6; H, 2-5; Br, 54-2; Al, 46%]. 

With zinc bromide. This compound was precipitated by mixing 
benzene solutions of triphenylbromomethane and zine bromide. 
The dark red oil could not be induced to crystallise [Found : 
C, 41-0; H, 3-1; Br, 42-9; Zn, 11-6. (C,H;),CBr,ZnBr, requires 
C, 41-6; H, 2°8; Br, 43-7; Zn, 11°9%]. 

With stannic bromide. This compound, prepared as in the preced- 
ing ease, was obtained in the crystalline condition, m. p. 171°, after 
treatment with hexane [Found ; C, 29-1; H,2-1; Br, 52-3; Sn, 15:1. 
(C,H,),CBr,SnBr, requires C, 29-9; H, 2-0; Br, 52-5; Sn, 15-6%}. 

Tue Tatem LABORATORIES, UNIVERSITY COLLEGE, 

CARDIFF. [Received, January 30th, 1930.] 





LXVI.—The Passivity of Metals. Part IV. The 
Influence of Acids in Passivity and Corroston. 


By Unick R. Evans. 


In general, acids dispel passivity and accelerate the corrosion of 
iron. Occasionally, however, passivity is obtained with acid media, 
and it has been argued that in such cases the passivity cannot be 
due to oxide films, which would—it is urged—be dissolved by the 
acid. One important case, the action of concentrated nitric acid, 
has been elucidated by Hedges (J., 1928, 969), who finds that, 
under the conditions where passivity arises, nitric acid has no 
appreciable solvent power for ferric oxide, which is therefore re- 
garded as the cause of the passivity. Lately Benedicks and Sedet- 
holm (Z. physikal. Chem., 1928, 138, 123) have advanced direct 
evidence that the passivity produced by nitric acid diluted with 





for 


ide 
no- 
hat 
. at 


ying 
allie 


nyl- 
hich 
and 
ome 
nd : 
1ires 


xing 
ride. 
ind : 
res 


ced- 
after 
15:1. 
6°%,}. 


30.) 


on of 
redia, 
ot be 
y the 
acid, 
that, 
aS n0 


re Te- 
seder- 
direct 











THE INFLUENCE OF ACIDS IN PASSIVIPY AND CORROSION. 479 


aleohol and water is also due to a protective film; here it is con- 
sidered that the film is ferrous oxide in the inner portions, and 
hydrated ferric oxide (FeOQ-OH) in the outer portions, This seems 
much more likely than the contention of Fujihara (Ind, Eng. Chem., 
1926, 18, 62), that the passivity produced by alcoholic nitric acid 
is due solely to ferrous hydroxide, which is supposed to cause 
passivity by maintaining an alkaline reaction; treatment with 
nitric acid would scarcely leave an alkaline reaction, whilst in any 
case ferrous hydroxide is unlikely to escape dissolution or further 
oxidation in such a medium. There seems no reason to doubt that 
the passivity is due to an oxide film which—at least on the outside— 
is in the ferric condition. 

Two other cases remain to be explained, viz., the passivity pro- 
duced (1) by immersion in chromic acid and (2) by anodic treatment 
in dilute sulphuric acid. 

Action of Chromic Acid on Iron.—There seems to be little in- 
formation available as to the oxide-solvent powers of chromic acid, 
or the exact conditions under which it produces passivity. Dunstan, 
Jowett, and Goulding (J., 1905, 87, 1571) have kept iron bright in 
chromic acid solution for ten years; but Moody (P., 1903, 19, 158) 
states that there is a slow dissolution, whilst van Name and Hill 
(Amer. J. Sct., 1916, 42, 301) have found that mixtures of chromic 
and sulphuric acids (the latter in excess) cause rapid corrosion. 
Many samples of “‘ chromic acid’ contain sulphuric acid, and it was 
decided to conduct some new experiments with Kahlbaum’s 
“Chromic Acid, free from Sulphuric Acid.” For analyses of the 
specimens of metal employed, see J., 1929, 93. s 

It was found that M/10-chromic acid did not evolve carbon 
dioxide from sodium or ammonium carbonate, and failed to dissolve 
freshly precipitated ferric hydroxide, even on standing over it for 
several days. The solution had no effect on the colours of heat- 
tinted iron, even after 24 hours, although M/10-sulphuric acid 
produces an appreciable alteration in a few seconds. Apparently, 
therefore, chromie acid does not dissolve flaky ferric oxide. 

Strips of iron H 28, 2 cm. wide, were abraded with French emery 
No. 1, degreased, and immersed vertically to a depth of 3-5 cm, in 
90 c.c. of chromic acid-sulphuric acid mixtures for 6 hours at 14;0°. 
The mixtures acted rapidly on the metal, producing ferric and 
chromic sulphates, and the layer of largely exhausted solution, 
which had an enhanced specific gravity, sank rapidly down the 
vertical surface, fresh solution being drawn in at the top. Owing to 
the partial exhaustion, the numbers given in Table I do not indicate 
the velocity coefficient, but they show very clearly that (a) at con- 
stant concentration of sulphuric acid, chromic acid increases the 
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attack, evidently acting as a depolariser, since no hydrogen appears 
when it is present, and (6) at constant concentration of chromic acid, 
sulphuric acid increases the attack ; in the absence of sulphuric acid, 
chromic acid produced no visible change, but the small loss of 
weight measured was confirmed by experiments with chromic acid 
from another source. 


TaBLeE [. 
H,SO, (mol./l.). CrO, (mol./l.). Loss of weight, mg. Mean, mg. 
(a) 0-05 Nil 9-3, 10-2 9-7 
0-05 0-005 25-0, 26-8 25-9 
0-05 0-01 40-9, 44-5 42-7 
0-05 0-02 76-6, 79-2 77-9 
(b) Nil 0-01 0-2, 0-3 0-2 
0-02 0-01 37-6, 38-9 38-2 
0-05 0-01 40-9, 44-5 42-7 
0-09 0-01 54-2, 57-5 55:8 


Another series of experiments conducted for 20 hours led to the 
same conclusions. It was found that immersion in M/10-chromic 
acid for 6 hours rendered the iron passive towards M /20-copper 
nitrate, but not towards copper sulphate, although the latter 
reagent deposited copper less readily than on the iron merely 
exposed to air. This was best shown by placing drops of copper 
sulphate in such a position that only half the drop lay on the area 
which had been immersed in chromic acid. Copper appeared 
quickly on the half previously exposed to air, and only slowly on 
the other half, the line of demarcation being very sharp. 

Since chromic acid has powerful oxidising but weak base-dis- 
solving properties, it is easy to understand why it enhances corrosion 
in the presence of a stronger acid, but produces a protective oxide 
film when acting alone; the case is completely analogous to that of 
concentrated nitric acid. 

Passivity produced by Anodic Treatment in Dilute Sulphuric Acid.— 
Tronstad (Z. physikal. Chem., 1929, 142, 272) has proved optically 
that an oxide film exists on a nickel anode rendered passive in acid 
solution, but W. J. Miller (Z. Elektrochem., 1928, 34, 583; Monatsh., 
1929, 52, 463, 474), whilst agreeing that oxide films play an essential 
part in many types of passivity, considers that iron oxide could not 
survive in an acid solution, and cannot therefore be the cause of the 
passivity of an iron anode. This objection has now been examined 
experimentally. 

The fact that sulphuric acid destroys the first-order temper- 
colours seems to justify the idea that ferric oxide in the form of 
films is soluble in the acid; the thinning or removal of the films is 
easily recognisable at M /500-concentration after 1 minute’s immet- 
sion, and becomes very rapid at greater concentrations. M/10- 
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Sulphuric acid, besides rapidly destroying the thin oxide films, also 
attacks the metal, and the thicker films (above second-order thick- 
ness) peel off in flakes, before they are completely destroyed. Now, 
when these oxide flakes pass out of electrical contact with the metallic 
basis, the solvent action practically ceases ; flakes have been preserved 
in M/10-acid for long periods without serious change; in one case, 
they retained their characteristic flake form after standing for 18 
days in the acid, although becoming eaten through in places. This 
suggests that the rapid destruction of the films when in contact with 
the metal is simply due to the formation, at the various-cracks in 
the film, of the short-circuited cell metallacid|ferric oxide. The 
ferric oxide, being the cathode, is rapidly reduced to ferrous oxide, 
which at once dissolves. Actually, cathodic reduction, conducted 
with an external source of H.M.F., was employed in earlier work 
(Proc. Roy. Soc., 1925, A, 107, 228) to bring about the uniform 
thinning of the films. 

If this is the true explanation, it should be possible, by using an 
oxidising agent, to prevent reduction, and thus retard the destruc- 
tion of the films. . A strip of iron, heated at one side so as to give 
the complete sequence of tints, was partly immersed in a solution 
containing sulphuric (M/100) and chromic acid (M/10). After 24 
hours, there was not the smallest alteration of any colour. Yet 
M/100-sulphuric acid, free from chromic acid, causes appreciable 
change in 5 seconds, and complete destruction of the earlier colours 
in 1 minute. Experiments with more concentrated sulphuric acid 
were complicated by the attack on the metallic basis, but here also 
the life of the colours was greatly prolonged by the presence of 
chromic acid. 

The rational way to prevent cathodic reduction is to submit the 
specimen, as a whole, to anodic treatment. A series of experiments 
was performed in which the anode and cathode were vertical strips 
20 cm. broad, clamped 3-8 cm. apart, and immersed for a depth of 
20 cm. The cathode was a plain piece of iron, but the anode, 
after being ground with French emery No. 1 and degreased, was 
usually given an appropriate oxidising treatment before the experi- 
ment. The liquid was M/10-sulphuric acid and the H.M.F, was 
40 volts. Except where otherwise stated, the electrodes were 
connected to the battery before introduction into the liquid, so that 
current commenced to flow from the moment of immersion—a 
plan previously adopted by Hedges (J., 1926, 2879). The current 
forced through the cell varied somewhat with the time and pre- 
treatment, but it always rose to about double its previous value 
when the iron passed from the passive state into the fully active 


state. Where the back of the anode was protected by nitrocellulose, 
s 
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the current was usually about 0-12 amp. (passive) and 0-24 amp. 
(active). 

When the iron anode had been tinted by heating in air on a 
lead-tin bath, oxygen was evolved from the moment of introduction, 
and the anode suffered no corrosion and no change of colour. A 
short interruption of current (a fraction of a second, and sometimes 
several seconds) did not dispel passivity; in these cases evolution 
of oxygen recommenced when the circuit was restored, the anode 
remaining. unattacked. But a longer interruption destroyed 
passivity, and when the circuit was restored, the current jumped 
to the higher value, the iron began to dissolve, and no further 
oxygen was produced. With comparatively thick (second-order) 
films, an interruption of, say, 15 seconds did not destroy the film 
entirely, but it allowed attack on the iron to commence at certain 
points, and a series of such interruptions, with intervening periods 
during which current was allowed to flow, produced complete 
undermining of the film, which peeled off in characteristic curling 
flakes; once out of contact with the metal, the oxide film could be 
kept in the acid for hours without damage. Thinner (first-order) 
films were completely destroyed by an interruption of a duration 
which would only cause undermining of the thicker films ; the colour 
vanished, revealing unchanged iron below, and on restoration of the 
circuit, the iron became etched without any signs of peeling. On 
the other hand, in experiments when the circuit was restored at the 
moment when the film had been destroyed at some points, but not 
everywhere, the thin film peeled off from the parts where it survived ; 
it could then be washed free from acid, and preserved indefinitely. 

Although useless for quantitative purposes, this proved a con- 
venient way of preparing oxide films (especially the thicker films) 
in a state free from secondary hydroxide. The films showed the 
same behaviour to reagents as those separated by the iodine method, 
being turned blue by acid ferrocyanide, but not by acid ferricyanide 
(except, in some cases, at local spots representing inclusions). The 
film substance is thus ferric oxide with occasional inclusions (metalli¢ 
iron, or possibly, in some cases, magnetite); the film fragments 
showed a very feeble response to the magnet, but this has no signi- 
ficance, since ferric oxide can exist in a magnetic form (Welo and 
Baudisch, Phil. Mag., 1925, 50, 399; 1927, 3, 396). 

Unheated specimens simply exposed to air after being ground 
and degreased showed irregular behaviour when exposed to anodic 
treatment in M/10-sulphuric acid. Occasionally they were active 
from the moment of immersion; in other cases, after identical 
treatment, they were passive from the moment of immersion, and 
after oxygen had passed for a minute, the current could be inter- 
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rupted for a limited period without loss of passivity. The inter- 
ruption which could be tolerated without causing activity varied 
somewhat from one specimen to another, and seemed to depend 
on the time during which current had been passing, but the follow- 
ing observation appeared to provide the explanation. After the 
current had been interrupted, small oxygen bubbles continued to 
be evolved for some seconds, slackening as the supercharge of 
oxygen became exhausted. If the circuit was restored before this 
evolution of “ residual ” oxygen ceased, the iron remained passive 
and a lively production of oxygen set in again as soon as the current 
began to flow; but if the interruption was prolonged until the slow 
evolution of ‘‘ residual” oxygen had completely ceased, the iron 
became active, and began to dissolve, without oxygen evolution, 
when the circuit was restored; evidently a considerable super- 
charge of oxygen is needed to prevent the reduction of the film 
during the interruption. On some specimens, after a few seconds’ 
interruption, small oxygen bubbles continued to stream from 
certain points after they had ceased to come off from the specimen 
as a whole; if, at this stage, the circuit was restored, small bubbles 
continued to rise from the points in question, although elsewhere 
the electrode became rapidly attacked. In such cases the strength 
of current passing was intermediate between the ordinary active and 
passive values. 

The irregular behaviour of the air-exposed electrodes provided: 
another example of the variable character of the film produced by 
the action of air at low temperatures; on some specimens, a weak 
point would chance to be included in the electrode area, whilst om 
others there would be no spots sufficiently faulty to cause break-. 
down under the prevailing conditions. Specimens exposed to- 
M/10-potassium chromate for five days evidently possessed a more: 
uniform skin; without exception, these behaved as “‘ passive ’”’ 
electrodes, provided that the circuit was completed before the: 
specimen was introduced into the acid. Immersion in M/10-. 
chromic acid for the same period afforded even better protection ; 
here it was possible to place the specimen in the acid for short. 
periods before the current was turned on, and yet to obtain oxygen 
evolution immediately the circuit was completed. In _ four- 
experiments in which the current was started respectively 1, 1, 2,. 
and 4 seconds after immersion, passivity was obtained; but in a 
fifth experiment, where a period of 5 seconds was attempted, the - 
electrode had become active. 

The objections raised to the “‘ film theory ” of anodic passivity in, 
acid solutions can thus be answered as follows. 

(1) The statement that the oxide film on iron is rapidly destroyed . 
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by acid is true of ordinary conditions, but not of anodic conditions. 
Under suitable anodic conditions, these films are unaffected by the 
acid, (best observed if the films are thick enough to produce inter- 
ference. tints), 

(2) The statement that the nature of the film does not affect the 
time which elapses before passivity appears is only true of experi- 
ments in which the film is dissolved away before the current is 
turned on. If the circuit is completed before introduction of the 
specimen, the nature of the film may make all the difference between 
immediate passivity and serious corrosion. 

(3) The statement that iron rendered passive by anodic treatment 
behaves differently from iron rendered passive, e.g., by simple 
immersion in a chromic acid solution is perfectly true; the reason 
is: clearly found in the fact that the anodically polarised iron 
possesses a supercharge of oxygen, which serves to keep the oxide 
film repaired and in the fully oxidised condition. 

Experiments conducted at higher current densities, which per- 
mitted the electrode to revert to the passive state after once it had 
become active, confirmed several of the observations of W. J. 
Miiller (Z. Elektrochem., 1927, 33, 401; 1928, 34, 572; 1929, 35, 
656) and of Hedges (J., 1926, 2878; 1927, 2710; 1928, 969). A 
visible brown coat often appeared on the electrode prior to the 
arrival of oxygen bubbles; if, for any reason, this brown coat 
appeared first at one particular region, bubbles were subsequently 
observed first at that region; in general, the evolution of bubbles 
started first atthe bottom, and spread upwards, producing the U-shaped 
area described by Hedges. W. J. Miller is undoubtedly right in 
thinking that saturation of the liquid with ferrous sulphate must 
be attained before passivity can set in; the difficulty of obtaining 
passivity with vertical electrodes is explained by the fact that 
heavy ferrous sulphate solution—clearly distinguishable by reason 
of its different refractive index—sinks continuously down from 
the anode, and this circulation hinders the attainment of saturation. 

Principles governing Anodic Passivity in Acid Solution.—When 
a metal is subjected to anodic treatment, its surface layers are 
converted in situ into a compound with the principal anion of the 
liquid. If this compound is freely soluble, it will dissolve, exposing a 
fresh surface of metal to attack ; but if sparingly soluble, it will remain 
in situ, protecting the underlying metal. Thus, lead in a sulphate solu- 
tion, silver in a chloride solution, and iron in a hydroxide solution 
escape attack almost from the first; the protective layer, being in 
optical contact with the metal, is frequently invisible. But ferrous sul- 
phate is readily soluble, and a film-free iron anode in a sulphuric acid 
solution will dissolve freely at first. If, however, the layer of liquid 
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next to the metal should become saturated‘ with ferrous sulphate, 
the behaviour of iron will be analogous to that of lead, and if now 
the surface portions are converted into sulphate, this will no‘longer 
dissolve and will temporarily protect the metal. This’ protective 
sulphate is probably invisible; it is fairly certain that the visible 
deposit is not the protective layer, but the result of spontaneous 
crystallisation of hydrated sulphate from the liquid which is locally 
supersaturated with respect to that salt; its importance lies in 
furnishing a sure sign that saturation has been reached. When once 
the whole anode surface is converted into sulphate, any further dis- 
charge of SO”, ions cannot cause further attack on the iron, and 
must (as on a platinum anode) lead to evolution of oxygen. The 
bubbles of oxygen, however, will soon stir up the liquid, and the 
visible layer will gradually dissolve or flake. off (a ' phenomenon 
observed by Hedges and by W. J. Miller). Meanwhile, however, 
the metal will have become supercharged with oxygen, and, at high 
current densities, this may be sufficient to produce and maintain an 
oxide film on the surface which (as shown) will not be dissolved by 
the acid under anodic conditions ; in that case passivity will persist 
indefinitely, and the current will be expended on the production of 
oxygen. At lower current densities, the oxide film may not be 
maintained, and the electrode may revert to thé freely dissolving 
condition ; if so, periodicity may bé set up. At still lower current 
densities, a state of saturation in the anodic layers will never be 
reached and the electrode will remain active’ indefinitely; this is 
most likely to occur if the conditions are favourable to convection. 

A theory that the anodic passivity of iron in a sulphate solution 
may be initiated by a protective layer of ferric sulphate has been 
put forward by McCulloch (Trans. Amer. Electrochem. Soc., 1929, 
56, 325). He points out that ferric sulphate dissolves only slowly in 
water, and that such a film might persist even in unsaturated solu- 
tion. McCulloch is undoubtedly right in thinking that salts, as 
well as oxides, may constitute’ protective films. Moreover, it is 
not impossible that the slow dissolution of ferric sulphate by water 
may itself be the cause of the slow dissolution of ferric oxide film by 
dilute sulphuric acid; but it is not easy to explain the facts set 
forth above on the hypothesis that the protection is due solely to a 
film of ferric sulphate. 

Function of Carbon Dioxide in Corrosion by Condensed Moisture.— 
Many early workers and one recent writer (Fujihara, Chem. Met. 
Eng., 1925, 32, 810) have ascribed to carbon dioxide a special réle 
in rusting; this idea may have arisen from the serious damage 
produced by the combustion products of coal, now commonly 
attributed to oxides of sulphur. The researches of Dunstan, Jowett, 
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and Goulding (J., 1905, 87, 1548), Tilden (J., 1908, 93, 1356), and 
Hicks (J. Physical Chem., 1929, 33, 781) have definitely proved 
that the presence of carbon dioxide or other acidic substance is not 
necessary for rusting; but the measurements of Hicks indicate that 
moist oxygen does produce rust more quickly if carbon dioxide also 
is present. 

Apart from the scientific, historical, and economic interest of 
the matter, the question whether carbon dioxide—in amounts 
normally present in air—constitutes a serious cause of corrosion is 
important to experimenters, since the detailed observation needed 
for detection of vital microscopic occurrences becomes almost 
impossible if the work has to be conducted exclusively in closed 
vessels. Some experiments have, therefore, been performed to 
elucidate this point. 

Specimens, 5-5 cm. square, were degreased with carbon tetra- 
chloride and then alternately ground and degreased three times. Into 
each of a series of beakers, 8-5 cm. high and 4 cm. in diameter, a 
small quantity of water (2 c.c. in the main series) was placed, and 
one of the specimens was cemented over the mouth of each beaker 
with nitrocellulose. After the seal had set, the bottoms of the 
beakers were placed in warm water (50°), and a metal dish containing 
ice was placed on the upper side of the specimen. Water then dis- 
tilled without ebullition, condensing on the lower side of the speci- 
men in droplets, fairly large in the centre and microscopic around 
the edges. In other parallel experiments saturated carbon dioxide 
solution or N/100-sodium hydroxide solution was used instead of 
water; four different materials were employed, viz., steel H 28, 
electrolytic iron E 28, commercial zine containing lead, and elec- 
trolytic zinc; abrasion with four different grades of emery, and also 
scraping with a knife, was studied in different series. 

The fact that the presence of carbon dioxide may affect results is 
clearly shown by the experiments on zinc : the distillate from dilute 
alkali produced, in practically every drop, a microscopic circle or 
sphere of membranous zinc hydroxide surrounding a tiny dark 
point representing the seat of corrosion; in the presence of carbon 
dioxide, however, the white hydroxide did not appear, but there was 
general darkening of the metal. 

On iron and steel, the result was identical whether distillation was 
conducted from N/100-sodium hydroxide, distilled water, or carbon 
dioxide solution; in every case, some of the drops developed rust, 
whilst others remained perfectly clear. On many specimens, the 
frequency of rust-developing droplets varied from one part to 
another in a manner not depending on the drop size. Thus no 
accurate count could be made of the proportion of drops developing 
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rust, but this appeared to be highest in the coarsely abraded speci- 
mens. There was no evidence that the presence of carbon dioxide 
increased the probability of rust formation in a drop, although, 
where rust appeared at all, it seemed to be developed more quickly 
if carbon dioxide was present, thus confirming Hicks’s results. After 
time had been allowed for the development of rust in those drops 
which were able to produce it, the specimen could be taken off the 
beaker and exposed to a stream of carbon dioxide (or to carbon 
dioxide and air alternately) without causing any rust in the clear 
droplets; indeed the specimen could conveniently be dried in a 
stream of carbon dioxide without fear of increasing the number of 
rust spots. Apparently the presence of carbon dioxide is incapable 
of causing rusting in places which have escaped rusting in its 
absence. On the other hand, exposure to the vapour of hydro- 
chloric acid for only 15 seconds caused rapid rusting, in the places 
which had previously escaped. There seems no doubt that the 
corrosive qualities of the air of many laboratories—frequently 
attributed to carbonic acid—are really due to other acids. 

The observations are explained by the fact that iron specimens 
are covered with an invisible film of ferric oxide with irregularly 
distributed weak spots (Evans, J., 1929, 117). The chance of rust 
formation will depend on the “ probability ’’ that the drop area 
includes a place on the skin sufficiently “weak ”’ to admit the most 
penetrating anion present. In pure water this will be the hydroxyl 
ion, and the ferrous hydroxide formed as the anodic product will 
interact with dissolved oxygen at a distance to form the less soluble 
ferric hydroxide (“‘ rust’’). The presence of carbon dioxide will 
certainly not increase the probability of initiation of rusting, since 
it is unlikely to dissolve the film of ferric oxide, whilst it will decrease 
the hydroxyl-ion concentration; the penetrating power of the 
HCO,’ or CO,"’ ions can probably be neglected. But if it be assumed 
that the weak spot does exist under a droplet, the carbon dioxide 
may accelerate the electrochemical action, by enhancing the con- 
ductivity and hydrogen-ion concentration. 

In some of the early experiments, a small proportion of the 
previously rust-free droplets developed rust after the vessels were 
opened ; this may have been due to traces of acid fumes, but was 
probably due to the bending that accompanied opening. It was 
found that if a spécimen was cut with small’shears when the droplets 
were in position, the drops near the shear-lines, although quite 
untouched by the shears, quickly developed rust, clearly because 
the cutting stresses fractured the protective film. 

Droplets produced by distillation from ammonia caused no true 
rust, evidently owing to the presence of sufficient alkali to depress 
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the solubility of ferrous hydroxide; some attack did occur, however, 
since, after the drops had been removed by evaporation, inter- 
ference tints were noticed. 

It was observed (before the opening of the vessels) that droplets 
which developed rust tended to “ dry up ’’—partially or completely 
—and that the clear drops situated close to a drop which had 
developed rust frequently disappeared altogether; on the other 
hand, in regions where no rust appeared, the drops showed no signs 
of evaporation. This confirms the early view of Crum Brown 
(J. Iron Steel Inst., 1888, ii, 129) that rust is essentially hygroscopic 
—a matter recently discussed by Hudson and others (Trans. Fara- 
day Soc., 1929, 25, 207, 485, 487, 493). 

Corrosion of Iron immersed in a Carbonic Acid Solution.—Some 
confusion exists regarding the effect of carbon dioxide in ‘‘ immersed 
corrosion.” In hard, natural waters containing calcium bicarbonate, 
it is unquestionable that excess of carbonic acid increases the corro- 
sive character; in the absence of free carbonic acid such ‘waters, 
when they act on iron, necessarily deposit calcium carbonate on 
the cathodic areas, and the deposit obstructs diffusion of oxygen, 
bringing the action to a standstill (Tillmans and Klarmann, Z. 
angew. Chem., 1923, 36, 94, 103, 111, 113; Baylis, Ind. Hng. Chem., 
1927, 19, 177; Evans, J. Soc. Chem. Ind., 1928, 47, 577); in the 
presence of éxcess of carbonic acid, this deposition does not occur, 
and the corrosion continues. ‘The indirect action of “ aggressive ” 
carbon dioxide may be serious even with metals where its direct 
action is undoubtedly inhibitive; thus the corrosion of lead by 
distilled water is retarded by the presence of carbon dioxide, but 
waters containing sufficient calcium bicarbonate to have no 
permanent action on lead become distinctly plumbosolvent if much 
excess carbon dioxide is present. 

The action of dissolved carbonic acid in the absence of calcium 
compounds is quite different. ‘The normal product is soluble ferrous 
bicarbonate, as indicated: by Crum Brown (loc. ecit:); the bicarbonate 
is formed very quickly if the carbon dioxide is under 50 atm. 
pressure (E. Miiller and Henecka, Z. anorg. Chem., 1929, 181, 159), 
but at ordinary pressures the action is much slower, quite small 
quantities of iron rendering the liquid supersaturated with respect 
to ferrous carbonate (Tillmans and Klarmann, loc. cit.). If oxygen 
is present, the iron is likely to be precipitated as ferric hydroxide 
(rust) in a form which will hinder diffusion; indeed Bauer’s tests 
(Stahl wu. Bisen, 1921, 41, 37, 76) indicate that distilled water con- 
taining carbon dioxide may produce less corrosion than distilled 
water free from carbon dioxide, owing to the obstructive character 
of the rust produced. 
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To elucidate this matter further, new experiments have been 
performed. A number of strips of iron H 28, 2 cm. wide, were 
cut, abraded, degreased, and immersed vertically to a depth of 
4 cm. for 15-5 hours at 14° in 65 c.c. of liquid in beakers 8-5 cm. 
high and of 4cm. diameter. The loss of weight produced by different 
liquids is shown in Table II; it will be noticed that within this time 
saturated carbon dioxide has proauced more corrosion than dis- 
tilled water but much less than M/20-sulphurie acid; the water 
“ condensed on silica ’’ was a sample prepared by L. C. Bannister 
and §. C. Britton for work on electrode potentials, the special 
object being to exclude traces of metals. 


TABLE II. 
Liquid. Loss of weight, mg. Mean, mg. 
ME ROME BO ay ooh 0idid nis 4 545.55 tole od i iedCe ob pend 2-9, 3-3, 3-5 3-2 
STDs occa shonestetpenssplaaatstannieeskeesa’ 20-1, 20-5, 20-6 20-4 
Saturated CO, solution  ............ccceececeees 5:9, 7:0, 7-0 6-6 
Laboratory distilled water .........0........... 1-5, 1-7 1-6 
Laboratory distilled water, redistilled and 
condensed ON SiliCA ....,....sceeecceeceececces 1:0, 1-3 1-1 


A series of qualitative experiments, interrupted at different 
stages, showed the action of carbonic acid solution to be as follows. 
Freshly immersed specimens are attacked by carbonic acid just as 
by any dilute acid, hydrogen being evolved slowly; the bubbles 
appear mainly at the edges and a few favoured spots on the faces 
(evidently points of low over-potential); but the actual attack 
commences at quite different points (evidently weak spots on the 
skin). For a time the liquid remains clear, though containing a 
considerable quantity of iron dissolved as ferrous bicarbonate ; 
after about 2 hours, rust (ferric hydroxide) begins to appear along 
the water-line, and gas evolution gradually ceases, as the pq value 
rises from about 4-0, where hydrogen production is appreciable, to 
a range (5-0—-6-0) where direct hydrogen evolution is almost negli- 
gible. Meanwhile the oxygen absorption type of attack is increas- 
ingly hindered by the formation of rust over the water-line zone. 
The conditions thus become less favourable for corrosion than in a 
neutral sulphate or chloride solution, where the corrosion is of the 
differential aeration type from the first moment, and where the 
cathodic zone near the water-line remains comparatively free from 
rust, so that oxygen can continue to reach the place where it is 
required for corrosion. It is to be expected, therefore, that over 
long tests carbonic acid would produce a smaller amount of corro- 
sion than a salt solution; and it was found in a 39-day test by the 
author (J. Soc. Chem. Ind., 1928, 47, '77T) that actually the corrosion 


by saturated carbonic acid was less than that produced by M/20- 
s2 
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sodium sulphate or chloride. Probably Bauer’s results, mentioned 
above, can be explained in the same way. In effect, carbonic acid 
solution is not a serious corroding agent. 

It would appear that, with carbonic acid, the “ hydrogen- 
evolution type ” of corrosion lasts just long enough to produce rust 
at a point unfavourable to subsequent attack of the “ oxygen- 
absorption type.” The apparent exhaustion of hydrogen ions 
occurs long before the quantity of iron dissolved is stoicheiometrically 
equivalent to the carbonic acid present; some experiments con- 
ducted with sulphuric acid showed that here the attack persists 
rapidly even when most of the acid has been used up. The differ- 
ence between the action of sulphuric and carbonic acids is easily 
understood by considering the movement of p, during titration of 
these acids with alkalis; with sulphuric acid, the pq value remains 
very low (below 3-0) until the end-point is approached, whereupon 
it suddenly rises; with the weak carbonic acid, the py value is 
higher at the first (about 4-0) and commences to rise even with the 
first addition of alkali. The py value alters in much the same way 
when the acid is used up on the corrosion of iron; thus sulphuric 
acid continues to evolve hydrogen almost to the last, whilst with 
carbonic acid, the evolution of hydrogen—weak even from the first— 
soon dies away. 

The rapid exhaustion of carbonic acid stands in contrast to the 
view of Crum Brown (loc. cit.) that a limited quantity of carbonic 
acid “‘ can carry on the process indefinitely,’ being regenerated in 
full when the ferrous bicarbonate is oxidised to ferric hydroxide. 
Actually the conception of ‘‘ regeneration in full” is inadmissible, 
since the precipitation of ferric hydroxide is inconsistent with con- 
centrations of hydrogen ions such as are present in pure water 
saturated with carbon dioxide at normal pressure. Only if the 
concentration of carbon dioxide is kept low, can ferric hydroxide be 
produced. Since, however, the oxidation of ferrous bicarbonate to 
the ferric condition occurs at the water-line, the dissociation of any 
ferric carbonate that may temporarily be formed is quite to be 
expected, the carbon dioxide passing out into the gas phase (where 
the partial pressure of carbon dioxide is usually low) as quickly as 
oxygen is taken in. This accounts for the fact that, in 24-hours 
experiments, practically no carbonate was found in the “ rust,” 
which was mainly hydroxide, and practically no free carbon dioxide 
was found in the liquid, although this still contained much ferrous 
iron in solution. The facts do not support Crum Brown’s idea of 
the cyclic regeneration of carbonic acid. 

Recently, theories based on liberation of acid by hydrolysis of 
ferric salts have been suggested for other types of corrosion. 
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McCulloch (T'rans. Amer. Electrochem. Soc., 1929, 55, 268) considers 
that, in corrosion by chloride solution, the ferrous chloride first pro- 
duced “ may be oxidized to ferric chloride by absorption of oxygen, 
and ferric chloride may hydrolyze to give hydrochloric acid. This 
hydrochloric acid may attack the steel.” It seems difficult to 
understand how any considerable increase of acidity can be produced 
by the action of oxygen on ferrous chloride, since in addition to 
ferric chloride, this oxidation itself must produce ferric hydroxide 
or basic ferric chloride. Whilst the hydrolysis of ferric salts un- 
doubtedly is responsible for the formation of rust in the final stages 
of the action of acids on metals, it is doubtful whether regeneration 
of acid plays any serious part in prolonging the attack. 


Summary. 


Chromic acid has strong oxidising and weak base-dissolving 
properties ; it produces passivity when present alone, but stimulates 
corrosion if sulphuric acid also is present. 

The ferric oxide film usually present on iron is rapidly destroyed 
by dilute sulphuric acid owing to the formation of the circuit iron| 
acidjoxide; the ferric oxide suffers cathodic reduction to ferrous 
oxide, which is rapidly dissolved by the acid. If the reduction is 
prevented by the presence of excess of chromic acid, or by anodic 
treatment of the specimen as a whole, the film can remain in contact 
with M/10-sulphurie acid for hours without change. This explains 
why iron can remain passive in acid solution during anodic treatment. 

The explanation of anodic passivity in acid solution is as follows. 
When lead is anodically treated in sulphuric acid, the conversion of 
the metallic surface into sulphate will protect the metal below, but 
with an iron anode this will only occur when the liquid has locally 
become saturated with ferrous sulphate. At that stage, any further 
current must be expended on the production of oxygen, and 
although the bubbles stir the liquid, dispelling the saturated 
layer, the metallic surface may in the meanwhile have been converted 
into ferric oxide, which will protect the metal so long as the current 
continues to flow. Indeed, a short interruption of current can also 
be tolerated without resumption of activity, and this seems to 
depend on the presence of an oxygen supercharge, which prevents 
reduction to the rapidly soluble lower oxide. 

The corrosive qualities of carbon dioxide have been exaggerated 
in the past, and probably the damage attributed to carbon dioxide 
has really been due to sulphur dioxide or hydrogen chloride. If 
water is allowed to condense in droplets on iron, some of them 
develop rust, whilst others (which do not happen to rest on a weak 
point) remain clear; this is true whether carbon dioxide is present 
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or absent, and the clear drops may be dried up in a current of carbon 
dioxide without developing rust ; hydrogen chloride vapours quickly 
produce rusting. A solution of carbonic acid causes at first slight 
corrosion of the hydrogen-evolution type, but the py rapidly rises 
and the formation of hydrogen ceases; the ferrous bicarbonate 
produced yields ferric hydroxide at the water-line, and this obstructs 
diffusion of oxygen and prevents attack of the oxygen-absorption 
type. In effect, therefore, a solution of carbonic acid is not danger- 
ously corrosive; but it must be remembered that the presence of 
excessive free carbonic acid in a hard natural water may prevent the 
deposition of calcium compounds which would otherwise bring the 
action to a standstill. 


University CHEMICAL LABORATORY, 
CAMBRIDGE. [ Received, January 31st, 1930.] 





LXVII.—N-Acylpyrazolones as Acylating Agents. 
By Jott Sarup AccaRwaL and JNANENDRA Natu Ray. 


ErnHyL acetoacetate reacts with benzoylhydrazine at 100°, s-di- 
benzoylhydrazine and 3-methyl-5-pyrazolone being formed. Their 
production may be explained by the fact that 1-benzoyl-3-methyl- 
5-pyrazolone, which can be isolated when the above condensation 
is carried out at 10—16°, reacts readily with compounds containing 
an amino-group, 3-methyl-5-pyrazolone and the benzoyl derivative 
of the amine being formed. 


NBz NH 
ux 0 x ny CO, NHBz 


sa eotinast a MeC—-CH ° NHBz 


Under the same conditions, benzoylhydrazine does not benzoylate 
@ primary amine. 

Similar results are obtained when phenylacetylhydrazine is sub- 
stituted for benzoylhydrazine in the above reactions. 

Bongert (Compt. rend., 1901, 132, 973) has obtained 3-methyl- 
5-pyrazolone and butyrylhydrazine by the interaction of methyl 
§-butyryloxycrotonate and hydrazine. 


EXPERIMENTAL. 


Interaction of _Phenylacetylhydrazine and Ethyl Acetoacetate. 
Formation of s-Diphenylacetylhydrazine and 3-M ethyl-5-pyrazolone.— 
Phenylacetylhydrazine (7-5 g.), ethyl acetoacetate (6-5 g.), absolute 
alcohol (1-3 ¢.c.), and 3 or 4 drops of piperidine were heated together 
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on the steam-bath for 3 hours. The solid product was extracted 
with hot water, and the residue crystallised from absolute alcohol, 
colourless needles of s-diphenylacetylhydrazine (4-0 g.), m. p. 232— 
233°, being obtained; Pinner and Gobel (Ber., 1897, 30, 1889) give 
m. p. 231° (Found: N, 10-65. Calc. for C,,H,,0,N,: N, 10-4%). 
The aqueous extract on concentration gave 3-methyl-5-pyrazolone, 
m. p. (after recrystallisation) and mixed m. p. with an authentic 
specimen, 215°. 

s-Dibenzoylhydrazine.—A mixture of benzoylhydrazine (7° g.), 
ethyl acetoacetate (6 g.), alcohol (2 ¢.c.), and piperidine (3. or 4 
drops) was heated on the steam-bath as in the preceding case. 
The product, isolated in a similar way and recrystallised from 
alcohol, gave colourless plates (3-5 g.), m. p. 235°, of s-dibenzoyl- 
hydrazine (Struve, J. pr. Chem., 1894, 50, 299, gives m. p. 233°) 
(Found: N, 11-8. Cale. for C,H 05N} : N, 11-7%).: 

1-Phenylacetyl-3-methyl-5-pyrazolone.—A mixture of phenylacetyl- 
hydrazine (7-5 g.), ethyl acetoacetate (6-5 g.), and piperidine (3 or 
4 drops) was kept at the ordinary temperature for 12 hours. The 
solid product crystallised from hot xylene in pale brownish needles, 
m. p. 134—136° (Found : N, 13-3: C,,H,,0,N, requires N, 13-0%). 
A small quantity of a substance, m. p. 228—230°, insoluble in hot 
xylene was not investigated. 

1-Phenylacetyl-3-methyl-5-pyrazolone (0-8 g.) was heated with an 
equivalent quantity of aniline at 130—140° for an hour or at 100° 
for 3 hours. Phenylacetanilide, m. p. 116° after recrystallisation, 
was isolated from the reaction mixture, and 3-methyl-5- pyrazolone 
from the acid extract (see below). 

Phenylacetanilide—A mixture of phenylacetylhydrazine (5 g.), 
ethyl acetoacetate (4:3 g.), and a few drops of piperidine was kept 
over-night, aniline (3 g.) added, and the mixture heated at 130— 
140° for an hour. The cooled mass was ground with dilute hydro- 
chlorie acid, the liquid filtered; and the residue extracted with 
tepid alcohol. The alcoholic extract on concentration and dilution 
with water furnished phenylacetanilide (1-9 g.) which, after recrystal- 
lisation from hot dilute alcohol, melted, alone or mixed with an 
authentic specimen, at 116°; a further quantity (0-9 g.) was isolated, 
by fractional crystallisation, from the residue from the alcohol 
extraction. 

A mixture of phenylacetylhydrazine (3 g.) and aniline (2 g.), 
heated at 130° for 1 hour, gave no phenylacetanilide. 


UNIVERSITY OF THE PUNJAB, 
LanoreE, INDIA. (Received, December 27th, 1929.] 
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LXVIII.—The Vapour Density of Zirconium Tetra- 
chloride. 


By Joun Atsert Newton Frienp, Atpert THomas WILLIAM 
Cottey, and Ricuarp SipNEy Hayes. 


Tue only published data on the vapour density of zirconium tetra- 
chloride appear to be those of Deville and Troost (Compt. rend., 
1857, 45, 821), who, using Dumas’s method at the boiling point of 
sulphur, obtained the values 8-10 and 8-21 (Cale.: 8-09; air = 1), 
These results were of particular interest at the time, since they 
indicated that zirconium was quadrivalent, in opposition to the 
general belief in its tervalency. The second value for the density is 
somewhat greater than the theoretical. Apart from error of observ- 
ation, this might be accounted for by the presence of hafnium, 
although the possibility of association of the tetrachloride deserves 
consideration. 

During experiments on the volatilisation of pure zirconium tetra- 
chloride in a current of chlorine, it had frequently been observed 
by one of us that brown fumes were formed characteristic of zir- 
conium trichloride (Ruff and Wallstein, Z. anorg. Chem., 1923, 128, 
96). It seemed of interest, therefore, (i) to determine if association 
could be detected in the vapour at temperatures only slightly above 
that at which volatilisation begins, and (ii) to follow up the observed 
dissociation into trichloride at higher temperatures with vapour- 
density measurements. 


ExPERIMENTAL. 


Purification of Materials —Elimination of hafnium was effected 
by a method based on the observation that zirconium is more readily 
precipitated from solution by citric acid than is hafnium (Drophy 
and Davey, Physical Rev., 1925, 25, 882). A sample of ‘“ pure” 
zirconia was converted into sulphate by heating with concentrated 
sulphuric acid, and the solution diluted and filtered. The hydrated 
oxide was precipitated with ammonia from the boiling solution, 
washed, and dissolved in pure nitric acid; the clear solution was 
evaporated to dryness, the residue dissolved in water and filtered, 
and citric acid added in sufficient amount to precipitate about half 
the zirconium as citrate, any hafnium together with the remainder 
of the zirconium being retained in solution, The precipitate was 
filtered off, washed, ignited to oxide, and the process repeated. A 
very pure sample of zirconia was thus obtained. 

Test for cerium. The following test for traces of ceria in zirconia 
was found useful. Cerium colours a borax bead yellowish-green 
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when heated in the oxidising flame. A borax bead weighing 0-056 g. 
was perceptibly coloured (in daylight) by 0-0015 g. of zirconia con- 
taining 4% of ceria. 

Purity of the zirconia. Several attempts were made to follow the 
elimination of hafnia from zirconia by density measurements 
(Hevesy, J., 1924, 125, 2372). The results, however, were not 
sufficiently concordant to be of service, possibly owing to the 
mechanical loss of oxide during ignition, which it is extraordinarily 
difficult to avoid (see Venable and Bell, J. Amer. Chem. Soc., 1917, 
39, 1599). The equivalent of the zirconium was therefore deter- 
mined chemically from the ratio Zr(SO,),: ZrO,. A weighed quan- 
tity of the purified zirconia was heated with concentrated sulphuric 
acid for at least an hour. The rate of solution of the oxide was 
found to depend upon its previous history, frequent ignition 
rendering it very refractory. In none of our experiments were 
we able to effect complete solution of the sample taken. After 
cooling, the mixture was poured into excess water, and heated to 
boiling, any undissolved zirconia being filtered off, ignited, and 
weighed. 

The solution of zirconium sulphate was evaporated to dryness in 
a platinum dish, the heating being carefully controlled towards the 
close of the experiment in order to drive off the excess of acid with- 
out decomposing the sulphate. When a constant weight had been 
obtained, the temperature was raised and the sulphate ignited to 
oxide. In every case the weight of oxide thus obtained was slightly 
less than that originally dissolved, presumably owing to mechanical 
loss. For instance, in two experiments, the initial weights of 
zirconia were 0-4051 and 0-2707 g. and the final weights 0-3926 and 
0-2687 g. respectively. As calculated from the initial weights, 
the values obtained for the equivalent weight of zirconium were 
22-04, 22-00, mean 22-02 ; the accepted value for 1929 being 91-2/4 = 
22-8. Our value is somewhat low in common with early atomic- 
weight determinations by this method [compare Weibull (Lund. 
Arsskrift, 1881—1882, vol. xviii), who obtained the mean value of 
89-54/4 = 22-39], probably owing to the difficulty of completely 
expelling the acid without simultaneously decomposing the sulphate. 
The results, however, indicate the absence of appreciable quantities 
of hafnium. 

Preparation of Zirconium Tetrachloride.—This was effected by 
Demargay’s method (Compt. rend., 1887, 104, 1136), viz., by passing 
chlorine, laden with carbon tetrachloride vapour and dried by phos- 
phoric oxide, over heated zirconia as described by Venable and Bell 
(loc, cit.). The chloride was collected in a long tube and transferred 
by shaking into a bottle. It invariably contained traces of zirconia 
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carried over mechanically. To obtain the pure chloride, the first 
batch was returned to the apparatus and re-sublimed in a very slow 
current of chlorine—about 2 bubbles per second, as recommended 
by Lely and Hamburger (Z. anorg. Chem., 1914, 87, 223)., Since 
the tetrachloride is very susceptible to moisture, it was condensed 
on tube A (see fig.), which easily slid over the water-cooled tube BC. 
When sufficient had collected, BC was withdrawn and A rapidly 
slid into a slightly wider tube, which thus enclosed the tetrachloride. 
After being weighed, this double tube was used as the dropping 
bottle in the Victor Meyer apparatus. It was ascertained that no 
condensation of carbon tetrachloride took place along with the 
zirconium salt under our experimental conditions. 























ri rio trap. 
ZrCl > +— Water. 
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Venable and Bell state that formation of chloride in their experi- 
ments began a little above 300° and was rapid at 450—500°, though 
Lely and Hamburger found it necessary to employ a temperature of 
800° to obtain the chloride in bulk. We attempted to determine 
the lowest temperature by passing chlorine and carbon tetrachloride 
vapour over zirconia in a tube supported vertically in a metal-bath, 
the temperature of which was slowly raised, and noting the first 
appearance of sublimate. This occurred at 355°, but the whole of 
the oxide was not converted into chloride even at 500°. The tem- 
perature necessary evidently varies with the physical condition of 
the oxide. 

Determination of Vapour Density—A modification of Victor 
Meyer’s apparatus was used, the heated portion consisting of a 
silica vaporising tube of 350 c.c. capacity, supported vertically in an 
electric furnace. The upper part of the apparatus was of glass and 
fitted into the silica tube with a ground joint lubricated with phos- 
phoric acid. The whole was thoroughly dried, and the vertical 
portion filled with dried chlorine. Traces of moisture were rigidly 
excluded, as they reduced the vapour density enormously. In all 
the experiments at 700° the sublimate in the tube at the close of 
the tests was tinged with brown. 

The results are given below, the vapour density being referred to 
that of air as unity. 


At 400°. At 445°. 


ZiClg, G. ccsoveres 00875  0-0842 0-0396 00890 —-0-0880 
WD waedésotsten 7-32 7-83 6-96 5-94 6-30 
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At 500°. 
ZrCl,, 

. 0-127 0-1215 0-1105 0-1100 0-1051 0-1042 00974 0-0894 0-0425 
V.D. 881 618 7:50 642 918 925 852. 7-94. 620 
At 700°. 

ZrCl,, 


g- 0-1362 0-0790 0-0762 0-0626 0-0613 0-0584 0-0444 0-0430 0-0253 
V.D. 9-00 4-51 5-68 5-26 4-78 7-64 3°81 4-68 4:13 

Conclusions,—Consideration of the results shows that (1) there is 
no evidence of association at 400° or .above.. The four. high 
results at 500° and the one at 700° are believed to be due to 
decomposition as indicated below. (2) The vapour density of 
zirconium tetrachloride in chlorine falls with rise of temper- 
ature, and appears to fall slightly with dilution. Presumably 
the vapour first dissociates into the trichloride and free chlorine, 
2ZrCl, == 2ZrCl, + Cl,. The decomposition can hardly end there, 
however, since according to Ruff and Wallstein (loc. cit.) the tri- 
chloride also dissociates above 330°, thus: 2ZrCl,; == ZrCl, + 
ZrCl,; moreover, above 600° the dichloride deposits zirconium, 
2ZrCl, = ZrCl, + Zr. The reactions in the vaporising tube may 
thus be very complex and it is not regarded as possible that a 
complete equilibrium could be obtained in the brief course of an 
experiment. 


THE TEcHNICAL COLLEGE, 
BrmMINGHAM. [Received, November 28th, 1929.] 





LX1X.—3-Halogeno-6-nitro- and -6-amino-dimethyl- 
antlines. 
By Herpert Henry HopGson and ARNOLD KERSHAW. 


Tux 2 : 4-dihalogenonitrobenzenes have been found to react readily 


with an alcoholic solution of dimethylamine in the absence of a 
catalyst, and in every case it is the 2-halogeno-substituent that is 
easily and exclusively replaced by the dimethylamino-group, this 
being in accordance with the well-known promotion of mobility of 
halogens by an adjacent nitro-group. Further, the ease of replace- 
ment of one halogen only, indicates considerable satisfaction of the 
electronic demands of the nitro-group by one dimethylamino-group 
(compare the ease with which sodium methoxide replaces both 
halogens in a 2:4-dihalogenonitrobenzene, a further illustration 
of the fact that NMe,>OMe as a potential electron-source). It is 
noteworthy also that in 4-chloro-2-iodonitrobenzene the iodine only 
is replaced by dimethylamine under the same conditions, a fact 
which indicates that the 2-carbon atom is more positive than the 
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4-carbon atom, notwithstanding the greater positivity produced by 
chlorine as compared with iodine, and therefore that the general effect 
of the nitro-group (Allan, Oxford, Robinson, and Smith, J., 1926, 
401) is much greater on the 2-carbon than on the 4-carbon atom. 

Most unsubstituted 2-nitrodialkylanilines are liquids at the 
ordinary temperature, but the derivatives now under consideration 
are solids of low m. p., and since the p-nitrodialkylanilines have 
high m. p.’s (e.g., 4-nitrodimethylaniline has m. p. 168°), it is prob- 
able that the low m. p.’s of the o-compounds are due to co-ordination 
of a similar type (I) to that described by Bennett and Willis (J., 
1929, 256). 


oa \=N<Gs | GNMe, 


Rate tending to become —N N<ie ON yLO 
Kiss O—>HO-C,H; 


(I.) (II.) 


The 3-halogeno-6-nitrodimethylanilines are not sufficiently basic 
to form salts except with strong acids, and these are immediately 
hydrolysed by water. In non-dissociating solvents such as light 
petroleum and naphthalene, 1° solutions are yellow, and the 
molecular weight of 3-chloro-6-nitrodimethylaniline in naphthalene 
is about 10° above that of the single molecule (compare the dis- 
cussion of similar cases by Sidgwick, ‘‘ Electronic Theory of Valency,” 
1927, p. 149 et seg., who considers that such cryoscopic evidence of 
association must be interpreted with caution). Very deep red 1% 
solutions are formed in phenol, the product being unimolecular, 
which might reasonably indicate a change of structure produced by 
co-ordination of solvent (II). Anisole does not give this colour change. 

The picrates of the 3-halogeno-6-nitrodimethylanilines are stable, 
with m. p.’s below those of the 3-halogeno-6-aminodimethylanilines : 
these are true salts soluble in water, so the diminution of melting 
point may be due to thelation (III)—a point of view which is sup- 
ported by the fact that the more salt-like is the picrate of a 3-halo- 
geno-6-nitrodimethylaniline the higher is its m. p.; e:g., iodo- 
(104°), bromo- (85°), and chloro- (70°), a series conforming with the 
well-known order of the general effects of the halogens, Cl>Br>I. 
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The 3-halogeno-6-aminodimethylanilines are all liquids at the 
ordinary temperature, owing doubtless to chelate union (IV) (com- 
pare Sidgwick and Callow, J., 1924, 125, 527), which should be 
stronger than in the case of o-phenylenediamine (m. p. 102°), since 
the dimethylamino-nitrogen is more negative than the amino- 
nitrogen atom. Moreover, the free bases, including o-aminodi- 
methylaniline itself, are much more stable in air than p-amino- 
dimethylaniline and much less soluble in water: this is further 
evidence of the great stability associated with 5-membered chelate 
rings. 

All the above substances form stable monohydrochlorides; but 
only the halogeno-compounds give dihydrochlorides, which diminish 
in stability from the chloro- to the iodo-compound, It would 
appear that salt formation produces in the monohydrochloride of 
o-aminodimethylaniline a 5-membered chelate ring, by the sharing 
of a hydrogen ion between the amino-groups (V) (compare Sidgwick’s 
discussion on hydrofluoric acid, op. cit., p. 72), which is sufficiently 
stable to prevent further salt-formation at the amino-nitrogen 
atom; but that when the 3-halogeno-atom is introduced, its general 
(inductive) effect on the chelating electrons of the p-amino-nitrogen 
atom is a weakening of their union to such an extent that, under 
the influence of the powerful kationoid reagent (a second molecule 
of hydrochloric acid), the dimethylamino-group captures the 
hydrogen atom and thus enables further salt formation to take 
place at the released amino-group. This salt formation is facilitated 
by the alternating (tautomeric) effect of the halogen substituent, 
now rendered available (compare the greater positivity of the 
3-carbon atom in comparison with the 4-carbon atom in activated 
l-chloro-3 : 4-dinitrobenzene, due to the alternating effect of the 
chlorine atom). Since the order of the general effect of the halogens 
is Cl>Br>I, it follows that 3-chloro-6-aminodimethylaniline di- 
hydrochloride will be the most easily formed and, in consequence, 
be the most stable of the analogues. 

Only the free bases mentioned above give violet colours with 
ferric chloride; the salts, however, do so with stronger oxidising 
agents (e.g., chromic acid). 

3-Chloro-6-aminodimethylaniline was recovered unchanged after 
repeated treatment with Caro’s acid under widely varying con- 
ditions : this resistance to oxidation is probably due to chelation 
both in the free base and in the salt (compare the ready oxidation 
of o-anisidine and o-nitroaniline to the corresponding nitroso- 
derivatives, and the instantaneous destruction of p-aminodimethy]- 
aniline under the same conditions). 
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EXPERIMENTAL, 

Action of Dimethylamine on the 2 :4-Dihalogenonitrobenzenes.— 
The 2: 4-dihalogenonitrobenzene (10 g.) was boiled under reflux 
with 10°% more than the theoretical quantity of a solution of di- 
methylamine (1 g.-mol.) in ordinary alcohol (400 c.c.) to which an 
equal volume of the solvent had been added. The chloro- and 
bromo-compounds were refluxed for 10 hours and the iodo-analogue 
for 15 hours, the alcohol then being removed by steam; the oily 
reaction product solidified on cooling [compare Weissenberger 
(Monatsh., 1912, 33, 821), who in a similar reaction with o-chloro- 
nitrobenzene used absolute alcohol and copper powder, both of 
which have now been found unnecessary]. 

3-Chloro-6-nitrodimethylaniline crystallises from light petroleum 
in short, stout, dull yellow prisms, often almost cubes, m. p. ‘49° 
(Found: Cl, 17-5; M, cryoscopic in phenol, 185-9, 187-8; WM, 
eryoscopic in naphthalene, 199-5, 210-5. C,H,O,N,Cl requires Cl, 
17-7% ; M, 188-5), which are fairly readily volatile in steam. The 
constitution of this compound was confirmed by its preparation 
(as above) from 4-chloro-2-bromo- and also from 4-chloro-2-iodo- 
nitrobenzene. The picrate, prepared from the compound (0-6 g.) 
and picric acid (0-7 g.) in boiling alcohol (7 c.c.), is deposited, on 
cooling, in bright yellow, flat prisms, m. p. 70° (Found: Cl, 8-1. 
C,H,O,N,Cl,C,H,0,N, requires Cl, 8-3%). 

3-Bromo-6-nitrodimethylaniline-separates from light petroleum in 
crystals, m. p. 58-5°, resembling those of the chloro-analogue 
(Found: Br, 32-4. C,H,O,N,Br requires Br, 326%). The 
picrate melts at 85° (Found: Br, 16-6. C,H,O,N,Br,C,H,0,N, 
requires Br, 16-9%). Their constitutions follow from their identity 
(mixed m. p., etc.) with the compound and its picrate made from 
2-chloro-4-bromonitrobenzene by the general process above. The 
2-chloro-4-bromonitrobenzene was obtained from 3-chloro-4-nitro- 
aniline by means of the Sandmeyer reaction. 

3-Iodo-6-nitrodimethylaniline crystallises from light petroleum 
in long orange prisms, m. p. 52° (Found: I, 43-7. C,H,O,N,[ 
requires I, 43-5%). It was also obtained from 2-chloro-4-iodo- 
nitrobenzene, prepared from 3-chloro-4-nitroaniline by the usual 
iodination process. The picrate melts at 104° (Found: I, 24-2. 
C,H,O,N,1,C,H,0,N, requires I, 24-4%,). All the 3-halogeno-6- 
nitrodimethylanilines are precipitated on dilution of their colourless 
solutions in concentrated sulphuric acid. 0o-Nitrodimethylaniline 
picrate crystallises from alcohol in long yellow prisms, m. p. 103° 
(Found: N, 18-0. C,H,,0,N,,C,H,0,N, requires N, 17-7%). 

Reduction of the 3-Halogeno-6-nitro- to the 3-Halogeno-6-amino- 
dimethylanilines.—Each of the above nitro-compounds is readily 
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reduced by iron powder and 50°, aqueous acetic acid to the corre- 
sponding amine, which is then removed by steam distillation from 
the reaction mixture, made alkaline. The amines are colourless 
viscous oils of a not unpleasant odour and are volatile in steam. 
The chloro- and bromo-compounds are conveniently isolated from 
the steam distillates directly as hydrochlorides, but the iodo- 
compound, on account of its ready decomposition when boiled with 
hydrochloric acid, is extracted with ether prior to its conversion 
into the hydrochloride, 

3-Chloro-6-aminodimethylaniline (Found: Cl, 20-6. C,H,,N,Cl 
requires Cl, 20-8°/) forms a monohydrochloride, which crystallises 
from water in long needles (Found: Cl, 34:1. C,H,,N,Cl,HCl 
requires Cl, 34-3%). The dihydrochloride separates from concen- 
trated hydrochloric acid solution in colourless prisms (Found : 
ionisable Cl, 29-1; total Cl, 43-5. C,H,,N,Cl,2HCl requires ionis- 
able Cl, 29-1; total Cl, 43-7%). The picrate separates from a hot 
alcoholic solution of equimolecular quantities of the amine and 
picric acid in bright yellow prisms, m. p. 151° (to a brown-red 
liquid) (Found : Cl, 8-7. C,H,,N,Cl,Cg;H,O,N, requires Cl, 8-9°%). 

3-Bromo-6-aminodimethylaniline (Found: Br, 37-0. O,H,,N,Br 
requires Br, 37-2°,) forms a monohydrochloride (Found: Cl, 14:1. 
C,H,,N,Br,HCl requires Cl, 14-1%) and a dihydrochloride (Found : 
Cl, 24-6. C,H,,N,Br,2HCl requires Cl, 24-6%). The picrate crystal- 
lises from alcohol in bright yellow prisms, m. p. 137° (Found : 
Br, 17-9. C,H,,N,Br,C,H,0,N, requires Br, 18-0%). 

3-lodo-6-aminodimethylaniline (Found: I, 48-2. C,H,,N,I re- 
quires I, 48-5%) forms a monohydrochloride (Found:*Cl, 11-8. 
C,H,,N,I,HCl requires Cl, 11-99%) and a dihydrochloride (Found : 
Cl, 20-0. C,H,,N,I,2HCI requires Cl, 21-2%,). . The latter analysis 
indicates the presence of monohydrochloride (compare the theoretical 
discussion). The picrate crystallises in thin, bright yellow plates, 
m. p. 167° (Found: I, 25-6. C,H,,N,I,C,H,0,N, requires I, 25-9%). 

o-Aminodimethylaniline is prepared as above by reduction of 
o-nitrodimethylaniline and has b. p. 212° (Found: N, 20-7. 
C,H,,.N, requires N, 20-6%). Its monohydrochloride separates from 
concentrated hydrochloric acid in long colourless prisms (Found : 
Cl, 20-9. C,H,.N,,HCl requires Cl, 20-6%). The picrate crystal: 
lises in bright yellow prisms, m. p. 136° (Found: N, 19-3. 
O,H,.N,,C,H,0,N, requires N, 19-2%). 

The authors desire to thank the British Dyestuffs Corporation 
for generous gifts of chemicals. 


TecunicAL CoLtLEGE, HUDDERSFIELD. ([Received, December 23rd, 1929.] 
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LX X.—y»- Phenyl -a- methylpropyldimethylarsine, _B- 
Benzylbutyldimethylarsine, and Some _ Related 
Compounds. 

By ALBEert Brewin and Evstace EBENEZER TURNER. 


Brrore the appearance of the paper by Mills, Parkin, and Ward 
(J., 1927, 2613), we were attempting to prepare certain derivatives 
of dihydroarsindole and of tetrahydroarsinoline in which cis-trans 
isomerism should be exhibited. For one reason or another, no 
suitable ring arsines were obtained, but the results now recorded 
may be of value to future workers. 

We have endeavoured to carry out a number of syntheses of the 
type : 

(I) CH,Ph-CHR-CHR’Br —> (II) CH,Ph-CHR-CHR’-MgBr —> 

(III) CH,Ph-CHR-CHR’-AsMe, —> 
(IV) CH,Ph-CHR-CHR’-AsMe,Cl, —> 

(V) CH,Ph-CHR-CHR’-AsMeCl —> Derivative of tetrahydro- 
arsinoline. 

8-Benzylbutyl bromide (I; R = Et, R’ = H) readily formed a 
Grignard reagent, but this reacted with dimethyliodoarsine to 
give only a poor yield of §-benzylbutyldimethylarsine (as III). 

Neither wy-diphenylpropyl bromide (I; R =H, R’ = Ph) nor 
y-phenyl-x-m-chlorophenylpropyl bromide (I; R = H, R’ = m-C,H,Cl) 
could be caused to combine with magnesium. On the other hand, 
y-bromobutylbenzene readily formed a Grignard reagent, which 
reacted with dimethyliodoarsine to give y-phenyl-«-methylpropyl- 
dimethylarsine, CH,Ph-CH,*CHMe-AsMe,. The dichloride (as IV) 
of this substance, however, underwent the expected loss of methyl 
chloride (on heating) only to the extent of a few units %, the 
major portion decomposing to give y-chlorobutylbenzene and 
dimethylchloroarsine. - 


ExPERIMENTAL. 


8-Benzylbutyl bromide, b. p. 135°/20 mm. (yield, 73%) (Found: 
Br, 34-9. C,,H,,Br requires Br, 35-2%), was prepared from 
8-benzylbutyl alcohol by means of phosphorus tribromide, the 
alcohol (b. p. 128—132°/11 mm.) being obtained in 73% yield by 
reducing ethyl «-benzylbutyrate (b. p. 133—136°/15 mm.; 145— 
150°/20 mm.; 155—160°/30 mm.) with sodium and absolute alcohol. 
The most convenient synthesis of the ester proved to be the follow- 
ing: Benzylidenemalonic acid was prepared (43% yield) and re- 
duced (yield, almost quantitative) by the methods of Claisen and 
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Crismer (Annalen, 1883, 218, 135). Esterification of the benzyl- 
malonic acid with alcohol and concentrated sulphuric acid proceeded 
to the extent of 75%, and the resulting ester (b. p. 170°/13 mm.) 
gave rise by normal procedure to a 90% yield of ethyl benzylethyl- 
malonate. This was converted by Mohr’s method (J. pr. Chem., 
1905, 71, 331) into «-benzylbutyric acid, b. p, 175—177°/20 mm. 
(yield, 77%). 

8-Benzylbutyldimethylarsine.—A solution of 6-benzylbutyl bromide 
in three times its weight of ether was added gradually to slightly 
less than one atomic proportion of magnesium turnings, covered 
with ether, initial interaction being promoted by the use of iodine. 
Dimethyliodoarsine (1 mol.), dissolved in twice its volume of benzene, 
was slowly added to the formed Grignard reagent and. the whole 
was gently boiled for an hour. Water and dilute hydrochloric acid 
were then added and the ether—benzene layer was worked up in the 
usual manner. The arsine, distilled in a current of hydrogen, was 
a colourless, strongly smelling oil, b. p. 150°/20 mm. (yield, 30%). 

ay-Diphenylpropyl bromide, b. p. 185—190°/30 mm. (Found : 
Br, 29-0. C,;H,,;Br requires Br, 29-1%), was prepared by the 
action of phosphorus tribromide on the corresponding alcohol, 
which was obtained (80 g.) from benzaldehyde and the Grignard 
reagent from 100 g. of 8-phenylethyl bromide. 

y-Bromobutylbenzene.—8-Phenylethyl bromide (170 g.) was con- 
verted into a Grignard reagent, and the latter was treated with 
120% of the calculated quantity of acetaldehyde, dissolved in ether. 
An 85% yield of $-phenylethylmethylcarbinol, b. p. 124—126°/ 
15 mm., or 128—130°/20 mm., was obtained, together withsa small 
quantity of a8-diphenylbutane. From 80 g. of the carbinol, by 
means of phosphorus tribromide, 90 g. of y-bromobutylbenzene, 
b. p. 118—119°/14 mm., 129—130°/20 mm., or 137—138°/34 mm., 
were obtained (Found: Br, 36-9. C, 9H, Br requires Br, 37-5%). 

y-Phenyl-«-methylpropyldimethylarsine was obtained in 56%, 
yield from the interaction of dimethyliodoarsine and a Grignard 
reagent from y-bromobutylbenzene. It is a colourless, highly re- 
fractive oil, b. p. 143—145°/20 mm., or 163°/50 mm. The meth- 
iodide was readily produced, and formed globular crystals, m. p. 
156° (softening at 153°) (Found: I, 33-3. C,,H,.[As requires 
I, 33-5%). 

y-Phenyl-«-m-chlorophenylpropyl alcohol was obtained in 64% 
yield from m-chlorobenzaldehyde and magnesium (-phenylethyl 
bromide in ethereal solution. It boiled at 210—215°/25 mm. 
(Found : Cl, 14-65. C,;H,,OCI requires Cl, 14-45%). 

y-Phenyl-«-m-chlorophenylpropyl bromide was obtained from the 
aleohol in 43% yield, and boiled at 200—205°/30 mm. (0-2258 g. 
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gave 0-2457 g. of Ag(l + AgBr. C,;H,,CIBr requires 0-2435 g. 
of AgCl + AgBr). 

One of us (A, B.) is indebted to the Department of Scientific and 
Industria] Research for a maintenance grant held while this investig- 
ation was in progress. 


East Lonpon COLLEGE, 
University oF LonpDon. [Received, February 6th, 1930.] 





LXXI—The Reactivity of Halogen Atoms in Com- 
pounds of the Pyridine Series. Part I. | The 
Halides of 2-Stilbazole. 


By Jonn Watter Bioop and Brian Duncan SHaw. 


Bavraru (Ber., 1887, 20, 2719 ; 1888, 24, 818) found that 2-stilb- 
azole (2-styrylpyridine) dibromide reacted with alcoholic potassium 
hydroxide, but was unable to isolate an acetylenic base analogous to 
tolane. Ladenburg (Ber., 1903, 36, 119), who reinvestigated the 
reaction at higher temperatures, described his product as deoxy- 
benzazoin. Five years ago, one of us observed that the action of 
pyridine upon the dibromide regenerated 2-stilbazole. This evidence 
of the presence of a “ positive ” bromine atom led us to study the 
reaction of a variety of other reagents. Pyridine, phenol, aqueous- 
alcoholic potassium hydroxide, potassium iodide, and hydriodic acid 
yield 2-stilbazole even when the quantity of reagent is equivalent 
only to one bromine atom ; indicating that after replacement of one 
bromine atom with hydrogen, loss of hydrogen bromide occurs 
spontaneously. This agrees with the known inability of 2-stilbazole 
to combine additively with hydrogen bromide at the ethylenic 
linking (compare Rath, Ber., 1924, 57, 841). On the other hand, 
with piperidine or sodium ethoxide a monobromostilbazole results, 
and alcoholic potassium hydroxide containing very little water 
yields a mixture of stilbazole and bromostilbazole. The position 
of the bromine atom in the latter compound, which is singularly 
unreactive, has not yet been determined ; but as one of us has been 
obliged to abandon the work, the results so far obtained are now 
given. Similar results were obtained with 2-stilbazole dichloride. 
- When stilbazole was the product, a small quantity of oil usually 
accompanied the solid base. This oil gradually yielded the solid 
base and treatment with bromine gave stilbazole dibromide. 
Similar oils accompanied the solid chloro- and bromo-stilbazoles; 
these also solidified on long standing. The investigation is being 
extended to the isomerie stilbazoles and their substitution products. 
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: EXPERIMENTAL. 

The 2-Stilbazole Chlorides. —A solution of chlorine (7-1 g.; 1 mol.) 
in carbon tetrachloride (50 ¢.c.) was added gradually to a solution of 
2-stilbazole (18-1 g.; 1 mol.) in the same solvent. ‘ The mixture boiled, 
and was cooled in water; a gummy solid then separated. The clear 
solution deposited colourless needles of 2-stilbazole dichloride, m. ‘p. 
153—154° after recrystallisation from alcohol. ‘The dichloride’ was 
readily soluble in acetone and sparingly soluble in’ cold ‘alcohol, 
chloroform, or carbon tetrachloride (Found: Cl, 28-3, C,,;H,,;NCl, 
requires Cl, 28-2%).. A little unchanged stilbazole was recovered 
from the mother-liquor. 

The gummy solid was dissolved in hot alcohol; on cooling, small 
plates of 2-stilbazole tetrachloride were deposited, m. p. 180—181° after 
recrystallisation from alcohol (Found: Cl, 43-6. ©),H,,NCl, 
requires Cl, 43-96%). On treatment with cold aqueous sodium 
carbonate solution the compound readily gave the dichloride, 
indicating that half the chlorine was united to the nitrogen atom. 

The 2-Stilbazole Bromides.—In the preparation of the dibromide 
by Baurath’s method (loc. cit.) it was found better to employ ‘less 
than the theoretical amount of bromine, as otherwise! the product 
was contaminated with a yellow insoluble substance which appeared 
to be 2-stilbazole tetrabromide. The compound decomposed ‘on 
being heated. Consistent analytical results could not be obtained, 
as it gradually lost bromine on exposure to the atmosphere, yielding 
the dibromide. The latter, crystallised from alcbhol; ‘had m. P. 172° 
(Baurath gives 166—167°). 

Action of Reagents upon the Stilbazole Dihalides.—Excépt wllite 
otherwise stated, the results with the dichloride were exactly similar 
to those given for the dibromide: 

Alcoholic potassium hydroxide. 2-Stilbazole dibromide (6-8 g.; 
1 mol.) was boiled with a solution of potassium hydroxide (2-28 g. ; 
2 mols.) in 95%, alcohol (50 ¢.c.): The solution rapidly beeame red, 
but was still alkaline after 6 hours. The alcohol was removed, 
water added to the residue, and the brown oil extracted with benzene. 
After removal of the solvent the oil was treated with successive small 
quantities of light petroleum (b. p. 50—60°). ‘The first fraetions 
deposited long, pale yellow prisms of monobromostilbazole, which 
were obtained colourless’ by recrystallisation from alcohol; m. p. 
74—-75° (Found : ©, 60-15; 'H, 4-0; Br, 30-5. C,,H, >NBr requires 
C, 60-2; H, 39; Br, 30-8%). 

‘ The later light petroleum fractions were coloured, and left a 
thick brown oil on removal of the solvent. The residue was distilled 
with steam; a colourless oil, which distilled very slowly, was 
separated with benzene. After removal of the solvent the pale 
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brown oil partly crystallised. The solid, after crystallisation from 
light petroleum, had m. p. 91° alone or mixed with 2-stilbazole. A 
portion of the residual oil gave, with bromine, 2-stilbazole dibromide, 
m. p. 172.° The remainder, on exposure to the air, yielded the solid 
base. Yields: bromostilbazole 1-5 g., 2-stilbazole 2-1 g.; 30% and 
60% of the theoretical respectively. Increase in the percentage of 
water raised the proportion of 2-stilbazole. 

In a repetition experiment the mixture was not heated, but kept 
at room temperature for 2 days. Yields: bromostilbazole 2-5 g., 
2-stilbazole 0-32 g.; 50% and 9% of the theoretical respectively. 
The residual oil slowly deposited more of the solid bromostilbazole. 

Sodium ethoxide. Preparation of monobromostilbazole. A solution 
of sodium (0-35 g.; 1 atom) in anhydrous alcohol (7-0 c.c.) was added 
to stilbazole dibromide (5-1 g.; 1 mol.). A reaction commenced on 
warming and was complete after 5 minutes’ boiling. Water (50 c.c.) 
precipitated an oil which solidified when rubbed ; yield, 3-8 g. (85% 
of the theoretical). Crystallisation from light petroleum gave 
jong colourless prisms, m. p. 75°. The mother-liquor, after evapor- 
ation, left an oil which gave solid monobromostilbazole on long 
standing. The length of the crystals obtained by slow crystallis- 
ation from light petroleum appears to be limited only by the size of 
the vessel. From alcohol, on the other hand, large compact prisms 
are obtained. 

Pyridine. 2-Stilbazole dibromide (3-4 g.) was boiled with pyridine 
(6g.)for lhour. The dark solution was poured into water, and the 
solid crystallised from alcohol; m. p..90—91°, mixed m. p. (with 2- 
stilbazole) 90—91°. Yield, 1-35 g. (75% of the theoretical). 

Piperidine. 2-Stilbazole dibromide (6-8 g.) was heated on the 
water-bath with piperidine (5 g.) during 10 minutes. The semi-solid 
product was treated with water (30 c.c.) and extracted with benzene. 
The solvent was removed and the residual oil crystallised from light 
petroleum ; m.p. 74—75° ; yield, 3-3 g. of monobromostilbazole (63% 
of the theoretical), A small quantity of oil was not examined. 

Potassium iodide. 2-Stilbazole dibromide (0-2049 g.) was boiled 
with potassium iodide (4 g.) in alcoholic solution (100 c.c.), The 
reaction was followed by titration of aliquot portions of the liquid, 
largely diluted with water, with N/10-sodium thiosulphate solution. 
After 3 hours, the rate of liberation of iodine slackened and became 
constant; total, 0-1820 g. I,. In a parallel experiment from which 
the dibromide was omitted, 0-025 g. I, was liberated; differ- 
ence 0-1570 g. Theoretical, calculated from the equation 
C,NH,CHBrCHBrPh + 2KI = C;NH,CH:CHPh + 2KBr + I,, 
0-1527 g. 

Hydriodicacid. 2-Stilbazole dibromide (0-110g.) was heated on the 
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water-bath with potassium iodide (0-10 g.) in acetic acid (10g.). The 
iodine liberated was titrated with N /10-sodium thiosulphate solution. 
Found, 0-080 g. The equation C;NH,CHBr-CHBrPh + 2HI = 
C;NH,CH:CHPh + 2HBr + I, requires 0-0804 g. 

A mixture of 2-stilbazole dibromide (3-4 g.; 1 mol.), acetic acid 
(10 c.c.), and potassium iodide (3-34 g.; 2 mols.) was heated to boiling 
and rapidly cooled to 15°. The brown crystalline mass which 
separated was removed, pressed, and treated with sulphurous acid 
to remove iodine. The yellow needles obtained softened at 96°, 
melted at 100°, resolidified at 116—120°, and again melted at 179— 
180°. A portion crystallised from hot water and dried at 100° had 
m. p. 182—184°, and mixed m. p. (with an authentic specimén of 2- 
stilbazole hydriodide) 182—184° (Found: I, 36-6 ; M, by titration 
with V’/10-NaOH, 341. Calc. for C,,H,,N,HI,2H,0O: I, 36-8%; M, 
345). A portion gave with sodium carbonate solution a white 
solid, m. p. 90—91°; mixed m. p. (with 2-stilbazole) 90—91°. 

Phenol. 2-Stilbazole dibromide (2°5 g.) was heated with phenol 
(0-50 g.; excess) at the melting point of the mixture during 2 hours. 
The solid product was dissolved in hot alcohol; needles of hydrated 
2-stilbazole hydrobromide, m.’ p. 187—189°, separated on cooling. 
Treatment with sodium carbonate gave 2-stilbazole, m, p. 90—91°. 
The alcoholic mother-liquor was poured into water; the red solid 
obtained, crystallised from hot water, had m. p. 94—95°, and mixed 
m. p. (with tribromophenol) 94—95°. 

An authentic specimen of 2-stilbazole hydrobromide was prepared 
from the pure base in needles, readily soluble in hot water and 
sparingly soluble in alcohol ; m. p. (anhydrous) 188—189° (Found: M, 
280-5. C,,H,,N,HBr,H,O requires M, 280). 

The experiment was repeated, sufficient phenol being used to remove 
only half the bromine as tribromophenol ; the result was as before. 

Action of Sodium Ethoxide upon 2-Stilbazole Dichloride-—To a 
solution of sodium (0-50 g.) in anhydrous alcohol (10 c.c.), 2-stilbazole 
dichloride (3 g.) was added, and the solution boiled during 10 minutes. 
The alcohol was removed, the residue treated with water and 
extracted with benzene, the solvent removed, and the oil dissolved 
in light petroleum ; colourless prisms of monochlorostilbazole, m.p. 63°, 
readily soluble in alcohol and sparingly soluble in light petroleum, 
were obtained (Found : Cl, 16-5. C,,H,9NCl requires Cl, 16-4%). 


The authors are indebted to Professor F. 8. Kipping, F.R.S., for 
his interest in this work, and to the South Metropolitan Gas Company 
for a supply of pyridine bases. 


University CoLLeGe, NorrincHaM. [Received, February 7th, 1930.] 
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LXXII.—Digoxin, a New Digitalis Glucoside, 
By Sypney Sirs. 


Iy recent years it has been shown that the leaves of Digitalis lanata 
have a greater physiological activity than those of Digitalis purpurea, 
the species used in medicine; eg., Wokes (Quart. J, Pharm. 
Pharmacol., 1929, 2, 292) found the potency of a specimen of 
Digitalis lanata to be 3-5—4 times that of the international standard 
leaf. 

The total glucosides of the leaves of this species were therefore 
isolated and fractionated in order to separate the glucosides and 
compare them with those from the official species. This part of 
the work is not yet completed, but during the fractionation a glucoside 
was obtained in small amount differing from those hitherto known. 
This new glucoside, which has been named digoxin, resembles gitoxin 
in its sparing solubility in chloroform, but is readily distinguished 
from it by giving an olive-brown colour completely free from red when 
dissolved in acetic acid containing a trace of ferrie chloride and 
treated with sulphuric acid (Keller reaction). In the latter respect 
it is similar to pure digitoxin. Digoxin is optically active. It is 
very easily hydrolysed and gives a crystalline genin and only one 
sugar, digitoxose. The results of combustion and the molecular- 
weight determinations of the genin suggest the empirical formule 
CyH,,0,, and C,,H,,0, for digoxin and digoxigenin respectively 
and the yields of the hydrolytic products are in agreement with the 
equation C,,H,,0,, + 3H,0 = C.3H,,0, + 3C,H4.0,. 

Dr. J. W. Trevan, of the Wellcome Physiological Research 
Laboratories, has kindly estimated the activity of the glucoside and 
its genin by the Trevan and Boock frog method with the following 
results: 1 mg. of digoxin is equivalent to 0-28 mg. of standard 
ouabain and 1 mg. of digoxigenin is equivalent to 0-026 mg. of 
standard ouabain. _ 

EXPERIMENTAL. 


The total glucosides were dissolved in acetone and kept for some 
time until a mixture of the less soluble glucosides (fraction A) 
separated. The mother-liquor was diluted with water and allowed 
to stand. The precipitate (fraction B) was separated, and the 
filtrate saturated with sodium chloride (fraction C). Each of these 
three precipitates contained digoxin. The acetone crop (A) may be 
worked up by dissolving it in 80% alcohol and concentrating the 
solution under diminished pressure until solid separates ; ‘after filter- 
ing, the solution is concentrated and one or two further crops are 
obtained. By boiling each fraction with chloroform or ethyl acetate, 
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a sparingly soluble portion is obtained which is purified by solution 
in 80% alcohol and concentration as before. The purification is 
continued in this way until the specific rotation remains unchanged 
and the Keller reaction gives an olive-brown colour completely free 
from any trace of red. Fractions B and C may be worked up by 
dissolving them in alcohol and gradually diluting the solutions 
with water. The less soluble fractions are then purified by the 
process described for fraction A. 

Digoxin crystallises from dilute alcohol or from pyridine and water 
in colourless, four- or five-sided plates free from solvent (Found in 
material dried at 100° in a vacuum: C, 63-1, 63-1, 63-0; H, 8:2,. 
8:3, 82. C,yH,,0,, requires C, 63-0; H, 83%). The m. p. varies 
with the rate of heating, but when placed in a bath at 260° and 
slowly heated, the substance melts and decomposes at about 265° 
(corr.). It is almost insoluble in chloroform, ethyl acetate, and 
acetone, but dissolves in a mixture of chloroform and alcohol or in 
pyridine or dilute alcohol. It is more soluble in hot 80% alcohol 
than gitoxin. In pyridine solution the specific rotation [«]%;, = + 
133° (c = 1-5). Like digitoxin and gitoxin, digoxin gives on 
heating an oily distillate which readily crystallises. 

Hydrolysis of digoxin. Digoxin (2-903 g. dried at 100° in a vacuum) 
was boiled under reflux with a mixture of alcohol (290 c.c.) and 
water (290 c.c.) containing 2-25 c.c. of hydrochloric acid (d 1-16) for 
}hour. The solution was neutralised with sodium hydroxide and 
concentrated under reduced pressure. The genin separated in well- 
defined prisms and after drying at 80° in a vacuum weighed 1-387 g. 
(47-89%). The filtrate and washings were diluted to 200‘c.c. and 
after addition of 0-4 c.c. of concentrated hydrochloric acid the 
mixture was heated on a water-bath for 20 minutes. After cooling, 
the liquid was extracted with chloroform, which removed a trace of 
sticky material (0-037 g.; 1:3%). The aqueous liquid was neutral- 
ised with sodium hydroxide and evaporated to dryness under 
diminished pressure, the residue was thoroughly dried over sulphuric 
acid in a vacuum desiccator and extracted with dry acetone, and the 
extract was evaporated to dryness. The residual sugar rapidly 
crystallised and after drying at 80° in a vacuum weighed 1-541 g. 
(53-1%). 

Digoxigenin. The anhydrous genin without purification had 
{a} == -+ 25-8° (c in methyl alcohol, 1-04). After one crystallisation 
from ethyl acetate it had [«]3%,, -+- 27-0° (c in methyl alcohol, 1-77), and 
this value was not altered by further crystallisation. Digorigenin 
separates from ethyl acetate in stout colourless prisms free from 
solvent, m. p. 222° (corr.). It erystallises from dilute alcohol in 
Prismatic rods containing water of crystallisation. When dissolved 
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in glacial acetic acid containing a trace of ferric chloride and treated 
with sulphuric acid, it gives a greenish-yellow ring (Found for the 
air-dried crystals: C, 64-5; H, 8-8; loss at 80° in a vacuum, 8:6. 
C.,H,,0;,2H,O requires C, 64:7; H, 9-0; H,O, 85%. Found for the 
substance dried in a vacuum at 80°: C, 70-7, 70-5, 70-7, 70-4; H, 8-6, 
8-6, 8°7, 8-7; M, in camphor, 394, 366, 372. C,,H,,0, requires C, 
70-7 ; H, 88% ; M, 390-3). 

Digitoxose. The sugar (1-541 g.) without purification had [«]%, + 
55°5° (c in water, 1-6). After crystallisation from ethyl acetate it 
had [«]%;, + 55°6° and melted at 104.° Yield of successive crops, 
1-134 g., 0-145 g., and 0-084 g. (total, 885%). By recrystallisation 
the m. p. wasraised to 112°. Cloetta (Arch. Exp. Path. Pharm., 1926, 
112, 276) recorded 110°. The sugar gave the Keller reaction 
characteristic of digitoxose (Found: C, 48-9, 48-6; H, 8-2, 8-2. 
Calc. for C,H,,0,: C, 48-6 ; H, 8-2%). 


The author is indebted to Dr. Hill, Director of the Royal Botanic 
Gardens, Kew, for the botanical verification of the material used 
and to Mr. A. Bennett for the micro-analyses. 


WeELLcoME CHEMICAL WorKS, 
DARTFORD. (Received, February 8th, 1930.] 





LX XIII.—Properties of Conjugated Compounds. Part 
VIII. Addition of Bromine to a3-, ay-, and By- 
Dimethylbutadienes. 


By Ernest Haroip Farmer, Cyrit Dunn LawRENCE, and WILLIAM 
Dauxias Scort. 


THE experiments here described are a continuation of the investig- 
ation on the influence of substitution in the butadiene chain on (1) 
the tendency towards-the initial formation of adjacent and terminal 
dibromides and (2) the related structural mobility of the dibromides 
themselves. As in previous papers, all methods of determining 
the constitutions of the bromination products which involve the 
formation and decomposition of cyclic oxides, interactions with 
sodiomalonic esters, amines, etc., have been rejected; reliance has 
been placed on the detailed examination of the action of perman- 
ganate and of ozone, and densities and refractive indices have 
frequently been determined as an aid in detecting isomerisation. 
The conclusions reached for each hydrocarbon are based on the 
observations made over a large number of bromination and oxidation 


experiments. 





bu 
13: 
bre 
of 
bro 
(dis 
( 
stal 
atic 
refr 
are 
abs 
the 
hyd 
inve 
mad 
deri: 
whic 
man, 
| the s 
whic 
durir 
perm 
ation 
the h 
is alt 
propi 
degra 
a dire 
not bi 
ae 
ation 
reduct 
the o» 
constit 
by Ky 
* Th 
method 
Warren 
With th 
For this 
carbons 


the Gen 
portion. 








so, otlUWWQD Gu \ -_ 





PROPERTIES OF CONJUGATED COMPOUNDS. PART VIII. 511 


a8-Dimethylbutadiene.—The addition of bromine to «8-dimethyl- 
butadiene has been examined by Duden and Lemme (Ber., 1902, 35, 
1338), who obtained their hydrocarbon by the removal of hydrogen 
bromide from fe-dibromohexane with quinoline. The boiling point 
of their specimen was somewhat high (87—89°),* but evidence was 
brought forward which showed that the major portion of the 
(distilled) dibromide obtained therefrom was the terminal dibromide. 

Our experiments have shown that the dibromide produced is a 
stable compound having no recognisable tendency towards isomeris- 
ation at room temperature or on heating. The densities and 
refractive indices of freshly prepared, distilled, and aged specimens 
are identical, and the evidence of oxidation processes indicates the 
absence therefrom of any proportion of an isomeride. Consequently 
the formation of a homogeneous terminal dibromide from this 
hydrocarbon appears to be more complete than in any instance yet 
investigated. In order to show this directly, attempts have been 
made to convert the dibromide quantitatively into its dihydroxy- 
derivative, CHMeBr-CH(OH)-CH(OH)-CHMeBr, a solid form of 
which (see p. 516) is readily produced during oxidation with per- 
manganate. Invariably, however, two dibromoglycols are formed— 
the solid already mentioned (representing about 60° of the dibromide 
which suffers oxidation) and a liquid which loses hydrogen bromide 
during distillation. The former resists the further action of cold 
permanganate, but the latter is so readily attacked that its degrad- 
ation proceeds side by side with the preliminary hydroxylation of 
the hydrocarbon dibromide. Consequently the liquid dibromoglycol 
is always accompanied by considerable quantities of «-bromo- 
propionic, lactic, and pyruvic acids: presumably these are its own 
degradation products, but since it is obtainable only in small yield, 
a direct demonstration of its oxidisability to these substances has 
not been possible. 

ay-Dimethylbutadiene.—The hydrocarbon was obtained by dehydr- 
ation of §-methylpentane-@3-diol, OH-*CMe,-CH,-CHMe-OH, the 
reduction product of diacetone alcohol. Our early experiments on 
the oxidation of the derived dibromide at once showed that the 
constitution of ««-dimethylbutadiene assigned to the hydrocarbon 
by Kyriakides (J. Amer. Chem. Soc., 1914, 36, 994) was incorrect, 


* The homogeneity of conjugated hydrocarbons prepared by recorded 
methods has been concurrently investigated by one of us with Dr. F. L. 
Warren. The results of this investigation will shortly be published together 
with the physical properties of the seven mono- and di-methylbutadienes. 
For this reason, physical data (other than boiling points) relating to hydro- 
tarbons are here omitted. For convenience in this and subsequent papers, 
the Geneva names for the hydrocarbons are restricted to the experimental 
portion. 
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but details of the establishment of the alternative constitution 
are here omitted because Diels and Alder (Annalen, 1929, 470, 98) 
have shown that this and several other methods believed to give 
the «hydrocarbon yield in fact the «y-isomeride. The inter- 
mediate dehydration product, represented as CMe,-CH-CHMe:OH 
by Kyriakides, is probably an isomeric methylpentenol, since we 
could not isolate acetone from its oxidation products. 

The oily dibromide obtained from «y-dimethylbutadiene is 
unstable, suffering partial degradation to a monobromide on heating 
or (slowly) on standing. Since at each successive distillation a 
considerable portion of the dibromide is broken down, leaving a 
residue which is to all appearances. homogeneous and without 
tendency towards isomeric change, there is nothing to suggest that 
a preferential degradation of one component in a mixture of «- (or 
y8-) and «8-dibromides is taking place. The densities of freshly 
prepared undistilled and distilled samples do indeed differ slightly 
(1-586 and 1-603 respectively), probably owing to the formation of a 
trace of monobromide during the isolation of the former. Per- 
manganate oxidation experiments. with distilled and undistilled 
specimens of the dibromide show that at least it consists largely of 
the terminally dibrominated compound CHMeBr-CH:CMe-CH,Br, 
and both permanganate and ozone oxidations fail to furnish any 
vestige of positive evidence pointing to the initial occurrence of 
a proportion of an «$- or y8-isomeride. Although ozonolysis might 
be expected to reveal the presence of any appreciable proportion of 
either of these forms, the difficulties attending the examination of 
the products of permanganate oxidation and of ozonolysis are such 
that small quantities of their degradation products could remain 
undetected. Permanganate oxidation follows a course similar to 
that outlined in the preceding section, and therefore quantitative 
conversion into stereoisomeric dibromoglycols is not possible. 

py-Dimethylbutadiene.—The bromination of Sy-dimethylbutadiene 
has been extensively. investigated (Mariuza, J. Russ. Phys. Chem. 
Soc., 1889; 24, 4384; Couturier, Ann. Chim., 1892, 26, 480; Kon- 
dakov, J. pr. Chem., 1900, 62, 166; Courtot, Bull. Soc. chim, 
1906, 35, 969).. The completion of our study of this process syn- 
chronised with the publication of further work on the subject by 
Macallum and Whitby (Trans. Roy. Soc. Canada, 1928, III, 22, 33), 
to whom we are indebted for an early copy of their memoir. 

fy-Dimethylbutadiene, when brominated at a low temperature, 
readily yields a mixture of dibromides. The main constituent is 4 
solid terminal dibromide, CH,Br-CMe:CMe-CH,Br, m. p. 47° 
(Kondakov, loc. cit.; Macallum and Whitby, loc. cit.; p. 520 below), 
but the nature of the residual liquid product has not been determined. 
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n f Assuming that the liquid, like the solid, is an «5-compound, Macallum 
3) and Whitby attempted to determine which is the cis- and which the 
re trans-form by causing reaction with diethylamine. The results were 
r- anomalous and the authors state that the explanation may be that 
H the liquid dibromide is a mixture rather than a chemical individual. 
ve The liquid dibromide cannot be freed from the dissolved solid 
form by repeated freezing and filtration (with or without a solvent) ; 

is the freezing point of the residual liquid, however, rises considerably 
ng and the density diminishes. A close estimate of the composition 
a of the dibromide mixture has consequently not been possible. The 


a solid form is certainly produced originally to the extent of more 
ut than 80% of the total yield, and it gives, on heating at 100°, a liquid 
vat which is in no respect distinguishable (this applies to general properties 
(or and behaviour on oxidation and distillation) from that obtained by 
ily direct bromination. This liquid, after being freed as far as possible 
tly from the solid form, represents about 18% of the bromide taken. 
fa | The reverse change, liquid —> solid, can be brought about by 
er- heating for a short time at 100°; we have not thus succeeded in 
led | obtaining so high a yield as 80° of the solid form, but estimation 
‘of | has been difficult with the comparatively small quantities of purified 
Br, | material available. The use of quinoline perbromide as a brominat- 
uny | ing agent causes a considerable diminution in the proportion of solid 
_ of | bromide separable from the product but offers practical difficulties 
ght | in large-scale preparations. 

1 of Macallum and Whitby state that both liquid and solid dibromides 
1 of | distil at 105—110°/18-5 mm. We have found, by repeated tests 
uch | with the “frozen out ”’ liquid, that distillation begins at 101° and 
ain § continues to 105° at 15 mm. (the solid distils at 103—105° with 
- to | some change to the liquid form); the character of the fractions 
tive | collected over 1° ranges indicates that the solid form (already present 
or formed during distillation) progressively volatilises in the vapour 
iene | Of the liquid form. Nevertheless, the difference in boiling point 
vem. | Of the two substances is much smaller than that of the corresponding 
‘on- | butadiene derivatives. 

m., Long-continued degradation experiments have failed to demon- 
syn- | strate that the liquid form is the «$-dibromide. In all our 
| by | oxidations, as was to be expected, degradation products from the 

33), | solid dibromide appeared. Otherwise the products from the two 
dibromides differed considerably. Ozonolysis of «$-hydrocarbon 
ture, | dibromides has rarely been satisfactory in our hands; gross decom- 

is @} position, involving loss of hydrogen bromide, usually occurs during 

47° | hydrolysis of the ozonide, and, in this instance, although the presence 
low), | Of formaldehyde and of a bromo-ketone other than bromoacetone 


ined, | could be detected amongst the non-resinous products, the expected 
T 
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but details of the establishment of the alternative constitution 
aré here omitted because Diels and Alder (Annalen, 1929, 470, 98) 
have shown that this and several other methods believed to give 
the «a-hydrocarbon yield in fact the «y-isomeride. The inter- 
mediate dehydration product, represented as CMe,-CH-CHMe:OH 
by Kyriakides, is probably an isomeric methylpentenol, since we 
could not isolate acetone from its oxidation products. 
The oily dibromide obtained from w«y-dimethylbutadiene is 
unstable, suffering partial degradation to a monobromide on heating 
or (slowly) on standing. Since at each successive distillation a 
considerable portion of the dibromide is broken down, leaving a 
residue which is to all appearances. homogeneous and without 
tendency towards isomeric change, there is nothing to suggest that 
a preferential degradation of one component in a mixture of «f- (or 
y8-) and «8-dibromides is taking place. The densities of freshly 
prepared undistilled and distilled samples do indeed differ slightly 
(1-586 and 1-603 respectively), probably owing to the formation of a 
trace of monobromide during the isolation of the former. Per. 
manganate oxidation experiments. with distilled and undistilled 
specimens of the dibromide show that at least it consists largely of 
the terminally dibrominated compound CHMeBr-CH:CMe-CH,Br, 
and both permanganate and ozone oxidations fail to furnish any 
vestige of positive evidence pointing to the initial occurrence of 
a proportion of an «f- or y8-isomeride. Although ozonolysis might 
be expected to reveal the presence of any appreciable proportion of 
either of these forms, the difficulties attending the examination of 
the products of permanganate oxidation and of ozonolysis are such 
that small quantities of their degradation products could remain 
undetected. Permanganate oxidation follows a course similar to 
that outlined in the preceding section, and therefore quantitative 
conversion into stereoisomeric dibromoglycols is not possible. 
py-Dimethylbutadiene.—The bromination of Sy-dimethylbutadiene 
has been extensively investigated (Mariuza, J. Russ. Phys. Chem. 
Soc., 1889; 24, 434; Couturier, Ann. Chim., 1892, 26, 480; Kon- 
dakov, J. pr. Chem., 1900, 62, 166; Courtot, Bull. Soc. chim, 
1906, 35, 969). The completion of our study of this process sym 
chronised with the publication of further work on the subject by 
Macallum and Whitby (Trans. Roy. Soc. Canada, 1928, III, 22, 33), 
to whom we are indebted for an early copy of their memoir. 
fy-Dimethylbutadiene, when brominated at a low temperatur, 
readily yields a mixture of dibromides. The main constituent is* 
solid terminal dibromide, CH,Br-CMe:CMe-CH,Br, m. p. 47 
(Kondakov, loc. cit.; Macallum and Whitby, loc. cit.; p. 520 below), 
but the nature of the residual liquid product has not been determined. 
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Assuming that the liquid, like the solid, is an «5-compound, Macallum 
and Whitby attempted to determine which is the cis- and which the 
trans-form by causing reaction with diethylamine. The results were 
anomalous and the authors state that the explanation may be that 
the liquid dibromide is a mixture rather than a chemical individual. 

The liquid dibromide cannot be freed from the dissolved solid 
form by repeated freezing and filtration (with or without a solvent) ; 
the freezing point of the residual liquid, however, rises considerably 
and the density diminishes. A close estimate of the composition 
of the dibromide mixture has consequently not been possible. The 
solid form is certainly produced originally to the extent of more 
than 80%, of the total yield, and it gives, on heating at 100°, a liquid 
which is in no respect distinguishable (this applies to general properties 
and béhaviour on oxidation and distillation) from that obtained by 
direct bromination. This liquid, after being freed as far as possible 
from the solid form, represents about 18% of the bromide taken. 
The reverse change, liquid —> solid, can be brought about by 
heating for a short time at 100°; we have not thus succeeded in 
obtaining so high a yield as 80° of the solid form, but estimation 
has been difficult with the comparatively small quantities of purified 
material available. The use of quinoline perbromide as a brominat- 
ing agent causes a considerable diminution in the proportion of solid 
bromide separable from the product but offers practical difficulties 
in large-scale preparations. 

Macallum and Whitby state that both liquid and solid dibromides 
distil at 105—110°/18-5 mm. We have found, by repeated tests 
with the “frozen out ”’ liquid, that distillation begins at 101° and 
continues to 105° at 15 mm. (the solid distils at 103—105° with 
some change to the liquid form); the character of the fractions 
collected over 1° ranges indicates that the solid form (already present 
or formed during distillation) progressively volatilises in the vapour 
of the liquid form. Nevertheless, the difference in boiling point 
of the two substances is much smaller than that of the corresponding 
butadiene derivatives. 

Long-continued degradation experiments have failed to demon- 
strate that the liquid form is the «$-dibromide. In all our 
oxidations, as was to be expected, degradation products from the 
solid dibromide appeared. Otherwise the products from the two 
dibromides differed considerably. Ozonolysis of «$-hydrocarbon 
dibromides has rarely been satisfactory in our hands; gross decom- 
position, involving loss of hydrogen bromide, usually occurs during 
hydrolysis of the ozonide, and, in this instance, although the presence 
of formaldehyde and of a bromo-ketone other than bromoacetone 


could be detected amongst the non-resinous products, the expected 
T 
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ketone CH,-CO-CMeBr-CH,Br (or its debromination product, methyl 
isopropenyl ketone) could not be recognised. Nevertheless, in view 
of the fact that ozonolysis of the solid dibromide readily gives 
bromoacetone in more than 80%, of the theoretical yield, the differ- 
ence in behaviour of the two isomerides on oxidation is hardly to be 
reconciled with a differentiation of merely cis-trans-nature. There 
remains for consideration the possibility that the liquid portion of 
the bromination product is a mixture of two liquid dibromides, 
namely, the «$- and the cis-«3-compound. No adequate ground for 
considering this to be the case has been encountered, yet statements 
or suggestions to the effect that the cis-«8-dibromide is the principal 
constituent of the bromination product are exceedingly difficult to 
prove or disprove: it is very doubtful if any constitutional signi- 
ficance is to be attached to the double decomposition reactions 
(Braun, Ber., 1922, 55, 3536; Macallum and Whitby, loc. cit.) of 
substances so mobile as those under consideration. 

In this series of papers, the addition of bromine to hexatriene, 
butadiene, cyclopentadiene, cyclohexadiene, and three of the five 
dimethylbutadienes has been discussed. Amongst these instances 
the isomerising capacity of dibromide forms is widespread : yet with 
fair certainty in the case of «8-dimethylbutadiene and with a high 
degree of probability in the case of «y-dimethylbutadiene it has been 
shown that the bromination product is entirely non-mobile; more- 
over, in neither of the latter instances has it been possible in a large 
number of experiments (free bromine being the addendum) to 
alter recognisably the composition of the bromination mixture. It 
seems unlikely, therefore, that experimental conditions leading to 
the production of only «$- (y8-) forms could be obtained in these 
instances, and, that being so, the general possibility in this direction 
disappears. Of the hydrocarbons mentioned above, only cyclo- 
hexadiene (J., 1929, 172) has been considered to suffer complete 
«8-dibromination, and in determining the orientation of its di- 
bromides importance has been attached to the great contrast 
between the oxidisability and extent of degradation of the dibromo- 
glycols from original and from derived forms. It is now clear that 
there is quite a considerable, although less marked, difference in 
oxidisability of the isomeric dibromoglycols from a&-forms (the 
carbon atoms carrying bromine are not here, however, oxidised to 
carboxyl) and to this extent the evidence formerly relied on is 
weakened. An attempt is being made to improve the oxidative 
technique employed in the degradation of dibromoglycols, and it is 
hoped later to supplement the evidence already brought forward 
in connexion with the constitution of the cyclohexadiene addition 
products. 
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EXPERIMENTAL. 

«3-Dimethylbutadiene (A*-hexadiene) was prepared by the 
catalytic dehydration of ethylpropenylearbinol (Kyriakides, J. Amer. 
Chem. Soc., 1914, 36, 994). The hydrocarbon, after being thoroughly 
washed aind dried, was fractionated over sodium, the portion of 
b. p. 80—82° being used. This preparation gave a quantitative 
yield of 3 : 6-dimethyl-A‘*-tetrahydrophthalic anhydride, m. p. 92°, 
with maleic anhydride (Found: C, 66:7; H, 665: Calc. for 
Ci 9H,,0, : C, 66-7; H, 67%). Diels and Alder (loc. cit., p:'102) 
give the m. p. as 95—96°. 

Bromination. This was carried out under conditions similar to 
those previously described (Farmer and Scott, J., 1929; 172): The 
dibromination product, after removal of the solvent (both hexane 
and chloroform were used), was an almost colourless oil (Found : Br, 
65°8. C,H,)Br, requires Br, 66-1%). It had dj 1-621 and nif 
1-536 immediately after isolation, and almost the same values after 
it had been (a) slowly distilled or (6) kept at room temperature for 
several days. On distillation the crude dibromide in the different 
preparations yielded only insignificant quantities of low-boiling 
material. The distillate was always a colourless oil (b. p. 85°/11 mm., 
di 1-622, nif’ 1-534. Found: Br, 66-2%) which appeared to be 
homogeneous (Duden and Lemme, loc. cit., also give b. p. 85°/11 
mm.). Distilled and undistilled specimens of the substance ‘were 
repeatedly submitted to oxidation with permanganate and ‘with 
ozone (see below) in order to detect admixed isomeric dibromides, 
if such were present. The failure to find even small amounts of 
the degradation products of the latter, and the complete absence of 
any detectable tendency to partial isomerisation as revealed by 
changing physical constants, point to the fact that the addition 
product is pure fe-dibromo- Ay-hexene. 

Unless the bromination was carried out in very dilute solution, 
there was a tendency towards the production of tetrabromides. 

Oxidation of fe-Dibromo-Ayv-hexene.—The oxidation with neutral 
permanganate at 0° was carried out essentially as previously 
described (Farmer and Scott, J., 1929, 172). Since no difference 
could be detected between the oxidation products of distilled and 
of undistilled specimens of the dibromide, only typical experiments 
are here included. In these, 20 g. portions of the dibromide, 
dissolved in acetone, were supplied with (a) 1 atom and (6) 4 atoms 
of oxygen per molecule. 

(a) On removal of the acetone from the filtered oxidation liquor 
ina current of air, a semi-solid mixture separated containing 
unchanged dibromide. This was combined with ‘a’ small residue 
from the acetone washings of the manganese mud. The solid 
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portion of the mixture was removed, and the filtrate thoroughly 
extracted with water; the residue was unchanged dibromide. The 
aqueous liquor, together with the cold aqueous extract of the 
manganese mud, yielded, on extraction with pure ether, a syrup 
from which crystals of the solid material separated. This solid, 
which crystallised from petroleum in colourless prisms, m. p. 95°, 
was (e-dibromohexane-ys-diol and was doubtless identical with the 
dibromohexanediol of Duden and Lemme, for which no m. p. is 
recorded (Found: Br, 58-0. C,H,,.0,Br, requires Br, 58-0%). 
On further oxidation with permanganate it was converted into 
a-bromopropionic acid, mixed with some lactic acid, and finally 
into pyruvic acid (phenylhydrazone, m. p. 191°; mixed m. p. with 
authentic specimen, 191°); with aqueous chromic acid it gave a 
75% yield of crystalline «-bromopropionic acid (Found: Br, 52-4; 
equiv., 153... Cale.: Br, 52-3%; equiv., 153). 

The water-soluble syrup accompanying the solid dibromo- 
hexanediol, when freed as thoroughly as possible from the latter, 
amounted to 5—10% of the total oxidation products isolated. 
Although it differed considerably from the solid dibromoglycol in 
its greatly inferior stability towards permanganate and towards 
heat, it appeared to be a stereoisomeride (or mixture of stereo- 
isomerides) of (e-dibromohexane-y3-diol (Found: Br, 58-4%). 
When it was heated under reduced pressure, decomposition took 
place, giving dehydrobromination products which appeared to be 
partly of cyclic-oxide and partly of ethylenic type (the main portion, 
b. p. 115—125°/1 mm., corresponded closely in bromine content 
to the formula C,H,,0,Br); the highest fraction (about 1/3 of the 
whole), however, consisted of the solid dibromoglycol, which appeared 
to have been formed by isomerisation during heating. The liquid 
dibromoglycol was obtained in reasonably pure condition only at a 
late stage in the experiments and the amount of material accumulated 
was insufficient for making trustworthy observations as to its 
oxidation’ products.. The aqueous liquors, when acidified and 
extracted with ether, yielded a small quantity of acidic liquid. 
This was fractionated and consisted mainly of «-bromopropionic 
acid; pyruvic acid was present in the very small, low-boiling 
fraction. 

(6) In effecting more complete oxidation of distilled and of 
undistilled specimens of the dibromide it was desired to search for 
«8-dibromobutyric and «-bromocrotonic acids, the acidic fission 
products of an «$-dibromide (acetic acid, the complementary fission 
product, if detected, could have arisen from the acetone used as 
solvent). The acid product, when carefully fractionated, was found 
to consist mainly of «-bromopropionic acid, mixed with lactic acid 
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and a little pyruvic acid—this mixture gave excellent yields of 
pyruvic acid on further oxidation—but «$-dibromobutyric or 
a-bromocrotonic acid could not be found. 

The absence of any significant quantity of an «§-dibromide 
followed, however, more convincingly from the result of parallel 
ozonisation experiments. In all these experiments the decom- 
position of the ozonide by water was carried out at the lowest 
effective temperature while carbon dioxide was passed through the 
apparatus to sweep out any acetaldehyde or other volatile product 
that might have been formed. Immediately the decomposition 
was complete the cold aqueous reaction product was treated with 
30% hydrogen peroxide and kept for 12 hours (isolation of the 
brominated products as aldehydes was not possible owing to their 
facile ‘polymerisation). In no experiment could a trace of acet- 
aldehyde, or indeed any highly volatile product, be detected; 
similarly, none of the degradation products to be expected from 
an af-dibromide could be separated or derived from the acidic 
reaction product. 

ay-Dimethylbutadiene (8-Methyl-A*%-pentadiene)—The _hydro- 
carbon (see p. 511), after being thoroughly washed with water and 
fractionated over sodium, boiled at 75-8—76-0°. It gave a quanti- 
tative yield of the maleic anhydride addition compound. 

Bromination. Both hexane and chloroform were used as solvents 
during bromine addition, but no difference could be detected in the 
products. The undistilled dibromide, d?* 1-624, was an almost 
colourless oil (Found: Br, 66-1. C,H, Br, requires Br, 66-1%). 

On distillation the dibromide decomposed to an extent which 
varied in different experiments. Fractions were collected, as 
shown below, some carbonised residue always remaining in the 
flask. 


B. p. at 22 mm. Proportion (%). Bromine content (%). 
70— 86° 3— 7 52-8 
86— 96 6—11 61-2 
96—104 50—80 66-0 
104—115 10—15 =e 


The bromine content showed that, although more than half the 
distilled material consisted of dibromide, a considerable portion had 
lost hydrogen bromide. At each subsequent redistillation of the 
dibromide fraction (b. p. 101—103°/22 mm.) a partly carbonised 
residue and a low-boiling fraction (below 80°/22 mm.) were again 
obtained, the yield of the latter depending to some extent on the 
rate of distillation. Redistillation of the low-boiling portions yielded 
a colourless oil, b. p. 60—62°/22 mm., which was apparently an 
almost pure bromo-«3-dimethylbutadiene (Found: Br, 51-1. 
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O,H,Br requires Br, 49°6%). As a result of the observations here 
recorded, the original dibromination product is regarded as pure 
or only slightly impure fe-dibromo-8-methyl-A*-pentene. 

Oxidation of e-Dibromo-8-methyl-A*-pentene.—Here also, repeated 
experiments disclosed no constitutional difference between freshly 
prepared, undistilled specimens, and the dibromide fraction of 
b. p. 101—103°/22 mm.; accordingly, in the following account of 
oxidation by (a) ozone and (b) neutral permanganate, the nature of 
the specimen is not indicated. 

(a) The dibromide, dissolved in chloroform, was submitted to 
ozonisation for 24 hours. The crude ozonide obtained on removal 
of the chloroform was decomposed by gentle warming with water 
and the decomposition products were extracted with pure ether. 
The extract was washed with sodium bicarbonate solution, and the 
ether removed. The residue on distillation yielded the fractions 
(i) b. p. 50—60°, (ii) b. p. 60—95°, and (iii) b. p. 95—115° at 22 mm. 
Of these, the first consisted almost wholly of bromoacetone (Found : 
Br, 56-2. Calc. for C,H,OBr: Br, 58-4%. Semicarbazone, m. p. 
143°; mixed m. p. with authentic specimen, 143°) and the last 
consisted partly of unchanged dibromide. As «-bromoprop- 
aldehyde, the fission product complementary to bromoacetone, is 
destroyed by distillation, it was necessary to isolate it as the corre- 
sponding acid. Accordingly in another experiment the aqueous 
liquor containing the decomposed ozonide was allowed to stand with 
hydrogen peroxide. The product, after the neutral material had 
been removed in ether, was acidified and thoroughly extracted. 
The dried extract yielded an acidic liquid, from which fractions of 
b. p. 90—105°/757 mm. (40—-100°/22 mm.) and 100—120°/22 mm. 
were obtained ; the former satisfied no test for formic acid or acetic 
acid, and the latter, consisting of somewhat impure bromopropionic 
acid, was readily converted successively into sodium lactate and 
pyruvic acid (phenylhydrazone, m, p. 191°; mixed m. p. with an 
authentic specimen, 191°). It was thus established- that both 
fission products of an «3-dibromide were produced in considerable 
amounts; it remained to search for fission products of an «®- and 
of a yé-dibromide. Since little success attended the manipulation 
or attempted isolation of the non-volatile brominated aldehydes and 
the acids derived therefrom by gentle oxidation, effort was especially 
directed to the recognition of even traces of formaldehyde (from an 
«$-dibromide) or of acetaldehyde (from a 3-dibromide). The 
vapours generated during the hydrolysis of ozonide specimens were 
therefore swept by a stream of carbon dioxide into water and into 
an alcoholic solution of $-naphthol. In the many experiments 
carried out, the formation of neither formaldehyde nor acetaldehyde 
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could be detected by odour, by the formation of a $-naphthol 
derivative, or by other tests. 

(6) The oxidation of the dibromide by neutral permanganate at 
0° (1 atom of oxygen per molecule of dibromide) was carried out in 
acetone solution in the usual way. After removal of the manganese 
mud and acetone, the aqueous oxidation liquid deposited a solid 
and an oily liquid. The former was a solid dibromoglycol, which 
crystallised from petroleum in colourless prisms, m. p. 94—95° 
(Found: Br, 58-0. C,H,,0,Br, requires Br, 58-0°%); the latter 
contained bromoacetone (semicarbazone, m. p. 143°) and unchanged 
dibromide, both of which were readily separated, but the remaining 
brominated material decomposed on attempted distillation at 1 mm. 
pressure. The solid dibromoglycol was fe-dibromo-8-methylpentane- 
y8-diol. When gently oxidised with aqueous chromic acid, it 
yielded an oil, the neutral portion of which was bromoacetone and 
the acidic portion was converted into pyruvic acid by hydrolysis 
and subsequent oxidation: with permanganate. Since the solid 
dibromoglycol was obtained in much smaller yield than the corre- 
sponding compound from «3-dimethylbutadiene, attempts were made 
to isolate a second isomeric compound. The oxidation products, 
however, proved too intractable for success in this direction, and 
attempts to demonstrate by permanganate oxidation anything beyond 
the fact that a considerable proportion of the dibromide suffered 
decomposition into the appropriate products proved unprofitable. 

By-Dimethylbutadiene.—The hydrocarbon was prepared from 
pinacol by the method of Kyriakides (J. Amer. Chem. Soc., 1914, 
36, 987). It was very thoroughly washed, dried, and frattionated ; 
after a final distillation over sodium, it boiled at 69-5—70°/765 mm. 
Yield, 60%. 

Bromination. The addition of bromine was carried out in 
chloroform, carbon disulphide, purified petroleum, ether, and 
hexane, at —15°. Removal of the solvent under reduced pressure 
yielded a pale yellow semi-solid mass, from which liquid and solid 
components were separated by mixing it with light petroleum and 
freezing out the solid : this was so excessively soluble in the liquid 
bromide that after six freezings and filtrations only an indifferently 
good separation was effected. Working without a solvent, or with 
other solvents, gave even less satisfactory results. The total yield 
of solid separated was slightly more than 80% of the bromination 
product. All operations with the bromides were carried out in front 
of a powerful suction fan on account of their lachrymatory nature. 

The solid portion of the bromination product. This consisted 
entirely of the «8-dibromo-fy-dimethyl-A’-butene (colourless 
needles, m. p. 47°. Found: Br, 66:5. Calc.: Br, 66-4%) described 
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by Kondakov (loc. cit.). Concerning its easy and very extensive 
degradation to bromoacetone by permanganate oxidation and by 
ozonolysis, our results agreed entirely with those of Kondakov and 
of Macallum and Whitby (loc. cit.). 

When heated at 100° for 1 hour, the solid dibromide suffered 
partial conversion into a liquid. This liquid, freed as thoroughly 
as possible from unchanged solid, amounted to about 18%, of the 
total—a proportion that could not be increased by prolonging the 
period of heating (decomposition became serious on long heating). 
It had invariably the correct bromine content and showed no 
appreciable difference from the directly obtained liquid dibromide 
when submitted to most of the operations and reactions employed 
in the examination of the latter. The change produced by heating 
took place to some extent during distillation, causing the pure 
substance to boil over a range (103—105°/15 mm.); the distillate 
yielded a small proportion of oily dibromide. 

The liquid portion of the bromination product. When strongly 
cooled, the liquid product solidified to a hard crystalline mass; 
this rapidly liquefied when the temperature rose, leaving crystals 
of the solid form temporarily undissolved. It distilled completely 
between 101° and 105° at 15 mm., the fractions collected at 1° 
intervals freezing with different degrees of ease. Attempts were 
made, by distilling a considerable quantity of the liquid dibromide, 
to isolate a pure compound, but none of the fractions appeared to be 
free from the solid dibromide : indeed, distillation gave no better 
separation than filtration and resulted in considerable loss of liquid 
material by isomerisation. Such isomerisation was readily effected 
by heating the liquid compound at 100° for a few minutes; after 
dilution and cooling, the solid compound could be filtered off. 

Ozonolysis of the Liquid Bromination Product.—The liquid, dis- 
solved in chloroform and cooled in an ice-salt mixture, was ozonised 
for 8 hours. The ozonide decomposed very slowly when gently 
heated with water, giving a large quantity of resinous material. 
The aqueous liquor, in which formaldehyde could be detected, was 
submitted to steam distillation; the volatile degradation products 
were extracted with ether and fractionated. The distillate com- 
prised (i) bromoacetone, b. p. 45—50°/16 mm. (semicarbazone, 
m. p. 143°; Found: Br, 58-6. Cale.: Br, 58-4%); (ii) a bromine- 
containing mobile liquid, b. p. 50—55°/16 mm., which yielded 4 
crystalline precipitate with semicarbazide, the precipitate being 
halogen-free and giving a red colour with ferric chloride ; (iii) a small 
amount of a mobile bromine-containing liquid, b. p. 55—90°/16 mm.; 
and (iv) a viscous high-boiling fraction which contained some 
unchanged dibromide but consisted mainly of polymerised material. 
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The liquid produced by heating the solid dibromide gave exactly 
similar products, but in neither case was it possible to isolate pure 
substances directly or indirectly from the distillate. 

Permanganate Oxidation of the Liquid Bromination Product.— 
The bromine, in 15—20 g. portions, was suspended in water (or 
dissolved in acetone) and oxidised with neutral permanganate at 0° 
(1 atom of oxygen per molecule). The product, worked up in the 
usual way and freed from traces of acidic matter, was a liquid which 
yielded on distillation the fractions: (i) bromoacetone, b. p. 45— 
50°/15 mm.; (ii) and (iii) mobile bromine-containing liquids (partly 
at least ketonic) similar to the corresponding fractions of the 
ozonolysis product; (iv) a mobile liquid, b. p. 93°/16 mm., obtained 
in considerable yield and evidently derived from a dibromoglycol 
by loss of hydrogen bromide (Found: C, 35-5; H, 5-8; Br, 40-4, 
C,H,,0,Br requires C, 36-9; H, 5-6; Br, 410%); (v) a viscous 
liquid, b. p. 120°/16 mm., apparently derived from a dibromoglycol 
by loss of hydrogen bromide (Found ; C, 33-2; H, 4-9; Br, 45-4%); 
(vi) a small quantity of a solid dibromoglycol, b. p. 148°/16 mm., 
which crystallised from petroleum in colourless prisms, m. p. 93° 
(Found: Br, 57-5. C,H,,0,Br, requires Br, 57-:2%). Since this 
was further oxidisable to bromoacetone, it was «3-dibromo-By- 
dihydroxy-By-dimethylbutane. The liquid obtained by heating the 
solid dibromide yielded similar oxidation products, 

For comparison, the solid dibromide was likewise oxidised with 
permanganate, only 1 atom of oxygen per molecule being used, 
There were obtained: (i) bromoacetone; (ii) a small amount of 
viscous liquid, b. p. about 120°/15 mm., which from its nature and 
composition appeared to be somewhat impure dibromoglycol; 
(iii) a large amount of the solid dibromoglycol, m. p. 93°, described 
above. Thus, whereas the solid dibromide yielded two dibromo- 
glycols and some bromoacetone, the liquid yielded (in addition to 
a minor proportion of the same products) a very considerable 
proportion of other products, including dihydroxylated compounds 
which had lost hydrogen bromide. The difference between the 
oxidation products of the two dibromides was maintained from 
experiment to experiment; but since permanganate oxidation 
appeared quite unlikely to furnish conclusive evidence of the con- 
stitution of the liquid dibromide, experiments were discontinued. 


The authors desire to express to the Chemical Society their thanks 
for a grant (to W. D. 8.) which has defrayed a portion of the cost of 
the investigation. 
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LX XIV.—Properties of Conjugated Compounds. Part 
IX. The Formation of Bimolecular Reduction 
Products of Butadiene Acids. : 


By CuarLtes Mitts Cawiey, Jonn Trevor Evans, and ERNEST 
HAROLD FARMER. 


Evans and Farmer (J., 1928, 1644) have shown that the addition 
of hydrogen to conjugated carbon compounds is not invariably 
terminal, thus taking the first step towards bringing hydrogen into 
line with other common addenda. It has now been found that the 
presence of alkyl groups at different positions in the butadiene chain 
of £-vinylacrylic acid seems to affect the relative extents to which 
#8- and «3-dihydrogen derivatives are produced : the crudeness of 
the method of estimating the proportion of the «$-acid * (Evans 
and Farmer, loc. cit.), however, prevents any confident application 
of the results to quantitative discrimination between alkylation 
effects. It has also been found in experiments with different types 
of butadiene compound, hydrogenated by the action of different 
metals, media, etc., that the formation of hydrogenated bimolecular 
compounds is so common that it must be considered a normal 
feature of reduction. Since the bimolecular compounds are fre- 
quently formed side by side with the simple dihydrogen derivatives, 
their theoretical significance cannot be neglected in a consideration 
of the mechanism of hydrogen addition. 

It has been shown that linkage of monohydrogenated molecules 
may occur at the §-carbon atom of the butadiene chain. Corre 
sponding linkage of reactant molecules might be expected also to 
be possible at the 8- or the ¢-carbon atom and the principle entailed 
would merely represent an extension of that underlying the formation 
of pinacols and the bimolecular reduction products of mesityl 
oxide, ethyl «-cyano-68-dimethylacrylate, etc. 

Crotylideneacetone and ethyl crotylidenemalonate were the first 
instances discovered in which there was a definite departure from 
the rule respecting terminal hydrogen addition. The reduction 
products from the former of these have already been described, but 
the constitutions attributed at the same time to those from the 


* The method presents two unsatisfactory features: (1) The acid mixture 
must be fractionated so thoroughly that no unreduced acid is left behind. 
It is well-nigh impossible to do this without sacrificing a portion of the dis- 
tillate and so running the risk of changing the proportion of the isomerides. 
(2) In addition to the expected acids the permanganate oxidation product 
yields syrupy residues which survive re-oxidation processes. These are per- 
sistently obtained from the alkylsorbic acids. 
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latter proved so difficult of establishment that an account of the 
reduction is only now possible. 

The unimolecular hydrogenation products from ethyl crotylidene- 
malonate appear in quite insignificant quantity when aluminium 
amalgam is the reducing agent; almost the entire product consists 
of a mixture of two isomeric bimolecular esters, one of which is a 
solid. It was expected that each of these substances would be 
correctly represented by one or other of the formule (I) and (II). 


CHMe:CH-CH-CHX, CHMe-CH:CH-CHX, 


CH 
H/ | \CH-CH 
CHMe:CH-CH-CHX, CHMe-CH:CH-CHX, — ae 
(I.) (iI.) Vi 
(X = CO,Et) H (iL) 


Although the composition of the substances corresponded with 
this expectation, it soon became obvious that both representations 
were incorrect. In the first place, both substances were so saturated 
that they were quite unaffected by permanganate at +20° or by 
ozone; in the second place, both substances took up two, and only 
two, atoms of hydrogen in the presence of palladium, the hydrogen- 
ation being effected with difficulty. The first of these properties 
could conceivably be the result of steric hindrance, but the two in 
combination suggested at once the dicyclic constitution (III) for 
the original compounds (alternatively, but improbably, IV, for one 
or both) and the monocyclic constitution (V) for their fully reduced 
derivatives. It was remarkable that with one exception all the 











CH iia 
Me Pesta 2 MeCH: nH: ‘CHX, smog’ G H-CHX, 
CHX,-CH Me  MeCH je -CHX, M H-CBrX, 
a Bt 
(IV.) rox , (VI.) 
(X = CO,Et) 


numerous derivatives prepared from the bimolecular compounds 
were liquids. 

In the detailed examination chief attention was paid to the solid 
compound. This substance absorbed 4 atoms of bromine per 
molecule to yield a tribromide and 6 atoms of bromine (the limit of 
absorption) to yield a tetrabromide. The bromination process. was 
obviously one of combined substitution and addition so that the 
results corresponded with the formation of (V1) and (VII) from (III). 
The corresponding fully reduced ester absorbed, in accordance with 
formula (V), only 4 atoms of bromine per molecule to yield a di- 
bromide representable by (VIII). Attempts were made to oxidise 
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to carboxyl the bromomalonic groups in the compounds to which 
formule (VII) and (VIII) apply, but oxidation always proceeded 
irregularly and failed to yield homogeneous products. 


CHBr CH, 
wi. MeQH” \CH-CBrxX, © Me(H” \CH-CBrX; yp) 
MeCH\ CH-CBrX,  MeCH\_/CH-CBrX, 

CHBr 
(X = CO,Et) 


The solid bimolecular ester, when hydrolysed with alkali, yielded 
a mixture of unsaturated tetrabasic acids—liquid and solid: these 
appeared from their behaviour with permanganate to be represent- 
able by (IX) and (X) respectively. The sodium salts of this acid 


CH, CH Xs 
mech’ Ne:cy, Mech So-cHY, — MeQH/ NOH-CH,X 
re ~rptrensaiimmcege® CHY, neta, CH,X 


. ) (X. ) (XI. ) 

(X = CO,Et; Y = CO,H) t 
mixture, when reduced catalytically, yielded a somewhat impure 
tetrabasic acid, and this, by decarboxylation, a crude dibasic acid 
the ethyl ester of which agreed in composition with formula (XI). 
An apparently identical dibasic acid was obtained by hydrolysing 
and decarboxylating the fully reduced ester (V). If the bimolecular 
esters were representable by formula (I) or (II), the corresponding 
saturated dibasic acid would be dipropyladipic or dimethylsuberic 
acid—acids almost certainly of highly crystalline character. 

Although the general behaviour of the solid bimolecular ester 
corresponded with the constitution (III), it was desired to gain 
direct evidence of the existence of an intermolecular bridge-bond at 
the 8-carbon atoms of the original butadiene chains. Since regulated 
oxidation was out of the question, various drastic oxidising agents 
were tried. With only one of these, hot chromic acid, was there 
success. This reagent broke down the solid ester to volatile acids 
and carbon dioxide to the extent of about 96%, but yielded a small 
quantity of s-dimethylsuccinic acid. This acid always appeared if 
the conditions of oxidation were not greatly changed, but the yield 
could not be increased. 

Most of the experiments carried out with the solid bimolecular 
ester were also repeated with the isomeric liquid ester. No essential 
difference in structure between the two compounds (such, for 
instance, as that holding between III and IV) is adjudged to exist. 
Probably the two substances are geometrical isomerides, but con- 
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ditions for oxidising the liquid isomeride to dimethylsuccinie acid 
were not discovered : under moderately drastic conditions of oper- 
ation, complete degradation to volatile products ensued. 

In the formation of a “ para ”’-bridged cyclohexane derivative 
from ethyl crotylidenemalonate, the important features from the 
point of view of additive mechanism are doubtless the attachment 
of hydrogen at the «-carbon atoms and the union of the radicals so 
formed at the $-carbon atoms. The subsequent establishment of 
bonds between y- and 8-carbon atoms respectively may be regarded 
as involving an intramolecular variation of the truxillic acid con- 
densation. Therefore, so far as these examples are concerned, true 
attachment of hydrogenated radicals at the 8-carbon atoms remains 
to be sought. 

Ethyl crotylidenecyanoacetate (two forms) has also been reduced : 
the product consisted mainly of a bimolecular substance very similar 
in general properties to that from ethyl crotylidenemalonate. 
Owing to its high boiling point, however, adequate fractionation 
could not be carried out and detailed examination was abandoned. 

The simple butadiene acids which have been reduced—6-vinyl- 
acrylic, sorbic, «-methylsorbic, and #y-dimethylsorbic acids—all 
give considerable yields of high-boiling products which are un- 
doubtedly bimolecular compounds; cinnamylideneacetic acid also 
gives an intractable acid mixture very different from the dihydro- 
genated product obtainable with sodium amalgam. It is hoped 
later to report in detail on some of these substances. 

It might be supposed that constitutive influences in the conjugated 
compound would determine or seriously affect the formation of 
bimolecular reduction products as well as that of simple «$- and 
«8-dihydrogen derivatives. Actually, however, the character of 
the metal and medium employed in reduction appears to exercise a 
more important influence. Evans and Farmer looked for a differ- 
ence in the proportion of «$- and «3-dihydrogen derivatives of sorbic 
and §-vinylacrylic acids to be obtained by using different metals, 
and media of different acidity (alkalinity), but since the experimental 
figure for the «$-acid in each case could only be regarded as a lower 
limit of production, no definite conclusion was possible. Shortly 
afterwards, however, the appearance of Willstatter, Seitz, and 
Bumm’s paper on the reduction of terephthalic, A+‘*-dihydro- 
terephthalic and A?-tetrahydroterephthalic acids (Ber., 1928, 64, 
871) made plain that the character of the reduction product from 
the first of these is determined by the hydrogen-ion concentration 
of the medium and that with pure sodium amalgam, under care- 
fully controlled conditions of alkalinity, the last of these may be 
reduced more readily than the corresponding Al-acid. Burton and 
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Ingold (J., 1928, 904) have now recorded figures representing the 
comparative extents to which the «$-dihydrogen derivatives of 
sorbic and vinylacrylic acids are formed by sodium in a weakly 
alkaline and in a weakly acidic medium, but the effect of different 
metals remains undetermined. From such comparative experi- 
ments as have been made by the authors, aluminium amalgam in 
an aqueous medium appears specially prone to yield bimolecular 
compounds and all the compounds referred to above can be obtained 
through its agency. Since a similar state of affairs holds in the 
reduction of ethylenic acids and ketones by metals, the attribution 
of reductive polymerisation to a primarily constitutive cause would 
appear to be ruled out, and consequently the «f, By-ratio of simple 
dihydrogenated molecules (primarily dependent on constitution so 
far as experiments have yet shown) would seem in all probability to 
be unaffected by the concurrent formation of bimolecular compounds. 

The hydrogenation mechanism suggested by Ingold in discussing 
the results of Evans and Farmer (Chem. and Ind., 1928, 47, 268) 
would allow for this probability, but the theoretical basis of the 
hydrogenation hypothesis subsequently developed (Burton and 
Ingold, J., 1928, 904; 1929, 2022) appears insufficiently broad to 
cover Willstitter, Seitz, and Bumm’s result with A?-tetrahydro- 
terephthalic acid. (It should be stated, however, that attempts by 
one of the authors to reduce in similar fashion A*-dihydromuconic 
acid have so far been unsuccessful.) 


EXPERIMENTAL. 


Reduction of Ethyl Crotylidenemalonate.—A moist ethereal solu- 
tion of the ester (prepared by the method of Meerwein, Annalen, 
1908, 358, 82) was allowed to react with amalgamated aluminium 
foil for 36 hours. The reduction product was an oil which partly 
solidified when strongly cooled. The solid portion crystallised from 
petroleum in stout prisms, m. p. 61:5° (Found: C, 61-8; H, 8-1. 
C,,H,,0, requires C, 62-0; H, 80%), and the liquid distilled as a 
colourless oil, b. p. 235—240°/14 mm. (Found: C, 61-5; H, 7-8%). 
These two substances, considered to be isomeric forms of ethyl 
1 : 2-dimethylbicyclohexane-4 : 5-dimalonate (ethyl butane-? : 317} *?. 
cyclobutane-3 : 4-dimalonate) (III), represented the whole of the 
reduction product save a very small proportion of low-boiling 
material. The yield of the solid product was always about 15%, 

Investigation of the Low-boiling Reduction Product.—This material, 
accumulated from a series of reductions, was not homogeneous. 
After several distillations a few grams of liquid, b. p. 133—140°/18 
mm., were separated, the first fraction being rejected. Specimens 
of this substance were oxidised with neutral permanganate in order 











—- == Se 


—_— Qe s _— lu 


carboxylation accompanied hydrolysis. 











PROPERTIES OF CONJUGATED COMPOUNDS. PART IX. 527 


to find if simple «f- and a8-dihydrogen derivatives of ethyl croty!- 
idenemalonate were present. Some of the material appeared to be 
saturated, since considerably less than the calculated quantity of 
permanganate was reduced. The product, which contained no 
recognisable trace of succinic acid, consisted of @ volatile acid and 
a little oxalic acid. The former, treated with p-bromophenacyl 
bromide, yielded a solid derivative, which was fractionally crystal- 
lised. The p-bromophenacyl derivative of acetic acid, m. p. 82— 
83°, was thus isolated, but the corresponding derivative of propionic 
acid, which appeared also to be present, could not be separated in 
pureform. Ozonisation experiments yielded no further information. 

Unsaturation of the Main Reduction Products ——Both the solid 
and the liquid substance which constituted the main reduction 
product. remained inappreciably attacked when vigorously shaken 
with aqueous permanganate at room temperature or when kept in 
acetone solution in contact with permanganate for several days. 
Both substances appeared to be little changed by prolonged treat- 
ment with ozone, and, even when boiled with permanganate in 
acetone solution, suffered change extremely slowly. Regulated 
oxidation was therefore impossible. 

Nevertheless, both esters became further hydrogenated when 
dissolved in alcohol and shaken with hydrogen in the presence of 
colloidal palladium. Absorption of hydrogen was at first moderately 
rapid, but the rate decreased until it was barely 1 c.c. per hour. 
The hydrogen pressure was increased to 2 atmospheres, but still the 
rate of absorption was very slow. When absorption finally ceased, 
both esters had taken up the equivalent of two atoms of ‘hydrogen 
per molecule. Both products, when isolated in the usual way, were 
colourless oils: that from the solid ester distilled at 225—230°/7 
mm. and corresponded in composition with ethyl 1 : 2-dimethyl- 
eyclohexane-4 : 5-dimalonate (V) (Found : C, 61-8; H, 8-6. Cs,Hs.0, 


requires C, 61-7; H, 8-5%); that from the liquid ester distilled at 
‘217—223°/13 mm. and was isomeric with the first (Found : C, 61-8; 


H, 8-2%). 

The Dicyclic Reduction Products—(1) Hydrolysis. The solid 
compound (1 mol.) was warmed with alcoholic caustic soda derived 
from the calculated quantity of sodium (4 atoms). The sodium salt 
immediately deposited was collected and dissolved in a little water, 
and the solution evaporated to dryness. The residue, acidified with 
the calculated quantity of hydrochloric acid and diluted with an 
equal volume of water, yielded crystals of an acid. These were 
filtered off and the mother-liquor was thoroughly extracted with 
ether. The ethereal extract yielded a syrupy acid. Some de- 
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The solid acid (35% yield), when reprecipitated from ethereal 
solution by addition of petroleum, formed a crystalline powder, 
m. p. 175° with evolution of carbon dioxide. It was an unsaturated 
tetrabasic acid, which at 0° rapidly decolorised an amount of 
permanganate equivalent to 3 atoms of oxygen per molecule (more 
could be reduced slowly). The oxidation product was an enolic 
syrupy acid of doubtful homogeneity which could not be purified or 
successfully broken down to known compounds. The solid acid is 
probably to be represented as 1 : 2-dimethyl-A®-cyclohexene-4 : 5- 
dimalonic acid (X) (Found: C, 53-5; H, 6-0. C,,H,,0, requires 
©, 53-5; H, 5:7%). 

The liquid acid did not consist entirely of a tetrabasic substance. 
It readily lost carbon dioxide on heating, rapidly reduced cold 
permanganate (3 atoms of oxygen per molecule), and yielded an 
oxidation product somewhat similar to that derived from the solid 
acid, except that a proportion of oxalic acid was also formed. It 
probably represented a mixture of partly decarboxylated dimethyl- 
cyclohexene- and dimethylcyclohexylidene-dimalonic acids. 

The liquid ester also yielded a bulky sodium salt when warmed 
with alcoholic caustic soda. The acid derived therefrom was wholly 
syrupy and could not be purified. On oxidation with permanganate 
the latter yielded some oxalic acid and a large proportion of syrupy 
acid. Numerous attempts were made to obtain solid or homogeneous 
liquid acids (a) by the decarboxylation of the tetrabasic acids 
described above and (6) by the decarboxylation of their oxidation 
products. All the products, however, were liquid acids of doubtful 
homogeneity. 

(2) Bromination. The solid ester (chloroform solution), when 
treated with the equivalent of 4 atoms of bromine per molecule, 
yielded an oily tribromo-derivative (Found : Br, 36-6. C,.H,,0,Br, 
requires Br, 361%), which solidified after long standing; when 
treated with the equivalent of 6 atoms of bromine, an oily tetra- 
bromide was obtained which would absorb no more bromine (Found : 
Br, 42-6. C,.,H,,0,Br, requires Br, 43-0%). It was attempted 
to oxidise the bromomalonic groups of the tetrabromide to carboxyl 
by gradually adding finely powdered permanganate to an acetone 
solution of the bromide containing some free caustic alkali. Oxid- 
ation proceeded, but the product consisted of some oxalic acid and 
a large amount of a viscous acid which would not crystallise. 

(3) Degradation. Since oxidising agents were almost without 
action on them, the dicyclic esters were subjected to vigorous 
oxidation with chromic acid. To the solid ester (10 g.), dissolved 
in glacial acetic acid (160 c.c.), a solution of chromic acid (50 g.) in 
50%, acetic acid (80 c.c.) was slowly added in small portions, the 
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mixture being continuously shaken and finally heated on a steam- 
bath for 1 hour. The product, from which acetic acid was removed 
by steam distillation, was saturated with sulphur dioxide and 
kept over-night; the excess of sulphur dioxide was then boiled off 
and the solution was made alkaline with concentrated aqueous 
ammonia and filtered. The filtrate, combined with several aqueous 
extracts of the chromium oxide, was evaporated to small bulk, 
acidified, and finally evaporated to dryness. The residue, when 
extracted with ether, gave a small yield of a slightly syrupy, solid 
acid. This, when drained and recrystallised from ether, formed 
colouriess prisms, m. p. 192—193°, which were identified as trans- 
s-dimethylsuccinic acid (Found: C, 49-5; H, 6-9. Cale.: C, 49-3; 
H, 68%. Mixed m. p. with an authentic specimen, 192—193°). ° 

Sintilar experiments were carried out with the liquid dicyclie¢ 
ester, but the conditions for getting even a small yield of a solid 
degradation product were not found. 

The Monocyclic Products of Complete Reduction.—({1) Hydrolysis 
and decarboxylation. In attempting to derive 1 : 2-dimethyl- 
cyclohexane-4 : 5-diacetic acid from the solid dicyclic ester, two 
methods were employed: (a) the catalytically reduced ester was 
hydrolysed with the theoretical quantity of alcoholic caustic soda, 
the derived acid being decarboxylated by heating at 180°, and (6) 
the dicyclic ester was hydrolysed with alcoholic caustic soda, the 
sodium salt catalytically reduced, and the derived acid decarboxyl- 
ated by heating to 180°. (Re-submission of the decarboxylated acid 
to hydrogenation resulted in no further absorption of hydrogen.) 
The crude reduced tetrabasic and dibasic acids obtained in both 
processes were liquids which showed no tendency to crystallise. 
No difference was observed between corresponding products and 
since the second process was the more economical, a considerable 
quantity of the dibasic acid was thereby prepared. This was 
esterified with alcohol and hydrogen chloride, and the product 
distilled. The distillate was a colourless oil, b. p. 179°/9 mm., 
which is considered to be ethyl 1 : 2-dimethyleyclohexane-é4 : 5- 
diacetate (Found : C, 67-45; H, 10-1. C,,H,,0, requires C, 67-55 ; 
H, 9-9%). A portion of this ester was re-hydrolysed with alcoholic 
caustic soda. The free acid was a colourless oil which still showed 
no tendency to crystallise. Since it could not be distilled, it con- 
tained traces of impurity (Found: M, dibasic, 237. C,H, 0, 
requires M, 228). 

(2) Bromination and oxidation. The fully reduced derivative of 
the solid dicyclic ester, dissolved in carbon disulphide, absorbed 
4 atoms of bromine per molecule (with evolution of hydrogen 
bromide). The product, ethyl 1 : 2-dimethylcyclohexane-4 : 5-di- 
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bromodimalonate (VIII), when well washed and freed from solvent, 
was obtained as a yellow oil (Found: Br, 26-3. C..H,,0,Br, 
requires Br, 27-39%). This was used without further purification 
in an attempt to oxidise the bromomalonic groups (bromine first 
being replaced by hydroxyl through the action of cold caustic potash) 
to carboxyl. Permanganate, dissolved in acetone, was the reagent 
employed, but oxidation did not proceed smoothly to yield the 
desired dimethylcyclohexanedicarboxylic acid. As expected, oxalic 
acid was formed, but the accompanying gummy acid when esterified 
yielded an ester which was far from homogeneous. 

Ethyl Crotylidenecyanoacetate.—Crotonaldehyde and ethyl cyano- 
acetate, mixed in molecular proportion, were cooled to —15° and 
a little piperidine was added. The mixture was allowed to attain 
room temperature and was. then kept at 30° for 24 hours. There 
were two products: (1) a solid which crystallised from petroleum 
in colourless prisms, m. p. 57—58° (Found: C, 65-6; H, 6-7. 
C,H,,0,N requires C, 65-4; H, 6-7%), and (2) an isomeric liquid, 
b, p. 122°/9 mm. (Found: C, 65-8; H, 65%). : 


The authors desire to express their thanks to the Chemical 
Society for grants (to C. M. C. and J. T. E.) which have defrayed a 
considerable portion of the cost of the investigation. 


IMPERIAL COLLEGE oF SCIENCE AND TECHNOLOGY, 
Lonvpon, S8.W. 7. [Received, February 4th, 1930.] 





LXXV.—The Electrical Conductivities of Solutions of 
T etraethylammonium Iodide in Benzonitrile. 


By Austin RayMonD MarrTIN. 


WaxpeEN has shown that the mobility of the tetraethylammonium 
ion is inversely proportional to the viscosity of the solvent. On 
the basis of this relationship and a knowledge of the equivalent 
conductivity at infinite dilution (A,) of tetraethylammonium iodide 
in benzonitrile, certain ionic mobilities in this solvent may be 
determined from the conductivity measurements previously recorded 
(Martin, J., 1928, 3270). Walden’s early measurements of the con- 
ductivities of solutions of tetraethylammonium iodide in benzonitrile 
(Z. physikal. Chem., 1906, 54, 189; 55, 710; see also “‘ Elektro- 
chemie nichtwasseriger Lésungen,”’ 1924, p. 135) are too erratic to 
give an unequivocal value of Ay. Hence the present investigation 
was undertaken. The degree of dissociation of tetraethylammonium 
-iodide in benzonitrile is also of interest. 
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EXPERIMENTAL. 


The apparatus and method used were the same as those described 
previously (Martin, loc. cit.). 

Tetraethylammonium Iodide.—Kahlbaum’s product was recrys- 
tallised three times from redistilled absolute alcohol, powdered in 
an agate mortar, and dried by being heated electrically in a vacuum 
at 100° over phosphoric oxide, the drying agent remaining at room 
temperature (Found: I, 49-30. Calc.: I, 49-36%). The mole- 
cular weight of tetraethylammonium iodide has been taken as 
257-13. 

Solvent Correction.—In series a the specific conductivity of the 
pure solvent at 25° was 0-99 x 10-7 mho, and in series 6 0-38 x 10-7 


‘mho. The conductivity of the solvent was in all cases subtracted 


from the observed conductivity in order to obtain the conductivity 
due to the dissolved salt. In series a the largest correction was 
1-8°%, and in series b 0-5% 

Results. 


The results of the conductivity measurements are given in Table I. 
The dilution, in litres, is denoted by v, and A is the difference 
between the observed value of the equivalent conductivity (A) and 
the straight line obtained by plotting A against the square root of 
the concentration (Vc), a positive sign before A indicating that 
the observed point is above the straight line. 


TaBE I. 
Temp. 0°. Temp. 25°. 

Series. v. A. A. Series. v. A. A. 
b 98-95 21-74 — b 101-10 34-00 —_ 
a 100-20 21-85 — a 102-38 34:08 --- 
c 115-50 22-47 — c 118-02 35-01 -- 
a 506-9 27-67 —0-:10 a 517-9 43-53 +0-00 
b 758°5 28-83 +0-00 b e 7750 45°27 +0-00 
a 2030 30-82 +0-09 a 2074 48:32 +0-01 
b 3754 31-42 —0-07 b 3836 49-53 —0-04 
b 7579 32-15 +0-00 b 7744 50-62 +0-00 
a 9558 32-32 +0-03 a 9766 50-94 +0-05 

Temp. 50°. Temp. 70°. 

b 103-45 47°15 — b 105-36 58°15 _ 
a 104-75 47-29 — a 106-69 58-37 —_ 
a 529-9 60-99 +0-00 a 539-°7 75°33 +0-00 
b 793-0 63-60 +0-00 b 807-6 79-06 —0-09 
a 2122 68-33 +0-12 a 2,161 85-38 +0-42? 
b 3925 70-01 —0-12 b 3,997 87-38 +0-00 
b 7924 71-70 +0-00 b 8,070 89-39 +0-00 
a 9992 71-98 —0-14 a 10,178 90-04 +0-14 


The values, of A:at even dilutions are given in Table II. Inter- 
polation was carried out on a A-log ¢ graph. 
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TABLE II. 
A. A. 





A 





» “O°. 25% 60% 70. 4» “0% 25% 60% 70%. 

100 21-79 33-93 46-88 57-50 2,000 30-73 48-22 67-97 84-73 

200 24-73 38-29 62-95 65-57 5,000 31-78 50-00 70-68 88-08 

500 827-67 43-34 60-55 75-15 10,000 32-36 50-92 72-14 89-88 
1000 29-47 46-22 64-88 80-65 

Extrapolation to Ay. The square-root law was used to extrapolate 
to Ay. Ferguson and Vogel’s method (Phil. Mag., 1925, 1, 971) 
gave values of the index » in the formula, A, = A + ac", which 
were so close to 0-5 (namely, 0-507, 0-502, 0-491, 0-500) that this 
equation led to practically the same values of A, as the square-root 
law. The values of A, are : 


Sis: sectenneutiendnneretnat 0° 25° 50° 70° 
Bi rbdescceddidsivecthabedtest 33-71 53-13 75°47 94-12 
Discussion. 


Values ‘of \g.—The values of the product of A, and the viscosity 
of the solvent (y) at the same temperature are given below. The 
constancy of this product shows the exactness to which Ag is pro- 
portional to the fluidity of the solvent as the temperature is varied. 
The values of the viscosity of benzonitrile used were those deter- 
mined previously (Martin, Joc. cit.). 

WED. cnocnesonntecsovensenene 0° 25° 50° 70° 
Tis shecdcbebterecttheitetcae 0-65 0-66 0-66 0-63 

In Table III are the ratios of the values of A, of tetraethyl- 
ammonium iodide in benzonitrile to the values at the same tem- 
peratures in acetone, acetonitrile, and ethylene chloride, the only 
solvents for which modern data are available. The ratios of the 
fluidities of the solvents are also given. The data for acetone are 
those of Walden, Ulich, and Busch (Z. physikal. Chem., 1926, 123, 
429), for acetonitrile those of Walden and Birr (ibid., 1929, A, 144, 
269), and for ethylene chloride those of Walden and Busch (ibid., 
140, 89). Extrapolation to A, was in all cases carried out by the 
square-root law. 

TaB_eE III. 


AgPhCN  »Me,CO A,PhCN 7MeCN. A, PhON 7 C,H Ch, 
Temp. A,Me,CO° »7PhCN’ A,MeCN’ »PhCN’ A,C,H,CI, 7 PhCN 











0° 0-203 0-204 
25 0-254 0-255 0-284 0°277 0-695 0-633 
50 0-295 0-292 


Ionic Mobilities in Benzonitrile——On the assumption that the 
mobility of the tetraethylammonium ion is given by the relation 
(Walden and Birr, Z. physikal. Chem., 1929, A, 144, 308), 

Mobility x Viscosity of solvent = 0-296, 
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its mobility in benzonitrile has been calculated, and from Kohl- 
rausch’s law of the independent migration of ions and the data 
recorded previously, the ionic mobilities given in Table IV were 
obtained. In calculating the mobilities of the silver and nitrate 
ions, Koch’s value, 0-475 (determined from E.M.F. measurements ; 
J., 1928, 524), was used for the transport number of the silver ion 
in silver nitrate. In the rows designated / are the ionic mobilities, 
and in those designated r’ are the apparent values of the ionic radii 
calculated from these mobilities on the assumptions (i) that the only 
resistance to the motion of the ions at infinite dilution is the viscous 
drag of the solvent, and (ii) that the magnitude of this drag is given 
by Stokes’s law. In the rows r are the ionic radii obtained from 
crystal data by Goldschmidt (Trans. Faraday Soc., 1929, 25, 253) ; 
both r and r’ are expressed in Angstrém units. 


TABLE IV. 


Temperature. Temperature. 








Ton. 0°. 25°5 60°. 70°. Ion. 0°. 26°. 50°. 70°. 


NEt,.’ L 15-26 23-87 33-79 44-45 lL 15-82 24:78 — — 

S \r’ 2-75 2-75 2-75 2-75 Ag ir 265 265 — _ 
2 13-70 21:85 — 40-31 r 113 

,7 306 301 — 3-03 {2 18-45 29-26 41-68 49-67 

r 1:33 I’ Jr 2-28 2:24 2-23 2-46 


K’ 


1 12-06 18-31 25-11 32-67 lr 2-20 
Na’ Jr’ 3-48 3-59 3-70 3-74 L 12:36 19-44 27:39 — 
lr 0-98 Br’ \r 340 338 3:39 — 

{2 10-84 16-73 22-70 — r 1-96 
Li Jr 3-87 393 410 — Nou {! 17-48 2740 — — 
r 0-78 NOs iv 240 240 —- — 


The differences between r and r’ cannot be used to calculate the 
degree of chemical solvation of the ions, since Born has shown 
(Z. Physik, 1920, 1, 220) that on physical grounds a difference is 
to be expected, owing to the fact that the dipolar solvent molecules 
take a finite time to orient themselves in the ionic field as the ion 
moves through the solvent. However, the physical theory is not 
sufficiently developed to be used for the quantitative interpretation 
of the present results. 

Dissociation of Tetraethylammonium Iodide in Benzonitrile—The 
observed slopes of the A-Vc straight lines are given below, together 
With those calculated from the Debye—Hiickel—-Onsager equation 


e 5-78 x 105 58-0 ] - 
A = Ay — Bee ho + (DIVay V 2c 


where D = the dielectric constant of the solvent, y = the viscosity 
of the solvent, and 7’ = the absolute temperature. 
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The author is indebted to Dr. A. O. Ball for the values of D. 


is state testindéborneas 0° 25° 50° 70° 
i iditionsnsiinetdpnatuinteetoons 27-58 25-22 23-31 21-98 
Mops, obie.! i. 2.606656. 133-6 217-6 832-1 423°3 
Sloma, Cale... aceecciiccdgecs 90-9 147-3 202-4 259-4 


The values of the degrees of dissociation, «, and of the corre- 
sponding dissociation constants, K (corrected for activity), calculated 
by the method given previously (Martin, loc. cit.), are set out in 
Table V. The Debye—Hiickel equations used for calculating the 
ionic activity coefficients (y) were (after insertion of numerical 
values) : — logis y = 2-78V/c’ — 9-66c’ at 0°; = 2-78V/c’ — 9-69¢’ 
at 25°; = 2:78V/c’ — 9-66c’ at 50°; = 2-77V/c’ — 9-63c’ at 70°; 
c’ being the ionic concentration, 





TABLE V. 
Dilution (litres). 
Temp. 2000. 1000. 500. 200. 100. Mean. 

2 0-9688 0-9516 0-9288 0°8947 0-8619 — 
K . 108 12 13 15 20 24 17 

25 a 0-9667 00-9524  0-9249 00-8833 0-8594 — 
K . 10° 11 14 14 17 23 16 

50 «a 0-9568 0-9366 0-9056 00-8502 0-8210 — 
K. 10° 8 10 ll 12 17 12 

70 a 0-9580 00-9385 00-9044 0-8493 0-8132 — 
K. 108 9 10 11 12 16 2 


It is not unlikely that at a dilution of 100 litres the Debye- 
Hiickel-Onsager equation gives too large a value for the diminution 
in conductivity resulting from the interionic Coulomb forces, per- 
haps owing to the neglect of higher terms. For K increases at this 
dilution; and completely dissociated salts such as potassium and 
sodium chlorides in aqueous and methyl-alcoholic solutions at 
dilutions less than 100 and 300 litres, respectively, have values of A 
greater than those calculated from this equation (Onsager, T'rans, 
Faraday Soc., 1927, 23, 341). These deviations from the predicted 
values are, however, much smaller than those in the opposite 
direction in the cases of thallium chloride and silver nitrate resulting 
from incomplete dissociation. 

If the foregoing mean values of the dissociation constants be 
compared with those of the iodides of lithium, sodium, and potass- 
ium, lithium bromide, and silver nitrate (Martin, Phil. Mag., 1929, 
8, 547), it is seen that in benzonitrile tetraethylammonium iodide is 
a stronger electrolyte than any of these salts, although it is apparently 
only slightly stronger than sodium iodide. 

Calculation by means of the van ’t Hoff isochore from the variation 
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of the dissociation constant with temperature indicates that the 
heat change in the dissociation of tetraethylammonium iodide in 
benzonitrile is an evolution of approximately 1 kg.-cal. per mol:: 


Summary. 


1. The electrical conductivities of solutions of tetraethylammon 
a jum iodide in benzonitrile have been measured at-0°, 25°, 50°, and 
ed 70° over the range of dilution 100 to 10,000 litres. 

- 2. By utilising the fact that the mobility of the tetraethyl- 
he ammonium ion is inversely proportional to the viscosity of the 
val solvent, together with data previously recorded, certain ionic 
oc mobilities in benzonitrile have been determined. 

°; 3. The electrolytic dissociation of tetraethylammonium iodide 
in benzonitrile has been investigated. 


The author wishes to thank Professor J. C.. Philip, F.R.S., for 
very kindly placing at his disposal facilities for carrying out. this 
work. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, 8.W. 7. [Received, February lst, 1930.] 





LXXVI.—Investigations on the Bwalency of. Carbon. 
; Part III. Some Experiments on Xanthhydrol, 
‘ Dixanthhydryl Ether, and Xanthhydryl Chloride. 


as By Freperic Goronwy Kyy-Jonzs and 
tion ALLAN Mies Warp. 
per 


this | S4NTHHYDRoL and benzhydrol being very similar in their properties, 
and | ® attempt was made to study quantitatively the rate of displace- 
; at | ment of chlorine from xanthhydryl chloride as in the case of di- 
of A | Phenylchloromethane (Ward, J., 1927, 2285). In lime-dried ethyl 
aan alcohol at room temperature, however, the chloride lost its halogen 
cted immediately and completely as hydrogen chloride, the reactivity 
osite rg to be exactly comparable with that of triphenylmethyl 
chloride. 
— Xanthhydryl chloride reacted readily with water at room tem- 
s be | Perature, giving xanthone and xanthen in approximately equal 
tass- | uantities, together with some xanthhydrol. As was to be ex- 
1929, | Pected in view of this result, xanthhydrol was readily decomposed 
‘de is by hydrochloric acid, being changed completely to equal quantities 
ently of xanthone and xanthen after 5 minutes’ boiling with N/100-acid : 
it was, however, not attacked by boiling N/10-sodium hydroxide, 
Dibenzhydryl ether (Ward, loc. cit.) was formed from benzhydrol 
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by boiling with dilute acids, but it was stable to boiling N /100-acid : 
such acid converted dixanthhydry] ether into xanthone and xanthen 
(equal quantities) in 4 hour. 

The reactions with alcohol are analogous. Xanthhydryl chloride 
and ethyl alcohol yielded xanthen as the main product, and some 
xanthone. (The alcoholic solution restored the colour to Schiff’s 
reagent, but responded to no other test for acetaldehyde : compare 
Fosse, Compt. rend., 1901, 133, 880; Bull. Soc. chim., 1906, 35, 
1005.) Xanthhydrol also was completely converted into xanthen 
(main product) and xanthone on being boiled with N/20-ethyl- 
alcoholic hydrogen chloride for 1 hour. The change was incomplete 
after shorter times of heating. Xanthhydrol, therefore, is much 
more stable in the presence of alcoholic than of aqueous hydrogen 
chloride. Dixanthhydryl ether, which is insoluble in ethyl alcohol, 
dissolved readily on being boiled with ethyl-alcoholic hydrogen 
chloride (N/20) for a few minutes: the solution remained homo- 
geneous when cooled to room temperature and the product was 
xanthhydrol (yield, at least 89° of the theoretical). 

Xanthhydrol, dixanthhydryl ether, and xanthhydryl chloride, 
therefore, are far more reactive than benzhydrol, dibenzhydryl 
ether, and diphenylchloromethane. Although, however, diphenyl- 
methane and benzophenone are not produced from the last three 
compounds under the conditions under which xanthen and xanthone 
are produced from the first three, they can be obtained by reactions 
at higher temperatures: (see, ¢.g., Nef, Annalen, 1897, 298, 234; 
also in the thio-series, Schénberg, Schiitz, Bruckner, and Peter, 
Ber., 1929, 62, 2550). In connexion with the preceding trans- 
formations in ethyl alcohol, the observations of Bacon (Amer. 
Chem. J., 1905, 33, 92), Goldthwaite (ibid., 1903, 30, 461), and 
Norris and Young (J. Amer. Chem. Soc., 1924, 46, 2580) on the 
pyrogenic decomposition of arylalkyl alkyl ethers are of interest. 
Kauffmann and Pannwitz (Ber., 1912, 45, 766) have shown that 
triarylearbinols in general are reduced to the corresponding triaryl- 
methanes by alcoholic hydrogen chloride or by formic acid, and 
triphenylmethy! chloride in pure ethereal solution in the presence 
of zinc chloride (Gomberg, J. Amer. Chem. Soc., 1913, 35, 204) or 
aluminium chloride (Norris and Young, loc. cit.) decomposes into 
triphenylmethane and acetaldehyde, doubtless by a similar mechan- 
ism (see also Hardy, J., 1929, 1000). The scheme which has been 
used to explain these decompositions would in the case of dixanth- 
hydryl ether be as follows : 


H 
OH 4 AS C,H CHK A inpCE 
O< Coat > CH OC< oO > OCH >CH, + O:C< EDO 
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The instability of dixanthhydryl ether in the presence of acids 
finds a parallel in the decomposition of bistriphenylmethyl ether 
(Gomberg, loc. cit.); the acids he used were, however, more con- 
centrated and the product was triphenylearbinol. The reaction 
between xanthhydryl chloride and ethyl alcohol may be assumed to 
proceed via the ethyl ether, which, however, has not been isolated : 


0<¢° oot CHCl ———-> ne >| O<Geg cml liawaahigl arte 
0<CoHescH, + 0:CHMe. 
6**4 


It appears highly probable, therefore, that the displacement 
mechanisms for systems CHR,R,X and CR,R,R,X are closely 
allied. The displacements of halogen which have been studied 
for some systems CHR,R,Cl may be interpreted as proceeding 
through a phase R,R,C<, but an hypothesis involving the ion 
CR,R,H’ will also provide an explanation (Ward, loc. cit., p..2287). 
The bivalent-carbon hypothesis is impossible for systems of the 
triphenylmethane type, and a larger range of reactions can be in- 
terpreted on the ionisation theory. Certain reactions which have 
been regarded as evidence of the formation of ions in the triphenyl- 
methane series were observed in the xanthhydrol experiments. 
Conant and Evans (J. Amer. Chem. Soc., 1929, 51, 1934), for example, 
consider that the presence of free radicals is indicated by the pre- 
cipitation of Prussian blue when a chloroform solution of the material 
under investigation is shaken with an aqueous solution of potassium 
ferricyanide and ferric chloride. Dixanthhydryl ether readily 
brings about this reaction. Further, Boyd and Hardy‘(J., 1928, 
632) attribute to ionisation the red colour developed when tripheny]- 
carbinol is dissolved in a mixture of sulphuric and acetic acids : 
Ph,C-0-SO,H == Ph,C* + SO,H-. The colour may be due to a 
quinonoid tautomeride of this ion (see Gomberg and Sullivan, J. 
Amer. Chem. Soc., 1922, 44, 1810; Gomberg and Blicke, ibid., 1923, 
45, 1765). The development and subsequent disappearance of a 
yellow-green colour in all the experiments in hydrochloric acid 
here described may therefore be evidence of the presence of the 


ion OoHt> CH. Conant and Sloan (ibid., 1923, 45, 2468) 


consider that they have obtained the free xanthyl radical in an 
impure state. 

The accumulated evidence supports the ionisation theory rather 
than the theory of bivalent carbon. As applied to the problem of 
the Walden inversion (Ward, J., 1927, 445), the latter theory is now 
recognised to be untenable (see also the criticism of Ashworth and 
Burkhardt, J., 1928, 1795): three groups, and not’ two, must be 
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momentarily attached to the asymmetric carbon atom during the 
transformations, and evidence has been obtained that optical 
activity can persist under such conditions (McKenzie, Roger, and 
Wills, J., 1926, 779). 


EXPERIMENTAL. 


Preparation of Dixanthhydryl Ether—When xanthhydrol was 
heatéd with petroleum for several days (Meyer and Saul, Ber., 1893, 
26, 1276), the conversion into dixanthhydryl ether was incomplete. 
The preparation was therefore carried out by heating moist xanth- 
hydrol, prepared from xanthone (25 g.), at 150-—-155°, and finally at 
175° for 14 hours. The product was cooled, powdered, and ex- 
tracted three times with methylated spirit. The residue (19-1 g.), 
m. p. 193—209°, was crystallised from 200 c.c. of xylene, washed 
with the same substance and with ether, and air-dried (yield, 
17-8.g.); m. p. 205--211°, A sample of the dixanthhydryl ether, 
twice recrystallised from xylene, well washed with ether, and dried 
in a desiccator over paraffin wax, melted at 219° (Meyer and Saul, 
loc. cit., give m, p. about 200°) (Found: C, 82-4; H, 5-0. Calc.: 
C, 82-5; H, 48%). 

Preparation of Xanthhydryl Chloride.—(1) Thionyl chloride (2 ¢.c.), 
dissolved in 50 c.c, of light petroleum (b. p. 40—60°), reacted readily 
with dixanthhydryl ether (5 g.) suspended in the solution; as, how- 
ever, needle-shaped crystals soon began to separate, the mixture 
was gently refluxed for 15 minutes until only a small amount of 
brown: solid. remained in suspension. The colourless solution 
was cooled in ether-solid carbon dioxide, and the crystals thus 
produced were collected and recrystallised repeatedly from 100 c.c, 
of the same solvent, long colourless, needles being obtained. The 
solvent was removed as completely as possible in an atmosphere of 
nitrogen and the erystals were dried in a stream of the warmed gas 
(yield, 3—3-5 g.).. The crystals became discoloured on drying and 
decomposition doubtless took place, but they could be kept un- 
changed for days in contact with light petroleum (Found, by ti- 
tration of the hydrogen chloride liberated in alcoholie solution: 
Cl, 14-8, 15-0, 16-1, 13-8. Cale.; Cl, 16-4%). 

The product melted at 60—65° after softening at 50°: selected 
crystals melted above 70°, e.g., 71—73°, 72—74-5° (Gomberg and 
Cone, Annalen, 1910, 376, 188, give m. p. 73—75° after sintering at 
71°). Colourless crystals when removed from the mother-liquor 
became yellow on drying in the air and then colourless again; they 
were unmelted at 100° and kept their needle shape. 

(2) ‘The same results were obtained by the interaction of xanth- 
hydrol'and thiony] chloride in boiling light petroleum. 





in (b). 
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Reaction between Xanthhydrol and Hydrochloric Acid.—(a) Xanth- 
hydrol, prepared from xanthone (5 g.), was washed with water and 
refluxed for 1 hour ‘with 75 c.c. of N/100-hydrochloric acid. The 
solid melted and needle-shaped crystals then separated. They 
were removed from the cooled solution, washed with water, and 
immediately heated to boiling with 30 c.c. of methylated spirit. 
The solution was cooled to room temperature, filtered from the crop 
of crystals, added to an equal bulk of glacial acetic acid containing 
5 c.c. of a concentrated aqueous solution of urea, and poured after 
2 hours into excess of water. The precipitate then formed was 
collected, washed with water, and added to the crop of crystals 
above. The whole was dried over calcium chloride (yield, 5-15 g.) 
and extracted four times with 40—50 c.c. of boiling light petroleum 
(b. p. 40—60°). The extracts were wel! cooled and filtered, and the 
combined filtrates evaporated to dryness, leaving 2-42 g. of colour- 
less solid, m. p. 94-—96°, mixed m. p. with xanthen (m. p. 100—101°) 
96—97‘5°. Two further similar extractions of the undissolved 
solid gave 0-09 g., m. p. 97—135°, and a seventh extraction gave 
0-05 g., m. p. 142—158°. The remaining undissolved solid (2-46 g-) 
melted alone at 163—168°, and at 167—170° when mixed with 
xanthone (m. p. 174°). 

This method of separating xanthen from xanthone, although 
not quantitative, since xanthone was slightly soluble in the light 
petroleum used, was the one that gave the best results. The steam- 
distillation method used by Heller and Kostanecki (Ber., 1908, 41, 
1325) is unsatisfactory because xanthone is slightly volatile in steam. 

(b) Xanthhydrol (0-5 g.) was boiled with N /100-hydrochloric acid 
(7-5 c.c.) for 5 minutes; the subsequent procedure was as described 
under (a). ‘The alcoholic filtrate; after being added to the urea- 
glacial acetic acid, was still clear after 7 hours, whereas a portion 
of the same preparation of xanthhydrol, when dissolved in methy]l- 
ated spirit and added to the urea~acetic acid solution, was converted 
into a stiff paste after a few minutes. 

(c) Similar experiments were carried out with hydrochloric acid, 
the strength being gradually increased to 5N ; xanthen and xanthone 
were the only products isolated. 

Xanthhydrol and Aqueous Sodium Hydroxide.—Xanthhydrol 
(05 g.) was boiled with 7-5 c.c. of N/10-aqueous sodium hydroxide 
for 1 hour. No yellow-green colour appeared and the xanthhydrol 
did not melt as in the hydrochloric acid reactions. The solid dis- 
solved completely in about 10 c.c. of cold methylated spirit and 
the addition of this solution to the urea reagent gave a precipitate 
tomparable in amount with that obtained on testing the xanthhydrol 
in (b). 
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Reaction beiween Dixanthhydryl Ether and Hydrochloric Acid,— 
(d) Dixanthhydryl ether (5 g.) was boiled with N /2-hydrochloric 
acid (75 c.c.) for l hour. The products were examined and separated 
as in (a); xanthhydrol was not present. The product (2-16 g.) 
obtained from the first four extractions melted at 97—98°, and at 
98—99° when mixed with xanthen; the seventh extract (0-02 g.) 
had m. p. 163—166°. The remaining portion (2-35 g.), insoluble 
in the light petroleum, melted at 165—169°, and at 169—172° when 
mixed with xanthone. 

(e) Finely powdered dixanthhydry] ether (0-5 g.) was boiled with 
N/100-hydrochloric acid (7-5 c.c.) for 15 minutes. The solution 
was cooled, and the product, which contained needle-shaped 
crystals, was collected, washed with water, and boiled with alcohol 
(15 c.c.). A part, doubtless unchanged ether, did not dissolve. 
The alcoholic solution did not give the urea reaction for xanthhydrol, 
but yielded a copious white precipitate on being poured into water. 

(f) This experiment was carried out as in (e), but the mixture 
was boiled for } hour. The product dissolved completely in 5 c.c. 
of hot ethyl alcohol; the solution thus formed gave a crop of colour- 
less needles on cooling, and the filtrate did not contain any xanth- 
hydrol. 

Reaction between Xanthhydryl Chloride and Water.—Xanthhydryl 
chloride (2 g.; Cl, 148%) was triturated with 30 c.c. of water at 
room temperature for } hour. The chloride, initially yellow-brown, 
rapidly became almost colourless. The products, collected and 
washed with water, were extracted with 30—40 c.c. of methylated 
spirit and the alcoholic solution was added to the urea reagent: a 
precipitate separated. Two more extractions of the residue were 
made and the precipitates were collected after some hours, washed 
with methylated spirit, and dried (total yield, 0-43 g., corresponding 
to 0-41 g. of xanthhydrol). The solutions and the remaining residue 
were worked up as in (a), the following yields being obtained : (i) 
0-56 g., m. p. 94—96°, (ii) 0-05 g., m. p. 165—167°, (iii) 0-53 g., 
m. p. 168—170°. 

Reaction between Xanthhydrol and Ethyl-alcoholic Hydrogen 
Chloride —(g) Xanthhydrol (0-2 g.), dried over stick sodium hydr- 
oxide, was dissolved in ethyl-alcoholic hydrogen chloride (N/10 
approx., prepared by passing hydrogen chloride into lime-dried 
ethyl alcohol) and boiled for 5 minutes. The cooled solution was 
tested for xanthhydrol and gave a copious precipitate. When the 
reaction mixture was boiled for 15 or for 30 minutes, there was also 
a positive test, but the amount of condensation product which 
separated in the latter case was small. Heating for 1 hour brought 
about complete decomposition of the xanthhydrol. 
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(h) Xanthhydrol (2-5 g.) was boiled with 20 c.c. of N/20-ethyl- 
alcoholic hydrogen chloride for 1 hour. The solvent was then dis- 
tilled : it restored the colour to Schiff’s reagent, but only slightly 
reduced ammoniacal silver nitrate. The solid residue was dried 
over calcium chloride (yield, 2-4 g.) and examined in the usual way. 
It gave: (i) 1-36 g., m. p. 93—95°, mixed m. p. with xanthen, 94— 
96°; (ii) 0-09 g., m. p. 142—164°; (iii) 0-80 g., m. p. 163—166°, 
mixed m. p. with xanthone, 168—171°. 

Reaction between Dixanthhydryl Ether and Ethyl-alcoholic Hydrogen 
Chloride.—Dixanthhydry] ether (2 g.), when boiled with N /20-ethyl- 
alcoholic hydrogen chloride (20 c.c.), dissolved after 4 minutes, 
and solid did not separate when the solution was cooled. An equal 
volume of the urea reagent was added; a copious white precipitate, 
which separated after a few minutes, was collected after 14 hours 
and washed repeatedly with methylated spirit until the washings 
gave only a small precipitate on being poured into water. The 
product, after being dried over calcium chloride, weighed 1-98 g. 
(equivalent to 1-87 g. of xanthhydrol). 

The alcoholic-acetic acid solution and washings did not give any 
precipitate on being further tested for xanthhydrol and were there- 
fore poured into excess of water. The precipitate was collected 
and dissolved in about 30 c.c. of hot methylated spirit. Fine 
colourless needles (0-12 g.), which separated from the cooled solution, 
did not melt at 225°, and gave a copious evolution of ammonia on 
fusion with potash (this product is possibly formed from urea and 
xanthhydrol by the condensation of one molecule of each). When 
excess of water was added to the methylated spirit solution, a solid 
(0:26 g.) was obtained which began to melt at 90° but was not 
completely molten at 220°; it probably consisted mainly of xanthen 
and xanthone. 

Reaction between Xanthhydryl Chloride and Ethyl Alcohol.—Lime- 
dried ethyl alcohol (about 50 c.c.) was added to a light petroleum 
solution of xanthhydry] chloride (prepared from 5 g. of xanthhydrol). 
The solution, which became successively brown and green, was 
shaken for a few minutes, and the solvent then distilled off. The 
green residue was dried in a current of air (yield, 4-1 g.). A portion 
of it (about 0-2 g.), tested for xanthhydrol, did not give a precipitate 
after 4 hours. The remainder was extracted four times with light 
Petroleum. The soluble portion (3-05 g.) was yellow-brown and 
melted at 85—90°; it was dissolved in light petroleum and refluxed 
(charcoal) for } hour. The pale yellow solution thus formed was 
filtered and evaporated ; yield, 2-65 g., m. p. 91—93°; mixed m. p. 
with xanthen 97—99°. The green insoluble portion (0-58 g.) melted 
at 143—146°; it dissolved in acetone to a green solution, from which 
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the colour was removed by means of charcoal. The purified product 
had m. p. 171—172° and mixed m. p. with xanthone 173—174°. 


One of us (A. M. W.) is indebted to the Research Fund Committee 
of the Chemical Society for a grant which has partly defrayed the 
cost of the materials. 


Sm Joun Cass TeEcHNICAL INSTITUTE, 
Lonpon, E.C. 3. [ Received, January 14th, 1930.] 





LXXVII.—The Apparent Hydration of Ions., Part 
IV. The Densities and Viscosities of Saturated 
Solutions of Silver Nitrate in Nitric Acid. 


By Joun Wii114m INGHAM. 


THE investigations in this series already described have dealt with 
solutions of alkali-metal and ammonium chlorides in hydrochloric 
acid (Parts I and II, J., 1928, 1917, 2381; Part III, J., 1929, 2059). 
The present paper deals with an extension of the work to solutions 
in nitric acid, the solute being silver nitrate, a choice which allows 
of accurate analytical control and is also convenient for comparison 
with the salt and acid pairs previously examined. The silver ion, 
having a radius of 1-13 A.U.- (Goldschmidt, Trans. Faraday Soe., 
1929, 25, 263), which is between those of the sodium and potassium 
ions (Na’ 0-98, K* 1-33), might be expected to show hydration effects 
of an intermediate nature. The nitrate ion, which resembles the 
chlorine ion in probably being not hydrated but differs from it in 
having a more complex and less symmetrical structure, might show 
specific effects due to these features. Differences might also be 
expected for these two ions on the basis of Sugden’s theory (J., 
1926, 174) that anions have not all the same activity as depolymerisers 
of the solvent. ; 

The experimental work consisted of the determination of the 
densities and viscosities at 25° for a series of solutions of acid con- 
tent covering the range 0—12N, and saturated with silver nitrate. 
A parallel series of determinations with acid alone was also made. 
The same apparatus was used as in the previous work, but a slight 
modification was made by placing the gauge for the Scarpa viseo 
meter in the thermostat and substituting water for alcohol in it, 
thus making the control more certain. The results are in Tables! 
and II, concentrations being in mols./litre. The viscosities of tht 
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TaB_eE [. 
Total Total 
a". 10°57, HNO, AgNO; solute. H,O. solution, Col. 8. 
2-2969 2989 —- 9-714 9-714 35-9 45-6 55-33 


1-7376 1852 2-222 4-952 7-174 42-0 49-1 54-1 
1-6343 1712 2-797 4-047 6-844 42-8 49-6 53-7 
1-4669 1523 4-282 2-456 6-738 43-3 50-0 52-5 
1-4236 1508 5-010 1-975 6-985 42-9 49-9 51-8 
1-4014 1512 5-599 1-685 7-284 42:3 49-6 51:3 
13742 1578 6-976 1-185 8-161 40-7 48-9 50-1 





1-3690 1630 7-971 0-943 8-914 39-2 48-1 49-1 
1-3695 1712 9-093 0-724 9-82 37-4 47-2 48-0 
13741 1784 10-12 0-589 =—-:10-71 85-3 46-0 46:6 
13856 1883 11-69 0-393 12-08 32-3 44-4 44-8 
TasieE IT. 
a Total 
aes", (Scarpa). (Ostwald). HNO). H,0. solution. 
0-99707 891 891 — 55-35 55-35 
1-0297 917 914 0-987 53-7 547 
1-0633 954 951 2-010 52-0 54-0 
1-0892 989 991 2-810 50-6 53-4 
1-1193 1049 1042 8-744 49-0 52-8 
1-1542 1123 1120 4-863 47-1 51-9 
1-1787 1195 1187 5-667 45-6 51-3 
1-2245 1335 1327 7257 42-6 49-9 
12678 1497 1487 8-900 39-2 48-1 
1-3397 1764 1758 11-92 32-7 44-6 


Col. 8 of Table I gives the sum of Cols. 4, 5, and 6; on the assump- 
tion that the solutes are completely dissociated and that the 
hydrogen ions are present as H,O0° ions (or, alternatively, that they 
have no effective size as free individuals), these figures give the 
relative numbers of particles having effective volume, the water 
molecules being treated as unpolymerised and no allowance being 
made for hydration of the silver ions. Col. 6 in Table II gives 
the corresponding figures for the pure acid solutions, the values 
in this case being identical with “ Total solution.” 


Discussion of Results. 


Densities and Solution Volumes.—The data in Col. 8, Table I, 
and Col. 6, Table II, show a close parallelism and, when plotted 
against acid normalities, give graphs which are superimposable 
except in the region 0—5N, where the solutions containing silver 
nitrate have slightly higher numbers of “‘ effective particles” (the 
Maximum divergence being 0-3 unit/litre). The saturated solution 
of silver nitrate in pure water, having 55-33 for this number, may be 
compared with pure water itself, for which the value is 55-35. If 
the solution volume of the water were the same in the two cases, 
then that of the silver nitrate would be exactly twice as much. 
Caution must, however, be observed in making such deductions, 
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and due regard must be given to the possibility of an alteration in 
the values for the water molecule itself. For instance, a change of 
the condition of the solvent, such as depolymerisation, might lead 
to an adjustment of the volume effectively shown. Similarly, the 
packing of ions amongst the water molecules and the interactions 
of “hydration ”’ will undoubtedly lead to modifications of the volume 
which the solvent molecule apparently occupies. These various 
effects may all be regarded as readjustments of the amount of “ free 
space ” in the liquids. This free space is normally included in the 
apparent solution volumes of the constituents of a solution, whether 
solute or solvent. Usually, in dealing with aqueous solutions, a 
constant value is assumed for the water, based upon the density 
of the pure solvent, and any variations are arbitrarily expressed as 
those of the solute: an example is that of lithium chloride (Green, 
J., 1908, 93, 2023), discussed by the author in Part II (loc. cit.). 
On the other hand, the type of expression suggested by Masson 
(J., 1911, 99, 1132), and used in the present series of investigations, 
makes provision for changes in the apparent solution volume of the 
solvent in the solution as compared with the pure liquid. The 
solution volumes deduced by these methods all include a proportion 
of “free space” except for the two smallest ions Li’ and Na’, in 
which cases the apparent solution volumes were found to be less 
than the gram-ionic volumes calculable from lattice radii. These 
are the ions which definitely show hydration effects. The case of the 
ammonium ion was especially interesting, for it gave an unexpectedly 
high solution volume of 19-64 c.c. (Part III), compared with the 
value 7-43 c.c. deduced from the ionic radius. At the same time, 
this ion was shown to have a negative effect on the viscosity. Itis 
suggested that the appropriation of this large amount of free space, 
accompanied by a repulsion of the solvent molecules, causes the 
ammonium ion to show a lower viscous effect than its apparent 
solution volume would otherwise indicate. The ammonium ion, iD 
fact, behaves as a ‘“ loose spot ’’’ (compare Part II). 

The application of Masson’s formula, d? = K + k,a + kb, to 
the data of Table I may now be considered. The series of densities 
resembles that for the NaCl-HCl and KCI-HCl mixtures (Part |), 
there being a minimum value; since, however, the data for silver 
nitrate cover a much wider range of salt concentrations, it is no 
surprising that the formula has a more restricted application. Cot- 
stants were determined by (i) the method of least squares and (i) 
Campbell’s method (see Part III, loc. cit.), the corresponding equation 
being 

(i) d? = 1-0350 + 0-02647a + 0-129 ; 

(ii) d=" = 1-0306 + 0-02702a + 0-13050. 
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The second of these is preferred, and the densities calculated by 
means of it compare well with those observed except for the end 
values of the series; ¢.g., 


ili 2-2969 1-7376 1:6343 1-4669 1-4236 
yy (ealle.) cece. 2-2986 1-7368 1-6343 1-4669 1-4236 
a (oun) ....-....,.: 1-4014 1-3742 1-3690 1-3695 1:3741 
ys! ROMEO.) iid... 14017 1:3737 1-3690 1-3706 1-3808 


The solution volumes corresponding to the constants of the equations 
differ only slightly according to the equation used, thus : 


AgNO. HNO,. H,0. 
NE CIE 38-66 35-32 17:41 
ee eee 38°14 34-92 17-48 


The values may be compared with those derived from other sources. 
Jabiczyriski, in a paper on the dimensions of ions in aqueous solutions 
(Rocz. Chem., 1923, 3, 362), has discussed the data for many salts, 
including nitrates and chlorides. He gives the solid volume of silver 
nitrate as 39-04, and calculates the upper and lower limiting solution 
volumes to be w, 39°34 and w,) 25-91, respectively, these being 
deduced from data by means of empirical formule, and the solution 
volumes being calculated from density data by means of the ordinary 
y 1 1000d — MN 
equation w = ww 1000 % 
pure water. The lower limiting values wy were, for the chlorides of 
sodium potassium, cesium, and rubidium, shown to agree with the 
molecular volumes calculated from the lattice radii of the ions as given 
by Bragg (Phil. Mag., 1920, 40, 169); but the revised data for the 
radii nullify this agreement, which in any case did not extend to 
other salts. The agreement found between the upper limiting values 
w, and the solid volumes in the case of many salts, including silver 
nitrate, is apparently significant, although too much importance 
must not be attached to it, since the result is obtained by neglecting 
the effect of changes of the packing arrangements upon the volume 
oceupied by the water. All that can be safely concluded is that, in 
solutions of high concentration, the solution volume of the salt 
approaches that of the solid in many cases, and if the ionic radii 
remain the same, the “‘ free space ”’ associated with the ions in solu- 
tion is of the same order as that for the solid state. The mean 
value deduced for silver nitrate in the mixed salt and acid solutions, 
viz., 38-40, is thus seen to be satisfactory. The fact that the value 
remains constant over the greater part of the series may be attributed 
to the relatively small variation in total solute strength, so that the 
apparent volume of the nitrate ion, which accounts for the major 


portion of the total volume of the salt, remains constant. This 
U 





), where dy, is the density of 
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would not be the case in a simple series of solutions of silver nitrate 
alone, varying over the same range of salt concentration, viz.,0—lON 
(app.), as in the mixtures. The same argument applies to the acid 
itself, so the acid volume deduced for the mixed solutions will not 
be expected to apply to any considerable part of Table II. Actually, 
it does apply for the concentration region 6—9N, for which solutions 
the densities can be fairly accurately calculated by the formula 
d= = 1-0306 + 0-02702a, but outside these limits there is rapid 
divergence. 

The difference (3-28) between the means of the above values of 
the volumes, viz., ¢’sgvo, = 38°40, $’uno, = 35-12, is taken as the 
volume of the silver ion, and ¢'yxo, will be provisionally assumed 
to be the value of ¢’xo, also.* The value for the silver ion falls 
between those obtained for Na’ (1:58) and K* (12-25) in Part I. 
Furthermore, if these values are used to derive values for the nitrate 
ion from the limiting values of sodium and potassium nitrates given 
by Jabiczyfski, viz., w,(NaNO,) = 37-87, w,(KNO,) = 47-61, the 
values for this ion are 36-29 and 35-36, respectively, the latter being 
in very close agreement with the value deduced above. In this 
connexion, it may be noted that lithium nitrate (w, 30-24) is not in 
agreement. This again is probably due to the method of obtaining 
the solution volumes without regard to changes of the water volume. 
In the case of lithium chloride (Part II, loc. cit.), it was shown that 
for a 5-407N-solution, the solution volume (22-43) obtained by using 
a density for water of 1-01275 was considerably higher than either the 
solid volume (20-94) or the solution volume (20-24 at 5N) calculated 
by Green (loc. cit.). A difference in the assumed density of the 
solvent water of about 1°, therefore makes a considerable difference 
to the calculated salt volumes, and this is most marked for lithium 
salts, so the above apparent discrepancy of lithium nitrate is probably 
capable of a similar explanation. 

The solution volumes of the silver and nitrate ions, viz., 3-28 
and 35-12 respectively, may be compared with ionic volumes 
deduced from lattice radii. For the former ion, the values given by 
Goldschmidt (loc. cit.), 1-13, and by Pauling, 1-26 (quoted by Gold- 
schmidt), lead to gram-ionic volumes of 3-665 and 5-079 respect- 
ively. The value 3-28 now found for the solution volume is thus, as 
with lithium and sodium ions, less than that calculated from the 
lattice radius. The nitrate ion has a structure with the centres 
of the four atoms in one plane, the oxygen atom centres being at 
the corners of an equilateral triangle, and that of the nitrogen atom 
being at the mid-point (Bragg, Phil. Mag., 1926, 2, 258). The 


* ¢ is used for the volume of ions added to 1 c.c. of solution; ¢’ is used 
for the gram-ionic volume of an ion. 
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inter-atomic distances of the oxygen atoms are given as 2-25 A.U. 
and their radii as 1-35 A.U. These dimensions imply a very close 
packing of the oxygen atoms round the central nitrogen atom, with 
considerable deformation of the former. These results have been 
confirmed and amplified in a comprehensive survey of the type 
of compound ABX, by Zachariasen (Norske Videnskaps-Akad., 
1928, 1, mat.-nat. Klasse, 4). Thus, in lithium nitrate the distance 
from an oxygen centre to the nitrogen centre is 1-25 A.U., which is 
practically the same as in the Bragg structure. It appears to be 
well established that both the nitrate ion and the carbonate ion, 
which has almost identical dimensions, preserve well-defined identi- 
ties. The exact volume occupied by such an ion is not easy to 
determine, but as an upper limit that of the triangular prism con- 


Fie. 1. 


— 
bo 


_ 
i) 


oo 


I. HNOs 
IL. HNO3-AgN05[ac> ] 
ti™ Tl.H NO3-AgNOs{ora] 


_— 


™ 


800 1200 1600 2000 2400 2800 
Coefficient of viscosity (in c. g. 8. units), 7 X 195. 








Concentration (g.-mols. per litre). 
o 





taining it may be taken. This is calculated to be 34-4 for the gram- 
ion. Actually, this will be somewhat high, and if the lower limit 
be chosen as the volume of three oxygen atoms (r = 1-32), giving 
17-5, it seems probable that the true volume will lie between these 
two limits. The solution volume determined is actually quite close 
to the upper limit thus obtained, and it will be shown that the 
volume influence of this ion upon viscosity is of the same order. 
Viscosities—The graphs of the data shown in Fig. 1 may be 
compared with those in Fig. 2, Part II, for hydrochloric acid solu- 
tions alone or containing sodium chloride. Aqueous hydrochloric 
acid solutions have higher viscosities than those of nitric acid of 
equal normality. Nitric acid appears to have a simpler behaviour, 
the curve being linear above 5N. Starting from pure water and 
comparing the two acids, it is found that the viscosity differences at 
corresponding normalities (i) at first increase from 42 (x 10-) units 
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at N}= 1 to 73 at N = 3; (ii) they then diminish until the value 
43 is again reached at N = 8, after which (iii) there is a rapid increase 
to 146 at N = 12. These effects might be interpreted as being due 
to (i) a more rapid depolymerisation of the water by nitrate than 
by chlorine ions in the earlier stages of 1—3N ; (ii) the influence of 
the larger size of the former ion tending to a greater viscosity effect 
and hence a making up of some of the ground lost during the initial 
period ; (iii) the entry of some specific effect in the solutions of high 
concentration of hydrochloric acid which is not paralleled in those 
of nitric acid or else is offset by a difference in the numbers of par- 
ticles of all kinds, which numbers are considerably less in the case 
of nitric acid. The effective numbers of particles as defined by 
Col. 6, Table II, for nitric acid, and falling from 55-35 to 44-60, show 
much greater variation than for hydrochloric acid, for which (from 
Green’s data) the range is 55-35—53-24 for the corresponding range 
0—12N. Another possible factor causing such differences of 
behaviour would be incomplete ionisation of the nitric acid in 
solutions of high concentration, since, as will be shown later, the 
increase of viscosity caused by adding a given ion is partly dependent 
upon the strength of the field into which it is placed. There is, 
however, no evidence that nitric acid is less dissociated than hydro- 
chloric acid and, in fact, the behaviour in dilute solutions suggests 
the complete dissociation of both acids (MacInnes and Cowper- 
thwaite, Trans. Faraday Soc., 1927, 23, 400). 

The most noteworthy feature in the graphs for the silver nitrate- 
nitric’ acid solutions is the obvious similarity to those for sodium 
chloride in hydrochloric acid, both sets showing the approach to a 
minimum viscosity as salt is replaced by acid. It should be noted 
that the minimum does not occur at the point of minimum total 
solute concentration. 

The linear relation for nitric acid of concentrations exceeding 5N 
is expressed by 

7 = 0-006822 +- 0-0009077C 
for the Scarpa series (if the mean of the Scarpa and Ostwald series 
is taken, the first constant becomes 0-006787). If this equation 
is compared with one of the form deduced by Einstein (Ann. Physik, 
1906, 19, 289), viz., 7 = nm [1 + constant x ¢], and if it be assumed 
that the nitrate ions contribute the main effect in altering the 
viscosities in proportion to their volume, so that ¢ = C¢’/1000, 
¢’ is given by [0-0009077 x 1000]/[0-006787 x (constant)}]. If the 
value 4-5 be taken for the constant in the Einstein equation (com- 
pare Hatschek, Trans. Faraday Soc., 1913, 9, 80), xo, becomes 
29-7 c.c. and m, would be 0-006787. It might be argued that the 
latter quantity represents the fundamental viscosity of depolymerised 
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water at 25°, and hence it might be used to calculate the degree of 
polymerisation in ordinary water by comparing it with the viscosity 
of ordinary water and employing the equation 7 = n (1 + 2-554), 
which with the constant 2-55 might be considered applicable to the 
if case of the uncharged water polymerides. This calculation, with 
t iw = 9-00891, gives ¢ as 0-1225 c.c., or 122-5 c.c. per litre, correspond- 
] ing with a polymerisation of 12-39%. The significance of the value of 
h ni a8 thus suggested is open to question, for at present there is no 
evidence of its applicability to solutions other than those here con- 


> sidered. Further, the equation 4 = n, (1 + 4:5¢) is not satisfactory 
” either for the data for the mixed solutions of silver nitrate and nitrie 
y acid or for correlating hydrochloric acid and the mixed chloride 
a solutions. It may be compared with the equation of Smoluchowski 
te! (Kolloid-Z., 1916, 18, 194) put in the form n = np {1 + 2-5¢ (1 + x)}, 
ge where the term (1 +- x) takes account of the effect of the charge on 

the particles and presumably varies with the total number of these. 


If it is accepted that the volume 29-7 c.c. represents the effective 
” value for the nitrate ion, then the factor (1 + 2) for nitric acid solu- 
tions of 5N upwards remains constant and equal to 4-5/2-5. . This 


a again assumes the fundamental significance of y». It is probable, 
o. | therefore, that the linear relationship for nitric acid is due to a 
ea balance of a number of effects, and is not to be interpreted fully on 
ai these simple lines. 

Since a satisfactory interpretation of the data for the mixed solu- 
wie tions could not be obtained on the above lines, recourse was had to 
im | the empirical equation, 4, — 7, = 3(n2 +.1)2-5¢, employed in 
5a | Previous parts of this series. According to this formula ‘a change 


ted | of viscosity occasioned by the addition of a quantity of ions of nett 
tal | Volume ¢ is proportional to that volume and to the mean viscosity 
of the solutions concerned. It appears that introduction of the 
5N | mean viscosity in this way is equivalent to making allowance for the 
effect of the charges on the ions, but in a different way from that of 
Smoluchowski. Thus the effect of an addition ¢ is greater in solu- 
tions of high total-ion strength than in those of lower concentration. 


— By applying this to the solutions of nitric acid alone, in the first 
10n m ° F ’ 
4. | oase, and using successive pairs of values from Table II, the ¢ 
a F values of the nitrate ion are calculated. Thus, from the fourth and 
the fifth experiments (Scarpa values) 


900, Y= 0-00989 ; i= 0-01049 ; Ng —- 1 = 0-00060 ; Ne + = 
the | 902038; C, — C, = 0-934; 





om: _ Ayn x 1000 x 2- __ 0-00060 x 2000 = 95-23 
“a ~ 25 X& (ne + 7y)AC ~ 25 & 0-02038 x 0-934 — : 
the 


and the values for the complete series are as follows : 


ised v2 
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O sccrisgececcece 0 0-987 2-010 2-810 3-744 4-863 5-667 
@ vnscsarpepesces 11-7 15-5 18-0 25-2 24-4 30-9 

Qin daspcvonsnocde 5-667 7:257 8-900 11-92 

Ds crconcsaqegesce 27°8 27-9 27-3 


The mean value for C > 5N is ¢’ = 27-6, which may be compared 
with that derived directly from the linear relationship discussed 
above, viz., 29-7: these values fall between the limits already 
adduced for the volume of this ion and they approximate to the 
solution volume found. These facts, in conjunction with the fair 
constancy of the values in the above table for solutions of concen- 
trations above 3N, are taken to indicate an absence of hydration 
effects for the nitrate ion. The initial rise in the series is attributed 
to the depolymerising action of this ion, whereby the apparent ¢’ 
value is reduced. The tendency for the values to fall, over the 
range 5—12N, may be connected with the falling off in the total 
number of particles present. An alternative explanation might be 
that incomplete ionisation in the very concentrated solutions causes 
an apparent reduction of the effective volume—an actual reduction 
due to changes in the packing arrangements of the ions and water 
molecules and equivalent to a loss of free space is not excluded. 
In this connexion, the difference between nitric and hydrochloric 
acids is noteworthy. It was shown that with the latter (Part [) 
the ¢’ value of the chlorine ion (22-43) which could be used to 
account for the viscosities of solutions of 3—6N on the above lines 
was quite inadequate for the values at higher concentrations, and the 
apparent ¢' values would rapidly increase with increasing acidity, 
this being due apparently to some specific effect such as the formation 
of a complex molecule (? H,OCI) which has no parallel in the nitric 
acid solutions. 

The value 28 being accepted for the effective volume of the 
nitrate ion in solutions containing that ion in concentrations from 
7 to 10N, the data of Table I may be used to calculate the apparent 
¢’ values for the silver ions in the mixed solutions of total concen- 
trations between these limits. Thus, for the first pair of solutions 
there is a fall in viscosity accompanying a fall in concentration 
of 2-540 in the nitrate ion and of 4-762 in the silver ion, and the 
calculation is made as follows : 


ny = 0-02989; Ay = 0-01137; 
Ng = 0-01852; (ny + ne) = 0-04841 ; 


0-01137 x 2000 


1000 ¢ = = 187-9 c.c. per litre. 





0-04841 x 2-5 
The total ¢ of 187-9 c.c. per litre is reduced by that of the nitrate 
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ions, viz., 2-540 x 28 = 71-1 c.c., and the difference (187-9 — 
71-1 = 116-8 c.c.) divided by the fall in the silver-ion concentration 
(4-762) gives the effective volume of the silver gram-ion, i.¢., 6's, = 
24-53 c.c. This may be taken to represent the mean effective 
volume of the hydrated silver ion for the particular range considered, 
and the apparent hydration may be calculated after subtracting the 
volume of the silver ion, 3-28, derived from the densities. Each 
successive pair of solutions in Table I might thus be treated, but in 
that part of the table embracing the minimum point of viscosity, 
An becomes inconveniently small, hence in this region wider steps 
have been used. Further, for certain pairs, e.g., the sixth and 
seventh solutions, 4 increases whilst Cyo, increases and C4. 
diminishes, so the ¢ value calculated is the nett effect dyo,, — dag: 
and the subsequent calculation of ¢,,. must be modified accordingly. 
The series of values relating to the different parts of the table may 
now be considered, the ordinal numbers referring to the successive 
pairs of solutions. The values in brackets are indirectly derived, 
being weighted values deduced from others first obtained from wider 
steps of the table; h is the hydration factor or apparent hydration. 


( RE gpl enugjes righting ynggd-hgitomigploy ¢ 
es, +i t5dbaetus 24-5 245 27-5 [25 20 19 22] 262 266 
Te Ehicstbiisien 1:21 1-21 1:38 1:24 0-95 0-90 


This series of values may be compared with that obtained for 
sodium ions in sodium chloride—hydrochloric acid solutions (Table 
VI; Part I), which commences at 32-0 for the pure saturated solu- 
tion and falls to 23-5 at the point of minimum viscosity. After this 
point is reached, in both cases the values begin to rise, but, as the 
concentrations of the salts are then becoming low, the values may be 
subject to considerable error partly owing to the smallness of the 
effects actually attributable to these ions, and partly because other 
specific effects coming into play in solutions of higher acidities are 
automatically included in the values for the metal ions. Only the 
first portion of the series of figures for silver nitrate is therefore useful 
for the discussion of the hydration. The calculated hydration 
factors are lower than those obtained for sodium ions at corre- 
sponding parts of the series. The initial tendency to rise may be 
due to the very considerable fall in total solute strength of the 
solutions in the early parts of the series. This effect is very slight 
or non-existent in the case of sodium ions. The method of treat- 
ment given places the silver ion between the ions of sodium and 
potassium as regards hydration, in agreement with the idea that the 
order should be that of the ionic radii, the smaller the radius the 
gteater being the tendency for hydration. 
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Summary and Conclusions. 


Determinations have been made at 25° of the solubility of silver 
nitrate in aqueous nitric acid of concentrations up to 12N. The 
densities and the viscosities of the solutions have been measured 
together with those of a comparable series for the acid alone. 

The formula d = K + k,a + k,b applies to the densities of the 
mixed solutions of total solute concentration below 9N, a and b 
being the concentrations of acid and salt respectively. The constants 
K and k, also apply to the pure acid solutions of concentrations 
6—9N. The corresponding solution volumes are discussed and 
compared with those derived by other investigators. The silver ion 
behaves like lithium and sodium ions in having an apparent volume 
less than that calculated from its radius in the crystal lattice. 

The viscosity data are interpreted by means of the empirical 
formula 7, — 7, = (ng + 1,)25¢. A change of viscosity 
caused by the addition to a solution of ions of volume ¢ is propor- 
tional to this volume but also depends upon the mean viscosity of 
the solutions considered. It is suggested that this latter factor takes 
account of the electrical effects, and hence the equation allows of 
the volume effect being separately estimated. The formula, which 
has previously been applied only to chlorides and their ions, is now 
found to give a satisfactory account of the data for nitric acid and 
for its mixed solutions with silver nitrate. The volume effect of the 
nitrate ion remains substantially- constant except in 0—5N-solutions 
of the acid alone, where apparent variations due to the depolymeris- 
ing action of the ion are indicated. This depolymerisation of the 
water is more easily effected by the nitrate ion than by the chlorine 
ion. The volume of the nitrate ion determined from the viscosities 
approximates to the solution volume calculated from the densities 
and is also in agreement with values deduced from the data for the 
size of this ion in crystals; hence it is concluded that this ion is not 
hydrated. Nitric acid shows a less complex behaviour in solutions 
of high concentration than does hydrochloric acid, and this suggests 
the absence of complex ions in the former case. 

The silver ions in the mixed solutions show effects attributable to 
hydration, which is less than that previously found for sodium but 
greater than for potassium, and this is in accordance with the 
expected results deduced from the sizes of the ions. Hydration 
factors for silver ions varying from 1-4—0-90 are found, whereas 
those for sodium ions were 1-7—1-2. 


Heriot-Watt CoLLeGE, EDINBURGH. [Received, January 27th, 1930.] 
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LXXVIII.—EHxperiments on the Constitution of the 
Aloins. .Part II. 


By Cartes Stantey Grsson and Jonn LIonEL 
SIMONSEN. 


SoME years ago Robinson and Simonsen (J., 1909, 95, 1085) sug- 
gested tentatively for barbaloin the formula (I), based chiefly on the 
following facts: (i) the careful investigations of Jowett and Potter 
(J., 1905, 87, 878) had shown that barbaloin has the composition 
C,¢H,,0, and contains four hydroxyl groups; (ii) the oxidation of 
acetylbarbaloin with chromic acid yields a mixture of acetylrhein 
and acetylaloe-emodin ; (iii) rhein was shown to be a dihydroxy- 
anthraquinonecarboxylic acid, and aloe-emodin the corresponding 
primary alcohol. At the time, it was considered probable that 
rhein was an isochrysazincarboxylic acid, but the further work of 
Robinson and Simonsen, in the publication of the results of which 
they were anticipated by other workers (Oesterle and co-workers, 
Arch. Pharm., 1909; 247, 417, 532; 1911, 250, 305), showed that 
rhein (II) and aloe-emodin (III) are derivatives of rns 
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This conclusion obviously necessitated a revision of the suggested 
constitution for barbaloin and it has only recently been possible to 
resume the investigation. In the meantime, Léger (inter alia, Ann. 
Chim., 1916, 6,318; 1917, 8, 265) has published the results of a 
prolonged ‘investigation of the constitution of barbaloin and of 
other members of this group. He concludes that the composition 
of barbaloin is not C,,H,,0, with four hydroxyl groups but 
C39H,,0, having five hydroxyl groups. Elementary analysis of 
either the parent substance or of certain of its simple derivatives 
does not distinguish between these two formule, and Léger was 
led to make the change by the important observation that when 
barbaloin is treated with alcoholic hydrochloric acid under specified 
conditions d-arabinose is formed in addition to aloe-emodin. He 
naturally concluded that barbaloin is the arabinoside of aloe-emodin 
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having the constitution (IV), although the actual position of attach- 
ment of the sugar residue was not definitely proved. 


OH «oo OH 


R = d-arabinose. 


The suggestion that barbaloin was a glucoside was not new, since 
Rochleder and Czumpelik (Monatsh., 1863, 44, 493; 1866, 47, 119) 
had observed the formation of a sugar in addition to a yellow crystal- 
line substance by the action of alcoholic hydrochloric acid on 
barbaloin: Tschirch and Pedersen (Arch. Pharm., 1898, 236, 
206), however, were unable to confirm this. Léger conclusively 
proved that d-arabinose is formed when barbaloin is kept with 
alcoholic hydrochloric acid for a period of six months, and we have 
confirmed this. The rate of hydrolysis, if such it be, is extra- 
ordinarily slow and very little action appears to have taken place 
after a week’s continuous digestion, although the barbaloin is 
completely in solution. Léger also observed that aloe-emodin 
and d-arabinose are produced when barbaloin is oxidised with 
sodium peroxide. In this reaction the sodium peroxide must be 
assumed to act as a hydrolytic agent, although the yield of aloe- 
emodin does not exceed 9%. 

We have confirmed in all respects Léger’s excellent experimental 
work, but it appears to us that there are a number of cogent reasons 
for doubting the correctness of the constitution he assigned to 
barbaloin. The more important of these may be summarised. As 
already mentioned, elementary analysis does not readily distinguish 
between the two formule which have been suggested, and if the 
tendency for barbaloin to retain solvent of crystallisation be taken 
into consideration the differences between the carbon and hydrogen 
contents lie within the limits of experimental error (C,,H,,0; 
requires C, 59-6; H, 56%. OC, 9H,,0, requires C, 59-7; H, 4-6%). 
Molecular-weight determinations have led to contradictory results. 
By the cryoscopic method, using phenol as the solvent, Jowett and 
Potter obtained the value 310. On the other hand, Seel and 
Kelber (Ber., 1916, 49, 2364) obtained the abnormal value of 197 
with phenol; by the ebullioscopic method, however, they obtained 
the average values of 408 with acetone and 440 with ethyl alcohol. 
Although the last-mentioned results support the Cy) formula, the 
analytical data for the chloro- and bromo-barbaloins, which are 
highly crystalline and readily purified substances, agree much more 
closely with the C,, formula; this is seen from the following 
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analytical results from the papers of Jowett and Potter and of 


Léger : 
Chlorobarbaloin. % C. % HH. % Cli. % Br. 
(BLESS 68 aa bs 9 At ASRS 9) 45-9 3-4 24-9, 25-1 
Cale. for C,4H,,0,Cly ....+.-.. 45:3 31 25-1 
Calc. for C,,H,,0,Cl, ......... 44-4 2-6 26-3 
Bromobarbaloin. 
gelesen lechaey "Aertete 34:1 2-7 42-9, 41-8, 43-1 
Cale. for C,,H,,0,Brs; ......... 34-3 2-7 42-9 
Cale. for C.5H,,0,Br, ......... 33-4 1-9 44-6 


Jowett and Potter determined the molecular weight of the bromo- 
compound in phenol by the cryoscopic method and obtained the 
value 535 (C,,H,,0,Br, requires M, 559). 

We have obtained analytical results for the bromo-compound 
(Found: Br, 42-6%) in agreement with those of previous investi- 
gators: the compound can be recrystallised without change from 
pyridine and digested for a short time with diethylaniline; further, 
its acetyl derivative both before and after treatment with sodium 
acetate in alcoholic solution has the same composition agreeing with 
the C,, formula. We are unable, therefore, to accept Léger’s 
suggestion that the marked deficiency in halogen content for the 
Cy9 formula may be explained by the instability of the bromo- and 
chloro-compounds and their tendency to lose hydrogen halides. 

Even more remarkable, in our opinion, is the resistance which 
barbaloin as a simple arabinoside shows to hydrolytic agents, a 
property which is shared by bromobarbaloin. The latter can be 
heated in a sealed tube at 100° with alcoholic sulphuric acid (20% 
by weight) without change. Again, barbaloin and its” halogen 
derivatives dissolve in alkali, yielding bright yellow solutions : 
these would not be expected if the parent substance were a di- 
hydroxyanthraquinone glucoside with two free phenolic hydroxyl 
groups, since such substances give red solutions. 

We were therefore led to take up again the study of the chemistry 
of barbaloin and the results so far obtained appear to indicate that 
Léger’s formula cannot be correct. 

The action of reducing agents on barbaloin was first investigated, 
but with unsatisfactory results. The alcohol cannot be reduced 
with hydrogen in the presence of platinum oxide,* and on treatment 
with sodium and alcohol or with hydriodic acid and phosphorus 
it yields bright red products resembling the phlobaphenes in pro- 
perties. Acetylation—-reduction yielded a colourless gum which 
sould not be purified. 

Results of a greater interest have been obtained from a detailed 
study of the bromination of barbaloin. It has long been known 


* We are indebted to Dr. H. King for carrying out this experiment. 
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that barbaloin on bromination with bromine water yields a bromo- 
barbaloin which is either tribromo- or tetrabromo-barbaloin ac- 
cording as the C,, or the Cy) formula be adopted. Léger prepared 
a second bromo-compound, by bromination in hydrobromic acid 
solution, which differed completely in its properties from the ordinary 


bromobarbaloin and was considered by him to be the tribromide — 


having the formula C,,H,,0,Br,. We have prepared this bromo- 
compound and confirmed its composition, but, on acetylation, 
contrary to expectation, it yields an amorphous hexa-acetyl and not 
a penta-acetyl derivative. The presence of six hydroxyl groups in 
this bromo-compound has been confirmed by the preparation of a 
pentamethyl ether by methylation with methyl sulphate, and as 
this ether can be acetylated it still contains a hydroxyl group. The 
analytical data (see p. 559) appear to indicate also that a. methyl 
group is introduced into the nucleus, and the pentamethy] ether 
may therefore be formulated C,)H,0,Br;Me(OH)(OMe);. The 
introduction of a methyl group into the nucleus does not require 
comment at this stage, since it is not infrequently observed when 
methyl sulphate is employed as a methylating agent. 

These results rendered necessary the careful investigation of 
ordinary bromobarbaloin, which according to Léger is a tetrabromo- 
derivative. The difference in physical properties of the two bromo- 
compounds is very marked: the tribromo-compound is very 
sparingly soluble and microcrystalliné, whereas the tetrabromo- 
compound is readily soluble and highly crystalline. This dif- 
ferentiation is much greater than that usually observed between 
tri- and tetra-bromo-derivatives. Our confirmation of the analytical 
results of previous workers for ordinary bromobarbaloin has been 
supplemented by molecular-weight determinations kindly carried 
out by Dr. Sugden by a new ebullioscopic method which he will 
describe. With acetone as the solvent, the molecular weight was 
found to be 538, in fair agreement with the calculated value 559 
(Cy, formula). When the bromo-compound is acetylated with 
acetyl chloride, a tetra-acetyl derivative, which has been previously 
described, is obtained, but if acetic anhydride is employed a different 
acetyl derivative is formed. Although this is amorphous, the 
analytical data show conclusively that it must contain five acetyl 
groups. The presence of five hydroxyl groups in this bromo-com- 
pound was confirmed by the preparation of a pentamethyl ether. 
This, like the acetyl derivative, is amorphous, but the analytical 
results indicate clearly that its composition is C,;gH)0,Br,(OMe);. 

The result of the investigation of the bromo-compounds leads 
to the apparently anomalous position that, whereas by bromination 
in aqueous solution derivatives of a substance having the composition 
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C,gH,,0, are obtained, bromination in the presence of hydrobromic 
acid yields derivatives of a substance having the composition 
Cy9H,,0,. It seems to us that these results can be reconciled only 
by assuming that the bromo-compound prepared in hydrobromic 
acid is a true derivative of barbaloin. As suggested by Léger, 
barbaloin has, therefore, the composition Cy,H,,0,, but it contains 
not five but six hydroxyl groups, so the formula may be 
written as C,,H,.0,(OH), and that of the tribromo-compound as 
Cy9HyO;Br,(OH)¢. 

With regard to the bromo-compound prepared in aqueous solution 
we suggest that it is an oxidation product formed by the loss of four 
carbon and two oxygen atoms and that it has the composition 
C,,H,,0,Br,(0H);. The methods adopted for its preparation (by 
the action of bromine water) and for the preparation of the analogous 
chloro-compound * (potassium chlorate and hydrochloric acid or 
chlorine in hydrochloric acid) are such as would readily permit of 
oxidation occurring simultaneously with halogenation, and the 
yields are very poor in both cases. The suggestion that the lower- 
melting bromo-compound is not a normal bromination product of 
barbaloin is supported indirectly: by a. number of comparative 
experiments which we have carried out. We have been unable to 
prepare the bromo-compound except by the use of bromine, water ; 
bromination of barbaloin in acetic acid solution containing 
sodium acetate yields only the sparingly soluble bromo-compound, 
C.9H,;0,Br,, and in chloroform solution a substance resembling 
this in properties, but having a somewhat higher bromine content, 
is obtained. The last substance requires further study, but we are 
of the opinion that it is probably a tetrabromo-derivative. 

To facilitate differentiation between these two bromo-derivatives, 
we suggest that the higher-melting compound, C,,H,,;0,Brs, should 
be known as tribromobarbaloin, and the lower-melting derivative 
as tribromonorbarbaloin. 

The only evidence which we have discovered directly at variance 
with the suggestion now made is the observation of Léger that 
tribromonorbarbaloin and trichloronorbarbaloin yield tetrabromo- 
and tetrachloro-aloe-emodin, respectively, on oxidation with sodium 
peroxide in alkaline solution. This reaction needs further investig- 
ation : it probably involves more complex changes than the simple 
hydrolysis required by Léger’s formula. This view is supported 
by the fact that we have not been able to oxidise either acetyltri- 
bromobarbaloin or acetyltribromonorbarbaloin to an anthraquinone 
derivative with chromic acid. 


* We have prepared this chloro-compound and its composition is 
C,H, ,0,Cl,. 
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It is difficult to determine how far the results of the molecular- 
weight determinations which Dr. Sugden has kindly carried out on 
tribromonorbarbaloin pentamethyl ether bear on the present 
problem. These gave the average value of 844, the calculated 
molecular weight being 629. As has been mentioned, the substance 
is amorphous and separates from its acetone solution as a gum; 
the results of the molecular-weight determinations, however, are 
very concordant. For the present, we are inclined to regard the 
results as abnormal and due to association. Tribromobarbaloin 
itself is too sparingly soluble for molecular-weight determinations, 
but it is proposed to determine those of suitable derivatives. 

If the views now stated are correct, the constitutions of barbaloin 
and of the other aloins must be more complex than has hitherto 
been assumed. The experimental investigation is being developed 
in various directions and it should be mentioned that Dr. A. 
Robertson is studying the synthesis of glucosides of rhein and of 
aloe-emodin. 

EXPERIMENTAL. 

The barbaloin used throughout this work was purified by two 
crystallisations from ethyl alcohol and dried over sulphuric acid. 
It was free from isobarbaloin. 

Tribromobarbaloin, C.>H,;0,Br;—To a solution of barbaloin 
(5 g.) in hydrobromic acid (d 1-5; 25 ¢.c.) cooled to 0°, bromine 
(8 g.) in hydrobromic acid (25 c.c.) was gradually added. No 
appreciable rise of temperature took place and after 4 hours the 
mixture was kept at room temperature for 4 days. The mixture 
was poured on ice, and the voluminous yellow precipitate (5 g.) 
separated and dried in air. When this was mixed with hot aqueous 
alcohol (60%, 50 c.c.), a clear reddish-brown solution was obtained, 
and this, after being boiled for a few minutes, deposited a fine 
yellow crystalline solid (the filtrate, A, was reserved). The bromo- 
compound was conveniently purified by extraction with acetone in 
a Soxhlet apparatus; it then separated from the solution as 4 
bright yellow powder. When slowly heated, the compound de- 
composed with vigorous evolution of gas at 291° after darkening at 
284°; on rapid heating, it decomposed without previous change at 
296°. The compound is anhydrous and does not lose weight at 
110° (Found: C, 37-7; H, 3-0; Br, 37-8, 37-6. Calc. for 
C,9H,,0,Br, : C, 37-5; H, 2-3; Br, 37-5%). 

Tribromobarbaloin is extremely sparingly soluble in all the 
ordinary organic solvents and insoluble in water. It dissolves in 
much formic acid or acetic acid and separates slowly from the 
solutions; under these conditions, it appears to undergo some change, 
since the melting point falls to 265°. It is readily soluble in mineral 
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acids, the solution in concentrated sulphuric acid being reddish- 
yellow and slightly fluorescent. It is not attacked by the latter 
reagent (50%) when heated for a short time, nor does it undergo 
any change when heated at 110° with a methyl-alcoholic solution of 
hydrogen bromide (3%) in a sealed tube. It is readily soluble in 
alkalis, yielding golden-yellow solutions. Its alcoholic solution 
gives with ferric chloride a deep reddish-brown coloration; this 
becomes paler on warming and the original deeper colour reappears 
on cooling. 

From the filtrate A, a small quantity of tribromonorbarbaloin 
was deposited on dilution with water. 

Acetyltribromobarbaloin, Cy,H,O,Br,(OAc),—The acetylation of 
tribromobarbaloin was investigated under various conditions, but 
a homogeneous product was obtained only by the following method. 
A solution of the bromo-compound (2 g.) in acetic anhydride (20 c.c.) 
to which two drops of sulphuric acid had been added was boiled for 
2 hours. The cooled reaction mixture was poured into water; 
the heavy oil which was precipitated slowly solidified. The dried 
and finely powdered solid was purified by means of ligroin (b. p. 
60—80°), from which it separated as an almost colourless powder ; 
this was not definitely crystalline. It softened at 173° and melted 
at 185—-187° to a yellow resin (Found : C, 43-4; H, 3-5; Br, 26-4. 
C,.H,,0,,Br, requires C, 43-1; H, 3-0; Br, 26-9%). 

Acetyltribromobarbaloin is readily soluble in all the ordinary 
organic solvents with the exception of ligroin and cyclohexane. It 
is readily attacked by chromic acid in acetic acid—acetic anhydride 
solution, yielding an amorphous powder which is insoluble in alkali 
and has not been purified. 

Tribromobarbaloin Pentamethyl Ether—Tribromobarbaloin in 
acetone was treated with potassium hydroxide solution (20%) and 
a large excess of methyl sulphate. The colourless oil that separated 
was converted into a flocculent solid when poured into water. The 
dried solid was triturated with ether, which left undissolved any 
partly methylated material; on evaporation, the filtered extract 
gave the methyl ether as a gum. In two experiments a solid was 
obtained which crystallised in well-defined prisms; it was very 
sparingly soluble in ether and apparently free from halogen, but it 
was not obtained in quantity sufficient for identification. 

The pentamethyl ether separated as a colourless powder, 
m. p. 128—-130°, when water was added to a solution in methyl 
ilechol-acetone [Found: ©, 43-0; H, 4:0; Br, 33-3; OMe, 22-9. 
(,,H,,O,Br, requires C, 43-1; H, 3-7; Br, 33:2; (OMe);, 21-4%]. 
twas somewhat sparingly soluble in methyl! alcohol and insoluble 
in ligroin and water, but readily soluble in ether, ethyl alcohol, 
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acetone, and ethyl acetate. It was only very slowly attacked by 
potassium permanganate in hot acetone solution. 

Acetyliribromobarbaloin Pentamethyl Ether—When a solution of 
the preceding ether was treated with acetyl chloride, and the excess 
of acid chloride removed, the product obtained could not be freed 
from a red substance which was also formed. A pure product was, 
however, obtained by using acetic anhydride containing a few drops 
of pyridine. _ The acetyl derivative, a colourless powder, was purified 
by precipitation from its solution in methyl alcohol by water. It 
had m. p. 102—105° after softening at 90° and was readily soluble 
in all organic solvents except ligroin (Found: C, 44-1; H, 4-1; Br, 
31-4; Ac, 6-4. C,,H,,0,9Br, requires C, 43-9; H, 3-8; Br, 31-4; 
Ac, 56%). 

Tribromonorbarbaloin, C,,H,,0,Br,.—This was prepared by the 
bromination of barbaloin with bromine water in the manner de- 
scribed in the literature. After crystallising from alcohol and 
drying under reduced pressure, it had m. p. 193—194°, sintering 
at 188° and decomposing at 223° (Found: Br, 42-6. Calc.: Br, 
42-9%). It can be recovered unchanged from its yellow solutions 
in alkalis on acidification. 

Acetylation of _Tribromonorbarbaloin.—Tribromotetra-acetylnor- 
barbaloin, C,,H,,0,Br,(OAc),, was obtained when tribromonor- 
barbaloin was acetylated with acetyl chloride. After crystallising 
from aqueous alcohol (70%), it had m. p. 137—139° (Found : Br, 
32-5; Ac, 24-0. Calc.: Br, 33-0; 4Ac, 23-7%). It was insoluble 
in cold alkalis, but was hydrolysed to the parent bromo-compound 
by alcoholic sulphuric acid. It yielded an amorphous, dark brown 
powder when oxidised with chromic acid in acetic acid-acetic 
anhydride solution. 

Tribromopenta - acetylnorbarbaloin,  C,gH,.0,Br,(OAc);, was 
obtained when tribromonorbarbaloin was acetylated with acetic 
anhydride in the presence of sulphuric acid. It was sparingly 
soluble in cold aqueous alcohol (60%) and readily soluble in hot 
aqueous alcohol; from this solution it was deposited as an amor: 
phous, granular, yellow powder, m. p. 139—140°, softening at 128° 
(Found: C, 40-5; H, 3-0; Br, 31-0. C,,H,,0,.Br, requires (, 
40-6; H, 3-2; Br, 31-2%). 

Tribromonorbarbaloin. Pentamethyl Ether, C,H, 90,Br,(OMe);— 
Tribromonorbarbaloin was fully methylated only after two treat 
ments with methyl sulphate and alkali in acetone solution. The 
ether, which separated as a colourless powder, m. p. 112—113° 
after softening at 101°, was readily soluble in organic solvents ant 
was purified by the careful addition of water to its solution in aceti 
acid. The white powder, m. p. 115—116°, obtained became yellow 
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on exposure to air. It was stable to potassium permanganate in 
acetone solution. Two distinct preparations were analysed [Found : 
C, 39-5, 40-1; H, 3-6, 3-9; Br, 38-6, 37-8; OMe, 21-4. C,,H,,0,Br, 
requires C, 40-0; H, 4-0; Br, 38-1; (OMe),, 24-6%]. 

The methyl ether cannot be reduced with zinc dust in the cold, 
but, on warming in acetic acid solution, bromine is eliminated, the 
product being an amorphous solid which has not been purified. The 
ether is insoluble in alkali, gives with nitric acid an intense purple- 
violet coloration and with sulphuric acid a deep purple, is somewhat 
readily attacked by potassium permanganate in acetone solution, 
and when oxidised with lead peroxide yields a substance which 
gives a green colour with sulphuric acid. 


We -desire to express our indebtedness to Messrs. Burroughs, 
Wellcome and Co. and to Dr. H. A. D. Jowett. for generous gifts of 
material which have made this investigation possible. To Professor 
R. Robinson, F.R.S., we are also greatly indebted for the considerable 
help and suggestive criticism which he has freely given during the 
progress of the work. Part of the expense of the investigation has 
been met out of a grant from the Government Grant Committee of 
the Royal Society, which we gratefully acknowledge. 


Guy’s Hosprrat Mepicat Scnoot (Untversiry or Lonpon), 
Lonpon, S8.E. 1. [Received, February 19th, 1930.] 





LXXIX.—The Action of Nitric Acid on Some 
Metals. : 


By Ernest SypNzEY HEpGEs. 


InvESTIGATION of the kinetics of the dissolution of metals in acids 
with evolution of hydrogen (compare Centnerszwer, Z. physikal. 
Chem., 1929, A, 141, 297) has shown that the reactions involved 
are more complex than the simple electronic exchange often re- 
presented in text-books of electrochemistry. When nitric acid is 
the reagent, the numerous reduction products afford even greater 
complexity of reaction and the matter appears to have received 
less attention, although it is of technical importance. 

Previous investigators (Acworth and Armstrong, J., 1877, 34, 60; 
Freer and Higley, Amer. Chem. J., 1899, 21, 377) have studied 
primarily the gaseous products of reduction of nitric acid at various 
concentrations by different metals (see summary by Bancroft, 
J. Physical Chem., 1924, 28, 474). Divers (J., 1883, 43, 465) 
classified metals into two groups in respect of their action on nitric 
acid : copper, mercury, silver, and bismuth produce water, nitrous 
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acid, and the nitrate of the metal, whilst zinc, cadmium, magnesium, 
aluminium, lead, iron, and the alkali metals do not yield nitrous 
acid, but give ammonia and generally also hydroxylamine. One 
of these groups includes metals which do not disengage hydrogen 
from hydrochloric acid, and the other comprises metals which do so, 

For many years two rival theories have existed. According to 
one view, the first product of reaction of a metal such as copper 
with nitric acid is hydrogen, which, however, does not appear as 
such, but, being in the nascent state, reduces the nitric acid to a 
variety of reduction products depending on the conditions of re- 
action. In support of this, it is urged that free hydrogen is obtained 
when magnesium acts on very dilute nitric acid. Acworth and 
Armstrong (loc. cit.) incline to this view and write Cu + 2HNO, = 
Cu(NO,), + 2H to represent the first stage. Supporters of the 
other view regard the metal itself as the reducing agent and deny 
the production of hydrogen. 

In the present paper a study has been made of the influence of 
rotation on the rate of reaction of some metals with nitric acid, and 
the results show that these metals fall definitely into two groups, 
the members of which are respectively electronegative and electro- 
positive to hydrogen: the hydrogen theory probably holds for 
the first group and the oxidation theory for the second. 


EXPERIMENTAL. 


The experiments described below were suggested by the accidental 
observation that some nitric acid in which an immersed copper 
sheet had been rotating for some hours had not acquired a blue 
colour. It was then found that Veley (J. Soc. Chem. Ind., 1889, 
8, 858; Phil. Trans., 1891, A, 182, 279) had already observed that 
a rolling sphere of copper dissolved more slowly in nitric acid than 
a stationary sphere, and that the cause of the phenomenon was the 
removal of nitrous acid, which acts as an autocatalyst, from the 
surface of the dissolving metal. 

In the following experiments, metal sheet 1 mm. thick was cut 
into strips 7 cm. long, which were 1 cm. wide over a length of 4 cm. 
and 0-6 cm. wide over the remaining 3 em. A length of 5 cm. of 
the strip was immersed in the acid, so that the immersed portion 
comprised all the 1 cm.-wide part and 1 cm. of the 0-6 cm.-wide 
part. By means of a small hole bored at the upper end, the strip 
was screwed to a nickel rod which could be rotated at speeds up to 
3000 r.p.m. by means of an electric motor. The reason for narrow- 
ing the upper portion of the strip was to reduce the area in contact 
with the liquid line where preferential corrosion occurs (Hedges, 
J., 1926, 831). The method is somewhat crude, but is probably 
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better than the more usual way of immersing the support in the 
g acid and covering all except the desired portion with wax or some 
e other protective coating: small quantities of such materials may 
0 exert a profound influence on the reaction (compare Hedges and 
), Myers, J., 1924, 125, 604). All the nitric acid used was freed from 
0 nitrous acid by being warmed to 30° whilst a vigorous stream of air 
T bubbles passed through it. The metals were cleaned by etching 


8 with nitric acid. The experiments were conducted in a thermostat 
a at 30° and the loss of weight of the metal after 1 hour’s immersion 
e- was determined. In general, it was found that repetitions of the 

same experiment gave results agreeing within 3—4%, although 
id occasionally larger discrepancies appeared. The figures given in 
= the tables represent the mean of two results differing by not more 
ne than 5%. This degree of concordance is quite sufficient, since the 
Ly changes studied are of a much higher order. 

Influence of Speed of Rotation on Rate of Dissolution.—(1) Copper 

of in 25% * nitric acid. 
id | Speed (r.p.m.) ... 0 80 100 180 360 450 


8, Loss of wt. (g.) .... 1-312 0-259 0-131 0-079 0-014 0-003 


The velocity of dissolution is greatly reduced by quite moderate 
rates of rotation, and at 450 r.p.m. has become exceedingly slow. 
The results indicate that the velocity of dissolution of copper in 
pure nitric acid is very low and that some product of the reaction 
which normally accumulates at the surface of the metal is an active 
tal catalyst. In the process of rotation, this catalyst is washed away 
et | from the surface as fast as it is formed, and consequently the reaction 
lueé | is slower than in the stationary state. If this explanation holds, 
89, | it should be possible to increase greatly the velocity of dissolution 
iat | of a rotating copper sheet by direct addition of the supposed catalytic 
an | reaction product to the nitric acid solution. For this purpose, 
the | experiments were conducted on the effect of adding nitrous acid (in 
the | the form of sodium nitrite) and copper nitrate at constant speed of 
rotation of the copper. The results are given below. 

cut Effect of adding sodium nitrite (constant speed 450 r.p.m.). 


7 Amt. added, % .........ccccceevees 0 0-1 0-5 
_ of Loss of wt. (g.) .ccccccccccessveeses 0-003 0-171 0-622 
jon ‘ : 
ide Effect of adding copper nitrate (constant speed 360 r.p.m.). 
ti Amt, added, % ...-...ss0+0004 0 0-2 1-0 10 
“ Loss of wt. (g.) s..scccsss0eees 0-014 0-004 0-004 0-007 
) tO : 
ow- Evidently, in agreement with Veley’s conclusions (loc. cit.), 


‘act | Nitrous acid is the reaction product responsible for the high speed 
ges, of reaction in the stationary state. Copper nitrate, even in relatively 


* Percentages relate to acid of d 1-42 (by vol.). 
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large amounts, did not increase the velocity of reaction, an observ- 
ation which is contrary to that of Rennie, Higgin, and Cooke (J., 
1908, 93, 1162), who state that the reaction is greatly accelerated 
by copper nitrate. These authors did not rotate the metal but 
stirred the liquid—an inefficient means of replenishing the layer of 
liquid in contact with the solid. 
(2) Silver in 25% nitric acid. 
At 450 r.p.m., with 
Stationary. At 450 r.p.m. 1% of NaNO,. 


Loss of wt. (g.) .....+ 1-174 0-000 1-187 


Rotation of silver at 450 r.p.m. inhibited dissolution by nitric 
acid completely, and the solution gave no reaction for silver ions 
when tested with hydrochloric acid. Addition of 1% of sodium 
nitrite to the rotating system brought the velocity of dissolution to 
practically the same value as that of stationary silver. 


(3) Tin in 25%, nitric acid. 
Stationary with 
Stationary. At 450 r.p.m. 1% of NaNO,. 


Loss of wt. (g.) ...... 0-270 0-390 0-114 
(4) Zine in 10% nitric acid. 
Stationary. At 450 r.p.m. 
Loss of wt. (g.) ...... 1-476 3-222 
(5) Magnesium in 5%, nitric acid. 
Stationary with 
Stationary. At 450 r.p.m. 05% of NaNO,. 
Loss of wt. (g.) ...... 0-270 0-480 0-240 


The results for tin, zinc, and magnesium show a striking difference 
from those for copper and silver, The rate of dissolution is increased 
when: the metal is rotated, and nitrous acid has no accelerating 
effect; indeed, substitution of nitrous acid for some of the nitric 
acid reduces the velocity of dissolution of tin. 

Further Examination of the Copper—Nitric Acid System.—Veley 
(loc. cit.) found that copper did not dissolve in dilute nitric acid 
containing a substance such as urea which could destroy the nitrous 
acid as fast as it is formed. The author’s experiments confirmed 
this observation, but also showed that copper dissolves readily in 
concentrated nitric acid even when saturated with urea, and that 
dissolution started in the dilute solutions on gentle warming. In 
the following experiments, concentrated nitric acid (d 1-42) was 
saturated with urea, and the solution diluted with distilled water 
in the proportion stated; 5 c.c. of the mixture were put into a test- 
tube immersed in a large beaker containing water, the temperature 
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of which was raised by 1° per minute. A small piece of copper was 
dropped into the mixture at 25°. 


HNO,-CH,ON, H,0, 


mixture, ¢.c. c.c. Result. 

5 — Immediate dissolution. 

4 1 ” ” 

3 2 Dissolution after 2—3 secs. 

2 3 Dissolution after 5 secs.; reaction stopped by shak- 
ing tube. 

1-5 3-5 No reaction at 25°; reaction starts at 27°, and 
ceases if temp. is decreased. 

1 4 As in preceding case, but 37° is now the critical 


temperature. ‘ 


Similar phenomena were observed when hydrogen peroxide or 
potassium permanganate was added to remove the nitrous acid, 
and the results indicate that these reagents are in general less 
effective than rapid stirring in removing the nitrous acid.’ In the 
more concentrated solutions at 26°, and in dilute solutions of ‘nitric 
aid at higher temperatures, nitrous acid is produced by’ the re- 
ducing action of copper at a rate greater than that at which urea or 
hydrogen peroxide can react with it. , 

This conclusion made it of interest to determine whether a con- 
siderably higher speed of rotation could prevent the dissolution of 
copper by concentrated nitric acid (d 1-42), and it was found that, 
although the reaction could not be stopped, its velocity was greatly 
reduced. For this purpose, a piece of copper foil 1 em. x 1 cm. x 
0-01 cm. was pierced and suspended by a glass hook which was 
lowered into an empty beaker and rotated at 2000 r:p.m. Con- 
centrated nitric acid was then poured into the beaker. At rest, a 
piece of metal of these dimensions dissolved completely in the acid 
in less than 30 seconds, but when it was rotated at 2000 r.p.m., 
after an interval of about 6 mins. (during which the solution 
developed a green colour) the foil always left the hook, being still 
partly undissolved. The piece of copper left had a black skin and 
appeared to be passive, dissolving in the acid extremely slowly even 
when at rest. Some specimens were not completely dissolved 
after 60 mins. An interesting behaviour was observed when one 
of these specimens was removed from the nitric acid and allowed 
to drain. After a few seconds, momentary effervescence appeared 
on the surface, the black film disappeared, and the metal was found 
to'have lost its passivity towards nitric acid. This behaviour re- 
sembles exactly that of electrolytic iron which has been rendered 
passive by concentrated nitric acid, removed, and ailowed to drain 
(Evans, J., 1927, 1020). Evans considers that the phenomenon is 
caused by the tendency of the protective film to leave the metal- 
liquid interface and collect at the air—liquid interface. 
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These results suggest that, in the absence of nitrous acid, nitric ] 
acid produces a protective oxide film on copper, which is thus An 
rendered passive in a similar way to the well-known action of con- and 
centrated nitric acid on iron. The black film mentioned above met 
resembled that observed by the author on copper which had been The 
rendered passive by immersion in concentrated nitric acid at —11° The 
(J., 1928, 975). rota 

The Anodic Dissolution of Copper in Nitric Acid.—The dissolution | amp 
of a copper anode in nitric acid is also affected greatly by the presence J posi 
of nitrous acid. For example, during passage of a current of 50 | pesy) 
milliamps. for 1 hour, a stationary anode lost 0-790 g. of copper, | oxid 
but when rotated at 400 r.p.m. it lost only 0-270 g.; when 2% of 
sodium nitrite was added, however, it lost 1-408 g. 

In the following experiments, a rotating anode of the type pre- 
viously described (J., 1927, 1028) was used, the cathode was of Th 
platinum foil, and the anode and cathode compartments were | yojo, 
separated by means of a porous pot. The experiments were con- | po¢a¢; 
ducted in 25% nitric acid at 30°. The following table shows the | the ,, 
loss of weight of the anode both when stationary and when rotated | ate, y 
at 400 r.p.m. at various current densities. The last column gives | gr o, 
the loss of weight to be expected in accordance with Faraday’s law. | clagsi¢ 

Loss of weight, g. the fir 

Current, - ~ second 

milliamps. Stationary.. At 400 r.p.m. Cale. The 

0 1-312 0-01 0-000 , 

25 1-158 0-096 0-592 acids ¢ 

50 0-790 0-270 1-185 initial 

100 1-000 0-280 2-369 the nit 
500 1-314 0-586 11-848 

and hy 

It will be observed that in every case the rotating anode dissolves f hydrog 
more slowly than the stationary anode, although at the higher | magnes 
current densities the difference is relatively less. At 25 milliamps. | On ¢ 
the loss is about twice as great as that calculated from Faraday’s group, « 
law, which means that much of the dissolution is controlled by | from nit 
local short-circuited electrolytic cells in the metal, the electrical | The } 
energy of which is not registered on the external circuit. At higher [ concent; 
current densities the loss is much less than that required by this } ofcoppe 
law, the discrepancy increasing with the intensity of the current. fcopper ¢ 
In these cases, evolution of gas at the anode was observed, so that Bcopper a 
only a portion of the electrical energy is involved in the form fiction o; 
ation of cupric ions. Thus it appears that copper readily becomes | produced 
passive, though incompletely so, under anodic polarisation, and [with the 
the more readily so in absence of nitrous acid. At the end of thé filubje 1 
experiments, these electrodes had a black or grey film over theif copper 
surface. Which ar 
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Difference of Potential between Stationary and Rotating Copper 
Anodes.—The difference of electropotential between the electrodes 
and a reference normal calomel electrode was measured by a static 
method, the measuring instrument being a string electrometer. 
The method was similar to that already described (J., 1927, 1077). 
The measurements were carried out both with stationary and with 
rotating (400 r.p.m.) electrodes, over the C.D. range 5—50 milli- 
amps./cem?., and throughout this range the rotating electrode was 
positive (noble) to the stationary electrode by 0-16 volt. This 
result is in the direction to be expected from the presence of an 
oxide film on the rotating electrode. 


Discussion. 


The metals invéstigated fall into two classes accordingly as the 
velocity of dissolution in nitric acid is increased or decreased by 
rotation. The presence of nitrous acid does not appreciably affect 
the rate of dissolution of members of the first group, but it acceler- 
ates very greatly that of metals of the second group. These groups 
are coincident with those of Divers (loc. cit.), who used as a basis of 
classification the nature of the reduction products. Members of 
the first group are electronegative to hydrogen, and those of the 
second group are electropositive. 

The electronegative metals can normally displace hydrogen from 
acids and their behaviour provides no reason to doubt that they 
initially displace hydrogen from nitric acid; the hydrogen reduces 
the nitric acid to oxides of nitrogen and sometimes to ammonia 
and hydroxylamine. When the nitric acid is extremely dilute, 
hydrogen can be obtained in the free state by the dissolution of 
magnesium. 

On the other hand, there is no a priori reason why the second 
group, consisting of electropositive metals, should displace hydrogen 
from nitric acid, since they do not do so from other acids. 

The passivity phenomena observed when copper is rotated in 
concentrated nitric acid, the observations on the anodic dissolution 
of copper, the difference of potential between stationary and rotating 
copper electrodes, and the formation of visible black films on the 
copper all suggest that an oxide film is formed on copper by the 
«tion of nitric acid. There is also the fact that nitrous acid is 
produced and accelerates the reaction; part of this acid reacts 
with the copper oxide, for, particularly in the early stages, the 
Wluble product contains green copper nitrite as well as the blue 
copper nitrate, and part of it is decomposed to oxides of nitrogen, 
Which are the gases evolved. 
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The suggested reactions. may be represented thus : 


(1) Cu + HNO, = CuO + HNO,; 
(2) (a) CuO + 2HNO, = Cu(NO,), + H,0; 
(b) CuO + 2HNO, = Cu(NO,), + H,0; 
(3) Cu(NO,), + 2HNO, = Cu(NO,), + 2HNO,; 
(4) (a) 3HNO, = HNO, + 2NO + H,0; 
(b) HNO, + HNO, = 2NO, + H,0. 


In dilute acid 4 (a) gives nitric oxide as the main product, whilst 
in concentrated acid 4 (b) preponderates and the main gaseous 
product is nitrogen peroxide : a mixture is usually produced. 

If, by rotation or by addition of such a substance as urea, the 
nitrous acid formed in (1) can be removed continuously, the metal 
becomes covered with a film of copper oxide and dissolves only 
slowly. Nitrous acid may be said to ‘‘ activate” the copper, perhaps 
in the same way that chlorine ions activate passive iron. In any 
case, the mechanism of this process of activation is not clear, but in 
some way the activating agent appears to loosen the protective film. 

The theory outlined above supposes that cuprie oxide can afford 
a sufficient degree of protection to the underlying metal, although 
ordinarily this substance is readily soluble in nitric acid. To test 
this point, some rough experiments were carried out on the rate of 
dissolution in nitric acid of samples of cupric oxide prepared in 
different ways. The method was to add 1 g. of the powdered oxide 
to 100 c.c. of 25% nitric acid, which was efficiently stirred ata 
constant rate by means of a glass stirrer, and to note the time taken 
for complete dissolution. An ordinary commercial: sample dis- 
solved in 3 mins. A: sample prepared from copper sulphate by 
precipitation. with sodium hydroxide and ignition of the residue 
was completely dissolved in 5 mins. A sample prepared by igniting 
cupric nitrate was incompletely dissoived after 60 mins. It is 
possible, therefore, for a form of cupric oxide to be sufficiently 
resistant to nitric acid to form a poorly protective film of the type 
required. The fact that the films are sufficiently thick to be easily 
visible is an indication of the low degree of protection afforded 
compared with that of the oxide film on passive iron. As fast # 
the relatively porous cupric oxide film is dissolved it is repaired by 
the nitric acid. 

Thus, nitric acid appears to oxidise copper and silver supet- 
ficially, causing them to become passive, and the action of nitrous 
acid, both on the ordinary chemical reaction and on the anodi¢ 
dissolution, may be described as one of “ activation,” though i 
what way it removes the protective film is not at present under 
stood. 
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Although in the dissolution of electronegative metals in dilute 
nitric acid the displacement of hydrogen appears to be the first 
reaction, in concentrated acid the oxidation reaction may pre- 
ponderate. Tin and iron form two excellent illustrations. Tin 
dissolves in dilute nitric acid, giving stannous nitrate, and the 
hydrogen reduces the nitric acid mainly to ammonia; in concen- 
trated nitric acid a hydrated stannic oxide is produced, but 
has not the requisite physical properties for forming a good pro- 
tective coating. Similarly, iron dissolves readily in dilute nitric 
acid, but in concentrated nitric acid receives a thin film of ferric 
oxide which protects it from further action, and the iron is said to 
be passive. 

Summary. 


The rate of dissolution of copper and of silver in nitric acid is 
decreased and can be almost prevented by rotation of the metal : 
the cause of this phenomenon is that nitrous acid (one of the products 
of reaction) is not allowed to accumulate at the metal surface. 
Direct addition of nitrous acid causes the rotating metal to dissolve 
rapidly. On the other hand, tin, zinc, and magnesium dissolve 
more rapidly in dilute nitric acid when rotated, and nitrous acid 
has no accelerating effect. Copper which has been rotated rapidly 
in concentrated nitric acid acquires a black film and becomes 
“passive ” towards nitric acid, dissolving slowly even when sub- 
sequently at rest : it shows passivity phenomena in other respects. 
A copper anode also dissolves more slowly in nitric acid when ro- 
tated than when at rest for a given current density, but addition 
of nitrous acid accelerates the rate of dissolution. A rotating 
copper anode is electropositive by 0-16 volt to a stationary copper 
anode. The results suggest that the first action of nitric acid on 
copper or silver is one of oxidation, forming an oxide film which 
prevents further rapid attack, 7.e., the ‘metal becomes passive; 
nitrous acid acts as an activating agent. The initial product of 
reaction of tin, zinc, or magnesium with dilute nitric acid is probably 
hydrogen. The results are discussed in relation to the passivity 
of iron. 


The author is indebted to the Chemical Society and the Trustees 
of the Dixon Fund of the University of London for grants which 
have assisted this work. 
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LXXX.—The Measurement of the Dielectric Constants 
of Organic Liquids. 
By AtFrep Owens BALL. 


Tue interest aroused within recent years in the measurement of 
dielectric constants of liquids has been caused not only by the 
extension of accurate conductivity measurements to non-aqueous 
solutions and the development of the Debye—Hiickel theory of 
strong electrolytes, but also by the use of the values of this property 
for determining dipole moments. In both cases a demand: has 
been created for simple and rapid routine methods of proved 
accuracy and for trustworthy data relating to a few standard 
liquids for calibration purposes. These requirements can be satis- 
fied in the case of good insulators, for which the heterodyne method 
is probably the best and simplest (Herweg, Verh. deut. physikal. 
Ges., 1919, 214, 272; Z. Physik, 1920, 3, 36; Whiddington, Proc, 
Camb. Phil. Soc., 1921, 20, 445;, Griitzmacher, Z. Physik, 1924, 
28, 342) and for which benzene may be used for calibration purposes 
on the basis of the work of Hartshorn (Proc. Roy. Soe,, 1929, A, 
123, 664)... In the case of liquids which are not good insulators, 
however, the author is of the opinion that, although the resonance 
methods (including, as a special type, the heterodyne method) are 
simpler in operation, they are more likely to be affected by small 
and unsuspected errors due to conductivity than are the alternating- 
current. bridge methods, Also, there appears to be no liquid 
possessing any appreciable conductivity for which really concordant 
results have been recorded, and the discrepancies may be attribut- 
able to any of the following causes :; (1) experimental errors of the 
operator; (2) errors inherent in the method employed, these errors 
being possibly a function of the conductivity and of the frequency 
at which the determination is made; and (3) a real variation i 
the dielectric constant with the frequency, 
* The work described in. the present paper was originally com- 
menced in order to determine the dielectric constants of a few 
organic liquids with a view to correlation with conductivity measure- 
ments made in these laboratories (Philip and Oakley, on nitro- 
methane, J., 1924, 125, 1189; Martin, on benzonitrile, J., 1928, 
3270). In view of the considerations outlined above, however, it 
was decided to attempt to determine the dielectric constants of 4 
_ few standard liquids over a range of frequency and temperature by 
means of an alternating-current bridge. This method has the 
further advantage over the resonance method that it is more con- 
venient for absolute measurements when no calibrating liquid i 
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available (see p. 582). It was also intended to use these same liquids 
to compare the results afforded by the bridge method and one or 
more resonance methods at a constant high frequency. The results 
of using this method at audible frequencies are now recorded. 


Alternating-current Bridge Systems. 


An alternating-current bridge may be used to determine the 
impedance operator of a system in the same manner as a direct- 
current bridge is employed to determine resistance. A theoretically 
perfect capacity of magnitude C has an impedance operator —j/#C; 
where j = /—I, and if an alternating potential is applied to it, 
the current vector will lead the voltage vector by ~/2. In practice, 
however, owing to conductance of current through the medium, or 
absorption, or resistance of plates and contacts, the angle of lead is 
less, and the impedance operator cannot be represented in this way. 

It is very important to emphasise the equivalence of capacity 
and resistance circuits to an imperfect condenser. The condenser 
is determined as its impedance operator, that is to say (in theory), 
as the quotient of the vector of the current carried by the vector 
of the voltage applied. Let the numerical value so found be 
a+ 6hj. Now a capacity C, and a resistance R, in series have an 


impedance operator R, + oo and if this be put identically equal 
1 


to the value a+ bj, the two resultant expressions obtained by 
equating the real and the imaginary terms can be solved for C, 
and R,. Further, a capacity C, and a resistance R, in parallel 


have an impedance operator im and again unique 
2 


] 
1/R, 4+- jo 
values of C, and R, can be found which will make this expression 
assume the value a + 6j. On the other hand, however, the imped- 
ance operator of a circuit consisting of a capacity and shunt resist- 
ance together with another resistance in series will involve three 
constants, and any number of solutions may therefore be obtained 
which will give it the value a+ 6j. That is to say, if a given 
imperfect condenser really consists of a capacity with resistances 
both in series and in parallel, it is impossible to determine the 
capacity simply by measuring the impedance operator of the whole 
system. Such a case as this might be imagined as one in which 
there was a conductance leak between the plates of the condenser, 
together with a terminal or contact resistance. The important 
point is that, from the impedance operator of a condenser, it is only 
possible to calculate values of two capacities, such that either the 
one, together with a resistance in parallel, or the other, with a 
resistance in series, will have an impedance operator identical with 
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that of the condenser in question. It is customary to term the 
resistances in these two cases the “equivalent shunt resistance ”’ 
and the “equivalent series resistance” respectively, but it must 
not be forgotten that the corresponding capacity values are also 
merely “ equivalent,’”’ and that neither can definitely be said to be 
the true capacity involved unless information is available regarding 
the internal physical structure of the system. 

It is important, therefore, to consider the type of condenser to 
be measured, and to ascertain whether it approximates sufficiently 
closely to one or other of the above systems for the capacity values 
deduced thereby to be valid. Now, the great majority of organic 
liquids possess, even when highly purified, an appreciable conduc- 
tivity, and the most serious imperfection in the condenser is the 
consequent (relatively) low shunt resistance. If, then, there is any 
further resistance in series, the equivalent shunt capacity of the 
system will not be equal to the actual capacity, the error involved 
being easily ‘calculated in the following manner. 

Suppose the condenser consists of a capacity C’, in parallel with 
a resistance R,, both being in series with another resistance R,. 


Then its impedance operator will be Z, = R, + 1 ( 5 + jo0,). 
1 
This condenser is now to be assumed equivalent to a system con- 


sisting of capacity and resistance in parallel. Let this capacity and 
resistance be C and RF respectively, in which case the impedance 


operator is Z = 1 ( M + wl). Since the two systems are equivalent, 


Z and Z, must have the same value, and hence after equating the 
two expressions the following solutions are obtained for the 
equivalent shunt resistance R and the equivalent shunt capacity C : 


_ (Ry + RB)? + °C PR?R,? 
on (Ry + R) + oO? RR, 
Ox C,R,? _s 
~ (Ry + B,)? + w7°\7R,?R,? 


Now, the dimensions of the condensers used in this work are suci 
that, with a representative liquid, the capacity and shunt resistance 
are of the order of 0-001 microfarad and 10‘ ohms respectively. 
Under these conditions, and for a frequency of 1000, the term 
«20 ,2R,2R,? will be negligible compared with (R, +- R,)* provided 
that R, is small, and in that case 

iad Ry y Pe ( =) 
C= (ate = C,(1 — R, (approx.). 
From this it appears that it is justifiable to regard the exper 
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mental condenser as consisting of a capacity and a resistance in 
parallel, but only provided that the internal resistance of plates 
and contacts, together with the resistance effects due to absorption, 
is sufficiently small. It is shown later (p. 588) that this condition 
is satisfied by the dielectric containers in use. 

Returning now to alternating-current bridge measurements, it is 
seen that a method is required that will permit of the measurement 
of a capacity of the order of 0-001 microfarad when shunted by a 
resistance varying down to less than 10,000 ohms, 1.e., a condenser 
of very large loss angle. The simplest way of determining a pure 
capacity by an alternating-current bridge is that of De Sautig, 
adapted for alternating current by Wien (Ann. Physik, 1891, 44, 
697), in which two condensers are balanced against two resistances. 
But im this system no allowance is made for the difference in power 
factor of the condensers being compared, and, in consequence, the 
minima obtained are very flat, and indeed in many cases impossible 
of detection. 

Of the methods that have been suggested to correct for this 
difference in power factor, it is only proposed to consider the parallel 
resistance method, first elaborated by Nernst (Z. physikal. Chem., 
1894, 14, 622) and Turner (ibid., 1900, 35, 385), and subsequently 
used by Philip (ibid., 1897, 24, 18), Linebarger (ibid., 1896, 20, 
131), Tangl (Ann. Physik, 1903, 10, 748, 1903), Richards and Shipley 
(J. Amer. Chem. Soc., 1919, 41, 2002), King and Patrick (ibid., 
1921, 43, 1835), Grimm and Patrick (ibid., 1923, 45, 2794), and 
Harris (J., 1925, 127, 1049). The procedure is usually to introduce 
the experimental condenser into the first arm of the bridge and 
then to restore balance by adjustment of a standard condenser and 
a compensating shunt resistance in the second arm. It must be 
emphasised, however, that in the case of condensers of very large 
loss angle this method is subject to certain inaccuracies, because the 
full bridge system is that shown in Fig. 1. The capacities C, and 
C, across the ratio arms III and IV are due (i) to the residual 
capacity of the component resistances and their connecting leads, 
and (ii) to the earth capacities from the detector points if the 
Monasch earth point is used (Electrician, 1907, 59, 416, 460, 504). 
Now the balance equations for this system are C,R, = C,R, + 
RR,(C3/R, — C,/R,) and 1/R,R, — 1/R,R, =a? (C,C, — C,C,); if it 
is balanced first with R, and R, large, C,R, = C,R,; and if the 
experimental condenser C’, is then introduced across arm I and the 
new reading of C, is C,', then (C,’ + C,)R, = C,R, + R,R,(C,/R, — 
C,/R,), and therefore C, = (C, — C,') + R,(C,/R, —C,/R,). At 
balance, R, and R, are approximately equal, and in the bridge used 
R, = R, = 1000 ohms. 
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In the extreme case when FR, approaches the value 10+, it is evident 
that the measured value of C, will be in error by one-tenth of 
the difference C, — C,, and if the earth capacities from the detector 
points are involved in this quantity by the use of the Monasch 
device, the error may be considerable. But even if the Wagner 
earth point is used, it is impossible to be absolutely certain that 
the residuals in the ratio arms III and IV are equal, and, moreover, 
inductance effects constitute an equally likely source of error. It 


Fie. 1. 














is advisable, therefore, that R, and R, should be maintained constant 
during the course of a measurement, and the condenser completely 
determined by substitution in arm I of the bridge. That is to say, 
a system is set up such that arm I consists of a capacity and resis- 
tance in parallel, the capacity being greater and the resistance less 
than the equivalent shunt capacity and resistance of the experi- 
mental condenser, which is then inserted across this arm, and 
balance is restored by adjustment of the capacity and resistance 
in this same arm only. 

It should be noted also that the Monasch earth device is quite 
definitely an approximation, and is valid only when the impedance 
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of the capacity arms I and II is large compared with that of the 
ratio arms III and IV. Since this condition does not hold in the 
present work, the Wagner method of correcting for earth capacities 
has been used throughout (Hlekt. Z., 1911, 32, 1001; 1912, 33, 
635). ; 
The Compensating Resistances. 

The chief requirement of the compensating resistance is that its 
residual capacity (and inductance) should be constant over the 
range of operations—which, in the case of the present work, is 
from a few thousand ohms upwards. Wire resistances of known 
residuals were not, unfortunately, available, and the Nernst-Turner 
types of liquid resistance were not entirely satisfactory over the 
lower part of the range, owing, first, to heating effects of the current, 
and sécondly, to capacity changes which were by no means negligible 
even when the electrodes were heavily platinised to reduce the 
polarisation capacity. At first, attempts were made to calibrate 
for these residuals by means of a platinum-film resistance, but 
eventually the main substitution was effected by means of a carbon- 
film resistance, one of the liquid resistances being retained in parallel 
merely for purposes of fine adjustment, The carbon film used 
consisted simply of a thick line drawn on a piece of ground glass 
with an ordinary black-lead pencil, contact being established over 
any required length of the film by two amalgamated copper wires 
dipping into small drops of mercury. Provided that the film and 
mercury contacts are freshly prepared and quite clean, the resistance 
thus obtained is perfectly definite over a considerable length of time. 
It is further necessary to provide a distance control for the resistance, 
and the system used is shown in Fig. 2. A and B are wire electrodes 
heavily platinised, and C is a solid glass rod controlled from a dis- 
tance by a cord passing over a pulley. By adjusting the position of 
A in the narrow tube D the total resistance of the cell can be made 
large compared with the effective resistance of the whole arm of the 
bridge with which it is placed in parallel, and thus the movement of 
the plunger in the wide limb E can be made to afford as fine an 
adjustment as is required. The electrolyte is*the usual solution 
containing boric acid and mannitol (Magnanini, Z. physikal. Chem., 
1890, 6, 58; Nernst, ibid., 1894, 14, 631). This resistance is always 
in circuit, and the electrode A is not moved during the course of a 
measurement. It is only necessary, therefore, to ascertain whether 
the movement of the plunger causes any change in the residual 
capacity of the systent. This was done by rebalancing the bridge 
a number of times, the setting of the auxiliary liquid resistance 
being altered very slightly each time over a part of its, range for 
Which it was known to have no residual error. The position of the 
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plunger for balance was thus different each time, but even when 
the electrode A occupied its minimum position during the test (and 
hence carried the maximum current) no change in the capacity 
reading of the bridge could be detected. This determination was 
made especially because it was thought probable that polarisation 


Fia. 2. Fie. 3. 
























































capacities might be set up owing to the small area of the wire 
electrodes. 


The Standard Condenser and Measuring Systems. 
As previously shown, the measurement of the capacity of a con- 
denser filled with a liquid of relatively high conductivity is only 
possible by means of a substitution method, both the capacity and 
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the resistance being substituted in the same arm of the bridge. It 
has also been noted already that, since the dielectric constant is a 
ratio, it is not necessary to know the capacity of the dielectric con- 
tainer in absolute units, and hence the only requirement of the 
measuring system is that equal intervals on the scale should corre- 
spond to equal capacity changes. Since, however, this is an ideal 
to which practical systems can only be made to approximate, it is 
necessary that the appropriate calibration corrections be determined, 
and applied to every reading. 

The standard measuring instrument available for the present 
work was a Sullivan variable air condenser, having a total range of 
about 1200 uy farad. The scale was divided into 180° and was 
fitted with a vernier reading directly to tenths, and permitting a 
rough estimate of the second decimal place by means of a lens. It 
may be noted that, except in the case of liquids of high conductivity, 
the sharpness of the bridge setting always exceeded the accuracy 
with which the condenser scale could be read. 

Now, a convenient value of the air capacity of a condenser of the 
Sayce and Briscoe type as used was found to be of the order of 
50 uu farad =7°, and this could therefore be determined with 
an accuracy of at most 1%, this error being consequently involved 
in all subsequent dielectric measurements. Since it was desired to 
reach an ultimate accuracy of at least 0-2%, it was necessary to 
use either a larger capacity or a more open scale. The former was 
found to be impracticable with the type of condenser in use, and a 
measuring system was therefore set up similar to that suggested by 
Hartshorn (Proc. Physical Soc., 1924, 36, 399). The, standard 
variable air condenser C’, was placed in parallel with a fixed mica 
condenser C,, both being in series with another fixed mica condenser 
C,. OC, and C, were made by Sullivans and had nominal capacity 
values of 0-002 microfarad and 0-00175 microfarad = 290° and 250° 
respectively. These condensers were guaranteed constant in 
capacity and power factor and of very small temperature coefficient, 
and in use they gave complete satisfaction. 

The system constructed in this manner has a much more open 
scale than the standard condenser alone, but the relation between 
the capacity of the system and the scale reading of the standard is 
non-linear. The capacity of the system is C = (C, + C,)C;/ 
(C, + C, + Cj), and for a straight-line relationship to hold between 
C and C, it would be necessary that C’, should be negligibly small 
in comparison with C, and C;, but in this case not only does the net 
capacity of the system become inconveniently large, but the degree 
of constancy required of the fixed condensers will be correspondingly 


greater. It was therefore decided to use the system as described 
x2 
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and to perform the calibration in the following manner. A small 
constant capacity of about 2-5° was measured over successive por- 
tions of the scale of C,, the actual scale differences ranging from 
about 14° to 20°. Each particular scale reading C, was then 
reduced to the corresponding (approximate) value of C by the 
formula C = 250(0, + 290)/(C, +- 290 ++ 250), the nominal values 
of C, and C, being used, and since the reduced scale differences so 
obtained were then found to be constant to a first approximation, 
it was possible to draw up an ordinary calibration curve showing 
the correction to be applied at any point on the reduced scale. To 
demonstrate the order of accuracy attainable in this way, a series 
of 16 measurements was made on the air capacity of one of the 
dielectric containers. It was found that, excluding one reading 
(8-335) which was probably due to an error of observation, the values 
ranged between 8-299 and 8-323, with a mean of 8-310. It is cer- 
tainly safe to ascribe an error of less than 0-01° to the arithmetic 
mean, 7.¢., an error of about 0-1%. 

The measuring system as elaborated in this way gave a total 
capacity variation of about 25° corresponding to the complete range 
of C,. Since the dielectric containers had an air capacity of about 
6—8°, it is evident that, for the determination of dielectric constants 
above 3, the scale had to be extended by the customary device of 
placing one or more small fixed condensers in parallel with the whole 
measuring system, so that their capacity could be added to the 
latter when required. The condensers used each consisted of a 
small glass tube about 10 cm. long and 1 cm. in diameter sealed off 
at the lower end and held in position inside a larger tube filled with 
mercury. Into the inner tube was also placed some mercury (the 
quantity depending on the magnitude of the capacity required) so 
that the level was below that in the outer, thus minimising the effect 
of any slight. displacement. A condenser with a glass dielectric in 
this manner has of course a definite temperature coefficient, and a 
small power factor : the former was controlled in practice by main- 
taining the room at a fairly constant temperature and checking the 
capacity value before and after each series of measurements; the 
latter was of no importance since it is only the effective shunt capacity 
of the condenser which enters into consideration. 

The method of connexion adopted for these condensers should 
be noted. The mercury in the outer tube served as a shield, and 
was kept permanently connected to the screen terminal of the 
standard condenser, while contact was established between the 
other terminal and the mercury in the inner tube by a length of 
quill tubing filled with mercury and having a platinum wire sealed 
through the lower extremity. The condenser was inserted into 
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the measuring circuit when required by depressing a copper wire in 
the quill tubing, and thus, since the shield was permanently in circuit, 
the change of capacity on making contact was maintained constant 
and independent of any external effects. 

The scale of the measuring system as extended in this way was 
about 50°, thus enabling liquids to be dealt with up to a dielectric 


constant of about 6, and the question then arose as to the advis- - 


ability of extending it by more fixed condensers so that it covered 
the range up to e = 40. The accuracy of the results obtainable, 
however, is governed (see p. 577) by the accuracy with which the 
air capacity can be determined, and since this is subject to an error 
of about 0-1%, there is no need to determine any other capacity to 
a much greater accuracy than this. Now a liquid of dielectric 
constant 6 will afford a capacity of about 40°, and since such a 
capacity can be determined by direct comparison with the standard 
condenser to within + 0-05°, it is evident that there will be no loss 
of accuracy in determining the liquids of higher dielectric constant 
in this way. It is necessary, however, to know the numerical 
relation between the two measuring systems, and this was found in 
the following manner. If measurements are made on a number 
of condensers (all having a capacity of about 40°) with system I, a 
series of capacity readings C,, C,, C3, ete., will be obtained which 
are all proportional to the absolute magnitude of the capacities 
concerned, the constant of proportionality being K. Similarly, if 
the same condensers are measured on system II (i.e., by direct 
substitution against the standard air condenser) a series of values 
0,', C,', C,’, ete., will be obtained with a proportionality constant K’. 
Then C,/C,' = C,/C,’ = C,/C,' .. . = K/K', K/K’ being the 
conversion factor between the two systems. 

Now the error in determining C’ is about 0-1%, and in C about 
002%, and the following table gives an indication of the accuracy 
of the mean value of the ratio K/K’. The actual capacities measured 
were the three dielectric containers filled with appropriate liquids 
as indicated. 


TaB_E I, 

Condenser. Liquid. C. 0’. K/K’. 

I CHCl, 39-200 40-26 1-0271 

II 99 28-128 28-90 1-0276 

iit " 37-501 38-56 1-0282 

25° I CMe,Et-OH 49-273 50-63 1-0276 
II of 35-352 36-33 1-0278 

III “- 47-164 48-44 1-0271 

II C,H,Cl 33-723 34:65 1-0275 

III + 44-905 46°15 1-0277 

0° I CHCl, 43-083 44-25 1-0271 
I CMe,Et-OH 67-949 69-60 (1-0243) 

50° I a 43-304 44-52 1-0280 


Mean 1-0276 
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The discrepancy observed for condenser I filled with dimethyl- 
ethyl carbinol at 0° is possibly due to the abnormally large tem- 
perature coefficient of the liquid at this point. The dielectric 
constant is 5-94 at 25° and 8-16 at 0°, so the error in the value 
1-0243 could be caused by about 0-1° difference in the temperature 
of the cell when measured on the two systems. 

The relation between these two measuring systems 8, and §, 
having been obtained, the air capacity of each dielectric container 
can now be evaluated in terms of S, by multiplying the value as 
determined on S, by the conversion factor. For instance, the air 
capacity of condenser I in terms of S, is 8-311 + 0-005, and since 
the conversion factor is 1-0276 + 0-0003, the value on the scale 
of S, will be 8-531 + 0-008. As measured directly on the scale of 
S,, however, it is found to be 8-54 + 0-03, and hence the increase 
in accuracy that has been obtained is obvious. 

In conclusion, it must be observed that with an air capacity of 
8°, the standard condenser will only cover the range of dielectric 
constant up to about 20, and therefore the scale was extended by 
means of auxiliary fixed condensers in just the same manner as was 
done for the system S,. In this case, however, two Sullivan mica 
condensers were used of the same type as those described previously 
and of nominal value 0-001 and 0-002 microfarad respectively, and 
this extended scale was capable of dealing with dielectric constants 
up to 60. The method of connexion of these auxiliary condensers 
was the same as that noted previously, the screen terminal of each 
being kept permanently in circuit, and connexion being made as 
required by means of small mercury cups connected to the other 
terminals. 

The Experimental Condenser. 

The satisfactory design of the dielectric container is difficult, and 
probably most of the discrepancies occurring in the literature are 
to be attributed to errors in this respect. The essential features of 
an ideal condenser may be summarised thus (compare Hartshorn, 
loc. cit.) : 

1. Its volume capacity should be reasonably small, since many 
of the organic liquids requiring investigation are expensive and 
difficult to prepare in bulk. 

2. The electrostatic capacity should be as large as possible in 
order to secure the maximum accuracy of which the measuring 
system is capable. 

3. It must be mechanically rigid, so that it may be handled without 
fear of any displacement of the conducting system and consequent 
alteration in capacity. 

4. It must be easily cleaned and dried. 
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5. It must permit of accurate temperature control, and (of 
somewhat less importance) should be of such shape that it acquires 
the temperature of the thermostat fairly rapidly. 

6. In this work, one other condition has been added that is not 
always required, viz., that the condenser should be an absolute one, 
t.e., it should afford direct proportionality between dielectric constant 
and measured capacity. This point needs explanation. Imagine 
the ideal case of two conductors placed in a vacuum at an infinite 
distance from all other conductors. If their capacity could be 
determined and then the whole of the surrounding space filled with 
some medium of dielectric constant ¢, the capacity would be increased 
accurately in the ratio ¢:1. The same would hold good of two 
conductors within a closed conducting shield: the measured 
capacity would be C,, + C,C,/(C, + C,), where Cy, is the inter- 
capacity between the conductors, and C, and C, are the capacities 
between each conductor and the shield separately, and then, pro- 
vided the whole of the space within the shield were filled with the 
medium concerned, not only C, but also C, and C,—and hence the 
effective measured capacity—would be proportional to the dielec- 
tric constant. If, however, the medium does not fill the whole 
space, this exact proportionality will no longer hold. 

In practice this ideal case cannot be realised owing, first, to the 
leads which have to pass outside the shield to the measuring system, 
and secondly, to the need of some Mechanical support which will 
fix the two conductors in a rigid position relative to each other and 
to the screen. It is possible, however, to overcome the difficulty 
of the leads by arranging that they make and break contact at the 
surface of the conductor by means of a very small'movement, so 
that if they are of thin wire and pass through correspondingly small 
apertures in the shield, the change in their own capacity when contact 
is made becomes vanishingly small compared with the capacity 
being measured. It is quite a different matter with the second 
defect. Obviously no system can be devised which shall have no 
solid dielectric at any part of the field of force, although it is possible 
to dispose the solid in such a way that it only influences the shield 
capacities and does not intercept any of the lines of force between 
the two conductors. If in such a case measurements are made so 
that C',,, C,, and C, can all be found individually (Giebe and Zick- 


ner, Arch. Elekt., 1922, 11, 109; Hartshorn, Proc. Physical Soc., 


1924, 36, 399) and the lead correction is eliminated as above, the 
values of C’,, thus found will be directly and accurately proportional 
to the dielectric constant of the medium, just as in the preceding 
hypothetical cases. It is at this point, however, that one great 
merit of the bridge method becomes apparent, viz., that by means 
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of the Wagner or Monasch earth device, these shield capacities can 
be eliminated, so that one measurement is sufficient to determine 
C19, a8 opposed to the three which are required by the other method. 
This represents not only a certain increase in accuracy, but a con- 
siderable saving in time, even in the case of the dual setting 
necessitated by the Wagner arm. 

An alternative way of obtaining direct proportionality between 
measured capacity and dielectric constant is to determine a virtual 
capacity. This was the method adopted by Nernst for his absolute 
dielectric-constant determinations (Z. physikal. Chem., 1894, 14, 
634). 

The virtual condenser method is not, however, well suited for 
routine determinations since, not only has the condenser to be filled 
and emptied a number of times for each determination, but also the 
use of four capacity readings instead of two to calculate the dielectric 
constant increases the probable error. On the other hand, the 
design of an absolute condenser has usually been achieved only at 
the expense of using a large volume of liquid. The majority of 
workers have therefore favoured some kind of relative condenser 
which can be calibrated in terms of liquids of known dielectric 
constants. 

Consider the system discussed previously of two conductors 
within a closed conducting shield, and let us suppose this time that 
some part of the space is filled with a solid dielectric. Then, in 
general, any elementary tube of force from one conductor to the 
other will pass partly through a vacuum and partly through the 
solid, and the total element of capacity between the conductors 
due to this tube will be the series addition product of these portions. 
That is, if AC, and AC, represent the capacities due to vacuum 
elements and solid elements, respectively, the total contribution 
made to the capacity of the system by this tube of force will be 
1/ (Sz + Baa): i this be written as a (= + -). The total 
capacity between the conductors will then be c, = z1/ (= + = 

i v 3 
the summation being performed over all the tubes of force. If now 
a liquid of dielectric constant ¢ is introduced, it may be assumed as 
a first approximation that the shape of the field of force remains 


unaltered, and the new capacity will be C,= tl ( s. + =). The 


| 


validity of this assumption will be examined later. 

For the purposes of measurement it is necessary to express ¢ as 
a function of c, and C,, but it is evident that in this general case 
there is no deducible relationship. There are two cases, however, 
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in which a simplification is practicable. (1) Ifthe term due to c, 


vanishes throughout the summation we have C, = 1 lem or 
ECy 


C, =e X constant, corresponding to the case of an absolute 
condenser already discussed. (2) If either c, or c, vanishes for 
each individual term of the summation, 


C,=trIl (= )+21/(4) 
ge ER (iy por Bh ee 
= eXc, + Xe, 


thus affording a simple linear relation between'« and C,. This 
evidently means that such a linear relationship holds if, and only 
if, each tube of force passes through only one medium. If the lines 
of force pass at any point from the solid to the liquid, it will not be 
possible to write C, = Ac + B, where A and B are constants depend- 
ing only on the geometrical configuration of the system and the 
dielectric constant of the solid medium. The importance of this 
limitation was definitely recognised by Nernst (Z. physikal. Chem., 
1894, 14, 633), although subsequent workers have sometimes 
ignored it. 

The majority of routine measurements by previous investigators 
have been made with condensers for which the capacity has been 
assumed to be a linear function of the dielectric constant, ‘.e., 
C= ec, + ¢,, the calibration constants c, and c, being determined 
from the air capacity and the capacity when filled with some liquid 
of known dielectric constant. This method suffers from certain 
drawbacks in our present state of knowledge. First, in view of the 
limitations under which strict proportionality between measured 
capacity and dielectric constant has been shown to exist, it does 
not appear very satisfactory to use only one liquid for calibration 
purposes over the whole range. Theoretically, the calibration 
should be performed with a number of liquids such that the range 
of dielectric constant to be investigated is covered fairly uniformly, 
and if then it is found that the capacity values so determined are 
linearly related to the corresponding known dielectric constants it 
will be permissible to equate the dielectric constant of any other 
liquid to (C —c,)/c,. Otherwise, an attempt may be made to 
represent the results by some empirical expression containing more 
than two constants, or the capacity may be plotted against the 
dielectric constant and the value for any unknown liquid read off 
from the graph. But here the second drawback to this relative 
condenser method makes itself felt. Not only are there too few 
liquids of accurately known dielectric constant to show whether 
strict linear relationship does hold or not, but it is evident that, 
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even if it does, the accuracy of the results obtained can never 
exceed that assumed for the calibrating liquids. 

It was pointed out by Hartshorn (loc. cit.) in his work on benzene 
that the obvious criteria to be satisfied by such calibrating liquids 
are stability, ease and certainty of purification, reasonable cheap- 
ness, and (most important) fairly low conductivity, and the number 
of liquids satisfying these conditions is extremely limited. There 
are a few from about 2 to 2-5, of which benzene is undoubtedly the 
best; over the higher ranges, however, apart from chloroform (5), 
pyridine (12), and nitrobenzene (35), the author has failed to find 
any which have not some serious drawback to their use as calibrating 
standards. 

Table II gives the results (corrected to 0°, 25°, and 50°) obtained 
by some of the previous workers for benzene, chloroform, and 


nitrobenzene. 


TaBLeE II. 
Benzene. 

25°. 50°. so". 50°. 
Nernst 2.600.000.0066 2-22 Graffunder ............ 2-268 2-219 
DEE. teavadeaaivicd 2-25 Griitzmacher ......... 2-277 2-224 
FUERA 60060cs50008 2-274 PAGO | ccckdsiscccscccsss 2-234 2-197 
Tang) .........::5 2274 2-223 Sayce and Briscoe ... 2-240 
PETG, .. alooyehranne 2-26 I, Nc csccsnddtnnbine 2-248 
pe 2-268 2-221 ED cisandoseces 2-273 2-223 

Chloroform. Nitrobenzene. 

- 25°. 50°... ah". 50°. 
| re 5-08 os vac meenan 35-0 
SE ctinwcucstte 4-80 MNES cackscavdess 32-6 
Turner §...:.4:.. 5-05 Jezewski ......... 34:3 30-0 
i inne seeuins 4-77 4-37 DOOUOE [ ncadessoncss 32-3 28-4 
Isnardi ......... 56-25 4:77 4-37 MEN. Sepeccsvases 36-5 
Griitzmacher ... 4:95 4-59 "Harris ....0cccc0se 34-1 
Meyer ........0005 514 463 494-24 
NEED chaccesscsee 4-64 


References.—Nernst, Z. physikal. Chem., 1894, 14, 622; Drude, ibid., 1897, 
23, 269; Turner, ibid., 1900, 35, 385; Tangl, Ann. Physik, 1903, 10, 748; 
Errera, J. Physique, 1922, 3, 401; Jezewski, ibid., p. 293; Isnardi, Z. Physik, 
1922, 9, 153; Graffunder, Ann. Physik, 1923, 70, 225; Griitzmacher, Z. 
Physik, 1924, 28, 342; Meyer, Ann. Physik, 1924, 75, 801; Sayce and Briscoe, 
J., 1925, 127, 315; Lange, Z. Physik, 1925, 38, 169; Harris, J., 1925, 127, 
1049; Hartshorn, Proc. Roy. Soc., 1929, A, 123, 664. 


In view of these discordant results it was obviously necessary to 
use some type of absolute condensér for the present work, and it 
was found that they fall into two main classes: (1) the virtual 
capacity type referred to previously; (2) condensers in which 
some attempt has been made to ensure that the whole of the lines 
of force giving rise to the measured capacity pass through the 
homogeneous medium. In general it is by no means apparent that 
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the condensers used by such workers as Griitzmacher, Graffunder, 
Isnardi, or Jezewski were strictly absolute, and although in the 
absence of detailed dimensions it is difficult to discuss the probable 
magnitude of the deviation, the author is of the opinion that the 
greater part of the above discrepancies are to be attributed to this 
cause, together with the closely allied error introduced by the leads. 

For reasons already stated, it was decided to exclude virtual 
capacity condensers from the scheme of the present work. Some 
time was spent initially with parallel-plate condensers, but satis- 
factory results were not obtained. Eventually it was decided to 
adopt the design first introduced by Sayce and Briscoe (loc. cit.) as 
a basis for further work. Three modifications were constructed, of 
which the first was uncorrected for the end effect, and the second 
and. third had two completely different devices for eliminating this 
error. 

Condensers.—Condenser I (Fig. 3). This consisted essentially of 
two concentric glass tubes sealed one within the other, the inner 
surface of the outer and the outer surface of the inner being silvered 
over the straight portion of each so that the annular space between 
them served as the dielectric container. The outer tube was 
22 mm. in diameter and the air gap was about’ 1 mm. Contact 
with the silver film was made by platinum wires sealed through the 
walls into side tubes A and B; it should be noted that for good 
contact these wires must be sealed on to the walls again at some 
other point besides that at which they pass through into the side 
tube. Silvering was performed as follows. The lower internal 
seal wag first coated with paraffin wax by drawing up through the 
tube @"a mixture of equal parts of wax and xylene at about 60°. 
After a few moments, the hot liquid was allowed to drain away 
leaving a film which, when cold, successfully resists the attack of 
the silvering solution. The latter was introduced in the same 
manner, at least three layers were deposited, and the condenser 
was washed by drawing through it a rapid current of distilled water. 
It was then dried, and the paraffin wax removed with warm xylene, 
the tube E being subsequently sealed off. 

This cell has the advantage that the water of the thermostat can 
circulate through the inner cylinder via openings C and D, and 
extremely rapid and efficient temperature control can therefore be 
maintained. 

Lead capacities and method of shielding. In normal use the con- 
denser is sunk in a thermostat so that the water level comes to 
within about 2 cm. of the taps. Imagine that it is immersed in a 
silvering bath to this level so that a metallic film is deposited, not 
only round the body of the cell, but also round the glass tubes down 
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which the leads pass to the mercury contacts. In these circum- 
stances the following capacities will come into play: (1) the 
capacity between the two silver films on each side of the annular 
space; (2) the capacity between each film and the shielding film 
through the glass wall; (3) the capacity of each platinum mercury 
contact with the shield; (4) the capacity of each copper lead with 
the shielding film around the glass side tubes; (5) the capacity 
between the leads over the length from the shielded tubes to the 
point at which they are connected to the bridge system. If now 
the screen is earthed and the bridge balanced by means of the 
Wagner earth point in the usual manner, capacities 2, 3, and 4 will 
not be measured, and the only capacity in circuit will be C, + Cs. 
Suppose now the leads to be raised in the side tubes so that they 
just do not make contact with the mercury. The capacity in 


circuit will then be C,' + 1 (= + x + x where C, and C;,. 
/a b 1 


respectively are the small capacities between the leads and the 
mercury contacts. C, is large compared with C, or Cy, and to a 
first approximation these may be assumed equal, so that the capacity 
in circuit may be written C,;' + C,/2. Now this capacity C, 
across the broken contact will fall off fairly rapidly as the degree of 
separation increases, and by making actual measurements on the 
capacity between a similar lead and the surface of mercury in a 
small U-tube, it was shown that with a l-cm. gap the capacity 
could not be detected. Further the change from C; to C;’ due to 
this 1 cm. increase in the length of the lead between the cell and 
the bridge is also much less than can be detected—the leads being 
about 10 cm. apart. 

The change that occurs on separating the leads from the mercury 
contacts. by about 1 cm. affords therefore an accurate measure of 
the capacity. 

This result has been arrived at by assuming a metallic shield 
around the outside of the dielectric cell. It is found in practice, 
however, that identical results are obtained whether an earthed 
screen is provided, or whether the cell is merely placed in the water 
of the thermostat, and the latter earthed. Tap water has a suffi- 
ciently high conductivity from this point of view for it to be regarded 
as a conductor and not as an insulator. 

The end effect. It is true that in this cell there is no solid dielectric 
at any point between the two films which constitute the plates of 
the condenser (referred to subsequently as the condenser films), 
but there is sufficient uncertainty regarding the distribution of the 
field at the extremities to prevent its being regarded a priori as a 
satisfactory form of absolute condenser; it appears possible that 
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some of the lines of force may bend round so that they pass not 
only through the dielectric medium but also through the glass walls, 
although in view of the earthed shield on the other side of each 
wall, this error is not likely to be large. Condensers II. and III 


Fic. 4. Fria. 5. 
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were therefore constructed with a view to eliminating this possibility 
entirely. 

Condenser II (Fig. 4). In this cell the two glass cylinders corre- 
sponding to those in condenser I were sealed together at the top 
only, the outer being drawn off at the bottom to a fairly wide-bore 
capillary. About 8 cm. below the seal, another intermediate cylinder 
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was joined as shown, and this had a small hole indicated at D. 
The annular space below the point F at which this cylinder termin- 
ates was about 10 cm. long with an air gap of 1 mm. Silvering 
solution was poured into the side tube E until it filled the whole cell 
to the level of the platinum contact C, a large air bubble, however, 
being trapped between the inner cylinder and the intermediate one 
above the hole in the latter. The inside of the inner cylinder was 
also silvered up to the level of the contact C. The contacts A and 
B were connected to the bridge in the usual manner, and C was kept 
permanently earthed. 

It is evident that the capacity being measured between the 
contacts A and B is constituted solely by the field between the 
condenser films below F, i.e., the end effect in condenser I has here 
become divided in two between the earthed film and each con- 
denser film respectively, and these earth capacities are, of course, 
not measured. In other words, the whole of the lines of force giving 
rise to the capacity between A and B pass through the lower annular 
space only. This contains an absolutely homogeneous medium and 
the only points at which distortion of the field can occur due to the 
dielectric constant of the medium are the extremities of. the two 
condenser films—and these are too remote for there to be any effect 
on the field at F. 

If this view is correct, the measured capacity should be independent 
of the level of the liquid filling the cell provided it rises at least 1 cm. 
or so above the point F. This was tested and found to hold even 
for liquids of high dielectric constant. 

Condenser III (Fig. 5). In this cell the end effect is eliminated, 
not by an earthed cylinder intermediate between the extremities of 
the two condenser films, but by two earthed cylinders placed above 
and concentric with them, in such a way that the air gap is as small 
as possible. In other respects the construction was similar to the 
two preceding cells. Silvering solution was poured into the side 
tube D until it rose in the annular space to the point E. After 
deposition of the silver had been completed, the condenser was 
inverted and another film was deposited from the side tube F 
up to the annular space so that there was only about 1 mm. gap 
between it and the previous film. A and B were the contacts 
connected to the bridge and C was earthed. For measuring 
purposes, the level of the liquid in the side tube was adjusted 
until it had risen at least 1 cm. above the point E. 

Two other errors may arise through faulty condenser design, viz., 
(a) the series resistance error discussed on p. 572, and (b) polaris- 
ation capacities. 

(a) For the investigation of the first, condenser I was silvered 
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without a preliminary treatment with paraffin wax, so that the 
silver film was continuous between the contacts A and B, and the 
resistance between these points was then measured and found to be 
about 7 ohms for one deposit of silver, 4 ohms for two, and 2 ohms 
for three. It was evident that the terminal or contact resistance 
was small, and that the effective series resistance was that due to 
the internal resistance of the films. 

Measurements were also made on condensers II and III, by pouring 
in a quantity of saturated potassium chloride solution so that the 
condenser films were short-circuited at the bottom; in each case 
the resistance (for three layer deposits) was about 2 ohms. 

Now, of the liquids for which accurate results are quoted subse- 
quently, nitrobenzene had the highest conductivity, and the equiv- 
alent ‘shunt resistance of the condensers was therefore a minimum 
when filled with this at 80°, the actual value being about 5000 ohms. 
Hence (see p. 572), the error caused by a 2-ohm series resistance was 
less than 0-1%, and at lower temperatures and for other liquids it 
was, of course, still smaller. 

(6) The possibility of an error due to polarisation capacities was 
investigated in the case of the liquids of higher conductivity by 
varying the intensity of the oscillator output, and hence the current 
density through the cell, over at least a five-fold range. No change 
in the measured capacity was detected. 


Apparatus and Procedure. 


The Generator —The triode valve oscillator has now completely 
supplanted the older types of generator, not only by reason of its 
ease of manipulation, but by virtue of the purity of wave form 
obtainable. The actual instrument used was made by Cambridge 
& Paul. It had a variable capacity unit, by means of which the 
frequency could be varied between 100 and 5000, and also 3 secondary 
windings which permitted of the output intensity being varied 
within fairly wide limits. Satisfactory results were obtained either 
with an R valve, or a dull emitter valve, or (if more power was 
required) with a valve of the LS5 type. In general, however, with 
liquids of any appreciable conductivity, it was found much better 
to reduce the intensity as far as possible in order to minimise heating 
effects in the bridge. 

The Detector —A 1000-ohm Brown telephone was used, but since 
it was found that a low output from the oscillator did not give 
sufficient sensitivity, a two-valve amplifying circuit was introduced 
between the bridge and the telephone. The components used were 
two D.E.L. 410 valves and a Marconi [deal Transformer of ratio 
4:1; this amply intensified the effect, but the quality of the note 
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suffered considerably from the introduction of harmonics. These, 
however, were almost entirely eliminated by shunting the telephone 
with a condenser of suitable value to by-pass the notes of higher 
frequency. Too large a capacity will begin to reduce the intensity 
of the fundamental, and an optimum value was sought at which 
the selective reduction of the overtones was a maximum. For a 
fundamental note of 1000 frequency, a 0-15 microfarad capacity 
gave satisfactory working. 

Bridge Components.—The ratio arms were two Sullivan 1000-ohm 
non-reactive coils guaranteed equal to each other to within 0-01%. 
The standard condenser (see p. 577) was fitted with a wooden arm 
so that it could be controlled from a distance of 8 or 9 feet. The 
capacity in the second arm of the bridge required to balance that 
in the measuring arm was made up by a 0-001 microfarad Dubilier 
variable air condenser, together with two fixed mica condensers of 
0-001 and 0-002 microfarad capacity respectively. The compens- 
ating resistances were as previously described (p. 575). 

The Wagner Earth-point System.—This system (referred to subse- 
quently as the Wagner arms) was constructed in the case of liquids 
of low conductivity to imitate the main bridge system, 7.e., one arm 
consisted of a 1000-ohm fixed resistance, and the other of a variable 
capacity shunted by a variable liquid resistance. In the case of 
liquids of higher conductivity, it was found preferable to make the 
total impedance of the Wagner arms large compared with that of 
the bridge, and hence a fixed 0-01 microfarad condenser was used 
in one arm, while a variable wire resistance (max. 10,000 ohms) in 
series with a variable condenser (max. 1 microfarad) constituted the 
second. It is, of course, not necessary that the Wagner arm com- 
ponents should be of the same degree of perfection as those used 
in the main bridge system. 

Bridge Set-up.—The oscillator. was placed about 8 feet from the 
nearest bridge component and was surrounded by an earthed 
screen, while the amplifier was similarly screened and placed about 
6 feet away on the further side of the bridge, the observer being 
situated just beyond. Connexion between the oscillator, bridge, 
and amplifier was made by means of armoured flex, the sheath 
being earthed. All the bridge component shields were connected 
to one or other of the oscillator points, and were mounted on blocks 
of paraffin wax. 

It was found that the bridge was reasonably free from external 
influences—in particular the balance point was independent of the 
observer’s position provided he did not approach to within less 
than 2 feet, and the capacity balance could often be accurately 
reproduced over a period of hours. Direct action from the oscillator 
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was negligible, reversal of the connexions to either the bridge or 
telephone terminals causing no change in the balance point. 

Temperature Control—A gas-heated thermostat was used for 
temperatures above 18°, and maintained constant to within + 0-02°. 
Temperatures below 18° were suitably controlled by using a bath 
of large volume insulated with felt, and by working at a temperature 
within a few degrees of that of the room, the latter also being 
maintained as constant as possible. Under these conditions, the 
thermometer reading could be kept within 0-05° over at least 4 hour. 
The bath at 0° was maintained with tap water and ice (p. 586), the 
exact temperature being observed on a thermometer. In a number 
of cases the results quoted have been reduced to even temperatures 
by using the appropriate temperature coefficient, but such correc- 
tions were not used for differences of more than 4°. The ther- 
mometer was calibrated against another standardised at the N.P.L. 

Method of Measurement.—The following scheme was adopted 
systematically for all the measurements recorded. The bridge and 
Wagner arms were first set to approximate balance with the con- 
denser to be determined in circuit, and since, with practice, this 
could be done fairly accurately, the need for a large number of 
successive adjustments was avoided. The current was then switched 
on, each balance corrected to a minimum, and then an accurate 
bridge balance made from a distance. The standard condenser was 
set at least twice (once from each direction), and it was usually 
found (except in the case of liquids of high conductivity) that these 
readings agreed as closely as could be observed on the vernier. 
The experimental condenser was removed from circuit, the bridge 
rebalanced as before, only the measuring svstem and compensating 
resistances in the same arm being altered, and finally the condenser 
was re-connected and the original balance checked to make sure 
that no shift in the bridge reading had occurred. 

It should be noted that a definite displacement of the Wagner 
arms by an amount considerably greater than the sensitivity of 
their balance makes no perceptible difference to the bridge reading. 


Results. 


(1) Intercomparison of the Dielectric Containers.—Table III 
gives the dielectric constants of a number of liquids as determined 
at 25° in the three cells described previously. The values are 
quoted only for the purpose of showing the relationship between 
these condensers, and are not necessarily (except in the case of 
benzene) to be taken as accurate data for the liquids in question, 
since no special purification was undertaken beyond that necessary 
to obtain a reasonably low conductivity, i.e., less than 10-’. The 
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reproducibility of the results was checked throughout by making 
two distinct sets of observations on each condenser after emptying 
and refilling it. As an example, the capacities on the second 
measuring system for the mixture of toluene and amyl alcohol in 
condenser III were : 


BO WEUUEE * cccccuendses 86-61 86-60 86-63 \ Mean 86-61 
2nd Series ............ 86-61 86-62 86-58 f “© 
The air capacities of all three condensers on 8, were : 
Number of Range of 
Condenser. observations. observations. Mean. 
I 15 8-299—8-323 8-310 
Il 16 5-952—5-969 5-956 
III 14 7-920—7-945 7-933 


Hence the dielectric constant for this mixture relative to air was 
86-61/7-933 x 1-0276 = 10-626. 








TABLE III. 
Air = l. Benzene = 1. 
ie - te I. II. III. 
SE osetia tteea mia S, 1910 1-911 1-914 0-8414 0-8409 0-8414 
DS |  Wecthsbiccedse ci 2-270 2-273 2-275 — — — 
PS TT 3-790 3-795 3-800 1-670 1-670 1-670 
RRENINN incsantuipinnes 4-717 4-723 4-728 2-078 2-078 2-078 


Dimethylethylearbinol 5-929 5-936 5-946 2-612 2-612 2-613 
Toluene—amyl! alcohol 


SMIREUTO —socaccccccescce 10-577 10-615 10-626 4-654 4670 4-670 
isoButy] alcohol ......... 17-88 17-95 17-98 7°874 7-901 7-905 
o-Nitrotoluene ...........- 26-54 26-69 — 11-69 11-74 — 
Nitrobenzene ............ 34:76 34:88 34-92 15-32 15-35 15-35 


The dielectric constants relative to air (Table III) show that 
condensers II and III are in fair agreement, the latter affording 
results consistently high by about 0-1—0-15%, and that the results 
given by condenser I are distinctly low—by about 0-5% over the 
upper range. 

For the dielectric constants relative to benzene, the agreement 
between condensers II and III is extremely good, and hence it 
appeared probable that the discrepancy between them on the air 
basis might be due to an error in the air capacity determination of 
one of them. The benzene measurements were therefore repeated 
with two samples of specially purified material, and the results 
obtained were : 


Sample. Condenser. Capacity. €. 
A II 13-536 2-273 
B II 13-534 2-273 
A III 18-048 2-275 
B III 18-043 2-275 


These values were then taken as standard, and the dielectric con- 
stant of benzene at 25° assumed to be 2-273 (Hartshorn, Proc. Roy. 
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Soc., 1929, A, 123, 664); the air capacities calculated on this basis 
were 5-955 and 7-939. 

The agreement between observed and calculated values is exact 
in the case of condenser II, and for condenser III the difference 
is less than 0-1%, the calculated value falling well within the range 
of observations. This discrepancy is too small to justify any con- 
clusions being drawn, and the values calculated from the benzene 
capacities are therefore taken as standard; on this basis, both 
condensers II and III afford direct proportionality (within 0-1%) 
between dielectric constant and measured capacity. 

Thus, these two condensers, which have different devices for 
eliminating the end effect, afford concordant results over the whole 
scale investigated, within the limits of experimental error. Con- 
denser I, however, which is uncorrected for the end effect, does not 
agree with them over the whole range either with air or with benzene 
as unity. Further comment on the discrepancies shown by Con- 
denser I is postponed, but it is claimed that both Condensers II and 
III are free from errors due to the end effect. 

It was also necessary to consider the temperature variation of 
these condensers. It may be assumed that the silver film expands 
at the same rate as the glass, and if the coefficient of expansion of 
glass is taken as 10-5, a change of 100° will only produce 0-1% 
change in the dimensions of the cell. Further, such change as does 
occur will increase the area of the plates and also the distance between 
them, and these two effects will tend to neutralise each other with 
regard to capacity changes. It is to be expected, therefore, that 
the change in capacity over 100° range should be too small to 
be detected, and this is borne out by the following results. 

In the first place the air capacities of condensers I and II were 
measured at 0°, 25°, and 80°, the mean values being : 


0°. 25°. 80°. 
eemea & og cesidestivessceedensoe 8-309 * 8-311 8-308 
2.) RS 5-952 5-956 5-957 


Secondly, the benzene capacities for the first condenser were 
measured at 25° and 50°, and the air capacities calculated on this 
basis, assuming the dielectric constant of benzene to be 2-273 at 
25° and 2-223 at 50° (Hartshorn, loc. cit.), are 8-303 and 8-302 
respectively. 

It is concluded, therefore, that this type of dielectric container 
has no appreciable temperature coefficient of capacity, and for the 
purpose of the next section the air capacities have been assumed 


to be 


II. III. 
Measuring system 8, ...........ssscseseseees 5-955 7-939 
- We? Ty cbtbbb nckbddeecencetecs 6-119 8-158 
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Purification of benzene. The first of the samples referred to above 
had been purified by Harris (J., 1925, 127, 1063) for dielectric- 
constant determinations. It had been standing over sodium wire 
in the meanwhile, and was distilled once before use. The second 
sample was purified by the author from A.R. benzene by Richards 
and Shipley’s method (J. Amer. Chem. Soc., 1914, 36, 1825). 

(2) The Dielectric Constants of Certain Purified Liquids at 0O—80°. 
—(a) Standard liquids at 25°. Benzene. The results obtained for 
two samples of specially purified benzene have been summarised 
on p. 592. They were subject to a probable error of about 0-1% on 
the air-capacity determination, and of 0-05%, on the benzene, thus 
affording a mean value of 2-274 + 0-004 : the figure 2.2725 + 0-0005 
which has been accepted from Hartshorn’s work (loc. cit.) lies well 
within these limits. 

Chloroform. Three samples of different origin (one from B.D.H. 
and two from Hopkin and Williams) were purified by the same 
method. Each was shaken for 15 minutes with concentrated 
sulphuric acid, washed twice with dilute sodium hydroxide solution 
and five times with water, dried over ignited potassium carbonate, 
and fractionated until a main fraction was obtained boiling within 
less than 0-1°.. This was kept over calcium chloride in a dark 
cupboard, and immediately before use was decanted, shaken for 
a few minutes with a little solid sodium hydroxide, and distilled. 

The results obtained are given in Table IV. The probable error 
in the air capacity as adjusted by the benzene values is certainly 
less than 0-1%, and in the chloroform capacities 0-02%, the total 
error therefore being 1 part in 800 parts; the mean value accepted 
for chloroform at 25° is 4-724 + 0-006. 

Nitrobenzene. Sample A. This had been purified by Harris, 
and distilled completely at practically constant temperature. It 
was therefore merely dried over calcium chloride and distilled twice 
in a vacuum, having*then a conductivity of the order 10? mho. 
(In the author’s experience, the easiest way to obtain good con- 
ductivities is to use as high a vacuum as possible for the final distil- 
lations: throughout this work 1 mm. or less has been employed 
for all liquids of high boiling point.) 

Sample B. This was B.D.H. material. It was fractionated four 
times in a vacuum, only one-third of the original bulk being retained. 
It was then dried over calcium chloride and distilled twice in 4 
vacuum; «x = ca. 10°’. 

Sample C. This was synthesised from some of the benzene 
purified as above, care being taken to prevent the temperature 
rising above 50° during nitration; the nitrobenzene layer was 
separated, shaken once with water and four times with sodium 
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carbonate solution, steam-distilled in the presence of sodium carbon- 
ate, dried over calcium chloride, and then twice distilled in a vacuum ; 
x = ca. 0-5 x 10-7. 

The results obtained are given in Table V. The probable error 
in the nitrobenzene capacity determinations can safely be taken as 
005%, but in this case, as opposed to that of chloroform, there is 
an additional error of 1 part in 3000 parts due to the conversion 
factor between the two measuring systems (p. 580). The total 
probable error will therefore be less than 1 part in 600 parts, and 
the mean value accepted for nitrobenzene at 25° is 34-89 + 0-05. 
Although two samples were dried over phosphoric oxide for one 
week and six weeks respectively, no change in the dielectric constant 
was noticed (see Table V). 

Benzonitrile. The material used was kindly provided by Dr. 
Martin, and had been purified in the same manner as that used for 
his conductivity work (loc. cit.). The results obtained for two differ- 
ent samples are given in Table VIII. These values showed no 
variation with frequency or current intensity, and the probable 
error is the same as for the nitrobenzene determinations. 

(b) Temperature variations. Determinations of the dielectric 
constant of chloroform at temperatures between 0° and 50° were 
made in condensers II and III with each of the three specimens 
described, and the mean of the six results at each temperature is 
given in Table VI. Similar determinations were made for nitro- 
benzene at temperatures between 10° and 80° (Table VII). 

In each case, when these results were plotted against temperature 
on a very open scale, they lay on a smooth curve within the limits 
of experimental error quoted. 

(c) Frequency variations. Determinations of the dielectric 
constants of both chloroform and nitrobenzene at 25° and 50° were 
made at frequencies between 500 and 2500, but in no case was any 
change detected. 





TaB_e [V. 
Chloroform at 25°. 
Measuring 
Sample. Condenser. system. Capacity. €. 
A III 8, 37-500 4-723 
A II 8, 28-132 4-724 
B II 8, 28-125 4-723 
Cc II 8, 28-126 4-723 
C IIl 8, 37-502 4-724 
B If 8, 28-90 4-723 
B III 8, 38-56 4-726 
Cc II 8, 28-92 4-726 
4-724 
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TABLE V. 
Nitrobenzene at 25° (approz.). 
Drying 
Sample. agent. Condenser. Temp. Capacity. €. €35°- 
A CaCl, II 25-0° 213-55 34-90 34-90 
A - Ill 25-0 284-6 34-89 34-89 
A 9 II (repeat) 25-0 213-4 34-87 34-87 
B 99 II 25-2 213-4 34-87 34-91 
B ie II 25-2 213-2 34-84 34-88 
B a II 25-2 213-3 34-86 34-90 
Cc eo II 25-0 213-4 34-87 34-87 
C °° III 25-0 284-7 34-90 34-90 
B P,O,; II 25-0 213-65 34-91 34-91 
B 3 II (repeat) 25-1 213-4 34-87 34-89 
Mean 34-89 
TaBLeE VI. 
Chloroform. 
Temp. ...... 0° 11-22 18° = 25° 80° 40° 50° 
Oe a i oki 5-189 4-971 4-848 4-724 4-636 4-473 4-310 
TaBLeE VII. 
Nitrobenzene. 

Temp. 10° 12-8° 18° 25° 30° 32-9° 40° 54° 60° 80° 
aude 37°85 37-30 36-23 34-89 33-97 33-48 32-26 29-99 29-08 26-28 
TaBLeE VIII. 

Benzonitrile. 

TOD. capispiposndsianis ae NY OMe. Be Oe, PO 
€« (sample 1) ......... 27-60 a 25-20 24-01 a 22:67 22-10 
€ (sample 2) ......... 27°58 25:85 25:21 24-02 23-28 — — 
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thanks to Professor J. C. Philip, F.R.S., for suggesting this subject 
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Lonvon, 8.W. 7. [ Received, November 18th, 1929.] 





LX XXI.—The Photolysis of Aqueous Hydrogen Peroxide | 


Solutions. Part I. Experimental Methods. 


By ArTHuR JOHN ALLMAND and Derrick WILLIAM GRAHAM STYLE. 


Tue decomposition of hydrogen peroxide solutions by light has 
been the subject of a number of previous investigations (Tian, 
Compt. rend., 1910, 151, 1040; 1913, 156, 1601, 1758, 1879; Ann. 
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Fac. Sci. Marseille, 1915, 22, 197; Ann. Physique, 1916, 5, 248; 
Henri and Wurmser, Compt. rend., 1913, 156, 1012; 157, 126, 284; 
J. Physique, 1913, 3, 305; Matthews and Curtis, J. Physical Chem., 
1914, 18, 166, 521; Kornfeld; Z. wiss. Phot., 1921, 21,66; Anderson 
and Taylor, J. Amer. Chem. Soc., 1923, 45; 650, 1210; Rice and 
Kilpatrick, J. Physical Chem., 1927, 31, 1507), but in spite of this 
work, and although the reaction is, chemically, very simple, very 
little can be said about its mechanism, many points remain obscure, 
and there are some very curious contradictions. One of the more 
obvious may be mentioned : Henri and Wurmser published, in the 
same year, two papers (loc. cit.) dealing with the quantum efficiency 
of the reaction in the region 200—300 yy; in the one, using full 
light from a cadmium spark, they found y to have an average value 
of 130; in the other, using the dispersed light from a zinc spark, 
they found y over practically the same spectral region to vary 
between 4-4 and 5-8. 

Our work has been essentially directed to an investigation of the 
relations between degree of decomposition and absorbed light over 
a wide range of concentration, far greater than any hitherto worked 
with. In the majority of the experiments, the active light has 
been monochromatic or confined to a fairly narrow spectral region. 
Except quite incidentally, we have not touched the subject of the 
effect of additions to the photolyte, whether inhibitors or accelerators. 





EXPERIMENTAL. 


Hydrogen Peroxide.—Three different varieties were employed. 
Some early experiments with dilute solutions were carried out on 
a specimen of perhydrol (Merck) intended for tropical export, and 
containing a nitrogenous thermal inhibitor. For much of the work, 
Merck’s ordinary perhydrol (inhibitor-free) was used. When first 
insolated by 365 uy light, this showed a strong bluish-green 
fluorescence, which decreased normally on dilution. Continued 
insolation completely destroyed this fluorescence, and its dis- 
appearance was accompanied by a marked decrease in the photo- 
sensitivity of the perhydrol, but by an equally marked increase in 
its rate of thermal decomposition. It is probable that the impurity 
causing the fluorescence was derived from the wax with which the 
perhydrol bottles are internally coated: this is yellow and has a 
distinct oily smell. It may be added that we found it very difficult 
to inhibit the photodecomposition of the concentrated perhydrol. 
Small additions of sulphuric acid to the cell contents were without 
effect, whilst 1 g. of concentrated acid only reduced the velocity 
by 30—40%. 

The remainder of our experiments were carried out on hydrogen 








NT 


SE 5 SA 


598 ALLMAND AND STYLE: THE PHOTOLYSIS OF 


peroxide prepared in the laboratory by the method of Kilpatrick, 
Reiff, and Rice (J. Amer. Chem. Soc., 1926, 48, 3019), modified in 
certain respects. In the actual distillation of the first product, 
200 c.c: were placed in the glass distilling flask, and the remainder 
added in 50-c.c. portions as the distillation proceeded. The flask 
had a volume of 500 c.c. and its neck was provided with two ground 
joints, one of which carried a thermometer suspended by platinum 
wire from the stopper, the other a tap-funnel for the addition of 
more solution. The outlet tube was bent upwards and terminated 
in a ground joint making connexion with the silica condenser, to 
which was attached, by another joint, the silica receiver. No 
lubricant other than condensate was employed on any of the joints, 
and practically no leakage resulted under the water-pump vacuum 
conditions (2 em. of mercury) employed. The first 80% of the 
distillate consisted of a weak solution of hydrogen peroxide (0-1— 
03M) and was discarded. The final concentrated fraction was 
freed from traces of chloride by redistillation over small quantities 
of silver sulphate. The solutions thus prepared were 9—14M. 

Extinction Ooefficients.—These were determined for the chief lines 
of the quartz—mercury are by the spectrometer—thermopile-galvano- 
meter method, the transmissions of a small quartz cell filled with 
distilled water and with the peroxide solution being compared. For 
365 uy the cell was 4-62 cm. deep (internal) and several concentrations 
were measured. For 313 and 303 uy, a 2-04-cm. cell was used, and one 
concentration only was investigated. For the shorter wave-lengths, 
the cell was 1-026 cm. deep and various concentrations were used. 
Table I contains the molecular extinction coefficients for redistilled 
Merck’s perhydrol, calculated by the equation log,)J,)/J = «cd, 
where d is expressed in cm. and c in mols./litre. The measurements 
with the 365 up line were made by Mr. J. W. T. Spinks. 


TaBe I. 

A, pp. c. a. _ A, pp. c. a. A, pe. é. a. 
365 11-63. 0-00647 365 3-08 0-00655 280 0-0758 4-06 
365 9-45. 0-00669 313 0-459 0:39 265 0-0758 10-03 
365 7:57 0-00663 303 0-459 0-86 265 0-0287 10-48 
365 5-96 0:00668 297 0-238 1-31 265 0-01125 10-33 
365 4:78 0-00683 289, ..0*238 2-16 254 00-0287 21-9 
365 3°70 0-00673 280 0-238 3-73 254 0-01125 19-6 


In one paper, Henri and Wurmser quote 2,., = 3-0 and 
% 5g = 20. From the data in another of their papers can be calcu- 
lated d9, = 1-5, %7; = 4-9, and «,,, = 16. Kornfeld (loc. cit.) 
found 0-422 for 311 uu. The agreement with these values is seen to 
be fairly good. On the other hand our figures are very different 
from those recently published by Urey, Dawsey, and Rice (J. Amer. 
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Chem. Soc., 1929, 51, 1371), the two sets of « values only approaching 
one another at the shortest wave-lengths measured by us; the 
discrepancies seem too great to be accounted for by the fact that 
our solutions were more concentrated. 

Reaction Cell.—The type of apparatus employed was determined 
by the use, in the majority of our experiments, of such concentrated 
peroxide solutions as to make it impossible to follow the reaction 
with any accuracy by titration. The method used was to pump 
off, collect, and measure the oxygen formed, a procedure already 
adopted with success in this laboratory in the case of the photolyses 
of formic and of oxalic acid (J., 1926, 2834, 2854). The method 
offered the additional advantage of reducing to a minimum the 
possibility of contamination during the reaction by added inhibitors 
or accelerators. A Toepler pump of about 300 c.c. capacity was 
used for the evacuation of the reaction cell, the latter being provided 
with a tap and ground joints so that it could be opened for filling 
and cleaning and for attaching to the pump for evacuation before 
and after insolation. Early experiments showed the importance of 
keeping the photolyte away from contact with glass. Attempts to 
use a composite cell, built up of quartz plates and a glass block, the 
inner surface of the latter being coated with paraffin wax, failed, as 
the wax peeled off when the cell was evacuated. An attempt to 
construct a cell consisting of quartz plates fused on to a reinforced 
block of paraffin wax also failed, as the cell slowly caved in and 
developed leaks on evacuation. Finally, a fused silica cell was 
designed, with which, or its successor, the great majority of our 
results were obtained. This, with the adjacent parts of the Toepler 
pump, is shown in Fig. la. 

ABCD is of clear fused quartz, the part A, through which the 
light beam passed, being 5 cm. long with circular plane parallel end- 
plates of 3 cm. diameter. B is a hemi-cylindrical dome, giving an 
adequate surface of liquid for evolution of oxygen, and ensuring 
that the level of the photolyte shall always be well above that of 
the beam of light. Cis a bulb, serving to retain any peroxide carried 
up by “‘ bumping ” or by too violent an evolution of gas. Into the 
ground socket D fits the glass tap E, provided with another ground 
socket at its upper end, allowing of connexion with the evacuation 
apparatus: F is a trap in which, during evacuation, vaporised 
hydrogen peroxide and water vapour are condensed by immersion 
in an ether-solid carbon dioxide mixture, It is provided with a 
stopper G for removing this condensate when necessary. H is a 
tap for admittance of air, and connexion with the pump (300 c.c. 
barrel) is made through the tap K. Ramsay tap-grease was used 
for all taps and joints. 
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Measurement of Evolved Gas.—Fig. 1b shows the simple means 
employed for the measurement of the evolved gas. The inverted 
U-tube L was of about 3 mm. internal diameter (and thus of internal 
volume 0-070 c.c./em.) and its longer limb was 40 cm. long. The 
extension M permitted of the introduction of the delivery tube of 
the Toepler pump. The shorter limb was connected by pressure 
tubing, controlled by a screw clip, with the mercury reservoir N. 
Prior to the collection of a sample of gas, the whole tube was filled 
with mercury and the screw clip closed. The gas was then pumped 
off and delivered into M, the diameter of L being sufficiently small 
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to prevent the gas rising further. On the completion of the evacu- 
ation, the latter was drawn into L by manipulation of N and of 
the screw clip, its temperature and pressure measured, and the 
length of the column read off by means of a scale placed immediately 
behind L. yi 
Manipulation.—In view of the importance of, vie nature of the 
surface in all work with hydrogen peroxide, the treatment to which 
the reaction cell was subjected was as far as possible standardised. 
Before being filled, it was first cleaned with nitric acid containing 4 
small quantity of alcohol, grease on the ground joint being thereby 
removed, and, after a thorough washing with distilled water, it 























cu- 
of 
the 
ely 


the 
nich 


ng & 
reby 





AQUEOUS HYDROGEN PEROXIDE SOLUTIONS. PART I. 601] 


was rinsed out several times with a portion of the reaction solution, 
and filled nearly up to the dome: The ground joint D (Fig. la) 
was then lightly greased and put in position, being held down by 
rubber bands passing over the tap E and round the bottom of the 
reaction cell. E was very carefully greased and put together. It 
was of the utmost importance that this tap should function well, 
as it sometimes had to be turned several hundred times in the course 
of a series of experiments done on a single filling. The whole was 
then attached to the pump and evacuated as far as possible, E being 
opened at intervals. Continual attention (tapping and shaking 
of the cell) was necessary to avoid explosive bumping and gas 
evolution. The degree of evacuation feasible was limited by the 
thermal decomposition of the peroxide. With Merck’s perhydrol, 
this was slow and caused no trouble. With the solution prepared 
by us, where the dark reaction for the cell contents might amount 
to perhaps 0-02 c.c. of oxygen per min., the method of evacuation 
had to be carefully standardised and its results watched in order 
to detect the stationary state at which the rate of removal of oxygen 
was just equalled by its rate of production. 

The moment of completion of the evacuation was noted and 
taken as the zero time of the dark reaction for which correction had 
subsequently to be made. With taps E and K closed, air was 
admitted by opening H, the cell detached, placed in the thermostat 
(see later), allowed to reach temperature equilibrium, and the 
insolation commenced. After the required interval (varying from 
a few minutes to a few hours) the cell was again attached to the 
pump, the tap H closed, and, after the evacuation of the air‘between 
E and K (sometimes carried out through H by a Hyvac pump in 
order to aceelerate matters and reduce the ‘‘ dark ” correction), the 
gas in the cell was pumped off, collected, and measured as quickly 
as possible. 

With perhydrol, the “dark ” correction was usually only a few 
units °/,, and the duration of an insolation of the order of an hour. 
As already indicated, work with the solution prepared by us in the 
laboratory was far less easy. The quantum efficiencies were raised 
10—20-fold, and the thermal reaction to an even greater extent. 
As the amount of decomposition permissible in a simple insolation 
was limited (a) by the desirability of avoiding any appreciable 
change in the'conééntration, and (b) by the possibility of too high 
4 pressure loosening the joint D, it became necessary to reduce the 
time of insolation considerably, runs of 4 mins. not being uncommon. 
But clearly the time necessary for the evacuation and collection of 
the gas could not be reduced to anything like the same extent; 


even if the Hyvac pump was used whenever possible, 15—20 minutes 
¥ 
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was about the shortest time required. Consequently, the thermal 
correction was considerable with this preparation—indeed, it was 
impossible to obtain results of value in the use of mercury light 
filtered by a chlorine filter (g.v.), where the intensities were com- 
paratively low, for the thermal reaction considerably exceeded 50°, 
of the total decomposition. 

Arrangement of Apparatus for Insolation Experiments.—The 
general arrangement is shown in Fig. 2; A represents the source of 
light, B is a shutter, and C, and C, are crystal quartz lenses. D is 
a 5-cm. quartz water-cell, E the light filter, F a diaphragm with 
variable aperture (0-5—2-5 cm. diameter), and G a small thermostat 
containing the reaction cell H. Finally, K is the thermopile for the 
measurement of the incident and absorbed energy. All apparatus 
when necessary was firmly secured to an optical bench and, with 
the exception of the lamp and shutter, was covered by an internally 
blackened box, C, being fitted into a hole cut in the side. 


fap abe 


F c2 G 
6 

Light Source.—In every case this consisted of a K.B.B. quartz 
mercury lamp of the atmospheric pressure type; these had an 
advantage over the vacuum type for the present work because of 
their relatively high intensity, this being due to the short tength of 
are and to the fact that they can be overloaded and yet burn very 
steadily, provided that additional cooling be employed. We used 
100—110-volt lamps, both of the horizontal and of the vertical 
pattern. Their normal rating is 2 amps. We burnt them at 35 
amps. and 80 volts, a Tirrill regulator ensuring a steady supply 
voltage, and the lamps being cooled by an electric fan. The energy 
distribution of their radiation, a knowledge of which was necessary 





ves 





in consequence of the light filters not being monochromatic, was 
determined on several occasions during the work by a modificatio 
of standard methods already described (J. Physical Chem., 1925 
29, 713). An example of the data obtained is given in Table Il 
I being the intensity relative to the 365 uy line as unity. 

Light Filters —Four types of filter were used. 





(a) Corning Glass Plate G.586 A.W. of 3-6 mm. thickness. Trans 
mission — 0-77 of 365 pu and 0-22 of 405 uu; 7% of the to 
radiation transmitted, when used in conjunction with the 5-c# 
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TaBLeE II. 
Horizontal arc, after 50 hours’ running. 

A, pp. A A, pp. 2 A, pp. I. A, pp I 
579 0-85 365 1-00 289 0-029 265 0-094 
546 0-68 313 0-44 280 0-054 260—254 0-170 
436 0-56 303 0-20 275 0-015 248 0-032 
405 0-30 297 0-091 270 0-019 240—239 0-012 


water filter, was red and infra-red. This correction was determined 
by means of a thermopile and a Zeiss red-glass filter which cuts off 
sharply below 600 yy whilst transmitting about 85% of radiation 
between this limit and nearly 2 ». The violet 405 uy light is not 
appreciably absorbed by hydrogen peroxide. 

(6) 1 Cm. of 0-1% aqueous potassium chromate solution between 
quartz plates. The transmission was 

579 546 436 405 313 303 297 pp 

0-80 0-88 0-71 0-63 0-44 0-39 0-30 
10-39% of the total transmitted radiation was red and infra-red. 
The visible light is not absorbed by hydrogen peroxide. 

(c) 5 Cm. of chlorine gas at 1 atm. pressure in a plane-parallel 

vessel of fused silica. The transmission was 
579 546 436 405 280 265 256 248 pp 
0-875 0:85 0-40 0-145 0-04 0-42 0-63 0-60 
Used in combination with the mercury damp, the average wave- 
length of the ultra-violet transmitted light was 256 wu. For a few 
experiments, a similar 2-cm. filter was employed. 

(d) A mixture of chlorine gas and of saturated bromine vapour 
in a fused quartz cell. The latter was about 4-5 cm. deep and of 
poor quality, the end plates not being accurately parallel. The 
maximum ultra-violet transmission of this filter is near 275 yp and 
one-sixth of the light transmitted lay below 300 uu, as determined 
by exposing a thermopile alternately behind glass and quartz plates. 

The spectral transmissions of these filters were determined in the 
usual manner by means of a spectrometer-thermopile-galvanometer 
combination. 

Thermostat.—This was of simple construction. In the square 
ends of an open copper box, 10 x 10 x 5-2 em., directly opposed 
central holes of 2-9 cm. diameter were cut. Around them, inside 
the box, was soldered a copper U, reaching to the top of the box 
and dividing it into two compartments. The circular apertures in 
the inner jacket were covered with quartz plates. This inner com- 
partment held the reaction cell during insolation and was filled 
with distilled water. The outer jacket contained ice or water, 
depending on the temperature of the experiment which was 21° 
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unless otherwise stated. The temperature of the thermostat could 
readily be controlled by addition by hand of small quantities of hot 
water or of ice. A small heating coil was sometimes used. 

Energy Measurement.—This was done by means of either a l-cm. 
or a 2-cm. Moll thermopile (previously calibrated against a standard 
Hefner candle), the H.M.F. generated being measured by means of 
a potentiometer (Cambridge Instrument Company) and a moving- 
coil galvanometer (Gambrell). The over-all sensitivity was about 
5 x 10-7 volt. Care was naturally taken that the whole of the 
beam under measurement fell directly on the surface of the thermo- 
pile, and all necessary corrections were applied for reflexion losses 
at the different quartz—air and quartz-—liquid surfaces. Measure- 
ments of incident energy made at the beginning and end of any 
reaction usually agreed to within 1—2%. Measurement of the 
absorbed energy during the reaction proved to be undesirable for 
various practical reasons, one of which was the effect of intermittent 
illumination (q.v.). Consequently, the absorbed energy, though 
sometimes determined at the end of a reaction, was usually calcu- 
lated. 

Intensity Variation.—This was normally effected by altering the 
size of the aperture in the diaphragm F (Fig. 2) or the position of 
the lens C,. The beam being convergent, the intensity was 
smaller the closer the lens to the cell and thermopile. In some 
cases, the average, as opposed to the true, intensity was varied by 
the use of an electrically driven rotating sector of variable aperture, 
running at a high speed (20—25 interruptions per sec.) and placed 
close to the aperture F, between it and (C,. 

Variation of Duration of Insolation.—As it was found that, under 
certain conditions, the rate of the photolysis was proportional to 
the square root of the light intensity, it became desirable to carry 
out experiments under conditions of slowly intermitted radiation. 
The same sector, rotating with constant aperture, was used for this 
purpose, its rate of rotation being controlled by a simple gearing 
interposed between sector and motor, and consisting of six two-step 
pulleys rotating freely on one of two parallel stationary axes, and 
coupled with one another by suitable belting. The radii of the two 
steps in each pulley were in the ratio of 4:1. By changing the 
number of pulleys in use and suitably connecting them together, the 
sector speed could thus be varied. between the extremes of 1/4 and 
1/4000 of the speed resulting when motor and sector were directly 
coupled together. Alteration of the speed of the motor by a series 
resistance allowed of finer adjustments. In actual use, the maxi- 
mum duration of a single light-period was 100 secs. In these 
experiments, the diaphragm F, with its immediately adjacent sector, 
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and the reaction cell G were so arranged as to be at conjugate foci 
of the lens C,, This ensured that, at any particular point in the 
photolyte, the cut-off or switch-in of the light intensity was sudden 
and not gradual. 

Concentration Variation.—Starting with the most concentrated 
solution, this was carried out by one of two methods, viz., (i) replace- 
ment of some of the solution in the cell by distilled water; (ii) de- 
composition of some of the peroxide by insolation. The water 
used was made from ordinary laboratory distilled water by redistil- 
ling it from alkaline permanganate, passing the steam successively 
through a hot solution of potassium hydrogen sulphate, a 6-inch 
column of glass wool, and two trap-bulbs, and finally condensing it 
in a silica condenser and storing in a large waxed glass flask, sealed 
with a waxed glass plate. When the second method of dilution was 
used, the reaction cell was simply placed a few inches in front of 
the unscreened mercury arc and insolated for 24—48 hours. As 
already mentioned, this had the effect of destroying the fluorescent 
impurity in the perhydrol. ; 

The concentrations of the various solutions were determined by 
titration with permanganate. For concentrated solutions, a l-c.c. 
silica pipette was used and N-potassium permanganate; for the 
more dilute solutions, heavily waxed glass pipettes and permanganate 
solutions as dilute as 0:01N were employed. All concentrations are 
expressed as g.-mols. of hydrogen peroxide per litre. 

Temperature Coefficients —These were measured by carrying out 
a series of determinations with the thermostat adjusted at various 
temperatures from 2° to 26°, the limits being determined by the 
magnitude of the thermal reaction with the particular peroxide 
solution under examination. In order to avoid condensation of 
moisture on the surface of the front. quartz window of the thermostat 
during measurements at low temperatures, a wide tube about 3” 
long, containing a small amount of phosphoric oxide and closed by 
a quartz plate, was firmly cemented on the front surface of the 
thermostat. This effectually prevented any condensation trouble. 

Experiments with Dilute Solutions.—Several such series were 
studied. With the full light of the lamp, or chlorine-filtered light, 
a cell was used consisting of quartz plates sealed on by paraffin wax 
toa glass frame 5 mm. thick, through which a circular central cavity 
had been cut. The internal glass surface of this cavity was coated 
with paraffin wax, and a hole drilled into it from the edge of the 
frame allowed of filling and withdrawing of samples for titration. 
When 365 uy. light was used, in order to shorten the experiment, the 
cell consisted of a small quartz flask immersed in a metal box, 
through which a rapid stream of tap water flowed, provided on 
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opposite sides with windows consisting of plates of Corning Glass 
G. 586 A.W. (see p. 602). A mercury arc was placed 10 cm. away 
from either window, and thus a reasonable rate of decomposition 
was secured. The reaction was followed in one case by titration, 
in others by measuring the oxygen given off under atmospheric 
pressure conditions. The latter procedure was capable of a fair 
degree of accuracy, as the runs were long, owing to the small amount 
of light absorbed, and the degree of supersaturation of oxygen 
could be kept so low as not to affect the results appreciably. In all 
cases where titration methods were used, the upper portion of the 
cell was blackened over, so that the surface insolated might remain 
constant throughout the run. 


UNIVERSITY OF LONDON, 
Kina’s COLLEGE. [ Received, January 18th, 1930.] 





LXXXII.—The Photolysis of Aqueous Hydrogen Per- 
oxide Solutions. Part II. Experimental Results. 


By ArTHUR JoHN ALLMAND and DERRICK WILLIAM GRAHAM STYLE. 


A. Experiments with Merck’s Perhydrol. 


Effect of Intensity and of Intermittent Illwmination.—These 
measurements were all carried out on undiluted perhydrol (about 
10M). Curve a, Fig. 1, shows the results of true intensity variation 
with a beam of 365 uy light. Intensity is expressed as cals. /cm.?/ 
sec., and velocity as g.-mols. decomposed per hour. The total area 
irradiated at the front of the cell was 5-6 cm.?, and the time of reac- 
tion was 1—3 hours. Above a certain minimum intensity, the 
velocity is seen to be proportional to J,°°. This unexpected result 
led us to undertake measurements in which the average intensity 
was altered by varying the aperture of a rapidly rotating sector 
between the limits of 5 and 100% of its full value. The data 
obtained, shown in Curve 6, Fig. 1, are seen to be of the same 
general nature as with true variation. 

The existence of the square-root relation between velocity and 
intensity suggested the formation in light of a catalyst acting 
analogously to iodine atoms in the iodine—potassium oxalate reaction 
(Berthoud and Bellenot, J. Chim. physique, 1924, 21, 308), and the 
matter was investigated further by the method of Briers, Chapman, 
and Walters (J., 1926, 562), a rotating sector of constant aperture 
but of variable rate of rotation being used. It was necessary to 
lower very considerably the speeds initially used before any effect 
was noticed, and the velocity only began to fall off when the duration 
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of a single light (or dark) period had risen to about 1 sec. It was 
still decreasing when the illumination period had reached 51 secs. 
The results of two such experiments, carried out with rather different 


Fie. 1. 


a 


or 


Velocity x 105. 
oe) 











10 20 30 40 50 60 70 80 90 100 
(a) I,°* x 10; (b) Square root of relative sector aperture. 


and unmeasured intensities, are plotted in Fig. 2a. The broken 
line represents the theoretical curve for a catalyst of life of 1 sec., 
calculated from the formula of Briers, Chapman, and Walters, whilst 


Fia. 2. 

1:05 7 
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0-70 








10 0-0 1-0 201-0 0-0 1 
Logarithm of light period (in seconds). 





the horizontal line gives the velocity for the same continuously 
acting intensity (7.e., half the velocity observed in absence of the 
sector). 

Experiments on direct (true) intensity variation were next carried 
out with chlorine-filtered light (256 uy). The results (Table I) 
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show plainly that, for light of this wave-length, under the prevailing 
experimental conditions, velocity (v) is directly proportional to 
absorbed intensity (J). As, however, the results with 365 yy light 
suggested proportionality between velocity and intensity at low 


TABLE I. 
Ix 10% ... 80 13-7 151 169 23:1 29-2 344 39-0 
v x 105 0-805 1-42 153 1-78 246 2-96 3-44 4:10 
) ye 1-01 103 101 105 #4106 +4101 1:00 1-05 


intensities, it seemed possible that, with 256 yy light of very high 
intensity, the J®® relation might hold. The limit to the direct 
measurement by the thermopile of the absorption of the complex 
beam of chlorine-filtered light had already been reached. As, how- 
ever, with 365 yy light, variation of true and of average intensity 
had given the same type of result, it was decided to do experiments 
with 256 yy light of high intensity, using a rapidly rotating sector 
to control the average intensity of the beam. The results are con- 
tained in Table II. The velocity measured with the smallest sector 
opening was very near to the maximum velocity observed during 
the experiments recorded in Table L 


TaBLeE II 
Relative sector opening ...0.....sseeeeees 1 2 4 
CH ED ee oe 3-86 7-2 11-3 
FROAEM . oi iecgenssseccdddedesccesdccdanssensiacens 3°86 3-6 2-83 


It may be mentioned that the limiting values of y3,, actually 
obtained in the experiments plotted in Curve a (Fig. 1) were about 
4-6 and 13-5 and would, of course, have been still higher at lower 
intensities, whilst the constant value of y.;, corresponding to the 
data in Table I is about 5-7. This last solution was submitted to a 
single experiment with 365 py light, and proved to be just twice 
as reactive at the same incident intensity as the solution used in 
the experiments of Curve a, Fig. 1. At all ordinary intensities, 
then, vag; exceeds 25, for concentrated perhydrol. 

Effect of Concentration.—The first series of measurements was 
carried out with 365 uy light, the concentration of the perhydrol, 
initially 12-10M, being altered in steps by the addition of distilled 
water until it had fallen to 1-11M@. The thermal reaction velocities 
were determined and subtracted from the total velocities in light in 
order to obtain the net light velocity, and the absorbed energy was 
measured. Table III contains the results, vz being the dark and 
Vse5 uu the light velocity, both as mols./hr., and y the quantum 
efficiency. The net light velocity (the table contains the results 
of successive duplicate experiments) rises to a maximum and then 
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TABLE ITI. 
Use5 hE Y Usesuu Y 
Cone. w¢@X105 105. (mean). Cone. va@105. 105. (mean). 
9°. ° “R29 
1210 | O18 eer} 9-52 457 0:43 11-83 20-1 
9.6 Ay i ° 
9:06 0-39 11-75 2200 «(0°75 9°05) 99.1 
14:8 9-50 
6-92 0-35 1338 bil 0-71 5°69\ 53.4 
2 ete) 16-6 5-61 


falls off as the solution is diluted, y increases steadily throughout, 
and the thermal reaction velocity also increases with dilution, at all 
events over the greater part of the concentration range covered. 
The square of the quantum efficiency, when apy against concen- 
tration, follows an equation of the type y = — k,[{H,0,])?. 

This remarkable increase of y with sth w mt quite unexpected, 
and it was thought that some positive catalyst had perhaps been 
introduced with the water used for dilution. A similar series was 
therefore carried out in which the dilution was effected by decom- 
posing part of the peroxide by insolation as already described in 
Part I, measurements of velocity of decomposition being made both 
in 365 wp and in 256 up light after each concentration change. It 
was at this stage that we first noticed the destruction of the fluor- 
escent properties of the perhydrol as a result of prolonged irradi- 
ation. About 24 hours’ insolation was required for effecting the 
first change in concentration (from 10-24 to 7-92) and, as will be 
seen from Table 1V, which contains the results of this series, the 
disappearance of the fluorescence was accompanied by a marked 
rise in the velocity of the thermal reaction, and by a décided fall 
in the photochemical reaction rates. Omitting the figures given by 
the most concentrated solution as not being comparable with the 
remainder, it will be seen that the results, as far as 365 yy light is 


TABLE LV. 
Conc. va X 105. tase wp X 105. ve¢5 X 105. Relative y5¢5. 
10-24 0:32 5-74 31°44 — 
7-92 0-63 4-76 18°96 1-00 
6-90 0-67 4-82 20°22 1 1:30 
5-00 24-30 J (mean) 
4-65 0-51 7°04 26-38 2-11 
7-12 
1-44 0-30 6-50 21°32 4-92 


concerned, are qualitatively similar to those given by the fluorescent 

solution used in the first series (Table III). Further, the velocity 

with the chlorine-filtered light increases in the same way with 

dilution, passes through a maximum and falls off, the quantum 

_. altering in the same manner, absorption always being 
Y 
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complete. The thermal velocity, however, decreases with increasing 
dilution, whereas, in the fluorescing solution, it rises. 

The results being obviously irregular, a similar set of experiments 
was carried out, after the fluorescence had been destroyed by a 
preliminary insolation. The same general type of result was 
obtained, but in detail the figures were as erratic as before. Finally, 
the original method of dilution with distilled water was reverted to, 
the fluorescent impurity again being destroyed at the commence- 
ment of theexperiment. The readings were carried to concentrations 
as low as 0-06 and 0-02M, with 365 uy» and 256 uy respectively, and 
the results are contained in Tabie V and in Fig. 3.* They confirm 
the former series in all essential points. 


TABLE V. 

Conc. va X 105. Vesguun X 105. egg un X 105. Relative y5,;. 
9-52 1-02 8-08 46-56 1-00 
7-54 1-18 8-26 46-20 1-17 
4-95 1-04 9-30 53-84 1-89 
2-79 0-99 9-46 §2-96 3-06 
1-39 0-70 10-72 50-75 5-55 
0-671 0-66 10-76 25°68 5-67 
0-201 0-28 12-70 14-08 9-93 
0-060 0-16 15-04 3°56 7-94 
0-021 11-16 


Temperature Coefficient—This was determined for the concen- 
trated perhydrol and for the 365 uy line only. Measurements were 
made at 11°, 14-5°, 21°, and 26°, and the thermal reaction velocity 
was roughly measured at 21° and 31°. The latter had a temperature 
coefficient of about 2-1 (no precise significance is attached to this 
figure), and at 21° accounted for 3% of the total reaction. From 
the smoothed curve passing through the plot of the corrected light 
velocities, a value of 1-39—1-40 was read off for the photochemical 
temperature coefficient. 


B. Experiments with Hydrogen Peroxide prepared in the Laboratory. 


The totally unexpected nature of the relations observed when 
using high light intensities and high concentrations of perhydrol 
made it very desirable to repeat the work with a material definitely 
free from any substance, such as the fluorescent impurity or its 
decomposition products, which might conceivably affect the results. 
Experiments were therefore carried out with hydrogen peroxide 
prepared ourselves by the method already described. 

Preliminary Experiments.—These were done essentially in order 


* In Figs. 3, 4, and 8, the various graphs for relative quantum efficiency 
are in no sense comparable with others on the same diagram, each being 
plotted on its own arbitrary scale along the ordinate. 
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to confirm or otherwise the effect of concentration change noted 
above. Commencing with concentrated peroxide, and then work- 
ing with weaker solutions prepared by dilution with water, the light 
velocities were determined for the 365 uy. line and for light trans- 
mitted by the chlorine—bromine filter (275 wz). At the same time, 
as the thermal velocities were now sufficiently high, they also were 
accurately determined. The results are contained in Table VI, and 
in Fig. 4 are plotted, as functions of concentration, the relative 
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TaBLeE VI. 

 idaiticbdebvcuenten 13-44 7-19 4-04 2-21 0-98 0-475 
Sf — ae 0-98 4-65 5-70 4-89 2-56 1-13 
sep um X 10% ......... 17-66 69-7 98-8 74-0 41-4 25-6 
Vs75 uu X 105 ......... 2-38 12-31 16-36 2460 29-16 27-42 


quantum efficiencies for the light reactions and the unimolecular 
thermal reaction velocity coefficient (i.e., rate of decomposition per 
unit mass of peroxide). The results are similar to the former ones 
in general outline (the continued rise of y3., appears, in the light of 
other data, to be perhaps due to experimental error). 

Effect of Concentration, Wave-length, and Intensity on Quantum 
Efficiency—Two systematic series of experiments were undertaken. 
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— 


In the first, an 11-5M-solution was successively insolated with 
365 yu light of a whole range of measured intensities, and then by 
light transmitted by the chlorine—bromine filter (275 uy region), a 
series of different intensities again being used. The solution was 
then diluted by addition of water to 5-45M, and insolated in a 
similar fashion, the whole process being repeated for concentrations 
of 2-45, 1-19, and 0-48M. The second series resembled the first, 


Fia. 4. 
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2 + 6 8 10 12 14 
Concentration, mols. per litre. 

except that beams of 365 uz and 307 uy (average) light were em- 
ployed, the concentrations being 10-17, 6-05, 3-69, 1-92, 0-95, and 
0-62M. The reason for not investigating the action of the three 
wave-lengths on the same solution was the necessity of minimising 
the changes in concentration caused by the photodecomposition. 
Just as in the measurements already described, no great accuracy 
is claimed for the figures, owing to certain disturbing factors im- 
perfectly controlled (four experiments in the second series have 
been neglected on this account), nor are the absolute values of any 
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particular interest, in view of the whole nature of the reaction. 
Table VII contains typical specimens of the experimental data. In 
all cases, the area illuminated by the incident converging beam was 


56 cm.?. 


Col. 1 gives the intensity in terms of incident quanta/ 


hour/em.? x 10-18, col. 2 the total quanta absorbed per hour x 10-18; 
and col. 3 the total molecules of peroxide decomposed per hour x 
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TaBLeE VII. 
(a) Series I. (6) Series II. 
275 py; 1-:19M-H,0,. 365 py; 3-69M-H,O,. 
(1). (2). (3). (1). (2). (3). 
0-0684 0-383 7-40 0-902 1-23 33-9 
0-165 0-927 12-5 1-56 2-13 42-5 
0-259 1-47 17-7 4-23 5-75 75-8 
0-412 2-31 19-6 5-63 7-56 82-4 
0-531 2-97 23-6 5-88 7°99 78-9 


The results as a whole are shown in Figs. 5 and 6, where the 


square root of the number of quanta absorbed per hour is plotted 
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against the number of molecules decomposed per hour. In order 
not to confuse the diagrams, the actual experimental points in many 
cases are not put in, but merely the best line drawn through them. 
Further, in both diagrams, and in order to economise space, the 
curves for 365 yu light and for the most concentrated peroxide 


solution are not completely shown. 


It will be obvious that the 


quantum efficiency for any particular concentration and rate of 
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energy absorption can be read off by dividing the abscissa by the 


square of the ordinate. 
It will be noticed that, with one exception, viz., 11-5M -peroxide 


and 365 uy, the curves are linear. 


Although it will appear later 


that, in one or two cases, this linearity is only apparent and due to 
experimental error and the scale of plotting, we are nevertheless 
justified in concluding that, in general, over our working range of 
concentration and intensity, any increase in velocity is proportional 
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to the corresponding increase in the square root of the intensity, 
whatever the wave-length of the light. It will further be noticed 
that the majority of the curves, if produced, do not pass through 
the origin, but cut the ordinate. This fact is reminiscent of Curve a 
(Fig. 1); its significance will be discussed later. 

With regard to the relative values of the quantum efficiencies 
obtained at any given rate of absorption of quanta, it will be seen 
(a) that, in general, y3., is greater than yg97 and y7,; (6) that the 
365 Values are considerably higher in Series I (Fig. 5) than in 
Series II (Fig. 6); (c) that, as the concentration falls, y increases in 
every case, and usually passes through a maximum at some inter- 
mediate concentration and falls off in dilute solution. Conclusions 
(a) and (c) are in accordance with the results obtained with perhydrol 
insolated by 256 yu and 365 uy light. The absolute values of y 
naturally vary between wide limits, roughly 20—500, depending on 
wave-length, intensity, concentration, and the particular solution 
used. 

Effect of Intermittent Illumination.—It was clearly desirable to 
see whether the ‘‘ pure’ hydrogen peroxide solutions behaved in 
the same manner as did perhydrol during intermittent insolation 
with light and dark periods of varied length. Measurements were 
done with 307 uy light, a new cell with well-annealed surfaces being 
used, together with a temperature of 2° so as to minimise thermal 
decomposition. Three concentrations were employed, viz., 11-0, 
6-4, and 33M. The method of experimentation was as already 
described, the duration of a single reaction always extending over 
at least 100 intermissions. The data are contained in Fig. 26, 
where the broken line again represents the theoretical ¢urve for a 
mean life of 1 sec., whilst the horizontal line denotes the decompos- 
ition for the same continuous intensity. The results are clearly 
subject to considerable error, but suffice to show that the mean life 
of the presumed catalyst rises with dilution and is about 0-4 sec. 
for 11M-solutions. No exact comparison between Figs. 2a and 26 
can be made, for the light intensities used were not measured, 
whilst the solutions were of different origin. It would seem likely, 
however, that the mean life of the catalyst increases with the 
wave-length of the active light. 

Temperature Coefficients.—These were determined for three con- 
centrations and for three wave-lengths, two measurements being 
made at each temperature, viz., 2° and 22°. The temperature 
coefficient of the thermal reaction was necessarily measured at the 
same time. The results are contained in Table VIII, from which it 
would appear that any effect of concentration is within the limits 
of experimental error. 
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Tasie VIII. 


Temperature coefficients. 





— mihi tI. 
Thermal. 365 pp. 307 pp. 275 pp. 


Conc 
| EATER EAI TEEN 2-96 1-43 1-35 1-26 
WEEE sndvolcccccdescenssuadstvomenera 2-66 1-39 1-38 1-28 
RIOD, isi fics 0 czadasnndsder aadhd daa 2-87 1-45 1-40 1-29 
2-83 1-42 1-38 1-28 


Previous results for the photochemical reaction are as follows, 
T.C. denoting the temperature coefficient : 


Worker. T.C. Conditions of experiment. 
Tian 1:15 Thin layers of dilute perhydrol. Centre of gravity 
of absorbed light probably 260 yp. 


Kornfeld 1-32 Dilute solutions of poycrol. Uviol glass appar- 
atus. Light chiefly absorbed 313 pp. 


Matthews and 1-5 Uviol lamp radiation passed through severa! thick- 
Curtis nesses of Uviol gore, Dilute perhydrol. Active 


light probably chiefly 365 pu. Thermal reaction 


not corrected for. 
1-43. + Pure dilute solutions. Full light of quartz mercury 


Anderson and 
lamp in quartz vessels. 


Taylor 
Our value for concentrated perhydrol and 365 yu was 1-39—-1-40. 


C. Experiments with Dilute Solutions. 


One of the most striking of the results recorded in sections A 
and B is the passage of y through a maximum as the peroxide con- 
centration is increased. It was clearly desirable to investigate 
rather more fully the behaviour of solutions of low concentration, 
particularly in view of the statement frequently made that the 
reaction is of the first order. 

Some of our earliest experiments, carried out on dilute solutions 
of Merck’s peroxide containing a nitrogenous inhibitor, were of this 
nature, the 5-mm. wax-lined cell (described at the end of Part I) 
being used, and the initial rates of reaction of a series of solutions 
of different concentrations being measured both in the full light of 
the lamp, and also in light which had been passed through a 2-cm. 
chlorine filter. They gave the same type of velocity—concentration 
curve. The results obtained with the chlorine-filtered light are 
shown in Figs. 7a and 7b. The former contains, plotted against 
concentration, the relative measured velocities and the relative 
quantum efficiencies, these being calculated from a knowledge of 
the energy distribution in the filtered beam and the extinctions of 
the different solutions. Fig. 7b shows the velocity plotted against 

(a) the light absorption, (b) the square root of the light absorption. 
Although the points are irregular, the best straight line drawn 
through the latter set passes through the origin on being produced. 

A similar experiment (5-cm. chlorine-filter; 256 pu) was carried 
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out on a dilute solution of the pure peroxide, which was initially 
1:83M and decomposed during the insolation down to a final con- 
centration of 0-1M. Here the behaviour was quite different, y 


Fie. 7. 
Relative absorbed energy. 
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dropping throughout as the concentration fell (Fig. 8). Above 
03M, absorption of the active light was practically complete. 
The curve has been drawn from the smoothed experimental data. 

Finally, a number of experiments were carried out with dilute 
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solutions of the pure material and 365 up light, using the methods 
described at the end of Part I and following the reaction by measur- 
ing the evolved oxygen. The relative quantum efficiencies for three 
such experiments, calculated by dividing the velocities by the 
average concentration between each pair of points, are shown in 
Fig. 8. No very definite conclusion can be drawn from them and 


the experiments clearly need extension. 


D. Summary of Experimental Results. 


Figs. 5 and 6 exhibit the results of two comprehensive series of 
experiments in which the effects of variations in 4, J), and [H,O,] 
on the photolysis were investigated, specimen detailed figures being 
tabulated in Table VII. In the majority of cases, the observed 
velocity can be plotted, within the limits of experimental error, 
linearly against the square root of the rate of absorption of energy, 
the curves appearing, when produced, either to pass through the 
origin or to cut the energy axis. Experimental error and the scale 
of plotting both forbid their closer analysis, which is best achieved 
by calculating from the original data relative values of the char- 
acteristic k, constants (J., 1929, 1557) by means of the formula 


yA 
— = 3 sameos —_ acl 
Au=k,.Iq “ay 1Q-te-?) 


where, in the present case, — Aw is the number of molecules of 
peroxide decomposed per hour,- J, the total number of quanta 
incident per hour per cm.? on the illuminated area of the cell, ¢ the 
concentration in mols. /litre, « the average extinction coefficient for 
the incident light, and / the depth of the cell (5 cm.). With the 
exception of four readings in Series II, which were clearly in serious 
error, all the data have been calculated in this way, the extinction 
coefficients used being 0-0066 for 365 wu, 0-59 for 307 uy, and 6 for 
275 up. For the 275 uz experiments, and for all but the two weakest 
solutions with the 307 uy light, the term 1 — 10-4 is practically 
unity, the expression simplifying to 
— Au = 2k,I,'/chat. 


Table IX contains in detail the values of k, x 107! calculated 
from the readings of Series I with 275 uy light, arranged in each 
case in order of ascending values of J, (not given; they varied 
between limits of 0-068—0-531 x 10!® quanta/hour/cm.?). 

The constancy of the k, values for the three intermediate con- 
centrations indicates that, over the whole intensity range covered, 


except for the lowest intensity with the 1-19M/-solution, the velocity 
This relation clearly does not hold either 


is proportional to J,°°. 








Molecules decomposed /hour x 10-1* ( for 0-48M). 
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TABLE IX, 
Values of k,x10-. 

11-5M. 5-45M, 2-45M., 1-:19M, 0-48M, 
3-20 7-51 5-79 (3°77) 1-92 
4-77 7-55 6-04 4-11 2-34 
5-00 7-93 5-30 4-65 2-57 
5-86 7-36 6-89 4-08 3-16 
6-22 5-07 4-33 
6-43 5-44 

Means — 7-59 5-92 4-29 oo 


for the weakest or for the strongest solution, and reference to Fig. 9 
shows that the J, rule is obeyed by the 11-5M-solution and possibly 
by the 0-48M-solution (points very scattered). 














: Fie. 9. 
26 8g 
@ 24 12'9 
© 22 117 
S20 10S 
i 18 9% 
x 16 8 x 
gu 7 3 
= 12 6 > 
3 : 
g 10 58 
=e 8 oe. 4§ 
So x Ug 3 
S 4 Z 28 
§ 2 - ’ 18 
A X 3 
e 0-1 0-2 0-3 0-4 0-5 = 


Incident quanta/hour/cm.? x 10-38, 


Table X contains a summary of all the results in the form of the 
mean values of k, holding for any particular wave-length and con- 
centration. In two further cases with concentrated solutions, apart 
from that just mentioned, the values were found to drift, as the 
intensity was raised, in a direction which showed that the 7,°° rule 
was breaking down at low intensities, and being replaced by the J, 


TABLE X. 
Series I. Series IT. 
{H,0,]. 275 pp. 365 pp. [H,0,]. 307 pp. 365 pp. 
115M 3-20—>6-43 1-01—~> 1-91 10-17M_ 1-13——>2-08 0-42 
5°45 7-59 (2-86)3-28 6-05 5-85 2-09 
2°45 5-92 (2°72)3-13 3-69 4:97 2-13 
1:19 (3-77)4-29 (1:72)2-12 1-92 3°61 2-21 
0-48 1-92—-> 3-16 (1-32)1-61 0-95 2-09 1-93 


0-62 1-38 1-43 
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rule. In addition, in Series I with 365 uy light, the k, values 
obtained with the lowest intensity used (figures in brackets) were 
always lower than those subsequently found, indicating again that 
the J,°° rule was not being fully obeyed urider such conditions. 

Taking into account the various differences manifested in the 
above tables, we can summarise the main results of our experimental 
work as follows : 

(1) Over wide ranges of J, 4, and [H,O,], the rate of photolysis 
is proportional to J,%°. This behaviour is favoured by high intensi- 
ties (Fig. 1, Tables II, IX, X); with low intensities, a tendency 
towards a reaction of the J, type becomes apparent. At very high 
and at low concentrations (Fig. 9; Tables IX, X; also previous 
results of Tian and of Henri and Wurmeser, locc. cit.), the velocity 
tends to be proportional to the intensity. 

(2) The velocity at constant incident intensity passes through 
a maximum as [H,0,] is increased and then falls off (Tables IIT, 
IV, V, VI). 

(3) In some cases, y also passes through a similar maximum 
with increase in [H,O,] (Tables IV, V; Figs. 3, 4, 5, 6, 8). This is 
not always the case in the concentration range studied (Tables 
Ill, 1V; Figs. 4, 5, 8). 

(4) Under our experimental conditions y tends to be high; there 
is a catalytic chain with a life of about 1-sec., becoming less with 
increase in concentration and probably also with increase in frequency 
(Fig. 2). 

(5) Both y (tables and diagrams) and temperature coefficient 
(Table VIII) under the prevailing conditions fall off as the frequency 
of the light is increased, the temperature coefficient doing so to an 
extent independent of concentration. 

(6) A dilute solution of hydrogen peroxide containing inhibitor 
decomposes with a velocity which rises with increase in concen- 
tration at a rate proportional to the square root of the rate of the 
absorption of energy (Fig. 7). 

(7) The velocity: of thermal decomposition of peroxide solutions 
passes through a maximum and subsequently falls off as [H,0,] 
increases. In one case (Fig. 4), the corresponding unimolecular 
velocity coefficient—concentration curve also has a maximum; other 
data (Tables IV, V) give no such maximum. The temperature 
coefficient of the rate of thermal decomposition is normal, and is 
independent of [H,O,] over the concentration limits tested (Table 
VII). 


E. Discussion. 
To explain these very complex relations (many of them unex- 
pected, e.g., the effect of intensity in the intermediate concentration 
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range, the relations between y and 2 and between [H,0,] and 
velocity) on a simple basis is clearly impossible, and we shall at 
present confine ourselves to a brief discussion of some of the more 
salient points. 

(i) Any satisfactory theory of the photolysis of hydrogen peroxide 
solutions must first of all take into account the great similarity 
between the photochemical and thermal reactions. This is apparent 
throughout, and particularly so in Table VI, where, except for the 
lowest concentration employed, the thermal velocity and the velocity 
in 365 yup light are practically proportional to one another within 
the experimental error. 

(ii) The next point to emphasise is the effect of dust particles as 
demonstrated by the work of F. O. Rice and his collaborators. 
The photochemical, and hence presumably the thermal, reaction is 
a chain reaction, and the question arises as to whether it is the 
initiation or the continuation (or both?) of the chain which is a 
surface reaction. Recent workers (Williams, Trans. Faraday Soc., 
1928, 24, 245; Pana, ibid., p. 486) on the thermal reaction conclude 
that it is initiated on the surface of the vessel or on dust particles. 

(iii) We find the temperature coefficients of the photolysis to 
decrease with increasing frequency, but to be independent of con- 
centration. This strongly suggests that they are concerned with 
the primary process only. Calculating the molar energy of activ- 
ation (Z) by the method of Arrhenius, we find £3... = 5850, 
E97 up. = 5380, Eo75 4. = 4120 cals. With Tolman (J. Amer. 
Chem. Soc., 1923, 45, 2285), we can equate # to N(é — &), where é 
represents the average energy of all molecules of peroxide and é the 
average energy (before absorption) of those molecules which are 
sufficiently activated by quantum absorption to be capable of 
initiating a reaction chain. The fraction of molecules (f) in this 
potentially reactive state (&) in respect of light of a particular wave- 
length will be given by e~“”?, from which we obtain f365 4. = 4 X 
10°, fs07 um = 9 X 10°, fo75 un = 80 X 10°. 

If this view is correct, it appears that only a very small proportion 
of the absorbing molecules react subsequently to absorption, and 
that therefore the reaction chains must be exceedingly long—of the 
order of 10* to 10’ links, leaving out of account any deactivation 
(by whatever means) experienced prior to the inception of the chain. 

(iv) The J,°* relation suggests that the catalyst (of mean life 
about 1 sec.) which is responsible for the reaction chain may consist 
either of hydroxyl groups or of oxygen atoms, produced in the 
liquid phase in accordance with one of the equations 

H,O, + hy —> 20H, 
H,O, + hy—> H,O + O, 
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and, when their rate of production per unit volume is sufficiently 
high, disappearing in accordance with either 


20H —_—_ H,0, (or H,O + 40,), 
or 20 —> O,. 


Thermochemically, these two primary light actions are both possible, 
the former absorbing 56-5 Cals. (calculated from the work of Bon- 
hoeffer and Reichardt, Z. physikal. Chem., 1928, A, 139, 75) and 
the latter 56-8 Cals. Referred to a single molecule, these figures 
correspond to a light quantum at about 500 uy, i.e., in the blue- 
green region of the spectrum, whereas the longest wave-length used 
by us was 365 uu. 

(v) To account for the validity of the I, relation at low intensities 
and concentrations, and also at high concentrations, additional 
hypotheses are necessary. For example, we have tested the assump- 
tion that, the hydroxyl group being the catalyst, it can be removed 
unimolecularly in certain circumstances by adsorption on dust 
particles, and, under other conditions, by combination with per- 
oxide molecules to form unstable H,O, molecules which then rapidly 
react with one another. If the “ chain ”’ be supposed to be initiated 
by impact of such hydroxyl groups on the layer of peroxide mole- 
cules adsorbed on dust particles, and if a further type of “ de- 
activating ’’ collision involving peroxide molecules be introduced, 
then the majority of the experimental facts found by us can be 
brought into line. Some, however, remain unexplained. For 
example, the predicted behaviour of solutions of concentration 2M 
and less is not completely in accord with the (rather uncertain) 
experimental data, and further work is being done in this direction. 
Until the results of these experiments are available, it is of little 
use to discuss further either the explanation of our own results or 
their relation to the work of others. 

(vi) Two particular points may be mentioned in conclusion. 
(1) Our results with the dilute solution containing inhibitor (Fig. 7) 
can readily be explained on the mechanism referred to above. 
(2) This point relates to the values for the empirical experimental 
constant k,, contained in Table X. They vary with concentration, 
which merely shows at present that the photolysis is a complex 
one, but are also seen to rise with increasing frequency (see J., 
1929, 1537) and not to decrease, as is the case with the values of y. 
On the theory outlined above, they should be proportional to the 
square root of the coefficient (k,) which measures the efficiency of 
the primary dissociation process following on quantum absorption. 
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These k, values are proportional to the f values calculated above, 
and we consequently have 


(ky)365 mm ? (ky)307 uu * (ky)o75 ue = 4:9: 80 
and hence 

(ka)365 uu : (ks)307 um ? (Kadors uu = 2:3: 9. 
There is no quantitative coincidence between these ratios and the 
varying figures contained in Table X, but the fact that the admittedly 
incomplete theory gives even the found measure of agreement is of 
interest. 


The experiments described in this and the preceding paper were 
carried out between October 1925 and April 1928. We are indebted 
to grants received from Brunner Mond and Company, Limited, and 
from Imperial Chemical Industries, Limited, which enabled us to 
purchase the electrical instruments, quartz cells, mercury lamps, and 
rotating sector used in the work. One of us (D. W. G.S.) wishes in 
addition to acknowledge the grant made to him by the Department 
of Scientific and Industrial Research whilst a student in training. 


UNIVERSITY OF LONDON, 
Kina’s COLLEGE. [Received, January 18th, 1930.] 





LXXXIII.—The Angles of. Floating Lenses. 


By CHARLES GEORGE Lyons. 


SEVERAL investigations have been made on the relationships between 
the statical equilibrium of an interface and the arrangement of the 
molecules at the boundary. Many of these studies were based on 
measurement of angles of contact; for example, Adam and Jessop 
(J., 1925, 127, 1863) studied the variation in these angles for water 
against various solid substances which had been used in film experi- 
ments. Practically all of these earlier researches were concerned 
with the contact angles of liquids against solids, and the liquid- 
liquid angles have been comparatively neglected. 

The exact configuration of the molecules at the surface of a solid 
cannot be established except in the case of a single crystal, but at a 
liquid boundary the molecular orientation presents much less 
difficulty. It seemed probable, therefore, that the measurement of 
liquid-liquid angles of contact would yield definite information 
about the molecular basis of the interfacial equilibrium. These 
angles are most conveniently obtained as the angles of a lens of one 
liquid which is floating on another liquid, both being mutually 
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insoluble. Such angles were studied qualitatively by Quincke 
(Phil. Mag., 1871, 41, 454) and by Hardy (Proc. Roy. Soc., 1912, 
A, 86, 61), and quantitatively by Coghill and Anderson (Bureau of 
Mines Tech. Papers, 1924, 262); the last two authors, however, 
used an indirect method, calculating the angle from the dimensions 
of the lens on the assumption that its shape was governed solely 
by the surface-tension forces acting at its edges. As this assumption 
need not necessarily be true, it was decided to investigate these 
angles by direct measurement. 


EXPERIMENTAL. 
A drop of a liquid was placed on the surface of another in which 
it was insoluble, and the floating lens formed was held loosely in 
position by a wire just touching its surface. 
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The surface of the liquid was illuminated with a horizontal beam 
of light, and the lens was then viewed with a microscope whose axis 
was horizontal. Its image was projected on a camera, and a photo- 
graph of the magnified image was taken. The angles of contact and 
all other data were then easily and accurately measurable on the 
photographic plate. 

As the lens was illuminated parallel to the surface of the liquid 
on which it was floating, there was a possibility of distortion of the 
image by the meniscus at the walls of the containing vessel. This 
distortion was avoided (see Fig. 1) by photographing the upper 
surface of the lens in a trough filled nearly to overflowing so that 
the meniscus curved downwards, and the lower surface in a glass 
cell in which the meniscus was attracted upwards. 

The apparatus, when finally adjusted, was tested for distortion by 
three methods: (1) a circular object held vertically in the surface 
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of the liquid and perpendicular to the direction of vision was found 
to give a circular image; (2) by means of a graduated scale it was 
shown that the magnification ratio was the same vertically and 
horizontally ; (3) pieces of wire bent into known angles gave images 
bearing these angles. The experimental arrangement therefore 
gave images of the lenses which represented their true shape. 

To obtain the angles of a given lens, the microscope was focused 
on a medial section, and the angles were measured on the photo- 
graphic plate with a protractor. The values obtained were probably 
accurate to + 2°, the value of y, the angle formed by the meniscus 
of the supporting liquid (see Fig. 2), being the most difficult to 
obtain, as it was usually small. 





Fia. 2. 
Oleic acid on 
pu 1-8 Pu 5-9 Pu 6-9 Pu 9-7 
PARAFFIN WATER ON WATER ON 


| AIDE JATE 
ETHYLENE DIGROMIDE "ON- WATER ON WATER ETHYLENE OIBROMIDE © PARAFFIN 


With this apparatus, lenses of oleic acid on aqueous solutions of 
various ~, were studied; also lenses of ethylene dibromide, carbon 
tetrachloride, and nujol (medicinal paraffin) on water, and of water 
on the last three liquids. The angles made by the liquid boundaries 
at the edge of the lens with the horizontal are given in Table I, in 
which surface tensions are given in dynes/cm., and Fig. 2 contains 


TABLE I. 

Liquid. Lens. a. B. y: O12: O25. O13: 
Water Oleic acid 10° 20 0° 32°5 15-7 42-5 
HCl, px 1-8 ¥ 13 28 2 32-5 16-0 44:5 
*og 5-9 oo 13 57 0 32-5 11-7 41-0 
*on 6-9 os 7 96 0 32-5 9-7 35-0 
*pg 9-7 a Small 157 ms 32-5 Small 34:0 
C,H,Br, Water 34 99 4 73-0 36-5 38-7 
CCl, as 28 99 —l11 73-0 45-0 26-7 
Paraffin ei 17 127 8 73-0 51-0 22-0 
Water C.H,Br,; 21 25—48 6—9 38-7 36-5 73-0 

” CCl, 12 Variable 26-7 45-0 73-0 

” Paraffin 25 14 2 22-0 51-0 73-0 


* These solutions were obtained by the use of phosphate buffers. 
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diagrams of the shapes assumed by the lenses under different 
conditions. From these, it is seen that the shape can be varied 
within wide limits, the lower submerged surface being particularly 
sensitive to changes in the conditions. Alteration in the size of the 
lens within the diameter range 0-4—2-5 mm. caused no appreciable 
alteration in the angles. 

Discussion. 


These results show that not only the shape but also the sub- 
mergence of the lens changed when the surface tensions at the 
boundaries were varied. The fraction of the lens below the level 
of the surface of the bulk liquid ranged from 0-4 almost to unity 
for different pairs of liquids. The oleic acid series was especially 
interesting, for, as the underlying solution increased in alkalinity, the 
lens sank steadily into it, the lower surface becoming more and more 
curved and the value of 8 steadily rising. 


Fie. 3. 








The shape of the lens was shown in this way to be controlled 
chiefly by the interfacial tension between the two liquids. This 
tension gradually decreased from 16-0 dynes/cm. to a very small 
value as the alkalinity rose, while the individual surface tensions 
of the two liquids (against air) remained practically constant. 

These results are qualitatively explicable on the simple theory of 
the lens equilibrium. This demands that the angles should be 
controlled solely by the surface-tension forces, in such a way that 
at the edge of the drop the three surface tensions are in statical 
equilibrium as shown by the triangle of forces (Neumann’s triangle). 
These conditions may be written in the form of the two equations 


819 COS&% + oygCOSB—a,,cosy=0 . . . (2) 


where oj. and o,, are the surface tensions of the liquids (in air), and 
oy, is their interfacial tension, the angles being as shown in Fig. 3. 
From these equations it will be seen that if the interfacial tension 
is decreased while the surface tensions remain nearly constant, the 
lower angle of contact, 8, will gradually increase so that o., sin 8 may 
still balance the vertical component of o,,. This angle must 
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become re-entrant if the horizontal component of the surface tension 
of the lens liquid becomes greater than that of the supporting liquid. 
The observed changes in the oleic acid lenses as the interfacial tension 
is progressively decreased are in agreement with these predictions. 

The increased submergence of the lens as the interfacial tension 
decreases follows directly from considerations of the free energy of 
the system. As the interfacial tension decreases, the surface energy 
at the liquid-liquid boundary decreases, and the area of this interface 
must increase at the expense of the other surfaces. This effect is 
analogous to the spreading of a liquid over a solid surface if the 
interfacial tension is low; and is only complicated because the 
surface of the supporting liquid is not an immobile plane as in the 
case of a solid. 

Failure of the Simple Theory.—The fact that Coghill and Anderson’s 
values of the angles did not agree with the simple theory, despite the 
fact that they were calculated on equations which should have 
secured agreement, indicated the need for a closer analysis of the 
lens equilibrium. 

It is well known that the determination of surface tensions by 
Quincke’s method (loc. cit.), based on the measurement of drops of 
liquid resting on a solid, gives values which are at least 10°% too 
high. It was shown by Worthington (Phil. Mag., 1885, 20, 51) that 
this is due to the neglect of the internal pressures caused by the 
curvature of the drop surfaces. Coghill and Anderson’s equations 
must therefore involve errors of a similar magnitude. 

The lenses used in this investigation were considerably smaller 
than those used by the earlier workers, and therefore this effect 
should be present in even greater intensity. An analysis of the 
results obtained confirmed this deduction, for, when the vertical 
and horizontal components of the surface tensions * were evaluated 
in accordance with equations (1) and (2), it was found that their sum 
often differed considerably from zero. This is shown in Table II, in 
which cols. 4 and 8 should be zero if the equations were valid. 

This effect of the internal pressure may be compared with the 
difference in the angle of contact between advancing, stationary, and 
retreating boundaries of a liquid on the surface of a solid. Neverthe- 
less, there can be no direct comparison of the angles of a floating 
lens with the solid—liquid angles of contact, because the surface 
of the supporting liquid does not remain a plane. 


* The values of the surface tensions and interfacial tensions were chiefly 
taken from the International Critical Tables, Vol. 4. Those for the inter- 
facial tensions between oleic acid and aqueous solutions of various pq were 
Hartridge and Peters’s values (Proc. Roy. Soc., 1922, A, 101, 348), confirmed 
by the capillary-rise method with the actual solutions used in this investigation. 
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Taste II. 
1. 2. 3. 4. 5. 6. 7. 8. 
C12 —~Fa3 T13 =r 712 T23 —T1s zo 
Liquid. Lens. sin a. sin f. siny. s8in@. cosa, cos. cosy. cos 6. 
Water Oleic acid 566. — 53 0-0 03 320 14-7 —42°5 4-2 
HCl, pa 1:8 - 73 — 75 15 1-4 31-7 14-1 —44-4 14 
*pa 59 “ 73 — 98 00..—-.25 381-7 64 —410 — 29 
*pa 6-9 a 40 — 96 00 — 56 322 -—10 -—350 — 38 
C,H,Br, Water 408 —35-9 27 76 65 — 5&7 —378 170 
cc -_ 343 -—444 -50 -151 644 -— 70 —262 31-2 
Paraffin a 215 —40'7 81 -—164 693 —80-7 —21°8 17-3 
Water C,H,Br, 13-9 —27-1 114 — 18 361 33-1 -—725 — 33 

to to to to to to 

-15°4 7:6 6-1 244 —721 —1146 
Paraffin 93 -—12°3 15 —0O5 199 49-5 -—729 — 3-5 


* These solutions were obtained by the use of phosphate buffers. 


Neither of these series of angles can as yet be correlated with 
the known orientation of the molecules at the interface, nor can 
the molecular mechanism which decides the values of the angles 
of contact be determined. But the significance of the angle y is 
quite clear, for it depends solely on the depth to which the lens is 
submerged. The vertical component of the surface tension of the 
lower liquid must support the lens if its weight and buoyancy do not 
exactly balance, and this component can only be zero (i.e., y = 0) 
when these two forces are equal and opposite. 

If W, is the weight of the lens, W, that of the lower liquid dis- 
placed, and r the radius of the lens, then 
Znre,, 8iny = Wy— We «+ + 56.» (3) 
if the small correction for the lowering of the meniscus of the lower 
liquid at the edge of the lens be neglected. 

From Table III it is seen that this equation holds for all the lenses 
studied in this investigation : cols. 4 and 5 should be identical if 
the equation is valid, and the differences actually obtained are 
within the limits of experimental error. The weights were calculated 
from the cross sections of the lenses measured on the photographic 
plates, their areas and centres of gravity being determined directly. 
Weights are given in dynes and r in mm, 


TaB_eE IIT 

i; 2. 3. 4. 5. 

Liquid. Lens. r. Wy W,. W,—W,. 2nro,;sin y. 
Water Oleic acid 1-6 1-36 0-96 0-4 0-0 
pu 1-8 3 2+3 7-6 61 1-5 2-1 
pu 5-9 a 1:95 9-2 8-8 0-4 0-0 
pu 6-9 1-4 5-3 $7 —0-4 0-0 
pu 6-9 a 1-7 12-0 12-9 —0-9 0-0 
C,H,Br, Water 1-46 5-25 4-1 1-15 2-4 
l, 99 1-65 12-8 17-2 —4-4 — 5-2 
Paraffin sb 0-73 8-7 6-4 2-3 1-4 
Water Paraffin 1-77 2-5 1-4 1-1 2-4 
is O,H,Br, 1-89 17°8 55 12-3 13°3 
1-89 lll 2-5 8:6 9-0 
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In order to obtain a more definite analysis of the conditions of 
lens equilibrium, it is necessary to make assumptions which simplify 
the problem. The lenses which have been studied were not very 
large, and as their surfaces did not depart very much from segments 
of spheres, it is justifiable to assume that they actually had this 
shape. Under these conditions, the principle of virtual work may 
be used to make a more definite examination of the statical equi- 
librium of the lens. 

Consider a lens of radius R, formed of two spherical segments of 
radii r, and rz, and heights h, and h, (Fig. 3). Then 

R = 1,2 — (ry — hy)? = 2ryhy — hy? = 2rghg— hy ~. (4) 
Let the lens be given a small displacement increasing its radius to 
R-+dR without transference of liquid from one segment to the 
other, 7.e., without altering the volume of either segment. Then 


R.AR=r.Ah+h.Ar—h.Ah. The volume V of a segment of 
height / of a sphere of radius r is equal to xh?(r — 4h), and therefore 


AV = n(2hr. Ahh? Ar — h?. Sh) 


By the conditions of the displacement, AV =0, hence Ar = — 
(2r — h)Ah/h, and by substitution in the above equation it follows 
that 
R.AR=—r.Ah=r.AA/2n(r—h) . . . (5) 

where A is the superficial area of the segment and is equal to 2zrh. 
During this displacement work is done (1) by the surface tension 
forces, owing to change in superficial area of each surface of the 
lens and of the underlying liquid, :(2) by the internal-pressure forces 
caused by the curvature of the lens surfaces, and (3) by gravity and 
the upward thrust of the displaced liquid, owing to the change in 
position of the centre of gravity of each segment of the lens. The 
magnitude and sign of these effects are now evaluated in turn, and 
the conditions of equilibrium are then obtained by equating their 
algebraic sum to zero. 

(1) The total work done by the surface-tension forces is given by 
the algebraic sum of the products of the surface tensions and the 
change in area, i.e., by 

61.4A, + o.,4A, — 0,,A(2R?*) cos y 
By substituting from (5), it is found that this work is equal to 
22h . AR[o,(1 — h,/7,) + o03(1 — hg/T2) — 942 008 y] = 
2nR , AR[o,» Cos % + og, 0088 —a4,cosy] - «. (6) 
Neumann’s triangle [equation (2)] demands that the expression 


between the brackets should be zero for equilibrium. This follows 
necessarily where only the surface tensions are considered. 
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(2) Under the conditions governing the displacement given to the 
lens (i.e., no volume change of either segment), the total work done 
by the internal pressures is found to be zero if the lens surfaces are 
accurately spherical segments, thus: The displacement of a ring of 
the surface subtending an angle w at the centre of curvature is 
Ar .(1 — cos) + Ah.cos@; the total work done by the internal 
pressure is therefore 


We . 2nr*A(cos 6)[Ar. (1 — cosa) + Ah.cosw] .- (7) 


and on integration and substitution this integral is found to vanish. 

(3) The height of the centre of gravity of a spherical segment 

above its basal plane is 
h, = R¢/4hr —4h)—(r—h) . . . (8) 

The work done by gravity on the lens is — gV,9, . Ah,, and the 
work done by the upward thrust is therefore — gV (pe, — e,) - Ahs, 
where V, and V, are the volumes of the upper and lower segments of 
the lens, and p, and p, are the densities of the lens liquid and the 
supporting liquid, respectively. 

By differentiating equation (8) and substituting from equations 
(4) and (5), it follows that the total work from both these causes is 
equal to 
— 2xR.AR.g .[4R*%o, — hy, (r, — $h,) — 

ha(eg — Py)(72 — PA 

Now, from the principle of virtual work, the sum of expressions 
(6) and (9) must be zero; the conditions for equilibrium are therefore 
given by 
[242 COS % +- 23 Cos B — 1, cos y] — g[FR*p, — hypy(r, — $y) — 

h(a — 0y\(T. — Fag) =O - - « « (10) 

This equation may be tested experimentally. All the relevant 
data are obtained from the photographic plates, and collected in 
Table IV (linear measurements being in mm., and tensions in 
dynes/cm.). Col. 6 reproduces the values of the first term in 
equation (10) as given in Table II (col. 8) for the examination of 
equation (2); col. 7 contains the (negative) values of the second 
term in equation (10) which is applied as a correction to equation (2). 
The smallness of the algebraic sum of cols. 6 and 7, as given in col. 8, 
shows that the agreement between equation (10) and experiment is 
good, and that this equation is a definite improvement on the simpler 
equation (2) derived from Neumann’s triangle. Lenses of carbon 
tetrachloride, ethylene dibromide, and paraffin on water still show a 
serious discrepancy. In these cases, the photographic records 
indicated that the segments were markedly divergent from spheres 
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THE ANGLES OF FLOATING LENSES. 
TABLE IV. 
1. 2. 3. 4. 5. 6. ¢. ~ 

Liquid. Lens. R. hy. T1. hy. T;. Xacosd, 
Water Oleic acid 1-6 0-16 77 £4020 415 42 -13 2-9 
pu 1°8 o 2-3 032 81 060 . 5-36 14 —08 0-6 
pu 59 1:95 0-24 8-7 107 250 -29 24 -—05 
pu 6-9 1:40 O10 141 1-37 154 -38 3-9 0-1 
Da 6-9 Ks 1:7 010 12-1 1:83 21 —3-8 35 -—03 
pu 9°7 a 1-7 0-0 — 1-6 1-6 —05 -15 -—20 
(app.) (app.) 
Water Paraffin 177 040 475 028 883 —3-5 3-7 0-2 
© C,H,Br, 1:89 0-41 68 049 476 —33 20 -13 
* a 189 0-41 6-8 111 17 —116 80 —3-6 
C,H,Br, Water 1-46 0-47 260 085 1-9 170 -18 152 
CCl, 1:65 0-46 230 171 146 31-2 10 32-2 
Paraffin ria 073 009 250 244 13 173.0 —-22 151 


(the lenses of oleic acid on very alkaline solutions were also not 
spherical), and the discrepancy between theory and experiment must 
be attributed to this fact. When the lens surfaces approach 
segments of spheres satisfactory agreement is obtained. It is 
seen that Neumann’s triangle is obeyed only for very large drops, 
in which forces other than the surface tensions are negligible. 


Fig. 4. 
Light petroleum Light petroleum 
Soap solution Soap solution + calcium chloride 


Floating Lenses at the Liquid—Liquid Interface—When water was 
placed at a light petroleum—aniline interface, it spread completely 
over it, but when the surface tension of the water was lowered by the 
dissolution of a small quantity of soap (0-01°%, of sodium palmitate) 
a floating lens was obtained of which the angles were « = 30°, 
8 = 76°, y = 0°. Lenses of aniline were similarly formed at the 
light petroleum-soap solution interface, the angles being « = 14°, 
B = 52°, y = 14°. 

It was thought the addition of calcium chloride to the soap 
solution might prove interesting from the point of view of the theory 
ofemulsions. Actually, such addition did alter the angles of the lens, 
and when sufficient calcium chloride was added to carry the solution 
over the inversion point, the angles became « = 25°, 6 = 24°, 
y = 0°, for a lens of aniline between light petroleum and the aqueous 
solution, and « = 25°, 8 = 95°, y = 35°, when the aqueous solution 
was floating between the other liquids. The former case is the 
more interesting, for here it was clearly seen that the alteration of the 
lens shape was illustrative of the phenomenon of emulsion inversion 
(compare Fig. 4), the curvature of the lower surface being greatly 
diminished owing to the tendency to curve in the opposite direction. 
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When these observations were compared with those on oleic acid, 
where a large curvature was associated with a low interfacial tension, 
it was seen that this tendency towards inversion could be explained 
by the raising of the interfacial tension o,,. 

Bancroft and Tucker (J. Physical Chem., 1927, 31, 1681) have 
deduced that the character of an emulsion is determined by the 
sign of the difference o., — oj. If o3>0,, the water will tend to 
be emulsified in the oil, but if o.3<0,. the oil will tend to be emulsified 
in the water. The present observations support these conclusions 
by direct experiment, since it is concluded that the raising of the 
interfacial tension o,, is favourable to inversion from oil in water 
to water in oil. 

The changes occurring when the soap solution lies between the 
aniline and the light petroleum were neither as large nor as definite 
as in the case just considered. This may now be attributed to the 
fact that o,, and o,. were affected in roughly the same proportion. 

The Mechanism of Emulsification by Soap.—Practically all the 
theories advanced to explain emulsification have received much 
adverse criticism, and Bancroft and Tucker believe that the surface- 
tension relationship mentioned above affords the only criterion by 
which the character of the emulsion can be decided. An objection 
to this view is that it gives no clue to the molecular mechanism of 
emulsification. 

An attempt has been made to elucidate the mechanism in the case 
of emulsification by soap. The explanation tentatively suggested 
is based on the results of experiments on film dissolution (Lyons and 
Rideal, Proc. Roy. Soc., 1929, A, 124, 343), and on a modification of 
the wedge theory of emulsions. This theory im its original form broke 
down when it was shown that the molecules in the interfacial film 
were by no means close-packed, for Griffin (J. Amer. Chem. Soc., 
1923, 45, 1648) found that the area occupied by a soap molecule at 
the oil—water interface was 44 A.U., whereas Harkins and Beeman 
(ibid., 1929, 51, 1674) showed that an emulsion could be formed with 
an interfacial area of 190 A.U. 

The film experiments proved that a residual bimolecular film of 
acid soap was the stable surface configuration on alkaline solutions. 
It was thought that such a bimolecular leaflet might also be present 
at the oil—water interface, in which case it would have a profound 
influence on the emulsifying power of the soap solution. 

There was little evidence by which the probability of this assump- 
tion could be judged,* but Briggs and Schmidt (J. Physical Chem., 

* Miss Laing (Proc. Roy. Soc., 1925, A, 109, 28) had concluded that the 
existence of the bimolecular leaflet was proved by Griffin’s results, but her 
conclusions were based on a misunderstanding. 
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1925, 19, 479) had noticed that the stability of an emulsion of 
benzene in soap solution was increased by the addition of 0-1% of 
free alkali, although further alkali decreased the stability. It 
seemed possible that this variation in the stability of the emulsions 
might be connected with the alteration in composition of the 
residual bimolecular film with change in the alkalinity of the 
solutions, and experiments were therefore devised to test this 
possibility. A series of soap solutions of known py, was made by 
the addition of caustic soda to a 0-01% sodium palmitate solution. 
A preliminary electrometric titration had been carried out to ensure 
that the solutions were made of standard alkalinity. These 
solutions were shaken with benzene under standardised conditions, 
and the stabilities of the emulsions thus formed were compared. 
Although the experiments were only semi-quantitative, the results 
obtained were quite definite. 

On solutions more acid than py 8-0, both the benzene-in-water 
and the water-in-benzene emulsion had but little stability, but 
that of the former phase steadily increased from py 8-0 to py 10-0 
at which it reached a maximum. The latter emulsion only attained 
an appreciable stability on solutions more alkaline than p, 10-0, 
and stability increased with alkalinity until salting-out of the soap 
occurred. Both phases were almost equally stable in the pq range 
10—12. It was also observed that the frothing power of a soap 
solution ran strictly parallel to the stability of the benzene-in-water 
phase, and also reached a maximum at p, 10-0. 

The existence of the bimolecular leaflet at the surface of soap 
solutions seems well-established, and the similarity between 
frothing power and emulsifying power seemed to confirm the presence 
of this bimolecular leaflet at the benzene—water interface. A 
comparison was therefore made between the p, values obtained in 
these emulsion experiments and in the film experiments, and it was 
found that they were identical. 

On solutions where a benzene-in-water emulsion is the more 
ttable, the film experiments showed that the lower layer of the 
equilibrium bimolecular leaflet was not completely packed. On 
very alkaline solutions, where a water-in-benzene emulsion is the 
more stable, the equilibrium bimolecular film had considerably less 
than half the area of the original unimolecular film. On solutions 
where the two layers were equally packed, the emulsions were of 
almost equal stability. These observations, therefore, support the 
view that emulsification depends on the presence of a bimolecular 
leaflet, while a unimolecular film shows little tendency to cause 
emulsion formation. 


The mechanism of emulsification may now be pictured as follows. 
Z 
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When a soap molecule is first adsorbed at the interface it will bein 
the form NaP,HP, and will thus give a double film equally packed 
on either side. On solutions less alkaline than p, 10 the equilibrium 
lower (aqueous) layer will be less densely packed than the upper 
layer, and this equilibrium state must be reached by one of twe 
processes, viz., either a transference of molecules across the interface, 
ora curving of the boundary. In emulsion formation the latter effect 
preddminates: In order to increase the packing of the upper layer 
and decrease that of the lower layer of the initially symmetrical film, 
the boundary curves with the upper layer inside, squeezing it and 
giving an oil-in-water emulsion: A similar analysis accounts for the 
stability of water-in-oil emulsions on very alkaline solutions where 
the lower layer is probably more closely packed than the upper. 
Over the range at which a symmetrical leaflet is stable, the boundary 
will not curve preferentially in either direction; and neither form of 
emulsion will be more stable than the other. 

These experiments have shown that this tentative suggestion of 
the bimolecular leaflet at the oil-water interface is consistent with 
the known data on emulsification by soaps. There is not yet 
sufficient evidence to show whether a similar explanation can be 
applied to other cases. 

Summary. 


The shapes and angles of liquid lenses floating on the surface of a 
different liquid have been studied by a photomicrographic method. 
The angles are subject to wide variations, and are especially 
sensitive to alterations in the interfacial tension between the two 
liquids. It has been shown, further, that these angles differ from 
those calculated on the basis of Neumann’s triangle, and the causes 
of the difference have been investigated. 

The contact angles at a junction of three liquids have been investig- 
ated with reference to the theory’ of emulsification. It has been 
suggested that emulsification by soap may be determined by the 
existence of a bimolecular soap leaflet at the oil-water interface. 


The author desires to thank the Mineralogical Department of 
this University for the loan of the micro-camera. His thanks are 
also due to Dr. E. K. Rideal for his assistance and encouragement 
during this work. 
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DETERMINATION OF DISSOCIATION PRESSURES, ETC. PART Ill. 635 


LXXXIV.—The Determination of the Dissociation 
Pressures of Hydrated Salts by a Dynamical 
Method. Part III. 


By James Rippick Partineton and REGINALD JOSEPH 
WINTERTON. 


A FULL account of previous work on the subject of dissociation 
pressures of salt hydrates is given in Parts I and II of this: series 
(Partington, J., 1911, 99, 467; Partington and Huntingford, J., 
1923, 123, 160) and by Menzies (J. Amer. Chem. Soc., 1920, 42, 978, 
1952). 

Since the publication of Part II, two papers have appeared in/which 
a method similar to that described has been employed (Schumb, 
J. Amer. Chem. Soc., 1923, 45, 342; Baxter and Cooper, «bid., 
1924, 46, 923. These workers used a method almost identical 
with that used by Baxter and Lansing, ibid., 1920, 42; 419, entailing 
the measurement of the volume of air aspirated over the salt). 

In this research the original method of Parts I and II has been 
employed, which is essentially as follows. Air, dried over calcium 
chloride and phosphoric oxide, is passed successively over. the salt, 
through phosphoric oxide tubes, through a water bubbler, and 
finally through a further apparatus for absorbing water vapour. 
Since the salt and the water are both maintained at the same temper- 
ature, the weights of water absorbed in the respective series of 
tubes are, apart from small corrections applied, directly proportional 
to the vapour pressures of the salt and of the water. 

Apparatus.—The U-tube containing the salt was 2 cm. in internal 
diameter and the total length of the. column of salt was 50 em. It 
was connected with a trap to condense part of the water vapour 
before the moist air reached the absorption tubes (see Part I). The 
water bubbler had a similar trap fitted: This part of the apparatus 
was immersed in an electrically controlled thermostat, steady to 
within -+ 0-01°. 

The absorption apparatus consisted of two U-tubes fitted. with 
glass stoppers and filled with phosphoric oxide and glass wool. 
Only the first tube was weighed, the other acting as a guard tube 
between the absorption tube proper and the water bubbler or the 
aspirator. The traps and corresponding absorption tubes were 
weighed together. 

Air was drawn through this apparatus by an aspirator bottle of 
10 litres capacity, out of which water was siphoned. This bottle 
was fitted with a mercury manometer to indicate the difference 
in pressure between the atmosphere and the inside of the bottle. 
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Before passing through the apparatus, the air was dried and freed 
from carbon dioxide by passage through (i) a sulphuric acid bubbler 
which also served to indicate the rate of flow, (ii) a series of caustic 
soda tubes, (iii) a calcium chloride tube, and finally (iv) a phosphoric 
oxide tube, since this reagent was used in the absorption tubes. 

When in use the ground joints were cemented outside with 
Faraday wax, with the exception of the joints in the traps, which 
were lubricated with petroleum jelly. Both the wax and the jelly 
were removed by cotton wool and benzene before the respective 
parts were weighed. The traps and tubes were weighed against 
counterpoises of similar structure. 

Materials.—(1) Disodium hydrogen phosphate dodecahydrate, 
Na,HPO,,12H,0. A.R. Salt from B.D.H. was used after one re- 
crystallisation. A small amount of the heptahydrate was prepared 
by crystallising the salt above 36°, the transition point between 
these two hydrates being at 35-4° (D’Ans and Schreiner, Z. physikal. 
Chem., 1911, 75, 99). An intimate mixture of the two powdered 
hydrates was used. This overcame the necessity of passing air 
through the salt for a considerable time before the actual determin- 
ations were commenced, as had been done previously, since the two 
phases were present from the start. 

(2) Disodium hydrogen arsenate hydrates. In Part II, dissociation 
pressures of sodium arsenate dodecahydrate were determined at 
25°, 30°, and 35°. It was pointed out that the result at 25°, viz., 
11-10 mm., did not agree with that obtained by Lescceur (Compt. 
rend. 1887, 164, 1171; Ann. Chim. Phys., 1890, 21, 556), viz., 
9-8 mm. at that temperature. At 30° the difference was only 
0-25 mm. Lescoeur had, however, indicated a transition point at 
23° between two hydrates to which he assigned the formule 
““ 2Na0,As0°,25HO ” and “ 2Na0,As0°,15HO,” which correspond 
with the dodeca- and hepta-hydrates Na,HAsO,,12H,O and 
Na,HAs0,,7H,O. Confirmation of this transition was obtained by 
Rosenheim and Thon. (Z. anorg. Chem., 1927, 167, 7), who found 
that the solubility curve for sodium arsenate in water shows a 
marked transition at 22° between these two hydrates. It was 
clear, therefore, that the determinations above 20° were in need of 
revision. 

Tilden (J., 1884, 45, 269) gives the m. p. of sodium arsenate 
dodecahydrate as 28°, but if this were correct the results in Part Il 
could not have been obtained, since the apparatus employed would 
have become choked with the fused salt. Lescceur says that the 
salt partially melts at 23°. Actually, at 22°, we found that the salt 
becomes only damp, and this increases with temperature until the 
salt finally becomes completely liquid; this liquid becomes clear at 
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56-2°, and is then a true solution of the heptahydrate. The liquid, 
when supercooled to, say, 40° and seeded with a crystal of salt, 
deposits crystals of the heptahydrate and the temperature rises to 
562°. There is a similar evolution of heat at 22°, but this is not 
so well marked. The original tube used in Part II was available 
and it showed that the salt used had not undergone fusion. 

It was hoped that the dissociation-pressure curves would also 
show the transition point at 22° with some accuracy, but it became 
clear that the solubility curve (Rosenheim and Thon, loc. cit.) pro- 
vided a more accurate result, as the angle between the dissociation- 
pressure curves is small. We have therefore, in calculating the heats 
of hydration and plotting the curves, assumed that the latter 
actually cut at 22°, an assumption which was made very probable 
by the actual results. 

The dodecahydrate was prepared by crystallising the salt below 
22°; it is eforescent at room temperature in air. The heptahydrate 
was similarly prepared by crystallisation above 22°, viz., at about 
30°; this hydrate does not effloresce appreciably at room temper- 
ature in air. The anhydrous salt was obtained by heating the 
crystalline salt at 120° until it lost its water of crystallisation. The 
appropriate pairs of phases were then intimately mixed and used in 
the U-tubes as indicated above. 


Results. 


The method of working out the results is the same as that used 
in Part II of this series. The equation derived,* with which the 
results are calculated, is 


Ww, B—b . 

_ pKB w”’ (ssa) 

PU BTPK 2a, @i5. ) - «+ (I) 

w,.  \B—b—nx 

where p is the dissociation pressure of the salt at #; w, and w, are 
the weights (in grams) of water vapour absorbed from the salt and 
the water, respectively; 7 is the vapour pressure of water at ¢°; 
B is the barometric height; and 6 is the difference of levels in the 
gauge fitted to the aspirator. All pressures are given in mm. of 
mercury. 

This method corrects for: (a) the pressure difference between 
the air in the bottle and the atmosphere; (6) the head of water in 
the bubbler; (c) the larger volume of the moist air in equilibrium 
with the water as compared with that in equilibrium with the salt. 

* The formula given on p. 167 of Part II was incorrectly reproduced, but 


all the results given in that paper were in fact calculated by the correct 
formula as now given. 
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Sodium arsenate dodecahydrate in presence of heptahydrate. 
Temp. 14-90°; w = 12-706 mm. 


Wy. Ws. 
0-0162 0-0403 
0-0202 0-0491 
0-0172 0-0430 
0-0186 00442 
0-0193 0-0468 
0-0174 0-0431 
0-0178 0-0439 
0-0178 0-0439 


Mean result : 


B. 
762-5 
757-0 
756-9 
753-8 
761-5 
766-2 
753-6 
757-3 


20 

19-5 5-17 
22 5-20 
22 5°29 


Prag? = 5°24 mm. 


OF DIS- 


Temp. 20°; 7 = 17-535 mm. 


Wy. W>. 
0-0236 0-0562 
0-0197 0-0482 
0-0179 0-0417 
0-:0228 0-0544 
0-0198 0-0478 
0-0179 0-0430 
00209 0-0488 


Mean result : 


B. 
761-2 
769-06 
774-3 
759-5 
756-2 
772-7 
760-05 


P22» = 


Sodiwm arsenate heptahydrate in presence of anhydrous 
Temp. 24-92°; # = 23-658 mm. 


0-0499 0-1197 
0-0454 0-1019 
0-0430 0-1029 
00408 0-0972 
0-0423 0-1047 
0-0468 0-1057 
0-0423 0-1043 
0-0444 0-1088 


Temp. 30°; 
0-0417 0-0939 
0-0443 0-0993 
0-0486 0-1109 
0-0439 0-1010 
0-0489 01112 
0-0389 0-0870 
00428 0-0958 


762-87 
769-6 
765-6 
763-4 
770-3 
772-7 
775-0 
773-4 


18-5 9-95 
19 10-11 
19-5 10-11 
19 10°16 
19 9-80 
20 10-17 
21 9-82 
215 9-86 


a2 = 31-824 mm. 


766-9 
763-0 
762-0 
758-3 
768-7 
761-2 
759-0 


28 14-48 
25 14°55 
26-5 14-30 
25-6 14-20 
25 14°34 
25 14-60 
24:2 14-60 


Mean result : 9° = 14°39 mm. 


Sodium phosphate dodecahydrate in presence of heptahydrate. 


Temp. 14-90°; mw = 12-706 mm. 


0-0358 90-0513 
0-0328 0-0468 
0-0354 0-0507 
0-0368 0-0529 
0-0401 0-0569 
0-0372 0-0534 
0-0385 0-0549 


751-0 
757-7 
758-1 
759-0 
762-5 
768-2 
760-0 


22 8-91 
20 8-95 
19-5 8-92 
22 8-87 
21 9-01 
22-5 8-90 
22°5 8-96 


Mean result : py4-99* = 8-93 mm. 


Temp. 24-92°; w = 23-658 mm. 


0-0755 0-0933 
0-0678 0-0838 
0-0710 0-0884 
0-0650 0-0818 
0-0696 0-0855 
0-0707 0-0874 
0-0602 0-0745 
0-0571 0-0710 
0-0698 0-0864 
0-0605 0-0759 
0-0714 0-0890 


768-3 
773-6 
764-6 
764-5 
762-05 
761-9 
760-6 
759-3 
756-9 
748-06 
755-12 


Mean result : 4-99" = 


16 = 19-27 
15-5 19-14 
16 19-01 
16 18-97 
18 19-14 
17 = 1927 
17 = 19-27 
16 = 19-18 
16 =19+27 
19-5 19-01 
19-1 19-14 
19-10 mm. 


0-0417 0-1002 
0:0433 0-1013 
0-0435 0-1039 
0-0463 0-1054 
0-0430 0-1013 
0-0464 0-1131 
0-0501 0-1193 


Mean result : 


Temp. 35°; 
0-0684 0-1434 
0-0639 0-1341 
0-0603 0-1275 
0-0723 0-1515 
0-0717 0-1509 
0-0619 0-1296 
0-0601 0-1254 


-0-0597 0-1250 


Mean result : 


762-9 
766-9 
780-9 
781-7 
764-6 
766-5 
764-15 


b. p. 
21 7°47 
20-5 7°27 
19-5 742 
20 7-25 
20 7°23 
18-5 7-41 
18-5 7-50 
7:36 mm. 
salt. 

19-7 10-07 
20 10-20 
“19 10-12 
20 10-14 
19-4 10-28 
19-7 9-93 
18-5 9-73 


P 24-92" => 9-98 mm, 


a = 42-175 mm, 


767°1 
763-0 
757-2 
758-0 
749-3 
760-0 
757-7 
753-2 


22 
22 
22 
21 
22-5 
19 
22 
23 


20-75 
20-73 
20-56 
20°75 
20-67 
20-78 
20-84 


20-77 | 


Pss° => 20-73 mm, 


Temp. 20°; # = 17°535 mm. 


0:0472 0-0661 
0-0503 0-0703 
0-0487 0-0681 
0°0453 0-0637 
0-0496 0-0691 
0-0521 0-0727 
0-:0453 0-0633 


Mean result : 


7483 
752-4 
757-3 
755-7 
762-0 
763-1 
764:3 


12-91 
12-94 
12-91 
12-90 
12-95 
12-95 
12-94 


P2o° = 12-93 mm, 


Temp. 30°; 7 = 31-824 mm. 


0-0905 0-1064 
0-0815 0-0974 
0-0786 0-0915 
0-0695 0-0836 
0-0695 0-0828 
0-0801 0-0934 
0-0724 0-0870 


767-06 
769°6 
768-8 
769°3 
768-6 
755-4 
753-1 


23 
22 
21 
21 
21 
20-5 
21 


27-29 
26-86 
27-47 
26-66 
26-92 
27-48 
26-71 


Mean result: p39° = 27-05 mm. 
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The foregoing results are collected in Table I, and Fig. 1 shows 
the curves obtained by plotting p against ¢ and also log p against 


1/7’ (where 7' = t + 273°). The logarithmic plots are straight 


Discussion. 
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Fre. 1. 
p- 
5 10 15 20 25 30 
< 
345P 
* 35° 
340 FP 
430° 
“ % 
2 335 
: 26 
330 fF . 
op 4 20° 
x 
Y 7 
Ry 
y 
325 Ff a 
% 
a y : 15° 
0-6 0-7 0°8 0-9 10 1-1 1-2 1-4 
logig p- 
TaBLeE I, 
P14-90°» P20°s Pa4-o2"s Pss*s 
Hydrates. mm. mim. mm. 
Na,HAsO,,12H,O —>7H,O 5-24 7°36 - ae 
Na,HAsO,,7H,O — > 0H,O a —— 9-98 20-73 
Na,HPO,,12H,0 —>7H,O 8-93 12-93 19-10 — 
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lines, and in the case of sodium arsenate there is a definite inter- 
section of the lines for the two hydrates. It has been pointed out, 
however, that this is not a very accurate method of finding the 
transition point. 

For comparison with those of other authors, the present results 
were plotted and the values for 15° and 20° interpolated. Where 
possible, results for 15°, 20°, 25°, and 30° were found by a similar 
process from results of previous workers. In the case of Lescceur’s 
results for sodium arsenate this was not possible, as the points did 
not lie on a regular curve. The same was found to be the case with 
‘the results of Miiller Erzbach (Ber., 1887, 20, 137; Z. physikal. 
Chem., 1896, 19, 134) above 20°. 

Sodium arsenate. Lescceur gives, for this salt, three series of 
vapour pressures, one for each of the two hydrates, and one for the 
saturated solution. His results for the dodecahydrate and the 
solution led to comparatively smooth curves and the vapour pressure 
is given for both as 16 mm. at 20°; but those for the dodeca- and the 
hepta-hydrate do not agree with ours, being: at 15°, 11-5 mm. 
and 3-4 mm. respectively, and at 20°, 16 mm. and 46 mm. 
respectively. The only comparable results are : 


At 25°: This research 10 mm.; Lescceur 9-8 mm. 
At 30°: This research 14:39 mm.; Lescoour 15 mm. 


Sodium phosphate. The results given by Lescceur (Ann. Chim. 
Phys., 1890, 21, 548) for this salt are identical in every way with 
those given by Debray (Compt. rend., 1868, 66, 194). Table II 
compares the results of several previous workers with the present 
results. 


TABLE II. 
Pis’» P 20°» P2s*> Ps0"» 
Author. mm. mm. mm, mm. 
Debray * (interpolated) ............+.. 9-0 13-0 18-2 27-1 
Miller Erzbach ¢ (interpolated)...... 9-0 13-5 
Frowein { (interpolated) ............... 8-84 12-6 18-5 28 
Foote and Scholes § .....: Ricldviessticsotes 18 
WR Binvnddc cdibcccenscsescieisscestnvece 19-13 
Baxter and Cooper {[_ ...........sessee 8-93 19-05 
NEI sa bacscvoccscceccststcasteneed 8-95 12-93 19-18 27-05 
* Loc. cit. 
+ Loc. cit. 


t Z. physikal. Chem., 1887, 1, 362; “* Revue de Chimie physique d’Ostwald 
et van ’t Hoff,” t. ii, p. 362. 

§ J. Amer. Chem. Soc., 1911, 38, 1309. 

|| Ibid., 1921, 48, 704. 

| Ibid., 1924, 46, 923. 


Heats of Hydration.—The heats of hydration were calculated from 
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the dissociation pressures by the Clapeyron—Clausius equation in 


the form 
TT, Po/T. , 
Ug. T, i log (Be i) BU pe Sale 


The values obtained are given in Table III. Those for sodium 








TaB_e III. 
Temperature @Q per mol. @Q for whole 
Reaction. range. H,O. reaction. 
Na,HAsO,,12H,O 14-90—20° 579 2,895 
— > Na,HAsO,,7H,O + 5H,O(liq.) 20 —22 589 2,949 
Na,HAsO,,7H,O 22 —24-92 2,847 19,929 
—> Na,HAsO, + 7H,O(liq.) 24-92—30 3,065 21,455 
30 —35 3,092 21,644 
Na,HPO,,12H,O 14-90—20 2,339 11,697 
—> Na,HPO,,7H,O + 5H,O(liq.) 20 —2492 2,359 11,795 & 
24-92—30 2,396 11,978 


phosphate may be compared with those of Baxter and Cooper (/oe. 
cit.), Q being given in g.-cals. : 


Q15-20°- Q 20-25": Q25-20°° 
Baxter and Cooper ............scssseeee 11,340 12,180 a 
UOGINS WOME 30 cccdctblsesccsckadesseccsecs 11,697 11,795 11,978 


The three series of heats of hydration show an increase with rise 
of temperature, as Baxter and Cooper also found for sodium phos- 
phate, acetate, and carbonate. For the last two salts, however, 
directly determined values show the opposite effect. 

In the case of sodium phosphate hydrates, data are available for 
the heats of solution at 18° and a dilution of 400 mols. of water 
per mol. of salt. For the dodecahydrate, Thomsen (J. pr. Chem., 
1878, 17, 174) gives — 22,820 g.-cals., and Pfaundler (Ber.} 1871, 4, 
775) — 22,500 g.-cals. For the heptahydrate at the same dilution 
and temperature, Pfaundler (loc. cit.) gives — 11,300 g.-cals. 
Pfaundler’s values give the heat of the reaction 

Na,HPO,,12H,O —> Na,HPO,,7H,O + 5H,O(liq.) 
as 11,200 g.-cals. (i.e., 2240 g.-cals. per mol. of water) at 18°, which 
is in satisfactory agreement with the results obtained from the 
dissociation pressures. 

Another method available for the calculation of the heats of 
hydration of the salts is based on Nernst’s heat theorem. This 
gives for the intrinsic energy change (here the quantity of heat 
liberated as found thermochemically) : 


Q=Q+oF?+pT%. . . « + (3) 
and for the free-energy change : 
Ap ='Q)— af? FT... Ay 


z2 


642 DETERMINATION OF DISSOCIATION PRESSURES, ETC. PART Ii. 


« and 8 being the same constants in both equations. The values 
of Av, (in g.-cals.) may be found from the dissociation pressures 
by the equation 

Ap=RTlog,x/p .-.. - (8) 
where p and x have the values assigned in equation (1) and R= 
1-9875. 

The most satisfactory method for calculating Q) and « (8 being 
negligibly small) from the equations obtained by applying (4) to 
each experimental temperature is that of least squares. By sub- 
stituting the values of Q, and « so obtained in equation (3) we obtain 
the values of Q for various temperatures. Table IV compares the 
results thus derived with those calculated by the Clapeyron—Clausius 
equation (2) as in Table IV: the former are somewhat lower than 
the latter. 





TaBLe IV. 
Q Ar, Q, Q for whole 
per per mol. of reaction, 
mol. H,O. eq. (3). eq. (2). 
Reaction. Temp. H,O. ax105. ; . i an 
Na,HAsO,,12H,O 14-96° 542-43 43-71 506-20 578-8 2'800} 2.895 
—> Na,HAsO,,7H,O 20 504:90 579-9 2,899 ; 


+ 5H,O(liq.) 


Na,HAsO,,7H,O 24-92 1646-9 1278 510-40 2781-2 19,4680) 455 
— >Na,;HAsO, + 30 477-36 2820-3 19,7424 —” 

7H ,O(liq. ) 35 434-21 2858-3 20,008 521,644 
Na,HPO,,12H,0 14-90 1186-8 1180 


—>Na,HPO,7H,O 20 177-17 2209-6 11,048 


+ 5H,O(liq.) 24-92 i 153-77, 2241-8 11,209 
30 97-76 2280-1 11,400 

For sodium phosphate dodecahydrate, by the method just em- 
ployed, Miiller (J. Chim. physique, 1909, 7, 534) found from Frowein’s 
results (loc. cit.) that Q =, 2215-3 g.-cals. per mol. of water at 18° 
(Qo = 1200-58; « = 1198-27 x 10°). 

To values of the specific heats of the dodeca- and hepta-hydrates 
of sodium phosphate as found by Nernst, Koref, and Lindemann 
(Sitzungsber. Preuss. Akad. Wiss. Berlin, 1910, 12, 247), viz., 
between 34-4° and 1-9°, 0-3723 for the dodecahydrate, and 0-3230 
for the heptahydrate, an equation of the type 

dQ/dT =C,+Cy3—Co=at. . . «. (6) 
has been applied, in which C,, Cz, and C, are the molecular heats 
of the heptahydrate, of 5H,O(liq.), and of the dodecahydrate, 
respectively. Since the specific heats were determined oyer 4 
wide range, ¢ is not accurately defined but it was taken as 18°, this 
being approximately the mean of 34-4° and 1-9°; « then becomes 
0-1501, which is about ten times the value calculated previously. 

There being no data concerning the specific heats of the hydrates 
of sodium arsenate, these were determined approximately over the 


11,795 


196-95 2175-8 10,879}11,697 
11,978 
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range + 16° to — 12°, the method of mixtures being used with 
carbon tetrachloride as the calorimetric liquid. The value 0-206 
was taken as the specific heat of carbon tetrachloride at — 12° by 
interpolation from the results of Latimer (J. Amer. Chem. Soc., 
1922, 44, 90), Mills and MacRae (J. Physical Chem., 1911, 15, 54), 
and Timofejew (Iszw. Kiew polyt. Inst., 1905, 1). 

The results so obtained were: Dodecahydrate, 0°414 g.-cal./g. ; 
heptahydrate, 0-350 g.-cal./g., whence the respective molecular 
heats are 166-3 and 109-3 g.-cals. Then, from equation (6), for the 
reaction Na,HAsO,,12H,0 —-> Na,HAs0O,,7H,O + 5H,O(liq.), 
a = Q0-1178, again about ten times that previously calculated. 


Summary. 

The dissociation pressures of sodium arsenate hydrates have 
been redetermined, and some values for sodium phosphate hydrates 
are also given. The results obtained are : 

For the reaction Na,HAsO,,12H,O —> Na,HAsO,,7H,O + 
5H,O, at 14-90°, 5-24 mm.; and at 20°, 7:36 mm. 

For the reaction Na,HAsO,,7H,O —~> Na,HAsO, + 7H,0, at 
24-92°, 9-98 mm.; at 30°, 14:39 mm.; and at 35°, 20:73 mm. 

For the reaction Na,HPO,,12H,O0 —> Na,HPO,,7H,0 + 5H,0, 
at 14-90°, 8:93 mm.; at 20°, 12°93 mm.; at 24-92°, 19:10 mm.; 
and at 30°, 27-05 mm. 

The dissociation pressure-temperature curves for sodium arsenate 
show a transition at about 22° between the hepta- and the dodeca- 
hydrate. 

The heats of hydration of the same reactions have been calculated 
at several temperatures by the aid of the Clapeyron—Clausius and 
the Nernst equation. 

The specific heats of the two hydrates of sodium arsenate have 
been approximately determined. 


East LONDON COLLEGE, 
UNIVERSITY OF LONDON. [Received, February 6th, 1930.] 





LXXXV.—The Ternary System Zinc Oxide-Zinc 
Chloride~W ater. 


By Haroxtp Ceci, HoLianD. 


Iv the literature some 16 different oxychlorides of zinc are described 
(see, e.g.,‘‘ Gmelins Handbuch der anorganischen Chemie,’ 1924, 
“ Zink,” p. 175; Dietrich and Johnston, J. Amer. Chem. Soc., 1927, 
49, 1419), but only a few need be cited in detail. From solubility 
determinations of zinc oxide in aqueous zine chloride solutions, 
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Driot (Compt. rend., 1910, 150, 1426) inferred the existence of 
ZnCl,,4Zn0,6H,O and ZnCl,,Zn0,14H,O, both of which he isolated. 
By treating diamminozinc chloride, ZnCl,,2NH,,H,O, with hot water, 
André (ibid., 1882, 94, 903, 1524; 1888, 106, 854) obtained an oxy- 
chloride to which he gave the formula ZnCl,,8Zn0,10H,O; and by 
adding water to a syrupy solution of zinc chloride, he obtained a 
compound described as ZnCl,,5ZnO,8H,O0, which was also prepared 
by Perrot (Bull. Soc. chim., 1895, 13, 975; 1901, 25, 786) by adding 
water to the anhydrous salt. 

There is little doubt that several of the supposed oxychlorides are 
mixtures and not chemical individuals, for analyses of solid phases 
are necessarily vitiated either by the retention of mother-liquor or by 
decomposition during washing. It was therefore decided to carry 
out a phase-rule investigation of the system in order to determine the 
formulz of any oxychlorides which might exist in stable equilibrium 
with solutions. 

Although the system is a three-component one, Janecke’s method 
of representation (Z. physikal. Chem., 1908, 51, 32; 1911, 71, 1) 
was preferred to the triangular method. The compositions of the 
solid phases were found by Schreinemakers’s “ residue ’’ method 


(Z. physikal. Chem., 1893, 11, 76). 
EXPERIMENTAL. 


The reagents used in the preparations and analyses were of a high 
standard of purity, and all volumetric apparatus was standardised 
before use. Chloride was estimated by the Volhard method with 
N/10-silver nitrate and N/20-potassium thiocyanate, and zinc by 
titration with potassium ferrocyanide, a concentrated sulphuric acid 
solution of diphenylbenzidine being used as indicator (Cane and Cady, 
J. Amer. Chem. Soc., 1927, 49, 356) : fresh indicator solution had to 
be made every few weeks in order to get the best results. All 
solutions were standardised in triplicate and checked fortnightly. 

The composition of the mixtures was arranged so as to give only 
a small amount of solid phase. At first they were prepared from 
zinc oxide and hydrochloric acid, but, as the most concentrated acid 
contains only 19-1 equivs. % of hydrogen chloride, the majority were 
prepared from zinc oxide and chloride and water. By adding some 
of the water and the zinc oxide in the form of a paste, followed by the 
hydrochloric acid or zinc chloride dissolved in the remainder of the 
water, a mixture was obtained free from lumps. If any lumps were 


present, the mixture, while still hot, was shaken so that the fine 
precipitate of oxychloride was held in suspension during transference 
to another bottle, which was then sealed and placed in a rotary 
shaker in a thermostat at 25° + 0-1° or at 50° + 0-05°. 


After the 
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required period of shaking, the bottle was placed in a clamp at the 
side of the thermostat to allow the precipitated oxychloride to settle. 
Some of the clear solution (5, 10, or 25 c.c. as convenient) was drawn 
off in a pipette and transferred to a weighing bottle; from the 
weights, the densities of the solutions were obtained. The solid was 
separated from most of the solution on a Hoesch funnel, and a weighed 
sample was taken (during filtration the solid was not allowed to 
become dry, as this would cause change in composition); for the 
concentrated mixtures at 25° and for all at 50°, the solid was obtained 
by transferring the remainder of the mixture to a weighing bottle at 
the temperature concerned, allowing the precipitate to settle, and 
then drawing off the supernatant liquid. The samples were washed 
into standard flasks, acidified with dilute sulphuric acid to dissolve 
oxychlorides, and analysed. From the weights of zinc and chlorine 
in a known weight of solution or residue the amounts of zinc chloride 
and oxide and hence of water were obtained. 


Data at 25°. 





Solution. Residue. 
‘ , et eee 

No. D. x. y. x. y. 

1 1-004 0-001 0-001 0-020 0-117 

2 1-056 0-009 0-009 0-016 0-077 | 
3 1-185 0-033 0-034 0-039 0-107 | 
4 1-194 0-034 0-035 0-039 0-102 | 
5 1-270 0-049 0-050 0-052 0-112 | 5 
6 1-379 0-075 0-078 0-073 0-115 | 
7 1-461 0-094 0-097 0-089 0-144 | 
8 1-552 0-113 0-119 0-108 0-162 | 
9 1-630 0-134 0-142 0-126 0-173 | 
10 1-646 0-137 0-145 0-128 0-178 

11 1-692 0-146 0-155 0-140 0-197 E; F 
12 1-699 0-151 0-163 0-167 0-221 

13 1-707 0-155 0-165 0-172 0-231 |p 
14 1-723 0-162 0-169 0-177 0-231 

15 1-731 0-165 0-173 0-183 0-245 

16 1-737 0-163 0-172 0-183 0-227) 
17 -— 0-172 0-177 0-189 0-226 | 
18 1-776 0-184 0-193 0-215 0-294 

19 1-793 0-191 0-196 0-201 0-231 | 
20 1-794 0-195 0-198 0-211 0-252 >@ 
21 1-835 0-202 0-209 0-211 0-243 
22 1-873 0-222 0-230 0-231 0-270 | 
23 1-900 0-245 0-252 0-262 0-331 | 
24 1-971 0-264 0-269 0-266 0-299) 

Data at 50°. 

1 1-050 0-009 0-009 0-018 0-075 

2 1-452 0-091 0-095 0-091 0-116} @ 
3 — 0-143 0-153 0-141 0-166 

4 _ 0-144 0-153 0-161 0-214) p 
5 1-689 0-154 0-161 0-167 0-211 

6 1-711 0-159 0-167 0-175 0-211 

7 1-713 0-160 0-168 0-177 0-215|@ 
8 1-716 0-165 0-171 0-192 0-248 

u 1-816 0-200 0-205 0-211 0-245 
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The equilibrium diagram is a square * of unit side, the corners 
representing the four substances in the equilibrium 


}H,0 + }ZnCl, == HCl + 4Zn0 
a b ¢c d 


Fie. 1, 
ZnO ZnCl, 


0-7 t_ 


0-6 }— 


04} \ 


0-3 


0-2}— 





o1— 








| | | og 
H,0 0 0-1 0-2 0-3 0-4 HCl 
25° Isotherm. 





the respective equivalents being as shown. Since these four sub- 
stances correspond to only three independent variables, any phase 
may be fully defined by a point such that x= (b+-c)/(a+6+c+d) 
and y = (6 + d)/(a + 6 + c+ d) and the composition will be given 
by the formula (1 — y)H,O + (y — x)ZnO + «ZnCl,, where x and y 
follow from the analyses. 


* Only the relevant portion is shown in Figs. 1 and 2. 
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In the tables the compositions of the solutions and residues are 
given in terms of x and y, the solid phase being shown by the letter 
corresponding to the intersection of the tie lines in the diagrams; 
thus = ZnC),,5Zn0,8H,0; F = ZnCl,,Zn0,2H,0; G= 
ZnCil,,Zn0,H,0. j 


Fig, 2. 
ZnO ZnCl, 


a rae 





0°6 


0°5 


0-4 





03 


0-2 


0-1 





| 1 


H,0 0 01 0-2 0°3 0-4 HCl 
50° Isotherm. 





Since the time of shaking required for the mixtures to reach 
equilibrium was dependent on the concentration, two complexes 
(Nos. 3 and 4) of similar composition were prepared. Although one 
of these was shaken at 25° for 24 hours and the other for 72 hours, 
the same solid phase was present in each case, showing that for 
mixtures of this or higher concentration one day’s shaking was 
sufficient. When several very dilute mixtures were shaken for only 
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3 days, the conjugation lines did not intersect at a point; but when 
two such complexes (Nos. 1 and 2) were shaken for 21 days, these 
lines intersected those of other complexes at a definite point HZ 
(Fig. 1) corresponding to ZnCl,,5Zn0,8H,O, showing that 3 days’ 
shaking was insufficient. This compound is the same as that ob- 
tained by André and by Perrot (locc. cit.). As the solution of complex 
1 having this solid phase had x = y = 0-001, it is clear that the range 
of existence of zinc oxide or hydroxide in contact with solutions 
containing zine chloride must be very small. 

No evidence was obtained for the existence of the solid, 
ZnCl,,ZnO0,14H,O, reported by Driot (loc. cit.). As the curve ab 
was increasing at the expense of the others with decrease in temper- 
ature, it is quite probable that his solution coincided with the 
transition point of the curve so that his solid was a mixture 
of ZnCl,,Zn0,2H,O and ZnCl,,Zn0,H,0. This explanation is 
strengthened by the fact that he reported only one solution having 
the solid phase ZnCl,,ZnO,1}H,0 in equilibrium. 

At 50°, the diagram (Fig. 2) was of the same form as at 25°, the 
only difference being that the area Gcb had encroached upon the area 
Fba, showing that ZnCl,,ZnO,H,O can exist in stable equilibrium 
with solutions containing less zinc chloride than at 25°. 

It is of interest that several other elements of Group II of the 
periodic system give oxychlorides corresponding with two of those 
now found for zinc: e.g., CaCl,,CaO,2H,O, MgCl,,MgO,H,0, and 
CdCl,,Cd0,H,0. 

Summary. 


1. Equilibria existing in the three-component system ZnO- 
ZnCl,-H,O at 25° and 50° have been studied, and the com- 
positions of the stable solid phases determined. 

2. Evidence has been obtained for the existence of two new 
oxychlorides of zinc, viz., ZnCl,,Zn0,2H,O and ZnCl,,ZnO,H,O ; and 
only one of those formerly described, viz., ZnCl,,5ZnO,8H,O, exists 
in stable equilibrium ih the range of concentrations used. 

3. The same series of solid phases was found at 25° as at 50°. 


In conclusion, I wish to thank Dr. Denham and Mr. Packer for 
their interest in this work. 


CANTERBURY COLLEGE, NEW ZEALAND. [Received, January 28th, 1930.] 
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LXXXVI.—Crystalline a-M ethylmannofuranoside 
(y-Methylmannoside). Part I. 


By Wa.tteR NorMAN HawortH and CHARLES RAYMOND PORTER. 


UnTIL very recently the synthesis of homogeneous forms of the 
y-alkylhexosides had not been possible owing to the lack of appro- 
priate experimental methods. Latterly it has been shown, however, 
that the crystalline «- and 6-forms of ethylglucofuranosides (y-ethyl- 
glucosides) are obtainable through the sugar carbonates (Haworth 
and Porter, J., 1929, 2796). A further example of this mode of 
synthesis is now communicated from which it is seen that crystalline 
a-methylmannofuranoside (the «-form of y-methylmannoside) is 
derivable from mannose dicarbonate (Haworth and Porter, this 
vol., p. 151). The mannose dicarbonate (mannofuranose di- 
carbonate) (I) undergoes methylation with either diazomethane or 
methyl iodide and silver oxide and yields the crystalline methyl- 
mannofuranoside dicarbonate (II). Elimination of the carbonate 
residue from the latter by the agency of barium hydroxide leads 
to the formation of the desired crystalline «-methylmanno- 
furanoside (III). 


occ 0G 00TH 9 HO-CH, o 


O- ian “<o. et HO: oy aoe 
oy - HO | 


ps ane 


This substance is hydrolysed with much greater rapidity than the 
normal «-methylmannopyranoside, although it is slightly more 
stable towards N/100-hydrochloric acid than the corresponding 
glucofuranoside. The physical properties of this new five-atom 
ring form of methylmannoside are compared with those of the 
pre-existing six-atom ring form which was prepared by Fischer 
and Beensch (Ber., 1896, 29, 2927). 


20° 
M. p. [a]:. 
a-Methylmannofuranoside ..............sceeeeeeeeees 118—119° +113° 
a-Methylmannopyranoside .............ss0seeseeeeees 190—191 + 79 


In the following paper by Haworth, Hirst, and Webb the chemical 
properties of the new methylmannoside are described and the proof 
of its constitution (III) is adduced. It is expected that further 
experiments which are being conducted will lead to the isolation of 
the stereoisomeric @-methylmannofuranoside. 
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EXPERIMENTAL. 

Methylation of Mannofuranose Dicarbonate—(a) With diaz- 
methane. Diazomethane obtained from 0-5 c.c. of nitrosomethyl- 
urethane was distilled together with 4 c.c. of dry ether into 0-5 g. of 
mannose dicarbonate dissolved in 4 c.c. of dry dioxan (containing 
a trace of ether) which had been cooled to 0°. The cooling was 
continued during 2 hours. The solution acquired a yellow colour, 
gas was evolved, and a small amount of yellow syrup separated. 
By pouring off the solution and allowing it to evaporate at the 
ordinary temperature, about 0-1 g. of a crystalline material was 
obtained, m. p. 170—172°, identical with the methylmannofuranoside 
dicarbonate obtained in the following way. 

(b) With methyl iodide and silver oxide. Mannose dicarbonate 
(0-4 g.) was dissolved in methyl iodide containing a little acetone 
and small amounts of silver oxide were added at intervals during 
4 hour, whilst the solution was heated below the boiling point. 
Prolonged contact with large excesses of silver oxide is harmful. 
The solution was filtered and the residue was extracted with boiling 
acetone. The original filtrate and the acetone extracts were 
evaporated and the residue was again treated with the methylating 
agents as before. The filtrate from the second treatment yielded on 
evaporation 0-15 g. of a crystalline product, sparingly soluble in 
ethyl acetate and obtainable from this solvent as colourless crystals, 
m. p. 172—173° (decomp.) (Found: C, 43-75; H, 4:3; OMe, 12-2. 
C,H 90, requires C, 43-9; H, 4-1; OMe, 12-6%). 

The methylmannofuranoside dicarbonate did not reduce Fehling’s 
solution, but gave a precipitate of barium carbonate on being 
warmed with barium hydroxide solution. It did not undergo rapid 
hydrolysis with N/10-hydrochloric acid; but after being heated 
with N-hydrochloric acid at 90°, it gave a product which rapidly 
reduced Fehling’s solution. It showed [«]#;, + 87°; [ain + 98° 
(c, 2-45 in acetone). 

a-Methylmannofuranoside.—The above dicarbonate, dissolved in 
a little acetone, was warmed gently with excess of barium hydroxide 
solution. Barium carbonate was precipitated, and after removal 
of the excess of barium hydroxide by means of carbon dioxide the 
filtrate was evaporated at 45°; the residue was extracted with ethyl 
acetate and then with methyl alcohol. Evaporation of either of 
these extracts gave crystals (yield, 95° of the theoretical). This 
product, recrystallised from methyl alcohol containing ether, 
formed colourless needles, m. p. 118—119°, showing [«]#" + 113° 
(c, 1-1 in water); [a]® + 117°; [aS + 123°; [aB%, + 137° 
(c, 0-8 in methyl alcohol) (Found: C, 43-25; H, 7-5; OMe, 16-1. 
C,H,,0, requires C, 43-25; H, 7-2; OMe, 16-0°%). 
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a-Methylmannofuranoside is readily soluble in water or alcohol 
but sparingly soluble in ethyl acetate. It undergoes hydrolysis 
with N/100-hydrochloric acid during a period of 2 hours. Its m. p. 
is depressed on admixture with «-methylmannopyranoside. 


The authors are indebted to the Department of Scientific and 
Industrial Research for a grant in aid of this work. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON, [Received, February 13th, 1930.] 





LXXXVII.—Crystalline a-Methylmannofuranoside 
(y-Methylmannoside). Part I. 


By Wattrer Norman Hawortu, Epmunp Laneiey Hirst, and 
JoHN Ivor WEBB. 


WHILE the preceding research was in progress, leading to the syn- 
thesis of crystalline «-methylmannofuranoside from mannose 
dicarbonate, we were also engaged on the preparation of the same 
product by a more direct procedure: the condensation of mannose 
with methyl alcohol in the presence of 1%, hydrogen chloride. The 
neutralised solution yielded a syrup, which was separated from 
unchanged mannose by solution in ethyl acetate. During the 
evaporation of this solvent from the extract a copious crop of 
crystalline «-methylmannofuranoside separated in a yield of 30%, 
even though the solution had not been nucleated intentionally with 

& specimen of the mannofuranoside from the preceding synthetic 
preparation. This occurrence was repeated as frequently as we 
performed the mannose—methy] alcohol condensation, and it became 
evident that, once a nucleus was available, «-methylmannofuranoside 
could be obtained almost as readily as «-methylmannopyranoside 
(normal «-methylmannoside). We have therefore been able to 
isolate considerable quantities of this new substance and have 
instituted a complete investigation of its properties. 

This novel variety of «-methylmannoside is shown to possess the 
five-atom ring constitution of a furanoside and it therefore falls into 
line, both in chemical behaviour and in structure, with other y-sugar 
derivatives (compare Haworth and Porter, J., 1929, 2796, and earlier 
papers). It is hydrolysed completely to mannose on being heated 
at 100° during 2 hours with N/100-hydrochloric acid. The velocity 
coefficient was calculated to be k = 0-015 (mins. and decimal 
logarithms), whereas the corresponding six-atom ring form or 
«-methylmannopyranoside shows a velocity coefficient k = 0-0002 
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(Phelps and Hudson, J. Amer. Chem. Soc., 1926, 48, 503). The 
pyranoside is, indeed, little affected by heating for this period with 
acid of this dilution and requires many hours’ heating at 100° even 
with N /10-acid for complete hydrolysis. 

In contact with 15% alkali at 60° the «-methylmannofuranoside 
is unaffected during 14 hours and is quantitatively recovered after 
this treatment. It may be handled and preserved in the laboratory 
without its undergoing any change and requires the observance of 
no special precautions. 

«-Methylmannofuranoside (I) undergoes acetylation to give a 
crystalline tetra-acetyl derivative, which may be contrasted with the 
previously known three forms of tetra-acetyl methylmannoside 
(compare Dale, J. Amer. Chem. Soc., 1924, 46, 1050). 

Methylation with methyl sulphate and alkali effects a quantitative 
conversion of (I) into the crystalline tetramethyl «-methylmanno- 
furanoside (II). The tetramethyl derivative (II) is very slightly 
more stable than the initial unmethylated mannoside, and on being 
heated at 100° during 8 hours with N/100-hydrochloric acid it is 
completely transformed into the free methylated sugar, tetramethyl 
mannofuranose (III). Under identical conditions tetramethyl 
a-methylmannopyranoside undergoes little, if any, hydrolysis. 
Oxidation of (III) with bromine water yielded the crystalline 








HOCH MeO-CH, 4 MeO-CH; « 
= H  MeOCH/"\\ H MeO-CH/"\\ H 
co fe 
Me H | | OMe 
H 4H nH H 
we * (II.) (III.) 
MeO: CH, 0 
MeO-CH 4 
(IV.) x MeO CO —_ HO.C\ ome uco /CO,H (V.) 
| . ——— 
H H H H 
OCH, CH,-OH 





MeC<o. CH/ 0 H H 
(VI.) Ss 1. | > (VII.) 
| | OH HO 
HO | OMe 


2:3:5: tae seed cotati Rs (IV). This lactone had 
already been prepared from mannose-diacetone (VI) by Goodyear 
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and Haworth (J., 1927, 3136), who determined its structure by 
oxidative degradation to i-dimethoxysuccinic acid (V), identified 
through its crystalline ester or methylamide. 

These experimental results furnish a proof of the constitution of 
the new «-methylmannofuranoside (I) and demonstrate the presence 
of a five-atom ring. From a parallel series of transformations the 
six-atom ring structure of «-methylmannopyranoside (normal 
a-methylmannoside) has been derived. 

These observations are the more significant in view of the work of 
Irvine and Burt (J., 1924, 125, 1343), who have recorded the 
isolation, by the same procedure that we have adopted, of a liquid 
specimen of y-methylmannoside. They have ascribed to it excep- 
tional properties. They reported that y-methylmannoside has only 
a transient existence and undergoes spontaneous conversion into 
a-methylmannopyranoside (VII). We have found, on the contrary, 
that the y-mannoside can be preserved indefinitely, without suffer- 
ing any change. They also observed that y-methylmannoside 
changes its ring structure during methylation and is partly converted 
into tetramethyl «-methylmannopyranoside. We differ from this 
view inasmuch as we have observed a quantitative conversion of 
the y-mannoside (I) into its crystalline tetramethyl derivative (IT) 
without ring displacement, either by means of methyl sulphate and 
alkali or of methyl iodide and silver oxide. 

These discrepancies are traceable to the statement by Irvine and 
Burt that, in the initial condensation of mannose with methy]l- 
alcoholic hydrogen chloride, “‘ almost one-half of the sugar was 
recovered unchanged, the remainder being converted into the new 
y-form of methylmannoside.” By making this initial assumption 
they were led to a mistaken view of the nature of their products. 
As might have been deduced from general principles, this reaction 
does not give exclusively y-methylmannosides. Apart from the 
unchanged mannose which is obtained, extraction of the neutralised 
product with ethyl acetate yields a mixture of at least four modi- 
fications of methylmannoside which were originally present in 
the acidified methyl-alcoholic solution before its neutralisation. 
The proportions of these in the neutralised product are not affected 
on its being kept, nor do the four under-mentioned mannosides 
undergo interconversion when they are individually isolated. As 
indicated in the experimental section, we have recovered from this 
ethyl acetate extract (a) crystalline «-methylmannopyranoside 
(VII), (6) the corresponding §-methylmannopyranoside (as its 
crystalline tetra-acetate), (c) crystalline «-methylmannofuranoside 
(the y-mannoside), and have found evidence also of the presence of 
(2) 8-methylmannofuranoside. A corresponding mixture is obtain- 
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able also by the method originally adopted by Fischer (Ber., 1914, 
47, 1980) for the preparation of y-methylglucoside, the latter fur- 
anoside forms being present along with the «- and $-glucopyranosides, 

In view of these facts it is not surprising that preservation of 
Irvine and Burt’s specimen of y-methylmannoside led tothe separation 
of crystalline «-methylmannopyranoside from the mixture, or that 
during subsequent conversions into the tetramethyl derivatives 
evidence of this pyranose form was repeatedly encountered. Their 
final product, when freed ultimately from this impurity as they 
suggest, must also have contained §-methylmannopyranoside. 

Other discrepancies are: (1) the figures given for the rate of 
condensation of tetramethyl! y-mannose with acid methyl alcohol are 
at variance with those that we have recorded. A few of their 
figures for the earlier part of the reaction can be regarded as approxi- 
mate, but only if their time intervals are read as hours and not as 
minutes. (2) Irvine and Burt record analytical figures for a “ tetra- 
methyl dimannose ”’ which they isolated, but these are in agreement 
neither with the figures required for this compound nor for any 
closely related alternative. 

The above-mentioned misconceptions have led to some confusion 
in another connexion. For instance, Hudson (J. Amer. Chem. Soc., 
1926, 48, 1434) has been influenced by Irvine and Burt’s observations 
in formulating his views on the ring structure of sugars. 


EXPERIMENTAL. 


Preparation of «-Methylmannofuranoside.—Mannose (10 g.) was 
dissolved by shaking in cold dry 1% methyl-alcoholic hydrogen 
chloride (200 c.c.). After 24 hours at 20°, the acid was neutralised 
with silver carbonate and the neutral solution was evaporated to 
dryness under diminished pressure in the presence of barium 
carbonate. The resultant syrup was extracted ten times with cold 
ethyl acetate by agitation on a mechanical shaker and the combined 
ethyl acetate extracts were evaporated under diminished pressure. 
A syrup remained which crystallised spontaneously once a nucleus 
of a-methylmannofuranoside (Haworth and Porter, preceding 
paper) had been introduced into the laboratory. Recrystallisation 
from methyl alcohol-ether gave pure «-methylmannofuranoside, 
m. p. 118—119°, [«]f" ++ 113° in water (c, 1-0). A mixed m. p. with 
a sample prepared by Haworth and Porter showed no depression. 
The yield of pure material (six times crystallised) was 4-5 g. from 
15 g. of mannose. The mother-liquors from the crystallisations 
yielded a small quantity (0-2 g.) of «-methylmannopyranoside, 
m. p. 190°, [«]?” + 79° in water, and it is shown below that they 
contained also §-methylmannopyranoside. 








laic 
In 
cen 


SEV" 
In : 
forr 
rote 


Aci 
of o 
cow 


t (mi 
(a}p 


Fro 
reac 
loga 


In 1 
side 
aque 
a-me 
[oJ 


unalt 
was 1 
after 
boilit 
press 
with 
a-met 
one r 
A mi 
depre 
Tet 
mann 
(10 e. 
(100 « 
form. 
solutic 
dimin: 
was re 





ont 
ny 


ion 


ns 


vas 
en 


sed 


am 
old 
ned 
ire. 
eus 


jon 
de, 
ith 


on. 
om 
ons 
ide, 
hey 











MANNOFURANOSIDE (y-METHYLMANNOSIDE). PART I. 655 


Control experiments showed that departure from the conditions 
laid down above resulted in inferior yields of crystalline material. 
In particular, no advantage could be gained by using heavy con- 
centrations of hydrogen chloride in the initial condensation. 

Samples of crystalline «-methylmannofuranoside were kept for 
several months in an ordinary stoppered bottle in the laboratory. 
In no case was there any sign of transformation into the pyranose 
form (contrast Irvine and Burt, Joc. cit.) and the m. p. and specific 
rotation remained unaltered. 

Hydrolysis of «-Methylmannofuranoside with N/100-Hydrochloric 
Acid.—At_ 100° in N/100-aqueous hydrochloric acid, hydrolysis 
of «-methylmannofuranoside was complete in about 2 hours. The 
course of the reaction was followed polarimetrically : 
¢ (mins.) ... 0 15 30 45 60 75 90 120 135 
me 62242, +113° 723° 51-4° 35° 28° 22-6° 186° 15-6° 14-89 

(constant) 
From these figures the velocity coefficient for the unimolecular 
reaction at 100° was calculated to be k = 0-015 (mins. and decimal 
logarithms). 

Stability of «-Methylmannofuranoside in the Presence of Alkali.— 
In 15° aqueous sodium hydroxide solution «-methylmannofurano- 
side showed [«]}" + 86°. This value is lower than that observed for 
aqueous solutions and a similar difference was found in the case of 
a-methylmannopyranoside, which has [«]?” + 79° in water and 
[a] + 69° in 15% aqueous sodium hydroxide (c, 1-3). 

The alkaline solution of «-methylmannofuranoside remained 
unaltered in rotation after being heated for 90 minutes at 60°. It 
was then neutralised by passing carbon dioxide through it and was 
afterwards evaporated to dryness. The residue was extracted with 
boiling alcohol, and after removal of the alcohol under diminished 
pressure the mixture of solid and syrup which remained was treated 
with boiling ethyl acetate. Evaporation of the latter left crystalline 
«-methylmannofuranoside (yield, almost quantitative), which after 
one recrystallisation from methyl alcohol and ether had m. p. 116°. 
A mixed m. p. with authentic «-methylmannofuranoside showed no 
depression. 

T'etra-acetyl «-Methylmannofuranoside.—A solution of «-methyl- 
mannofuranoside (1 g.) in pyridine (8 c.c.) and acetic anhydride 
(10 c.c.) was kept at 0° for 2 days. It was then poured into water 
(100 ¢.c.) and the oil which separated was extracted with chloro- 
form. The chloroform solution was shaken with sodium bicarbonate 
solution until neutral, washed with water, and evaporated under 
diminished pressure to a syrup, which still contained pyridine. This 
was removed by distillation in steam at 40°, after which the residue 
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was dried at 40°/10 mm. for 3 hours, giving a syrup which resisted 
crystallisation. A small sample left on a watch-glass ultimately 
solidified and after inoculation with this the main portion crystallised 
completely (yield, 1-8 g.). Recrystallisation from aqueous alcohol 
gave tetra-acetyl «-methylmannofuranoside as colourless needles, 
m. p. 63°, [a]? + 107° in chloroform (c, 1-0). This substance was 
non-reducing and was soluble in acetone, ether, alcohol, and chloro- 
form, slightly soluble in water and almost insoluble in light petroleum 
(b. p. 60—80°) (Found: C, 49-9; H, 6-4; OMe, 8-6; CH,°CO, 48-0. 
C,;H,.0,9 requires C, 49-7; H, 6-1; OMe, 8-6; CH,°CO, 47-5%). 
The m. p. of tetra-acetyl «-methylpyranoside is also 63°, but in 
admixture with tetra-acetyl «-methylfuranoside the m. p. was 
depressed to 40—45°. 

Acetylation of the Syrupy Residues obtained during the Preparation 
of «-Methylmannofuranoside.—The mother-liquors from the crystal- 
lisation of «-methylmannofuranoside were evaporated to dryness 
under diminished pressure and the syrup which remained was 
acetylated with pyridine and acetic anhydride in the manner already 
described. The product was a syrup from which crystalline material 
separated on the addition of ether. This solid substance (0-4 g. from 
15 g. of mannose) after recrystallisation from absolute alcohol showed 
m. p. 156°, alone or when mixed with tetra-acetyl 8-methylmanno- 
pyranoside. It follows, therefore, that the ethyl acetate extract of 
the syrup obtained by condensing mannose with cold methyl-alcoholic 
hydrogen chloride contained 8-methylmannofuranoside in addition 
to «-methylmannofuranoside and «-methylmannopyranoside. 

After removal of. tetra-acetyl §-methylmannopyranoside an 
uncrystallisable syrup remained which probably consisted mainly 
of tetra-acetyl 8-methylmannofuranoside. 

Preparation of Tetramethyl «-Methylmannofuranoside.—(a) By 
means of methyl sulphate. A solution of «-methylmannofuranoside 
(3 g.) in acetone (30 c.c.) and water (10 c.c.) was rendered slightly 
alkaline and treated at 50—55° with methy] sulphate (40 c.c.) and 
30° aqueous sodium ‘hydroxide (70 c.c.), care being taken to avoid 
the development of acidity. The product (3-6 g.), after remethyl- 
ation in acetone solution by methyl sulphate (20 c.c.) and 30% 
aqueous sodium hydroxide (35 c.c.), was distilled, giving tetramethyl 
a-methylfuranoside (3-2 g.) as a colourless oil, b. p. about 120°/0-23 
mm., which solidified completely. [a] + 97° in water (c, 1-0). 
After recrystallisation from light petroleum (b. p. 40—60°), the 
substance had m. p. 24°, [«}i~’ + 98-6° in water (c, 1-0), [a]#” + 65°, 
equilibrium rotation in 1% methyl-alcoholic hydrogen chloride 
(Found : C, 53-0; H, 8-9; OMe, 59-5. C,,H,.0,4 requires C, 52°8; 
H, 8-8; OMe, 62-0%). 
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(b) By means of silver oxide and methyl iodide. A solution of 
a-methylmannofuranoside (3 g.) in methyl alcohol (15 c.c.) was 
treated in the usual way with methyl iodide (40 c.c.) and silver oxide 
(20 g.). The product was soluble in methyl iodide and after three 
further treatments with methyl iodide and silver oxide the metiy!]- 
ation was complete. The final product was a syrup which gave on 
distillation tetramethyl «-methylmannofuranoside (3-3 g.), b. p. 
about 90°/0-05 mm., nif’ 1-4441, [a]?’ + 98° in water (c, 4-0). This 
solidified completely when cooled in the ice-chest. Recrystallisation 
from light petroleum gave needles, m. p. 24° alone or when mixed 
with the material described above; [«]}}?’ + 99° in water. 

A mixture of tetramethyl «-methylmannofuranoside, m. p. 24°, 
and tetramethyl «-methylmannopyranoside, m. p. 37°, had so low a 
m. p. that it was liquid at 5°. The two substances were further 
differentiated by comparing their rates of hydrolysis by N/100- 
hydrochloric acid at 100°. The furanose derivative was completely 
hydrolysed in about 8 hours, whereas the pyranose derivative was 
scarcely affected under these conditions. The following polarimetric 
observations were made during the hydrolysis of tetramethyl 
«-methylmannofuranoside prepared by method (a) : 


t (mins.) 0 30 60 120 180 240 330 390 480 
[alp +97-6° 89-2° 82-7° 72-0° 62:0° 6&5°5° 49-2° | 43-6° 42-7° 
(constant) 


A similar experiment was carried out with material made by method 
(b). Hydrolysis was complete in about 8 hours and the polarimetric 
observations were in exact agreement with those just given. 

Tetramethyl Mannofuranose.—A solution of tetramethyl «-methyl- 
furanoside (2 g.) in N/100-aqueous hydrochloric acid (50°c.c.) was 
heated on the water-bath until the specific rotation reached the 
constant value [=] + 43° (8 hours). After neutralisation with 
barium carbonate the solution was evaporated to dryness under 
diminished pressure and the product was extracted with boiling 
ether. Removal of the ether left a syrup which on distillation gave 
tetramethyl mannofuranose as a colourless liquid (1-3 g.), b. p. 
124°/0-1 mm., nj’ 1-4532, [«]?° + 39°, initial value in water (c, 0-54). 
After 10 minutes, mutarotation was complete and the final equili- 
brium rotation was [a]? + 43°; [a] + 37° in methyl alcohol 
(c, 0-86) (Found : C, 50-7; H, 8-7; OMe, 51-7. C, 9H. 90, requires 
C, 50-8; H, 8-5; OMe, 52-5%). 

The still residue (0-2 g.) deposited a minute quantity of crystalline 
material which will be the subject of further investigation in view of 
the known tendency of furanose compounds to undergo auto- 
condensation. 

Tetramethyl mannofuranose condensed readily with cold methyl 
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alcohol containing 0-25°%, of hydrogen chloride. The initial specific 
rotation, [«]7” -+- 35° (c, 0-81) changed to 31° after 2 minutes, 28° 
(14 mins.), 22° (36 mins.), 13-5° (1 hour), 3-7° (14 hours), —2-5° 
(24 hours), ++ 6° (15 hours), + 12° (17 hours), + 20° (21 hours), 
-+ 31° (25 hours), 45° (40 hours), 59° (60 hours), 63° (88 hours), 67° 
(final constant value after 120 hours, calc. as tetramethyl methyl- 
mannofuranoside). The final value is in excellent agreement with 
that given above for the equilibrium mixture of the «- and $-forms 
of tetramethyl methylmannofuranoside (-+- 65°). The observations 
during the earlier stages of the condensation are in agreement with 
those of Irvine and Burt only if their times are read in hours instead 
of in minutes. The slower rate of reaction towards the end of the 
condensation and the lower value of the final rotation recorded by 
these authors indicate that their product was impure. 

Oxidation of Tetramethyl Mannofuranose.—Tetramethyl manno- 
furanose (1-1 g.), dissolved in water (20 c.c.), was treated. with 
bromine (1-5 ¢.c.) for 3 days at 35°. The reducing action had then 
disappeared. After removal of the bromine by aeration the solution 
was neutralised with silver oxide. Charcoal was added to remove 
colloidal silver and the solution was then filtered. The dissolved 
silver was next removed by titration with N /2-aqueous hydrochloric 
acid and on evaporation of the water under diminished pressure 
crystalline tetramethyl y-mannonolactone was obtained (yield, 1-0 g.) 
which was identical with the lactone previously described by 
Goodyear and Haworth (loc. cit.). After recrystallisation from 
ether and light petroleum it had m. p. 108°, alone or when mixed 
with an authentic specimen of tetramethyl y-mannonolactone, 
[«]= + 65°, initial value in water (c, 0-87). 

The authors are grateful to the Government Grant Committee 
of the Royal Society for financial assistance towards the cost of 
materials, 
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LXXXVIII.—Derivatives of Lyxofwranose. 


By Harotp Granam Bort, EpmMunp Lanoiey Hirst, and 
JAMES ANDREW BucHAN SMITH. 


Smvcez the normal variety of trimethyl lyxose obtained by methyl- 
ating «-methyl-lyxoside can be transformed successively into 4 
8-lactone and d-trimethoxyglutaric acid (J., 1928, 3147), normal 
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derivatives of lyxose must belong to the pyranose type of sugar 
compounds. This conclusion is, however, in direct conflict with 
the opinions of Phelps and Hudson (J. Amer. Chem. Soc., 1926, 48, 
503; 1928, 50, 2049), who uphold the view that «-methyl-lyxoside 
is furanose in type. The arguments used by these authors are 
based entirely on optical relationships, and reasons have already 
been given (loc. cit.) for doubting their applicability in the present 
instance. The question has now been put to a further experimental 
test by the preparation of derivatives of lyxose which indubitably 
have the furanose structure. These new substances show no 
relationship to «-methyl-lyxoside but are, on the other hand, typical 
y-sugar derivatives. Lyxose therefore falls completely into line 
with all the other aldoses and ketoses which have been examined; 
in giving a series of ‘‘ normal ”’ derivatives which are pyranose in 
type and a series of more labile y-derivatives which have the furanose 
structure. 

The study of methyl-lyxofuranoside is of particular interest in 
view of the important claims made by Irvine and Burt (J., 1924, 
125, 1343) concerning the instability of the closely related y-methyl- 
mannoside. ‘The latter substance is said to change spontaneously 
into the pyranose form and to yield by structural transformation a 
considerable proportion of the methylated pyranose variety on 
treatment with methyl sulphate and alkali. On this account we 
have examined the behaviour of methyl-lyxofuranoside with par- 
ticular care. No such anomalous properties have been observed. 
The substance remains unchanged on being kept for prolonged 
periods, and methylation, either by methyl sulphate or by. silver 
oxide and methyl iodide, proceeds without structural transform- 
tion. In view of these observations it seemed unreasonable to 
suppose that the configurationally related mannose derivative should 
differ so fundamentally, and experiments were instituted with 
“y”-methylmannoside in order to decide this point. As a result 
ve are convinced that Irvine and Burt’s conclusions are erroneous, 
ind that in fact neither methyl-lyxofuranoside nor methylmanno- 
fwranoside suffers ring displacement during methylation. The 
xperimental evidence, in the case of the mannose derivative, is 
furnished in the preceding paper (Haworth, Hirst, and Webb). 

The starting point of the present investigation was methyl- 
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lyxofuranoside (II), which was prepared by the action of cold 
methyl-alcoholic hydrogen chloride on lyxose (I). The reaction 
vas accompanied by a comparatively rapid rise in specific rotation, 
bllowed by a slow fall to a constant equilibrium value. A similar 
iit more rapid series of changes was observed in hot solutions. 
When the reaction was stopped at the point of maximum rotation, 
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the product consisted mainly of methyl-lyxofuranoside, but at 
equilibrium the solution contained mainly normal «-methyl-lyxoside. 

It is well known that similar reactions occur with other reducing 
sugars and that in certain cases, notably with galactose and arabin- 
ose, a rich proportion of the methyl-furanoside is present at equi- 
librium. Furthermore, the direct methylation of galactose by 
methyl sulphate and alkali gives a mixture of furanose and pyranose 
forms and it would be no matter for surprise should conditions be 
found under which the methylation of glucose by methyl sulphate 
would yield derivatives of glucofuranose (Whitnah, J. Amer. Chem. 
Soc., 1929, 54, 3490). This author apparently believes that struc- 
tural determinations made by the methylation method may be 
rendered invalid by the tendency of the free sugars to yield deriv- 
atives of both the furanose and the pyranose type. It is therefore 
necessary to point out that the structures assigned to the methyl- 
glucosides and their derivatives do not depend on results obtained 
by methylating the free sugars, and that in consequence the observ- 
ations of Whitnah can have no bearing on the different opinions 
held respectively by Hudson and by Haworth and the present 
authors concerning the structure of the methylglucosides. 

Owing to the excessive solubility of lyxose and its derivatives, 
pure methyl-lyxofuranoside could not be obtained and the substance 
was examined in the form of a syrup, which contained both the «- 
and the @-form of methyl-lyxofuranoside (75%), together with free 
lyxose (15%) and methyl-lyxopyranoside (10%). Details of the 
method of analysis are given in the experimental section. Methyl- 
lyxofuranoside showed no tendency to change spontaneously into 
the pyranose form. It was very sensitive to dilute acids, hydrolysis 
being complete in less than 20 minutes with N/15-hydrochloric 
acid at 95°. 

Treatment of the above mixture containing 75% of methyl- 
lyxofuranoside with methyl sulphate and alkali under conditions 
which ensured the destruction of free lyxose gave an excellent 
yield of the fully methylated derivative. This was a liquid which 
contained trimethyl methyl-lyxofuranoside (90%) (III) and trimethyl 
methyl-lyxopyranoside (10%). A mixture of similar composition 
was obtained by methylation with silver oxide and methyl iodide. 
It is obvious from these figures that no transformation of furanose 
derivative into pyranose took place during methylation. Trimethyl 
methyl-lyxofuranoside was very readily hydrolysed by dilute acids 
and by taking advantage of this property it was possible to obtain 
trimethyl lyxofuranose (IV) almost entirely free from the correspond- 
ing pyranose form. This was accomplished by hydrolysing the 
mixture of normal and y-trimethyl methyl-lyxosides with N/15- 
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hydrochloric acid at 95°; the trimethyl methyl-lyxopyranoside 
then remained unaltered and was removed subsequently by frac- 
tional distillation. Trimethyl lyxofuranose was isolated as an 
uncrystallisable liquid with strong reducing properties, which con- 
densed rapidly in the cold with methyl-alcoholic hydrogen chloride. 
When heated, trimethyl lyxofuranose underwent autocondensation, 
two molecules uniting with elimination of one molecule of water to 
give a crystalline non-reducing substance C,gHj 90,, which was 
shown to be the hexamethyl derivative (V) of a non-reducing dipent- 
ose containing two lyxofuranose residues. The high value of the 
specific rotation, [«]}’ + 114° in water, would appear to show that 
both glucosidic groups are «- in configuration. No such auto- 
condensation was observed with trimethyl lyxopyranose (Hirst and 
Smith, Joc. cit.) and it is evident that the increased reactivity in 
the present case is to be ascribed to the presence of the furanose 
ring structure. 

Tetramethyl mannofuranose may be expected to give in a similar 
way the octamethyl derivative of a disaccharide, and it is possible 
that this condensation may have been effected by Irvine and Burt 
(loc. cit., p. 1348). Unfortunately, the evidence provided by these 
authors is insufficient to show whether the compound formed is 
similar in type to that described above, and the situation is further 
complicated by the fact that the product is referred to as tetra- 
methyl dimannose. Even if this name is a misprint for octamethyl 
dimannose, there still remains the difficulty that the analytical 
composition of Irvine and Burt’s substance corresponded to the 
formula C,,H,,0,, which they ascribe to tetramethyl dimannose 
(C,gH 3 9,,), but which in fact is the formula neither of that sub- 
stance nor of octamethyl dimannose (C.)9H3,0,,). 

The structure of methyl-lyxofuranoside and its methylated deriv- 
atives was established by the preparation of crystalline trimethyl 
y-lyxonolactone, obtained by the action of bromine water on 
trimethyl lyxofuranose. The phenylhydrazide prepared from this 
lactone was identical with the phenylhydrazide obtained from the 
trimethyl y-lyxonolactone which had been prepared previously by 
epimerising trimethyl y-xylonolactone (Haworth and Long, J., 1929, 
345). Since the structure of the latter substance as a y-lactone 
has been established (Haworth and Porter, J., 1928, 611), it follows 
that “y ’’-methyl-lyxoside and its derivatives must belong to the 
furanose class. 

The conversion of trimethyl y-lyxonolactone into the acid pro- 
ceeded so slowly in aqueous solution that after 1000 hours equi- 
librium was far from being attained. The conversion of acid into 
lactone was equally slow, and in consequence only an approximate 
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value can be given for the proportion of lactone present at equi- 
librium. This appeared to be about 55%. There is a marked 
resemblance in these respects between trimethyl y-lyxonolactone 
and the stereochemically related tetramethyl y-mannonolactone 
(Drew, Goodyear, and Haworth, J., 1927, 1237). 

Confirmatory evidence concerning the structure of the trimethyl 
y-lyxonolactone was obtained by methylating crystalline y-lyxono- 
lactone, which had been prepared by oxidising lyxose with bromine 
water. A comparison of the corresponding phenylhydrazides served 
to prove the identity of the trimethyl y-lyxonolactone thus obtained 
with the material derived from methyl-lyxofuranoside. It will be 
seen by reference to the experimental section that the methylation 
of y-lyxonolactone by silver oxide and methyl] iodide is complicated 
by the tendency of the lactone ring to open in the presence of the 
water eliminated during the methylation process. From the silver 
lyxonate then formed, methylated derivatives of methyl lyxonate 
are obtained. 
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Still further evidence of the presence of a furanose ring structure 
in trimethyl methyl-lyxofuranoside was provided by oxidising the 
substance with nitric acid under conditions which give a quantitative 
yield of trimethoxyglutaric acid from trimethyl-lyxopyranose. In 
the present instance the product was mainly i-dimethoxysuccinic 
acid (VII), no trace of which is obtained under these conditions 
from trimethyl-lyxopyranose. The behaviour during the oxidation, 
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and the yield of i-dimethoxysuccinic acid, which was identified in 
the form of its crystalline methyl ester, conform exactly with 
observations recorded during similar oxidation experiments with 
other methylated furanose derivatives. 

When the mixture containing methyl-lyxofuranoside (75%), 
methyl-lyxopyranoside (10%), and lyxose (15%). was methylated 
with silver oxide and methyl iodide the main product was, as 
indicated above, trimethyl methyl-lyxoside, but the process was 
accompanied by complex oxidative changes which were probably 
due to the action of silver oxide on the free lyxose present. In 
addition to trimethyl methyl-lyxoside there was obtained a small 
amount (4%) of a crystalline substance which analysis showed to 
be a methyl ester of formula C,H;,0,(OMe),"CO,Me. ‘The possibility 
that the molecular weight corresponds to some multiple of the 
simple formula C,H,,0, has not been definitely excluded, ‘but the 
low b. p. of the substance renders such a contingency very improb- 
able. Further experiments are in progress by which it is hoped to 
determine the structure of this oxidation product. 


EXPERIMENTAL. 


Methyl-lyxofwranoside.—Polarimetric observations on a solution 
of lyxose in 1% methyl-alcoholic hydrogen chloride at 20° showed 
that the specific rotation increased gradually to a maximum value 
[ayp’ + 72° (10 hours) and thereafter decreased to a constant 
value [«]i}’ + 42° (100 hours). Similar changes took place with 
more rapidity in hot solutions, and the final product was mainly 
«-methyl-lyxoside. Accordingly, lyxose (10 g.) was dissolved in 
cold 1% methyl-alcoholic hydrogen chloride (300 c.c.) and kept at 
20° until the maximum value [«]?" + 73° was attained (10 hours). 
The acid was then neutralised with silver carbonate, and the methyl 
alcohol removed at 30° under diminished pressure in the presence 
of a little silver carbonate. The syrup which remained was extracted 
three times with ethyl acetate at 20° and the extracts were evapor- 
ated to dryness at 30°/15 mm. A stiff syrup remained (10 g.) 
which was perfectly stable when kept in a dry atmosphere free 
from acid fumes. It contained methyl-lyxofuranoside, methyl- 
lyxopyranoside and free lyxose. [«]#” + 62° in water (c = 1-07). 

On treatment with N/15-hydrochloric acid at 95° rapid hydrolysis 
of the methyl-lyxofuranoside took place: {«]%” + 62° (initial) ; 
— 4° (10 mins.); — 6° (20 mins., constant value). The rate of 
hydrolysis is much more rapid than that of «-methyl-lyxoside 
under similar conditions (Phelps and Hudson, loc. cit.). The con- 
centration of hydrochloric acid was then increased to N/2 and the 
heating continued. Hydrolysis of the pyranoside was complete in 
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50 minutes, the final rotation value being [«]j/' — 13° (calc. as free 
lyxose), which is very close to the recognised equilibrium value for 
lyxose. 

The amount of free lyxose (15°) was estimated by the Willstatter- 
Schudel method (Ber., 1918, 51, 780; Goebel, J. Biol. Chem., 1927, 
72, 801). Control estimations in which pure lyxose was used gave 
quantitative results. From the above figures, [«], -+ 40° being 
taken as the probable rotation value for the mixture of «- and 
8-methyl-lyxopyranosides, it was calculated that the reaction pro- 
duct consisted of free lyxose (15%), methyl-lyxopyranoside (10%), 
and methyl lyxofuranoside (75%) (Found: OMe, 16-8. Calc. for 
the above mixture, 15-9°%). 

Methylation of Methyl-lyxofuranoside by Methyl Sulphate—The 
mixture described in the previous section was dissolved in acetone 
(6 g. in 15 c.c.) and treated in the usual manner with methy! sulphate 
(40 c.c.) and 30% aqueous sodium hydroxide (70 c.c.). The tem- 
perature ranged from 55—-70° and excess of alkali was added at 
the beginning of the reaction to destroy the free lyxose. Methyl- 
ation of the product (5-2 g.) was completed by the use of Purdie’s 
reagents, and the resultant non-reducing syrup (5-2 g., nj 1-4477) 
was distilled, giving a colourless mygroscope liquid (4-8 g.), b. p. 
about 90°/0-06 mm., njj 1-4457, [a] + 52° in water (c = 0-6), 
{a]® + 41° in methyl alcohol (c = 1-3), [«]§ + 52°, equilibrium 
value after heating with 1% methyl-alcoholic hydrogen chloride. 
In N /15-aqueous hydrochloric acid at 95° hydrolysis of the trimethyl 
methylfuranosidic portion of the distillate occurred rapidly: 
{a]% + 52° (initial value); -+ 48° (10 mins.); + 37° (30 mins.); 
+ 34° (50 mins., constant value). After a further 50 minutes’ 
heating with boiling N/2-hydrochloric acid the constant value 
{x}§° + 31° (calculated as trimethyl methyl-lvxoside) was attained, 
the presence of a small amount of trimethyl methyl-lyxopyranoside 
being thus indicated. Since trimethyl lyxopyranose has [a] — 22° 
(equilibrium value in water) and trimethyl lyxofuranose has [«]j + 
39° (equilibrium value in water; see below), it follows that the 
quantities of trimethyl methyl-lyxofuranoside and trimethyl methyl- 
lyxopyranoside in the distillate were about 90°, and 10%, respect- 
ively (Found: C, 52-1; H, 86; OMe, 58-5. C,H,,0; requires (, 
52-4; H, 87; OMe, 60-2%). 

Trimethyl Lyxofuranose.—The mixture (4 g.) of trimethyl methy]l- 
lyxofuranoside and trimethyl methyl-lyxopyranoside was heated 
at 100° with N/15-hydrochloric acid (100 c.c.) until the rotation 
was [x] + 32° (1 hour). Under these conditions hydrolysis of 
the pyranose form would be inappreciable. The solution was 
neutralised with silver carbonate, filtered, and evaporated under 
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diminished pressure to a mobile syrup, which was dissolved in 
ether. After removal of the ether the product was distilled, giving 
two fractions: (a) a mixture of trimethyl lyxofuranose and un- 
hydroiysed trimethyl methyl-lyxopyranoside (0-83 g.); b. p. about 
95°/0-04 mm., ni’ 1-4531; (b) trimethyl lyxofuranose (2-3 g.), b. p. 
about 95°/0-04 mm., njf’ 1-4580, [a]f° + 39° in water (c = 1-05). 
This rotation is in good agreement with that obtained for trimethyl 
lyxofuranose by hydrolysis of a crystalline condensation compound 
(see below). Furthermore, only trimethyl y-lyxonolactone was 
obtained by oxidation of the trimethyl lyxofuranose, which must 
therefore be free from contamination by its pyranose isomeride 
(Found: C, 49-8; H, 8-4; OMe, 48-1. C,H,,0; requires C, 50-0; 
H, 8:3; OMe, 484%). 

Trimethyl lyxofuranose condensed rapidly with methyl alcohol 
containing 1°%, of hydrogen chloride at 20°: [«]f +- 15° (4 mins. 
after dissolution); +- 13° (7 mins:); + 13° (10 mins.); + 14° (18 
mins.); -+ 21° (30 mins.); + 36° (60 mins.); -++ 42° (90 mins.) ; 
+ 45° (120 mins.); -+ 55° (300 mins.); -+ 60° (final equilibrium 
value). Under similar conditions the condensation of trimethyl 
lyxopyranose with methyl alcohol was very slow: [a]~’ — 9° 
(initial value); — 12° (150 mins.); — 18° (3000 mins.).: The equi- 
librium value for the pyranose form is [«]f’ + 21° (Hirst and 
Smith, Joc. cit.) In both cases the §-isomeride of the methyl- 
lyxoside is formed more rapidly than the «-variety. 

Fraction (a) was hydrolysed by boiling for 30 minutes with 
2N-hydrochloric acid. The distilled product (yield, 70%) was a 
colourless liquid, b. p. 95—100°/0-03 mm., nj} 1-4605, [a}5° + 16° 
in water (c = 0-7) (Found: OMe, 46-5. Calc., 48-4%). These 
figures show that the distillate was trimethyl lyxose containing 
about 60% of the furanose form ([«]p + 39°) and 40% of the 
pyranose form ({«]) — 22°). This is equivalent to the presence of 
11% of the pyranose form in the trimethyl methyl-lyxoside, in 
good agreement with the value 10% previously obtained. 

Condensation of Trimethyl Lyxofuranose to give a Hexamethyl 
Dipentose.—When trimethy! lyxofuranose was distilled slowly, only 
@ portion of it could be recovered unchanged. The remainder was 
4 colourless liquid, b. p. about 160°/0-05 mm., which solidified on 
cooling. After being drained on porous earthenware and recrystal- 
lised from light petroleum (b. p. 40—60°), it gave bunches of needles, 
m. p. 77°, which had no action on boiling Fehling’s solution but 
reduced it strongly after hydrolysis with 3% hydrochloric acid. 
During the hydrolysis the specific rotation, [«}% 4+ 114° (initial 
value), decreased in 15 minutes to a constant value +- 43° ({«]#” + 
41°, calculated as trimethyl lyxose). The physical and chemical 

AA 
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properties of the new substance indicated that it was the hexamethyl 
derivative of a non-reducing dipentose formed by the autocondens- 
ation of two molecules of trimethyl lyxofuranose and this view 
was confirmed by analysis (Found: C, 52:3; H, 8-0; OMe, 49-3. 
C1 gH 90, requires C, 52-4; H, 8-2; OMe, 50-8%). 
Trimethyl y-Lyxonolactone.—A solution of trimethyl lyxofuranose 
(1-6 g.) in water (20 c.c.) was treated with bromine (2 c.c.), and 
kept for 4 days at 35—40°: the reducing properties had then 
disappeared. The bromine was removed by aeration, an excess of 
silver oxide was added, and the filtered solution was titrated exactly 
with hydrochloric acid to liberate the trimethyl lyxonic acid from 
its silver salt. On evaporation under diminished pressure, followed 
by heating at 100°/10 mm. to complete the lactonisation, a syrup 
was obtained which was freed from some inorganic material by 
solution in ether. On removal of the solvent crystalline trimethyl 
lyxonolactone was obtained (1-4 g.) which on distillation gave a 
solid crystalline mass (1-3 g.), b. p. 170°/12 mm., m. p. 37—40°, 
ni*'1:4569, [«]? + 82-5° in water (initial value, decreasing with 
extreme slowness). Recrystallisation from ether-light petroleum 
(b. p. 40—60°) gave needles 4—5 cm. long, m. p. 44°, [a] + 82-5° 
in water (c = 0-5) (Found: C, 505; H, 7-0; OMe, 49-3. Cale. 
for C,H,,0,;: C, 50:5; H, 7-4; OMe, 49-0%). 
If the trimethyl lyxofuranose had been contaminated with 
trimethyl lyxopyranose, the specific rotation of the freshly distilled 
lactone before recrystallisation would have been less than [«Jp + 
82°, owing to the presence of some trimethyl 5-lyxonolactone 
({a}" + 35-5°). The above observations therefore provide addi- 
tional evidence of the homogeneity of the trimethy! lyxofuranose. 
When an ethereal solution of the lactone was heated with the 
calculated quantity of phenylhydrazine, the corresponding phenyl- 
hydrazide was formed. This was washed with ether and on re- 
crystallisation from benzene gave needles, m. p. 140° alone or in 
admixture with the phenylhydrazide of the acid obtained by the 
epimerisation of trimethyl xylonolactone (Haworth and Long, loc. 
cit.) (Found: C, 56-2; H, 7-3; N, 96; OMe, 31-5. Cale. for 
C,4H..0;N,: C, 56-4; H, 7-4; N, 9-4; OMe, 31-2%). 
Hydrolysis of Trimethyl y-Lyxonolactone.—The hydrolysis of the 
crystalline lactone in aqueous solution was studied polarimetrically. 
Mutarotation was extremely slow and the behaviour throughout 
was that of a y-lactone. The rotation of the free acid was deter- 
mined in the usual manner by forming the sodium salt, adding the 
equivalent amount of hydrochloric acid, and determining the 
rotation immediately. [«]*° — 21° in water (c = 05, calculated 
as lactone). 
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Conversion of lactone into acid. 


Time : % of lactone Time ' % of lactone 
(hours). [alp ‘ present. (hours). [alp ‘ present. 
0 +82-5° 100 474 65-0° 83-0 
24 80 97-6 551 63-9 82-0 
73 77-7 95-3 644 62-3 80-4 
145 75-1 92-8 883 57-0 75°3 
378 67-1 85-1 1000 56-5 74:8 


The conversion of the acid into lactone in aqueous solution pro- 
ceeded so slowly that equilibrium had not been attained at the 
end of 500 hours. A direct determination of the proportion of 
acid and lactone present at equilibrium was therefore impracticable, 
but an approximate value (55% of lactone) was deduced by 
extrapolation. 


Conversion of acid into lactone. 


Time % of lactone Time ; % of lactone 
(hours). [a]p ; present. (hours). falp present. 
0 — 20-8° 0 75 + 6-4° 26 
24 — 16-0 4-6 140 14-4 34 
50 — 44 16 500 25-6 45 


Methylation of y-Lyxonolactone.—Lyxonolactone was prepared 
from lyxose by heating the sugar with bromine water at 30° for 
several days. Hydrobromic acid was removed by means of silver 
oxide and the resulting solution of silver lyxonate was then treated 
with the exact quantity of hydrochloric acid required to precipitate 
the silver. Evaporation of the water in a vacuum left a syrup 
which soon crystallised and pure lyxonolactone, m. p. 109°, was 
obtained after one recrystallisation from ethyl acetate. 

This lactone (2 g.) was methylated in the usual way with Purdie’s 
reagents. Six consecutive treatments were carried out, the addition 
of methyl alcohol being necessary in the first three in order to 
effect solution. Fractional distillation of the final product showed 
that a complex mixture of substances had been formed. The 
following fractions were taken: (a) 0-14 g., bath temp. 107°/ 
004 mm., nif 1-4350; (b) 0-9 g., bath temp. 115°/0-08 mm., 
np 1-4372; (c) 0-27 g., bath temp. 125°/0-03 mm., ni?’ 1-4381; 
(d) 0-72 g., bath temp. 140—150°/0-03 mm., ni} 1-4484. The 
fractions (a), (b) and (c) were esteric in nature and contained sub- 
stances which were more highly methylated than trimethy]l-lyxono- 
lactone, possibly methyl tetramethyl-lyxonate, C,9H 90,4, and methyl] 
trimethyl-lyxonate, C,H,,0, [Found for (b): C, 49-5; H, 83; 
OMe, 64:5. Cy oH, 0,: requires C, 50-8; H, 85; OMe, 65-6%. 
C,H, ,0, requires C, 48-7; H, 8-1; OMe, 55-8%]. 

Fraction (d) was mainly trimethyl lyxonolactone (Found: C, 
50-4; H, 8-3; OMe, 53-0%). It was not sufficiently pure to crystal- 
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lise, but the presence of trimethyl y-lyxonolactone was proved by 
preparing from it the corresponding phenylhydrazide, which was 
formed in good yield when an ethereal solution of the liquid was 
heated on the water-bath with phenylhydrazine. One recrystallis- 
ation from benzene sufficed to give the pure phenylhydrazide, m. p. 
140° (alone or when mixed with the phenylhydrazide of the acid 
obtained from trimethyl lyxofuranose). 
Oxidation of Trimethyl Methyl-lyxofuranoside with Nitric Acid.— 
Trimethyl methyl-lyxofuranoside (2 g.) was heated for 8 hours at 
90° with nitric acid (d 1-42; 20 c.c.). Evolution of nitrous fumes 
had then almost ceased. The remaining nitric acid was removed 
by distillation under diminished pressure at 50°, with frequent 
addition of water. The stiff syrup obtained was boiled for 6 hours 
with 2%, methyl-alcoholic hydrogen chloride. After neutralisation 
of the acid by silver carbonate the methyl alcohol was removed by 
distillation under diminished pressure and the product was distilled, 
giving a colourless liquid (0-9 g.), b. p. 135—140°/12 mm. No 
methyl oxalate could be detected and there was no still residue. 
The distillate, after nucleation with a crystal of methyl i-dimethoxy- 
succinate, began to crystallise. After being kept for several weeks, 
the solid was drained on porous tile and recrystallised from ether- 
light. petroleum, giving flat plates (0-4 g.), m. p. 68° alone or when 
mixed with an authentic specimen prepared from 1-tartaric acid. 
Methylation of Methyl-lyxofuranoside by Purdie’s Reagents.—The 
crude methyl-lyxofuranoside described above (10 g.) was methylated 
six times with silver oxide and methyl iodide. The product was 
distilled, giving 7-9 g., b. p. 70—74°/0-08 mm., and 3-5 g., b. p. 
75—90°/0-08 mm. A small quantity (4%) of a crystalline oxidation 
product (A) separated from both fractions. This was removed by 
draining on porous tile, after which the liquid was recovered by 
extraction with chloroform and redistilled; b. p. 75°/0-1 mm, 
nix 1-4431, [a]? + 41° in water (c = 3-6), [a] + 53° in 1% 
methyl-alecholic hydrogen chloride (equilibrium value after being 
heated at 100° for 6 hours). The distillate was mainly trimethyl 
methyl-lyxofuranoside, but contained also the corresponding pyrat- 
oside (15—20%) and probably also a little of the above-mentioned 
crystalline product (Found: OMe, 56-8%). Hydrolysis with dilute 
hydrochloric acid gave the corresponding mixture of trimethy! 
lyxofuranose and trimethyl lyxopyranose. This had b. p. 95°/0-04 
mm., ni” 1-4598, [a]? + 27° in water (c = 3-3) (Found: OMe, 
47-5%). Oxidation with bromine water gave the mixed y- 
8-lactones as a liquid, b. p. 108°/0-1 mm., ni" 1-4553, [«]p” + 76 
in water (initial value); -+- 65° (23 hours); -+ 63° (41 hours); + 58° 
(90 hours) ; + 50° (200 hours) ; + 45° (300 hours) ; + 41° (900 hours). 
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The comparatively rapid fall in rotation during the first 50 hours, 
followed by the slow change which still persisted after 1000 hours, 
is characteristic of a mixture of a y- and a 8-lactone. Since the 
trimethyl y- and 8-lyxonolactones have respectively [«]}" + 82-5° and 
[«]p + 36°, the proportion of 8-lactone was about 15%. After 
some time the trimethyl y-lyxonolactone crystallised; m. p. 44°. 
Preparation of the phenylhydrazide from the liquid which drained 
away from the crystalline y-lactone gave mainly the phenylhydrazide 
obtainable from trimethyl 8-lyxonolactone. 

The crystalline oxidation product (A) was easily soluble in the 
usual organic solvents, soluble with difficulty in water, and was 
recrystallised from light petroleum, giving long colourless needles, 
m. p. 127—128°, [«]} + 175° in water (c = 0:53). The substance 
was neutral to litmus and had no action on boiling Fehling’s solution. 
The presence of an ester group was proved by titration with hot 
alkali, and after alkaline hydrolysis the high specific rotation was 
retained. When the ester was heated for 2 hours at 80° with 3% 
hydrochloric acid, the rotation decreased to 0°; the resulting solu- 
tion, after exact neutralisation with sodium hydroxide, did not 
reduce boiling Fehling’s solution but quickly decolorised neutral 
permanganate [Found : C, 46-5; H, 6-8; OMe, 45-1; CO,Me, 28-0. 
C,H;0,(OMe),*CO,Me requires C, 46-6; H, 6-8; OMe, 45-1; CO,Me, 
28-6%]. 


The authors wish to express their thanks to Professor W. N. 
Haworth, F.R.S., for his interest in this work. They are grateful 
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LXXXIX.—Trypanocidal Action and Chemical Con- 
stitution. Part IX. Aromatic Acids containing 
an Amide Group. 

By Grorce ALEcK CrocKkER GoucH and Harotp Krne. 


Tue activity of the cotton dye (I) on Trypanosoma equiperdum in 
tats (Dunning and Macht, J. Pharm. Exp. Ther., 1928, 32, 205) 
suggested to us an investigation of the colourless substance (II), 
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which would bear to (I) the same relation as Bayer 205 to trypan- 
red and afridol-vioilet (compare Balaban and King, J., 1927, 3068). 


N=N SbO,H, 
SO,H 0,H SO,H 05 


(I.) (II.) 


H,N OH HO HN-CO AsO,H, 
ul 


To facilitate synthesis, antimony was replaced by arsenic. The 
arsenic analogue of (I) was found to be active but not permanently 
curative. Arsinous and arsinic acids of type (II) prepared from 
Freund’s acid and H-acid were inactive, even if the substantive 
character was increased (Balaban and King, loc. cit.) by changing 
the structure to (III). The current theory of the activity of arsinic 


OH NH-COZ — 


NH-CO¢ >AsO;H, (II1.) 
SO,H 0,H 


acids is that they must first be reduced by living tissues to the 
much more toxic oxides, and it occurred to us that the amide link 
might possibly remove these substances out of the range of reduction 
potential of the mammalian tissues. 

Accordingly, benzamide-p-arsinic acid (IV) was prepared, but it 
proved to have a therapeutic activity far exceeding that of p-amino- 


(IV.) H,N-OC€_>As0,H, R,R,N-OCKAsOsH, (v,) 


phenylarsinic acid, the starting point of Ehrlich’s series of active 
arsenicals. This interesting discovery made an extensive study of 
other benzamidearsinic acid derivatives particularly desirable, since 
no compound of this type had previously been described. A 
number of substituted benzarsinic acids are known, but no one has 
converted these carboxylic acids into their simple amides. 

The parent substance, benzoyl chloride p-dichloroarsine, lends 
itself to development in a wide variety of ways, for the lone chlorine 
atom can be replaced by primary or secondary amino-groups or by 
simple derivatives of these with formation of a series of amides of 
the type (V). The following table shows the results obtained when 
a simple series of aromatic amides was tested on an experimental 
infection of Trypanosoma equiperdum in mice, 7 signifying the 
maximum dose tolerated, expressed in milligrams per gram of mouse, 
C the minimum curative dose, and r the number of days during 
which the blood stream remained free from trypanosomes. 
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Amides of Benz-p-arsinic and -arsinous Acids. 


Arsinic acid. 


Arsinous acid. 








Type. -CO-NR,R:;. m.. 1} iG r. T. C. ?. 
Benzarsinic acid ‘-CO-0H 0-2 [inactive] _- — — 
Amide R,=H, R,=H 10 03 >30 0-03 0-01 14 
Methylamide R,=Me, R,=H 10 05 >30 0-01 0-0075 >30 
Ethylamide R,=Et, R,=H 1-25 0-75 >30 0-0075 0-005 >30 
Propylamide R,=Pr, R,=H 0-4 0-2 11 0-005 00-0025 11 
isoAmylamide R,=C,H,,, RB, =H 0-1 0-1 6 0-0025 0-0025 9 
Dimethylamide R,=—Me,R,=Me 0-6 0-5 5 0-01 0-005 5 
Diethylamide R,=Et, R,=Et 0-1 [inactive] 0-0025 [inactive] 
Piperidinoamide -NR,R,=C,;H,N 0-1 _ [inactive] 0-0025 [inactive] 
Phenylamide R,=Ph, R,=H 0-1 0:05 >30 — — — 


If it is borne in mind that the aim of this kind of work is to 
discover a substance in which the margin between C and T' is as 
wide as possible, and that the substances should be “‘ permanently ” 
curative, i.e., that r should be greater than a month, it will be 
observed that trypanocidal activity falls off in the monosubstituted 
alkylamides with increasing weight of the substituting group, 
and very rapidly in the disubstituted amides. 

Attention was then directed to the meta-series of amides from 
benz-m-arsinic acid, but they proved to be definitely weaker than 
those of the para-series. 


Amides of Benz-m-arsinic and -arsinous Acids. 


Arsinic acid. Arsinous acid. 


Type. ‘CO-NHR,. T. C. r. a C. fr. 
m-Benzarsinic acid -CO-OH 1-5 [inactive] —— — — 
Amide R, =H 06 O4 >30 0-005 0-005 3 
Methylamide R, = Me 0-4 0-2 5 0-01 0-0075 >30 


isoAmylamide R, = C;H,, 0-01 [inactive] — — — 


Many of the amides described above, both meta- and para- 
substituted and containing the arsenic in the quinquevalent state, 
produced nervous symptoms of chronic poisoning in mice. An 
attempt was therefore made to prepare derivatives of benzamide- 
p-arsinic acid which would show an equally good therapeutic index 
without producing any untoward symptoms. 

When the modified alkyl groups -CH,°CH,°OH and -CH,°CO-NH, 
are introduced into the amino-group of p-aminophenylarsinic acid, 


H,°OH CO: NH, H-,OH CO-NH, 
NH-CH, NH: ee CO-NH-CH, CO-NH-CH, 
AsO,H, AsO,H, As0O,H, AsO,H, 

(VI. ) (VII.) (VIII) (IX.) 


two valuable trypanocidal agents, etharsenol (VI) and tryparsamide 
(VII) respectively, are known to be obtained. It was, therefore, of 
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interest to attempt the preparation of their analogues (VIII) and 
(IX) from benz-p-arsinic acid. Although benzoyl chloride p-di- 
chloroarsine readily reacted with {-aminoethyl alcohol with 
formation of an arsinous acid which on oxidation gave (VIII), 
attempts to prepare (IX) were not immediately successful. Hippuro- 
p-arsine oxide (X) when subjected to the action of phosphorus 
pentachloride in the presence of acetyl chloride gave the trichloro- 
compound (XI), but this on treatment with ammonia under many 
conditions always regenerated hippuroarsine oxide. When, however, 
ammonia was replaced by ethylamine, the ethylamide of hippuro- 
arsinic acid (XII) was readily obtained. 


CO-NH-CH,°CO,H CO-NH-CH,°COCl CO*NH-CH,CO-NHEt 


AsO AsCl, AsO,H, 
(X.) (XI.) (XII.) 
The following table shows the activity of these and some related 


substances in comparison with benzamide-p-arsinic acid. R 


signifies -C,H,-AsO,H, and R’ the reduced form —C,H,*AsO,H,. 


zs C. r. 
MPRPEENEED sctecvacucacsbescactyeconsancsaveses 1-0 0-3 >30 
R:CO-NH-CH,'CH,°OH  .......,.02ecceeee 2-0 1-0 6 
R’-CO-NH- CH; ‘CH, EES atnrraemcnancnvene 0-01 0-01 >30 
R-CO-NH-CH, “CO, H iedjenccanpnabeoneans 1-25 [inactive] 
R-CO-NH-CH,-CO- "NHEt Upigesesasegss >3-0 1-0 >30 
R-CO-0-CH,-CH,-NEt, Ren 2) Sener. 5 Ae 2-0 [inactive] 


Of this series the ethylamide of hippuroarsinic acid (XII) proved 
the most useful, and on the highest dose tried there were no nervous 
symptoms noticeable in mice. The lower homologues of this acid, 
hippuramide-p-arsinic acid and its N-methyl derivatives, will be 
described in a subsequent communication. 

Another way of avoiding the undesirable symptoms evoked by 
benzamide-p-arsinic acid would be by use of the corresponding 
arsinous acid, for since this has more than 30 times the acute toxicity 
of the acid containing quinquevalent arsenic, and might have a 
correspondingly high curative power, the amount of arsenic admin- 
istered would be correspondingly small. Although this arsinous 
acid produces no nervous symptoms, it is by no means so effective 
(compare the first table) as the arsinic acid and it occurred to us 
that it might be possible to render it more effective by esterification 
with a suitable alcohol. The ester might then be expected to have 
an increased efficiency, since slow hydrolysis would liberate the 
toxic arsinous acid over a period of time. For this purpose we chose 
a-thiolacetic acid, which had already been condensed with 3-amino- 
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4-hydroxyphenylarsinous acid by Voegtlin, Dyer, and Leonard 
(U.S. Public Health Rep., 1923, 38, 1911). When an aqueous 
suspension of benzamide-p-arsinous acid was boiled with «-thiol- 
acetic acid, condensation took place rapidly with formation of 
crystalline di(carboxymethyl) benzamide-p-thioarsinite (XIII). 


r S-CH,°CO,H pxq7y 
High OCC DAs<S.cH OOH dated 
On its maximum tolerated dose, this substance produced no 
nervous symptoms and it was more effective than the arsinous acid. 


z'. C. r. 
Benzamide-p-arsinous acid ............+++ 0-03 0-01 14 
Benzamide-p-thioarsinite .............65 0-05 0-03 >30 


We had made this compound and had examined its oxidation 
with iodine when an important paper appeared by Barber (J., 1929, 
1020) on the condensation of thiol acids with arsinic acids. We 
believe, however, that some of the results of this author bear a simpler 
interpretation than that given by him. Barber observed that the 
arylthioarsinites in alkaline solution, with sodium hydrogen 
carbonate, for instance, give an intense nitroprusside reaction 
which he attributed to the intact arylthioarsinite molecule. In 
support of this he states that the arylthioarsinites do not undergo 
hydrolytic fission with alkali, because the alkali-metal salts of the 
di(carboxymethyl) arylthioarsinites can be obtained from strongly 
alkaline solution. Such a view is, however, untenable. Di(carb- 
oxymethyl) benzamide-p-thioarsinite (XIII) is soluble in cold 
sodium hydrogen carbonate solution and gives an intense nitro- 
prusside reaction indistinguishable in tint from that due to «-thiol- 
acetic acid. The free acid also dissolves sparingly in water and 
gives the transient blue colour with ferric chloride characteristic of 
a-thiolacetic acid. Both these reactions are specific for thiol 
groups, and indicate partial hydrolysis of the thioarsinites in weakly 
alkaline solution and even in water. When a feebly alkaline 
solution of di(carboxymethyl) benzamide-p-thioarsinite was treated 
with one molecular proportion of hydrogen peroxide, benzamide- 
p-arsinic acid was isolated together with unchanged thioarsinite. 
This result is inconsistent with an exclusive initial addition of oxygen 
to the arsenic atom of the intact ester molecule, followed by 
hydrolysis, a process which would seem to follow on Barber’s view 
of the properties of these compounds, but is consistent with oxid- 
ation of the hydrolytic products, arylarsinous acid and «-thiolacetic 
acid, formed in alkaline solution. The occurrence of some oxidation 
of the intact ester molecule is not, however, excluded. In further 
support of the ease of hydrolysis of di(carboxymethyl) benzamide- 

AA2 
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p-thioarsinite is the observation of our biological colleagues, Miss 
Durham and Miss Strangeways, that at high dilutions trypanosomes 
exposed to its action are rendered non-infective, a property usually 
recognised as specific for the arylarsinous acids or oxides. 

The effect of introducing a second substituent into the phenyl 
nucleus of benzamidearsinic acid has been examined in a few cases 
and others are still under investigation. Salicylamide-5-arsinic acid 
(XIV) and isophthalamic acid 6-arsinic acid (XV) have been pre- 
pared, but not isophthalamide-4-arsinic acid. The toxicities and 


OH CO-NH, 
CO-NH 
(XIV.) 2 | ‘ (XV.) 
\ 0H 
AsO,H, AsO,H, 


therapeutic activities of these substances compared with some inter- 
mediate and allied products are recorded below. 





7. C. Fo 

STOOD nadsincsocesesspasktpnavets 0-005 [inactive] 
M-RYLVIATBIMIC BCIG ......200cccccvccccccsccese 0-03 [inactive |} 
isoPhthalic acid 4-arsinic acid ............ 0-03 {inactive ] 
Methy] isophthalate-4-arsinic acid ...... 0-3 [inactive } 
isoPhthalamic acid 6-arsinic acid ......... 0-05 [inactive] 
Salicylic acid 5-arsinic acid —...........0+6. 1-5 [inactive] 
Methy] salicylate-5-arsinic acid ............ 0-02 [inactive ] 
Salicylamide-5-arsinic acid ............0+.0+. 0-75 0-3 


The preparation of salicylamide-5-arsinic acid and isophthalamiec 
acid 6-arsinic acid presents some points of interest. When salicylic 
acid 5-arsinic acid (XVI) prepared by the Bart-Schmidt reaction 
from 5-aminosalicylic acid is esterified with methyl-alcoholic sul- 
phuric acid, the degree of esterification increases with the amount 
of sulphuric acid used. At the same time fission of arsenic as 
arsenious acid increases so that the most favourable conditions for 
the esterification are uncertain. If the sulphuric acid is replaced 
by dry hydrogen chloride, the methyl ester (XVII) may again be 
isolated together with some methyl salicylate-5-dichloroarsine (XVIII). 
The latter substance is formed by loss of labile chlorine atoms which 
react with the solvent. Similarly in the esterification of isophthalic 
acid 4-arsinic acid by methyl-alcoholic hydrogen chloride in boiling 
solution, reduction to methyl isophthalate dichloroarsine is complete. 
Indeed, this action of dry hydrogen chloride on arsinic acids appears 
to be a general one. For the preparation of methyl salicylate- 
5-arsinic acid (XVII) it is, however, preferable to reduce salicylic 
acid 5-arsinic acid by sulphurous acid in concentrated hydrochloric 
acid solution directly to salicylic acid dichloroarsine (X1X), as this 
is more easily isolated than the intermediate product salicylic acid 
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arsinous acid (XX), which separates when the reaction is carried 
out in dilute hydrochloric acid solution. Salicylic acid dichloro- 


OH OH OH 
(XVI.) CO,H iti CO,H sah CO,H (XIX.) 
(XX.) 
AsO,He2 AsO,H, AsCl, 


se 


(XVII. “ney \ 


AsO,H, AsCl, 


arsine (XIX), like salicylic acid arsinous acid (XX), is then 
readily esterified by methyl-alcoholic hydrogen chloride to methyl 
salicylate-5-dichloroarsine (XVIII). Careful oxidation of a sus- 
pension of this in aqueous sodium hydrogen carbonate at 0° with 
hydrogen peroxide gives methyl salicylate-5-arsinic acid (XVII), 
and by the action of ammonia on the ester in dilute methyl alcohol 
at 100° salicylamide-5-arsinic acid (XIV) is obtained. 

The difficulties attending the preparation of isophthalamide- 
4-arsinic acid have not yet been surmounted. When isophthalic 
acid 4-arsinic acid (X XI) is allowed to react with thionyl chloride, it 
gives almost exclusively the half acid chloride of isophthalic acid 
dichloroarsine, for on treatment with ammonia and oxidation 
with hydrogen peroxide isophthalamic acid 6-arsinic acid (XV) is 
obtained. 

With 54 molecular proportions of phosphorus pentachloride, the 
products isolated are the same isophthalamic acid 6-arsinic acid, 
4-chloroisophihalamide (XXII), and 3: 4-dichlorobenzamide; and 
with 6} molecular proportions, only the last two substances are 
obtained, the whole of the arsinic acid group having been replaced 
by chlorine. The constitution of 4-chloroisophthalamide follows 
from its hydrolysis to 4-chloroisophthalic acid, and that of 3 : 4-di- 
chlorobenzamide follows from its hydrolysis to 3 : 4-dichlorobenzoic 
acid (XXIII) which was identical with the acid obtained (later 
communication) by a similar series of reactions from terephthalic 
acid arsinic acid (X XIV). 


CO,H CO,H CO-NH, 
0,H 7 
| ko. — Bes 0,H | conn, 
AsO;H, AsO,H, Cl 
(XXI.) samaien (XXIV.) (X XII.) 
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When isophthalic acid 4-arsinic acid is esterified in synthetie 
methyl alcohol by saturation with hydrogen chloride at 0°, crystalline 
methyl isophthalate arsinetetrachloride separates after a few hours, 
This tetrachloride dissolves in sodium hydrogen carbonate solution 
at 0° and yields methyl isophthalate-4-arsinic acid on acidification. 
If, however, purified methyl alcohol (wood spirit) is used in the 
esterification, no separation of an arsinetetrachloride occurs at 0°, 
but when the solution is boiled, reduction takes place with form- 
ation of methyl isophthalate dichloroarsine, which is isolated as 
methyl isophthalate-4-arsinous acid by pouring the reaction mixture 
into sodium hydrogen carbonate solution. On oxidation the arsinous 
acid yields methyl isophthalate-4-arsinic acid. 

When methyl isophthalate-4-arsinic acid is allowed to react with 
ammonia (d 0-88) at 0° for 14 days, the sole product of amidation 
is the same isophthalamic acid 6-arsinic acid as is obtained from the 
acid chlorides. 

The marked influence on the trypanocidal activity of benz-m- 
and -p-arsinic acids effected by their conversion into amides, recorded 
in the foregoing pages, made it desirable to prepare benzenesulphon- 
amide-p-arsinic acid. p-Sulphophenylarsinic acid had been pre- 
viously prepared by Hewitt, King, and Murch (J., 1926, 1355) and 
had been shown to be devoid of activity. By the action of phos- 
phorus pentachloride in boiling carbon tetrachloride solution it was 
converted into benzenesulphonyl chloride p-dichloroarsine (X XV), 
which on graded hydrolysis with water gave benzenesulphonyl 
chloride p-arsenoxide and sulphophenylarsinous acid. By the action 
of ammonia benzenesulphonamide-p-arsenoxide (X XVI) was obtained, 
and this on treatment with hydrogen At gave benzenesulphon- 


S0,Cl SO,.NH SO,:NH, 
sCl, . Aso Xs0,H, 
(XXV.) (XXVI.) (XXVII.) 


amide-p-arsinic acid (X XVII). With hydrochloric acid, however, 
the arsinous acid gave benzenesulphonamide-p-dichloroarsine. The 
trypanocidal activity of some of these compounds was examined 
with the following results : 


7. C. r. 
Sulphophenyl-p-arsinic acid ...........+++. 0-5 [inactive] 
Benzenesulphonamide-p-arsinic acid ...... >1-5 1-0 16 
Benzenesulphonamide-p-arsenoxide ...... 0-03 0-01 >30 


Therapeutic Considerations. 


Analysis of the results described in the foregoing pages reveals 
some underlying principles of considerable interest. The first of 
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these is the important influence of the amide group in converting 
trypanocidally inactive carboxylic and sulphonic acids into sub- 
stances of marked activity. It was known that phenylglycineamide- 
p-arsinic acid (tryparsamide) could cure both experimental and 
clinical trypanosomiasis, but the significance of the aliphatically 
bound amide group was obscure, since data on analogous derivatives 
were lacking. In this communication it has, however, now been 
demonstrated that benz-m- and -p-arsinic acids, hippuro-p-arsinic 
acid, salicylic acid 5-arsinie acid, p-sulphophenylarsinic acid, and 
the corresponding arsinous acids where tested, are quite inactive on 
experimental trypanesomiasis in mice; and yet, when they are 
converted into the corresponding amides, trypanocidal activity 
appears in every case. The interpretation is simple. Following 
the injection of these arsinic or arsinous acids into the blood stream 
as soluble sodium salts, two main processes become operative, 
excretion and reduction. Those substances containing solubilising 
groups such as carboxyl or sulpho, whether they are reduced to the 
arsinous acids or not, will remain as soluble salts by reason of the 
carboxyl or sulpho-groups, and their excretion will be rapid. On 
the other hand, those containing amide groups will also be excreted, 
though possibly at a slower rate, so long as they contain the arsinic 
acid group and can form neutral soluble salts. When, however, 
reduction to the arsinous acid has taken place, they will no longer 
form neutral salts and will, accordingly, be liberated in the colloidal 
state as free arsinous acids by hydrolysis at the pg of the blood 
stream, and will not be excreted as such. The mechanism of the 
reduction process and subsequent events may also be pictured from 
analogous reactions in vitro. 

It is known that hydrogen sulphide is a very powerful reducing 
agent, having in fact a reduction potential negative to the hydrogen 
electrode. It is, therefore, not surprising to find, as Barber (loc. 
cit.) does, that various thiol derivatives of aliphatic acids can reduce 
arsinic to arsinous acids, condensation then taking place between 
the arsinous acids and excess of the thiol compound with production 
of arylthioarsinites, operations which can take place at the ordinary 


R-AsO,H, + 4R’SH —> R-AsO,H, + 2R’-SH —> RAsS,R’, 


temperature in neutral solution. It is very probable that similar 
processes operate in mammalian tissues, for there is abundant 
evidence of the presence of thiol compounds in tissues, and some 
for their being concerned in oxidative—reductive processes. That 
the excess of thiol groups should act as receptors for the arsinous 
acid group is also very probable; it was, in fact, foreshadowed by 
Ehrlich many years ago (Ber., 1909, 42, 42). The occurrence of 
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arsenic in hair after arsenic medication is possibly a manifestation 
of the property. The further important point, however, now emerges 
from our experiments, that the arylthioarsinites are slowly hydro- 
lysed even in neutral solution with regeneration of small amounts 
of arsinous acids. 


R-AsCopy + 2H,0 => R-As(OH), + 2R"SH. 

The view we advanced in the preceding communication of this 
series (Gough and King, J., 1928, 2432), that the arsinic acids are 
“‘ reduced to the reactive oxides, and stored asssuch by condensation 
in a reversible form,” thus receives experimental support. The 
arylthioarsinites would be formed from proteins of all degrees of 
complexity containing sulphydryl groups, and would in general 
escape excretion, and the continuous production of minute amounts 
of highly toxic arsinous acids by hydrolysis of such complex thio- 
arsinites in the tissues, maintained over an extended period, would 
be responsible for the complete disappearance of the trypanosomes 
with resultant cure. 

Lastly, the wide variation in the chemotherapeutic efficiency of 
arsenicals with change of constitution might be ascribed to difference 
in the ease of reduction of the arsinic to the arsinous acid, difference 
in the ease of condensation of the arsinous acid with thiol complexes, 
and difference in the ease of hydrolysis of such complexes. In fact, 
the striking results obtained for the series of similarly constituted 
amides shown in the first table (p. 671), where other factors affecting 
trypanocidal activity might be expected to be reasonably constant, 
support such a view. As this table shows, introduction of methyl 
into the amide group causes a diminution in activity, and this 
diminution is intensified by increase in the size of the alkyl group 
or by the introduction of more than one. Introduction of weakly 
positive alkyl groups will cause a drift of electrons towards the 
arsenic atom relative to the effect of the unsubstituted amide group, 
and this will be reflected (a) in a diminished ease of reduction of 
the arsinic acid, since the oxygen atom will be more firmly held, 
and (b) in a decreased tendency to co-ordinate with hydroxyl 
(Gough and King, loc. cit., p. 2429), since the arsenic atom has become 
more negative, with resultant increased difficulty of hydrolysis. 
Both properties would lead to diminished trypanocidal activity, 
as is actually found. 

We are deeply indebted to Miss F. M. Durham and Miss W. I. 
Strangeways for the whole of the biological findings recorded in 
this paper. 
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EXPERIMENTAL. 
Derivatives of Naphthylaminesulphonic Acids. 

1-Amino-3 : 6-disulpho-8-naphthol-7-azobenzene-4' -arsinic Acid 
(compare D.R.-P. 212018).—4-Aminophenylarsinic acid (8-7 g.) in 
80 c.c. of 2N-hydrochloric acid was treated at 0° with 3-0 g. of 
sodium nitrite in 30 c.c. of water and then added slowly to 13-6 g. 
of H-acid in 150 c.c. of 3N-sodium hydroxide solution. After 
being kept at 0° for 45. minutes, the solution was made just acid to 
Congo-paper by addition of concentrated hydrochloric acid. After 
12 hours the deep-coloured solid was collected on porous plate and 
purified by solution in the minimum volume of boiling water and 
addition of one-fifth of that volume of concentrated hydrochloric 
acid. ‘This operation was repeated three times and gave finally 
2-8 g. of homogeneous brick-red needles (Found : loss at 105°, 8-0. 
C,gH,,0,9N,S,As,24H,O requires H,O, 7:-6%. Found in dried 
acid: As, 13-3. C,gH,,0,)9N,S,As requires As, 13-7%).. When 
pure, this acid requires over 12 parts of boiling water for solution, 
but will not crystallise therefrom on cooling It is, however, almost 
completely precipitated by addition to the solution of one-fifth of 
its volume of 32°, hydrochloric acid. 

1-Beygamido-3 : 6-disulphonaphthalene-4'-arsinous Acid.—Freund’s 
acid (9 g.), dissolved in N-sodium hydroxide (90 c.c.), was treated 
in presence of benzene (10 c.c.) with three successive portions of 
benzoyl chloride p-dichloroarsine (each 5-7 g.) in benzene (13 c.c.). 
N-Sodium hydroxide (30 c.c.) was added concurrently with vigorous 
shaking. After removal of the benzene, the liquid was diluted with 
an equal volume of water and acidified to Congo-paper and the 
precipitated benz-p-arsinous acid (9-8 g.) was removed. The liquid 
was then concentrated to 100 c.c. and a further small amount of 
benz-p-arsinous acid removed (0-1 g.). After addition of concen- 
trated hydrochloric acid (7 c.c.) and keeping for 2 hours at —5°, 
clusters of fine needles separated (11-2 g.). These were recrystal- 
lised by solution in warm water (24 c.c.) and addition of con- 
centrated hydrochloric acid (4 c.c.) (Found: loss at 140°, 7-5. 
C,,H,,0,NS,AsNa,H,O requires H,O, 65% for conversion into 
oxide. Found in anhydrous oxide: As, 13:1; Na, 4-2. 
C,,H,,0,NS,AsNa requires As, 13-5; Na, 4:1%). 

1-Benzamido-3 : 6-disulphonaphthalene-4'-arsinic Acid.—The crude 
arsinous acid (7 g.), dissolved in water (35 c.c.), was treated with the 
calculated amount of 30% hydrogen peroxide in water (14 c.c.)- 
The solution, which became warm and slightly brown on oxidation, 
was neutralised to litmus-paper, warmed at 50° for 4 hour, and 
evaporated under reduced pressure to 20 c.c., and the reaction 
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arsenic in hair after arsenic medication is possibly a manifestation 
of the property. The further important point, however, now emerges 
from our experiments, that the arylthioarsinites are slowly hydro- 
lysed even in neutral solution with regeneration of small amounts 
of arsinous acids. 


R-As<on, + 2H,0 => R-As(OH), + 2R/SH. 

The view we advanced in the preceding communication of this 
series (Gough and King, J., 1928, 2432), that the arsinic acids are 
“* reduced to the reactive oxides, and stored as#uch by condensation 
in a reversible form,” thus receives experimental support. The 
arylthioarsinites would be formed from proteins of all degrees of 
complexity containing sulphydryl groups, and would in general 
escape excretion, and the continuous production of minute amounts 
of highly toxic arsinous acids by hydrolysis of such complex thio- 
arsinites in the tissues, maintained over an extended period, would 
be responsible for the complete disappearance of the trypanosomes 
with resultant cure. 

Lastly, the wide variation in the chemotherapeutic efficiency of 
arsenicals with change of constitution might be ascribed to difference 
in the ease of reduction of the arsinic to the arsinous acid, difference 
in the ease of condensation of the arsinous acid with thiol complexes, 
and difference in the ease of hydrolysis of such complexes. In fact, 
the striking results obtained for the series of similarly constituted 
amides shown in the first table (p. 671), where other factors affecting 
trypanocidal activity might be expected to be reasonably constant, 
support such a view. As this table shows, introduction of methyl 
into the amide group causes a diminution in activity, and this 
diminution is intensified by increase in the size of the alkyl group 
or by the introduction of more than one. Introduction of weakly 
positive alkyl groups will cause a drift of electrons towards the 
arsenic atom relative to the effect of the unsubstituted amide group, 
and this will be reflected (a) in a diminished ease of reduction of 
the arsinic acid, since the oxygen atom will be more firmly held, 
and (b) in a decreased tendency to co-ordinate with hydroxyl 
(Gough and King, loc. cit., p. 2429), since the arsenic atom has become 
more negative, with resultant increased difficulty of hydrolysis. 
Both properties would lead to diminished trypanocidal activity, 
as is actually found. 

We are deeply indebted to Miss F. M. Durham and Miss W. I. 
Strangeways for the whole of the biological findings recorded in 
this paper. 
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EXPERIMENTAL, 
Derivatives of Naphthylaminesulphonic Acids. 
1-Amino-3 : 6-disulpho-8-naphthol-7-azobenzene-4' -arsinic Acid 
(compare D.R.-P. 212018).—4-Aminophenylarsinic acid (8-7 g.) in 
80 c.c. of 2N-hydrochloric acid was treated at 0° with 3-0 g. of 
sodium nitrite in 30 c.c. of water and then added slowly to 13-6 g. 
of H-acid in 150 c.c. of 3N-sodium hydroxide solution. After 
being kept at 0° for 45. minutes, the solution was made just acid to 
Congo-paper by addition of concentrated hydrochloric acid. After 
12 hours the deep-coloured solid was collected on porous plate and 
purified by solution in the minimum volume of boiling water and 
addition of one-fifth of that volume of concentrated hydrochloric 
acid. - This operation was repeated three times and gave finally 
2-8 g. of homogeneous brick-red needles (Found : loss at 105°, 8-0. 
CygH 1,01; )N,8,As,24H,O requires H,O, 7:-6%. Found in dried 
acid: As, 13-3. C,,H,,0,)N,S,As requires As, 13-7%).. When 
pure, this acid requires over 12 parts of boiling water for solution, 
but will not crystallise therefrom on cooling It is, however, almost 
completely precipitated by addition to the solution of one-fifth of 
its volume of 32° hydrochloric acid. 
1-Beggamido-3 : 6-disulphonaphthalene-4'-arsinous Acid.—Freund’s 
acid (9 g.), dissolved in N-sodium hydroxide (90 c.c.), was treated 
in presence of benzene (10 c.c.) with three successive portions of 
benzoyl chloride p-dichloroarsine (each 5-7 g.) in benzene (13 c.c.). 
N-Sodium hydroxide (30 c.c.) was added concurrently with vigorous 
shaking. After removal of the benzene, the liquid was diluted with 
an equal volume of water and acidified to Congo-paper and the 
precipitated benz-p-arsinous acid (9-8 g.) was removed. The liquid 
was then concentrated to 100 ¢.c. and a further small amount of 
benz-p-arsinous acid removed (0-1 g.). After addition of concen- 
trated hydrochloric acid (7 ¢.c.) and keeping for 2 hours at —5°, 
clusters of fine needles separated (11-2 g.). These were recrystal- 
lised by solution in warm water (24 c.c.) and addition of con- 
centrated hydrochloric acid (4 c.c.) (Found: loss at 140°, 7-5. 
C,,H,,0,NS,AsNa,H,O requires H,O, 65% for conversion into 
oxide. Found in anhydrous oxide: As, 13:1; Na, 42. 
C,,H,,O,NS,AsNa requires As, 13-5; Na, 41%). 
1-Benzamido-3 : 6-disulphonaphthalene-4'-arsinic Acid.—The crude 
arsinous acid (7 g.), dissolved in water (35 c.c.), was treated with the 
calculated amount of 30% hydrogen peroxide in water (14 c.c.)- 
The solution, which became warm and slightly brown on oxidation, 
was neutralised to litmus-paper, warmed at 50° for 4 hour, and 
evaporated under reduced pressure to 20 c.c., and the reaction 
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adjusted to neutrality to Congo-paper. The solution was then 
heated to 100° and, after addition of concentrated hydrochloric 
acid (3 c.c.), allowed to cool. The resultant paste of fine rectangular 
needles (5-7 g.) was removed and recrystallised by solution in the 
minimum volume of boiling water, followed by the addition of con- 
centrated hydrochloric acid (5-5 ¢.c.) (Found: loss at 140°, 12-6; 
As, 12:7; Na, 3-8. C,,;H,,0,)NS,AsNa,3H,O requires H,O, 11-9 
for conversion into the dioxide; As, 12-3; Na, 3-8°%). 

1-Benzamido-3 : 6-disulpho-8-naphthol-4'-arsinous Acid.—H-Acid 
(6:8 g. monosodium salt +- 1-5H,O), dissolved in N-sodium hydroxide 
(20 c.c.), was treated with 0-5 ¢.c. portions of a solution of benzoyl 
chloride p-dichloroarsine (11-4 g.) in benzene (20 c.c.) with vigorous 
shaking. N-Sodium hydroxide (40 c.c.) was added concurrently 
at such a rate as to maintain a slightly alkaline reaction. The liquid 
was made acid to Congo-paper, and the precipitated benzarsinous 
acid (3-3 g.) removed. The filtrate was concentrated (to 104 c.c., 
to 76 c.c., and until salt began to separate) at 50° and the three 
successive crops were united and boiled with water (25 c.c.) con- 
taining norit. The undissolved portion yielded a further quantity 
of benzarsinous acid (1-8 g.), and the filtrate, on the addition of con- 
centrated hydrochloric acid, gave the desired amide (11-4 g.). This 
was recrystallised three times from hot water (28, 21, and 145 c.c.), 
concentrated hydrochloric acid (2 c.c.) being added to the clear 
solution in each operation (Found: loss at 140°, 23-8; As, 10-3; 
Na, 3:8. C,,H,,;0;)NS,AsNa,8H,O requires H,O, 23-2 for con- 
version into the arsenious oxide; As, 10-7; Na, 33%). 

1-Benzamido-3 : 6-disulpho-8-naphthol-4'-arsinic Acid (il).—A 
slightly alkaline solution of the foregoing arsinous acid (11°3 g. in 
150 c.c.) was treated with the calculated amount of hydrogen per- 
oxide, kept for 4 hour, and concentrated to 95 c.c. The mass of 
stout needles which separated was dissolved by warming, and the 
solution made acid to Congo-paper. On cooling, the desired 
arsinic acid (8-8 g.) separated in fine needles. This, together with 
a further amount (1-4 g.) obtained from the mother-liquor, was 
recrystallised from water (18 c.c.) with the addition of concentrated 
hydrochloric acid (4 c.c.) (Found: loss at 150°, 24-8; As, 10-0. 
C,7H,,0,,NS,AsNa,10H,O requires H,O, 24:6 for conversion into 
the dioxide; As, 10-2%). 

1-Benzamido-m-benzamido -3 : 6 -disulpho -8 -naphthol-4'’- arsinous 
Acid.— A solution of 1-m-aminobenzamido-8-naphthol-3 : 6-di- 
sulphonic acid (7-1 g.; Balaban and King, J., 1927, 90) in N-sodium 
hydroxide (40 c.c.) with benzene (10 c.c.) was treated with 0-5 c.c. 
portions of a solution of benzoyl chloride p-dichloroarsine (9-8 g-) 
in benzene until it no longer gave a red colour when diazotised and 
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coupled with 6-naphthol. After removal of the benzene, the liquid 
was made slightly acid to Congo-paper, filtered from benzarsinous 
acid (1-4 g.), and evaporated (to 35 c.c.) at 50°. After further 
filtration the liquid was saturated with sodium chloride and kept 
at 0° for 12 hours, and the crude arsinous acid was then removed 
and recrystallised from water (140 c.c.) by the addition of concen- 
trated hydrochloric acid at 50° until a slight turbidity was produced, 
The desired product separated in characteristic bunches of needles 
(Found: loss at 140°, 18-5; As, 9-0. C,,H,,.0,,N,S,AsNa,8H,O 
requires H,O, 19-9 for conversion into the oxide; As, 9-2%). 

1 - Benzamido- m - benzamido -3 : 6 -disulpho-8 - naphthol -4"' - arsinic 
Acid (I11).—The foregoing arsinous acid (3-5 g.) was dissolved in 
half-saturated sodium hydrogen carbonate solution (50 c.c.) and 
oxidised by the addition of 30% hydrogen peroxide (0-6 g.) in water 
(10 ¢.c.). After 4 hour, the liquid was made slightly acid to Congo- 
paper and saturated with sodium chloride. The precipitated 
arsinic acid was collected and crystallised by solution in water 
(18 ¢.c.) at 50°, followed by the addition of concentrated hydro- 
chloric acid (10 c.c.). On keeping, light pink needles of the required 
acid separated. These were again recrystallised by the use of 
water (15 c.c.) and hydrochloric acid (8 c.c.) (Found : loss at 140°, 
29-1; As, 7-5. C,.,H,,0,.N,S,AsNa,14H,O requires H,O, 28-7 for 
conversion into the oxide; As, 8-0%). 


Derivatives of p- and m-Benzarsinic Acids. 


Benzamide-p-arsenious Oxide.—Benzoyl chloride p-dichloroarsine 
(15 g.), dissolved in benzene (20 c.c.), was added slowly to 2N-aqueous 
ammonia (200 c.c.) and benzene (10 c.c.) with vigorous shaking. 
The precipitate, which began to separate after the first few addi- 
tions, was collected (11 g.). Acidification of the filtrate gave 
benzarsinous acid (1-1 g.). For purification the crude product was 
reprecipitated from 2N-sodium hydroxide. This arsenious oxide, 
like all the benzalkylamidoarsenious oxides examined, is insoluble 
in dilute ammonia and cold sodium hydrogen carbonate solution and 
does not show any visible crystalline structure (Found: N, 6-4; 
As, 35-7. C,H,O,NAs requires N, 6-6; As, 35-6%). 

Di(carboxymethyl) Benzamide-p-thioarsinite (XIII).—A suspension 
of the above arsenious oxide (1 g.) in boiling water (19 c.c.) was 
treated with «-thiolacetic acid (1-1 g.). The solid rapidly passed 
into solution and on cooling, fine needles (1-7 g.) of di(carboxy- 
methyl) benzamidethioarsinite, m. p. 168—169°, separated. It was 
recrystallised from boiling water (25 c.c.) containing a small amount 
of thiolacetic acid (Found: As, 20-1. C,,H,,0;NS,As requires As, 
19:9%). When titrated with iodine in the presence of starch, one 
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molecule of this substance reacts rapidly with four atoms of iodine 
in agreement with the formation of disulphidoacetic acid and 
benzamide-p-arsinic acid. When a slightly alkaline solution of the 
thioarsinite (0-41 g.) in sodium hydrogen carbonate solution was 
treated with half the quantity of hydrogen peroxide (0-13 g.) requisite 
for complete oxidation, the original material (0-21 g.) and benzamide- 
p-arsinic acid (0-08 g.) were readily isolated. 

The parent thioarsinite is readily hydrolysed, for a solution in 
aqueous sodium hydrogen carbonate gives an intense nitroprusside 
reaction and an aqueous solution of the free acid gives a transient 
blue colour with ferric chloride. These reactions are not due to 
traces of «-thiolacetic acid contaminating the crystalline material, 
since they are given by odourless samples of the thioarsinites which 
have been exposed to the air for several months. 

Benzamide-p-arsinic Acid (IV).—The corresponding arsenious 
oxide (11 g.) was suspended in water (70 c.c.) containing hydrogen 
peroxide (5-7 g. of 30% “‘ perhydrol ’’) and heated on the water-bath 
until solution was complete. On cooling, large plates of benzamide- 
p-arsinic acid (9-1 g.) separated, which were recrystallised from 
water (58 c.c.). The arsinic acid (7-1 g.) thus obtained is unmelted 
at 300° and forms crystalline barium and calcium salts (Found : 
N, 5-5; As, 30-4. C,H,O,NAs requires N, 5-7; As, 30-6%). 

Benzomethylamide-p-arsinous acid was prepared similarly by 
means of aqueous methylamine (Found: As, 30-6. CgH, 90O,NAs 
requires As, 30-3%). The corresponding arsinic acid crystallised 
from water in stout needles, unmelted at 300° (Found: N, 5-7. 
C,H,,0,NAs requires N, 5-4%). 

Benzodimethylamide-p-dichloroarsine.—Benzoyl chloride _ p-di- 
chloroarsine was allowed to react with aqueous dimethylamine in 
the usual way. After removal of benzene, addition of concen- 
trated hydrochloric acid gave a copious precipitate of small rectan- 
gular plates of benzodimethylamide-p-dichloroarsine, m. p. 192° 
(Found: As, 25-4. C,H, ,ONCI,As requires As, 255%). On 
oxidation in alkaline solution it gave benzodimethylamide-p-arsinic 
acid, m. p. 216—218°, which crystallised from water in small plates 
(Found: N, 5-0. C,H,,0,NAs requires N, 51%). 

Benzethylamide-p-arsinous acid was obtained when _ benzoyl 
chloride p-dichloroarsine in benzene was allowed to react at 0° with 
anhydrous ethylamine in benzene, and the mixture treated with 
acidified water (Found: As, 29-3. C,H,,0,;NAs requires As, 
29-2%). On oxidation it gave star-shaped leaflets of benzethyl- 
amide-p-arsinic acid, unmelted at 300° (Found : N, 5-3. CyH,,0,NAs 
requires N, 5-1%). 

Benzodiethylamide-p-dichloroarsine was prepared by digesting 
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benzoyl chloride p-dichloroarsine and diethylamine in boiling 
i benzene, the gum remaining on evaporation being dissolved in 
6 caustic alkali and extracted with ether to remove diethylamine. 
8 On addition of excess of concentrated hydrochloric acid to the residue 
e benzodiethylamide-p-dichloroarsine, m. p. 185—186°, was obtained 
- as a crystalline precipitate (Found: Cl, 21-8; As, 23-2. 
C,,H,,ONCI,As requires Cl, 22-0; As, 23:3%). On oxidation it 
n gave benzodiethylamide-p-arsinic acid, stout prisms, m. p. 193—195°, 
e from water (Found: N, 4-9. C,,H,,0,NAs requires N, 4-7%). 
it Benzo-n-propylamide-p-arsenious oxide was prepared similarly to 
0 the monoethy] derivative (Found : As, 29-6; N, 5-6. OC, 9H,,0,NAs 
1, requires As, 29-6; N, 5-5%). On oxidation it gave clusters of 
h needles of benzo-n-propylamide-p-arsinic acid, unmelted at 300° 
(Found: N, 4-8. C, 9H,,0,NAs requires N, 4-9%). 
18 Benzisoamylamide-p-arsenious oxide was prepared similarly 
on (Found: As, 26-5. C,,H,,0,NAs requires As, 26°7%). On 
th oxidation it gave crystalline benzisoamylamide-p-arsinic acid, almost 
e- insoluble in boiling water but, unlike the lower homologues, easily 
m soluble in ethyl acetate and in ethyl and methyl alcohols (Found : 
od N, 4-7. C,.H,,0,NAs requires N, 4-4%). 
1: Benzopiperidide-p-dichloroarsine was prepared from the reactants 
in boiling benzene solution. The residue obtained on removal of 
by the solvents was treated with chloroform in the presence of concen- 
As trated hydrochloric acid. The chloroform solution on concentration 


ed and addition of light petroleum gave benzopiperidide-p-dichloro- 
‘7. arsine, needles, m. p. 166—167° (Found : As, 22-4. C,,H,,ONCI,As 
requires As, 22-5%). It gave benzopiperidide-p-arsinic acid, needles, 
di- m. p. 230° (Found: As, 23-8. C, ,H,,0,NAs requires As, 24-0%). 


in Benzo-8-hydroxyethylamide-p-arsenious Oxide.—Benzoyl chloride 
en- p-dichloroarsine (7-1 g.), dissolved in benzene (20 c.c.), was allowed 
an- to react with a solution of ethanolamine (2-3 g.) in water (20 c.c.) 
92° and benzene (5 c.c.) with the concurrent addition of 2N-sodium 
On hydroxide (50 c.c.) in a manner similar to that used in the prepar- 
nic ation of benzamide-p-arsenious oxide. When the reaction was 


tes complete the liquid was made slightly acid to litmus, saturated 
sodium hydrogen carbonate solution (50 ¢.c.) added, and the solid 
oyl (6 g.) removed. Benzo-$-hydroxyethylamide-p-arsenious oxide is 
rith obtained in this way free from benzarsinous acid. It crystallises 
vith from a large volume of hot water or better from a mixture of ethyl 
As, | alcohol and water in clusters of small needles (Found: As, 29-5. 
hyl- CyH,,0,NAs requires As, 29-4%). On oxidation it gave benzo- 
NAS | §-hydroxyethylamide-p-arsinic acid (VIII), glistening leaflets, m. p. 
180° (efferv.) (Found: N, 4:7. C,H,,.0;NAs requires N, 4:8%). 

Ling Hippuryl Chloride p-Dichloroarsine (X1).—Treatment of benzoyl- 








684 GOUGH AND KING: TRYPANOCIDAL ACTION 


glycine-p-arsenious oxide (Hugouneng and Morel, J. Pharm. Chim., 
1913, 7, 383) with a chloroform solution of thionyl chloride did not 
give the required results. When a method similar to that used by 
Fischer (Ber., 1905, 38, 605) for the preparation of hippury! chloride 
was used, a crude hippuryl chloride p-dichloroarsine was readily 
obtained. The arsenious oxide (1 g.), suspended in freshly distilled 
acetyl chloride, was shaken with phosphorus pentachloride (2-5 g.) 
for 1 hour. The amorphous product (2-1 g.) was collected and 
washed with light petroleum (10 c.c.). Although attempts to 
purify it failed (Found : Cl, 34-6. C,H,0,NCI,As requires Cl, 31-1%), 
it could be used successfully for the next process. 

Benzoylglycine-ethylamide-p-arsinic Acid (XI1).—Finely powdered 
hippuryl chloride p-dichloroarsine (5-3 g.) was added to a solution of 
anhydrous ethylamine (4-2 g.) in dry ether (75 c.c.) cooled in a 
freezing mixture. After 2 hours, the solid was collected, ground 
with water (50 c.c.), and washed with sodium hydrogen carbonate 
solution. The product was suspended in hot water and treated 
with 30% hydrogen peroxide, and the resultant solution evaporated 
at 50° to 10 c.c. On cooling, elongated leaflets, which formed 
clusters, separated. These were recrystallised from boiling water 
(34 c.c.) (yield, 6-1 g.). Benzoylglycine-ethylamide-p-arsinic acid thus 
obtained melts at 270° (decomp.) (Found: N, 8-6. C,,H,;0;N,As 
requires N, 8-5%). 

Benzoylglycine-n-propylamide-p-arsenious oxide was prepared by 
the interaction of n-propylamine (0-4 g.) and hippuryl chloride 
p-dichloroarsine (0-3 g.) in ether (30 c.c.). The product was 
amorphous and very similar to its lower homologue (Found : N, 9-1. 
C,.H,;0,N,As requires N, 9-0%). 

8-Diethylaminoethyl Benzoate-p-arsinic Acid.—A_ solution of 
8-diethylaminoethanol (11-1 g.) and benzoyl chloride p-dichloro- 
arsine (7-1 g.) in benzene (50 c.c.) was cautiously prepared and 
refluxed for 14 hours. The suspension of waxy solid was shaken 
with water (50 c.c.), and the benzene removed under reduced 
pressure. After neutralisation of the residue with sodium hydrogen 
carbonate solution, the thick oil was dissolved by addition of ether 
(150 c.c.). The ethereal extract was dried but, after removal of 
the ether, all attempts to crystallise the crude arsinous acid, either 
as such or as the dichloroarsine hydrochloride, failed. In this 
behaviour it resembles its stovaine analogue (Fourneau and Ochslin, 
Bull. Soc. chim., 1912, 11, 912). The oil (4-7 g.) was therefore oxid- 
ised directly to the arsinic acid by means of hydrogen peroxide in 
aqueous suspension. The resultant solution was evaporated to 
dryness, and the residue extracted with boiling alcohol (20 c.c.); 
cautious addition of dry ether gave fine needles of 8-diethylamino- 
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ethyl benzoate-p-arsinic acid, m. p. 186° (decomp.) (Found: N, 3-7. 
C,,H.)»0;NAs requires N, 3-8%). 

Benzoyl Chloride m-Dichloroarsine.—m-Benzarsinous acid was 
prepared from m-aminobenzoic acid (50 g.) by the Bart reaction, the 
intermediate arsinic acid being reduced without isolation in the 
solid state, by sulphur dioxide in the presence of hydrochloric acid ; 
the yield varied between 35 g. and 52g. In preparing the trichloride, 
it was found that chilling the light petroleum extract (250—300 c.c.) 
of the distillation residue of the action of thionyl chloride on the 
arsinous acid in chloroform gave fluffy bunches of needles of benzoyl 
chloride m-dichloroarsine (27 g.), m. p. 54—55° (Found: Cl, 37-6. 
C,H,OCI1,As requires Cl, 37-:3%). 

m-Benzarsinous Acid.—The foregoing chloride (5 g.) was dissolved 
by ‘warming in 2N-sodium hydroxide (20 c.c.), and the solution 
made slightly acid to Congo-paper with hydrochloric acid. (Owing 
to the ease of formation of the dichloroarsine, excess of hydrochloric 
acid must be avoided.) A white mass of microscopic crystals of 
m-benzarsinous acid (4-2 g.) separated (Found : As, 32-3. C,H,O,As 
requires As, 32-6%). 

Benzoic Acid m-Dichloroarsine—m-Benzarsinous acid (1 g.) was 
dissolved in a boiling mixture of water (12 c.c.), ethyl alcohol 
(9 c.c.), and concentrated hydrochloric acid (7 c.c.), and a further 
quantity (4 c.c.) of hydrochloric acid cautiously added. An oil 
tended to separate on cooling, but was prevented by addition of 
more alcohol or by seeding with crystals of an externally crystallised 
sample. The resultant mass of white prisms was removed and 
washed with concentrated hydrochloric acid (Found: Cl, 26-6. 
C,H,;0,Cl,As requires Cl, 26-6%). This substance is more readily 
hydrolysed than many other dichloroarsines. 

Benzamide-m-arsenious Oxide.—This substance (12 g.) was pre- 
pared from the corresponding acid chloride and ammonia by the 
method employed for the p-isomeride and obtained as a micro- 
crystalline powder (Found: As, 35-4. C,;H,O,NAs requires As, 
35-6%). 

Benzamide-m-dichloroarsine.—The foregoing arsenious oxide (1 g.) 
was dissolved in a hot mixture of 3N-hydrochlorie acid (5-5 ¢.c.) 
and ethyl alcohol (5-5 c.c.), and concentrated hydrochloric acid 
(8 c.c.) slowly added at the boiling point. On cooling, large prisms 
of benzamide-m-dichloroarsine, m. p. 76—80°, separated (Found : 
Cl, 26-7. C,;H,gONCI,As requires Cl, 26-7%). On oxidation in 
alkaline solution it gave benzamide-m-arsinic acid, rhombic plates, 
unmelted at 300° (Found: N, 5-6. C,H,O,NAs requires N, 5-7%). 

Benzomethylamide-m-arsenious Acid.—This substance (5:2 g.) 
was obtained in the same way as its p-isomeride (Found : As, 30-6. 
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C,H,,0,NAs requires As, 30-9%,): on oxidation in alkaline solution 
it gave fine rods of benzomethylamide-m-arsinic acid, m. p. 238° 
(efferv.) (Found: N, 5-5. C,H, 90,NAs requires N, 5-4%). 

Benzisoamylamide-m-arsinic Acid.—When the corresponding 
arsinous acid was prepared by the same method as that used for 
the p-isomeride, a thick brown gum was obtained which remained 
partly solid after being kept for several days at 0°. Accordingly 
this impure product was oxidised directly to the arsinic acid by 
treatment with 30% hydrogen peroxide (3 g.) and 2N-sodium 
hydroxide solution (30 c.c.). The arsinic acid obtained resembled 
the p-isomeride in its solubilities in various solvents. It was finally 
purified by fourfold precipitation from its solution in saturated 
sodium hydrogen carbonate solution (yield, 6 g. from 7-1 g. of 
benzoyl chloride m-dichloroarsine) (Found: N, 4-5. C,,.H,,0,NAs 
requires N, 4-4%). 


Nuclear-substituted Benzamidearsinic Acids. Derivatives of 
Salicylic Acid 5-Arsinic Acid. 

5-Nitrosalicylic Acid.—The methods for the preparation of this 
acid have been critically examined by Raiziss and Proskouriakoff 
(J. Amer. Chem. Soc., 1922, 44, 784), but neither the method adopted 
by these authors nor those recorded in the literature gave satis- 
factory results. After many trials the following conditions were 
found to give the 5-nitro-acid consistently in 42% yield. Salicylic 
acid (100 g.) was slowly added (compare Meldola, Foster, and Bright- 
man, J., 1917, 111, 536) to a solution of nitric acid (100 c.c., d 1-42) 
in water (800 c.c.) heated on the water-bath. The contents first 
became dark, but on further heating (3-5 hours) a light yellow powder 
of 5-nitrosalicylic acid remained at the bottom of the flask. On 
cooling, a mass of fine needles also separated consisting chiefly of 
the 3-nitro-isomeride. The total solid was collected and boiled with 
water (400 c.c.), the liquid filtered hot, and the residue washed with 
boiling water (100 c.c.). The insoluble portion consisted of the 
5-nitro-acid, m. p. 228°. 5-Aminosalicylic acid was prepared from 
the nitro-acid by the method of Weil, Traun, and Marcel (Ber., 
1922, 55, 2665). 

Salicylic Acid 5-Arsinic Acid (XVI).—5-Aminosalicylic acid 
hydrochloride (50 g.) was dissolved in water (400 c.c.) and concen- 
trated hydrochloric acid (55 c.c.) and diazotised by the addition of 
10% sodium nitrite solution (210 c.c.) in the presence of ice chippings 
(500 g.). A solution of arsenious oxide (30 g.) in 4% aqueous 
sodium hydroxide (400 c.c.) was then slowly added to the resultant 
suspension of diazo-oxide, and after the subsequent addition of 
freshly precipitated copper (prepared from 50 g. of copper sulphate) 
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the mixture was slowly made faintly alkaline to litmus paper. After 
12 hours and readjustment of the reaction from time to time, the 
liquid was treated with 40% sodium hydroxide solution to decom- 
pose complex copper salts and filtered. The filtrate was made acid 
to Congo-paper and evaporated under reduced pressure at 50° to 
400 c.c. A mass of cream-coloured needles of salicylic acid 5-arsinic 
acid (24 g.) separated on cooling and a further amount (8 g.) was 
obtained by saturating the mother-liquor with sodium chloride and 
keeping it at 0°. The total product was dissolved in 2N-ammonia, 
treated with norit, and precipitated at 90° with hydrochloric acid 
and finally recrystallised from boiling 50% aqueous methyl alcohol. 
The acid showed all the properties assigned to it by Kahn and 
Benda (Ber., 1908, 41, 3863), who prepared it from o-toluidine (see 
also O. and R. Adler, Ber., 1908, 41, 933; Karrer, ibid., 1915, 48, 
1061). So prepared, it crystallises with one molecule of water of 
crystallisation (Found in air-dried material: loss at 100°, 6-9; 
As, 26-7. Cale. for C,H,0,As,H,0: H,O, 6-4; As, 26-8%). 

Salicylic Acid 5-Arsinous Acid (XX).—A solution of the above 
arsinic acid (2 g.) in water (10 c.c.) and concentrated hydrochloric 
acid (1 c.c.) was saturated with sulphur dioxide in presence of a 
trace of potassium iodide. After 24 hours, a cream-coloured powder 
of salicylic acid 5-arsinous acid (1-6 g.) separated (Found : As, 30-2. 
C,H,O,;As requires As, 30-5%). 

Salicylic Acid 5-Dichloroarsine (X1X).—Salicylic acid 5-arsinic 
acid (7 g.) was dissolved in a boiling mixture of ethyl! alcohol (7 c.c.), 
water (15 c.c.), and concentrated hydrochloric acid (40 c.c.), a small 
crystal of potassium iodide added, and the solution saturated with 
sulphur dioxide. The oil which separated at first rapidly solidified 
to a mass of compact prisms. After 4 hours, it was collected 
(6-8 g.) and recrystallised by dissolution in the minimum volume of 
boiling 50% aqueous methyl alcohol, followed by the addition of 
concentrated hydrochloric acid until a turbidity was produced 
(Found: As, 26-4. C,H;0,Cl,As requires As, 26-5%). 

Methyl Salicylate-5-arsinic Acid (XVII).—The esterification of 
salicylic acid 5-arsinic acid by the Fischer-Speier method proceeds 
very slowly in 1:5% methyl-alcoholic sulphuric acid; if a 10% 
methyl-alcoholic solution of salicylic acid 5-arsinic acid containing 
10% sulphuric acid is used, the methyl ester may be obtained in 
70% yield after 3 hours’ refluxing. The ester is most conveniently 
isolated by removing nearly all the methyl alcohol under reduced 
pressure at room temperature, followed by addition of water (equal 
in volume to the residue). Methyl salicylate-5-arsinic acid, m. p. 208° 
(efferv.), crystallises from 4 parts of boiling 50°% methyl alcohol in 
small prisms (Found: MeO, 9-4; As, 27-3. C,H,O,As requires 
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MeO, 11-2; As, 27-2%). If the solution is refluxed for a longer 
period or if more sulphuric acid is used, some of the arsinic acid 
decomposes with formation of arsenious oxide. Saturation of a 
boiling 10° methyl-alcoholic solution of the arsinic acid (7 g.) with 
dry hydrogen chloride, followed by removal of most of the methyl 
alcohol, causes crystals of methyl salicylate-5-dichloroarsine (2 g.) 
to separate. Addition of water (20 c.c.) to the filtrate from this 
product gives methyl salicylate-5-arsinic acid (5 g.). 

Methyl Salicylate-5-dichloroarsine (XVILI).—(i) From salicylic 
acid 5-arsinous acid. The arsinous acid (10 g.), dissolved in 
anhydrous methyl alcohol (15 c.c.), was heated with dry hydrogen 
chloride at 10° until saturated. After 4 hours, methyl salicylate 
5-dichloroarsine (10 g.) had separated and was crystallised from 
boiling benzene. (ii) From salicylic acid 5-dichloroarsine. Salicylic 
acid 5-dichloroarsine (5-1 g.) was dissolved in dry methyl aleohot 
(6 c.c.) and saturated with hydrogen chloride at 10°. The mass of 
crystals was removed after 2 hours and a further amount was 
obtained by adding concentrated hydrochloric acid (5 c.c.) to the 
filtrate. The total yield was 4-6 g. When crystallised from boiling 
benzene, methyl salicylate-5-dichloroarsine, m. p. 168°, was obtained 
in small prisms. It proved to be identical both with that obtained 
from salicylic acid 5-arsinous acid and with that obtained in the 
treatment of salicylic acid 5-arsinic acid with methyl-alcoholic 
hydrogen chloride (Found: MeO, 82; Cl, 23-8; As, 25-7. 
C,H,0,Cl,As requires MeO, 10-5; Cl, 23-9; As, 25-3%). This 
substance is soluble in sodium hydroxide, but in sodium hydrogen 
carbonate solution a white solid (methyl salicylate-5-arsinous acid) 
remains after the effervescence has ceased. When it is treated with 
ammonia at room temperature, extensive decomposition takes place. 

Methyl salicylate-5-arsinic acid may be conveniently prepared 
from this dichloroarsine; it is essential, however, to keep the 
reaction mixture at 0° during the manipulations, otherwise most 
of the product consists of the carboxylic acid. The dichloroarsine 
(5-1 g.) was ground under saturated sodium hydrogen carbonate 
solution (10 c.c.), removed, suspended in a further quantity of this 
reagent (20 c.c.), and slowly treated with 30°, hydrogen peroxide 
(2-2 g.) in water (10 c.c.). After being kept at 0° for 1 hour, the 
liquid was made acid, and the precipitated methyl salicylate-5-arsinic 
acid collected (3-1 g.). 

Salicylamide-5-arsinic Acid (XIV).—A suspension of the finely 
ground methyl ester (6 g.) in methyl alcohol (15 c.c.) and aqueous 
ammonia (20 c.c., d 0-88) was heated in a sealed tube at 100° for 
5 hours. The free ammonia and part of the solvents were removed 
under reduced pressure at 50° and the residual solution was made 
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faintly acid to Congo-paper. Large rhombs separated slowly on 
keeping. ‘They were purified by dissolving them in the smallest 
amount of 2N-ammonia, adjusting the reaction to faint acidity to 
litmus, and treating the solution with charcoal. When it was made 
‘faintly acid to Congo-paper, salicylamide-5-arsinic acid, unmelted 
at 300°, separated (yield, 3-9 g.) (Found: N, 5-6. C,H,O,;NAs 
requires N, 5-4°%). This amide is much more soluble in dilute 
hydrochloric acid than in water. 

m-Xylyl-4-arsinic Acid.—This acid has been previously prepared 
by Michaelis from tri-m-xylylarsine (Annalen, 1902, 320, 333). 
After numerous trials the following conditions were found satis- 
factory for its preparation from m-4-xylidine. A solution of 
m-xylidine (40-5 g.) in concentrated hydrochloric acid (60 c.c.) and 
water (150 c.c.) was diazotised with 10%, sodium nitrite (210 ¢.c.) 
in the presence of ice-chippings (450 g.). This solution was run 
into another consisting of arsenious oxide (45 g.) and 50° aqueous 
sodium hydroxide (160 c.c.) in water (750 c¢.c.) which. had, just 
previously been heated to 90°, and 20% aqueous copper sulphate 
(20 c.c.) added. The mixing was complete in 15 minutes and after 
an hour the liquid was made weakly acid to litmus paper and 
filtered from tar. Evaporation of the filtrate (to 700 c.c.), followed 
by acidification to Congo-paper, gave cream-coloured m-xylyl-4- 
arsinic acid (42-6 g.) which was sufficiently pure for oxidation. One 
crystallisation from 20% aqueous alcohol gave fine elongated leaflets, 
m. p. 210—212° (Michaelis gives m. p. 210°). 

isoPhthalic Acid 4-Arsinic Acid (XXI).—This acid was also 
obtained by Michaelis (Joc. cit.) by oxidation of the corresponding 
xylylarsinic acid with permanganate. The large volumes used by 
Michaelis can be avoided by the following process (compare Masch- 
mann, Ber., 1924, 57, 1763). A vigorously stirred solution of 
m-xylyl-4-arsinic acid (23 g.) in 0-2N-sodium hydroxide (500 c.c. ; 
1 mol.) was treated with small amounts of finely powdered _per- 
manganate (35 g.) at 70—75° over a period of several hours. The 
solution was finally boiled and any excess of permanganate destroyed 
by alcohol. After filtration the press-cake was re-extracted twice 
by suspending it in 500 c.c. of 0-2N-sodium hydroxide and bringing 
the mixture to the boiling point with stirring. (The acid is retained 
tenaciously by the manganese oxides.) The combined filtrates 
were acidified to Congo-paper and concentrated. The total yield 
of acid was 73-4% of the theoretical. The purity of the successive 
crops obtained can be controlled by titration under standard con- 
ditions in comparison with a sample of the pure acid. 

Action of Thionyl Chloride on isoPhthalic Acid 4-Arsinic Acid.— 
The acid (5-8 g.) was gently boiled for 34 hours with excess (47 g.) 
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of freshly distilled thionyl chloride. The residue obtained on 
removal of the solvent was dissolved in dry toluene and added 
portionwise to 140 c.c. of chilled 2N-ammonia in a bottle and 
vigorously shaken. The toluene was removed under reduced pres- 
sure and perhydrol (2-3 g.) was added to the clear aqueous solution.’ 
On concentration to a small volume and acidification, isophthalamic 
acid 6-arsinic acid (XV) separated (yield, 4-45 g.). For analysis’ it 
was recrystallised from 30 volumes of boiling water, separating 
in well-formed glassy prisms (Found: loss at 100°, 5-9, 6-2. 
C,H,O,NAs,H,O requires H,O, 5-9%. Found in anhydrous acid : 
N, 49; As, 26-1. C,H,O,NAs requires N, 4:85; As, 25-9%). 
This acid also crystallises in short needles. Both forms are unmelted 
at 300°. 

Action of Phosphorus Pentachloride on isoPhthalic Acid 4-Arsinic 
Acid.—(a) With 5-5 molecular proportions of phosphorus penta- 
chloride. Finely powdered isophthalic acid 4-arsinic acid (5-8 g.} 
was mixed with 22-9 g. of phosphorus pentachloride.and after the 
vigorous reaction had subsided, during which chlorine was evolved, 
the product was heated in an oil-bath at 110° (external temperature) 
for 3 hours. The phosphorus oxychloride was distilled off under 
reduced pressure and the residue, dissolved in sodium-dried toluene, 
was added portionwise to 160 c.c. of chilled 2V-ammonia with 
vigorous shaking. The toluene was separated, and the aqueous 
layer extracted once more with benzene. The combined extracts, 
evaporated to dryness, left 0-05 g. of 3: 4-dichlorobenzamide, 
m. p. 163° (see below, section 6). The aqueous layer was evaporated 
at 50° to a small volume and deposited 0-8 g. of crude 4-chloro- 
isophthalamide (XXII), m. p. 223—226°. This amide is soluble in 
17 parts of boiling water and crystallises in needles, elongated 
leaflets, and in square plates, m. p. 232—233° (Found: N, 14-2. 
C,H,O,N,Cl requires N, 14:1%). On hydrolysis with boiling 
N-potassium hydroxide solution it gave 4-chloroisophthalic acid. 
This acid is very sparingly soluble in boiling water, requiring 130 
parts for solution. It crystallises therefrom in fine needles, m. p. 
290—292° (Found: equiv., 104. Cale., 100-3). In its properties 
it accords best with those given by Ullmann and Uzbachian (Ber., 
1903, 36, 1799). 

The mother-liquor of the chloroisophthalamide was made dis- 
tinctly alkaline by the addition of sodium hydroxide and perhydrol 
(2-3 g.) was added. On acidification the half-amide of isophthalic 
acid 4-arsinic acid (3-25 g.) separated, identical with that obtained 
by the use of thionyl chloride. 

(b) With 6-5 molecular proportions of phosphorus pentachloride. 
The acid (10-75 g.) was mixed with powdered phosphorus penta- 
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chloride (50 g.) in a small distillation flask, and the chlorine and 
phosphorus oxychloride produced were allowed to distil off. The 
flask was then immersed in an oil-bath kept at 150—160° for 5 hours. 
Most of the phosphorus oxychloride had distilled off at the end of 
the first hour’s heating. The product was worked up similarly to 
the foregoing. The benzene-toluene extract on evaporation de- 
posited 0-25 g. of crude 3 : 4-dichlorobenzamide, m. p. 140—156°, 
which on recrystallisation from 15 c.c. of water separated in large 
leaflets, m. p. 166—168°. Of this, 0-05 g. was hydrolysed by boiling 
N-potassium hydroxide (1-25 c.c.) and on acidification gave 3 : 4-di- 
chlorobenzoic acid as a felt of microscopic crystals. It was 
recrystallised from a large volume of boiling water and separated 
in microscopic pointed leaflets, m. p. 211—212°. The amount 
available was insufficient for complete analysis, but 0-0372 g. on 
titration required 2-05 c.c. of N/10-alkali, whereas the calculated 
figure is 1-95 c.c. 

The aqueous layer, freed from ammonia and toluene by distil- 
lation at 40°, gave 4-chloroisophthalamide (6-0 g.), m. p. 223—227°; 
the mother-liquor on concentration gave a further 0-65 g. of the 
same substance. No other product could be found. 

Methyl isoPhthalate-4-arsinous Acid.—isoPhthalic acid 4-arsinic 
acid (20 g.) was suspended in 150 c.c. of dry purified methyl alcohol 
(wood spirit), and a current of dry hydrogen chloride passed till 
saturation was complete at 0°. The clear dark brown solution was 
then heated for 5 hours under reflux, the passage of dry hydrogen 
chloride being continued. During this process a dark lower layer 
containing methyl isophthalate-4-dichloroarsine separated. The 
major portion of the supernatant layer was removed by heating 
under reduced pressure, and the residue poured into 250 c.c. of 
saturated sodium hydrogen carbonate solution cooled below 0°. 
The insoluble grey rubbery mass gradually disintegrated and solidi- 
fied. It consisted of almost pure methyl isophthalate-4-arsinous acid 
(yield, 19 g.) (Found: MeO, 15-1; As, 24-6. C, 9H,,0,As requires 
MeO, 20-5; As, 248%). Treatment of this ester with aqueous 
methyl-alcoholic ammonia at 100° led to extensive decomposition. 

Methyl isoPhthalate-4-arsinic Acid.—The arsinous acid (19 g.) 
was suspended in water (50 c.c.) at 0° and treated with sodium 
hydrogen carbonate (2-2 mols.) and 30% hydrogen peroxide (1-1 
mols.). Rapid effervescence occurred and when solution was 
complete acidification gave microscopic square plates of methyl 
isophthalate-4-arsinic acid (20-5 g.) (Found: As, 23-6. Cj, H,,0,As 
requires As, 23-6%). This acid is fairly readily soluble in hot water 
and crystallises therefrom in long needles, which effervesce at 196— 
197° and then rapidly resolidify. The plate form of crystal 
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effervesces at 185° and then rapidly resolidifies (anhydride form- 
ation). 

Methyl isoPhthalate 4-Arsinetetrachloride.—'The dicarboxy-acid 
(5 g.) was suspended in 35 c.c. of synthetic methyl alcohol at —5°, 
and the liquid saturated with dry hydrogen chloride. The acid 
dissolved after 1 hour and after a few more hours pale yellow needles 
began to separate. When separation was complete the solid was 
rapidly collected, washed with sodium-dried ether, and quickly 
dried in a vacuum. The arsinetetrachloride (2-5 g.) is highly hygro- 
scopic and has m. p. 110—115° (efferv.) (Found: Cl, 31-7. 
C,9H,O0,Cl,As requires Cl, 346%). The low chlorine content 
indicates slight hydrolysis to the oxychloride, since the product 
was free from tervalent arsenic compounds. When added to 
saturated sodium hydrogen carbonate solution at 0°, it rapidly 
dissolved and on acidification gave methyl isophthalate-4-arsinic 
acid, identical with the product described above. Characteristic 
is its separation in microscopic plates on acidification but in needles 
when recrystallised from water. 

Action of Ammonia on Methyl isoPhthalate-4-arsinic Acid.—Methy] 
tsophthalate-4-arsinic acid (28-4 g. of the plate form) was added 
to 284 c.c. of ammonia (d 0-88) previously cooled to —5°. The 
mixture was kept below 0° for 14 days, during which the gelatinous 
ammonium salt which originally separated had disappeared with 
formation of a loose powder. The ammonia was removed as far 
as possible at room temperature and then, with some concentration 
of the solution, at 45°. On strong acidification to Congo-paper, a 
large crop of crystals separated, and on concentration of the mother- 
liquor at 50° further crops were obtained, making 25-2 g. in all. 
This material was subjected to fractional crystallisation, the more 
sparingly soluble fractions (16-0 g.) consisting of isophthalamic acid 
6-arsinic acid identical with that obtained previously. The more 
soluble fractions were further carefully fractionated, and the nitrogen 
content and titration equivalents determined. They consisted 
mainly of the above half-amide mixed with varying proportions of 
esters. There was no evidence for the presence of a diamide in any 
fraction. 

If the original solution is not acidified strongly to Congo-paper, 
the product contains an acid ammonium salt of isophthalamic acid 
6-arsinic acid which, being readily soluble in water, separates in the 
later fractions. It crystallises in fine silky needles (Found: N, 
8-9. C,H,,0,N,As requires N, 9-1%). The use of methyl-alcoholic 
ammonia at higher temperatures was no more successful. 
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Derivatives of Sulphophenylarsinic’ Acid. 
Benzenesulphonyl Chloride p-Dichloroarsine (XXV).—p-Sulpho- 
phenylarsinic acid (13-2 g., prepared as described by Hewitt, King, 
and Murch, J., 1926, 1369) was suspended in carbon tetrachloride 
(132 c.c.), and phosphorus pentachloride (58 g.; 6 mols.) added. 
On warming, hydrogen chloride and chlorine were rapidly evolved. 
After 1-5 hours’ refluxing, the substances volatile at 50°/20 mm. 
were removed and the residue was poured into a mixture (200 c.c.) 
of equal volumes of concentrated hydrochloric acid and water. The 
precipitated oil rapidly solidified (13-1 g.) and when dry was crystal- 
lised from benzene. Benzenesulphonyl chloride p-dichloroarsine 
separated in stout rhombs (Found: Cl, 33-2. C,H,0,CI,SAs 
requires Cl, 33-1%). 

Benzenesulphonyl Chloride p-Arsenious Oxide.—The corresponding 
dichloroarsine (1 g.) was ground with water and kept for 12 hours. 
The amorphous product was pure benzenesulphonyl chloride 
p-arsenious oxide (0-8 g.), almost insoluble in water or organic 
solvents (Found: Cl, 13-5. C,H,O,CISAs requires Cl, 13-3%). 
The aqueous filtrate contained a small quantity of deliquescent 
p-sulphophenylarsinous acid, which may be more readily prepared 
by boiling either of the sulphonyl chloride compounds with water 
and evaporating the resultant solution repeatedly to dryness with 
water. 

Benzenesulphonamide-p-arsenious Oxide (XXVI).—Benzene- 
sulphonyl chloride p-dichloroarsine (5-8 g.), dissolved in benzene 
(15 c.c.), was slowly added to 2N-aqueous ammonia with vigorous 
shaking. Towards the end of the reaction a white solid separated 
(2 g.), and a further precipitate (2-6 g.) was obtained by removing 
the benzene and evaporating the aqueous solution (to 30 c.c.). The 
united crops were dissolved in hot sodium hydrogen carbonate solu- 
tion and precipitated with acid. Benzenesulphonamide-p-arsenious 
oxide is an amorphous substance which is much more soluble in 
water than the corresponding benzamide compound (Found: As, 
28-2. C,H,O,NSAs requires As, 28:3%). On treatment with 
hydrochloric acid it is readily converted into benzenesulphonamide- 
p-dichloroarsine. For the preparation of this substance sufficient 
ethyl alcohol was added to a suspension of the arsenious oxide 
(1 g.) in water to give a clear solution on boiling, and concentrated 
hydrochloric acid (15 c.c.) slowly added. On cooling, a mass of fine 
needles (0-82 g.) separated, m. p. 176—178° (Found: Cl, 23-3; 
As, 25-0. C,H,O,NCI,SAs requires Cl, 23-5; As, 24-8%). 

Benzenesulphonamide-p-arsinic Acid (XXVII).—A suspension of 
benzenesulphonamide-p-arsenious oxide (8-7 g.) in water (30 c.c.) 
was mixed with a solution of 30° hydrogen peroxide (4-4 g.) in 
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water (20c.c.). The mixture became hot, most of the solid dissolved, 
and the undissolved portion became crystalline. The reaction was 
completed by heating until a clear solution was obtained. On 
allowing the liquid to cool, stout rhombic tablets of benzenesulphon- 
amide-p-arsinic acid separated. They were recrystallised from 
boiling water (60 c.c.) and gave 6-7 g. of pure amide (Found : N, 4-8. 
C,H,0O;NSAs requires N, 5-0%). 
NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 
HAMPSTEAD, N.W. 3. [ Received, January 27th, 1930.] 





XC.—The Heats of Association of Acetic and 
Heptoic Acids in the Vapour State. 


By (Miss) Tempe M. Fenton and WILLIAM EpwarpD GARNER. 


THE work of Ramsay and Young on the vapour pressures and vapour 
densities of acetic acid (Sci. Proc. Roy. Dublin Soc., 1910, 12, 374; 
J., 1886, 49, 790) showed that this substance was associated in the 
vapour state, and that the degree of association decreased with 
increase in temperature. It is possible to calculate an approximate 
value for the heat of association from their data by means of the 
equation d log K,/dT = — Q,/RT?. We have now repeated this 
work and our results are in better concordance with one another 
than are those of the above authors; the values of Q, found from 
the two investigations are 12,420 and 13,790 cals. per g.-mol., 
respectively. 

The primary object of the present investigation was to determine 
Q, for acids with longer chains, with a view to obtain evidence as to 
the nature of the linkage between the molecules of acids. The heat 
of vaporisation of acetic acid at 110° is less than one-half of Q, 
(5,170 cals.; Young), which indicates that the forces holding the 
molecules together are greater than those causing condensation from 
the vapour to the liquid state. If the attachment is by means of the 
two carboxyl groups to give double molecules, then Q, should 
approach a practically constant value as the homologous series of 
monobasic acids is ascended, and it would be expected that this 
constant value would be reached when the length of chain exceeded 
five or six carbon atoms. If, on the other hand, the association 
occurs by linking through the methylene groups, then the heat of 
association should increase with increasing length of chain. 

Accordingly, heptoic acid has been studied, and shown to be 
about 10% associated at its boiling point. A value for Y, has been 
determined, viz., 7,050 cals. per g.-mol., but on account of the low 
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degree of association, this is much less accurate than that of acetic 
acid. Thus the heat of association decreases with increase in chain 
length, a result which is in accord with the view that linking occurs 
through the carboxyl groups, and not through the hydrocarbon 
chains, and that the residual affinity of the carboxyl group decreases 
with increasing chain length. Acids with shorter chains must, 
however, be investigated before this conclusion can be substantiated. 


EXPERIMENTAL. 


Apparatus.—The modified form of Ramsay and Young’s appar- 
atus used in the present series of experiments consists of two Pyrex- 
glass tubes A and B, about 90 cm. long, standing 
in a gas-jar C containing mercury (Fig. 1) and 
bound together by copper wire, a short asbestos 
pad being inserted to keep them vertical. C is 
closed by a rubber bung which carries two other 
tubes, D and E. D is bent twice at right angles 
and serves to remove the excess mercury intro- 
duced during the setting up of the apparatus. 
E is connected by means of a piece of glass tubing 


Fie. 1. 


A and B were heated by the vapour from 
liquid boiling in the flask F, which is connected by 
a ground-glass joint to the cylindrical glass jacket 
G. The top of G has a side tube I connecting 
with a glass spiral open to the air and a tube 
leading back to the bottom of F. A spiral of 
nichrome wire is wound round the tube G, which 
is heated by an electric current. The wire is 
wound on strips of asbestos so placed as to leave 
a window in the back and front of the tube. G 
rests in a glass trough containing mercury, which 
consists of the top of a wide-mouthed bottle cut off near the top, the 
mouth being closed by a rubber bung through which A and B pass. 

The whole apparatus from I to K is enclosed in an asbestos-lined 
box, to protect it from draughts, which has glass windows back and 
front, the front window consisting of a calibrated glass scale. A 
fine mark was etched near each end of A, and the volume between 
these two marks determined for each cm. length of tube. 

The thermometers used were either standard or had been checked 
against standards, at or near the temperatures of the vapours used 
in the tube G. 

Materials.—Kahlbaum’s acetic acid was used, and its purity was 
determined by titration with N/10-sodium hydroxide which had 
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been standardised against pure crystallised succinic acid. The 
acid was found to be 99-2%, pure, and was then partly (about two- 
thirds) frozen, and the liquid separated. ‘This process was repeated, 
and the solidified acid used for the experiment. The weights of 
acid used were approximately 0-1, 0-07, and 0-08 g. in three series of 
experiments. 

Preparation of Tubes for Vapour-density Determination.—The 
tubes A and B were left for 24 hours full of freshly made chromic 
acid solution, and then repeatedly rinsed with distilled water and 
dried by a current of hot air. Dry mercury was poured into them 
to a depth of 5—6 cm. at a time, and each portion was boiled to 
expel any air trapped between the mercury and the walls. The 
two tubes (which had previously been pushed through the two 
bungs) were inserted in the gas-jar full of mercury and a weighed 
quantity of acetic acid contained in a small Victor Meyer bottle was 
introduced into the calibrated tube. The bung was then pushed 
firmly into the gas-jar C, the excess mercury being run out through 
the side tube D. The gas-jar was then anchored by copper wire to 
the sides of the tray in which the apparatus stood and a forked 
support attached to a heavy retort-stand was pushed under the 
bung closing the mercury seal. The tube E was connected to the 
pump and the apparatus was made gas-tight by means of melted 
gutta-percha at the glass-rubber connexion. 

The jacket and flasks were then fitted on, and the electrical 
heating was adjusted so that the temperature was about 10—20° 
below the boiling point of the jacketing liquid. The liquid in the 
flask was then boiled until steady circulation of the vapour occurred. 
The temperature was measured by means of three standardised 
thermometers suspended at intervals between the two experimental 
tubes. 

The pressure was obtained from the difference between the levels 
of the mercury in the two tubes. Since the temperature of the two 
tubes was the same, the vapour pressure of mercury and the density 
of the liquid mercury in the tubes were identical. The difference 
in level, multiplied by the density of mercury, therefore gave the 
pressure of the vapour of acetic acid. 

To read the mercury level, a diffuse light was placed behind the 
apparatus so that the meniscus showed black against it. The 
telescope was first adjusted so that the cross-wires touched the top 
of the meniscus, and then readjusted until the glass scale was in 
focus, whereupon the scale reading was taken, decimals of a milli- 
metre being determined by means of a vernier on the cathetometer. 
The volume was calculated from the height of mercury in the 
experimental tube and allowance was made for the volume of the 
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Victor Meyer bottle. The volume correction for expansion of the 
glass tube is negligible for the range of temperatures used. 

From these measurements the ratio of the apparent to the real 
molecular weight was determined by the formula 
Ra @ 22400 T 760 13-6 


= § 8 Ta 3 
where w = weight of acid introduced, M = molecular weight of 
acid, v = volume (in ¢.c.), p = observed pressure (in mm.), 7’ = 
absolute temperature of experiment, and 8 = density of mercury 
at 7'° Abs. 
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19 2 21 232 23 2 2 386 
10* x 1/7. 
I. Acetic acid (authors). I. Acetic acid (Young). 
Ill. Heptoic acid. 


Assuming that the association of acetic acid is due to the reaction, 
2CH,°CO,H == (CH,°CO,H),, we have for the equilibrium constant, 
Ky = pa,/Pa?, where p,, is the partial pressure due to double mole 
cules and p, that due to single molecules; therefore K ,= 
(R — 1)/p(2 — R)?. 

In Table I are collected the data for acetic acid (under the symbols 
defined abiiijetogether with the average value of K, calculated from 
K, = K, 60 . T. %4/273. 

The plot of log K, both for our results and for Young’s (J., 1886, 
4), 790) is given in Fig. 2, and it will be seen that, although both 
sets lie on straight lines, the two curves are not coincident. 


The average values of K, are employed in the calculation of the 
BB 
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heat of reaction at constant volume in the usual way and give the 
results shown in Table II. 
TABLE I. 


Data for acetic acid. 











No. of Mean 
expts. Series. v. p. T' —273 R. K, x 10°. | 
| ] 67°255 499-980 131-03° 1-380 197, 
] l 67-469 499-868 130-0 1-379 197 
l 2 60-575 25-724 132 1-320 163 
l 2 69-561 374-403 132 1-307 171 
1 2 70-785 369-460 132 1-301 167 44°16 
1 2 60-774 424-661 132 1-319 162 > 
4 2 61-265 416-139 131-9 1-335 181 
2 2 63-642 402°825 131-9 1-328 180 
1 3 57-632 463-490 131-93 1-339 167 
] 3 58-004 460-481 131-8 1-339 168 
4 3 57-979 460-210 131-9 1-341 170 
] l 74-292 550-836 154-9 1-209 64-2, 
3 2 64-224 475-852 155-73 1-185 58-5 
2 2 66-385 458-374 155-73 1-190 63-2 
2 2 68-199 448-378 155-73 1-184 61-8 16°86 
4 2 63-992 473-474 155-73 1-195 63-7 
4 3 62-438 505-594 156-05 1-206 64-8 
2 3 63-068 500-575 156-05 1-206 65-3 
3 2 68-753 517-218 183-83 1-089 20-6 
5 2 69-131 512-222 183-83 1-093 21-0 
4 2 70-544 500-467 184-2 1-097 23°9 
4 2 69-012 511-432 183-8 1-097 23-2 { 6-296 
3 3 66-911 556-007 183-9 1-099 21-8 ™ 
2 3 66-900 553-190 183-9 1-099 22-2 
l 3 67-240 552-257 183-9 1-095 21-1 
1 l 66-741 554-844 183-9 1-098 21-8) 
] 1 63-974 453-390 110-11 1-514 480. 
l 1 63-157 454-285 110-1 1-531 506 
l 1 63-688 453-659 110-1 1-520 496 
1 1 65-867 438-050 110-1 1-522 522 117-00 
3 2 71-227 306-000 110-5 1-444 469 
2 3 64-580 331-850 110 1-468 436 
2 2 55-373 379-600 110-8 1-499 524) 
TABLE II. 
Ke. K,,. Ap 7. Qe. 
44-16 16-86 404-68 428-70 13,800 
44-16 6-296 404-68 456-91 13,690 
117-00 44-16 383-24 404-68 14,000 
16-86 6-296 428-70 456-91 13,580 
117-00 16-86 383-24 428-70 13,900 
117-00 6-296 383-24 456-91 13,790 


Mean 13,790 


X-Ray evidence shows that, in the solid state, the carboxy] groups 
of adjacent molecules of monobasic acids are attached to one 
another, and it is not unlikely that the molecules of acetic acid are 
attached in a similar manner in the vapour state. On this view, the 


heat of association of acetic acid would be the heat of association 
of carboxyl groups, and the high value of this heat may be ascribed 
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to an atomic rearrangement occurring between these groups on 
association. 

Determination of the Heat of Association for Heptoic Acid.—The 
heptoic acid, obtained by repeated fractionation of a specimen from 
Kahlbaum, had been employed in a determination of heats of 
crystallisation, and melted at — 7-5°; its purity was found by 
titration to be 98-79%. 

The mode of heating the tube G was modified slightly, since, for 
the higher temperatures, the fall of temperature along the tube 
was about 5° when the vapour was distilling through it. The 
wiring was therefore readjusted until the electrical heating by itself 
gave a fall of only 6°; with the circulating vapour, this gave a 
satisfactorily constant temperature with a fall of about 1°, and the 
average temperature was taken. The three jacketing vapours used 
were aniline, benzyl alcohol, and methyl salicylate. The weights 
of acid used were 0-06 and 0-03 g. approximately. Table III gives 
the results obtained at four temperatures. Partly owing to the 
difficulty of maintaining constant temperatures at 200° and above, 
and partly owing to the low degree of association of heptoic acid, 
the values of K, are much less concordant than those obtained for 
acetic acid; and the corresponding values of Q, (Table IV) do not 


TABLE III. 





No. of Mean 
expts. Series. v. p. T —273°. R. Ky x 108. Ke. 
3 l 47-838 292-626 230-5° 1-084 350 
6 l 46-861 293-936 227 1-093 384 11-59 
l 2 39-163 203-481 225-5 1-067 379 
2 2 53-974 136-330 213-75 1-063 525). 14.93 
2 2 37-733 192-684 213-75 1-076 4595 
2 l 43554 292-806 206-3 1-130 587, 
2 l 51-840 252-525 206-3 1-098 479 
2 l 57-739 226-530 206-3 1-099 541 
2 ] 43-560 292-659 206-3 1-128 576 17-06 
2 2 41-851 168-673 207-12 1-091 650 
2 2 52-255 137:391 207-8 1-074 6: ” 
2 2 36-508 195-660 2105 1-084 
2 l 53-189 227-199 186-2 1-136 804 
2 l 62-637 197-001 185-2 1-101 sl 
2 l 64-352 189-424 185-2 1-124 851 20:17 
2 2 34-902 192-599 187-75 1-096 612 aialaah 
2 2 57-963 118-746 187-77 1-071 687 
2 2 34-964 193-021 191-00 1-100 640 
TABLE IV. 

a | P. T.. Q». 

17-06 11-59 480-23 500-66 9,030 

14-93 11-59 486-75 500-66 8,820 

17-06 14-93 480-23 486-75 9,470 

20-17 11-59 460-19 500-66 6,260 

20-17 17-06 460-19 480-23 3,670 

0-17 14-93 460-19 486-75 5,040 
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possess much value by themselves. Nevertheless, the results indicate 
that the heat of association of heptoic acid is decidedly lower than 
that of acetic acid. An investigation into the behaviour of acids of 
intermediate chain length would appear desirable. 


Summary. 

Acetic and heptoic acids have been shown to be associated in the 
vapour state and the heats of association have been calculated. 
For acetic acid, Q, = 13,790 cals. per g.-mol. over the temperature 
range 110—184°. For heptoic acid, Q, appears to vary with 
temperature; the average value between 185° and 230° is 7,050 
cals. per g.-mol. Since the heat of evaporation of acetic acid is only 
5,570 cals. per g.-mol., it is concluded that the double molecules are 
held together by forces analogous to those of chemical combination. 


THE UNIVERSITY, BRISTOL. [ Received, December 18th, 1929.] 


XCI.—A Simple Method for the Preparation of Maleic 
Anhydride. 


By FreprErick ALFRED MASON. 


MALEIc acid can now be obtained cheaply and conveniently on a 
commercial] scale by the catalytic oxidation of benzene, but the 
preparation of maleic anhydride by existing methods involves the 
use of an expensive dehydrating agent such as acetyl chloride or 
phosphoric oxide (compare Anschiitz, Ber., 1879, 12, 2281; 1881, 
14, 2789; 1882, 15, 641; Perkin, Ber., 1881, 14, 2547; 1882, 15, 
1073; Fittig, Annalen, 1877, 188, 87; Volhardt, ibid., 1892, 268, 
255; Tanatar, ibid., 1893, 273, 32; Van der Riet, ibid., 1894, 
280, 216). The anhydride cannot be prepared by heating maleic 
acid just above its melting point (Pelouze, Ann. Chim., 1834, 11, 
266), at 130° in a sealed tube (Skraup, Monatsh., 1893, 14, 500), 
at 190° (Tanatar, loc. cit.), or with water in a sealed tube (Skraup, 
Monatsh., 1891, 12, 107), the chief or sole product being fumaric 
acid in all cases; neither can it be prepared by distilling maleic 
acid rapidly in small quantities, since, according to Pelouze, the 
anhydride and the water in the distillate at once regenerate maleic 
acid. 

It has now been found that the anhydride may be obtained from 
the acid in excellent yield by distilling the latter with a neutral 
high-boiling solvent such as xylene or, better, tetrachloroethane. 
The water formed distils at once with the solvent and as soon as all 
the water is removed the residue is fractionated under reduced 
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pressure; the anhydride then distils in a pure form, only about 
10°, of the acid remaining behind as fumaric acid. 


EXPERIMENTAL. 

A mixture of 100 c.c. of tetrachloroethane and 100 g. of commercial 
maleic acid was heated, preferably in an oil bath, until 90 c.c. of 
distillate had been collected, consisting approximately of 75 c.c. 
of tetrachloroethane and 15 c.c. of water (theory requires 15-5 
c.c.), the temperature rising from 120° to 150° as indicated by a 
thermometer placed in the neck of the flask. The residue was then 
distilled until the thermometer indicated 190° (b. p. of anhydride 
197—199°), the receiver changed, and the residual anhydride 
distilled under reduced pressure, boiling at 82—84°/15 mm. (reduced 
pressure is desirable but not essential): 70 g. of anhydride were 
collected, and the middle fraction on refractionation gave a further 
5-5 g., the total yield being 75-5 g. or 89-5% of the theoretical. 
The residue (8-5 g.) of fumaric acid in the flask was removed with 
alcohol and still contained a small amount of anhydride. 

Similar results were obtained when xylene was used as the solvent, 
but the water came over much more slowly; for instance, the dis- 
tillate from a mixture of 50 g. of maleic acid and 100 c.c. of xylene 
contained 2 c.c.,3c.c., and 5-5 c.c. of water in 50 c.c., 70 c.c., and 
80 c.c. respectively. 

The anhydride so obtained has a boiling point of 197—199° 
(uncorr.) and a setting point of 52° (Fittig gives 196° and 60°). 
It is easily soluble in most organic solvents and crystallises well 
on cooling. On exposure to the air it absorbs moisture, re-forming 
maleic acid. 

Attention must be directed to the fact that the vapour of the 
anhydride, although having no perceptible odour at the ordinary 
temperature, attacks the mucous membrane of the nose and after 
some time causes inflammation:and a heavy catarrh of the nasal 
passages, the symptoms resembling those of a severe “ common 
cold.” 


The experiments were carried out in the Organic Chemical 
Laboratories at Oxford and thanks are due to Imperial Chemical 
Industries Ltd. for permission to publish the results. 


CoLLEGE OF TECHNOLOGY, 
MANCHESTER. [ Received, February 11th, 1930}. 
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XCII.—Further Degradative Experiments in the 
Morphine Group. 
By Ropert Srpney Cann. 


Tue following experiments are a continuation of earlier work (J., 
1926, 2562) which had as its object the preparation, with a view to 
later synthesis, of 3:4-dimethoxy-13-ethyloctahydrophenanthrene (I) 
from the natural alkaloids of the morphine group. They have had 
to be discontinued * short of ultimate success and are here placed 
on record for reference. 

The route chosen must give no opportunity for wandering of the 
ethanamine side chain from C13 to C14 or other positions (compare 
Schépf and Bardowsky, Annalen, 1927, 458, 148), and it is therefore 
worth noting that both dihydrothebainone, the initial material of 
the previous experiments, and dihydrothebaine, that of this series, 
undoubtedly contain the ethanamine chain attached to C13 and 
that no wandering was possible under the conditions of the later 
reactions. 


MeO’ + MeO N MeO/ * 
MeO 
Y ‘CH, / é\on Va, Oc 
vio, % Ae ( CH 
Ne, J | cad INZ 
H,C |, CH HC | CH HO Ct CH 
A | cu|—CH,-NMe, | on, | 
YA, Met, * ‘Hy MeO: Cy Aas 
. CH CH 
(I.) (II.) (III.) 


By heating the methiodide of dihydrothebainemethine + (IT) with 
amyl-alcoholic potassium hydroxide, Freund and Speyer (Ber., 1920, 
53, 2250) obtained the vinyl compound (III) mixed with a red 
impurity. They gave the melting point of (III) as 150—151°, but 
their analyses showed the product to be impure. The formation 
of the red impurity has been confirmed, but the vinyl compound 
has been obtained pure by transforming the methiodide by means 
of silver oxide into the methohydroxide and refluxing this in 
isoamyl-alcoholic solution ; the pure substance melts at 120—121°. 

Hydrochloric acid readily hydrolyses 6-methoxy-13-vinyltetra- 
hydromorphenol methyl! ether (III) to 6-keto-13-vinylhexahydro- 
morphenol methyl ether (IV), which absorbs two molecules of 


* The author’s skin became sensitive to the catalytic reduction products 
of thebaine. (Cure: frequent bathing with very hot boracic solution.) 
+ For nomenclature, see J., 1926, 2564, footnote. 
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hydrogen in the presence of platinised charcoal to give 6-keto-13- 
ethyloctahydromorphenol methyl ether (V). The ether bridge in (V) 


Meo \ MeO \ ‘ Meo \ \ 
H 
/ ovo Aca, Aca 
SS Te ae a H CH, 
[Ny fT Is | 
HC CHCH CH H,C } 
[ te | tied bie] 
OC CH, ; C , ‘H, 
\Z No ON ABs 
‘H, CH, CH, 
(IV.) (V.) (VI.) 


is reduced by aluminium amalgam and moist ether, yielding 6-keto- 


13-ethyloctahydromorphol 3-methyl ether (VI), which has been 
prepared by a different route by Wieland and Kotake (Annalen, 


1925, 444, 87). Neither method gives a good yield, probably 
because of partial reduction of the keto-group. Attempts to proceed 
further with the small quantity of (VI) available were unsuccessful. 
The methohydroxide of dihydrothebainemethine (II) on decom- 
posing gives only 30% of the vinyl compound (IIT), and 50% of 
the methine formed by loss of methyl alcohol can be recovered. 
The latter reaction was found to occur almost exclusively with 
three bases in the previous investigation (Cahn, loc. cit.), but reaches 
only negligible proportions in other cases, e.g., thebenol and theben- 
one. Notwithstanding certain apparent regularities, it seems im- 
possible to foretell the course of the degradation of these cgmplicated 
bases; for instance, hydroxydihydrocodeinonemethine, which is 
structurally intermediate between the examples mentioned above, 
may be compared with the base (II), giving 48°% of trimethylamine, 
whereas the closely related dihydromethylhydroxydihydrothebain- 
onemethine gives less than 10°/, (Freund and Speyer, J. pr. Chem., 
1916, 94, 185; Schopf, Annalen, 1927, 452, 256). The contra- 
dictions do not appear capable of explanation along the lines of 
the theoretical views of Ingold and his collaborators (J., 1927, 997; 
1928, 3125). In particular are they noteworthy when the deduction 
is drawn that the elimination of methyl alcohol from substances of 
the type R-CH,-CH,-NMe,}OH reaches a limit of 25% when R is 
n-butyl, and the statement is made (J., 1929, 2338) that there is 
no known instance of “a complete disappearance of the reaction 
leading to an olefin, a tertiary amine and water.” The consider- 
ation that the many-branched nature of the morphine radicals 
should increase the elimination of methyl alcohol applies equally to 
all these bases. 
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EXPERIMENTAL. 

All the analyses recorded in this paper are microanalyses made 
by Dr. Ing. A. Schoeller of Berlin. 

6-Methoxy-13-vinyltet?ahydromorphenol Methyl Ether (I11).—A hot 
solution of dihydrothebainemethine methiodide (14 g.) in methyl 
alcohol (350 c.c.) was poured on silver oxide (precipitated from 
7 g. of silver nitrate and washed free from alkali with water and 
then three times with methyl alcohol), cooled at once, shaken 
mechanically for 30 minutes, and filtered. The solvent was removed 
by distillation, and a solution of the residual oily quaternary 
hydroxide in isoamy] alcohol (140 c.c.) refluxed for 54 hours. After 
removal of the amy] alcohol in steam, an insoluble oil was obtained 
which readily solidified. It was collected and dissolved in hot 
glacial acetic acid, the solution poured into ether, and the whole 
shaken with water. On basification of the acid layer pure dihydro- 
thebainemethine (4-8 g.; 50% of the theoretical quantity) was 
precipitated. From the ethereal layer, dried over calcium chloride 
and evaporated, the vinyl compound (III) was obtained as a solid 
residue (2-5 g.; yield, 30%): on crystallisation from alcohol or 
slightly diluted acetic acid it formed colourless plates, m. p. 120— 
121° (Found: C, 76-2; H, 65; MeO, 21-9. Calc. for C,,H,,0, : 
C, 76-55; H, 6-4; 2MeO, 220%). The same substance was on 
one occasion obtained, mixed with small red prisms, by heating 
the quaternary hydroxide for 2 hours on the steam-bath and working 
up the product as above, but several attempts to repeat the 
experiment failed. 

6-Keto-13-vinylhexahydromorphenol Methyl Ether (1V).—Concen- 
trated hydrochloric acid (1-5 c.c.) and a solution of the dimethoxy- 
compound (IIT) (1-4 g.) in alcohol (14 c.c.) were heated together 
for 30 minutes on the water-bath and hot water was then added 
until a turbidity was produced. The ketone (IV) (1-36 g.), which 
was deposited on cooling, crystallised from alcohol in colourless 
elongated prisms, m. p. 149°. 

6-Keto-13-ethyloctahydromorphenol Methyl Ether (V).—A solution 
of the substance (IV) (1-2 g.) in alcohol (120 c.c.), containing 1 g. 
of charcoal on which the palladium from 0-2 g. of palladous chloride 
had been precipitated, was stirred in the presence of hydrogen. 
Absorption ceased after 275 c.c. of hydrogen (all volumes are 
corrected to N.T.P.) had been absorbed in 3 minutes. In a blank 
experiment the same amount of catalyst in alcohol (120 c.c.) adsorbed 
81 c.c. The effective absorption was therefore 194 c.c. (2 mols. = 
191 c.c.). After the reduction the solution was filtered and con- 
centrated to small bulk; on cooling, substance (V) (1-1 g.) was 
deposited in clusters of rods, m. p. 113° (Found: C, 74-9; H, 7:3. 
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C,;Ho903 requires C, 74-9; H, 7-4%). The semicarbazone, crystal- 
lised from a little alcohol, melted at 191° after previous sintering 
(Found : N, 12-75. C,,H,,0,N; requires N, 12-8%). 

6-Keto-13-ethyloctahydromorphol 3-Methyl Ether (V1).—Freshly 
amalgamated aluminium (8 g.) was added to a solution of the 
substance (V) (0-5 g.) in wet ether (50 c.c.) and drops of water 
were added occasionally with shaking during 16 hours. After 
filtration and evaporation of the solvent the substance (VI) was 
obtained as an oil which soon solidified; after two crystallisations 
from alcohol it formed long prisms, m. p. 148—150° (Wieland and 
Kotake, loc. cit., give 148—150°). The low yield (0-25 g. after one 
crystallisation) was doubtless due to partial reduction of the keto- 
group, for in a later experiment with a larger proportion of amalgam 
the eily product would not solidify. In attempts to eliminate the 
oxygen from ring III the crystalline material and the oily product 
were subjected to reduction by Clemmensen’s method, but an 
uncrystallisable oil was obtained in both cases. These last oils did 
not yield well-defined products when refluxed in benzene solution 
with methyl sulphate or methyl iodide in the presence of potassium 
carbonate. An attempt to methylate the crystalline substance (VI) 
by methyl sulphate and sodium hydroxide solution also failed. 


The author is indebted to the Department of Scientific and 
Industrial Research for a grant, by the aid of which the early part 
of this work was carried out. 


THE UNIVERSITY, MANCHESTER. 
THe Ea@yretian UNIVERSITY, CArRo. [ Received, February 12th, 1930.] 





XCIII.—Influence of Poles and Polar Linkings on 
the Course pursued by Elimination Reactions. 
Part VII. A Generalised Form of the Olefinic 
Degradation of Sulphones. 


By GrorrrEy WILLIAM FENTON and CHRISTOPHER KELK INGOLD. 


It was shown in Parts III and IV (J., 1928, 3127; 1929, 2338) that 
sulphones in the presence of concentrated potassium hydroxide 
solution undergo a degradation the mechanism of which is almost 
certainly identical in type with that which was applied in Parts 
I and II (J., 1927, 997; 1928, 3125) to the decomposition of 
quaternary ammonium hydroxides. The normal products of the 
degradation of sulphones are an olefin and a sulphinic acid, and the 





facility with which the reaction proceeds depends on the extent to 
BB2 
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which the C,-C,, part of the alkyl group ultimately eliminated as 
an olefin activates or de-activates the $-hydrogen atom attacked 
by hydroxide ion : 


9 
pylon er >» R-CH:CH, + SO,Alk + H,0. 
R—>CH-—CH,—SO, Alk 
B a 


The straight arrow in the formula represents a de-activating 
effect, because electron-repulsion towards Cz must diminish the 
tendency of the §-hydrogen atom to separate in the kationic form ; 
and in this connexion it was observed that, under the conditions 
used, the reaction became sluggish or failed altogether when R. was 
a higher alkyl group than methyl. It also failed if there were two 
de-activating groups attached to Cs, even when these were only 
methyl groups. Although substitution at C, is not expected ad- 
versely to affect the degradation to any marked extent (the investig- 
ation of diisopropylsulphone supports this assumption), the reaction 
in the form in which we have described it is evidently far from 
being as general as the corresponding decomposition of quaternary 
ammonium hydroxides, and this is in agreement with the smaller 


electron-affinity of -SO,R than of -NR, (see Parts III and IV). 

Obviously, however, the sulphone degradation might be made 
general by the use of a more basic anion (?.e., one with greater 
proton affinity) than hydroxide; and for this purpose the methoxide 
and ethoxide ions suggested themselves (Ingold and Shoppee, J., 
1929, 447; Kon and Linstead, ibid., p. 1269). 

We find that the degradation can readily be generalised by the 
replacement of aqueous potassium hydroxide by alcoholic sodium 
ethoxide : all the sulphones which resisted the former reagent have 
been found to undergo the degradation in the presence of the latter. 


No. Sulphone. Olefin. KOH. NaOEt. 
1 Pheny]l-f- eonpeeiaee" te a ‘ * 
2 Diethyl Ethylene * * 
3 Ethyl-n-propyl %» — 
4 Ethylisoamy! = sa — 
5 Ethyl-n-octyl sie * — 
6 Diisopropyl Propylene 7” — 
7 Di-n-propyl i. * * 
8 Di-n-butyl A*-n-Butylene Little action ° 
9 Di-n-octyl A*-n-Octene No action - 

10 Ditsoamyl A*-isoAmylene is * 

ll Diisobutyl isoButylene os ° 


* With potassium hydroxide the products were styrene, benzene, and 
sulphur dioxide, but when sodium ethoxide was used the benzenesulphinic 
acid formed was isolated as such. In all the other cases the sulphinic acid 
was obtained with either reagent. 


The above is a tabular summary of the observations recorded 
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in Parts III and IV and in this paper. The examples studied are 
arranged in order of the theoretically anticipated inhibition to the 
elimination of the olefin formed. A star indicates that degradation 
by the reagent indicated has been observed, and a line that the 
corresponding experiment was not tried. 


EXPERIMENTAL. 

Preliminary Experiments.—Di-n-octylsulphone (Part Il) was 
used because the liquid olefin -octene could scarcely be confused 
with any unsaturated substance which might arise from the sodium 
ethoxide. The sulphone (4 parts), freshly prepared sodium ethoxide 
(10 parts), and alcohol (1-5 parts) were heated in a metal bath and 
the products were passed through water and bromine and into a 
eudiometer. Reaction occurred at just below 200° (bath tem- 
perature) and an oily product, but no gas, was evolved. The 
liquid product was identified by its b. p. 122—-123°, and by conversion 
into its dibromide, as A*-n-octene. In a similar experiment the 
bath temperature was carried to 300° after the subsidence of the 
original reaction; and at this temperature both saturated and 
unsaturated gases were evolved. The unsaturated gas was repre- 
sented by a smail amount of oil which was obtained after destruction 
of the excess of bromine in the bromine trap. The gas collected in 
the eudiometer contained oxygen, nitrogen (which was used for 
sweeping), and hydrogen, but no hydrocarbons. The n-octene 
obtained in this experiment (yield, 50° ; b. p. 120—125°) gave, on 
ozonolysis, formaldehyde as volatile product and an oil having the 
odour of heptaldehyde. We conclude that the gaseous products 
evolved at 300° come from the sodium ethoxide and that the 
A*-n-octene, formed at 200°, has not undergone displacement of 
the double linking. 

General M ethod.—The aliphatic sulphones were heated with sodium 
ethoxide as above, but only until the initial reaction ceased; in no 
case was the bath temperature raised above 235°. The volatile 
products were passed directly into bromine, the excess of which was 
afterwards destroyed with water and sulphur dioxide; the bromides 
were drawn off, dried and weighed, distilled, and in some cases 
analysed. The sulphinic acids were isolated in the form of their 
silver salts, as described in Part III. The treatment of phenyl- 
6-phenylethylsulphone was different. In order to avoid the risk of 
the nuclear bromination of styrene by an excess of bromine, the 
hydrocarbon was collected as such in a trap containing water at 0°, 
and then extracted with chloroform; the dried chloroform solution 
was treated with dry bromine in chloroform until coloured, and the 
styrene dibromide, obtained on evaporation, was identified and 
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weighed. The benzenesulphinic acid was isolated, as such, from 
the residue by acidification of its aqueous solution and extraction 
with ether. 

Results —These are recorded in tabular form. 
the analytical data for which are italicised, are new. «$-Dobromo- 
n-octane also is new, since, although it was prepared and analysed 
by Ingold and Vass in connexion with their work on quaternary 
ammonium hydroxides, the description and data were inadvertently 


omitted from the paper. 


The silver salts, 





+ Olefin dibromide. Silver sulphinate. 
© ’ i 
z Found. Cale. Found. Cale. 
= — oo ———_— — er ——_— 
S Yield C H Cc H Yield C H C H 
R 97. B. p- Oo . a 7, oY . 0 a 9. 9. Oo 
0 /O /0 /0 40 /0 /O /0 /O o* 
] 91 —* —- —- —- — 2, —- —- — 
2 77 130—132° 12-9 2-2 12-8 2-] 62 . —— : 
7 76 139—141 18-2 3-1 17-8 3-0 60 16:4 3-4 16-7 3:3 
8 77 160—164 22:0 35 22-2 3-7 62 20-9 39 20-9 3-9 
1] 61 148—152 21-8 35 22-2 3-7 54. 20-7 4:0 20-9 3-9 
10 73 178—182_ - - — ~ 65 24:5 47 24-7 4-5 
9 70 240—242¢ 35-3 5:8 35:3 59 62 33:4 62 33:7 60 


* M. p. and mixed m. p., 73—74°. 

+ Yield of free benzenesulphinic acid, m. p. and mixed m. p., 82—84°. 
t Very pale yellow oil when freshly distilled; darkens on keeping. 

§ The numbers denote the sulphones named in the first table. 


Tue UNIVERSITY, LEEDS. [Received, February 19th, 1930.] 





XCIV.—Influence of Poles and Polar Linkings on 
the Course pursued by Elimination Reactions. 
Part VIII. The Methylenic and _ Paraffinic 
Degradations of Sulphones. 


By CHRISTOPHER KELK INGOLD and Joz ARTHUR JESSOP. 


TxE following scheme summarises the three known ways in which 
a radical may be eliminated as a hydrocarbon in the thermal de- 
gradation of an “onium” hydroxide. The table also indicates 
the conclusions which have been reached with regard to the 
characteristics of the ejected radical which favour each mode of 
elimination and the changes necessitated in the electron-groups 
(Hanhart and Ingold, J., 1927, 997; Ingold and Vass, J., 1928, 
3125; Fenton and Ingold, J., 1929, 2342; Ingold and Jessop, 
ibid., p. 2357). 
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Eliminated radical. 





Struc- _ Facilit- Valency octets of 
tural ation by cr " “* 
Elimination Elimin- require- electron- “onium” hydrocarbon 
reaction. ated as ment. sink at element. radical. 
(1) Olefinic R minus Hg Hg Cg Preserved Preserved 
(2) Methylenie R minus H,* H, Ca Preserved To sextet 
(3) Paraffinic R plus H, —- c. To decet Preserved 


* The bivalent carbon compound may polymerise or isomerise. 


teaction (1), which preserves all octets, is common to ammonium 
and phosphonium hydroxides. In the former series, when the 
constitutional conditions inhibit (1) and strongly favour (2) and (3), 
the observed reaction is (2), and not (3); this is connected with the 
presumed inability of nitrogen to enlarge its octet (Sidgwick). 
In the latter series, when (1) is suppressed, the observed reaction is 
not (2), but (3); it is inferred that the phosphorus octet has a con- 
siderable tendency towards enlargement. Fenton and Ingold 
have shown (J., 1928, 3127; 1929, 2338; preceding paper) that 
sulphones in the presence of alkali undergo reaction (1); it remained 
to discover which type of decomposition, (2) or (3), would super- 
vene when (1) was inhibited. The answer, contained in this paper, 
is that both occur; and that sulphone sulphur apparently shares, 
on the one hand, the tendency of phosphonium phosphorus to en- 
large its electron group, and, on the other, the ability of ammonium 
nitrogen to deplete the electron group of a neighbouring carbon 


atom : 
R,N’ + OH’—>(1) (2) — 
R,P’ + OH’—>(l) — _ (3) 
2,80, + OH’ —> (1) (2) (3) 


The following table summarises the observations. In two of the 
sulphones examined, no «-hydrogen atom was present and methylenic 
degradation was therefore impossible; these underwent paraffinic 
decomposition. In the remaining five examples an «-hydrogen 
atom was present, and both reactions were shown to proceed side 
by side, with the exceptions that in one case the evidence for paraf- 
finie degradation, and in another the evidence that the same de- 
composition occurs in a second direction, is incomplete (indicated 
by parentheses in the table). It should also be mentioned that 
whereas the extrusion of methylene and benzylidene was diagnosed 
by the recovery of ethylene and stilbene respectively, the bis-oo’-di- 
phenylylene-ethylene into which fluorenylidene would be expected to 
pass was not isolated as such, but as diphenyl-o-carboxylic acid, 
into which the unsaturated hydrocarbon is known to pass in the 
presence of alkali under the conditions employed. 
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Sulphone RR’SOQ,. Group eliminated as hydro- 
- 2 . carbon. 
Group R. Group R’. Reaction (2). Reaction (3). 
H, f Phenyl Phenyl Phenyl 
absent \p-Tolyl 9-Pheny1-9-fluoreny]l Phenylfluorenyl 
p-Tolyl 9-Fluoreny! Fluorenyl Fluorenyl 
H | Benzyl Benzyl Benzyl (Benzyl) 
cana Phenyl Benzyl Benzyl Benzyl 
presen’ | Methyl Benzyl Benzyl Benzyl 
Methyl p-Tolyl Methyl Methyl (p-toly!) 


In the above series methylenic elimination (reaction 2) has been 
observed with three groups, namely, fluorenyl, benzyl and methyl. 
In the ammonium hydroxide series, apparently only the first of these 
is capable of this form of extrusion: stilbene and ethylene have 
never been proved to arise in the decompositions of ammonium 
hydroxides containing only benzyl or methyl groups. Further- 
more, the direction of the methylenic decomposition of benzylmethyl- 
sulphone shows that the reaction is more prone to occur with the 
benzyl than with the methyl group. Hence the complete order of 
facility of methylenic extrusion is 9-fluorenyl > benzyl > methyl; 
which is the order of anionic stability, as the theory of the reaction 
demands (Fenton and Ingold, J., 1929, 2342; Ingold and Jessop, 
loc. cit.). This statement will be understood to relate only to one 
of the several factors which it would be necessary to envisage in a 
general discussion of bivalent carbon stability. 

As regards the paraffinic degradation of sulphones (reaction 3), 
it need be stated only that the order in which the radicals examined 
tend to this form of elimination is consistent with that found in 
connexion with the thermal decomposition of phosphonium hydr- 
oxides. Actually the relation, fluorenyl > simple aryl, is additional ; 
but it constitutes a further confirmation of the view that tendency 
to ejection increases with the anionic stability of the group. 


EXPERIMENTAL. 

Preparation of Sulphones.—9-Bromofluorene (10 g.) was heated 
for 15 minutes on the steam-bath with a solution prepared from 
sodium p-toluenesulphinate dihydrate (12 g.) and alcohol (20 c.c.) 
Sodium bromide separated, and the mixture was evaporated to 
dryness, and the residue heated for 1 hour at 100° in a stream of 
dry air to dehydrate the excess of sodium salt. The dried product 
was extracted repeatedly with boiling benzene until the extracts 
failed to crystallise on cooling. 9-Fluorenyl-p-tolylsulphone 
separated in iridescent plates (12-5 g.), m. p. 226—227° (Found: 
C, 75:2; H, 5-2. C. 9H,,0,S requires C, 75-0; H, 5-0%). 

9-Hydroxy-9-phenylfluorene was prepared as described by Ull- 
mann and Wurstemberger (Ber., 1904, 37, 73), and purified by 
erystallising it twice from carbon tetrachloride (compare Kliegl, 
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Ber., 1905, 38, 288), crushing the solvated crystals, and air-drying 
the powder over-night at 40°. The product had m. p. 85—87° 
and, notwithstanding the observed efflorescence, appeared still to 
contain solvent of crystallisation. A warm solution of the product 
(18 g.) in glacial acetic acid (18 c.c.) was treated with a warm 
solution (18 c.c.) of hydrogen bromide in the same solvent (600 g./l.), 
and the non-homogeneous mixture was rapidly stirred until solid 
appeared and then heated at 80° for 0-5 hour. The product (20 g.) 
obtained by filtering the cooled solution and washing the precipitate 
with cold glacial acetic acid had m. p. 99—100°, and, after crystal- 
lisation from ligroin, m. p. 101—101-5° (compare Staudinger, Ber., 
1906, 39, 3060). A further quantity (1 g.) was recovered by adding 
a limited amount of water to the acetic acid solution. 

When this bromide was treated with an alcoholic solution of 
hydrated sodium p-toluenesulphinate, as in the preceding prepar- 
ation, the product was 9-ethoxy-9-phenylfluorene. Sodium 
p-toluenesulphinate (8 g.), dried at 100°, was therefore boiled for 
40 hours with a solution of the bromide (12 g.) in dry benzene 
(50 c.c.). The suspension was filtered while hot,.and the residue 
extracted with hot benzene until it became completely soluble in 
water. 

The 9-phenyl-9-fluorenyl-p-tolylsulphone, which was crystallised 
twice (8-0 g.), separated from benzene in needles or stout prisms, 
m. p. 211—212° (Found: C, 78-7; H, 5:3. CygH,90,8 requires 
C, 78-8; H, 51%). 

Decomposition with Potassium Hydroxide.—The reactions were 
carried out by the general method illustrated in the earlier papers 
by Fenton and Ingold. 

The degradation of diphenylsulphone has already been described 
by Otto (Ber., 1886, 19, 2425), who observed the formation of phenol 
as a main product but did not record the production of benzene. 
Under corresponding conditions we find that both benzene (identified 
as the m-dinitro-derivative) and phenol (benzoyl derivative) are 
formed in quantity, and that, at temperatures below that at which 
benzenesulphinic acid would be largely decomposed, this acid is 
absent but benzene is formed and benzenesulphonic acid and phenol 
are also present. ‘The initial fission products are therefore benzene 
and benzenesulphonic acid, not phenol and benzenesulphinic acid. 

The volatile products from the decomposition of 9-phenyl-9- 
fluorenyl-p-tolylsulphone {6 g.) consisted of toluene (0-3 g.; 2: 4- 
dinitro-derivative) and 9-phenylfluorene (0-1 g.; sublimed under 
reduced pressure as needles, m. p. and mixed m. p. 146—147°). 
The aqueous extract of the non-volatile portion yielded a small 
amount of cresol (qualitative tests), which was extracted with 
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ether after the solution had been treated with carbon dioxide, and 
p-toluenesulphinic acid (1-5 g., m. p. and mixed m. p. 88—89°), 
which was similarly extracted after acidification. The non-volatile 
product which was insoluble in water consisted of a brown resin : 
this was converted into a pale yellow powder by boiling with dilute 
aqueous ammonia and extracted several times with boiling alcohol, 
which removed most of the colouring matter. The dried substance 
(free from nitrogen and sulphur) separated in a solid form resembling 
lycopodium when its solution in hot chloroform—acetic acid was 
cooled, but the material, which decomposed above 300° and did 
not reduce cold permanganate in moist benzene—acetone, did not 
appear to be crystalline : the microscope revealed small clusters of 
nearly spherical particles. Considering the difficulties of purific- 
ation, the analysis [Found : C, 94:0; H, 5-4; M, by Rast’s method, 
932. (CygH,.), requires C, 95-0; H, 50%; M, 960] appears to 
show that the substance is a hydrocarbon. Its formation seems 
analogous to that of the product (C,)H,,), obtained by Nef by the 
action of triethylamine on triphenylmethyl bromide (Annalen, 
1899, 309, 168). The 9-phenylfluorene required for comparison 
was prepared from 9-bromo-9-phenylfluorene (2 g.) and thin 
amalgamated aluminium foil (2 g.) in moist ether (50 c.c.). After 
being kept for 2 hours at the ordinary temperature, the solution 
was filtered, dried, and evaporated, and the residue crystallised 
from alcohol, from which the hydrocarbon separated in feathery 
needles, m. p. 146—149°. Its solution in ether is strongly 
fluorescent. 

The volatile decomposition products from 9-fluorenyl-p-tolyl- 
sulphone on fractionation yielded toluene (25%, identified as 2 : 4- 
dinitro-derivative) and fluorene (43%), and a further 2% of fluorene 
was obtained by sublimation at 100° from the brown resin (6%, of 
the weight of the sulphone) constituting the benzene-soluble portion 
of the non-volatile residue. The aqueous extract of the residue 
yielded cresol (10%, identified as benzoate), which was extracted 
with ether after the solution had been treated with carbon dioxide. 
Acidification of the residual aqueous solution yielded a white 
precipitate, m. p. 110—112°, consisting of diphenyl-2-carboxylic 
acid (yield, 15%): it crystallised from ether-ligroin in stout prisms 
and its solution in concentrated sulphuric acid yielded pure fluoren- 
one (m. p. and mixed m. p.) on dilution with water. This establishes 
the identity of the acid, which was confirmed by comparison with a 
specimen obtained from fluorenone, and also with one prepared by 
the action of hot concentrated potassium hydroxide solution on 
bis-oo’-diphenylylene-ethylene. Extraction of the acid filtrate with 
ether yielded p-toluenesulphinic acid (20%), m. p. 89—89-5° (the 
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recorded m. p. of this acid is 85°, but our numerous specimens all 
had m. p. 89°). 

Phenylbenzylsulphone yielded liquid and solid hydrocarbons, 
of which the latter was identified as stilbene (m. p. and mixed 
m. p.; yield, 48%). The liquid hydrocarbons, b. p. 80—105°, 
were heated in a closed tube with 3% permanganate solution for 
4 hours; benzene was then recovered by distillation and converted 
into its dinitro-derivative, and the presence of toluene in the original 
mixture was diagnosed by the isolation of benzoic acid by ether- 
extraction of the decolorised, filtered, and acidified aqueous solution. 
The alkaline residue from the decomposition yielded sulphur dioxide 
and phenol. 

Dibenzylsulphone yielded toluene, stilbene, and sulphur dioxide. 

Benzylmethylsulphone yielded the same products together with 
methanesulphinic acid and a very small amount of gas. The 
methanesulphinic acid was isolated as its silver salt by the method 
previously described for propanesulphinic acid (J., 1929, 2340) except 
that aqueous alcohol was used for the precipitation and crystallisation 
(Found: C, 6-6; H, 1-75. CH,O,SAg requires C, 6-4; H, 1-6%). 

p-Tolylmethylsulphone yielded toluene (yield, ca. 25% ; identified 
as 2 : 4-dinitro-derivative), p-cresol (ca. 30%; identified as benzo- 
ate), p-toluenesulphinic acid (18%; m. p. and mixed m. p.), 
and a gas which was swept over with nitrogen and shown to contain 
methane (13%), ethylene (27%), and a substantial quantity of 
hydrogen. 


We wish to thank the Royal Society for a grant in aid of this 
investigation. 


THE UNIVERSITY, LEEDS. [Received, February 19th, 1930.] 





XCV.—Influence of Poles and Polar Linkings on 
the Course pursued by Elimination Reactions. 
Part IX. Isolation of a Substance believed to con- 
tain a Semipolar Double Linking with Partici- 
pating Carbon. 


By CuristopHER Keik Incotp and Jor ArTsurR JESSOP. 


In Part VI it was noted (J., 1929, 2357) that, whilst fluorenyl-9- 
trimethylammonium and fluorenyl-9-triethylammonium bromides 
are colourless, the aqueous solutions of the corresponding hydroxides 
are coloured ; and the suggestion was made (p. 2359, footnote) that 
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in either case the hydroxide (I) might be in equilibrium with an 
anhydride (II) which, since it contains unshared carbon electrons, 
would probably be coloured and highly reactive. The special 
structural feature of (II) is the semipolar double linking with carbon 
at its negative end, and since no compound containing a semipolar 
double bond between carbon and another element has hitherto been 
described, attempts were made to isolate the coloured substance : 


‘eH, ‘H: 4 _—- oH, P—N a v= J 
{e HH NR,} OH’ = igo NR, -+- H,O (R = Me or Et) 
(I.) (1T.) 

At the outset it was obvious that (IT) could not be present in 
high concentration, for if it were it should be precipitated; it was 
not precipitated and the coloured solution was strongly alkaline. 
Probably the low concentration and the instability of the compound 
(see Part VI) conspired to defeat the attempts at isolation. We 
reflected, however, that (II) is analogous to the trialphylamine 


¢ is3) 
oxides, O—NR,, which have low thermal stability and a strong 
tendency to combine with water to form trialphylhydroxylammonium 
hydroxides, {OH-NR.}° OH’, analogous to (I); and, further, that 


dialphylsulphoxides, O—-SR,, have much higher thermal stability 
and exhibit very little tendency to effect an analogous union with 
water. It followed that a study of the corresponding fluorenyl- 
sulphonium compounds (III and IV) might reveal an equilibrium 
much more favourable to the form which it was desired to isolate, 
and that the anhydride (IV), despite its negative carbon, might 
possess sufficient thermal stability to permit of isolation : 


) SFeHwwor-sr.\on == cv.) Se e—sr, 
(1I1.) (eg oH SR,} OH! => (Iv. eae SR, -+ H,0 

The initial difficulty here was to prepare a fluorenyl-9-dialkyl- 
sulphonium salt. 9-Bromofluorene and dimethyl sulphide showed 
little tendency to combine either in ether or in benzene or without a 
solvent; furthermore, attempts to prepare 9-fluorenyl mercaptan 
by the action of alkali sulphides on 9-bromofluorene led to the 
formation of 9:9-difluorenyl. At this juncture Richardson and 
Soper’s paper appeared (J., 1929, 1873) in which their cohesion 
principle was enunciated; perusal of this memoir made it immedi- 
ately obvious (a) that the combination of 9-bromofluorene with 
dimethyl] sulphide should be strongly catalytically accelerated by a 
solvent of high cohesion, and (b) that the tendency to thermal 
decomposition of the required sulphonium bromide, which sets 4 
limit to the temperatures that can be used in its synthesis, would 
be reduced by such a solvent. Actually, effect (a) was so powerful 
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that there was no need to make use of the presumed increased 
stability of the product at high temperatures : we mixed the reagents 
in nitromethane at the ordinary temperature and observed a rapid 
and almost quantitative formation of the sulphonium bromide. 
Several other successful applications of the cohesion principle have 
since been made in these laboratories, and there can be no doubt 
about its practical utility in the replacement of empirical by rational 
technique in synthetic operations. 
When a solution of fluorenyl-9-dimethylsulphonium bromide was 
treated with excess of silver oxide, the filtrate was practically 
neutral. When sodium hydroxide or aqueous ammonia was used 
instead of silver oxide, dimethylsulphonium 9-fluorenylidide (IV; 
% = Me) was obtained as a yellow crystalline precipitate. It was 
sufficiently stable to admit of analysis and the determination of its 
molecular weight in benzene, but after some hours decomposition 
set in with evolution of dimethyl sulphide. Details relating to the 
thermal decomposition of the substance are given in the experimental 
portion, and it will suffice to note here that, although the compound 
resembles sulphoxides in refusing to form a sulphonium hydroxide 
by addition of water, it is definitely more basic than are sulphoxides, 
since it at once reacts with dilute hydrochloric acid, forming the 
corresponding fluoreny!l-9-dimethylsulphonium salt. This is essen- 
tially a reversal of the reaction whereby dimethylsulphonium 
9-fluorenylidide is formed, and thus it may be said that the con- 
stitutional environment of the 9-carbon atom confers on it proper- 
ties analogous to those of a nitrogen atom : 


: a H 
(Base) CoH c_sMe, | Hi =iabe {ee >C—SMe, |” (Acid) 
CoH, r CoH, k 


(compare: NR, + H == [H-NR,]®) 


The probable mechanism underlying this conferment of nitrogen- 
like properties on carbon is sufficiently indicated in Part VI. 


EXPERIMENTAL. 
Fluorenyl-9-dimethylsulphonium Salts—The bromide, irregular 
hexagonal plates, m. p. 133° (Found: Br, 26-4. C,;H,,BrS requires 
Br, 26-1%), was prepared, as described in the introduction, in cold 
nitromethane solution, from which it crystallised. The picrate, 
precipitated by addition of aqueous sodium picrate to a solution of 
the bromide in water, separated from hot water in needles, m. p. 
149—150° (Found: C, 55-6; H, 4:0. C,,H,,0,N,8 requires C, 
55-4; H, 3-7%). 
9 : 9-Difluorenyl_—Prior to the above experiments attempts were 
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made to prepare the same salts by way of fluorenyl mercaptan or 
sulphide. 9-Bromofluorene and alcoholic sodium hydrogen sulphide 
were kept together over-night in the cold and the solution was then 
distilled to half its bulk, poured into water, and made alkaline. 
9-Bromofluorene and alcoholic disodium sulphide were similarly 
kept in the cold and then heated for 2 hours in the steam-bath and 
poured into water. In each case a crystalline precipitate was 
obtained which was recrystallised from benzene and identified as 
9 : 9-difluorenyl by its m. p. (242—244°) and by analysis (Found : 
C, 94-8; H, 5-6. Cale.: C, 94:5; H, 5-5%). 

Action of Bases on Fluorenyl-9-dimethylsulphonium Bromide : 
Dimethylsulphonium 9-Fluorenylidide.—(a) Water. The sulphon- 
ium bromide was heated on a water-bath with water for 2 hours, 
Dimethyl sulphide was evolved (odour) and 9-fluorenyl alcohol 
precipitated (m. p. and mixed m. p.). In order to substantiate the 
obvious explanation of this decomposition, 9-bromofluorene was 
similarly heated with water; 9-fluorenyl alcohol was then formed 
in quantity. 

(b) Silver oxide. On addition of excess of freshly precipitated 
carbonate-free silver oxide to a cold aqueous solution of the sulphon- 
ium bromide, the solution remained practically neutral. Heating 
the suspension on a water-bath caused the evolution of dimethyl 
sulphide (odour) and the formation of 9-fluorenyl alcohol (m. p. and 
mixed m. p.), a large quantity of which separated when the filtrate 
from the hot suspension was cooled. Extraction of the dried silver 
oxide residue with benzene yielded a red gum similar in appearance 
and properties to the non-volatile thermal-decomposition product of 
dimethylsulphonium 9-fluorenylidide (below). 

(c) Soluble alkalis. Sodium acetate and sodium carbonate gave 
no precipitate with an aqueous solution of the sulphonium bromide ; 
but aqueous ammonia, barium hydroxide, and sodium hydroxide 
yielded dimethylsulphoniwm 9-fluorenylidide as yellow leaflets, 
m. p. ca. 70—75° (decomp.), on rapid heating, which were washed 
with water, alcohol, and ether and dried for several hours in a 
vacuum. It was insoluble in water and ether, slightly soluble in 
alcohol, and readily soluble in ethyl acetate and benzene (Found : 
C, 80-3; H, 6-2; M, cryoscopic in benzene, 215, 226. C,;H,,5 
requires C, 79-6; H, 6-2%; M, 226). The compound began to 
darken and develop the odour of dimethyl sulphide after exposure 
to the atmosphere for a few hours (sooner if placed in a closed tube), 
but could be kept in a vacuum for about 24 hours with little if any 
signs of decomposition. In solution, however, decomposition was 
more rapid and the above molecular-weight determination requires 
explanation. Preliminary experiments showed that in benzene at 
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its freezing point the decomposition began to be perceptible soon 
after solution, and that for several hours thereafter there was a 
steady diminution in the apparent molecular weight. The deter- 
minations were therefore plotted against time and extrapolated to 
zero time. A sample, dried in a vacuum for 2 hours, gave values 
ranging from 196 to 153 and the extrapolated value at the moment 
of solution was 215. Another preparation, which had been simi- 
larly dried for 16 hours, gave values falling from 209 to 183 and the 
extrapolated result was 226. 

Reactions of Dimethylsulphonium 9-Fluorenylidide.—The freshly 
prepared compound is immediately soluble in cold dilute hydro- 
chloric acid. The solution contains fluorenyl-9-dimethylsulphonium 
chloride, as is proved by the observations that it yields dimethy]l- 
sulphonium 9-fluorenylidide on treatment with ammonia, and 
fluorenyl-9-dimethylsulphonium picrate with aqueous sodium 
picrate. 

The nature of the non-volatile product formed in the spontaneous 
decomposition which takes place at atmospheric pressure and 
temperature could not be elucidated. The evolution of dimethyl 
sulphide, which became perceptible after a few hours, was apparently 
complete after 4 days, and the residue was a brown amorphous sub- 
stance which still contained sulphur but could not be crystallised. 
It was wholly insoluble in hot concentrated hydrochloric acid. By 
use of benzene and glacial acetic acid and other solvents, various 
orange and red amorphous products were obtained from it, but none 
could be crystallised. 

Similar results were obtained more quickly by heating, and in 
this case the dimethyl sulphide was identified by passing the evolved 
gases through mercuric chloride solution and identifying the pre- 
cipitated additive compound, 3HgCl,,2Me,S, by mixed m. p. and 
direct comparison. When the same decomposition was carried out 
in a diffusion-pump vacuum connected to the top of a mercury 
barometer, dimethyl sulphide condensed on the mercury, the depres- 
sion of which, allowing for the vapour pressure of the sulphide, 
showed that no gas of the type of methane or ethylene was evolved ; 
the sulphide was afterwards collected and converted into trimethy]- 
sulphonium iodide for confirmatory identification. The resinous 
residue (Found: C, 88-7; H, 5-4%) contained sulphur and could 
not be crystallised; on being strongly heated, it gave a crystalline 
distillate which proved to be fluorene (m. p. and mixed m. p.). 

The solubility of dimethylsulphonium 9-fluorenylidide in acids 
suggested that it should add on methyl iodide. The reaction was 
tried under various conditions, but the addition, if any, was masked 
by the separation of dimethyl sulphide and its conversion into 
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trimethylsulphonium iodide, decomp. 207—210° (Found: I, 62:5. 
Calc., 62-2%); the remaining product was amorphous. 


The investigation has been aided by a grant from the Royal 
Society, whom we wish to thank. 


THe UNIversity, LEEDS. [Received, February 19th, 1930.] 


XCVI.-—The Occurrence of Iron Pentacarbonyl in Coal 
Gas stored under Pressure for 30 Years. 


By Joun Atspert NewTon FRIEND and REEcE HENRY 
VALLANCE. 


In the course of a lecture at King Edward’s High School, Birming- 
ham, in 1899, at which one of the authors was present, Dr. T. J. 
Baker used a cylinder of compressed coal gas. Upon ignition, the 
flame was normal for coal gas of that period and could not be 
differentiated from that supplied from the mains. The cylinder 
was then placed aside and apparently overlooked until! the spring 
of 1929, and the gas was then found to give a luminous and very 
smoky flame. As this clearly indicated that some material change 
had taken place in the gas during its prolonged storage, Dr. Baker 
very kindly handed the cylinder to us for further examination. 
The gas proved to be heavily charged with the vapour of iron 
pentacarbonyl, as proved by the following experiments, in which 
the term “ dried ” gas refers to the gas after filtration through a 
plug of cotton wool and passage through a drying tube containing 
calcium chloride. 

Experiment 1. The dried gas was ignited at the orifice of a 
small glass jet, whereby a luminous, smoky flame was obtained. 
When a cold glass plate was held well into the luminous portion, a 
black deposit resulted, which consisted partly of carbon; but after 
treatment with dilute hydrochloric acid, the presence of iron was 
detected in the solution on addition of the usual reagents. If, 
however, the cold plate was held a short distance above the flame, 
a yellow to reddish-brown deposit of ferric oxide was obtained. 

The cotton wool was almost imperceptibly darkened on the 
surface facing the exit from the cylinder, and the solution resulting 
from its treatment with acid responded to the tests for ferric iron, 
but not for ferrous. The deposit was therefore probably ferric 
oxide from the cylinder. 

Eaperiment 2. The previous experiment was varied by inter- 
posing a wash bottle of concentrated sulphuric acid between the 
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drying tube and the jet. The flame was now less luminous and 
entirely free from smoke. It yielded no ferric oxide or other de- 
posit, save water, to a cold plate held above the luminous zone, 
and only faintly blackened the plate when the latter was held 
lower down, probably because the acid had not completely absorbed 
the unsaturated hydrocarbons. 

The sulphuric acid turned dark brown and, after dilution, was 
tested for metals. Iron alone was found, and was present in 
appreciable quantity. 

Experiment 3. The dried gas was passed through a glass tube 
gently heated with a spirit lamp. A brilliant black mirror resulted, 
which almost completely dissolved in concentrated hydrochloric 
acid, a few black specks of carbon alone remaining. A white pre- 
cipitate of ferrous chloride was obtained, which completely dissolved 
on dilution. Iron was the only metal present in the solution. 
Upon repeating the experiment with gas that had been passed 
through concentrated sulphuric acid, no mirror was obtained. 

Experiment 4. The dried gas was passed through a narrow 
delivery tube into a wider tube suspended vertically in a glass 
boiling-tube and immersed in liquid air in a Dewar flask. The 
uncondensed gas was burned at a platinum jet. The flame was 
pale blue, and yielded no deposit other than water on a cold plate 
held either within or above the flame. Carbon dioxide was detected 
as a product of combustion, but, as this would result from the 
combustion of methane in any case, the gas was analysed to ascertain 
whether or not carbon monoxide was present. The analyses are 
given below, unsaturated hydrocarbons being determined by the 
bromine method, and carbon monoxide by ammoniacal cuprous 
chloride; the residual gas consisted of hydrogen, nitrogen, and 
methane. 

Dried gas from Uncondensed gas 


cylinder. from Expt. 4. 
Ee. ices puddaebe eeuctbndsadesabeveeceenareiae 0-00 0-00 
Unsaturated hydrocarbons, % ............ 5-75 0-00 
BS i raicsien dara hsticaiadin aasidebciaaiecankaceniie oan” 0-00 0-00 
EEE, | | cacacavatcurdessinkicnntadsaeweceseeenes 7°25 8°55 
nee Ol) 5... ncbossntus etualbmns 87-00 91-45 
Ratio CO : Residual gas .........ssssseeeeees 0-0833 0-0935 


The higher proportion of carbon monoxide in the uncondensed 
gas was due to partial retention of methane in the boiling tube along 
with liquid ethylene (see below). The whole of the methane, 
however, was not condensed, since, on combustion, the residual 
gas yielded some carbon dioxide. 

A solid deposit, pale lemon in colour, collected in the vertical 
tube. It melted at approximately — 20°, yielding a viscous liquid 
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which became amber-coloured and increased in mobility as the 
temperature rose to that of the room. A drop introduced into 
concentrated sulphuric acid decomposed with evolution of gas, and 
the solution, diluted with water, showed an abundance of ferrous 
iron but only the merest trace of ferric iron. Upon exposure to 
air, the liquid slowly decomposed with the formation of - brown 
hydrated ferric oxide. These properties correspond to those of 
iron pentacarbonyl (Mond and Langer, J., 1891, 59, 1090; Dewar 
and Jones, Proc. Roy. Soc., 1905, A, 76, 558). Approximately 
1-25 g. of the carbonyl collected (Found: Fe, 26-5. Cale. for 
FeC,0,;: Fe, 28-5%), and this was probably about half the amount 
contained in the cylinder at the time we received it. It was slightly 
contaminated with organic matter of tarry odour. 

A colourless liquid had collected in the boiling tube. On removal 
from the Dewar flask, it boiled vigorously, its temperature as 
registered by a pentane thermometer being about — 160°. The 
liquid thus contained appreciable quantities of methane. The 
remainder was probably ethylene more or less admixed with acetyl- 
ene, of which it smelled strongly. It was not further investigated. 

Discussion.—This research is of special interest, inasmuch as it 
is known that the cylinder gas was, in 1899, free from carbonyl 
except in such traces as would not be easily detected. Hence the 
compound must have been produced by the prolonged influence of 
compressed carbon monoxide on compact iron (i.e., steel) at the 
ordinary temperature. From the analysis of the uncondensed gas 
in Expt. 4, it is evident that free carbon monoxide was still present 
in considerable amount, and this possibly explains the absence of 
the lower carbonyls of iron. When freshly filled, the pressure of 
the gas would, in 1899, have approximated to 120 atm. As some 
of the gas had been used prior to storage, the pressure leading to 
the formation of carbonyl would probably lie between 50 and 80 atm. 


Tue TECHNICAL COLLEGE, 
BIRMINGHAM. [ Received, November 20th, 1929.] 





XCVII.—-The Reaction between Acid Chlorides and 
Nitrosylsulphuric Acid. 
By Witt1AM JAMES DEVERALL and Harry WILLIAM 
WEBB. 


Actp chlorides react with nitrosylsulphuric acid in one or both of 
the following ways : 

(1) OH-SO,°0-NO + R-COCl = OH’SO,°0-COR -+- NOCI, 

(2) OH-SO,°O-NO + 2R-COCI = R-CO-0-SO0,°0-COR + NOCI 4- HC, 
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and the end products undergo intramolecular rearrangement, 
especially on heating. The results obtained with acetyl and benzoyl 
chlorides have already been published (Elliott, Kleist, Wilkins, and 
Webb, J., 1926, 1219), but confirmation of the general nature of 
(1) and (2) has been obtained by examination of the reactions with 
the three nitrobenzoyl chlorides and with phthalyl chloride. o- 
and p-Nitrobenzoyl chlorides react readily with nitrosylsulphuric 
acid, but more slowly than benzoyl chloride itself, yielding products, 
(NO,°C,H,°CO-O),SO,, which are completely decomposed by water 
into sulphuric and nitrobenzoic acids. When these products are 
heated under an inert liquid, the sulphuric acid obtainable by 
hydrolysis decreases, the total sulphur content remaining approxim- 
ately constant; at 160° they are completely converted into a 
mixtute of a sulphonic acid and a sulphone, with some evolution of 
sulphur dioxide. 

m-Nitrobenzoyl chloride does not react with nitrosylsulphuric 
acid, even at 65° in absence of a diluent. This may be due to the 
general inhibiting effect of the nitro-group on the activity of other 
substituents (Shoesmith, Hetherington, and Slater, J., 1924, 125, 
1312), or to the setting up by this group of alternate chain polarity, 
but this assumption leads to the anomaly that chlorine of positive 
polarity is attacked while that of negative polarity is not. 

All the methods of determining the relative orienting effects of 
various substituents in the benzene nucleus (Rule, tbid., p. 1121) 
show that the groups containing semipolar double bonds have the 
least effect, and the results now obtained indicate that this is true 
also of the effect of such groups on the activity of other substituents 
inthe nucleus. None of the three chloronitrobenzenes, for example, 
reacted with nitrosylsulphuric acid even at relatively high temper- 
atures. On the other hand, the three chlorophenols reacted 
rapidly with the formation of products, OH-C,H,°O-SO,°OH, which 
could not be purified satisfactorily. The relative velocity of the 
reaction shown by measurement of the rate of evolution of nitrosyl 
chloride was found to be m- : p- : 0- = 65:4: 3. 

Evidence already published (loc. cit.) seemed to show that the 
reaction of nitrosylsulphuric acid with carbonyl chlorides was 
preceded by the formation of an addition compound to the carbonyl 
group of the acid chloride. Since the oxygen in a semipolar double 
bond (such as >S—->O) occupies only one position, addition to 
such a bond would not be expected to take place, and hence experi- 
mental evidence bearing on the necessity for the preliminary form- 
ation of an addition product in the reaction between nitrosyl 
chloride and acid chlorides was obtained by an examination of 
certain sulphonyl chlorides and related substances. Benzene- 
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and toluene-sulphony] chlorides and sulphuryl and thionyl chlorides 
were all found to be unattacked by the reagent. The three nitro- 
benzenesulphonyl chlorides were also inert unless heated to 130°, 
whereupon the o- and p-derivatives reacted with explosive violence, 
whilst the m-compound was inert. Since complete decomposition 
ensued, no conclusion can be drawn concerning possible addition. 
The fact that chloropicrin, which behaves in many respects as a 
typical acid chloride, was unattacked, also supports the hypothesis 
of preliminary addition, and similar evidence was obtained from 
the inertness of chlorides of the type RCI (R = alkyl or aryl group 
not containing oxygen). 

Both forms of phthalyl chloride appear to yield the same end- 
products. This was to be expected in view of the rapidity with 
which the unsymmetrical high-melting form changes into the 
stable low-melting modification. The main reaction with both 


forms appears to take the course CH <i 2>0 -+- 20H-SO,:0-NO = 


CoH <E>0 + OH-S0,-0'80,-0NO + NOCI + HCl and from 


the symmetrical form we isolated a small quantity of a substance 
C,H,(CO),0,H,S,0,. The condensation products obtained in the 
course of this investigation have not yet been examined in detail. 
They were all very hygroscopic and unstable, and owing to their 
insolubility neither conductivities nor molecular weights could be 
determined. 

No satisfactory explanation can be offered of the fact that groups 
accepted as semipolar on the basis of the octet theory are relatively 
inert so far as their effect on the other substituents in the molecule 
is concerned, but the fact that the experimental results with co- 
ordination compounds indicate that the linkage in the case of 
oxygen is more stable than a non-polar double linkage in which 
oxygen is involved, probably has a bearing on the matter. 


"EXPERIMENTAL. 

p-Nitrobenzoyl Chloride and Nitrosylsulphuric Acid—8 G. of 
p-nitrobenzoyl chloride were dissolved in 50 c.c. of dry carbon 
tetrachloride and warmed at 60° with 2 g. of nitrosylsulphuric 
acid for 4 hours. The clear liquid was decanted, and the residue 
washed repeatedly with carbon tetrachloride until free from the 
chloride, whereby a theoretical yield of di-p-nitrobenzoylsulphuric 
acid was obtained (Found : §S, 7-75, 8-3, 8-0; N, 6-7. C,,H,0,)N8 
requires S, 8:1; N, 7-1%). The analytical methods were similar 
to those used for the corresponding benzoyl derivative (q.v.), the 
substance being completely decomposed on boiling with dilute 
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hydrochloric acid into sulphuric and p-nitrobenzoic acids; when 
the evolved gases were passed through silver nitrate solution, 
97-6% of the theoretical amount of chlorine was obtained. 

When the substance was boiled for 3 hours in carbon tetrachloride, 
the amount of sulphuric acid obtainable on hydrolysis was equivalent 
to 5-60, 5-51°% of sulphur, and the total sulphur content of the 
product was 7-43%. After 15 hours’ refluxing, the corresponding 
figures were 4:10 and 7-:00%. After 12 hours’ heating at the boiling 
point of pentachloroethane (161°), no sulphuric acid was obtainable 
by prolonged hydrolysis of the product, which appeared to contain a 
sulphonic acid and a sulphone but was not examined in further 
detail. 

o-Nitrobenzoyl Chloride and Nitrosylsulphuric Acid.—Considerable 
difficulty was found in obtaining this isomeride free from o-nitro- 
benzoic acid and repeated treatment with phosphorus pentachloride 
was necessary. 6-2 G. of the acid chloride were dissolved in 12 c.c. 
of carbon tetrachloride and warmed at 60° for 1 hour with 2-1 g. of 
nitrosylsulphuric acid, the resulting di-o-nitrobenzoylsulphuric acid 
being treated as above (Found: §, 8-2, 83%). The velocity of 
reaction, as measured by the rate of evolution of nitrosyl chloride, 
was greater than in the case of the para-compound, and some tar 
was formed. 

Reaction with Phthalyl Chlorides. (With LionEL FREDERICK 
BaRRON.)—Nitrosyl chloride was vigorously evolved by reaction 
in the cold from both forms of this chloride. 30 G. of nitrosyl- 
sulphuric acid were treated with 79 g. of s-phthalyl chloride out of 
contact with air. When the reaction had ceased, the product was 
heated at 50—55° for 30 minutes, and then extracted repeatedly 
with boiling carbon tetrachloride until no further phthalic anhydride 
could be extracted. The residual oil solidified on cooling to a 
light yellow substance (Found: S, 19-3, 19-8. C,H,0,,H,S,O, 
requires 8, 19-6%), which was completely decomposed on hydrolysis 
into sulphuric and phthalic acids. The procedure adopted in the 
case of as-phthalyl chloride was exactly similar, but no condensation 
product could be isolated; phthalic anhydride was recovered in 
high yield. 

Reaction with o- and p-Nitrobenzenesulphonyl Chlorides. (With 
CHARLES KENNETH WrLu1AMs.)—The chlorides were prepared by a 
modification of Limpricht’s method (Annalen, 1875, 177, 60). 
200 G. of benzene were added slowly to 300 c.c. of fuming sulphuric 
acid with cooling below 80°; after 2 hours the uncombined benzene 
was separated, and nitric acid (d 1-5) slowly added with constant 
shaking until no further action was apparent. The product was 
poured into water and filtered. The filtrate was saturated with 
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milk of lime, and the filtered solution evaporated and fractionally 
crystallised. (a) The first crop was boiled with potassium carbonate, 
and the evaporated filtrate yielded a potassium salt which was con- 
verted into the chloride by grinding with phosphorus pentachloride. 
The mass was washed well with water and extracted with ether; 
when the extract was dried with calcium chloride, and the ether 
partly evaporated, the m-nitrobenzenesulphonyl chloride crystal- 
lised. (6) The middle crop of crystals of the calcium salts from the 
mother-liquor yielded the o-compound by similar treatment, and 
the final crop yielded a mixture of the o- and p-compounds, from 
which the former crystallised on standing, leaving the latter as 
an oil. 

All three isomerides were treated with nitrosylsulphuric acid 
under conditions precisely similar to those used for the corresponding 
nitrobenzoyl chlorides, but no evolution of nitrosyl chloride could 
be detected. When heated at higher temperatures (130°), the 
o- and p-compounds reacted with explosive violence, with rapid 
evolution of nitrosyl chloride; the m-compound was unattacked 
at 130°, and at temperatures sufficiently high to cause reaction 
it was so explosive that no product other than sulphur trioxide and 
m-nitrobenzenesulphonic acid could be isolated. 

A number of aliphatic and aromatic chlorides (¢.g., carbon tetra- 
chloride, pentachloroethane, chlorobenzene, and benzyl chloride) 
were also examined under conditions similar to those used for the 
nitrobenzoyl chlorides and also at the higher temperatures used 
for the sulphonyl chlorides. No evolution of nitrosyl chloride 
could be detected in any case. 

Reaction with Chlorophenols—5 G. of the chlorophenol were 
warmed to 50° with 4-5 g. of nitrosylsulphuric acid in the presence 
of 50 c.c. of carbon tetrachloride. A vigorous reaction with rapid 
evolution of nitrosyl chloride ensued. The solid was separated 
and washed with carbon tetrachloride as previously described. 
The production of tar was far greater than in any other condensation 
examined, and owing to the instability of the product purification 
was unsatisfactory. 


TECHNICAL COLLEGE, ASTON, 
BIRMINGHAM. [Received, January 10th, 1930.] 
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XCVIII.—Studies in Polymorphism. PartI. A Pre- 
liminary Investigation of the Polymorphism of 
o-Nitroaniline. 


By Joun Freperick JAMES Dippy and Norman Hout 
HARTSHORNE. 


Wuitst studying the influence of various factors on the degree of 
supercooling of o-nitroaniline, one of us (J. F. J. D.) noticed that on 
certain occasions, notably when supercooling was large or the rate 
of cooling rapid, the solid was much lighter in colour than was 
normally the case. Suspecting polymorphism, we examined the 
behaviour of the substance during its crystallisation in a thin film 
betwéen a microscope slide and a cover-slip, and found that it does, 
in fact, erystallise in two forms. Under ordinary conditions solidi- 
fication starts from a number of nuclei and proceeds from them 
radially in the form of closely packed needles. Viewed by trans- 
mitted light, some of the resulting spherulites are seen to be com- 
posed of dark orange crystals, and the remainder of yellowish-green 
crystals. These two forms have been examined crystallographically 
under the microscope by Mr. Alan Stuart, of the Geology Depart- 
ment of this College, who reports as follows: “ The dark orange 
crystals—length direction is the direction of fast vibration, pleo- 
chroic, straight extinction, biaxial, therefore orthorhombic. The 
yellowish-green crystals—length direction is the direction of fast 
vibration, slightly pleochroic, oblique extinction of about 24°, 
therefore monoclinic or triclinic.” \ 

Difficulty was at first experienced in obtaining crystals sufficiently 
large for this microscopic examination, especially in the case of the 
green form, which normally appears in extremely fine needles. This 
difficulty was eventually surmounted by remelting the centre portion 
only of a freshly crystallised melt on a slide by means of a little 
circular hot plate. This gave a liquid surrounded by crystals of 
both forms, and on cooling, each inoculated its own species from 
the melt. Supercooling was thus prevented and the slow growth 
which took place just below the melting point resulted in com- 
paratively large crystals. 

The crystal structure of o-nitroaniline has been studied by the 
X-ray method by Hermann and Burak (Z. Krist., 1928, 67, 189), 
who concluded that it was orthorhombic. The only mention of its 
polymorphism appears to be a statement by Kohman, in a study of 
the freezing points of binary mixtures of the nitroanilines (J. 
Physical Chem., 1925, 29, 1048), to the effect that the substance in 
binary mixture gave indications of existing in an unstable form. 
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We therefore decided to study the phenomenon in more detail, 
especially as the regular appearance of the two modifications side by 
side appeared to facilitate the investigation of certain aspects of 
polymorphism, such as the rate of stabilisation. 

In about two hours after solidification the orange crystals are seen 
to have commenced to extend their territory at the expense of the 
green variety, showing that the former is the more stable modi- 
fication. In addition, isolated crystal grains of the orange form 
appear in the areas occupied by the green form and continue to grow. 
This transformation occurs at all temperatures between that of the 
room and the melting point (70°), becoming much more rapid as the 
latter is approached, so within this range the polymorphism is 
monotropic. 

The reason for the simultaneous appearance of the two forms under 
ordinary conditions of cooling, i.e., radiation to room temperature, 
is that, within the temperature range in which crystallisation starts, 
the number of nuclei of each formed and their crystallisation 
velocities are of the same order, although there is usually a pre- 
ponderance of the unstable form. More nearly equal quantities are 
produced if the slides are allowed to radiate to an atmosphere at 
about 30°; and at still higher temperatures of the environment, 
the proportion of the stable form is increased until, just below the 
melting point, no unstable form at all is obtained. The main 
factor determining this behaviour appears to be the relationship 
between the crystallisation velocities of the two forms at different 
temperatures, which is well illustrated by Fig. 1. This photo- 
micrograph depicts the crystallisation on a slide of some nitroaniline 
that had been melted except for the strip of solid to the right of the 
line AB, which contained both forms. On cooling, the stable (dark) 
form at first grew the more rapidly, as is shown by the constriction 
of the unstable areas; then both forms crystallised at the same speed 
(CD), and after this stage the stable form separated less rapidly, 
finally becoming entirely suppressed. 

The numbers of nuclei of the two forms, however, appear to go 
more nearly hand in hand with alteration in the temperature, both 
increasing considerably as the temperature is lowered. On a slide, 
a melt which is rapidly cooled or greatly supercooled, appears to the 
naked eye to crystallise rapidly from a large number of nuclei of the 
unstable form. Microscopic examination, however, shows that 
there are numerous crystals of the stable form embedded in the 
mass, which evidently have not had a chance to grow owing to their 
small crystallisation velocity at the temperature of their formation. 
These small stable crystals are also seen under the microscope in the 
unstable areas of melts which have crystallised more slowly (see 
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Direction of falling temperature and crystallisation (x 20). 





I'ia. 1. 





























Soon after crystallisation. 21 Hours later. 
“Crude” o-nitroaniline (the dark material is the stable form) (x 5). 


Fie. 2. 


[Z'o face p. 726,] 
































Soon after crystallisation. 21 Hours later. 
o-Nitroaniline twice recrystallised from alcohol (x 5). 


(The stable form here appears lighter than the unstable form owing probably to the film being 
thicker than in Figs. 2 and 4.) 


Fig. 3. 


























Soon after crystallisation. 21 Hours later. 
o-Nitroaniline (twice recrystallised from alcohol) + 0-9% of p-nitroaniline (xX 5). 
(The dark material is the stable form.) 


Fia. 4. 
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next section). They apparently give rise to the previously men- 
tioned, isolated crystal grains visible to the naked eye after stabilis- 
ation has proceeded for some time. 

The Rate of Stabilisation.—In the thin films studied the time taken 
for the transformation of all the substance into the stable form 
depends on two factors: (1) the linear stabilisation velocity, i.c., 
the rate at which the boundary between the stable and the unstable 
form moves in a direction normal to itself, and (2) the length of the 
boundary. In any given specimen it may be assumed that (1) 
remains constant at constant temperature (provided that any 
impurity present is evenly distributed throughout the film), if the 
boundary be so long and the crystals so small that the observed 
effect is a statistical average of the velocities at different crystal 
faces. , Factor (2) will depend mainly on the proportion of the stable 
form present as small grains, for if this is large, not only will the 
total length of boundary be very great at the start, but it will 
increase rapidly as stabilisation proceeds. We have found that 
both these factors are greatly affected by small variations in the 
degree of purity of the substance (compare Tammann, “ The States 
of Aggregation,” English transl., Constable and Co., 1926, pp. 228 
et 8eq.). 

The starting point of all these experiments was Schuchardt’s 
“ pure”’ preparation, stated possibly to contain a trace of p-nitro- 
aniline, and hence subsequently referred to as “ crude.” On slides 
made from this material and kept at room temperature, stabilisation 
was very slight after 21 hours (see photomicrographs, Fig. 2) and 
was not complete until several days had elapsed. A quantity of 
the crude substance was recrystallised five times from ‘absolute 
alcohol, a specimen of each stage being retained and dried in the 
ordinary way. After about one week’s storage in a calcium chloride 
vacuum desiccator they had lost all odour of alcohol. On slides 
made from these specimens, stabilisation was much more rapid 
than on those made from the crude substance (Fig. 3; contrast 
Fig. 2), and was usually complete in 24 hours, this being due to a 
considerable increase in both the linear stabilisation velocity and the 
number of small grains. From this result it appeared either (1) that 
the crude material contained an impurity acting as a retarding 
agent, or (2) that the recrystallised substance retained traces of 
alcohol which acted as an accelerator. The second possibility did 
not appear to be very probable, for the manufacturers had informed 
us that their product was also recrystallised from alcohol, and it was 
not likely to have been more completely dried than ours. However, 
after our specimens had been kept for 12 months in a calcium 
chloride desiccator, they became distinctly slower, but this appeared 
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to be due to a diminution in the number of small grains rather than 
to any alteration in the linear stabilisation velocity. 

In order to test the first possibility, mixtures of some of the 
recrystallised specimens with about 1% of p-nitroaniline were made, 
since this was one of the most likely impurities. According to the 
results of Kohman (loc. cit.), this proportion of the p-isomeride 
lowers the f. p. of o-nitroaniline by about 0-6°, which is the average 
difference found between the purest recrystallised specimens and the 
crude material (see Table I, p. 731). These mixtures were inter- 
mediate between the crude and recrystallised specimens as regards 
both the linear stabilisation velocity and the number of small grains 
formed (compare Figs. 4, 3, and 2). The slowness of the crude 
substance is therefore not due to p-nitroaniline alone, although this 
substance may be partly responsible. 

Two other methods of purification were tried, viz., steam-distil- 
lation and distillation directly on to a microscope slide. The yield 
in the first case was small, and the product behaved as regards 
stabilisation in much the same way as the recrystallised specimens 
before prolonged drying, but was possibly a little slower. In the 
second case, one of the recrystallised specimens was placed in a short 
Pyrex test-tube held in a vertical position by being surrounded with 
sand contained in a large iron crucible. The latter was heated and 
the substance fractionally sublimed on to a series of microscope 
slides laid in succession on the top of the test tube. The first and 
middle fractions stabilised as rapidly as the recrystallised specimens, 
but the last fractions were exceedingly slow, the last of all being 
much slower even than the crude substance, only a very small 
amount of stabilisation having taken place after 4 days. Under the 
microscope these slow specimens were seen to be contaminated with 
a liquid, evidently a decomposition or oxidation product, for the 
residue in the test tube was charred. This liquid appeared to be 
much less volatile than the nitroaniline, for, whereas on long keeping, 
the latter always evaporates considerably at the edges of the cover 
slip, this liquid did not do so. The slowness of these specimens is 
evidently connected with this impurity. 

In these and all other experiments described in this paper, the 
slides and cover-slips were treated with hot chromic or chromic- 
nitric acid mixture, it being ensured by the use of suitable holders 
that the liquid had free access to all surfaces. They were then 
washed with distilled water, next with conductivity water, and were 
finally dried in an air-oven and stored in a calcium chloride desiccator. 
In the later experiments, they were also steamed for a few minutes 
before being dried. To prevent decomposition of the substance, 


the hot plate used for melting the films was fitted with a thermometer | 
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and the temperature was never allowed to rise above 120°, nor were 
the slides left on the plate longer than was absolutely necessary. In 
preparing the slides, they and the cover-slips were manipulated 
entirely with forceps. The progress of stabilisation was conveniently 
followed by projecting the slides at intervals on to a screen by means 
of an optical lantern. 

After the stabilisation process described above is complete, most 
slides on standing for some weeks develop dark brown patches 
which gradually extend. This change, which is being further 
studied, is partly due to the coalescence of the original needles to 
form larger crystals. 

Freezing Points and Melting Points.—In order to compare the 
purity of the different specimens obtained by recrystallisation, an 
attempt was made to determine their freezing points. This proved 
to be impossible with the quantities available (about 2 g. of each), 
for the freezing point registered depended entirely on the bath 
temperature even when the latter was only 1° or 2° below the former. 
This is probably because the substance has a low velocity, or heat of 
crystallisation, or both. The highest temperature registered by the 
crude substance was 68-7° with the bath at 67°, and 68-9° with the 
bath at 68°. The thrice recrystallised specimen had a f. p. of 69-2° 
with a bath temperature of 68°, and this was the highest temperature 
observed. (Determinations with the fourth and fifth fractions, 
however, were not made.) This value may be compared with 
Kohman’s, viz., 69-3° (loc. cit.). 

Attention was next directed to melting-point determinations. 
The m. p.’s given in the literature vary from 68° to 71-:5°. The 
ordinary methods proved quite unsatisfactory, since it seemed 
impossible to judge with certainty to less than 0-5° the temperature 
at which melting began, even when the melting-point tube was 
observed with a low-power microscope. In order to remove any 
unstable form, the tubes were heated at 60° for some days, but this 
did not seem to make any difference. The difficulty was eventually 
overcome by means of the apparatus shown in Fig. 5, in which the 
melting of the substance on microscope slides could be observed. 
This method had the advantage that the melting points of both 
forms could be determined in one operation. The glass tube, A, 
which was just wide enough to contain a 3” x 1” microscope 
slide, E, was fitted at the top with a rubber stopper carrying an 
Anschutz thermometer of the enclosed-scale type, B, graduated 
from 60° to 85° in 0-2° (made specially for this work by Messrs. 
Negretti and Zambra), and two }” copper tubes, C and D. The 
tube C, which was about one yard long, passed to the bottom of A, 
being coiled outside as shown. The tube D reached just below the 
co 
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stopper. The slide was supported between the tube C and the 
thermometer, the bulb of the latter being opposite the centre of the 
substance under the cover-slip. The whole apparatus was immersed 
to the level shown in a 2-litre beaker containing water and fitted 
with a mechanical stirrer, a thermometer, and a movable 2-volt 
electric bulb enclosed in a frosted glass tube, by means of which any 
desired portion of the material on the slide could be brightly illumin- 
ated from behind. The beaker was heated by a shielded gas flame 
controlled by a fine adjustment. By attaching D to a filter pump 
and C to a sulphuric acid wash 

be bottle a rapid current of dry air at 
, the same temperature as the outer 
bath could be drawn through A. 

Careful trials showed that, pro- 
————_ vided the temperature of the bath 
was not altered more rapidly than 
— 1° in 10 minutes and a rapid cur- 
rent of air was drawn through A, 

the temperature registered by the 

- thermometer kept the same, to 
within 0-1°, as that of the bath. 

Since the substance on the slide 

was only separated from the air 

stream by the thin cover-slip, it 

did not seem possible for it to lag 

behind the thermometer in acquir- 

i e tale ing the temperature of the air, 
— IW - _ * especially as the slide and ther- 
— -_--- mometer had approximately equal 
7 volumes and therefore approxi- 
= = mately equal heat capacities. (As 
is well known, glass has very nearly 

the same heat capacity as an equal volume of mercury.) If proof 
were needed, however, it was furnished by the fact that if the 
temperature of the apparatus were rapidly raised so that there was 
considerable lag on the part of the thermometer, then the substance 
on the slide melted at a very much lower reading than when slow 
heating was used. Thus, under conditions such that the ther- 
mometer registered the temperature of the bath, it also registered 
the temperature of the o-nitroaniline. These conditions, already 
specified, were adhered to during the melting-point determinations. 
In carrying out a determination, a freshly crystallised slide con- 
taining both the stable and the unstable form was placed in A, and 
the apparatus rigidly fixed in the bath which had been previously 


Fie. 5. 
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heated to 65—67°. If this preliminary heating were omitted, it was 
found that the long time taken to raise the apparatus to the m. p. 
resulted in complete stabilisation of the substance, so that the 
m. p. of the unstable form could not be observed. The air stream 
was then started, and the bath rapidly stirred. When the inner and 
outer parts were in thermal equilibrium the temperature was 
allowed to rise at the above-mentioned rate. A suitable portion of 
the slide, usually near the bulb of the thermometer, was illuminated 
and observed by means of a low-power microscope. The unstable 
areas melted first and left crystals of the stable form surrounded by 
liquid. One or two well-shaped crystals were selected for observ- 
ation and watched carefully against an eye-piece scale in the 
microscope. The temperature at which they first showed signs of 
melting could thus be determined very sharply. The point at which 
the unstable form commenced to melt could not be determined so 
precisely, for this form usually consisted of very small crystals 
packed closely together, and consequently there were no sharply 
defined crystal edges visible. Moreover, melting at the boundaries 
between the stable and the unstable form was often observed to take 
place at a lower temperature than that at which the bulk of the 
unstable form melted.* The temperature recorded as the m. p. was 
that at which melting some distance from the boundary first became 
apparent. | 
Objection may be raised to this method on the ground that 

substances in thin films have lower melting points than when in 
bulk; for example, Meissner (Z. anorg. Chem., 1920, 110, 169) has 

shown that the m. p. of a film of myristic acid decreases by 0-3° as 

the thickness diminishes from 10» to 0-8 y. Measurements of the 

thickness of four of our films taken at random gave the values 
0-135, 0-155, 0-145, and 0-125 mm., which would appear to be well 

outside the range of this effect. 

The results are given in Table I. With the exception of the crude 

specimen they refer to material dried for 12 months over calcium 
chloride. 


TABLE I. 
Fractions of recrystallised specimens. 
Specimen. Crude. 1, 2. 3. 4. 5a. 5b.t 
M. p. of unstable ca. 67-9° ca. 68-1° 68-1° 68-1° 68-3° ca. 68-2° 68-2° 
form. 68-2 
M. p. of stable 69-5 70-05 69-9 70-1 70:15 70:15 70-1 
form. 69-5 69-9 70-1 70:15 70-25 


¢t Results with two different slides. 


* This may be a surface effect, or may be due to a concentration of traces 
of impurity at these places. It is also not impossible that, owing to differing 
molecular complexity, the two forms melt to give for a brief period different 
liquids, so that the m. p. of one is lowered by contact with the other. 


732 STUDIES IN POLYMORPHISM. PART I. 


The values for the 3rd, 4th, and 5th fractions show little difference, 
so that probably the maximum purity possible by the method of 
purification used was reached. From the average of these three 
specimens, the m. p. of the unstable form lies 1-9° below that of the 
stable form. The values must, of course, be higher than the true 
solid—liquid equilibrium temperature. Kohman’s value of 69-3° 
seems, however, to be too low, for on one occasion it was noted that 
when a slide was cooled the crystals started to grow above 69-5”. 
Possibly his determination was influenced by the same factors as 
were our freezing-point determinations, for he too used a small 
quantity. It is also possible that his specimen was impure, for he 
states that sublimation was used as one of the methods of purification 
and as already stated this may lead to decomposition or oxidation. 


Summary. 

1. o-Nitroaniline exists in two polymorphs. One (m. p. 68-1— 
68-3°, monoclinic or triclinic) is unstable at all temperatures between 
that of the room and the m. p. and changes into a stable form (m. p. 
70-1—70-2°, orthorhombic). 

2. When the substance is crystallised in thin films, both forms are 
normally obtained, the relative amounts depending on the tem- 
perature at which crystallisation begins. This has been connected 
with the relation between the crystallisation velocities of the two 
forms at different temperatures. 

3. The time taken for the disappearance of the unstable form has 
been studied with regard to (i) the linear stabilisation velocity at the 
stable-unstable boundary and (ii) the extent of the boundary; 
and the effect of.impurities on both these factors has also been 
investigated. 

4, An apparatus which enables the melting points of both forms 
to be determined in the same operation is described. 


In conclusion, we wish to express our gratitude to Mr. Alan Stuart 
for his interest and assistance in the crystallographic part of 
this work. 

University CoLLEGE oF SWANSEA, 

UNIVERSITY OF WALES. [ Received, February 8th, 1930.] 
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XCIX.—The ‘Uniform Movement” of Flame in 
Mixtures of Ethylene, Propylene, or Butylene with 
Air. 


By ExizaBetH Heten MacLeop GEorGESON and FRANCIS 
JOHN HARTWELL. 


THE uniform movement of flame, the first stage in its propagation 
from the open towards the closed end of a tube, provides the most 
convenient means for comparing the speeds of inflammation of 
various gas mixtures. This communication presents measure- 
ments of the speed of uniform movement of flame in the whole 
range of inflammable mixtures of air with ethylene, propylene, or 
butylene. The experiments were carried out in a horizontal tube 
of 2-5 cm. diameter, and the results are therefore directly comparable 
with those already obtained for carbon monoxide and the lower 
members of the paraffin series (Payman, J., 1919, 115, 1446, 1454), 
for acetylene (Mason and Wheeler, ibid., p. 578), and for hydrogen 
(Georgeson and Hartwell, J., 1927, 265). The limits of inflamm- 
ability, of the olefins named, in the conditions stated, were determined 
incidentally. 

The apparatus and experimental procedure were similar to those 
described (J., 1927, 265). The use of a tube of transparent quartz, 
2-5 cm. in diameter and 150 cm. long, and a quartz lens, enabled 
flame photographs to be taken over the whole inflammable range 
of each gas. The combustible gases, obtained commercially in 
cylinders, were purified by repeated liquefaction and, fractional 
distillation. The butylene was a mixture, in approximately equal 
proportions, of At- and A®-isomerides (W. L. Wood, private com- 
munication). Mixtures with air were prepared over mercury in 
iron gas-holders and, except when otherwise stated, the gases were 
roughly dried by passage over calcium chloride, and contained less 
than 0-1% of water vapour. A sample of each mixture was taken 
for analysis from the tube prior to ignition. The mixture was 
fired by passing a spirit-lamp flame, 2—3 cm. high, across the 
opened flanged end of the tube. Photographs were taken during 
the progress of the flames over a distance of 12-5—38-5 cm. from 
the point of ignition. 

The values obtained from the photographic records are given 
in Table I. In each case, the first column contains the percentage 
(by vol.) of the hydrocarbon, and the second, the speed of uniform 
movement (in cm./sec.). 

Fig. 1 shows the results as speed—percentage curves, together with 
the curves for the first five paraffin hydrocarbons. For the olefins 
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TABLE I. 


THE “‘ UNIFORM MOVEMENT ”’ 


The Speed of Uniform Movement of Flame in Miztures. 


(Horizontal propagation in a tube 2-5 cm. in diameter.) 


(i) Hthylene-air mixtures. 


C,H, 

o/ 

/O° 
3°26 
3-30 
3°34 
3°36 
3-48 
4-14 
4°33 
4-69 
4:97 
5:07 
5-42 
5-84 
6-39 
6-40 
6°81 
6-88 
7-02 


Speed. 


No propagation 


20-6 
23-4, 
25-8, 
29-9, 
54-0, 
61-0, 
74-0, 73-3 
88-5, 
92-1, 93-1 

105-6 


22-8 


25-5 


28-9 


119-8, 121-0 
143-7, 145-1 
145-8 


157-6, 155-8 
159-4, 158-9 
159-7, 153-6 


C,H, 
%. 


7-58 
7-61 
7-66 
8-06 
8-11 
8-19 


8-32 


Speed. 
112-7, 114-7, 
1 113-8, 156-1, 
| 163-3, 160-6 
f 164-8, 165-8, 
\ 168-4, 168-7 
165-0, 166-5 
162-6, 166-5 
162-3, 163-6 
165-1, 167-2 
164-7, 165-7, 
1163-2 
161-8, 163-4 
165-2, 165-8 
155-1, 157°3 
162-5 
160-2, 157-2 
(151-6, 155-9, 
1158-2 


(ii) Propylene-air mixtures. 


C,H,, 
0/ 
/o* 


Speed. 


(a) No propag- 


ation 


(b) 20-85 
28-4, 29-1, 
(30-1 


38-7, 38-8 
51-9, 527 
70-9, 68-8 
80-1, 81-9 
93-1, 91-0 


‘ 
C,H,, 
0/ 
/o* 


4°83 
4-95 


(iii) Butylene-air mixtures. 


C,Hg, 
%. Speed. 

( (a) No propag- 

1-93 4 ation 
\(b) 18-9 

22-2 35-2, 33-0 

2-64 53-5, 50-6 

2:83 63-6 

3°01 68-5, 68-1 

3°35 81-4, 79-6, 83-1 


as well as for the paraffins the mixtures of maximum speed of 
uniform movement contain less air than is required for complete 


combustion. For paraffin hydrocarbons, this has been attributed 


to the influence of mass action (Payman, J., 1920, 117, 48), and the 
same explanation may be adopted for the olefins. 


C,H,, 
%. 
3°65 
3-78 
3°91 
3°94 
4-08 
4-22 
4-60 


Speed. 
98-0, 98-9 
f101-0, 98-2, 

t 99-6 
100-7, 99-6 
101-9, 100-9 
100-0, 99-2 
101-5, 102-0 

f 99-8, 99-1 

\ 99-3 
99-6, 99-0 


Speed. 
92-4, 93-5 
94-5, 93-5 
99-0 
96-9, 96-6 
96-0, 98-2 
95-7, 94-6, 96-6 
83-3, 82-7 


C,H, 
%o 
8-50 
8-75 
9-01 
9-47 
9-51 
9-88 

10-25 

11-20 

12-10 

12-95 

14-49 

14-66 

15-50 

17-84 

18-06 

18-22 

18-30 


’ 
C;H,, 
o/ 
4/o* 


5-62 
5-84 
6-01 
6-31 
6-40 
6-68 
7°10 
7-46 
56 


~1 


C,H, 
¥ 
/O° 
4-65 
4-94 
5-25 
5-65 
5-96 
6-09 


Speed. 
156-4 
141-4, 143-9 
131-8 


113-5 
107-3 
92-5, 91-5 
73-2, 74-4 
47-2, 47-5 
35-6, 36-3 
30-1, 31-6 
23-6, 24-0 
22-7 
22-7 
19-2 
18-4 
18-5 


No propagation 


Speed. 
94-0 
84-1, 90-8 
82-2, 82-2 
73-3, 73-6 
65-5, 68-5 
57-1, 57-8 
39-9, 40-6 
31-8, 32-3 


No propagation 


Speed. 
81-0, 80-1 
68-1, 69-3 
53-7, 53-5 
39-2, 39-2 
32-5, 32-6 


Propagation for 


55 cm. only 
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Table II shows the limits of inflammability in a horizontal glass 
tube, 2-5 cm. in diameter and 150 cm. long, and also the composition 
and speed of uniform movement of the maximum speed mixture 
of each hydrocarbon. 





TaBLe II, 
Maximum speed 
Limits of mixtures. 
inflammability : = ’ " Theoretical 
hydrocarbon, %. Speed of for complete 
een, Hydro- uniform combustion : 
Lower Upper carbon, movement hydrocarbon, 
limit. limit. %. (cm./sec.). %. 
Ethylene-air ...... 3°30 18-25 7-3—7-7 166 6-51 
Propylene-air ... 2-58 7-50 5-0—5-3 101 4-44 
Butylene-air ...... 1-93 6-0 3-9—4-1 98 3°36 


A peculiarity of the ethylene-air curve is the flattening towards 
the upper limit. 

Chapman (J., 1921, 149, 1677) has given measurements of the 
speed of uniform movement of flame in ethylene—air mixtures. 
His results are from 14 to 28%, lower than ours. In the course 
of attempts to explain the difference we found : (i) that the speeds 
of flame in mixtures of ethylene and air saturated with water vapour 
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at laboratory temperature were only slightly lower than the speeds 
in mixtures roughly dried by passage over calcium chloride; (ii) 
that ethylene, prepared in the laboratory by Newth’s method 
(J., 1901, 79, 915) and purified by condensation of alcohol and 
ether vapours in vessels cooled by solid carbon dioxide and ether, 
gave the same flame speeds as those recorded in Table I; (iii) that 
the speed of uniform movement of ethylene—air mixtures was not 
affected by variations in length of the explosion tube. 

It seemed that the cause of the difference might be found in the 
methods of registering the flame speeds, for Chapman had recorded 
automatically the time interval between the fusion of successive 
screen wires, whereas we had used the photographic method. The 
latter is now regarded as the more trustworthy, for screen wires are 
obstacles in the path of the flame, and, moreover, they record only 
the mean speed of flame between one wire and the next. We 
therefore fitted a tube with screen wires and made measurements 
by both methods simultaneously, over the same length of tube. 
The speed measurements agreed with one another, but were some 
3—4 cm./sec. higher than corresponding figures in Table I, a result 
which the photographs explained by showing a small increase in 
flame speed near the wires, which presumably function as small 
constrictions in the tube. So far as we could discover, therefore, 
the differences between Chapman’s figures and ours are not attribut- 
able to an error in either method of measurement of flame speeds. 

A clue to an explanation was provided by the flame speed of the 
7:05% ethylene-air mixture, which was found to be either 114 or 
160 cm./sec., approximately. The lower speed was obtained when 
the ground-glass cap at the firing end of the tube was removed in 
such a manner as to cause mechanical disturbance of the mixture. 
Low flame speeds were also regularly induced by firing the mixture 
while the tube was still “ringing ” after a rather sharp blow; in 
these circumstances speeds of 110—120 cm./sec. were obtained with a 
maximum speed mixture instead of the normal speed of 166 cm./sec. 
Mason and Wheeler (J., 1920, 117, 1233) observed a similar effect 
in the upward propagation of flame in certain methane-air mixtures, 
and attributed the effect to resonance. We are inclined, therefore, 
to explain the comparative slowness of Chapman’s flames as being 
due to the incidence of resonance during part of their progress 
between the screen wires. The photographic registration of flame 
speeds prevents such an effect from being overlooked. 

The upper limit of ethylene in air was found to be 18-25%. At 
about 14% of ethylene, the colour of the flame changed from 
bluish-green (below 14%) to yellow (14—18%), and carbon was 
liberated. 
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This work has been carried out for the Safety in Mines Research 
Board, to whom our thanks are due for permission to publish it. 


Sarety inv Mines RESEARCH LABORATORIES, 
SHEFFIELD. [Received, February 11th, 1930.] 





C.—Aromatic Stibinic Acids containing Phenyl 
and Quinolyl Radicals. . 
By GitBErRt T. Moraan and James WILFRED CooK. 


In recent years considerable attention has been directed towards 
organic antimonials as therapeutic agents in tropical medicine 
(Schmidt, Ind. Med. Gaz., 1928, 63, 643) and the compounds now 
described were prepared in the course of a search for active sub- 
stances of greater stability than p-aminophenylstibinic acid, from 
which many of the successful antimonials are derived. 

One of the most promising arsenicals in present use is tryparsamide 
and Brahmachari (Indian J. Med. Res., 1922, 10, 510) claimed to 
have isolated the analogous antimony compound (sodium N-phenyl- 
glycineamide-p-stibinate, I). We have made repeated unsuccessful 
attempts to prepare Brahmachari’s substance, the chief difficulty 
being that p-aminophenylstibinic acid decomposes rapidly under the 
conditions necessary to effect condensation with chloroacetamide. 
Attempts to overcome this difficulty by introducing the stibinic acid 
group into a previously formed N-phenylglycine molecule (for 
example, by the Bart-Schmidt reaction with p-amino~N-phenyl- 
glycine or p-amino-N-acetyl-N-phenylglycine) also proved abortive. 
Moreover, pp’-diaminodiphenylstibinic acid and 4-hydroxy-3- 
aminophenylstibinic acid both decomposed when heated with 
chloroacetamide in faintly alkaline solution. 

m-Aminophenylstibinic acid is considerably more stable than its 
para-isomeride and condenses smoothly with chloroacetamide and 
with chloroacetomethylamide to yield N-phenylglycineamide-m- 
stibinic acid (II) and N-phenylglycinemethylamide-m-stibinic acid 
(IIL) respectively. 


NH-CH,CO‘NH, = NH-CH,CO-NH, = NH-CH,:CO-NHMe 
JAN 


( _ Sb0,Hs 
SbO,HNa 
(L.) (IT.) (III.) 


SbO,H, 


m-Aminophenylstibinic acid also reacted with cyanic acid to give 
m-carbamidophenylstibinic acid (IV). 
co2 
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4-Chloro-3-aminophenylstibinic acid (V), obtained by oxidation 
of 4-chloro-3-aminopheny]lstibinous chloride hydrochloride (Schmidt, 
Annalen, 1920, 421, 208; Ber., 1926, 59, 556) with ammoniacal 
hydrogen peroxide at 0°, failed to react when its sodium salt was 
heated with chloroacetamide or chloroacetomethylamide in aqueous 
or alcoholic solution, the reactivity of the primary amino-group 
being probably depressed by the ortho-chlorine atom. 

The chlorine atom in 4-chloro-3-nitrophenylstibinic acid (Schmidt, 
Annalen, 1920, 421, 188) is considerably less reactive than that in 
the analogous arsinic acid (D.R.-PP. 285,604, 446,545; Barber, J., 
1929, 471), since it does not condense with pyridine or aniline at 
100°, with ammonia at 120°, or with diethylamine in boiling alcoholic 
solution. With piperidine in boiling alcohol, however, 3-nitro-4- 
piperidinophenylstibinic acid was readily obtained, and this was 
reduced by ferrous hydroxide to 3-amino-4-piperidinophenylstibinic 
acid (V1). 


NH-CO-NH, SbO,H, SbO,H, 
Co, @™ @= 
Cl C.Hyo:N 
(IV.) (V.) (VI.) 


3-Nitro-4-ethylaminophenylstibinic acid was produced from 4- 
chloro-3-nitrophenylstibinic acid and ethylamine in alcoholic 
solution at 120—130°, the reaction being accompanied by partial 
elimination of antimony from the molecule. 

Treatment of an aqueous suspension of 3-amino-4-hydroxyphenyl- 
stibinic acid with acetic anhydride led to the formation of a stibinic 
acid which was probably 3-acetamido-4-hydroxyphenylstibinic acid 
(VII), but its extreme solubility in water was remarkable, since 
most aromatic stibinic acids are very sparingly soluble, as is also the 
analogous arsinic acid (stovarsol), so the possibiltty of internal con- 
densation to a benzoxazole derivative (VIII) is not excluded. 


SbO,H, SbO,H,,H,0 
(VII.) CO i-c0n, 93 (VIII) 
~ 
as bbc 
4 p a’ 


The conditions necessary for the production of quinolylstibinic 
acids by the Bart-Schmidt reaction have been determined (compare 
Binz and Rath, Zng. Pat. 250,287) and quinolyl-5-stibinic, quinolyl- 
6-stibinic, and quinolyl-8-stibinic acids were obtained from the corre- 
sponding aminoquinolines. The stibinic acid group has less in- 
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fluence than the arsinic acid group in inhibiting the basic character 
of the quinoline residue, since these stibinic acids are soluble even 
in dilute acetic acid, whereas Binz and Rath (Annalen, 1927, 453, 
240) have shown that the corresponding arsinic acids require con- 
centrated mineral acids for salt formation. These quinolylstibinic 
acids were purified through their sparingly soluble crystalline 
stibinic chlorides, the salt obtained from quinolyl-8-stibinic acid (IX), 
for example, being represented by structure X : 


HCl 
(IX.) a qy (*-) 


0;H,Sb N Cl,Sb NH 


By ,evaporation of its solution in dilute acetic acid, quinolyl- 
8-stibinic acid (1X) is converted into a water-soluble variety which 
is probably a salt formed by internal neutralisation, since the 
isomeric 5- and 6-compounds do not behave in this way. An 
attempt was made to prepare 6-methoxyquinoly1-8-stibinic acid and 
6-ethoxyquinolyl-8-stibinic acid from the corresponding alkoxy- 
aminoquinolines, which themselves are stated to be destructive to 
blood parasites (Hng. Pat. 267,457). The yield of these stibinic 
acids was, however, very poor and they could not be obtained free 
from coloured impurities, but it is noteworthy that neither of these 
derivatives of quinolyl-8-stibinic acid could be converted into a 
water-soluble form by evaporation of dilute solutions of the acetates. 

The trypanocidal action of the compounds now described has been 
examined by Professor Warrington Yorke under the auspices of the 
Chemotherapy Committee of the Medical Research Council. The 
substances were administered intraperitoneally and were found to 
possess only a slight activity against 7’. egquiperdum. The minimum 
lethal doses (M.L.D.), expressed in mg. per 20 g. mouse, are given in 
the following table, sodium m-aminophenylstibinate being included 
for comparison. 


Substance. M.L.D. 
Sodium m-aminophenylstibinate  ................. MPT RARE Shc APA: 25 
Sodium m-carbamidophenylstibinate —............ccceeeeeeceeeeeeeeeeeees 25 
Sodium N-phenylglycineamide-m-stibinate ..............cceceseeeeeeeees 20 
Sodium N-phenylglycinemethylamide-m-stibinate ...............+.+00+ 30 
Acetylated 3-amino-4-hydroxyphenylstibinic acid (VII or VIII)... 10 

Sodium quinolyl-5-stibinate  .........c.ssecceseeceeeceeeeeeeeeeeeseeeeeneees 1-8 

Sodium quinoly]-6-stibinate  ............ccsceseeeeeeeeeeeeeeeeeeeeeeeeeeeees te 
0- 


Rbeochyl-S-atibtnie C6, nndcssc consis sccsevssss sanespenesens enkscbsomedvarans 


EXPERIMENTAL. 
I. Derivatives of m-Aminophenylstibinic Acid. 
m-Carbamidophenylstibinic Acid (1V).—m-Aminophenylstibinic 
acid (6 g.) was dissolved in N-hydrochloric acid (20 c.c.), and the 
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excess of mineral acid neutralised with sodium hydroxide. 2N- 
Acetic acid (25 c.c.) was added, followed by a concentrated aqueous 
solution of potassium cyanate (2-5 g.) at 0°. After an hour the 
precipitate was collected and reprecipitated by hydrochloric acid 
from its solution in sodium hydroxide. For purification, the product 
(5°5 g.) was suspended in concentrated hydrochloric acid (50 c.c.) 
at 0°. After 3 hours the yellow crystalline stibinic chloride was 
collected, washed with hydrochloric acid, and hydrolysed by water 
to the stibinic acid, which was washed with water to remove occluded 
salts and finally dried in a vacuum desiccator. m-Carbamidophenyl- 
stibinic acid, a white amorphous powder, decomposed on heating, 
without melting * (Found: N, 95. C,H,0,N,Sb,H,O requires 
N, 91%). 

The sodium salt, precipitated on adding alcohol to its neutral 
solution, formed a white amorphous powder, moderately easily 
soluble in water (Found: Sb, 39-0. C,H,0O,N,NaSb requires Sb, 
37:0%). Most of the sodium salts gave high analytical figures for 
antimony. This accords with the observations of Fargher and Gray 
(J. Pharm. Exp. Ther., 1921—1922, 18, 341), who cite several 
instances of neutral sodium aryl stibinates containing less than one 
atom of sodium per molecule. 

N-Phenylglycineamide-m-stibinic Acid (I1).—A solution of m- 
aminophenylstibinic acid (5-2 g.) and chloroacetamide (3-6 g.) in 
N-sodium hydroxide (20 c.c.) was heated at 90° for 14 hours. Suffi- 
cient sodium hydroxide was added to dissolve the resulting resinous 
precipitate and the solution, which still gave a reaction for primary 
aromatic amine, was treated with a further 1-5 g. of chloroacetamide 
and heated for another hour to complete the condensation. The 
clear solution obtained by adding the requisite amount of alkali was 
acidified with acetic acid, the precipitated stibinic acid was dissolved 
in 2N-hydrochloric acid (15 c.c.), and addition of ice-cold hydrochloric 
acid (d 1:19; 15 c.c.) then resulted in separation of the crystalline 
stibinic chloride. This chloride was rapidly collected and dissolved 
in water, the solution made alkaline, and the free stibinic acid 
reprecipitated by acetic acid (Found: Sb, 39:5; N, 9-0. 
C,H,O,N,Sb,1/3H,O} requires Sb, 39:4; N, 91%). N-Phenyl- 
glycineamide-m-stibinic acid, a white amorphous powder, was readily 
soluble in dilute alkali or excess of dilute mineral acids but insoluble 


* None of the stibinic acids described in the sequel had a definite melting 
point. 

+ Schmidt (loc. cit.) has shown that the vacuum-dried ary] stibinic acids are 
usually represented by formule of the type 3ArSbO,,H,O or 3ArSbO,,2H,0. 
The figures for antimony which we have obtained have led us to adopt similar 
formulations, although with considerable reserve on account of the instability 
and difficulty of purification of the compounds. 
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in dilute acetic acid. When added to its dilute hydrochloric acid 
solution, sodium nitrite precipitated a gelatinous nitrosoamine. 

The sodium salt, precipitated by addition of alcohol to its con- 
centrated neutral aqueous solution, was a white amorphous powder 
readily soluble in water (Found: Sb, 35-9. C,H,,0,N,NaSb 
requires Sb, 35-5%). 

Sodium N-Phenylglycinemethylamide-m-stibinate (I11).—Condens- 
ation of m-aminophenylstibinic acid with chloroacetomethylamide 
was carried out exactly as with chloroacetamide, a double heating 
with the methylamide being also necessary for complete reaction. 
Phenylglycinemethylamide-m-stibinic acid, when purified through 
the stibinic chloride, had properties similar to those of the corre- 
sponding amide, and gave a strong odour of methylamine when 
heated with sodium hydroxide solution. The sodium salt, which 
was isolated from its concentrated aqueous solution by addition of 
alcohol and ether, formed a white amorphous powder completely 
soluble in about half its weight of water (Found: Sb, 33-1. 
CyH,.0,N,NaSb requires Sb, 34:1%). 

Condensation of m-aminophenylstibinic acid with chloroacet- 
ethylamide proceeded smoothly with the formation of an acid, of 
which the sodium salt was not precipitated from its aqueous solution 
even by alcohol and ether. 

pp’-Diacetamidodiphenylstibinous Hydroxide—A suspension of 
p-acetamidophenylstibinous chloride hydrochloride (10 g.) in 
0-:005N-sodium hydroxide (1000 c.c.) was boiled for an hour. The 
solution, filtered hot from antimony oxide, deposited colourless 
needles on cooling; these, recrystallised from aqueous methyl 
alcohol, intumesced at 128° (Found: Sb, 29-5. Cale. : Sb, 29-9%),. 
This process is simpler than Schmidt’s method of degradation of the 
triacetamidotriphenylstibine (Annalen, 1922, 429, 137). 

This secondary hydroxide was oxidised to the diarylstibinic acid 
by Schmidt’s method, and the product (4 g.) hydrolysed at 0° in 
? hour by N-sodium hydroxide solution (25 c.c.). The resulting 
amino-compound gave only aniline and resinous products on treat- 
ment with chloroacetamide. 


II. Condensation of 4-Chloro-3-nitrophenylstibinic Acid with 
Amines. 

3-Nitro-4-piperidinophenylstibinic Chloride Hydrochloride.—A solu- 
tion of 4-chloro-3-nitrophenylstibinic acid (3-28 g.) and piperidine 
(5-5 c.c.) in alcohol (20 c.c.) was boiled for 3 hours, and the solution 
poured into water. The orange precipitate (3-5 g.) was dissolved in 
warm glacial acetic acid (20 c.c.), and the cooled solution treated 
with concentrated hydrochloric acid (20 c.c.): The crystalline 
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precipitate was washed with a mixture of hydrochloric acid and 
acetic acid (1 : 1) and dried over sulphuric acid and solid potassium 
hydroxide. The stibinic chloride hydrochloride formed a colourless 
microcrystalline powder, decomp. 185—187° (Found: Sb, 24:3. 
C,,H,,0,N,Cl,Sb,HCl requires Sb, 24:1%). 
3-Nitro-4-piperidinophenylstibinic acid hydrochloride, formed 
when the foregoing stibinic chloride was suspended in a large volume 
of water for several hours, was an orange amorphous powder 
(Found : Sb, 29-3. C,,H,,0,N,Sb,H,O,HCl requires Sb, 29-4%). 
3-Nitro-4-piperidinophenylstibinic Acid.—The hydrochloride of 
the acid was dissolved in alcohol with 2N-sodium hydroxide; the 
clear solution was acidified with acetic acid. After drying, the 
gelatinous precipitate was again washed with water to remove 
occluded salts and obtained as an orange amorphous powder, spar- 
ingly soluble in excess of dilute aqueous alkali (Found: Sb, 33-6. 
C,,H,,0,N,Sb,1/3H,O requires Sb, 33-3%). 
3-Amino-4-piperidinophenylstibinic Acid (V1).—Reduction of the 
nitro-compound with stannous chloride yielded no crystalline pro- 
duct, but the aminophenylstibinic acid was readily formed when 
ferrous hydroxidewas used. A solution of 3-nitro-4-piperidinopheny]l- 
stibinic acid (3 g.) in alcohol (15 c.c.) and 6N-sodium hydroxide 
(3 c.c.) was poured into water (150 c.c.), this procedure being adopted 
in order to obtain the substance in a finely divided state. More 
6N-sodium hydroxide (30 c.c.) was added to the suspension, followed 
slowly by a solution of ferrous sulphate (15 g. in 100 c.c. of water). 
After 1} hours the hydroxides of iron were removed and the filtrate 
was acidified with acetic acid. The gelatinous stibinic acid was 
purified through the stibinic chloride (obtained with ice-cold hydro- 
chloric acid) (Found: Sb, 36-5. C,,H,,0,N,Sb,1/3H,O requires 
Sb, 36-3%). 
3-Amino-4-piperidinophenylstibinic acid formed a greyish powder, 
soluble in very dilute mineral acid or alkali, the solutions giving 
reactions for primary amine. The sodiwm salt was produced when a 
suspension of the acid (3 g.) in 50% alcohol (80 c.c.) was neutralised 
with sodium hydroxide, the filtered solution evaporated to dryness, 
the residue extracted with boiling methyl alcohol, and the extract 
evaporated to dryness. This salt was too sparingly soluble in 
water to be used for intravenous injection (Found: Sb, 33-9. 
C,,H,,0,;N,NaSb requires Sb, 33-0%). 
3-Nitro-4-ethylaminophenylstibinic Chloride—A solution of 4- 
chloro-3-nitrophenylstibinic acid (3-28 g.) in alcoholic ethylamine 
(12 c.c. of a solution containing 22 g. of ethylamine per 100 c.c.) 
was heated at 120—130° for 3 hours. After cooling, an orange solid 
had separated consisting of the nitroethylaminophenylstibinic acid 
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mixed with antimony oxide. This crude product (1 g.) was ground 
under concentrated hydrochloric acid (20 c.c.) and the crystals were 
washed with concentrated hydrochloric acid and dried over sulphuric 
acid and solid potassium hydroxide. 3-Nitro-4-ethylaminophenyl- 
stibinic chloride formed a buff microcrystalline powder with no 
definite m. p. (Found: Sb, 28-6. C,H,O,N,C1,Sb requires Sb, 
28-4%,). This stibinic chloride was immediately hydrolysed by 
water to the orange 3-nitro-4-ethylaminophenylstibinic acid, obtained 
pure for analysis by acidifying a dilute solution of the ammonium 
salt with acetic acid (Found: Sb, 37-1. C,H,O,N,Sb,1/3H,O 
requires Sb, 37-4%). 

3-Nitro-4-methylaminophenylstibinic chloride was obtained in 
precisely the same manner as the ethylamino-compound from 
4-chloro-3-nitrophenylstibinic acid (3-28 g.) and 15% alcoholic 
methylamine(15c.c.) at 120—130° (Found: Sb, 28-8. C,;H,O,N,C1,Sb 
requires Sb, 29-3%). 


Ill. Acetylation of 3-Amino-4-hydroxyphenylstibinic Acid. 

The potassium salt (16 g.) of 3-nitro-4-hydroxyphenylstibinic acid 
(Schmidt, Annalen, 1920, 421, 212) was reduced by sodium hydro. 
sulphite (D.R.-P. 270,488) to the amino-compound, which was 
suspended in water (12 c.c.) and acetylated by the gradual addition 
of acetic anhydride (9 c.c.). This treatment led to a clear solution 
and after 24 hours several volumes of acetone were added to preci- 
pitate the stibinic acid (VII or VIII). The substance formed a 
white amorphous powder extremely soluble in water with an acid 
reaction, insoluble in acetone, alcohol or glacial acetic acid, and 
yielding a sodium salt readily soluble in water (Found + Sb, 37:8. 
C,H,O,NSb,H,O requires Sb, 37-8%). 


IV. Quinolylstibinic Acids. 

The appropriate aminoquinoline (6 g.; 1/24 g.-mol.) in water 
(50 c.c.) and concentrated hydrochloric acid (20 c.c.) was diazotised 
at 0° with sodium nitrite (3 g.). The diazo-solution was added 
slowly, with simultaneous addition of 6N-sodium hydroxide (20 c.c.), 
to an ice-cold sodium antimonite solution prepared from antimony 
trichloride (12-6 g.), 5N-hydrochloric acid (20 c.c.), and glycerol 
(20 c.c.), the resulting solution being treated with 6N-sodium 
hydroxide until the precipitate first formed had just redissolved and 
then diluted to 800 c.c. After being kept at the ordinary temper- 
ature over-night, the solution was freed by filtration from the bulk 
of coloured by-products, and the filtrate acidified with acetic acid. 
The precipitate was suspended in concentrated hydrochloric acid 
(50 c.c.) and the product was collected after an hour and washed 
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with concentrated hydrochloric acid. The stibinic chloride, thus 
obtained free from antimony oxide, was decomposed by excess of 
dilute alkali, the stibinic acid being precipitated by acetic acid. 

Quinolyl-5-stibinic Acid.—The crude stibinic acid (2 g. from 6 g. 
of 5-aminoquinoline) was converted into stibinic chloride by addition 
of concentrated hydrochloric acid to its solution in dilute hydrochloric 
acid, and the stibinic acid regenerated in the usual way. A small 
sample (0-5 g.) was further purified for analysis by extraction with 
boiling methyl alcohol (200 c.c.). The filtrate was concentrated to 
small bulk, and the deposit washed with methyl alcohol and dried 
(Found: Sb, 40°6. C,H,O,NSb,H,O requires Sb, 40-6%). This 
acid formed a buff powder very sparingly soluble in most media, 
although moderately easily soluble in glacial acetic acid and readily 
soluble in dilute acids or alkalis. The sodium salt was obtained by 
adding a slight excess of sodium hydroxide to an aqueous suspension 
of the free acid (2-5 g.). The excess of alkali was neutralised with 
hydrochloric acid, and the filtrate evaporated to dryness in a vacuum 
desiccator. The residue was extracted with alcohol (30 c.c.), the 
solution filtered to remove sodium chloride, and then evaporated 
to dryness. This sodium salt was readily soluble in water (Found : 
Sb, 39-6. C,H,O,NNaSb requires Sb, 37-8%). 

Quinolyl-5-stibinic chloride hydrochloride, obtained when a solution 
of the purified stibinic acid in dilute hydrochloric acid was treated 
at 0° with concentrated hydrochloric acid, was a buff microcrystalline 
powder, m. p. 222° (Found: Sb, 28-2. C,H,NCI,Sb requires Sb, 
28-4%). 

Quinolyl-6-stibinic Acid.—The crude stibinic acid (2 g. from 6 g. 
of 6-aminoquinoline) was purified through the stibinic chloride, and 
its filtered solution in methyl alcohol evaporated to dryness. The 
residual acid formed a buff powder moderately easily soluble in 
methyl alcohol and readily soluble in dilute acids or alkalis (Found : 
Sb, 40-1. C,H,O,NSb,H,O requires Sb, 40-6%). The sodium 
salt, prepared and purified in the same manner as sodium quinolyl-5- 
stibinate, formed a straw-yellow powder readily soluble in water or 
alcohol (Found : Sb, 38-8. C,H,0;NNaSb requires Sb, 37-8%). 

Quinolyl-6-stibinic chloride hydrochloride was obtained, by the 
addition of concentrated hydrochloric acid to an ice-cold solution of 
the stibinic acid in dilute hydrochloric acid, as a buff microcrystalline 
powder, m. p. 237° (Found: Sb, 28-5. C,H,NCI,Sb requires Sb, 
284%). 

Quinolyl-8-stibinic Acid (IX).—(a) Water-insoluble form. The 
crude acid (3-6 g. from 6 g. of 8-aminoquinoline) was purified in the 
same way as the 6-stibinic acid and formed a light brown powder 
moderately easily soluble in methyl alcohol, readily soluble in dilute 
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acids, but soluble only in excess of sodium hydroxide (Found : 
Sb, 41-3. C,H,O,NSb,2/3H,O requires Sb, 41-4%). 

(b) Water-soluble form. Purified quinolyl-8-stibinic acid (3 g.) 
was dissolved in 0-2 -acetic acid (50 c.c.), and the solution evaporated 
to dryness. The residue was redissolved in water, and the solution 
again evaporated to dryness in a vacuum desiccator. The resulting 
light brown powder was readily soluble in water, addition of a drop 
of sodium hydroxide resulting in precipitation of the insoluble form 
(Found: Sb, 40-2. C,H,O,NSb,H,O requires Sb, 40-6°%). 

Quinolyl-8-stibinic chloride hydrochloride (X) separated, when 
concentrated hydrochloric acid was added to an ice-cold methy]l- 
alcoholic solution of the stibinic acid, in small brownish needles, 
decomp. 200—210° (Found: Sb, 28-4. C,H ,NCI;Sb requires Sb, 
28-4%). 

CHEMICAL RESEARCH LABORATORY, 

TEDDINGTON, MIDDLESEX. [Received, March 7th, 1930.] 


CI.—A Synthesis of Certain Higher Aliphatic Com- 
pounds. Part III. A Variation of the Keto-acid 
Synthesis, constituting an Improved Method for 
the Extension of Normal Carbon Chains. 


By (Mrs.) GERTRUDE Maup Rosrnson. 


In Part I of this series (Robinson and Robinson, J., 1925, 127, 175), 
the synthesis of normal long-chain keto-acids, 
CH,*[CH,].*CH,*CO-[CH,],"CO,H, 

by the hydrolysis of condensation products of the form 

CH, [CH }n*C(CO-CH,) (CO, Et)-CO-[CH,],°CO,Et : 
was described ; the process gave only moderately satisfactory yields, 
owing to the fact that a varying but always a relatively considerable 
amount of the acid, CO,H-[CH,],°CO,H, was recovered. Under- 
lying this problem, the factors influencing the direction of fission 
of $-diketones are of fundamental importance, since it is clear that 
the recovery of the dibasic acid is due to hydrolysis initiated by the 
stage  CH,*[CH,],,-C(CO-CH,)(CO,Et)-CO-[CH,],-CO,.Et — 
CH,-[CH,].*CH(CO-CH,)-CO,Et + CO,H-[CH,],°CO,Et, which 
competes with the desired direction of change in which the acetyl 
group is removed as acetic acid. 

An example of such competition of acyl groups in the hydrolysis 
of @-diketones has been quantitatively studied by Bradley and 
Robinson (J., 1926, 2356), who found in a series of substituted 
dibenzoylmethanes, R-CO-CH,*CO-R’, that hydrolysis by alkalis 
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occurred with production of the stronger of the acids, R-CO,H and 
R’-CO,H, in preponderating amount. 

This suggested two methods for the improvement of the yields in 
the keto-acid syntheses, namely, (a) the use of a $-ketonic ester, 
R-CO-CH,°CO,Et, such that R-CO,H is a stronger acid than acetic 
acid, and (b) the acylation of a substituted ethyl acetoacetate by the 
group related to the weakest possible acid; this could clearly be 
achieved by removing the terminal carboxyl group from the acyl 
group and introducing it at the end of the alkyl chain. Thus, 
an acid CH,*[CH,}m*CH,*CO-[CH,],°CO,H can be obtained by the 
hydrolysis of the complexes 

CH,*[CH,}n*C(CO-CH,)(CO,Et)-CO-[CH,],,-CO,Et 

or CO,Et-[CH,])n—1*C(CO-CH,)(CO,Et)-CO-[CH,], +1°CH;, and it 
was anticipated that the latter method would give the better yield 
because the dibasic acids are stronger than the fatty acids. In view 
of the accessibility of ethyl acetoacetate, practical effect has been 
given to the proposal (b) only, and actually the new process consti- 
tutes a great improvement and is applicable to the transformation 
of an acid R-CO,H into R-CO-CH,*[CH,]},°CO,H, the accessory 
starting points being ethyl acetoacetate and Br-[CH,],°CO,Et. It 
is known (Le Sueur and Withers, J., 1915, 107, 738) that Clemmen- 
sen’s method (Ber., 1913, 46, 1837) can be advantageously used for 
the reduction of long-chain keto-acids, so we may proceed from 
R:CO,H to R-[CH,]n +2*CO,H in a few simple stages, and can then 
repeat the process. The number of carbon atoms added in each 
stage of extension is limited only by the relative inaccessibility of 
the required «-bromo-acids, but ethyl w-bromodecoate can be 
obtained from sebacic acid and ethyl w-bromoundecoate from 
undecenic acid (Walker and Lumsden, J., 1901, 79, 1191), so an 
extension of 11 or 12 carbon atoms in each cycle of operations is 
quite feasible. 

It is hoped that this development will be described in subsequent 
communications, and ,in the present memoir the conversion of 
certain acids, R-CO,H, into y-keto-acids, ReCO-CH,°CH,°CO,H, and 
the related alkylbutyrolactones is recorded. 

Undecoic, undecenic and elaidic acids were converted into the 
chlorides and condensed with the sodium derivative of ethyl aceto- 
succinate in ethereal solution; the products were hydrolysed by 
means of dilute aqueous potassium hydroxide, at first in the cold 
and later on the steam-bath, and good yields of the keto-acids 
resulted. 

By using benzoyl chloride, @-benzoylpropionic acid was obtained 
in about 41% yield, but $-o-nitrobenzoylpropionic acid could not 
be prepared by this method. This is in accord with anticipation 
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based on the theory already mentioned, and, from the same point 
of view, the failure to prepare a keto-dibasic acid by hydrolysing the 
ester CO,Et-CH,°C(CO-CH,)(CO,Et)-CO-[CH,],"CO,Et is explicable. 
There is no further reference to these negative results in the experi- 
mental section. 

The preparation of a diketo-acid succeeded, but, again, the keto- 
acids are stronger than the fatty acids and, as expected, the yield 
was poor. For this example, 10-ketotridecoic acid was synthesised 
by an application of the method of Parts I and II; its chloride and 
ethyl sodioacetosuccinate afforded an ester, 

CH,*(CH,],"CO-[CH,],*CO-C(CO-CH,)(CO,Et)-CH,-CO, Et, 
which on hydrolysis gave 4 : 13-diketopalmitic acid. This acid is of 
interest in that, on reduction and dehydration, it should furnish an 
unsaturated palmitolactone, 

sae 
CH,*[CH,],.°*CH:CH-[CH,],°CH-[CH,],°CO, 
which, according to a recent patent (E.P. 292,962 of 1929), has been 
isolated from female secretory organs, and is claimed to be the 
physiologically active ovarian hormone. 

These statements, in view of the recent remarkable work of 
Butenandt (compare Chem.-Ztg., 1929, 938) on progynon, must await 
further confirmation; several authorities have, however, expressed 
the view that there exists more than one ovarian hormone. 

5-Ketopalmitic acid has been obtained from lauryl chloride and 
ethyl sodio-«-acetoglutarate, followed by hydrolysis of the product ; 
the opportunity is taken to describe the 7- and 8-ketopalmitic acids, 
which were obtained by applications of the method of Part I. These 
substances are the conceivable hydration products of palmitolic acid 
and have been prepared in connexion with an investigation of the 
course of that reaction. 


KxXPERIMENTAL. 

4-Ketomyristic Acid, CH,*[CH,],°CO-[CH,],-CO,H.—Sodium 
(2:3 g.) was granulated under toluene, washed with ether, and 
suspended in anhydrous ether (120 c.c.), and ethyl acetosuccinate 
(21-6 g.) gradually added, the solution of the sodium being com- 
pleted by heating on the steam-bath for 10 minutes. A solution of 
undecoy] chloride (obtained from 17-6 g. of the acid by the action of 
pure thionyl chloride and removal of the excess of the reagent in a 
vacuum) in ether (20 c.c.) was slowly added to the cooled mixture, 
which was kept for 12 hours and then refluxed for 10 minutes. The 
product was isolated and agitated for 44 hours with aqueous 
potassium hydroxide (1200 c.c. of 4%). After acidification with 
acetic acid and isolation by means of ether, it was submitted to the 
action of boiling 5°% sulphuric acid for 4 hours, and the hydrolysis 
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was completed by boiling with 8% sodium hydroxide solution for 
1 hour. The product crystallised from light petroleum (b. p. 60— 
80°) in colourless plates (once crystallised; yield, 8-5 g. or 72%), 
m. p. 87° (Found: C, 69-7; H, 10-7. Cale. for C,,H,,0,: C, 69-4; 
H, 10-7%,) alone or mixed with the specimen previously prepared by 
another method (Robinson and Robinson, J., 1926, 2204). 
0——~—¢O 

y-n-Decylbutyrolactone, CH,*[CH,]y°CH-CH,°CH,.—A solution of 
4-ketomyristic acid (4 g.) in anhydrous ethyl alcohol (90 g.) was 
gradually added to sodium (7-5 g.) contained in a flask heated at 
150—160°. After 14 hours, the alcohol was evaporated, and the 
residue mixed with dilute hydrochloric acid. The product was 
collected by means of ether, boiled for 30 minutes with 15% hydro- 
chloric acid (120 c.c.) in order to ensure the formation of the lactone 
from the hydroxy-acid, washed in ethereal solution with aqueous 
sodium carbonate, freed from the solvent, and crystallised from light 
petroleum and later from methyl alcohol; it formed long slender 
needles, m. p. 30—31° (yield, 2-7 g. or 71%) (Found: C, 74:3; 
H, 11-3. C,,H,,0, requires C, 74-3; H, 11-5%). 

5-Ketopalmitic Acid, CH,*[CH,],9*CO-[CH,],°*CO,H.—Ethy] sodio- 
acetosuccinate dissolved in ether when prepared as described above, 
but ethyl sodio-«-acetylglutarate separated as a colourless powder 
and the solution of the sodium was thereby hindered. 

The reaction in the present case was carried out in the usual 
manner, sodium (1-4 g.), ether (140 c.c.), ethyl «-acetylglutarate 
(13-9 g.), and lauryl chloride (13-0 g.) being used; finally, the 
mixture was refluxed for 1 hour and the product isolated and shaken 
with 3% sodium hydroxide solution (850 c.c.) for 12 hours. The 
mixture was then concentrated on the steam-bath for 1 hour and the 
acid obtained by addition to ice and hydrochloric acid was crystal- 
lised from light petroleum, methyl alcohol and benzene, forming 
colourless plates, m. p. 88° (Found: C, 71-2; H, 11-2. C,gH 390, 
requires C, 71-1; H, 11-1%). On reduction by means of sodium 
and absolute ethyl alcohol, and treatment of the product with 
boiling 15% hydrochloric acid, 5-ketopalmitic acid furnished 
3-undecylvalerolactone, which crystallised from light petroleum in 
plates, m. p. 29-5—30-0° (Found: C, 75-5; H, 11-8. C,gH590, 
requires C, 75-6; H, 11-8%). 

7-Ketopalmitic Acid, CH;:[CH,],°CO-[CH,],-CO,H.—The condens- 
ation product from ethyl sodio-«-acetodecoate (16-5 g. of the ester) 
and 6-carbethoxyhexoyl chloride (13 g.), prepared in ethereal 
solution, was isolated and hydrolysed successively by agitation for 
5 hours with 3% potassium hydroxide solution (700 c.c.), by boiling 
with 5% sulphuric acid (500 c.c.) for 24 hours, and, after steam- 
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distillation for the separation of methyl n-nonyl ketone, by boiling 
with 3}% potassium hydroxide solution for 6 hours. The acid, 
purified through its sparingly soluble sodium salt (4 g., or 22%) and 
then by crystallisation from light petroleum and from methyl 
alcohol, formed colourless plates, m. p. 78° (Found: ©, 71-2; 
H, 11-0. C,H 90, requires C, 71-1; H, 11-1%). 

8-Ketopalmitic Acid, CH,[CH,],*CO-[CH,],*CO,H.—By an applic- 
ation of the method of Griin and Wirth (Ber., 1922, 55, 2207) for the 
preparation of ethyl hydrogen sebacate, ethyl suberate (96 g.) gave 
ethyl hydrogen suberate (49 g.), which furnished 7-carbethoxy- 
heptoyl chloride, b. p. 182°/69 mm. (yield, 85%). 

The product from the interaction of ethyl sodio-2-acetononoate 
(22-8 g. of the ester) and 7-carbethoxyheptoyl chloride (22-2 g.) in 
dry ether was hydrolysed successively by shaking with 5% potassium 
hydroxide solution (400 c.c.) for 20 hours, by boiling with 5% 
sulphuric acid (400 c.c.) for 24 hours, and, after steam distillation, 
by boiling with 5% sodium hydroxide solution (250 c.c.) for 24 
hours. The sodium salt, which separated on cooling, was decom- 
posed ; the acid crystallised from methyl alcohol (yield, 5 g. or 18%) 
in plates, m. p. 77—78° (Found: C, 70-8; H, 11-2. C,gH 90 
requires C, 71-1; H, 11:1%). The oily oxime was converted by 
sulphuric acid into an amide, m. p. 58°. 

The hydration of palmitolic acid should yield a mixture of 7- and 
8-ketopalmitic acids in which the latter should preponderate, for the 
reasons explained in Part IT (J., 1926, 2205). 

The action of sulphuric acid, followed by that of water, on palmi- 
tolic acid has been studied by Bodenstein (Ber., 1894, 27, 3400), 
who obtained a ketopalmitic acid, m. p. 74°, the oily oxime of which 
yielded, on transposition, an amide, m. p. 57-5—58°. 

The freezing points of mixtures of 8-ketopalmitic acid and 7-keto- 
palmitic acid have been determined, and will be published in detail 
in connexion with a record of experiments on the hydration of 
palmitolic acid. It may be mentioned, however, that the freezing 
point of a mixture containing 30% of 7-ketopalmitic acid is about 
6° lower than that of pure 8-ketopalmitic acid. Since it is certain 
that the 8-ketopalmitic acid is the major product of the hydration 
of palmitolic acid, it is apparent that the acid obtained by Boden- 
stein contained at most 30%, and may have contained as little as 
10—20%, of the isomeride. 

4-Keto-A18-tetradecenoic Acid, CH,:CH-[CH,],*CO-[CH,],-CO,H.— 
The condensation product from ethyl sodioacetosuccinate (21 g. of 
the ester) and undecenoyl chloride (19-2 g.) was isolated and 
hydrolysed successively by agitation with 5% potassium hydroxide 
solution (1000 c.c.) for 8 hours, by boiling with 5% sulphuric acid 
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(700 c.c.) for 7 hours, and by boiling with 44° potassium hydroxide 
solution for 4 hours. The mixture was acidified and steam-distilled 
in order to remove a little unchanged undecenoic acid; the residual 
acid crystallised from light petroleum in colourless plates, m. p. 
79-5° (yield, 14-8 g. or 55%) (Found: C, 69-6; H, 9-7. C,,H,,O, 
requires C, 70-0; H, 10-0%). 

y-A®-Decenylbutyrolactone was obtained in 89% yield by reducing 
the acid (6 g.) in anhydrous alcohol (150 g.) with sodium (10 g.) 
under the usual conditions and subsequent treatment with boiling 
15% hydrochloric acid. The lactone crystallised from light 
petroleum in needles, m. p. 26—27° (Found: C, 74:8; H, 10-7. 
C,4H,,0, requires C, 75-0; H, 10-7%). A solution in chloroform 
absorbed bromine, and this lactone is quite different from the 
decylbutyrolactone previously described. 

trans-4-Keto-A}*-heneicosenoic Acid, 

CH,°[CH,],°-CH:CH-[CH,],°CO-[CH,],->CO,H.— 

Elaidy! chloride (30-2 g.) and ethyl sodioacetosuccinate (from 21-6 g. 
of the ester) were brought into reaction in ethereal solution (200 c.c.) 
in the usual manner and after 12 hours the mixture was boiled for 
20 minutes. The product was agitated with 3° potassium hydr- 
oxide solution (1000 c.c.) for 8 hours and, after the addition of 30% 
aqueous potassium hydroxide (25 c.c.), the mixture was boiled for 
2 hours. The solid obtained on acidification was crystallised from 
light petroleum (b. p. 40—60°); after further purification through 
the sparingly soluble sodium salt and by crystallisation from light 
petroleum and then from methyl alcohol, the acid formed lustrous 
plates, m. p. 82-5° (yield, 49%) (Found : C, 74-4; H, 11-1. C,,H,0, 
requires C, 74-6; H, 11-2%). 

y-A8- Heptadecenylbutyrolactone, 

‘elpitala Suablgss 
CH,"[CH,],-CH:CH-[CH,],-CH-CH,°CH,°CO.— 

The foregoing acid (9-8 g.), dissolved in absolute alcohol (200 g.), was 
added in the course of 15 minutes to sodium (15 g.) heated in an oil- 
bath at 140—150°. The sodium disappeared after 1 hour, and the 
product was isolated and boiled for 1 hour with 15% hydrochloric 
acid (180c.c.). After being washed in ethereal solution with aqueous 
sodium carbonate, the crude lacione was washed with a little light 
petroleum ; it then crystallised from this solvent (b. p. 40—60°) in 
colourless plates, m. p. 42° (yield, 6-1 g. or 65%) (Found: C, 78°4; 
H, 11-9. C,,H3,0, requires C, 78-3; H, 11-8%). The unsaturated 
nature of this substance was confirmed by noting its absorption of 
bromine in chloroform solution. 

10-Ketotridecoic Acid, CH,*[CH,],*°CO-[CH,],.°CO,H.—Ethy] sodio- 
2-acetobutyrate (from 31-6 g. of the ester) was prepared in dry ether 
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(250 c.c.), and 9-carbethoxynonoyl chloride (46 g.) gradually added 
to the solution, which was kept for 12 hours and then refluxed for 
20 minutes. The product was hydrolysed in the usual manner with 
cold 4% potassium hydroxide solution, boiling 6° sulphuric acid, 
and finally boiling 4% potassium hydroxide solution. The keto- 
acid was separated from sebacic acid by crystallisation from light 
petroleum, but this was a tedious operation and the yield was poor. 
The white plates had m. p. 63° (Found : C, 68-6; H, 10-4. C,,H,,0, 
requires C, 68-4; H, 10-5%). 

4: 13-Diketopalmitic Acid, 

CH,°[CH,],*CO-[CH,],*CO-[CH, ],->CO,H.— 
10-Ketotridecoic acid (4 g.) was converted into its chloride by the 
action of thionyl chloride at 60°; decomposition occurred if the 
temperature was raised; the excess of reagent was removed in a 
vacuum. ‘The interaction of the chloride with ethyl sodioaceto- 
succinate (4 g. of the ester) was carried out in the usual manner in 
dry ethereal solution, and the product was hydrolysed by shaking it 
for 12 hours with 3% aqueous potassium hydroxide (400 c.c.) and 
then concentrating the solution on the steam-bath for 1 hour. The 
acid precipitated on acidification crystallised from light petroleum, 
and then from ethyl acetate, in plates, m. p. 101° (Found: C, 67-7; 
H, 9-8. C,gH,,0, requires C, 67-6; H, 9-9%). 

8-Benzoylpropionic Acid.—The applicability of the general method 
was further confirmed by the preparation of this acid by the usual 
procedure. The product from ethyl sodioacetosuccinate (12-5 g. of 
the ester) and benzoyl] chloride (8-8 g.) was hydrolysed by cold 14% 
aqueous potassium hydroxide (1200 c.c.) for 24 hours, and the 
solution concentrated on the steam-bath to about 100 c.c. The 
mixed acids were regenerated and collected and benzoic acid was 
removed by sublimation at 100°. The residue (4 g.), crystallised 
from benzene, had m. p. 116°, alone or mixed with a specimen 
prepared by the action of aluminium chloride on a mixture of benzene 
and succinic anhydride. 


The author wishes to thank Professor R. Robinson for his interest 
in this investigation. 


University CoLLeGEe, Lonpon. [Received, February 18th, 1930.] 
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CII.—The Constitution of Carthamin. Part I. 
By (Miss) Carka Kuropa. 


CARTHAMIN, the red colouring matter of safflower, was formerly an 
important dye, and although the demand for it has declined con- 
siderably since the advent of artificial colouring matters, the saf- 
flower is still cultivated on a large scale, especially in India and 
China. Notwithstanding its high cost, carthamin is much appreci- 
ated in Japan for certain purposes : it is believed to have remarkable 
medicinal properties. 

Malin (Annalen, 1840, 36, 117), Preiser (J. pr. Chem., 1844, 32, 
142), Schlieper (Annalen, 1846, 58, 357), Radcliffe (J. Soc. Dyers 
and Col., 1897, 13, 158), and Kametaka (J. Chem. Soc. Tokyo, 1906, 
27, 1202) investigated carthamin, but Kametaka and Perkin (J., 
1910, 97, 1415) were the first to isolate it in a pure crystalline con- 
dition. Both Preiser and Radcliffe, the latter using methyl alcohol 
as solvent, claimed to have isolated carthamin in a crystalline 
form; their descriptions, however, are somewhat contradictory. 
Kametaka and Perkin found methyl alcohol unsatisfactory as a 
solvent and obtained crystalline carthamin by using pyridine: 
they gave it the provisional formula C,;H,,0,, and obtained 
p-hydroxybenzoic acid (this was first isolated by Malin), p-coumaric 
acid, p-hydroxybenzaldehyde, and picric acid from it by various 
means, but were unable to prepare crystalline derivatives by methyl- 
ation, benzoylation, or acetylation; carthamin, however, gave 
crystalline additive compounds with aniline and with g-naphthy]l- 
amine. 

The author began an investigation of carthamin in 1924, but 
owing to the outbreak of civil war in China the supply of the raw 
material failed. During the last two years, supplies have again 
been available, and the author is also deeply indebted to Dr. Kame- 
taka, who provided her with material collected in China by Dr. 
Momoji Yamazaki. 

The initial substance used in the present work was a paste (sold 
as carthamin paste) prepared from the raw material by the tradi- 
tional method of Japanese manufacturers. The paste was submitted 
to filtration, and the residue quickly dried on porous tile. The 
product, when crystallised, with great loss, from pure pyridine by a 
modification of Kametaka and Perkin’s method (loc. cit.), gave 
carthamin, although not in a pure condition. When, however, 
the dried product was digested with cold dilute hydrochloric acid 
and again dried, it was converted into a crystalline substance which 
could be recrystallised from dilute methyl alcohol in good yield, 
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giving fine, yellow, hydrated needles, m. p. about 228° (decomp. ; 
colour change at about 168°) (Schlieper, loc. cit., obtained from a 
methyl-aleoholic extract of commercial carthamin a yellow sub- 
stance, though not in a crystalline form, m. p. about 168°). When 
the yellow needles were recrystallised from pyridine, a substance 
separated in red needles with a green iridescence, like those of 
carthamin obtained by Kametaka and Perkin. Many facts indicate 
that the red and the yellow substance are isomeric. The latter, 
named isocarthamin, gave analytical results corresponding to the 
formula C,,H,.0,,;,2H,O when freshly prepared and quickly dried, 
to C,,H,.0,, after being dried at 60° under reduced pressure, and 
to C,;H 5049 (C,;H.0,, — H,O) after being dried at 100° under 
reduced pressure. The last formula also agrees with the analytical 
data recorded by Kamataka and Perkin (loc. cit., p. 1418). 

Carthamin and isocarthamin are glucosides. They can be 
hydrolysed by dilute sulphuric or hydrochloric acid or by emulsin, 
yielding glucose (1 mol.), but only when the hydrolysis is effected 
with dilute phosphoric acid can the other components of the gluco- 
sides, namely, carthamidin and isocarthamidin, be ultimately 
obtained in the crystalline condition. These two substances are 
separable by means of moist chloroform, in which isocarthamidin 
is insoluble and carthamidin is slightly soluble. The latter separates 
from the solution in pale yellow, hydrated needles, C,,H,,O,,H,O, 
m. p. 218°. isoCarthamidin separates from dilute methyl alcohol in 
yellow, hydrated, rhombic crystals, m. p. 240°, which lose water at 
100° under reduced pressure. 

Carthamidin and isocarthamidin have phenolic properties : 
they can be acetylated, but are inert towards methy! iodide, methyl 
sulphate, and diazomethane. When they are reduced in methyl- 
alcoholic solution with magnesium and hydrochloric acid, they 
give a magenta coloration, resembling in this respect a flavonol 
such as quercetin. Their absorption spectra, however, differ from 
those of the flavonols, and also, on decomposition by alkali, they 
behave somewhat differently from quercetin in that they easily 
yield p-hydroxybenzaldehyde and p-coumaric acid, whereas 
quercetin under the same conditions gives, not the corresponding 
aldehyde, but protocatechuic acid. It is interesting that naringin 
(the glucoside of naringenin), until recently considered to be a 
hydroxychalkone derivative, develops a red coloration on treatment 
in methyl-alcoholic solution with magnesium and _ hydrochloric 
acid (Tsujimura, Bull. Inst. Phys. Chem. Res. Tokyo, Vol. V1, 12, 
1111). On the other hand, phloretin, which is closely related to 
naringenin, gives on treatment with alkali the products mentioned 
below (Will, Ber., 1885, 18, 1322; Michael, Ber., 1894, 27, 2687; 
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Sonn, Ber., 1913, 46, 4050; Franck, Cenir., 1914, IT, 253). Dihydro- 
carthamin (IX), obtained from carthamin by catalytic reduction, 
gives phloretic acid when treated with hydrogen peroxide in alkali- 
carbonate solution. These relationships are shown in the following 


scheme : 
catalytic reduction 








Naringenin —>Phloretin 
| alkali | alkali 
p-Coumaric acid _Phloroglucinol Phloretic acid Phloroglucinol 
alkali 3 ; alkali -+- H,O, 
i catalytic reduction 
Carthamin ->Dihydrocarthamin 


The author has so far been unable to prepare a polyhydroxy- 
benzene from carthamin and its derivatives: only monohydric 
phenols such as p-hydroxybenzaldehyde, tribromophenol, and 
p-hydroxybenzoic, p-coumaric, phloretic, and picric acids—and these 
in poor yield—have been obtained. The following reactions of 
carthamidin and isocarthamidin, however, indicate, not only the 
presence of a polyhydroxybenzene nucleus, but also, when compared 
with similar reactions of di- and tri-hydric phenols of known con- 
constitutions (see table on p. 761), the relative positions of the 
hydroxyl groups. (1) Ferric chloride in methyl-alcoholic solution 
produces a transient bluish-green coloration, changing to purple- 
brown, and finally a brown precipitate (compare quinol). (2) An 
aqueous solution of barium hydroxide gives a bright indigo-blue 
colour (a precipitate from concentrated solutions) and then a 
reddish-brown precipitate: this is a very delicate test. (3) Lead 
acetate in methyl-alcoholic solution produces a yellow precipitate 
which becomes brown and then bluish-green or dark green. (4) 
When carthamidin is rubbed on a watch-glass with a rod moistened 
with 2N-sodium hydroxide, it becomes blue and then reddish-brown 
(isocarthamidin does not give this test). 

When the tests (1), (2), and (3) were applied to the di- and tri- 
hydric phenols of known constitutions, the relative positions of 
the hydroxyl groups were distinguishable in the following manner : 
(1) if two hydroxyls are in the ortho-position with respect to each 
other, precipitation occurs in all three tests; (2) if there are two 
hydroxyls in the para-position with respect to each other, the 
substance gives a delicate colour change. Quinol and 2: 4-di- 
hydroxy-1 : 3-dimethoxybenzene resemble carthamidin in their 
colour reactions in test (4). 

In view of these results, it is concluded that reactions (1), (2), 
and (3) show that hydroxyl groups in carthamidin must be arranged 
as those in hydroxyquinol, viz., one pair in the ortho relation, and 
another pair in the para relation, to each other. These two sub- 
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stances are also alike in their instability towards boiling water 
and on exposure to air. Numerous attempts were made to produce 
a polyhydroxybenzene from carthamin, isocarthamin, and carth- 
amidin by very cautiously decomposing them with hot aqueous 
barium hydroxide in an atmosphere of hydrogen; however, only 
p-coumaric acid, p-hydroxybenzaldehyde, and an acid which 
appeared to be gluconic acid were isolated. The hydroxylated 
nucleus of carthamidin is therefore much more unstable than 
hydroxyquinol. Now, 1:2:3:5-tetrahydroxybenzene is so un- 
stable that it is decomposed by boiling water, and its colour reaction 
with alkali given in the literature resembles reaction (4) of carth- 
amidin. If, then, this is the hydroxylated nucleus of carthamidin, 
the reactions described above and also the results of acetylating 
carthamidin and isocarthamidin under various conditions (see 
below) become explicable. 
















Carthamidin © Acetylisocarthamidin 
sw m. p. 179°. 
ns A 

pe 

" 6-Acetylearthamidin 
° hel 
+|%, m. p. 142°. 9 
o}m + |, 
Z| ¢ 3] 
5 ‘ < 4i¢ 
v Nd . ° = 5 
y-Acetylearthamidin g 

450° m. p. 178°. 4é 7, 
‘ Ve 
Y 
a-Acetylcarthamidin isoCarthamidin 


m. p. 158°. 


(For the reactions where no reagent is indicated, a mixture of 
sodium acetate and acetic anhydride was used.) 

Shortly after reaching the above conclusion regarding the con- 
stitution of carthamidin the author discovered that Chapman, 
Perkin, and Robinson (J., 1927, 3015) had shown that carajurin 
gave no appreciable quantity of polyhydric phenol on decomposition 
with alkali—a fact which in their opinion supported rather than 
discredited the constitution of a tetrahydroxybenzene derivative 
assigned to the substance. Hence it is concluded that carthamidin 
and isocarthamidin are hydroxychalkone derivatives. It is in 
general difficult to distinguish hydroxychalkones from hydroxy- 
flavanones owing to their easy interconvertibility. According to 
Asahina, Shinoda, and Inubuse (J. Pharm. Soc. Japan, 1928, 48, 
208, 868) the colour reaction (2) above is negative for hydroxy- 
chalkones but positive for hydroxyflavanones, and on this ground 
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naringin and other similar substances were shown to be hydroxy- 
flavanones. Hence it follows that carthamidin also belongs to this 
class of substance. The colour reaction (2) is also given by 1so- 
carthamidin, «-acetylcarthamidin, and acetylisocarthamidin, but not 
by @- and y-acetylearthamidin. §-Acetylearthamidin is a penta- 
acetyl derivative and «-acetylearthamidin and acetylisocarthamidin 
are tetra-acetyl derivatives. The analytical results are in complete 
accord with the following formulations of carthamidin and its acetyl 
derivatives. 


OH 0 


HO cH< OH 
\ "A S 
HO Co 


(I.) Carthamidin. (II.) a-Acetylcarthamidin. 


OAc QO 
ge Aco’ YY So 


mabe OAc fu—< Dose Jo 





AcO © 
AcO , CH 
r 
HC-<K OAc 
(IIT.) B-Acetylearthamidin. (IV.) y-Acetylearthamidin. 


When rubbed with alkali [colour reaction (4) above], isocarth- 
amidin behaves like pyrogallol in that both turn brown without 
previously becoming indigo-blue; 1: 2:3 : 5-tetrahydroxybenzene 
behaves like carthamidin; and pyrocatechol becomes indigo-blue, 
the colour being fairly persistent. 

The structures of isocarthamidin and acetylisocarthamidin are 
probably (V) and (VI) respectively. 


O O 
HO H-< OH  AcO —<_ YoAe 
@ te ht OO 
HO XO Acd Gt 


(V.) tsoCarthamidin. (VI.) Acetylisocarthamidin. 


The constitutional change from a flavanone (I, II, V, V1) into a 
chalkone (III) or into a coumarin derivative (IV) which accom- 
panies the acetylation finds support in the analogies furnished by 
naringenin (Asahina, Shinoda, and Inubuse, Joc. cit.) for the former 
change and by phloretin and maclurin (Ber., 1895, 28, 1393) for the 
latter change. Moreover, the absorption spectrum of -acetyl- 
carthamidin (III) resembles that of chalkone (phenyl styryl ketone) 
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itself very closely, whereas the spectra of carthamidin and iso- 
carthamidin resemble the spectrum of naringin. 

The glucosides carthamin and isocarthamin are considered to 
have the formule (VII) and (VIII) respectively (they may also be 
cis- and trans- isomerides), because by means of reactions (2) and (3) 
it can be shown that neither contains two hydroxyls in the ortho- 
relation and hence it is probable that the glucose residue is in the 
position indicated. Moreover, the glucosides yield p-hydroxy- 
benzaldehyde very easily, whereas the components carthamidin 
and isocarthamidin do not under the same conditions. The 
difficulty of obtaining carthamidin from dihydrocarthamin may 
be eae 6. by representing the latter ne the formula (IX). 


A Non fu—< DoH HO <ve fu—< DoH 
SA 
HO or its quinhydrone HO O 


(VII.) Carthamin. (VIII.) isoCarthamin. 





(IX.) Dihydrocarthamin. 
(G = the glucose residue.) 


The investigation is being continued. 


EXPERIMENTAL. 

Preparation of Carthamin.—The filtered dried product (20—25 g.) 
obtained from commercial carthamin paste (1 kg.) was in quantities 
of 5 g. extracted several times with pyridine (200 c.c. in all) on a 
water-bath; the insoluble material was 25—30% of the whole. 
The extracts were concentrated under reduced pressure to small 
bulk, water was added, and the fine red needles that slowly formed 
were collected and washed with acetone (yield, 2—3 g.). The 
sample for analysis waa submitted to the above purification at 
least three times and was then warmed with acetone and ether and 
dried at 100° under reduced pressure. The analytical results, 
the melting point, and other properties agreed with those recorded 
by Kametaka and Perkin (loc. cit.) and the substance was identical 
with a specimen of carthamin kindly supplied by Dr. Kametaka 
(Found : C, 58-8, 57-8; H,4-9,4-8; ash, trace. Calc. for C,,H59O49 : 
C, 58:2; H, 46%). 
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Each crystallisation from pyridine causetl the loss of almost 
half of the carthamin; some of this was recovered by acidifying 
the fresh mother-liquor with sulphuric acid at 0°. 

Preparation of isoCarthamin.—Crude carthamin (5 g.) was di- 
gested with water (100 c.c.) and 12% hydrochloric acid (15 c.c.) 
and after several hours the solid was collected, washed with water 
and dried on tile (yield, about 4-5 g. There was no loss when 
purified carthamin was used in the digestion). When a little water 
was added to a hot methyl-alcoholic solution of the product, iso- 
carthamin gradually separated in yellow needles (yield, about 50°) ; 
these were collected and dried quickly by washing with methyl 
alcohol and then with ether; m. p. 228° (reddening at about 168°) 
(Found: C, 52-1, 52:0; H, 5-1, 5-2. C,,H,.0,,,2H,O requires 
C, 51-9; H, 5-3%. Found in material dried at 60° under reduced 
pressure: C, 55-7; H, 4-9. C,,H,.0,, requires C, 56-0; H, 4-9%). 
When isocarthamin was heated at 100° under reduced pressure, it 
changed into a brown substance resembling that obtained from 
carthamin under the same conditions (Found: C, 57-9; H, 4:8. 
Cale. for C,,H 90,9: C, 58-2; H, 46%). 

isoCarthamin could not be obtained crystalline from ethyl- 
alcoholic solution, nor from methyl alcohol if the solution was con- 
centrated by distillation, even under reduced pressure : in order to 
recover isocarthamin from such spoiled solutions, repetition of the 
treatment with hydrochloric acid is necessary. The yellow crystals 
of isocarthamin are stable in a sealed tube, but change to a red 
powder on exposure to air. isoCarthamin is soluble in water, but 
the yellow solution, on standing or when boiled, becomes pink in 
the same way as an aqueous solution of carthamin. 

Decomposition of Carthamin or isoCarthamin with Hot Dilute 
Hydrochloric Acid.—When either substance was heated with 7° 
hydrochloric acid for 20 minutes, it changed into a black amorphous 
powder. The aqueous solution (1) yielded nothing crystalline to 
ether, (2) reduced Fehling’s solution, (3) gave no immediate pre- 
cipitate when treated with phenylhydrazine, the absence of mannose 
thus being indicated, (4) gave no results when tested for gluconic 
acid and pentoses by means of naphtharesorcinol and phloroglucinol 
respectively. 

Glucosazone from Carthamin or isoCarthamin.—A mixture of 12°%, 
hydrochloric acid (5 c.c.), isocarthamin (or carthamin) (0-55 g.), 
and water (5 c.c.) was heated on a water-bath for 1 hour, and the 
black product was washed with water. The filtrate and washings 
were neutralised with sodium carbonate, concentrated on a water- 
bath, and warmed with sodium acetate (0-57 g.) and phenyl- 
hydrazine hydrochloride (0-38 g.). Glucosazone, which separated 
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very slowly, after being washed and dried (yield, 0-055 g.), melted 
at 206°, alone or mixed with an authentic specimen (Found: C, 
60-2; H, 6-1. Cale.: C, 60-3; H, 6-2%). 

Determination of glucose. In a similar experiment (isocarthamin, 
0-2043 g.; water, 4 c.c.; 12% hydrochloric acid, 6 c.c.) the 
neutralised filtrate and washings were diluted to 100 c.c. with 10% 
aqueous ammonia and the glucose in the solution was estimated 
by Pavy’s volumetric method (Found: C,H,.0,, 37-0, 36-9. 
C.,H..0,;,2H,O requires CgH,.0,, 37-°0%). The same result was 
obtained with carthamin. 

Optical rotation of the sugar solution. isoCarthamin (0-6 g.), 
water (6 c.c.), and 12% hydrochloric acid (9 ¢.c.) were heated to- 
gether as before, the aqueous solution was made up to 20 c.c. (it 
was assumed to be a 1-1°% glucose solution), and the rotation was 
observed : [«]j} + 53° (cale., + 52-6°). The author wishes to thank 
Mrs. Okada and Miss Yamaguchi for their help in this experiment. 

Catalytic Reduction of Carthamin.—Carthamin (0-2 g.), suspended 
in ethyl alcohol (25 c.c.), was treated with hydrogen in the presence 
of palladium-black. The volume of the gas diminished during the 
first 10 minutes, then increased fairly rapidly to the original value, 
and thereafter remained almost constant. The carthamin gradually 
dissolved, giving a yellow solution. After 4—5 hours, the solvent 
was evaporated at the ordinary temperature and the residue, freed 
from the palladium, was kept in contact with a little water in an 
open vessel: fine yellow needles (probably hydrated) separated ; 
they were insoluble in benzene and chloroform, fairly readily soluble 
in acetone, and very soluble in methyl] alcohol (yield, about 70%). 
The crystals became red on drying in a desiccator, but yellow again 
on exposure to the air. The combustion of the substance was 
sluggish, requiring 2 hours for completion even on the micro-scale 
(Found in material dried at 90° under reduced pressure: C, 55-0; 
H, 5-5. C,,H,,0,, requires C, 55-6; H, 5-3%), but the behaviour 
of the product on decomposition with alkali and hydrogen peroxide 
(see p. 763) convinced the author that it was actually dihydro- 
carthamin. ° 

Decomposition of Carthamin or isoCarthamin with Phosphoric 
Acid.—The powdered material (5 g.) was heated with a 9% aqueous 
solution of phosphoric acid (100 c.c.) on a water-bath for 40 minutes 
in a closed vessel, carbon dioxide being passed during the whole 
time. The liquid was filtered hot, cooled, extracted repeatedly 
with ether, and used again to decompose more of the residual 
solid : after four repetitions, only a small quantity of a black solid 
remained. The combined ethereal extracts were evaporated, 
leaving a residue which, after addition of a very little aqueous 
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acetone, slowly solidified to a yellow crystalline cake (yield, about 
30%). Subsequently it was found that the dry raw material 
obtained directly from the original carthamin paste may be used 
for the preparation of the same substance in good yield (about 15%, 
of the raw material). 

Isolation of carthamidin (1). The crystalline cake (above) was 
warmed with successive quantities of moist chloroform for a few 
minutes, until nothing crystallised from the rapidly filtered extract 
on cooling. Carthamidin was thus obtained in pale yellow needles 
containing one molecule of water (yield, 30% of the crude product), 
and sometimes also in long needles on repetition of the purification ; 
m. p. 218° (Found: C, 58-8, 58-9; H, 48, 44. C,5;H,.0,,H,O 
requires C, 58-8; H,4-6%. Found in material heated at 100° under 
reduced pressure: C, 62-7; H, 4-4; M, ebullioscopic in acetone, 
298, 286, 270.* C,,H,.0, requires C, 62-5; H, 4.2%; M, 288). 

Carthamidin is very soluble in acetone, methyl alcohol, acetic 
acid, and ethyl acetate, but sparingly soluble in light petroleum, 
benzene, dry chloroform, and cold water. It crystallises from hot 
aqueous solution in the hydrated form, but is decomposed by pro- 
longed boiling : even at the ordinary temperature it seems to de- 
compose slowly in aqueous solution. 

When carthamin or isocarthamin was heated with 1% sulphuric 
or hydrochloric acid, no trace of carthamidin or isocarthamidin was 
produced. 

isoCarthamidin (V). The residue left after the extraction of the 
carthamidin with moist chloroform was dissolved in the minimum 
quantity of acetone: on addition of chloroform (3—4 vols.), iso- 
carthamidin remained in solution but a dark resinous substance 
was precipitated. The latter was repeatedly dissolved in acetone 
and reprecipitated with chloroform. When the combined filtrates 
were allowed to evaporate to dryness, somewhat rounded crystals 
were produced; these were washed with ether and recrystallised 
twice from dilute methyl alcohol, isocarthamidin being obtained 
in yellow hydrated prisms, m. p. 240° (Found in material dried at 
100° under reduced pressure: C, 62-5; H, 4:3. Cz;H,.0. requires 
C, 62:5; H, 4-2%). 

When dihydrocarthamin was treated with dilute phosphoric acid 
under the same conditions as carthamin, no crystalline product was 
obtained. 

Carthamidin and isocarthamidin resemble each other very closely 
in many of their properties. The former seems to be converted 
into the latter under certain conditions; for instance, when it is 


* The author is indebted to Mr. Shiba for carrying out these determinations 
of molecular weight. 
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heated with water in air or in a sealed tube at 100° or higher or with 
animal charcoal at 100° in aqueous solution. 
Reactions of Phenols (see p. 754).—A = ferric chloride in methyl- 
alcoholic solution; B = lead acetate in methyl-alcoholic solution ; 
/ = barium hydroxide in aqueous solution. 


A. B. Cc. 
Resorcinol No ppte. No ppte. No change 
Phloroglucinol as ¥ iy 
Pyrocatechol Blue —-> green Ppte. Light blue —> 
ppte. white ppte. 
Pyrogallol Green —-> brown os Violet-brown 
ppte. ppte. 
Quinol Blue —-> brown No ppte. Yellowish-brown 
pte. 2 
Hydroxyquinol Reddish-brown Ppte. Reddish-brown 
ppte. 
2:4-Dihydroxybenzoic Violet No ppte. No change 
acid 
3:4-Dihydroxybenzoic Green White ppte. Light blue —> 
acid white ppte. 
2:5-Dihydroxybenzoic Blue No ppte. No change 
acid 
3:4: 5-Trihydroxy- Blue ppte. White ppte. Blue ppte. 
benzoic acid 
3:4: 5-Trihydroxy- Violet Yellow ppte. Violet ppte. 


acetophenone 


a-Acetylearthamidin (I1).—When carthamidin (0-1 g.), suspended 
in acetic anhydride (1 c.c.), was cooled and treated with a trace of 
concentrated sulphuric acid, reaction started immediately with 
evolution of heat. After several hours, water was added and the 
precipitate, which separated slowly, was collected, washed with 
water, and dried (yield, almost theoretical). This acetyl compound 
crystallised from methyl alcohol in colourless prisms, m: p. 158° 
[Found: C, 60-5, 60-3; H, 4-5, 44; CH,°CO, determined by 
Freudenberg’s method (Annalen, 1923, 433, 230), 36-4, 36-6; M, 
ebullioscopic in benzene, 425, 445, 470. C,,H,O,(CH,°CO), requires 
C, 60-5; H, 4-4; CH,-CO, 37-7%; M, 456]. It was very easily 
soluble in chloroform, benzene and acetone, fairly readily soluble 
in ether and methyl alcohol, and difficultly soluble in water. A 
methyl-aleoholic solution gave (1) no colour with ferric chloride, 
(2) a magenta colour (slowly) on reduction with magnesium and 
hydrochloric acid. When heated with hydrochloric acid in methyl- 
alcoholic solution, the acetyl derivative gave carthamidin, which 
was identified by its m. p. after being washed with ether to remove a 
red impurity. Acetylcarthamidin was optically inactive in benzene 
solution. 

Acetylisocarthamidin (V1).—This was prepared in almost theor- 
etical yield in the same way as «-acetylcarthamidin. It is easily 


soluble in benzene, chloroform, and acetone, sparingly soluble in 
DD 
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methyl alcohol, and almost insoluble in ether. When ether or 
methyl alcohol is added to its chloroform solution, acetylisocarth- 
amidin separates in fine, colourless, silky needles, m. p. 179° [Found : 
C, 60:5, 60-4; H, 4:5, 4.4; CH,°CO, 37-4; M, ebullioscopic in 
benzene, 430, 442. C,;H,0,(CH,°CO), requires C, 60-5; H, 4-4; 
CH,°CO, 37-7%; M, 456]. 

The absorption spectrum of acetylisocarthamidin and its behaviour 
towards ferric chloride and towards magnesium and hydrochloric 
acid are the same as those of «-acetylearthamidin. 

The differences in melting point, crystalline form, and solubility 
in methyl alcohol and in ether of these two acetyl compounds are 
important as means of identifying carthamidin and isocarthamidin, 
which are otherwise difficult to distinguish from each other. 

8-Acetylearthamidin (II1).—A mixture of carthamidin (0-1 g.), 
anhydrous sodium acetate (0-5 g.), and acetic anhydride (1-5 c.c.) 
was heated at 125—130° for 5 hours; the product was then cooled 
and mixed with water. After the excess of acetic anhydride had 
been decomposed, the precipitate was collected, washed with water, 
and dried (yield, nearly 0-14 g.). It crystallised from methyl 
alcohol in large rhombs, m. p. 142° [Found : C, 60-3, 60-3; H, 4:5, 
4-5; CH,°CO, 42-7, 42-1. C,,;H,O,(CH,°CO), requires C, 60-2; 
H, 4-4; CH,°CO, 43-2%]. 

B-Acetylcarthamidin in methyl-alcoholic solution gives a colour 
reaction neither with ferric chloride nor with magnesium and 
hydrochloric acid. It is very easily soluble in chloroform and 
acetone and sparingly soluble in cold methyl alcohol and ether. 
It may also be obtained in almost theoretical yield from isocarth- 
amidin, «-acetylearthamidin and acetylisocarthamidin by the same 
method. 

y-Acetylcarthamidin (IV).—A mixture of carthamidin (0-1 g.), 
anhydrous sodium acetate (0-5 g.), and acetic anhydride (1-5 c.c.) 
was heated in an oil-bath at 140—150° for 5 hours: the procedure 
was then as described above, but a further quantity of the product 
was obtained from'the aqueous filtrate by extraction with ether. 
y-Acetylcarthamidin separated from methyl alcohol in minute 
colourless crystals, m. p. 178°. The yield was poor (about 25%), 
because §-acetylearthamidin and a decomposition product were 
also formed : these rendered the purification rather tedious (Found: 
C, 62-5, 62-6; H, 43, 4:3. C,H, 049 Tequires C, 62-5; H, 42%) 
The compound may also be obtained from isocarthamidin, «-acetyl 
carthamidin, and acetylisocarthamidin by the above method, 
though in poor yield. 

y-Acetylcarthamidin resembles acetylisocarthamidin in appear 
ance and their melting points are almost the same, The two sub 
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stances, however, differ in solubility in many solvents, particularly 
methyl alcohol and ether, in each of which the former is the more 
soluble and dissolves fairly readily. Its methyl-alcoholic solution 
gives a colour reaction neither with ferric chloride nor with mag- 
nesium and hydrochloric acid. 

Action of Hydrogen Peroxide on Carthamin (compare Kametaka 
and Perkin, loc. cit.)—A solution of carthamin (1 g.) in 1% aqueous 
sodium carbonate (60 c.c.) and 3% aqueous hydrogen peroxide 
(40 c.c.) was kept at the ordinary temperature until it became 
yellow; it was then acidified with dilute sulphuric acid and ex- 
tracted with ether. The residue after evaporation of the ether was 
dried, extracted with hot benzene to remove a trace of p-hydroxy- 
benzaldehyde, dissolved in hot water, and decolorised with animal 
charcoal; on cooling, p-coumaric acid crystallised (yield, about 
10%), m. p. 210° (Found: C, 65-9; H, 4-8. Cale.: C, 65-9; H, 
49%). 

Action of Hydrogen Peroxide on Quercetin.—The above operation 
was applied to quercetin, protocatechuic acid, m. p. 199°, being 
obtained in theoretical yield (Found: C, 54:3; H, 3-9. Cale. : 
C, 54-6; H, 39%). 

Action of Hydrogen Peroxide on Dihydrocarthamin and on Phioretin. 
—Dihydrocarthamin (0-2 g.) was treated in the same way as carth- 
amin (one-fifth quantities). The product obtained after evaporation 
of the ether was pressed on a tile; the crystalline residue (about 
0-03 g.), m. p. about 125°, separated from hot concentrated aqueous 
solution (animal charcoal) in prisms, m. p. 129° (Found: C, 65-1; 
H, 6-1. Cale. for CjH,90,: C, 65-1; H, 60%). 

In a similar way phloretin gave phloretic acid (Found : °C, 65-1; 
H, 5-9%) which, alone or mixed with the specimen obtained from 
dihydrocarthamin, melted at 129°. 

Action of Bromine Water on Carthamin.—When digested with 
bromine water (100 c.c.), carthamin (0-5 g.) yielded a yellow pre- 
cipitate (about 0-6 g.), decomp. about 146° (Found: C, 26-7; H, 
25; Br, 530%). This substance slowly changed into a brown 
resin and a small quantity of tribromophenol sublimed. When the 
substance was heated with 5% aqueous alkali and the acidified 
product distilled with steam, tribromophenol was obtained. 

Action of Alkali on Carthamin and its Decomposition Products.— 
The black amorphous powder produced by the decomposition of 
carthamin with dilute hydrochloric acid (see p. 758) (4°5 g.) was 
heated with potassium hydroxide (5 g.) and water (2 c.c.) at 160° 
for 30 minutes. The bluish-green product, when dissolved in water, 
became violet and then brown. The solution was acidified with 
dilute sulphuric acid, the precipitate (0°15 g.) removed, and the 
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filtrate extracted with ether. From the extract, a substance (0-2 g.) | and 
was obtained which gave p-hydroxybenzoic acid, m. p. and mixed with 
m. p. 210°, on purification (Found: C, 60-8; H, 4:2. Cale.: C, end 
60-9; H, 4:4%). solu 

Carthamin was heated with 5% aqueous caustic alkali and the | Tesel 
solution was then acidified and extracted with ether: p-hydroxy- | cart 
benzaldehyde and p-coumaric acid were isolated from the extract. both 
When concentrated caustic alkali (about 20°) was used, only | tran 
p-hydroxybenzaldehyde was obtained (compare Kametaka and | The 
Perkin, loc. cit.). When carthamin was fused with potassium | §-acé 
hydroxide and a little water at 140°, a bluish-green mass was | t0 8¢ 
obtained from which p-hydroxybenzoic acid, m. p. 210°, was iso- | All t 
lated in a yield of nearly 10%. Various concentrations of caustic | in tl 
alkali produced only p-hydroxybenzaldehyde from carthamidin | ¢¢rta 
or isocarthamidin (even from 0-02 g.). Th 

Action of Hot Baryta Water on Carthamin.—Carthamin (3 g.) 








and hot saturated aqueous baryta (60 c.c.) were heated together Depe 
: : of th 
on a water-bath for 5 hours in an atmosphere of hydrogen. Carbon 'M 
dioxide was passed through the cooled liquid, the precipitate re- | Sy k 
moved, and the filtrate extracted with ether: from the extract, | re 
p-hydroxybenzaldehyde (0-33 g.) was isolated. Dilute sulphuric g's 


acid was added to the aqueous liquid, the barium sulphate removed, | 
and the filtrate extracted with ether : from this extract, p-coumaric| T# 
acid (0-24 g.) was isolated. The aqueous liquid was now treated with 
basic lead acetate and, after filtration, with hydrogen sulphide. | 
After further filtration it was concentrated by distillation under | OI 
reduced pressure, a colourless, acidic, syrupy residue (about 0-5 g.) II 
being obtained. This substance did not reduce Fehling’s solution| -C 
and gave no colour reaction with ferric chloride. When it was 
heated, it swelled and charred, emitting an odour resembling that 
of burning tartaric acid or sugar. The substance, which appeared ONE , 
to be gluconic acid, was neutralised with potassium carbonate andj} ®™idi 
the concentrated aqueous solution was treated with alcohol; the} T™0% 
white crystals produced were washed with ether and dried in a berg’s 
desiccator (Found: K, 16-0. Calc. for C,H,,0,K : K, 16-7%). pentan 
The same process applied to isocarthamin gave the same products,| ™ethe 
but its application to carthamidin was not successful owing to the} Car 
insolubility of the barium salt in water. compl 
Absorption Spectra of Carthamidin, isoCarthamidin, «-Acetyl- hydro. 
carthamidin, Acetylisocarthamidin, y-Acetylcarthamidin, Chalkone,| formu 
and Naringin.—The spectra were photographed through the kind-| 2: 4 
ness of Mr. Sakurai. In each case the substance was dissolved in| #lmost 
ethyl alcohol and concentrations of N/5000—N/10000 were em-| ®etyl 
ployed, the iron arc being used as the light source. Carthamidin absenc 
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and isocarthamidin resemble each other closely and have bands 
with centres at about 42900 A. Both substances cut off the violet 
end of the visible spectrum to nearly equal. extents in N/5000- 
solutions. The absorption spectrum of naringin has a general 
resemblance to that of carthamidin in V/10000-solution. «-Acetyl- 
carthamidin and acetylisocarthamidin give similar absorptions, 
both having shallow bands with centres at about 22600 A and 
transmitting the light rather more freely in the ultra-violet region. 
The absorption spectra of these two substances differ from that of 
8-acetylcarthamidin, which, however, resembles that of chalkone 
to some extent, since it has a band with centre at about 2 3000 A. 
All the absorption spectra seem to have some sharp narrow bands 
in the near ultra-violet region, but these are difficult to fix with 
certainty owing to the strong iron lines in their neighbourhood. 


The author desires to thank the Keimeikai Society and the 
Department of Education for grants and to express her appreciation 
of the helpful interest shown by Prof. Majima and of the assistance 
of Miss Inouye and Miss Matsuguma. She also has pleasure in 


| acknowledging her indebtedness to Prof. W. H. Perkin for his 


valuable assistance in publication, and to Prof. A. G. Perkin for 
his kind criticism. 


Tue INSTITUTE OF PHYSICAL AND CHEMICAL RESEARCH, 
KomMaAGoME, ToxKyo. (Received, June 18th, 1929.] 





CIII.—The Constitution of Carthamin. Part II. 
B-Carthamidin Pentamethyl Ether and its Synthesis. 


By (Miss) Carka Kuropa. 


One of the chief hindrances to the study of carthamin and carth- 
amidin, namely, their resistance to methylation, has now been 
removed. §-Acetylearthamidin (I) has been methylated by Freuden- 
berg’s method (Annalen, 1923, 433, 236) : the product, 8-carthamidin 
pentamethyl ether (11), is identical with synthetic 2 : 3 : 4: 6-tetra- 
methoxyphenyl 4-methoxystyryl ketone. 

Carthamin, therefore, which has long been considered a specially 
complex colouring matter, is a member of a typical class, the 
hydroxychalkones: it may, however, assume the quinonoid (see 
formula VII of the preceding paper) or quinhydrone form. 

2:3:4:6-Tetramethoxyacetophenone (III) is produced in 
almost theoretical yield from 1 : 2 : 3 : 5-tetramethoxybenzene and 
acetyl chloride in the presence of aluminium chloride but in the 
absence of a solvent (compare Bargellini and Bini, Atti R. Accad. 
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Lincei, 1910, 19, 595; Bargellini, Gazzetta, 1914, 49, 47; Chapman, 
Perkin, and Robinson, J., 1927, 3020). 
OMe 


OMe 
HH) 






MeO, 


EXPERIMENTAL. 


Methylation of @-Acetylearthamidin.—50%, Potassium hydroxide 
solution (7 c.c.) was added with great caution to a solution of methyl 
sulphate (3 c.c.) and $-acetylcarthamidin (0-2 g.) in methyl alcohol 
(15 c.c.) in an atmosphere of hydrogen : to complete the reaction, a 
little heat was supplied. When water was added to the product, 
8-carthamidin pentamethyl ether (II) separated as a fine precipitate 
(0-05—0-06 g.). A chloroform solution of the products of several 
preparations was evaporated and the methyl ether, obtained in 
prisms, was washed with ether and recrystallised from methyl 
alcohol; m. p. 112° (Found: C, 66-8; H, 6-0. C.9H,.0, requires 
C, 67-0; H, 6-1%). 

6-Carthamidin pentamethyl ether is almost colourless (very pale 
yellow) and is readily soluble in chloroform and benzene and fairly 
readily soluble in ether and alcohol; it gives a red solution in con- 
centrated sulphuric acid, and is coloured red by concentrated hydro- 
chloric acid, showing distinct halochromy. 

Synthesis of 8-Carthamidin Pentamethyl Ether (2:3: 4 : 6-Tetra- 
methoxyphenyl 4-Methoxystyryl Ketone).—Pyrogallol trimethyl ether 
was obtained by Chapman, Perkin, and Robinson's method (J., 
1927, 3028), the yield being much improved (26-3 g.; m. p. 47°) 
_ when the following quantities were used: pyrogallol 20 g., methyl 
alcohol 50 c.c., methyl sulphate 45 c.c., 40% sodium hydroxide 
solution 90 e.c. It was converted by Graebe and Hess’s method 
(Annalen, 1905, 340, 237) into 2 : 6-dimethoxybenzoquinone, which 
gave 2: 6-dimethoxyquinol on reduction with sulphurous acid. The 
product wastreated with benzene, which removed anitrated impurity. 

When a crystal of 2: 6-dimethoxyquinol is touched with 2N- 
caustic alkali on a watch-glass, an intense indigo-blue colour is 
produced which immediately changes to brown. 
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1:2:3:5-Tetramethoxybenzene (2-1 g.; m. p. 47°) was obtained 
when a mixture of 2 : 6-dimethoxyquinol (2 g.), methyl alcohol 
(5 c.c.), and methyl sulphate (5-2 c.c.) was treated with 40% sodium 
hydroxide solution (15 ¢.c.) in an atmosphere of hydrogen, a little 
heat being finally supplied. 

A mixture of the tetramethoxybenzene (2 g.) and acetyl chloride 
(4 c.c.), cooled in water, was gradually treated with powdered 
aluminium chloride (2 g.). When the product became semi-solid 
(after 20 minutes), ice was added; 2:3: 4: 6-tetramethoxyaceto- 
phenone (2-2 g.) then crystallised in colourless needles. These 
were collected, digested with aqueous caustic alkali (which removed 
only a trace of demethylated material), and washed with water 
(yield, 2:1—2°2 g.). When much water was added to its concen- 
trated methyl-alcoholic solution, the ketone separated in long fine 
needles (Found: C, 60-1; H, 6-4; OMe, 51-1. Calc.: C, 60-0; 
H, 6-6; OMe, 51-7%). The oxime, prepared by heating a mixture 
of the ketone (0-3 g.), sodium acetate (0-25 g.), hydroxylamine 
hydrochloride (0-25 g.), and ethyl alcohol (4 c.c.) on a water-bath 
for 3 hours, crystallised from dilute methyl alcohol in colourless 
hydrated needles, m. p. 53—54° (Found: C, 53-1; H, 7-0. 
Cy.H,,0,N,H,O requires C, 52-8; H, 7-0%). 

When a solution of the tetramethoxyacetophenone (1 g.) and 
anisaldehyde (0-7 g.) in methyl alcohol (6 c.c.) was warmed at 
50—60° with 50% potassium hydroxide solution (4 g.), the methoxy- 
chalkone gradually crystallised. After several hours, water was 
added and the crystals were collected and washed with water (yield, 
14 g.). The 2:3:4:6-tetramethoxyphenyl 4-methoxystyryl 
ketone was recrystallised from methyl alcohol (Found: C, 66-6; 
H, 60%). It then melted, alone or mixed with $-carthamidin 
pentamethyl ether, at 112° and agreed with this substance in all 
its properties. The absorption spectra of the two substances in 
N /5000-aleoholic solution, kindly photographed by Mr. Sakurai, 
the iron are being used as a light source, were identical in every 
respect. Both showed a very wide band with its centre at about 
23300 A. and another smaller band at about 42700 A. Indications 
of sharp narrow bands were observed in both cases in the region 
about 2 3800 A. 


The author desires to thank the Keimeikai Society and the 
Department of Education for grants. She also wishes to express 
her appreciation of the helpful interest shown by Prof. Majima 
and the kind assistance of Miss Matsuguma. 
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CIV.—Syntheses of Cyclic Compounds. Part VI. 
3- and 4-Methylcyclohexanones. 


By Artuur IsRAEL VoGEL and Mariam P. OoMMEN. 


THE principal object of the present investigation was to determine 
the influence of the substitution of a methyl group for hydrogen 
in the 3- and 4-positions upon the character and the configuration 
of the cyclohexane ring. The only previous work on this subject 
appears to be that of Birch and Thorpe (J., 1922, 121, 1821), who 
found that the i ie spiro-compounds (I), where R,R,C is 3- 


Rw O(CN) COL .-C(CN)-CO,H Ry. -G(CN)-CO,H 
Re SECN)-CO> oe re C(CN)CO,H R, CH(CN)-CO,H 
(I.) (IT.) bn (III.) 


and 4-methylcyclohexane, decomposed completely into the open- 
chain compound (III) on treatment with alkali under standard 
conditions, a result in contrast with that obtained with the un- 
substituted cyclohexane ring (R,R,C = cyclohexane), where the 
spiro-compound (II) was produced (Birch, Gough, and Kon, J., 
1921, 119, 1315). It is doubtful whether this method of comparing 
stabilities of ring systems, in its present state, is of any great value, 
since all the compounds (I) with substituents, R,R,C, other than 
cyclohexane are converted into the open-chain compounds (IIT) 
under the conditions employed and no means have yet been found 
for distinguishing between the rates of fission of individual members 
of the series. The method adopted in the present research is that 
described by one of us (Vogel, J., 1928, 2010) for the comparison 
of substituent groups and ring systems. The cyano-esters (IV) 

(IV.) CR,R,:C(CN)-CO,Et CR,Ry°CH(CN)-CO,Et 

(V.) CHR,R,°CH(CN)-CO,Et CR,R,°CH(CN)-CO,Et 


were prepared by the condensation of the ketones with ethyl cyano- 
acetate in the presence of piperidine and reduced in ethereal] solution 
with moist aluminium amalgam ; the relative yields of the unimole- 
cular (V) and the bimolecular products (VI) are shown in Table I, 


(VI.) 


TABLE I. 
CR,R,:C(CN)-CO,Et. Yield % (V). Yield % (VI). 
CR,R, = cyclopentene  ..........cccccccsceeces 79 13 
= CYCMMOMAS 62060000000... ce clases. 84 6 
= 3-methyleyclohexane .............. 83 6 
= 4-methylcyclohexane ............... 87 4 


the values for the cyclopentane and cyclohexane compounds being 
included for purposes of comparison : in so far as the yields of the 
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bimolecular compounds—which owing to their relatively: slight 
volatility are employed for comparative purposes—are concerned, 
there seems to be no essential difference in behaviour between the 
unsubstituted and the methyl-substituted cyclohexane rings. 

The unsaturated cyano-esters have the «$-structure: the By- 
isomeride is present, if at all, in very smali quantity. The By- 
structures assigned to the cyano-esters derived from 3- and 4-methyl- 
cyclohexanones by Harding, Haworth, and Perkin (J., 1908, 93, 
1943) and by Harding and Haworth (J., 1910, 97, 486) require 
correction : the esters are completely reduced by moist aluminium 
amalgam and no definite evidence has been obtained of the presence 
of any appreciable quantity of unsaturated isomerides in the 
reduction products. 

Prolonged hydrolysis of the reduced cyano-esters (V) with alcoholic 
potassium hydroxide afforded the corresponding malonic acids, the 
constitution and saturated character of which were proved by their 
synthesis from the iodides and ethyl sodiomalonate (compare 
Zelinski and Alexandrow, Ber., 1901, 34, 3885). 

Some physical properties of the pure ketones * are recorded in 
Table II (compare Schoorl, Rec. trav. chim., 1929, 48, 935). The 


Taste Ii. 
cycloHexanones. 

2-Methyl. 3-Methyl. 4-Methyl. 
eS ee ee a 165°/757 169°/748 171°/747 
ne ited viedeerevidnssctastistatuiurs 1-4484 1-4463 1-4455 
DAD nccsccccccsrcecsecccsceseesenens 0-9261 0-9141 « 0-9151 
Bee clen GONRis) a «ccs -scncad coo onenh 32-45 32-69 32-61 
TE PRET SE Sr ete: 32-34 32-34 32-34 
De -ahbninescpwadiapahes cucbdbag gabon 31-99 31-23 31-04 
SE OMEN, shsnacwene>vasinarssbecs 288-2 290-0 289-6 
PT (oale.) -3..b 0c. otcsseaeeveall 288-1 288-1 288-1 


refractive indices were measured at about 20°; the exact temper- 
atures are given in the Experimental section. The surface tensions 
and the densities were determined over a range of temperatures 
and have been reduced to 20°, a linear variation with temperature 
being assumed. The parachors, [P] (obs.), were calculated by the 
usual formula. The parachors, [P,], for the corresponding cyclic 
hydrocarbons can be evaluated from the observed values for the 
cyclic ketones by substituting Sugden’s values of 2H for :O. If, 
now, from these the parachor for the simple cyclohexane ring be found 
by replacing the value for CH, by that for H, the contribution per 


* The results for 2-methylcyclohexanone have been included for the sake 


of completeness. 
DD2 
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CH, group, [P’,/n], which is an important criterion of the con- 
figuration of the ring (Vogel, J., 1928, 2018), can be calculated : 
the results (Table III, which includes the previous results for the 


; TaB.e III. 
6-Ring. 2-Methy]l. 3-Methyl. 4-Methyl. 
aE i 242-4 279-2 281-0 280-6 
FGI | ccocccece 40-4 40-0 40-3 40-3 


unsubstituted 6-ring) are in close agreement with that obtained 
from the observed parachor for the simple cyclohexane ring and thus 
provide further support for the view that there is no essential 
difference in configuration between the unsubstituted cyclohexane 
ring and that present in 3- and 4-methylcyclohexanones. 


EXPERIMENTAL. 


The 3- and 4-methylcyclohexanones used were the pure products 
supplied by the Deutsche Hydrierwerke Aktiengesellschaft. 


4-Methyleyclohexane Series. 


Ethyl 4-methyleyclohexylidene-1-cyanoacetate was prepared by 
the condensation of 4-methylcyclohexanone and ethyl cyanoacetate 
in the presence of piperidine (Harding, Haworth, and Perkin, 
loc. cit.) in ca. 60% yield. It had b, p. 172°/21 mm. (Harding, 
Haworth, and Perkin give b. p, 165—168°/14 mm.), d?* 1-0227, 
ni,* 1-4882, [Rz]p 58°38 (calc., 56-42). 

Ethyl r-4-Methyleyclohexyl-1-cyanoacetate (as V).—The preceding 
ester (100 g.) was reduced with 150 g. of moist aluminium amalgam 
in ether (Vogel, J., 1927, 594; 1928, 2010): there was a period of 
induction of about 1-5 hours and the reaction was complete after 
7 hours. The product was worked up in the usual manner and 
distilled, ethyl r-4-methylcyclohexyl-l-cyanoacetate (87 g.) passing 
over at 160—169°/21 mm. (more than 90% at 163°/21 mm.). The 
viscid residue, having been washed several times with light petroleum 
(b. p. 40—60°), crystallised- when left over-night in a vacuum over 
concentrated sulphuric acid (yield, 4 g.); it melted at 75° (softening 
at 65°) and was the bimolecular cyano-ester (Found : M, in camphor, 
421. C,,H,,0,N, requires M, 418). The liquid reduction product 
after redistillation had b. p. 162°/20 mm., d?* 1-0018, n?* 1-4585, 
whence [R,;], 57-03 (cale., 56°89) (Found: C, 68-6; H, 9-1. 
C,.H,,0,N requires C, 68-8; H, 9-2%). 

4-Methyleyclohexyl-1-malonic Acid.—Solutions of ethyl 4-methy]l- 
eyclohexyl-1-cyanoacetate (30 g.) in. rectified spirit (160 g:) and of 
potassium hydroxide (100 g.) in water (100 g.) were mixed, heated 
on the steam-bath for 24 hours (the evolution of ammonia had then 
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ceased), and evaporated to dryness. The residue was triturated 
several times with ether to remove any unchanged ester and 
acidified with dilute sulphuric acid; 4-methyleyclohexyl-1-malonic 
acid, m. p. 172°, precipitated in almost quantitative yield, had 
m. p. 182—183° after several crystallisations from formic acid 
(d 1-2) (Hope and Perkin, J., 1909, 95, 1367, give m. p. 177—178°) 
(Found: equiv., by titration with baryta, 101. Calc., 100). An 
additional small quantity was extracted by ether from the filtrate 
after saturation with ammonium sulphate. 

Synthesis of 4-Methylcycloheryl-1-malonic Acid from 4-Methyl- 
cyclohexyl Iodide and Ethyl Sodiomalonate.—4-Methylcyclohexanone 
was reduced with sodium and moist ether (compare Bentley, J., 
1895, .67, 264) to the alcohol, b. p. 174°/760 mm. This (116 g.) 
was treated with red phosphorus (9-5 g.) and iodine (90 g.), rise of 
temperature being prevented, and after 12 hours the whole was 
heated on the steam-bath for 2 hours, and 4-methyleycloheryl 
iodide isolated in the usual manner (compare Bentley, loc. cit.). Ti 
had b. p. 63°/3-5 mm., d%* 1-5086, n®* 1-5325, whence [FR] 
46-04 (calc., 45-13) (Found: I, 56-6. C,H,,I requires I, 56-7%). 
When freshly distilled, the iodide is a colourless mobile liquid with 
a characteristic odour. 

The reaction between 4-methylcyclohexyl iodide (127 g.; 1 mol.) 
and ethyl sodiomalonate (2 mols. : * compare Zelinski and Alexand- 
row, loc. cit.; prepared from 90-7 g. of ethyl malonate, 13-05 g. of 
sodium, and 200 c.c. of dry alcohol) was carried out in the way 
described by Hope and Perkin (J., 1909, 95, 1363). The product 
on distillation gave first ethyl malonate and 4-methyleyclohexyl 
iodide; ethyl 4-methylcyclohexyl-1-malonate then passed over at 
164—168°/29 mm. On redistillation, it boiled at 161—163°/18 mm. 
(Hope and Perkin give b. p. 163—165°/20 mm.); yield, 75 g. or 
55%. 

A acid obtained by the hydrolysis of the ester with alcoholic 
potassium hydroxide on the steam-bath melted, after three crystal- 
lisations from formic acid, at 182—183° (decomp.) (Found : equiv., 
by titration, 100°5) and was identical (mixed m. p.) with 4-methyl- 
cyclohexyl-1-malonic acid prepared as described above. From the 
filtrate from the precipitated acid, saturated with ammonium 
sulphate, ether extracted about 2 g. of an acid, m. p. 100—110°, 
and 110° after recrystallisation from benzene: this was probably 
impure r-3-methylcyclohexyl-l-malonic acid (m. p. 120—121°; 
mixed m. p. 116—117°) (Found: equiv., 101), but the quantity 
was too small for identification. 


* A slightly smaller yield was obtained with equimolecular quantities. 
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3-Methyleyclohexane Series. 

Ethyl 3-methylcyclohexylidene-l-cyanoacetate was prepared in 
ca, 60% yield by the condensation of the ketone with ethyl cyano- 
acetate in the presence of piperidine (Harding and Haworth, loc. 
cit.) and had b. p. 160—163°/15 mm. A middle fraction prepared 
for analysis had b. p. 163°/16 mm., d'?” 1-0288, nj}? 1-4914, whence 
[Rip 58°36 (calc., 56-42) (Found: C, 69-2; H, 8-2. Calc.: C, 
69-5; H, 8-3%). 

Ethyl r-3-Methyleyclohexyl-1-cyanoacetate.—The preceding ester 
(100 g.) was reduced with 150 g. of moist aluminium amalgam in 
ether (7 hours). The product gave on distillation ethyl r-3-methyl- 
cyclohexyl-1-cyanoacetate (83 g.), which passed over at 150—153°/ 
15 mm., mainly at 152°/15 mm. The residue crystallised after 
being treated with light petroleum (b. p. 40—60°) in the manner 
detailed for the 4-methyl compound; yield, 6g. It had m. p. 76° 
(softening at 65°) and was probably a mixture of isomeric bimole- 
cular cyano-esters (Found: M, in camphor, 416. C,,H;,0,N, 
requires M, 418). The liquid reduction product after redistillation 
had b. p. 152°/15 mm., d?* 1-0022, n=* 1-4586, whence [R,]p 
57-02 (calc., 56-89) (Found: C, 68-4; H, 9-1. C,,H,,O,N requires 
C, 68-8; H, 9-2%). 

r-3-Methylcyclohexyl-1-malonic Acid.—The hydrolysis of ethyl 
3-methylcyclohexyl-l-cyanoacetate was effected (36 hours) as 
described under the 4-methyl compound. The resultant oily acid, 
crystallised twice from benzene, formed needles, m. p. 115—116° 
(rapidly heated), 120—121° (slowly heated) (Found: C, 60-3; H, 
8-1; equiv., 99. C, )H,,0, requires C, 60-0; H, 8-1%; equiv., 100). 
r-3-Methyleyclohexyl-1-malonic acid is soluble in water, chloroform, 
ether, and formic acid; it is sparingly soluble in dilute hydrochloric 
acid and in benzene when cold but dissolves readily on warming 
(the corresponding 4-methyl compound is very soluble in ether, 
but dissolves readily in water, chloroform, and formic acid only 
when warm). The presence of an isomeric acid could not be de- 
tected. 

Synthesis of r-3-Methylcyclohexyl-1-malonic Acid from 3-Methyl- 
cyclohexyl Iodide and Ethyl Sodiomalonate.—In the ways already 
indicated, 3-methylcyclohexanone was converted through the alcohol, 
b. p. 174°/760 mm., into 3-methyleyclohexyl iodide,* b. p. 61—63°/ 
3 mm. (Knoevenagel, Annalen, 1897, 297, 154, gives b. p. 82—83°/ 
10 mm.) (yield, almost quantitative), a colourless mobile liquid 
with a characteristic odour when freshly distilled. 

The condensation with ethyl sodiomalonate was carried out, in 


* This probably contained some of the 4-methy] iodide (see p. 773). 
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the manner already described, with 97 g. of the iodide, 10 g. of 
sodium, 200 c.c. of dry alcohol, and 138 g. of ethyl malonate, The 
product, b. p. 159—163°/19 mm. (45 g.), hydrolysed with twice the 
calculated quantity of alcoholic potassium hydroxide, gave an 
almost quantitative yield of oily acids, which solidified on trituration 
with benzene. The acids were treated with cold formic acid: the 
insoluble portion, recrystallised three times from hot formic acid, 
melted at 182—183° and its identity with 4-methylcyclohexy]- 
1-malonic acid was confirmed by direct comparison and by a mixed 
m. p. determination (Found : equiv., 99); the soluble portion was 
evaporated to dryness on the steam-bath, the resultant oil tri- 
turated with a small quantity of benzene, and the solid thus obtained 
treated with cold formic acid, The residue obtained on evaporation 
of the filtrate melted at 110—111° after several crystallisations 
from benzene (Found: C, 60-1; H, 8-1%; equiv., 99-5). This 
acid resembles r-3-methylcyclohexyl-l1-malonic acid, prepared from 
the cyano-ester, very closely in properties (solubility, crystalline 
form, etc.) and is probably identical with it; a mixture of the two 
melted at 117—118°. There appeared to be a very small quantity 
of an isomeric acid present which could not be removed by fractional 
crystallisation from common organic solvents. 

In order to put the surprising nature of the above result, viz., 
the formation of approximately equal quantities of 3- and 4-methyl- 
cyclohexylmalonic acids in the condensation of 3-methyleyclohexyl 
iodide and ethyl sodiomalonate, beyond all question, the whole 
experiment was repeated with pure 3-methylcyclohexanone prepared 
from the semicarbazone, m. p. 189—190°. (The ketone émployed 
for the above experiments gave a quantitative yield of a semi- 
carbazone, m. p. 186°, and 189—190° after two crystallisations 
from dilute methyl alcohol.) The pure ketone was successively 
converted into the alcohol, b. p. 173°/760 mm., the iodide, b. p. 
61—62°/3 mm., and ethyl methylcyclohexylmalonate, b. p. 158— 
162°/22 mm., mainly 160°/22 mm. (47 g. of the iodide furnished 
23 g. of the malonic ester). The ester on hydrolysis gave the same 
mixture of acids as before. This remarkable reaction will be more 
fully investigated: possibly, during the conversion of 3-methyl- 
cyclohexanol into the iodide and under the influence of the phos- 
phorus iodides present, dehydration occurs, followed by addition 
of hydrogen iodide in the two positions leading to the formation of 
3- and 4-methylcyclohexy] iodides. 


Determination of Surface Tensions and of Densities over a Range 
of Temperatures. Calculation of the Parachor. 

The apparatus and procedure employed in these determinations 

were those already described (Vogel, J., 1928, 2027). The correction 
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for the meniscus was 0-24 mm., and the mean constant K 1-8746. 
The symbols in the tables have already been defined (Vogel, loc. 
cit.). 

r+ the ketones were regenerated, by means of oxalic acid, from 
the semicarbazones, which had been recrystallised from rectified 
spirit until the m. p.’s were constant. 

2-Methyleyclohexanone, M = 112-10, b. p. 165°/757 mm., nji* 
1-4484, di?* 0-9255, whence [R;]p 32-45 (ealc., 32-34). Semi- 
carbazone, m. p. 195—196°. 

Densities determined : d'$* 0-9270; d?* 0-8927; d?* 0-8756. 


t. h. H. dy. y: Parachor. 
22-3° 18°55 18°31 0-9253 31-76 287-6 
61-4 16-84 16-60 0-8927 27-78 288-3 
81-6 16-04 15-80 0:8770 25-98 288-6 

Mean 288-2 


3-Methylcyclohexanone, M = 112-10, b. p. 169°/747-5 mm., 
dis* 00-9151, ni8” 1-4463, whence [R,]p 32°69. Semicarbazone 
(also recrystallised twice from methyl alcohol), m. p. 191°. 

Densities determined: di8* 0-9155; d?* 0-8816; d=" 0-8636. 


t. h. H. d‘. y- Parachor. 
21-6° 18-40 18-16 0-9129 31-08 289-9 
63-1 16-62 16-38 0-8806 27-04 290-3 
83°5 15-62 15°38 0-8648 24-93 289-7 

Mean 290-0 


4-Methyleyclohexanone, M = 112-10, b. p. 171°/747 mm., d}?* 
0-9159, n}* 1-4455, whence [R;], 32-61. Semicarbazone, m. p. 
197°. 

Densities determined : di?* 0-9164; d®* 0-8831; d?* 0-8648. 


3 h. H. di. y: Parachor. 
20-2° 18-33 - 18-09 0-9148 31-02 289-2 
62-6 16-62 16-38 0-8831 27-05 289-6 
84-3 15-76 * 15-52 0-8658 25°19 290-0 

Mean 289-6 


In conclusion, the authors wish to express their thanks to -Pro- 
fessor J. F. Thorpe, F.R.S., and to Dr. M. A. Whiteley for their 
kind interest in this investigation, and to the Chemical Society for 
a grant which has helped to defray its cost. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, 8.W.7. (Received, December 9th, 1929.) 
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CV.—The Chemistry of the Three-carbon System. 
Part XXIV. The Regeneration of Esters from 
their Sodio-derivatives. 

By WirrrReD Eynon Hues and Grorczk ARMAND RoBERT Kon. 


It has already been suggested that the function of activating groups 
in enhancing the mobility of a three-carbon system is connected 
with the capacity of the mobile hydrogen to enter such groups 
(compare Kon and Speight, J., 1926, 2727). For instance, the 
rapid interconversion of «$- and By-unsaturated ketones in presence 
of sodium ethoxide is no doubt due to the formation of the sodio- 
derivatives of the enolic form of the ketone; or, in terms of the ionic 
hypothesis of tautomerism, the change proceeds through the estab- 
lishment of an equilibrium between the ions of the two keto-forms 
and the common enol ion (Ingold, Shoppee, and Thorpe, J., 1926, 
2477; Linstead, J., 1929, 2498). There are thus two equilibria— 
one involving only the keto-enol system of the activating group, 
the other the three-carbon system as well. 

One of the chief differences between keto-enol and three-carbon 
systems is the greater mobility of the former; it should, therefore, 
be possible to realise conditions under which only the keto-enol 
change can proceed to completion, without causing mobility of the 
adjacent three-carbon system and thus giving rise to a “ false 
equilibrium.”” This would be expected in systems sufficiently 
acidic to form stable enols and in the absence of polar catalysts. 
For instance, if the «$-unsaturated ethyl cyclopentylidenemalonate 
(I) were converted into the sodio-derivative, which is necessarily 
derived from the ®y-form, and hydrogen could be introduced in 
place of sodium under conditions precluding complete equilibration, 
the enol produced should be converted into its own keto-form, 
which is the hitherto unknown y-isomeride (IT). 


/ONa 
H,-CH, 0,Et CH Et 
H,-CH,>~" <8 Et —> SGPCC<Go.ne 
(I.) 
-CH 0,Et 
GHP CCH Coty 


The ester (I) and ethyl «-cyanocyclohexylideneacetate (III) were 
chosen for the investigation; in addition, ethyl «-cyano-f-ethyl- 
cinnamate (IV) and ethyl «-cyano- and «-carbethoxy-y-phenyl-B-methyl- 
butenoates (V) and (VI) were prepared : 


H, H . 
(ML) CHG CH CCK CO, Rt EOC’ C<0, aad 
OH,Ph CHP 0,Et 
wv) SOKO, Et Me>CCH CO nt (VI) 
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Although the results so far obtained are of a preliminary character, 
they show that it is possible to arrest three-carbon tautomerism to 
some extent whilst allowing keto-enol equilibrium to be established 
in the manner suggested. The method adopted consists in forming 
the sodio-derivative of the ester, preferably in a neutral solvent, 
and decomposing it by the addition of a weak organic acid such as 
benzoic acid, at a low temperature; after removal of the sodium 
benzoate, the ester is isolated by evaporation of the solvent, some- 
what on the lines of Knorr’s classical work on ethyl acetoacetate. 

Negative results were always obtained with the cyano-ester (III), 
but the ester (I) gave definite indications of a change. The ester 
obtained from the sodio-derivative not only had a lower boiling 
point, density, and refractive index, but showed a considerable 
increase in additive power towards iodine chloride: all these pro- 
perties are consistent with the fy-unsaturated structure. Oxidation 
with ozone led to a substance having the properties both of an 
aldehyde and of a $-ketonic ester, as would be expected from such 
a structure. 

Even careful hydrolysis of the new ester gave the original acid 
and no isomeride has yet been obtained. 

Although esterification of the pure acid by way of its silver salt 
(Kon and Speight, loc. cit.) leads to the pure «$-ester (I), esterific- 
ation in presence of a strong mineral acid gives an ester containing 
a considerable quantity of the fy-form, in some cases as much as is 
present in the ester prepared by regeneration from the sodio- 
derivative. The esters obtained by different processes differ con- 
siderably in properties; that obtained by the direct condensation 
of cyclopentanone with ethyl malonate is mainly the «-ester, 
whereas acidification of the sodio-derivative in alcoholic solution 
without special precautions yields an ester containing a considerable 
proportion of the By-form: this “equilibrium ester”’ appears to 
have a fairly constant composition; it is difficult to estimate the 
proportion of the twa isomerides in it by the iodometric method, 
as the pure #y-ester has in all probability not been obtained. 

It was hoped to gain a means of comparison by determining the 
iodine addition of the pure fy-ester of the cyclohexane series (ethyl 
cyclohexenylmalonate). This ester was prepared by the silver- 
salt process from the pure acid, which had a very high affinity for 
iodine (91-4%), in contrast with that of the cyclopentane acid 
(0-359); but the ester had a low iodine value and therefore was 
valueless for our purpose. 

Cyano-esters with a phenyl group in the 8- and especially in the 
y-position appeared likely to pass readily into the ®y-forms (com- 
pare Linstead and Williams, J., 1926, 2735; Johnson and Kon, 
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ibid., p. 2748), and for this reason the esters (IV) and (V) were 
synthesised : they were found to have the «$-unsaturated structure, 
unlike Linstead and Williams’s cyano-ester, but although they 
yielded (y-unsaturated alkylation products, the #+y-isomerides 
could not be obtained from them. The condensation product of 
benzyl methyl ketone and ethyl malonate was abnormal in structure, 
and the acid obtained from it on hydrolysis had lost the elements of 
water (compare Linstead and Williams, loc. cit.); in addition, the 
double bond was already in the Py-position, because the acid yielded 
benzaldehyde on oxidation : it has not yet been fully investigated. 


EXPERIMENTAL, 

Ethyl «-Cyanocyclohexylideneacetate (III1)—The ester was pre- 
pared by the method of Harding, Haworth, and Perkin (J., 1908, 
93, 1949) and had the properties recorded by Birch, Kon, and Norris 
(J., 1923, 123, 1361): the value 53-94 given there for [R;]p is a 
misprint for 53-594. 

The «$-structure of the ester was confirmed by oxidation: 5 g. 
of the ester were treated with the required amount of ice-cold 
neutral 3° aqueous potassium permanganate and the solution 
was kept for an hour; cyclohexanone, isolated by steam-distillation 
and extraction with ether, was identified in the form of semicar- 
bazone {m. p. and mixed m. p. 165—166°). 

The ester (1/10 g.-mol.) was slowly added to 2-3 g. of “ mole- 
cular ” sodium covered with dry ether. The reaction was vigorous, 
but it was difficult to induce all the sodium to react. Finally, 
light petroleum was added and the precipitated sodio-derivative 
was collected rapidly, suspended in dry ether, and treated with 
1/10 mol. of benzoic acid in dry ether. When the yellow colour had 
disappeared, the ethereal solution was washed with aqueous sodium 
carbonate and with water, dried over calcium chloride, and evapor- 
ated, finally in a vacuum. The properties of the ester obtained, 
dis* 1-0616, ni’* 1-48327, changed but little after distillation 
(b. p. 160—164°/18 mm.). In another experiment the preparation 
of the sodio-derivative was carried out in benzene solution, which 
was preferable to ether, with a similar result. In a third experiment 
the regeneration was carried out at — 20° by means of dry hydrogen 
chloride or by means of less than the calculated amount of glacial 
acetic acid (containing a little acetic anhydride to ensure the absence 
of water) and the washing was omitted. In all cases the ester had 
the same iodine addition (about 5% in one hour) as that of the pure 
«8-ester, and this did not change on treatment with sodium ethoxide. 
The change in physical properties was therefore clearly due to a 
certain amount of reduction of the cyano-ester during the formation 
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of the sodio-derivative. In order to obviate this, sodium ethoxide, 
freed from excess of alcohol, was used to form the sodio-derivative, 
which was then precipitated with a large volume of light petroleum 
and treated with benzoic acid; no indication of the existence of a 
By-ester was obtained. 

Ethyl cycloPentylidenemalonate (I1).—The ester was prepared by 
the method of Kon and Speight (loc. cit.), but it was found con- 
venient to modify the process of isolation as follows. The almost 
black reaction product of cyclopentanone and ethyl malonate was 
mixed with 3—4 volumes of light petroleum and well shaken; 
the acetanilide and the tarry matter formed were precipitated 
and the very troublesome and wasteful process of washing was thus 
obviated. The almost clear petroleum solution was filtered, 
washed with water and alkali, and dried; on evaporation it gave a 
fair yield of the required ester, d2?* 1-0613, n#* 1-4696, iodine 
addition in 1 hour (in chloroform solution by the method of Linstead 
and May; J., 1927, 2565) 11-1%. 

The ester on hydrolysis gave the acid already described by Kon 
and Speight; the iodine addition of the pure acid in sodium bi- 
carbonate solution was only 0-35% in 1 hour. This was esterified 
through the silver salt and the ester produced had b. p. 160°/20 mm.., 
d2* 1-0618, n?* 1-47301, [R,]p 59-75 (compare Kon and Speight, 
loc. cit.), iodine addition in 1 hour 1-5%,. 

The first experiments on the-regeneration of the ester from its 
sodio-derivative were carried out with “ molecular” sodium in 
benzene in the manner described on p. 777; a definite indication 
of change was obtained. In later experiments, sodium ethoxide 
was prepared from specially dehydrated alcohol, the excess of alcohol 
carefully removed in a vacuum at 100°, and the ester added together 
with some petroleum (b. p. 40—60°); when the sodio-derivatives 
had formed, more petroleum was added and the solid allowed to 
settle. The petroleum solution was decanted, the residue again 
washed with petroleum (the sodio-derivative can also be filtered 
off), and benzoic acid in dry ether added to the sodio-derivative 
with shaking, more petroleum then being added. The gelatinous 
sodium benzoate was filtered off, and the petroleum solution washed 
with dilute aqueous sodium carbonate, washed, dried, and evapor- 
ated. The ester, obtained in 30—50% yield, varied but little in 
properties; the best specimen had b. p. 147—148°/19 mm., d?* 
1-0511, ”¥* 1-45743, [R,], 58-37 (calc., 58-02), and an’ iodine 
addition of 38-4%; it consisted, therefore, mainly of ethyl A}-cyclo- 
pentenylmalonate (11) (Found: C, 64-0; H, 8-0. C,,H,,0, requires 
C, 68-7; H, 80%). The molecular refraction shows an exaltation 
of only 0-35 unit (comparable with that found by Kon and Speight 
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for the «-methyl derivative and for cyclohexenylmalonic ester), 
due, no doubt, to the conjugation of the two carbethoxy-groups. 
The ester did not give a colour with ferric chloride. 

The petroleum solution decanted from the sodio-derivative was 
acidified with hydrochloric acid, washed with sodium carbonate 
solution, and evaporated, yielding a further quantity of ester; 
this had a lower iodine addition—about 30%—and presumably 
was the “ equilibrium ester.” 

A specimen of the fy-ester, prepared by direct esterification as 
deseribed below, was treated with alcoholic sodium ethoxide, and 
the product isolated without special precautions; it had b. p. 142— 
150°/20 mm., d2?* 1-0551, n#* 1-46191, [R;], 58-91, and an iodine 
addition of 28-0%, and was thus very similar to the preceding 
ester. 

When sodium methoxide was used in place of the ethoxide in 
the above preparation, the product obtained was methyl ethyl cyclo- 
pentenylmalonate; after redistillation it boiled at 137—138°/18 mm. 
and had d?* 1-09776, n2* 1-46380, iodine addition about 37% 
(Found : C, 62-0; H, 7-3. ©,,H,,0, requires C, 62:2; H, 76%). 

The fy-ester was also produced when the solid «$-acid was kept 
in contact with 1%, alcoholic hydrogen chloride (8 vols.) at room 
temperature; the acid slowly dissolved in the course of 10 days 
and the ester was then isolated and the considerable unesterified 
portion again treated with alcoholic hydrogen chloride. ‘The ester 
had b. p. 146—148°/20 mm., d? 1-0546, n#° 1-45923, [Rrlp 
58-65; the iodine addition was 37-5%, so the ester was evidently 
mainly the @y-form. In another instance, the acid was boiled with 
a saturated solution of hydrogen chloride in absolute alcohol for a 
short time; the ester produced was mainly the «@-form. 

The Sy-ester, dissolved in ethyl acetate, was treated with ozonised 
oxygen at 0°, the ozonide was freed from the solvent arid decomposed 
by warm water, and the product isolated by means of ether and 
distilled. Much decomposition (elimination of alcohol?) took 
place and a definite fraction was not obtained, the greater part 
boiling between 140° and 150°/11 mm. This gave an intense blue 
colour, slowly changing to red, with ferric chloride, and Schiff’s 
test, and was thus an aldehyde and a 6-ketonit ester, presumably 
CHO-CH,°CH,°CH,-CO-CH(CO,Et),; the carbon content, however, 
agrees better with the formula CHO-CH,°CH,-CH,-CO-CH,-CO,Et 
(Found: C, 59-1; H, 7:2. C,,.H,,0, requires C; 55-8; H, 70%. 
€,H,,0, requires C, 58-0; H, 7-6%); crystalline derivatives could 
not be obtained from it. 

The #y-ester was hydrolysed by means of cold 5% alcoholic 
sodium hydroxide, and the acid isolated in the usual manner. The 
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af-acid, m. p. 171°, was isolated in quantity; a more soluble con- 
stituent was also present, but it could not be obtained pure. An 
attempt to prepare the pure (@y-ester by partial esterification of 
the crude acid obtained above (compare Eccott and Linstead, J., 
1929, 2153) was unsuccessful; the ester produced had a slightly 
lower iodine addition than the specimen from which it was derived. 

Ethyl cycloHexenylmalonate.—The pure acid, m. p. 150° (Kon 
and Speight), was found to have an iodine addition of 91-4% in 1 
hour. It was esterified through the silver salt, giving an ester, 
b. p. 160°/20 mm., d?* 1-0504, n?* 1-4646, iodine addition 7-5%. 
Another specimen of the ester was separated into two portions by 
distillation, but both had practically identical properties and iodine 
additions (7-4 and 8-1%). After treatment of the ester with sodium 
ethoxide without special precautions, the iodine addition rose some- 
what (96%). The ozonisation of the ester was repeated, Kon and 
Speight’s results being confirmed. 

Ethyl «-Cyano-$-ethyleinnamate (IV).—Ethyl cyanoacetate 
(57 g.) and propiophenone (67 g.) were mixed with 1 c.c. of piperidine 
and heated on the steam-bath for 3days. The product was dissolved 
in ether, washed with dilute hydrochloric acid and with water, 
dried, and distilled. Most of the initial material was recovered, 
but some 12 g. of an oil, b. p. 182—188°/17 mm., were collected. 
The yield of this oil could be increased to about 28 g. by adding 
anhydrous sodium sulphate to the reaction mixture to facilitate 
the separation of the water formed in the reaction. Condensation 
also took place in the presence of sodium ethoxide in alcohol (11-5 g. 
of sodium in 150 c.c. of alcohol), the mixture being heated until the 
whole of the solid ethyl sodiocyanoacetate had disappeared (about 
2 hours); the yield of high fraction contained in the neutral reaction 
product was about 20 g. The recovered material could be used 
again. The fraction of b. p. 182—188°/17 mm. gave on careful 
redistillation a large fraction, b. p. 185°/15 mm., consisting of ethyl 
a-cyano-B-ethylcinnamate, di?* 1-0695, n®* 1-53803, [Rz]p 67-01 
(cale., 64-26) (Found: C, 73:2; H, 6-5. C©,,H,,O,N requires C, 
73-4; H, 66%). The structure of the ester was confirmed by 
oxidation with permanganate exactly as described on p. 777; propio- 
phenone was obtained in good yield and identified in the form of 
its semicarbazone. 

All attempts to obtain the #y-isomeride from the sodio-derivative 
were unsuccessful. 

The ester was readily ethylated through its sodio-derivative, 
prepared with the aid of “ molecular”’ sodium in benzene. The 
new ester, ethyl «-cyano-8-phenyl-a-ethyl-A®-pentenoate, 

CHMe:CPh-CEt(CN)-CO,Et, 
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had b. p. 182—186°/16 mm., di}?* 1-0545, ni¥* 1-52175, [Rz]p 
74-33 (cale., 73-50) (Found : C, 74-9; H, 7:3. C,H, O,N requires 
C, 74-7; H, 7-4%). Like other similar compounds, the ethylated 
cyano-ester readily lost carbethoxyl in the form of ethyl carbonate 
on being kept with an equivalent of sodium ethoxide at 35° for 
24 hours, giving 6-phenyl-«-ethyl-A+-pentenonitrile, b. p. 142—146°/ 
14 mm., d?* 0-9856, nif" 1-54052, [R;]p 58-97 (cale., 57-98) 
(Found : C, 83-6; H, 7-7. C,,;H,,;N requires C, 84:3; H, 8-2%). 

Attempted Condensation of Propiophenone and Ethyl Malonate.— 
It was not found possible to obtain a condensation product from these 
substances under any of the conditions tried. 

Ethyl «-Cyano-y-phenyl-8-methyl- A+-butenoate (V).—Benzyl methyl 
ketone (134 g.), ethyl cyanoacetate (113 g.), and piperidine (2-5 c.c.) 
were kept at room temperature for 3 days with occasional shaking. 
Water began to separate after about 3 hours. The mixture was 
worked up as described on p. 780, and the product distilled under 
reduced pressure; after unchanged materials had passed over, an 
oil was obtained which on redistillation gave 46 g. of the ester (V) : 
a small quantity was also obtained from the lower fractions, and 
there was hardly any high-boiling fraction. The ester had b. p. 
182—184°/11 mm., d?” 1-0790, n§® 1-53401, [Rz]p 66-00 (calc., 
64:26) (Found: C, 73-5; H, 6-6. C,,H,,0O,N requires C, 73-4; 
H, 66%). It gave benzyl methyl ketone in good yield (semi- 
carbazone, m. p. 189—190°) on oxidation with neutral permanganate, 
its structure thus being confirmed. 

Attempts to obtain the ®y-isomeride were unsuccessful. From 
the sodio-derivative prepared with the aid of sodium ethoxide by 
the method described on p. 778, the ester was regenerated unchanged, 
the iodine addition being the same before and after the experiment 
(3-8% in 1 hour). When “ molecular” sodium was used, some 
change in the physical properties of the ester took place, but this 
was due to reduction; no rise in iodine addition was observed. 

The ester was ethylated as described on p. 780. The product 
did not boil uniformly, doubtless owing to the presence of a small 
amount of reduced material, but a considerable fraction, b. p. 190— 
192°/13 mm., was obtained consisting of ethyl «-cyano-y-phenyl- 
8-methyl-x-ethyl-A®-butenoate, di8* 1-0452, ni 1-51986, [Rz]p 
74-76 (calc., 74-50) (Found: C, 74-4; H, 7-4. C,.H,,O,N requires 
C, 74:7; H, 7-4%). When this ester. was treated with sodium 
ethoxide, ethyl carbonate and y-phenyl-6-methyl-«-ethyl-A+-buteno- 
nitrile, CH,Ph*CMe-CEt‘CN, were produced. The latter on re- 
distillation boiled at 159—161°/16 mm. and had d}** 0-97806, 
ns* 1-52469, [Rz]p 57-97 (cale., 57-98) (Found: C, 83-9; H, 8-3. 
C,3;H,,;N requires C, 84:3;- H, 8-2%). 
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Condensation of Benzyl Methyl Ketone with Ethyl Malonate.— 
The condensation was carried out by the method of Kon and Speight 
(loc. cit.). From 1 g.-mol. of the ketone, about 10 g. of a fraction, 
b. p.. 180—188°/14 mm., presumably consisting of the ester (VI), 
were obtained. On hydrolysis with alkali, the ester gave an acid, 
C,,H,,0, (Found: C, 71-4; H, 5-1. M, by titration, 196-5. 
C,,H,,0, requires C, 71-3; H, 50%; M, 202. C,,H,,0, requires 
C, 65-5; H, 54%). On oxidation with alkaline permanganate 
the acid yielded benzaldehyde, which was identified by means of 
its semicarbazone. 


The authors’ thanks are due to the Royal Society for grants which 
have defrayed the cost of this investigation. 
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CVI.—The Properties of the Chlorides of Sulphur. 
Part III. Dielectric Constants. 


By Tuomas Martin Lowry and GitBert JEssoP. 


Iy the two preceding papers of this series (J., 1927, 746; 1929, 
1421), it has been shown (i) that sulphur dichloride, SCl,, crystallises 
as a stable phase from a liquid chloride of sulphur containing from 
59 to 65 atoms % of chlorine, and a new chloride, S8,Cl,, separates 
in the range 57—-59 atoms %; (ii) that sulphur dichloride in the 
liquid state is dissociated at atmospheric. temperatures to the extent 
of about 16% according to the equation 2SCl, == §,Cl, + Cl,; 
(iii) that sulphur tetrachloride, SCl,, which is the stable solid phase 
over a wide range of compositions above 65 atoms % of chlorine, 
cannot be detected in the liquid phase; and (iv) that a liquid 
chloride of sulphur therefore behaves as a ternary mixture of mono- 
and di-chlorides and chlorine only. In the present paper these 
results have been confirmed by measurements of the dielectric 
constants of a series of samples ranging from sulphur monochloride 
to pure chlorine, which show that sulphur tetrachloride is stable in 
the solid phase, but cannot be detected in the liquid phase. 


EXPERIMENTAL. 

Methods:—The apparatus used for the measurement of dielectric 
constants (compare Sayce and Briscoe, J., 1925, 127, 315) is shown 
in Fig. 1. It employs a valve generating circuit, but does not 
appear to be open to the objections which have been raised by many 
authors to such circuits, The stress applied to the dielectric must 
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be small and of sine-wave form, without the harmonics of con- 
siderable amplitude which are found in most valve-operated cir- 
cuits; and the apparent value of the capacity must not vary when 
the liquid shows a small conductivity. In the present apparatus 
these conditions are fulfilled in view of the fact. that the circuit 
which contains the dielectric is not coupled directly to the valve; 


Fia. 1. 


























Apparatus for measuring dielectric constants. 


and experimental tests have shown that the introduction of a high 
resistance in parallel with the condenser merely reduces the accuracy 
of the measurement, without altering the absolute value of the 
constant. The main difficulties were (i) to construct a condenser of 
large capacity (150 cm.) which could be adjusted with great accuracy 
(within 0-01 cm.), and (ii) to construct a cell, which would hold only 
a small volume (5—10 c.c.) of a corrosive liquid, but could with- 


Fia. 2. 





























Forsalts BA 


stand an internal pressure of 1—2 atm., and be used at any tem- 
perature from — 100° to 25°. 

(a) Condensers. The condenser of variable capacity and wide 
range included four fixed condensers, C, to Cz, having capacities of 
about 10, 20, 40, and 80 cm. respectively, and a variable condenser, 
C,, with a capacity of about 15 em. The fixed condensérs were 
made from air-spaced aluminium plates mounted on ebonite. One 
set of plates was connected to the earthed lining of the box con- 
taining the apparatus, and the other to small mercury cups which 
could be connected to the “live ’”’ side of the circuit by means of 
wire bridges operated from the outside of this box. The variable 
condenser, C,, was cylindrical, as shown in Fig. 2, whereas Sayce and 
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Briscoe used a rotating-plate condenser. The “ live ” side was a 
fixed brass tube, A, mounted on ebonite blocks. The earthed plate 
was formed by an accurately turned brass cylinder, B, attached to a 
rod F, and was mounted on two rigid bearings, C and C’, the latter, 
carrying the tube B, being V-shaped. The air gap between A and B 
was about 1 mm. The capacity of the condenser was varied with 
the help of a fine screw, D, against the point of which the end of the 
inner cylinder was pressed by a spring, which is not shown in the 
diagram. ‘End effects’? were prevented by means of earthed 
guards, E. The condenser, which was used over a small range only, 


Fig. 3. Fic. 4. 
A 























Dielectric-constant cell. Conductivity cell. 


as shown by the dotted lines, was calibrated against a small fixed 
condenser, and it was found that the variation of capacity was pro- 
portional to the rotation of the divided head of the screw D over the 
entire working range. 

(b) Cell. The type generally used is shown in Fig. 3. The inner 
plate of the condenser consisted of a cylinder, A, of platinum foil, 
which was kept in shape by being mounted on a short closed glass 
tube. Surrounding this, and separated from it by a gap of about 
1 mm., was a stout platinum cylinder, B, which formed the outer 
plate of the condenser. The inner tube and outer cylinder were held 
rigidly apart by means of small glass bridges, C. The condenser 
fitted loosely into a glass tube, closed at the bottom and provided 
at the top with a delivery tube, which could be sealed. Platinum 
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wires from the condenser plates were led out near the top of the 
wide tube. Connexion with the “live ” side of the circuit was made 
by means of a small wire bridge in mercury cups. The outer 
cylinder was permanently earthed. 

The lower part of the cell was surrounded by a stout copper 
cylinder, which was earthed, and round which a Dewar flask con- 
taining liquid air could be placed. This served to hold the cell, to 
act as an earthed sheath, and to maintain a uniform temperature 
in the liquid. Temperature was measured by means of a single- 
junction copper-—constantan thermocouple, with one junction inside 
the copper sheath and the other in a Dewar flask containing ice and 
water. The current from it was measured on a microgalvanometer 
which could be switched out of the valve circuit into the thermo- 
couple circuit. 

(c) Arrangement of circuits. Oscillatory currents were main- 
tained in circuit L,C, by means of the valve V, connected as shown. 
The magnitude of the direct component of the current in the anode 
circuit is a function of the oscillating currents in L,C,. If a second 
circuit, L,C,, is now coupled loosely to this, energy is withdrawn when 
the natural frequency of L,C, is very nearly the same as that in 
L,C,. If the coupling is adjusted correctly, and the value of L,C, 
is then altered, the anode current first falls gradually to a well- 
defined minimum and afterwards rises gradually again; this mini- 
mum is very sensitive to change of capacity in L,C,, and could be 
determined within about 0-02 cm. variation in the capacity of C3. 

The whole assembly of the apparatus is shown diagrammatically 
in Fig. 1. The cell and the battery of condensers, denoted by Cz, 
were connected in parallel with the inductance, L,, which consisted 
of 12 well-spaced turns of No. 20 copper wire wound on an ebonite 
former, giving a wave-length of about 200 m. L, and L, were 
ordinary wireless inductances, No. 30. The variable condenser, C,, 
had a maximum value of 0-0025 microfarad, and the by-pass con- 
denser, C,, had a value of 0-01 microfarad. G was a microgalvano- 
meter of sensitivity about 0-5 microamp. per scale division. R, was 
a 300-ohm potentiometer, and R, a resistance of about 100 ohms. 
R, and R, were adjusted so as to neutralise the greater part of the 
anode current through the galvanometer. A galvanometer shunt, 
R,, was added for convenience of working. The fixed condensers, 
C,_a, were calibrated in terms of scale readings on the divided head 
of C,. All the “live” parts of the apparatus, except the experi- 
mental cell, were housed in a wooden box with an earthed lining of 
sheet metal. In order to prevent sudden fluctuations of anode 
current the valve was wrapped in cotton wool, and a 6-microfarad 
condenser put across the terminals of the high-tension battery. 








786 LOWRY AND JESSOP: THE PROPERTIES OF 


Before any measurements were made, C, was adjusted so that, 
with C,_¢ in circuit, resonance was obtained with C, at about the 
middle of its range. It then remained unaltered throughout the 
series of experiments. In an experiment, the resonance point was 
determined roughly with shunt R, partly in, and R, adjusted so that 
the galvanometer needle was about in the centre of the scale at the 
minimum point. R, was then taken out and the minimum found 
by altering C, in each direction three times. The mean of these six 
readings gave the true resonance point. The experimental cell was 
then put in circuit and capacity removed from C, until resonance 
was again obtained as before. The capacity of the cell was equal 
to the capacity removed from C,. Another set of readings was then 
taken to see that the zero had not altered. The change in zero was 
not usually more than 0-02 unit, whereas the capacity of the cell in 
air was of the order of 20 units. 

(d) Calibration. Since the air between the live plate and earth 
is not replaced completely by liquid, the dielectric constant could 
not be obtained directly by measuring the ratio of the capacity of 
the cell when filled and when empty. The cell was therefore 
calibrated with carbon tetrachloride and chloroform. These liquids 
were carefully purified and dried ; their respective dielectric constants 
at 25° were taken as 2-20 and 4-79 (Sayce and Briscoe, J., 1926, 
2623). The observed capacities were: Air, 30-19; CCl,, 57-62; 
CHCI,, 120-31. These were made the basis of a calibration curve 
for the cell over the range of dielectric constants covered by the 
experiments. 

Results. 


The dielectric constants of sulphur chloride mixtures were 
measured over the range of compositions from sulphur mono- 
chloride to pure chlorine, and at temperatures from that of the room 
down to that at which solidification was complete. Samples con- 
taining less chlorine than the dichloride were put into the cell as 
equilibrium mixtures; mixtures containing more chlorine were made 
in the cell and left over-night to reach equilibrium. The observed 
values for the dielectric constants of 13 different samples at different 
temperatures are recorded in Table I. 


Discussion of Dielectric Constants. 
(a) The dielectric constants of the liquids, which are plotted for 
5 typical compositions in Fig. 5, fall as the temperature rises, the 
relationship being linear in each case. The temperature coefficient, as 
well as the magnitude of the dielectric constant, rises progressively 
from chlorine to sulphur monochloride. In accordance with 
Debye’s analysis, this implies that there is a progressive increase in 
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TABLE I. 
Dielectric Constants at Various Temperatures. 
50-0 at. % Cl. 


TOD. 50000 15-0° — 23° —41° —28° -—l° 10-5° (Solid) * 
iS croasheasees 4-79 5-41 5-81 5-54 5-05 4-88 3-2 
53-18 at. % Ch. 54-8 at. % Cl. 
Temp. ............ 140° 10-4° | 11-0° —20° —35-5° —15-5° 19° 
©)  ‘acncrsccccedbypets 4-39 4-45 4-23 4:65 4-93 4:63 4:14 
58-5 at. % Cl. 63-08 at. % Cl. 
Temp. ... 11:0° —16-5° —42-5° —12-5° ~1-6° 15°9° 12-7° 159° 
_—— ee 3°80 4:09 4-49 4:06 3°92 | 3-28 3°31 3-28 
S.Cl,-Cl, mixtures after 
combination. 
61-39 at. % Cl. 61-84 at. % Cl. 65-24 at. % Cl. 
Temp. © 0° 0° 12:5°° —15° —39-5° —651° 0° 
ct Sau 3°61 3-55 3-13 3:34 3-53 3°69 = 3-27 
67-35 at. % Cl. 
SeMe.: «>: FFF —1° —46° —95° —93° —79° —75° 
DP  <dekanineks 2-96 3-04 3°41 4-58 4-60 4-41 4-36 
Temp. ... —58-5° —50° —32-5° —25° ~—42-5°  —48° —54° 1° 
Riss sled bees 3°64 3°57 3°34 3°25 3-36 3-45 3°52 3:05 
71-53 at. % Cl. 

Temp. ...... —25° —42-5° 15-2° 13-1° —16-8° —46° —11-8° 8-6° 
Del cdinhecendes 3°02 3°13 2-83. 2-83 2-96 3:17 2-96 2-86 
76°32 at. % Cl. 

oo on oe —i7° —2-3° 8-5° 17-5° —17° -—30° -—46° 
eee possests 2-77 2-74 2-69 2-64 2-83 2-91 2-99 
MOM. 600000040 —53-5° —63-5° —63° — 62° —57° —48° —40° 
dean scosevenias 3-05 4-23 4-90 5-85 5-99 5-98 5-51 
Temp. .......4. —33° —33° —33° —17° 04° 21-5° 
OP crcccsasssaesds 4-51 4-01 3-81 2-92 2-72 2-61 + 

85-4 at. % Cl. 
(Solid)* (Liquid)t 
Bpiitastaccken bets 5-41 2-44 
Chlorine. 
(Solid )* (Liquid )t (Solid )* (Liquid)t 
Re en 2-14 2-16 2-07 2-19 


* Below the temperature of complete solidification. 
+ A few degrees above the melting point. 


the dipole moments as well as in the polarisability of the molecule 
as atoms of sulphur are inserted between the chlorine atoms in the 
series Cl,, SCl,, S,Cl,. The curves obtained by plotting the di- 
electric constants against composition at three temperatures (Fig. 6) 
are approximately linear, but with a sharp bend at the composition 
of the dichloride; the absence of a complete discontinuity can be 
attributed, as in the case of other properties, to the dissociation of 
the dichloride into a ternary mixture containing also the mono- 
chloride and free chlorine. No indication was obtained, however, 
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of any discontinuity or change of curvature at the composition of 
the tetrachloride. 

(6) The dielectric constants of the solid, which are practically 
independent of the temperature, have been plotted in Fig. 6 and 


joined by an arbitrary curve. Three types of behaviour can be “ 


recognised. 

(i) Solid chlorine, of which the dielectric constant is now recorded, 
apparently for the first time, has almost exactly the same dielectric 
constant as liquid chlorine, the average values above and below the 
m. p. being 2-17 and 2-10. This is interpreted as meaning that, 
whilst the molecules are polarisable, they have only a very small 
permanent dipole moment, a result in harmony with the small 
temperature coefficient recorded above and with other methods of 
estimating this quantity. 

(ii) Sulphur monochloride, on the other hand, after a progressive 
rise from 4-7 to 5-8 as the liquid is cooled from 15° to — 50°, shows 
an abrupt fall from 6-4 to 3-2 when it finally solidifies. This behavi- 
our is characteristic of liquids with a large permanent dipole moment, 
since water (« = 81), alcohol (¢ = 62-7), and nitrobenzene (¢ = 43-3) 
show an abrupt fall on solidification to values (3-1, 2-7, and 4-1 
respectively) which are comparable with those observed in non-polar 
liquids such as benzene (2-2) or carbon tetrachloride (2-2). 

(iii) An entirely different and novel behaviour was observed in 
solids of intermediate composition, where a large increase of di- 
electric constant was recorded on solidification. This striking 
abnormality is shown clearly in the broken curve of Fig. 5, where 
the dielectric constant is seen to turn sharply upwards asthe liquid 
becomes solid, and to droop again as the solid gradually melts. 
If we were obliged to admit that the solid had the same chemical 
constitution as the liquid, we should conclude that the molecules 
had a negative dipole moment, which is absurd. It is, however, 
easy to see that this anomaly reaches a maximum at or near the 
composition of sulphur tetrachloride, and must therefore be attributed 
to the presence of this compound in the solid phase. The propor- 
tions in which it would be present in each case cannot yet be stated, 
and might vary widely with the conditions of crystallisation, but the 
position of the maximum fixes beyond question the chemical com- 


position of the abnormal component of the mixture. Moreover, 


the complete dissociation of the tetrachloride on fusion is demon 
strated once more by these observations, since, if it survived in any 
appreciable proportion, it could scarcely fail to reproduce in the 
curve for the liquid the maximum which is so conspicuous a feature 
of the curve for the solid sulphur chlorides. _ Finally, it may be 
pointed out that the high dielectric constant (6-2) of solid sulphur 
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tetrachloride brings it into line with salts such as rock-salt (6-3), 
sylvine (4-9), fluorspar (6-9), and ammonium chloride (7-0), whereas 
the solid monochloride (3-2) resembles sulphur (3-9) and chlorine 
(2-1) in showing the low dielectric constants usually observed in 
solid molecular compounds. 

Since no case appears to have been established previously of a 
large increase in the dielectric constant of a liquid on solidification,* 
it is of interest to record that we have discovered an analogous case 
in phosphorus pentachloride, m. p. 148°, where our own observations 
show an increase in the dielectric constant from 2-7 for the liquid at 
165° to 4:1 for the solid at 130°. As is well known, Langmuir has 
attributed to both compounds a salt-like structure, which would 
explain the high dielectric constant of the solids, but at this stage 
we are content merely to point out that the abnormality to which 
we have directed attention suggests a change of structure during the 
passage from the liquid to the solid state, the precise nature of 
which awaits investigation with the help of X-ray analysis. 

(c) The dielectric polarisation, in terms of the molecular weights 
(M, and M,) and mole-fractions (n, and n,) of a mixture, can be 
deduced from the formula 

e~+1 Mn, = Mn, 

_ e+2 
‘ We have therefore calculated the ee of this function in the first 
instance for mixtures of sulphur dichloride (i) with monochloride 
and (ii) with chlorine, in such large excess that the dissociation of 
the dichloride would be quite insignificant. Since, however, the 
formula is not restricted to gases or dilute solutions, we have 
extended the calculations to solutions containing much larger pro- 
portions of the dichloride, and obtained results which are entirely 
concordant with those given by the more dilute solutions. For this 
purpose, the dielectric constants were first reduced by interpolation 
to a temperature of 0°, and were then combined with the densities 
at this temperature to give the dielectric polarisation of the mixtures. 
When these numbers are plotted against the mole-fraction of sulphur 
(Fig. 7), two straight lines are obtained, which intersect accurately 
on the boundary of the diagram. These liquids therefore obey a 
simple mixture rule with p = 12, 27, and 46 for chlorine, dichloride, 
and monochloride, respectively. 

This result might, perhaps, have been predicted if we were certain 
in advance that we were dealing with a simple ternary (pseudo- 
binary) system containing only the components shown in the 


* Schlundt, J: Physical Chem., 1904, 8, 122, gives phosphorus (solid) 4-1, 
(supercooled liquid) 3-85 at 20°; Pirani, Diss., Berlin, 1903, gives sulphur 
(at f. p.) 3-98, solid (room temperature) 4-22. 
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equation Cl, + 8,Cl, == 2SCl,. If, however, we were to postulate, 
with Trautz (Z. Elektrochem., 1929, 35, 110), a series of equilibria 
in which the tetrachloride plays an essential part, no such simple 
relationship could be expected. The data plotted in Fig. 7 are 
therefore of real importance, since they prove that the compound 
formed by adding a small excess of chlorine to sulphur monochloride 
(which might have been §8,Cl,) and the compound formed by 
adding a small amount of sulphur to pure liquid chlorine (generally 
supposed hitherto to be SCl,) have in fact the same constant of 
dielectric polarisation, and in this respect, as in others, are identical. 


Fia. 7. 





50 
Ce 


40 





PN 
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10 

0 0-2 0-4 0°6 0-8 1-0 
Mole fractions of SCl,. 

Dielectric polarisations at 0°. 





























Conductivities. 

It is generally agreed that sulphur mono- and di-chlorides and 
chlorine are covalent compounds, as represented by the formule 
Cl‘S-S:Cl, Cl-S-Cl, and Cl-Cl; and this formulation is confirmed by 
the gradation in the dielectric polarisation of the three substances. 
Langmuir, however, has attributed to sulphur tetrachloride a polar 
formula[SCl,]*Cl-, and the electronic theory of valency suggests that a 
similar polar formula should be assigned to trisulphur tetrachloride, 


which may be formulated as [ClS-SCI-SCI]CI-. Evidence of the 
presence of sulphur tetrachloride and justification of Langmuir’s 
polar formula would therefore be provided simultaneously if solu- 
tions could be prepared showing a substantial electrolytic con- 
ductivity. The apparatus used to test this is shown in Fig. 4. It 
had a cell constant of 0-17 and was specially designed for use at low 
temperatures with corrosive substances easily decomposed by water. 

(i) A solution of sulphur tetrachloride (sic) in liquid chlorine was 
prepared by weighing the liquid dichloride into the cell, cooling it 
over liquid air, and passing in an excess of chlorine. When the 
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liquid was cooled to a temperature at which solid sulphur tetrachloride 
was beginning to separate, the conductivity of the saturated solution 
was found to be only 0-18 x 10-* mho, i.e., of the same order as that 
of liquid chlorine. 

(ii) A solution of sulphur dichloride in liquid hydrogen chloride 
was prepared by weighing the liquid dichloride into the cell and 
condensing hydrogen chloride by cooling over liquid air. The 
conductivity of the solution just below its boiling point was 0-7 x 
10* mho. Chlorine was then passed in until the red colour of the 
dichloride had disappeared completely by precipitation of the tetra- 
chloride as a colourless solid. The conductivity of the saturated 
solution was then 0-65 x 10°. 

These observations show that no electrolytic conductivity is 
developed on attempting to prepare solutions of sulphur tetra- 
chloride in chlorine or in hydrogen chloride. This result could be 
interpreted as showing either (i) that the tetrachloride is a non- 
electrolyte in these two solvents, or (ii) that it is insoluble in, or 
completely dissociated by, these two solvents and is therefore pre- 
cipitated quantitatively as fast as it is formed. There is no method 
available for distinguishing sharply between these possibilities, 
although the first deduction is obviously unproven in view of the 
failure of all attempts to detect the presence of the tetrachloride in 
solution. The completeness with which the tetrachloride is removed 
from the solutions is, however, itself an indication of a wide difference 
in polarity from chlorine and the mono- and di-chloride, with which 
it should otherwise be freely miscible, as in the case of the non-polar 
chlorides of carbon. A similar argument can be applied to tri- 
sulphur tetrachloride which, at temperatures below — 100°, forms 
two liquid layers with its products of dissociation. We can there- 
fore only return a negative reply to any questions as to the con- 
ductivity or other similar properties of sulphur tetrachloride, since 
we have been unable to find any evidence of the existence of this 
compound in the liquid state. 

Summary. 

(a) The dielectric constants of sulphur chloride mixtures have 
been measured over the range of composition from _monochloride to 
chlorine and from room temperature down to the freezing points. 

(6) The isothermals for the liquids confirm the existence of sulphur 
dichloride, but do not show any inflexion corresponding with the 
tetrachloride, even at — 50°. 

(c) The dielectric constant of the solids shows a pronounced 
maximum at the composition of the tetrachloride. 


LABORATORY OF PHysIcAL CHEMISTRY, 
CAMBRIDGE. [Received, December 23rd, 1929.] 
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CVII.—A Synthesis of Pyrylium Salts of Antho- 
cyanidin Type. Part XIX. A Synthesis of 
Delphinidin Chloride not involving a Demethylation 
Process, and Syntheses of Hirsutidin Chloride and 
of Delphinidin Chloride 3'-Methyl Ether, possibly 
tdentical with Petunidin Chloride. 


By Witt1am Brapviey, Rosert Rosinson, and GERoLD 
ScHWARZENBACH. 


THE recognition that the purest specimens of cyanidin chloride can 
most readily be obtained if demethylation of methyl ethers is 
entirely avoided (Robertson and Robinson, Part XV, J., 1928, 
1526; Willstitter and Robinson, Ber., 1928, 61, 2504) made it 
desirable that the improved synthetical method already applied 
to the cases of pelargonidin chloride (Robertson, Robinson, and 
Sugiura, Part XVI, J., 1928, 1533) and cyanidin chloride (Part XV, 
loc. cit.) should be extended to include the preparation of delphinidin 
chloride. 

This has now been carried out, and the resulting hexahydroxy- 
flavylium chloride compared with a specimen of delphinidin chloride 
from a natural source, no divergences of behaviour of the specimens 
being detected. 

O-Triacetylgalloyl chloride and diazomethane furnished w-diazo- 
3:4: 5-triacetoxyacetophenone, (AcO),CgH,*CO-CHN, (I), and 
o: 3:4: 5-tetra-acetoxyacetophenone (II) was readily obtained from 
the diazo-derivative by the action of acetic acid. 


AcO No OH 
AcO HO’ ‘OH HO 0 Ki OH 
AcO\ _0O-CH,-OAc HO JOH \* 

OH 
Bz BzO 
(IL.) (III.) (IV.) 


The tetra-acetate (II) condensed with 2-O0-benzoylphlorogiucin- 
aldehyde (III) (Robertson and Robinson, J., 1927, 1710) in alcohol- 
ethyl acetate solution under the influence of hydrogen chloride, with 
production of 5-O-benzoyldelphinidin chloride (IV), the acetyl groups 
being all removed in the course of the reaction. The final stage, 
namely, the elimination of the benzoyl group, gave trouble owing 
to the oxidisability of the substance in alkaline solution, but this 
difficulty was not insuperable. The debenzoylated product of the 


action of aqueous-alcoholic sodium hydroxide on (IV) was changed 
EX 
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to delphinidin chloride by treatment with hydrochloric acid under 
special conditions which it was found necessary to observe closely. 

Synthesis of Hirsutidin Chloride—In 1927, Karrer and Widmer 
(Helv. Chim. Acta, 1927, 10, 758) isolated a new anthocyanin, 
hirsutin chloride, from the Primula hirsuta, and found that, on 
hydrolysis in the usual manner, hirsutidin chloride, C,g,H,,0,Cl, 
was obtained. 

This anthocyanidin contained three methoxyl groups, gave 
syringic acid on oxidation and delphinidin salts on demethy]- 
ation, and was therefore recognised as a methyl ether of 
syringidin chloride (O-methylmalvidin chloride). The methyl 
groups might be in the 3: 3’: 5’-, 5: 3’ : 5’-, or 7: 3’ : 5’-positions, 
and, of these, Karrer and his collaborators preferred the last two. 
The synthesis of O-3: 3’ : 5’-trimethyldelphinidin chloride has 
already been effected (Bradley and Robinson, J., 1928, 1541), and, 
since the properties of this salt were different from those of hirsutidin 
chloride, concurrence with Karrer’s view was expressed. 

5 : 3’ : 5’-O-Trimethyldelphinidin chloride (V) was obtained by 
condensing 2-O-methylphloroglucinaldehyde with «-acetoxy-4- 
benzyloxy-3 : 5-dimethoxyacetophenone, 

AcO-CH,°CO-C,H,(OMe),"O’C,H, 
(Bradley and Robinson, loc. cit.), in formic acid solution in presence 
of hydrogen chloride. As in the synthesis of malvidin chloride, the 
benzyl group is eliminated. 

7 : 3’ : 5’-O-Trimethyldelphinidin chloride (VI) was obtained by 
hydrolysing its 5-O-benzoyl derivative derived from the use of 


Cl Cl 


poor OMe on OMe 
wv) HOM YS —< Son Meo Y° Pc: wens 
H OMe “ Me 
Me H 


2-O-benzoyl-4-O-methylphloroglucinaldehyde (VII) in a similar 
process. This salt proved to be identical with hirsutidin chloride. 
The aldehyde (VII) was obtained on methylating 2-O-benzoylphloro- 
glucinaldehyde by means of silver oxide and methyl iodide; its 
constitution follows from the occurrence of the flavylium salt 
synthesis and from relations represented in the subjoined scheme. 

Synthesis of Delphinidin Chloride 3'-Methyl Ether.—This substance, 
which may be identical with petunidin chloride (Willstatter and 
Burdick, Annalen, 1916, 412, 217), has been synthesised by an 
application of the O-benzoylphloroglucinaldehyde method; the 
chief difficulties were encountered in obtaining the required ketonic 
component. 
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The first step was to devise a more convenient method for the 
preparation of 3-O-methylgallic acid than those recorded by Vogl 
(Monatsh., 1899, 20, 397) and Fischer (Ber., 1913, 46, 1123). In 
this, we were successful, and the new method of protection of vicinal 
hydroxy] groups in polyhydric phenols that was adopted is one that 
should find numerous applications in other directions. Methyl 
gallate and diphenyldichloromethane in acetone solution in presence 
of pyridine, with subsequent addition of sodium hydroxide, afforded 
methyl 3-hydroxy-4 : 5-diphenylmethylenedioxybenzoate (VIII). This 
ester was methylated by means of methyl iodide and sodium 
ethoxide, and, on hydrolysis by alkaline solutions, 3-methoxy-4 : 5- 
diphenylmethylenedioxybenzoic acid (IX) was obtained; 3-O-methyl- 
gallic acid (X) resulted when the methylated ester was treated with 
boiling concentrated hydrochloric acid. 


CO,Me CO,H HO? \CO,H 
Pc) _ Prec 2 Ho 2 


HO MeO MeO 
(VII.) (IX.) (X.) 


3-O-Methylgallic acid had m. p, 220° (diacetyl derivative, m. p. 
170—171°) in agreement with the description of Fischer (loc. cit.) 
(Vogl, loc. cit., gives the m. p. 199—200°). 

Shriner and McCutchan, however, in a recent paper (J. Amer. 
Chem. Soc., 1929, 54, 2193), have stated that the acid has m. p. 132° 
(diacetyl derivative, m. p. 102—103°), and it was therefore necessary 
to explain this discrepancy. We find that the action of 8°%% aqueous 
sodium hydroxide at 200° on bromovanillin in the presence of copper 
actually yields 3-O-methylgallaldehyde (XI) and not the corres- 
sponding acid, as Shriner and McCutchan supposed. 

Starting with the diphenylmethylene ether or the diacetyl deriv- 
ative of 3-O0-methylgallic acid and passing through the stages 
R-CO,H, R-COCI and R-CO-CHN, to R-CO-CH,’OAc, we obtained 
the w-acetoxygallacetophenone derivatives (XII) and (XIII), 
respectively, and either of these, on condensation with 2-O-benzoyl- 


HO’ \cHO 0’ \CO-CH,-OAc Ac0” \CO-CH,-OAc 
HO PhiC<5 , Aa , 
MeO Me MeO 
(XI.) (XII.) (XIII.) 
Cl 
Bowe OMe 
H O OH 
(XIV.) OH “OH 
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phloroglucinaldehyde in the usual way, gave rise to 5-O-benzoyl-3’- 
O-methyldelphinidin chloride (XIV). The 3’-O-methyldelphinidin 
chloride (XV) obtained on hydrolysis very closely resembles 
petunidin chloride, but we are unable to express any opinion at 
this stage on the question of its identity with that anthocyanidin. 


EXPERIMENTAL. 

o - Diazo-3:4:5-triacetoxyacetophenone (1). — Triacetylgalloyl 
chloride was prepared by the method of Fischer, Bergmann, and 
Lipschitz (Ber., 1918, 51,55). A solution of the chloride (18 g.) in 
chloroform (50 c.c.) was added during 10 minutes to ethereal diazo- 
methane (140 c.c., from 25 ¢.c. of nitrosomethylurethane) cooled to 
—10°. Evolution of nitrogen accompanied the rapid separation of 
pale yellow crystals of the diazo-ketone, and these were collected 
after 30 minutes and washed with ether (yield, 17-6 g.; m. p. 120— 
122°). For analysis, the diazo-ketone was crystallised twice from 
benzene; it was obtained in stout lemon-yellow plates or tables, 
m. p. 125—126° with evolution of nitrogen (Found: C, 52-7; H, 
3-7; N, 8-7, 8-8. C,,H,,0,N, requires C, 52-5; H, 3-8; N, 8:7%). 

«w-Diazo-3 : 4 : 5-triacetoxyacetophenone is easily soluble in alcohol 
and benzene, more sparingly soluble in ether, and almost insoluble 
in light petroleum. It possesses the usual properties of diazomethyl- 
ketones. Nitrogen is eliminated by heating, by the addition of 
iodine or aqueous mineral acids to an alcoholic solution, or by 
warming with glacial acetic acid. A drop of aqueous sodium 
hydroxide added to the cold dilute alcoholic solution causes the 
development of a yellow colour; from more concentrated solutions, 
a green amorphous solid, soluble in water, is precipitated, and, when 
gently heated, these solutions become reddish-brown. 

w:3:4:5-Tetra-acetoxyacetophenone (I1)—A solution of the 
diazo-ketone (12 g.) in pure glacial acetic acid (25 c.c.) was warmed 
at 60—80° until the vigorous evolution of nitrogen had ceased (about 
30 mins.). The cooled solution was diluted with ether (300 c.c.), 
and the crystalline precipitate of  : 3 : 4 : 5-tetra-acetoxyacetophenone 
collected (yield, 9-3 g.; m. p. 118—121°), The ethereal mother- 
liquor was washed with potassium bicarbonate solution, filtered, 
dried, and evaporated; an oil (2 g.) remained which gave a bluish- 
green coloration with ferric chloride, and from which only a small 
amount of the crystalline ketone could be isolated. The proportion of 
the oily fraction was greater when less pure acetic acid was employed 
and was increased, also, by more prolonged heating during the decom- 
position of the diazo-ketone.. When the ketone was isolated by 
pouring the cooled acetic acid solution into water, the oily product 
could not be employed directly, and, after recrystallisation, the 
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yield was considerably smaller than that obtained by the above 
procedure. The ketone crystallised from ethyl alcohol (charcoal) in 
tables or colourless thick plates having a characteristic spearhead 
form, m. p. 122—123° (Found : C, 54-9; H, 4-8. C,gH,g0, requires 
C, 54-6; H, 46%). 

«w :3:4:5-Tetra-acetoxyacetophenone is readily soluble in 
alcohol, benzene and acetic acid, but more sparingly soluble in ether. 
It is insoluble in aqueous sodium carbonate, although rapidly dis- 
solved by cold dilute sodium hydroxide solution. An alcoholic 
solution gives no reaction with ferric chloride, and the ketone 
reduces Fehling’s solution in the cold. 

Benzoyldelphinidin Chloride (IV) (First preparation).—Finely 
powdered w:3:4:5-tetra-acetoxyacetophenone (5-2 g.) and 
benzoylphloroglucinaldehyde (4-0 g.) were added to a mixture of 
ethyl alcohol (80 c.c.) and ethyl acetate (80 c.c.), and the solution 
cooled to 0°. Dry hydrogen chloride was admitted and, saturation 
having been attained, the mixture was allowed to reach the room 
temperature. At first, a portion of the aldehyde was precipitated, 
but later redissolved completely. After being kept over-night, the 
dark green flavylium salt was collected and washed with ether 
(yield, 2 g.). The use of ethyl alcohol alone gave an amorphous 
product ; ethyl acetate alone furnished a crystalline substance which 
gave no coloration with ferric chloride in alcoholic solution. The 
product was obtained in short prisms, having in mass a dark olive- 
green appearance. It was recrystallised from hot methyl alcohol 
(20 vols.) containing concentrated hydrochloric acid (1 vol.), in which 
it was only very sparingly soluble. The recrystallised material was 
dull greyish-violet in appearance and consisted of slender, dark 
red prisms. 

Benzoyldelphinidin chloride is easily soluble in alcohol to a 
violet-red solution; the violet shade increases on keeping or on 
dilution with more alcohol; the very dilute solution in methyl 
alcohol is pure blue. When an equal volume of water is added to the 
violet-red methyl-alcoholic solution, the colour fades instantly to 
pale blue, and the red colour is immediately restored on the addition 
of acid. Heated with 0-5% hydrochloric acid, the salt dissolves to 
a pale red solution which rapidly fades even while in contact with the 
undissolved substance. A pale blue colour results when a drop of 
aqueous sodium carbonate is added to a freshly prepared alcoholic 
solution of the salt; on dilution with water, the solution becomes 
green and then rapidly fades to yellow. A drop of 5% .aqueous 
potassium hydroxide added to the alcoholic solution gives a bluish- 
green colour which fades slowly to green; on the other hand, a drop 
of 0:5%, potassium hydroxide gives a fairly stable, pure blue colour 
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which is still weakly blue after one hour. Similarly, solid sodium 
acetate added to the freshly prepared methyl-alcoholic solution 
gives a fairly stable, pure blue colour. The salt dissolves in aqueous 
sodium carbonate, but the blue colour initially produced fades almost 
immediately to violet. 

Delphinidin Chloride (First preparation).—Finely powdered, 
crude benzoyldelphinidin chloride (2 g.) was added to 10% aqueous 
sodium hydroxide (16 c.c.) from which air had been displaced by 
a stream of hydrogen, and the solution kept 4 hours after the salt 
had dissolved completely. The deep blue solution formed initially 
changed through green to orange. Ethyl alcohol (10 c.c.) and con- 
centrated hydrochloric acid (10 c.c.) were then added, and the deep 
red solution was kept in the cold during 3—4 days until a portion 
dissolved in aqueous sodium carbonate with a pure blue colour. 
Attempts to hasten the re-synthesis of the flavylium salt by warming 
the solution or by increasing the concentration of acid gave oily 
products from which crystalline material could not be obtained. 
Concentrated hydrochloric acid (30 c.c.) was then added in several 
small portions, and, next day, almost the whole of the product had 
separated in a microcrystalline condition. Washed with hydro- 
chloric acid and dried in the air, it formed a dense, dark brownish- 
red powder, having a greenish lustre. 

Preliminary purification was effected by solution in a small 
volume of ethyl alcohol and precipitation of the salt from the filtered 
solution by means of concentrated hydrochloric acid. The flocculent 
material was collected, dried, and washed with ether (Specimen A), 
The product was obtained in an oily condition when precipitation was 
effected from an alcoholic hydrogen chloride solution by the addi- 
tion of ether. 

Specimen A separated completely from solution in 15% hydro- 
chloric acid, but several repetitions of this treatment failed to give 
definitely crystalline material. When dry hydrogen chloride was 
admitted above the surface of a concentrated alcoholic solution of 
Specimen A cooled in ice-water, crystalline material was readily 
obtained in small yield as an olive-green lustrous substance. The 
mother-liquor could be almost completely precipitated by dilution 
with aqueous hydrochloric acid, but the material (an ethyl ether ?) 
obtained in this way was much more sparingly soluble than del- 
phinidin chloride. Attempts to obtain delphinidin chloride tetra- 
hydrate from the crystalline portion under the conditions of Will- 
statter and Weil (Annalen, 1916, 412, 190) were unsuccessful. 

When, however, Specimen A was heated with hydriodic acid under 
Zeisel conditions, as described by Willstatter and Weil (loc. cit.), 
delphinidin iodide separated in a _ well-crystallised condition, 
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although in small yield. The crystal form, pointed plates, was iden- 
tical with that of the specimen from material of natural origin. 
Willstaétter and Weil remark that the crude anthocyanidin obtained 
from the glucoside could not be crystallised from methyl-alcoholic 
hydrogen chloride, but the crystalline iodide was readily obtained and 
from this the crystalline chloride. The iodide was obtained in 
better yield by dissolving Specimen A (1-15 g.) in cold 0-5% hydro- 
chloric acid (30 ¢.c.) and adding freshly distilled hydriodic acid 
(15 ¢.c., b. p. 127°) to the filtered solution. A small amount of 
crystalline material was precipitated rapidly, but the crystallisation 
was complete only after several days, during which the containing 
flask was filled with carbon dioxide and kept in the dark. The 
crystals were collected, washed with a little dilute hydriodic acid, 
dried in the air, and washed with ether (yield, 0-45 g.). Only a 
very small additional amount was obtained when the mother-liquor 
was concentrated. The iodide was obtained in this manner in stout 
prisms or tables, green in mass and having a bright yellow lustre. 
This salt crystallises from its solution in hot dilute hydriodic acid 
on the addition of concentrated hydriodic acid in well-shaped, 
elongated rhombic plates, often connected by their acute-angled 
corners 80 as to form rosettes. The crystals are deep red by trans- 
mitted light and exhibit a marked yellow glitter. The same crystal 
shape and appearance have been noted in material of natural origin 
(demethylation of natural malvidin). 

The crude crystalline iodide (0-95 g.) was dissolved in 0-5% 
hydrochloric acid (30 c.c.), and the chloride precipitated by adding 
concentrated hydrochloric acid (30 c.c.) to the filtered solution. 
The amorphous chloride, which separated at once and completely, 
was crystallised by dissolving 0-13 g. in 5% hydrochloric acid (9 c.c.) 
and adding hot concentrated hydrochloric acid (18 c.c.) to the hot 
solution. The chloride separated on cooling in long, dark red prisms 
or in crystalline granules. The former were green by reflected light 
and had a bright yellow lustre. Two recrystallisations were effected 
under the same conditions (Specimen B) (Found: C, 48-3; H, 4-0; 
Cl, 9-2; loss at 110° in a high vacuum, 9-3. Found in anhydrous 
material: O, 53-4; H, 3-2; Cl, 10-1. C,,H,,0,Cl,2H,O requires 
C, 48-1; H, 4-0; Cl, 9-5; H,O, 9-6%. C,;H,,0,Cl requires C, 53-2 ; 
H, 3-3; Cl, 10-56%). 

Benzoyldelphinidin Chloride (Second preparation).—Numerous 
further experiments on the conditions for the preparation of this 
salt were carried out. The product obtained by condensation of 
the components in ether-alcohol was not homogeneous and the 
yield was inferior; a very considerable improvement followed on 
the adoption of the following method. 
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2-0-Benzoylphloroglucinaldehyde (7-4 g.) and w:3:4: 5-tetra- 
acetoxyacetophenone (9-6 g.), along with ethyl alcohol (150 ¢.c.), 
were mixed in a flask provided with an efficient stirrer, a tap funnel, 
inlet and outlet (calcium-chloride tube) tubes, and cooled in melting 
ice. The mixture was saturated with hydrogen chloride and, after 
2 hours, was warmed at 30° for 14 hours; it was then again cooled 
to near 0°, and acetyl chloride (167 c.c.) gradually introduced. The 
process was interrupted for 3 hours when about half of the acetyl 
chloride had been added. The product was collected (8-2 g.) after 
about 12 hours. Altogether, 22-6 g. of the salt were obtained from 
six experiments in which the conditions were slightly modified ; 
cooling at 0° during the whole period greatly diminished the yield, 
but substituting the room temperature for the 30° mentioned above 
gave good results (1-9 g. from 2 g. of the aldehyde and 6-4 g. from 
6 g.). It was now found that benzoyldelphinidin chloride could be 
crystallised, by adding concentrated hydrochloric acid to its solution 
in ethyl alcohol, in prisms forming a glistening green mass (Found in 
material dried over sulphuric acid : C, 57-6; H, 3-7. C,,H,,0,C],H,O 
requires C, 57-4; H, 3-7%). 

Delphinidin Chloride (Second preparation).—After a preliminary 
test, 20 g. of the crude benzoyl compound prepared by the acetyl 
chloride method were hydrolysed in five similar experiments as 
follows :— 

The finely powdered benzoyl compound (4:0 g.) was added to 
10% aqueous sodium hydroxide (30 c.c.), cooled in ice and frequently 
shaken until dissolution was complete (15 mins.). Air was previously 
displaced from the apparatus by hydrogen, and a current of the 
latter was passed through the alkaline solution during the hydrolysis. 
After 15 minutes, the solution was allowed to reach the room temper- 
ature, and, after 34 hours, an ice-cold mixture of ethyl alcohol 
(20 c.c.) and concentrated hydrochloric acid (20 c.c.) was added. 
The clear, deep red solution was kept 10—12 days until portion 
gave a pure blue coloration with a little sodium carbonate solution ; 
the time required for the completion of this stage was considerably 
longer than the corresponding period for the earlier preparation. 
Concentrated hydrochloric acid (120 c.c.) was then added in several 
portions, the solution kept over-night, and the precipitated mixture 
of salts and benzoic acid collected, washed with 20% hydrochloric 
acid, and dried (Y). 

The united filtrates gave, on keeping, a further crop of the flavylium 
salt (Z; yield, 3-15 g.), which was almost free from benzoic acid and 
inorganic salts and for this reason was conveniently worked up 
separately. 

The united first fractions Y were dried in the air, dnely powdered, 
and washed with ether; when wet with the solvent, the material 

BE2 
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became pasty, but friable again immediately the solvent had 
evaporated. After being powdered again, the product was ex- 
tracted with cold ethyl alcohol-concentrated hydrochloric acid 
(in all, EtOH, 120 c.c.; 30% HCl, 30 c.c.): there was a considerable 
residue (R) (see below). The filtered extracts were mixed with an 
equal volume of water and with concentrated hydrochloric acid 
(250 c.c.). The amorphous product was collected and extracted 
with cold 0-5% hydrochloric acid (about 500 c.c. in several portions 
and with mechanical stirring). Almost the whole of the substance 
dissolved, and it was recovered by the addition of concentrated 
hydrochloric acid (1300 c.c.) to the filtered solution so as to make the 
final hydrogen chloride concentration about 25%. When the 
precipitate was collected, dissolved in hot 0-5°/, hydrochloric acid, 
and freshly distilled hydriodic acid (80 c.c., d 1-7) added to the filtered 
solution, the iodide slowly separated during several days in a beau- 
tifully crystalline condition. The usual precautions—protection 
from light and replacement of the air of the containing flask by 
carbon dioxide—were observed. 

The fraction Z of the crude chloride was treated in a very similar 
fashion, the iodides from Y and Z were united and dissolved in hot 
5% hydrochloric acid (400 c.c.), and the chloride was precipitated by 
the addition of concentrated hydrochloric acid (600 c.c.). This 
product was amorphous, but crystallised by repetition of the solution 
in 5% hydrochloric acid and increase of the acid concentration to 
25% (Specimen C) (Found in air-dried material: C, 48-5; H, 3-9; 
loss at 110° in a high vacuum, 9-0. Found in anhydrous material : 
C, 53-3; H, 3-1%). 

The crystals of this specimen were deep red prisms by transmitted 
light and olive-green in mass ; under some conditions, which it is not 
possible to define precisely, the material separated in ill-defined 
granules, and occasionally as opaque aggregates, from which well- 
shaped crystals appeared to protrude. 

The residue R (above) crystallised directly from methyl] alcohol- 
hydrochloric acid (9 vols. CH,O and 1 vol. 30° hydrochloric acid) 
(Specimen D), and the material recovered from the mother-liquor 
was crystallised in the usual way from 25% hydrochloric acid 
(Specimen E). Subsequent to these experiments, it was found that 
less difficulty was experienced in crystallising the delphinidin 
chloride, made substantially as described, if the hydrogen used to 
displace air from the apparatus during the hydrolysis was freed from 
traces of oxygen by passage through an alkaline pyrogallol solution. 

The specimens B, C, D and E exhibited identical colour reactions, 
and these were, further, identical with those of specimens of 
delphinidin chloride prepared by demethylation of malvidin 
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(syringidin) chloride and by the hydrolysis of vicin picrate with 
hydrochloric acid. We are greatly indebted to Professor P. Karrer 
for kindly supplying the delphinidin chloride (ex malvidin) and the 
vicin picrate. Vicin is an anthocyanin of the sweet pea (Karrer 
and Widmer, Helv. Chim. Acta, 1927, 10, 67) and is a delphinidin 
glucoside. 

The colours observed in a range of buffered solutions of definite 
Pu under the conditions prescribed by Robertson and Robinson 
(Biochem. J., 1929, 23, 35) were the following, the observations in 
parentheses referring to 5-O-benzoyldelphinidin chloride. 

1% Hydrochloric acid, red with blue tinge (rose red, bluer than 
delphinidin and partly precipitated on standing), unchanged after 
15 minutes; 10% hydrochloric acid, the same (similar, but all the 
salt ~was precipitated, leaving a colourless solution); (1) perman- 
ganate (purplish-red, fading to violet); (2) similar, but shade bluer 
{similar to (1)]; (3) similar to (2) (no change) ; (4) not much change, 
violet-red (deeper violet); (5) deeper violet-red (deeper violet); (6) 
similar reddish-violet (bluer violet); (7) reddish-violet (violet-blue) ; 
(8) reddish-violet, bluer in thin layers (blue) ; (9) blue in thin layers, 
violet in thick layers (blue); (10) blue (blue with no violet tinge) ; 
(11) rather dull greenish-blue (blue); (12), (13) and (14), no change 
[(14) and (15) are greener and duller]; (15) similar colour, quickly 
becoming slate blue and then very pale brown. 

After 15—20 minutes, the colours observed were : (1) faded rose 
pink (very weak violet); (2) and (3) weak violet [(2), (3) and (4) 
form a series in which a reddish-violet colour increased]; (4) a little 
more intense reddish-violet; (5) and (6) more intenge reddish- 
violet; (7) bluer violet; (8) weaker blue-violet ; (9)—(13) inclusive, 
greenish-blue [(5), (6), (7), (8) and (9) form a series in which the 
violet colour becomes bluer; (10), (11) and (12) blue; (13) bluish- 
green]; (14) weak, faded green (pale green); (15) yellowish-brown 
(pale brownish-yellow). 

After 14 hours, the colours were: (1), (2) and (3), weak violet, 
increasing in (4), (5) and (6), bluer in (7) and violet-blue in (8); 
(9), (10), and (11) were green, tinged with blue; (12), (13), (14) and 
(15), yellowish-brown [all faded ; (1), (2), (3) and (4), increasing weak 
violet; (5), (6), (7) and (8), bluer; (9), (10) and (11), blue; (12), 
bluish-green ; (13), pale green; (14) and (15), pale brownish-yellow]. 

After 24 hours, (1), (2), (3), (4) and (5), practically colourless, with 
a small, flocculent, violet precipitate ; (6) very faint violet, no flocks ; 
(7) and (8), almost colourless; (9) very faint yellow; (10), (11), (12), 
(13) and (14), yellow, increasing in intensity to weak golden- 
yellow; (15), weaker yellow [(1), very faintly blue, a trace of violet 
flocculent precipitate; (2) and (3), faintly blue, a little more pre- 
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cipitate; (4) and (5) weak blue, maximum precipitation; (6) and 
(7), weak blue; (8), very pale blue, no precipitate; (9) and (10), 
almost colourless; (11), (12), (13), (14), (15), (16) and (17), weak 
lemon-yellow]. 

The comparisons of the different specimens of delphinidin chloride, 
natural and synthetic, disclosed no divergences whatever, either in 
regard to the shades of colour observed, the relative amounts of 
precipitates or the rate of change of the colours of the solutions. The 
specimens (B), (C), (D) and (E) had all the ordinary properties of 
delphinidin chloride as recorded by Willstatter and his collaborators, 
and specimen (D) was used for the preparation of the characteristic 
monohydrate under the conditions prescribed by Willstaétter and 
Weil (Annalen, 1916, 442, 192). The experiment succeeded, and 
well-shaped, dark brownish-violet, rhombic plates, all of them 
elongated, as shown in some cases in Willstatter and Weil’s figure, 
were obtained (Found: loss at 110° in a vacuum, 60. 
©,,;H,,0,C1,H,O requires H,O, 4:9%).. The somewhat high value 
for the loss in weight may be due to loss of hydrogen chloride or to 
, admixture with one of the other hydrates, but it is interesting to 
note that Willstatter and Weil (loc. cit.) found the loss in a vacuum 
desiccator to be 5-88% and 5-57% in two experiments. 

The crystals of the monohydrate exhibited the behaviour towards 
5% hydrochloric acid which was described by Willstatter and Weil 
in the case of the specimen of natural origin. 

6-Hydroxy-2-benzoyloxy-4-methoxybenzaldehyde (VII).—The pre- 
paration of a monomethyl ether of O-benzoylphloroglucinaldehyde 
was unsuccessfully attempted in several different ways, using methyl 
iodide and alkali-metal salts of the hydroxy-aldehyde, but the 
following process gave moderately satisfactory results. 

A mixture of O-benzoylphloroglucinaldehyde (2-5 g.), methyl 
iodide (4-1 g.), finely divided silver oxide (3-3 g.), and acetone (25 
c.c.) was mechanically shaken for 12 hours, filtered, and the preci- 
pitate washed with acetone. The pale yellow filtrates were united 
and the solvent was removed under reduced pressure. The orange- 
yellow viscous residue was dissolved in ether (50 c.c.), filtered from 
a trace of insoluble flocculent material, and washed with 10% 
aqueous sodium carbonate. Acidified, this fraction gave only a 
negligible amount. of a colourless’ crystalline substance, although 
O-benzoylphloroglucinaldehyde is readily removed from its solution 
in ether by this means. The ethereal solution was then twice 
shaken with 5° aqueous potassium hydroxide (10 c.c., 5 c.c.) and 
the alkaline solutions were separated and acidified with dilute 
acetic acid, without delay. This product was a pink crystalline 
precipitate and a colourless emulsion, which became resolved into a 
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mass of fine needles in the course of 4—5 hours; yield, 1-9 g., m.'p. 
95—102°. The ethereal solution was again washed with 5% 
potassium hydroxide solution, dilute sulphuric acid, and water; 
dried and evaporated, it gave an oily solid (0-23 g.) which consisted 
essentially of benzoyldimethylphloroglucinaldehyde (Robertson, 
Robinson, and Struthers, J., 1928, 1455). 

In a second experiment, O-benzoylphloroglucinaldehyde (5-2 g.) 
and methyl iodide (4-6 g.) in acetone (40 c.c.) were shaken with 
silver oxide (3-5 g.) during 5 hours, after which methyl iodide 
(4-6 g.) in acetone (10 c.c.) and silver oxide (3-5 g.) were added and 
the shaking was continued over-night. Benzoyldimethylphloro- 
glucinaldehyde (2-2 g., m. p. 143—145°) and benzoylmethylphloro- 
glucinaldehyde (1-5 g.) were isolated. 

6-Hydroxy-2-benzoyloxy-4-methoxybenzaldehyde crystallised from 
ethyl alcohol in colourless plates, m. p. 109° (Found: C, 66-0; 
H, 4:5. C,;H,.0,; requires C, 66-2; H, 4-4%), easily soluble in 
benzene and chloroform, very sparingly soluble in light petroleum 
and insoluble in water. The alcoholic solution gives a brownish- 
red coloration with ferric chloride. A solution of the aldehyde 
(1-8 g.) in cold 10% aqueous sodium hydroxide (10 c.c.) was kept in 
an atmosphere of hydrogen (probably unnecessary) during 4 hours. 
The acidified solution was extracted with ether, and the extract 
was washed with aqueous potassium bicarbonate, in order to remove 
benzoic acid, then with water, dried, and evaporated. The colour- 
less residue crystallised from benzene in slender needles, m. p. 
141—142°, unchanged by further recrystallisation from water. 

This aldehyde is identical with phloroglucinaldehyde. 4-methyl 
ether, isolated by Karrer and Bloch (Helv. Chim. Acta, 1927, 10, 
374) from the product of methylation of phloroglucinaldehyde by 
diazomethane, and from the mixture of aldehydes obtained from 
O-monomethylphloroglucinol by the Gattermann reaction. We 
were able to confirm this by direct comparison with a specimen of the 
substance kindly sent to us by Professor Karrer; the m. p. of a 
mixture of the specimens was not depressed. 

6-H ydroxy-2-benzoyloxy-4-benzyloxybenzaldehyde.—A solution of 
O-benzoylphloroglucinaldehyde (5-4 g.) and benzyl chloride (7-5 g.) 
in acetone (40 c.c.) was shaken during 14 hours with silver oxide 
(7-0 g.). The silver compounds were separated, washed with acetone, 
and the united solutions evaporated ina vacuum. The residue was 
dissolved in ether and the solution washed first with aqueous sodium 
carbonate and then with 5% aqueous potassium hydroxide. The 
latter fraction was acidified without delay and the precipitated oil, 
which solidified in the course of a few hours, was taken up in benzene 
and the dried solution concentrated to 5—6 c.c. Crystals of the 
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benzylated aldehyde separated, and these were collected (yield, 
1-5 g.; m. p. 198°) and recrystallised first from benzene containing 
ethyl alcohol (m. p. raised to 201—203°) and finally from light 
petroleum, forming thin, colourless, rhomboidal plates, m. p. 202— 
203° (Found: C, 72-6; H, 4-4. C,,H,,0, requires C, 72-4; H, 
4-6%). The aldehyde is easily soluble in ethyl alcohol, more 
sparingly soluble in benzene and very sparingly soluble in light 
petroleum. In alcoholic solution, it gives with ferric chloride a 
reddish-brown coloration which suggests that the substance is 
6-hydroxy-2-benzoyloxy-4-benzyloxybenzaldehyde. 

4 : 6-Diacetoxy-2-methoxybenzaldehyde.—2 - O - Methylphloroglucin - 
aldehyde (Herzig and Wenzel, Monatsh., 1903, 24, 860; Karrer and 
Glattfelder, Helv. Chim. Acta, 1921, 4, 724) was prepared from 
phloroglucinol monomethyl ether (Herzig and Aigner, Monatsh., 
1900, 21, 435) by the Gattermann reaction. In the final stage, it 
was found advisable to wash the aldimine hydrochloride with fresh 
ether, to dry it in a vacuum, and to hydrolyse it at 80° with about 
10 times its weight of water for 25—30 minutes. The aldehyde 
crystallised during the process in yellow needles, which were almost 
pure, m. p. 200—202°, after a single recrystallisation from dilute 
alcohol. When hydrolysis is effected in the presence of mineral 
acid, the product is brown (Herzig and Wenzel, loc. cit.) and dis- 
solves in aqueous sodium carbonate with a greenish fluorescence 
which renders it valueless for our purpose. 

The aldehyde was only incompletely acetylated by ‘ice-cold 
aqueous sodium hydroxide (4 mols.) and ethereal acetic anhydride 
(3 mols.), but readily under the conditions of Pratt and Robinson 
(J., 1925, 1184). Anhydrous potassium carbonate (2 g.) was added 
in small amounts to a mixture of acetic anhydride (5 c.c.) and finely 
powdered 2-O-methylphloroglucinaldehyde (1 g.) so as to maintain 
a vigorous evolution of carbon dioxide. The pasty mass was kept 
for 1 hour, water added, and the product stirred with potassium 
bicarbonate until the excess of acetic anhydride had been decom- 
posed; it was then collected, washed with water, and dried. Re- 
crystallised from benzene-light petroleum, light petroleum, and 
finally ligroin, the 4 : 6-diacetoxy-2-methoxybenzaldehyde formed 
colourless plates, m. p. 107° (Found: C, 56-8; H, 4-6. ©,,.H,.0, 
requires C, 57-1; H,4-8%). This derivative was very easily soluble 
in alcohol or benzene, more sparingly so in ligroin, light petroleum 
orether. An alcoholic solution gave no reaction with ferric chloride, 
but when an aqueous-alcoholic solution was heated hydrolysis 
occurred and a reddish-brown ferric chloride reaction was observed. 

The substance was also obtained by the methylation of O-diacety]- 
phloroglucinaldehyde (Robertson and Robinson, J., 1927, 1712), 
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in the preparation of which the following quantities were employed : 
phloroglucinaldehyde 5 g., acetic anhydride 14 c.c., N-sodium 
hydroxide 100 c.c. The yield was about 6 g., m. p. 102—103°, 
from 20 g. of phloroglucinaldehyde. O-Diacetylphloroglucin- 
aldehyde (1-05 g.) and methyl iodide (2-1 g.) in acetone (5 ¢.c.) were 
shaken with silver oxide (1-8 g.) during 6 hours. Isolated in the 
usual manner, only 0-1—0-2 g. of material, insoluble in sodium 
hydroxide, was obtained. O-Diacetylphloroglucinaldehyde (2-4 g.) 
and methyl iodide (4-5 g.) in acetone (15 c.c.) were shaken with silver 
carbonate (6 g.) during 16 hours; evolution of carbon dioxide then 
appeared to have ceased. The silver compounds were separated. 
and washed with acetone, and the filtrates evaporated in a vacuum. 
The residue crystallised in contact with ether in colourless elongated 
plates {0-9 g., m. p. 106—107°). The mother-liquor furnished a 
small additional amount (0-5 g.) of crystalline material. Recry- 
stallised from ligroin, the main fraction was obtained in colourless 
elongated plates, m. p. 107—108° alone or mixed with the acetylated 
2-methylphloroglucinaldehyde. 

5-O-Benzoyl-7 : 3’ : 5'-O-trimethyldelphinidin Chloride.—In the 
presence of dry hydrogen chloride, a solution of 4-O-methylphloro- 
glucinaldehyde in ethyl acetate or ether rapidly becomes brownish- 
red and deposits a brownish or reddish-brown amorphous substance 
(xanthylium salt ?). For this reason, the benzoylated aldehyde was 
employed for the condensations to flavylium salts. A solution of 
4-0-methyl-2-O0-benzoylphloroglucinaldehyde (1-35 g.) and w-acet- 
oxy-4-benzyloxy-3 : 5-dimethoxyacetophenone (1:72 g.) (Bradley 
and Robinson, J., 1928, 1560) in ethyl acetate (30 c.c.) was cooled 
in ice while being saturated with dry hydrogen chloride, and then 
kept at room temperature over-night. An intense reddish-purple 
solution was very rapidly formed, and the flavylium salt crystallised 
in fine needles, which were collected, washed with ethyl acetate, 
ether, and dried, forming a green spongy mass (yield, 1-98 g.). An 
additional amount of equally pure material (0-15 g.) separated from 
the mother-liquor during 48 hours. The salt was recrystallised by 
cooling a hot solution in methyl alcohol containing concentrated 
hydrochloric acid (about 7 vols. %); the fine needles obtained 
appeared purple by transmitted and lustrous green by reflected 
light (Found: C, 59-5; H, 4:6; Cl, 6-8. C,;H,,0,Cl,H,O requires 
C, 59-8; H, 4-6; Cl, 7-1%). 

This salt is practically insoluble in hydrochloric acid; hot 1% 
hydrochloric acid dissolves it to a pink solution which, when cold, 
gives with aqueous sodium carbonate only a yellow coloration. 
The violet-red alcoholic solution is readily decolorised on dilution, 
and the colour is restored by the addition of acid. A freshly pre- 
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pared solution of the salt in methyl alcohol gives, with solid sodium 
acetate, only a lilac coloration. Aqueous sodium carbonate, added 
to an acidified methyl-alcoholic solution, gives a pale blue coloration, 
which fades almost completely. Under the same conditions, 5%, 
sodium hydroxide solution gives a bluish-green solution which 
rapidly becomes pale green and finally yellow. The solution of the 
salt in concentrated sulphuric acid is violet-red and not fluorescent. 

7:3’: 5'-O-Trimethyldelphinidin Chloride (Hirsutidin Chloride) 
(VI).—Hydrolysis of the benzoyl derivative could not be con- 
veniently effected by aqueous sodium hydroxide, since complete 
solution was not attained even after several hours. After several 
trials, the following procedure was adopted. The crude crystalline 
benzoyl derivative (0-7 g.) was finely powdered and suspended in 
methyl alcohol (7 ¢.c.) through which a current of hydrogen was 
passed. Potassium hydroxide (0-9 g.) in water (3 c.c.) was then 
added. Dissolution was effected in 10—15 minutes, and the blue 
solution initially produced changed slowly through green to deep 
orange. After 4 hours, concentrated hydrochloric acid (3-4 c.c.) 
was added, and this precipitated a voluminous colourless solid 
_ which filled the liquid. Gently warmed at 50—60° during 25—30 
minutes, this dissolved to a clear, deep red solution, from which the 
debenzoylated flavylium salt separated during the process in a well- 
crystallised condition (yield, 0-26 g.), leaving the mother-liquor 
almost colourless. 

This crude product was dried, washed with ether, and a portion 
(0:4 g.) added to boiling methyl alcohol (60c.c.). After 4—5 minutes, 
the solution was filtered (undissolved residue, 0-06 g.) and concen- 
trated hydrochloric acid (2 c.c.) was added to the filtrate, which was 
kept at 50-—-55° while concentrated hydrochloric acid (8 c.c.) was 
added in portions of 1 c.c.: each addition was accompanied by the 
precipitation of a quantity of the flavylium salt. After 12 hours, 
the crystals were collected and dried in air (yield, 0-15 g.). The salt 
was obtained in short, dark red, pointed prisms, which were 
frequently arranged in rosettes (Found: OC, 56-5; H, 4-6; Cl, 9-1. 
C,gH,,0,Cl requires C, 56-8; H, 4:5; Cl, 9-3%). 

Heated with water, the salt dissolves to a weak red solution with 
a slight violet tinge, but this fades rapidly at the boiling point and 
becomes colourless; the red colour is restored by the addition of 
acid. In hot 0-5% hydrochloric acid, the salt is already sparingly 
soluble; it dissolves to a reddish solution, whereas a cold saturated 
solution in 4% hydrochloric acid is only pink. The cooled solution 
in hot 0:25% hydrochloric acid presumably contains much pseudo- 
base, since excess of aqueous sodium carbonate gives a brownish- 
green solution which changes to olive-green. The fresh dilute 
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solution in methyl alcohol is violet-red and gives with sodium . 
carbonate solution or solid sodium acetate a pure blue coloration. 
On the other hand, when the solution is kept for some time previous 
to the test, a greenish-blue coloration is obtained. The salt dissolves 
in aqueous NV/10-sodium hydroxide to a purple-blue solution which 
rapidly becomes crimson-blue (dichroic) and then fades to emerald- 
green. 

5 : 3’: 5'-O-T'rimethyldelphinidin Chloride  (V).—2-0-Methy]l- 
phloroglucinaldehyde resembles its isomeride in yielding in ethereal 
ethyl acetate or formic acid solution, in the presence of dry hydrogen 
chloride, an amorphous brownish-red substance, which is soluble in 
water and alcohol but insoluble in ether or benzene and dissolves in 
aqueous alkalis to red solutions exhibiting green fluorescence. 

In many of our preliminary experiments on the aldehyde-ketone 
condensations, a fluorescent by-product was obtained, and the 
intensity of the fluorescence was apparently greater than that 
resulting by self-condensation of the aldehyde alone. The propor- 
tion of this by-product appeared to be smaller in formic acid than in 
ethyl acetate solution, and it was completely eliminated by the 
following procedure. 

A solution of w-acetoxy-4-benzyloxy-3 : 5-dimethoxyacetophenone 
(2-0 g.) in formic acid (10 ¢.c.) was saturated with dry hydrogen 
chloride at room temperature, and 2-O-methylphloroglucinaldehyde 
(0-8 g.) was then added in several small portions during 5 hours. A 
deep crimson solution was rapidly formed (in previous experiments 
the medium became brownish-red) and a well-crystallised substance 
separated. ~ After 12 hours this was collected, washed with formic 
acid and then with ethyl alcohol (8 c.c.) containing concentrated 
hydrochloric acid (2 ¢.c.), and dried in the air (0-35 g.). An addi- 
tional amount of material separated during 2 days, but the solution 
was too viscous to permit of filtration and the salt was more con- 
veniently isolated by diluting the product with alcohol (50 c.c.) 
containing concentrated hydrochloric acid (20 c.c.) and collecting 
the precipitate which slowly formed. This fraction was not com- 
pletely crystalline (yield, 0-9 g.). 

The crystalline material was recrystallised by solution in methyl 
alcohol containing 2-5% by volume of concentrated hydrochloric 
acid and addition of concentrated hydrochloric acid to the filtered 
solution (Found: C, 56:1; H, 4:5; Cl, 9-1%). This specimen was 
recrystallised by dissolving 0-1 g. of the salt in methyl alcohol 
(350 c¢.c.) containing concentrated hydrochloric acid (9 c.c.), and 
adding concentrated hydrochloric acid (40 c.c.) to the filtered solu- 
tion. Collected and dried in air, this material was a green crystalline 
powder having a bright yellow lustre (Found: C, 56-1; H, 45; 
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Cl, 9-2. C,gH,,0,Cl,0-25H,O requires C, 56-1; H, 4-5; Cl, 92%). 
lt was seen under the microscope to consist of dark red, hexagonal 
tables and short slender prisms, and it may have contained two 
hydrates, as the analyses suggested, one having been precipitated 
immediately on the addition of acid to the warm solution and the 
other having crystallised more slowly on cooling. ‘The salt dissolves 
in sodium carbonate solution with a pure blue colour, and the same 
colour is obtained by adding sodium acetate to a freshly prepared 
solution in methyl alcohol. 

To test the possibility of the presence of benzylated material, a 
portion of the specimen first analysed (0-1 g.) was finely powdered, 
suspended in glacial acetic acid (100 c.c.), and heated at 80° in a 
stream of dry hydrogen chloride during 3 hours. Only a very small 
portion of the salt dissolved, but complete debenzylation was assured 
under these conditions. The product was collected, washed, and 
dried: it gave the same qualitative reactions as the original 
specimen. 

Comparison of the Colour Reactions of Hirsutidin Chloride (H) with 
those of 7 : 3’ : 5'-O-T rimethyldelphinidin Chloride (S) and of 5 : 3’ : 5’- 
O-Trimethyldelphinidin Chloride (A).—All the reactions of H were 
found on direct comparison to be identical with those of S and to 
differ from those of A. When ammonia was added to an alcoholic 
solution, a greenish-blue solution resulted ; when derived from H or 
S, this was blood-red by transmitted artificial light, but under these 
conditions the A solution was violet or bluish-violet. By transmitted 
sunlight, H and S solutions were blue and violet in thick layers; A 
was greenish-blue. Alcoholic solutions of H and S were magenta ; 
that of A was violet. 

Under the standard procedure of Robertson and Robinson (loc. 
cit.), the colours in a range of buffered solutions from py 3-2 to pu 
11-6 were the following :— 

H and 8: (1) bluish-red, rapidly changing to brownish-red; (2) 
the same; (3) reddish-brown; (4) weak brownish-red; (5) violet 
tinged brownish-red; (6) fading violet; (7) bluish-violet, blue in 
thin layers; (8)—(15) inclusive, blue, red in shade by comparison 
with (A) solutions. 

After 4 hour: (1), (2), (3) and (4), almost colourless but more 
coloured than (A) solutions; (5) very weak brownish-red; (6), (7) 
and (8), increasing violet; (9)—(12), blue, violet by transmitted 
artificial light; (13), (14) and (15), blue, redder violet by trans- 
mitted artificial light. 

After 24 hours: (1)—(5), colourless; (6)—(8), increasing pale 
violet ; (9)—(12), bluish-green; (13)—(15), greenish-blue. 

(A) gave colours in marked contrast, on direct comparison :: (1) 








bluish 
quick 
no ch 
Aft 
blue; 
blue. 
Aft 
minu 
very 
yellor 
Th 
artific 
artific 
4: 
brom 
hydre 
200— 
slight 
preci 
separ 
c.C.) 
(800 « 
with 
2N-h 
ether 
yield 
131° 
from 
m. p. 
C, 57 
Th 
soluti 
of 2 
solid 
The | 
sparil 
decor 
C, 48 
H, 3- 
Me 
hydre 
& sus 
was I 
soluti 





re ODO eB OO DG ss 


we 


PY ce = 





PYRYLIUM SALTS OF ANTHOCYANIDIN TYPE. PART. XIx. 811 


bluish-red ; (2) same; (3) same, but fading; (4) bluer red, fading 
quickly ; (5) reddish-violet, fading; (6) violet, fading; (7) and (8) 
no change; (9)—(15) inclusive, blue with green shade. 

After $ hour: (1)—(8), almost colourless; (9) very pale violet- 
blne; (10) blue, very different from (9); (11)—(15), greenish- 
blue. 

After 24 hours : (1) and (2), colourless; (3), (4) and (5), colourless, 
minute flocculent precipitate (none in H and 8); (6), (7), (8) and (9), 
very feeble yellowish-green; (11) and (12), very pale greenish- 
yellow; (13) weak orange-yellow ; (14) and (15), pale orange. 

Throughout, blue solutions of H and S were much redder by 
artificial light, but A gave blue solutions even when examined by 
artificial light. 

4 : 5-Dihydroxy-3-methoxybenzaldehyde (X1I).—A mixture of 5- 
bromovanillin (31 g.), copper bronze (12 g.), and 8% sodium 
hydroxide solution (600 c.c.) was heated in a rotating autoclave at 
200—210° during 1 hour. The cooled product was acidified with a 
slight excess of dilute sulphuric acid and filtered from a small tarry 
precipitate; after 12 hours, crystalline material (0-98 g.) had 
separated and this also was removed. The dark filtrate (1400 
¢.c.) was concentrated under diminished pressure. The distillate 
(800 c.c.) gave only 0-24 g. of a red insoluble precipitate when mixed 
with an excess of 2: 4-dinitrophenylhydrazine hydrochloride in 
2N-hydrochloric acid. The residual solution was extracted with 
ether and the dark product so isolated was extracted with benzene, 
yielding almost pure 3-O-methylgallaldehyde (19-4 g.), m. p. 129— 
131° with slight previous softening. The aldehyde crystallised 
from water, benzene or light petroleum in almost colourless needles, 
m. p. 132—134° (Found in material dried at 100° in a vacuum : 
C, 57-3; H, 4-8. C,H,O, requires C, 57-1; H, 48%). 

The 2: 4-dinitrophenylhydrazone was precipitated when a cold 
solution of the aldehyde (0-44 g.) in water was added to an excess 
of 2:4-dinitrophenylhydrazine in 2N-hydrochloric acid. The 
solid was collected and dried at 100° (yield, 0-83 g. Calc., 0-88 g.). 
The hydrazone crystallised from ethyl alcohol, in which it was 
sparingly soluble, in dark red, pointed prisms, which began to 
decompose at 230° (Found in material dried over sulphuric acid : 
C, 48:2; H, 3:7; N, 15-5, 15-9. C,,H,,0,N, requires C, 48-3; 
H, 3-5; N, 16-1%). 

Methylation. Methyl sulphate (2:5 g.) and aqueous sodium 
hydroxide (10 c.c. of 10°) were added gradually and alternately to 
a suspension of the aldehyde (0-5 g.) in water (5 c.c.). The whole 
was mechanically shaken during 1 hour and then sodium hydroxide 
solution (10 c.c. of 20%) was added and the shaking continued. 
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During this process, the methylated aldehyde separated from the 
strongly alkaline solution in colourless needles (0-33 g.), m. p. 
73—75°, and, after recrystallisation, m. p. 74—75° (Heffter and 
Capellmann give m. p. 77°, and Semmler and Mauthner, respec- 
tively, record the m. p.’s 75° and 74—75° for 3 : 4 : 5-trimethoxy- 
benzaldehyde). 

Acetylation. The aldehyde (1-7 g.) was acetylated by dissolving 
it in ether containing acetic anhydride (6 g.) and shaking the solution 
with water to which 5% aqueous potassium hydroxide (68 c.c.) was 
added in small successive amounts, the whole being cooled to 0°. 
The separated ethereal solution was washed with 5% aqueous 
potassium hydroxide, then with dilute sulphuric acid and water. 
The product crystallised from benzene—light petroleum in needles, 
m. p. 98—99° (Shriner and McCutchan record the m. p. 102—103° 
for the acetylation product, prepared by another method, and, on 
analysis, obtained data in agreement with the formula C,,H,,0,, 
which indicates that the substance crystallises with 1H,0). 

Methyl 5-Hydroxy-3 : 4-diphenylmethylenedioxybenzoate (VIII).— 
In the course of preliminary experiments on the condensation 
of diphenyldichloromethane with methyl gallate, considerable 
quantities of a sparingly soluble, oily by-product, probably 
CPh,[O-C,H,(OH),°CO,Me],, were obtained. A two-stage process 
under the following conditions gave the best results. 

A solution of methyl gallate (84 g.) and pyridine (36-5 c.c.) in 
acetone (200 c.c.) was added to one of diphenyldichloromethane 
(108 g.) in acetone (100 c.c.) and kept for 12 hours. A solution of 
sodium hydroxide (37 g.) in water (100 c.c.) was then slowly added ; 
the temperature rose and reached the boiling point of the mixture; 
after 2 hours, the whole was added to water (2000 c.c.). The brown 
oily material was separated and dissolved in ether, and the extract 
washed with aqueous sodium carbonate and then with aqueous 
sodium hydroxide (20 g. in 400 c.c.). The methyl ester precipitated 
from the latter extract on acidification was collected ; it crystallised 
from benzene (yield, 60 g.; m. p. 163° after two crystallisations) in 
colourless needles, m. p. 165° (Found: C, 73-6; H, 5-0; loss at 110° 
in a vacuum, 10-1. ©,,H,,0;,0°5C,H, requires C, 73-7; H, 5-1; 
C,H,, 10-1%). 

The presence of benzene in this material was confirmed by means 
of a test devised by Professor W. Ramsden. This can be used for 
the detection of traces of aromatic hydrocarbons, and depends on 
the insoluble film (often pink) obtained by condensation with 
formaldehyde in the presence of concentrated sulphuric acid: It 
may be demonstrated by shaking one drop of benzene with half a 
test-tube full of water, pouring away the liquid, and adding a few 
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the | ¢.c. of sulphuric acid and two or three drops of 40% aqueous 
_p, | formaldehyde. 
and Methyl 3-Methoxry-4 : 5-diphenylmethylenedioxybenzoate (Methyl 
nec- | ester of IX).—Methyl hydroxydiphenylmethylenedioxybenzoate (68 
xy. | g.) was dissolved in hot methyl alcohol (300 c.c.), the solution cooled 
' and forthwith mixed with an alcoholic solution of sodium ethoxide 
ring | (45 g. of sodium in 50 c.c.) and methyl iodide (20 c.c.). The 
tion | mixture was gently boiled for $ hour and, on cooling, short colourless 
was | prisms (61 g.), m. p. 134-5°, separated; the m. p. was not raised 
0°, | by recrystallisation (Found: C, 72:8; H, 5-2. C,,.H,,0; requires 
ous | C, 72-9; H, 50%). The ester (20 g.) was refluxed for 2 hours with 
ter. | water (100 c.c.) and potassium hydroxide (6 g.); the precipitate 
les, | obtained on acidification of the cooled solution crystallised from 
03° | aqueous acetone in thick polyhedral plates (16 g.), m. p. 217° (Found : 
on | CO, 72-3; H, 47. C,,H,,0, requires C, 72-4; H, 4-6%). 
0, This 3-methoxy-4 : 5-diphenylmethylenedioxybenzoic acid (8 g.) was 
mixed with carbon tetrachloride (12 c.c.) and phosphorus penta- 
).— | chloride (8 g.), and the whole gently boiled until the evolution of 
tion | hydrogen chloride slackened. The chloride crystallised, on the addi- 
uble | tion of light petroleum to the cooled clear liquid, in large compact 
bly | prisms (1-5 g.), m. p. 109° (Found: Cl, 9-9. C,,H,;0,Cl requires 
cess | Cl, 9°7%). 
w - Diazo - 3 - methoxy - 4: 5 - diphenylmethylenedioxyacetophenone, 
) in | CPh,O,:C,H,(OMe)-CO-CHN,.—A solution of methoxydiphenyi- 
ane | methylenedioxybenzoyl chloride (8-5 g.) in chloroform (20 c.c.) was 
1 of | slowly added to an ethereal solution of diazomethane (from 13 c.c. 
ed; | of nitrosomethylurethane and 75 c.c. of ether) cooled in @ freezing 
ire; | mixture. A brisk evolution of nitrogen occurred and pale yellow 
ywn | needles separated (7-5 g.). The substance crystallised from benzene— 
‘act | light petroleum in yellow needles, which became darker at 135° and 
cous | decomposed from 160—170°: these temperatures, however, are not 
ted | characteristic and depend on a particular rate of heating (Found : 
sed | C, 70-7; H, 4-6; N, 7-2. C..H,,0,N, requires C, 70-9; H, 4:4; 
) in N ? 75%). 
10° w - Acetoxy - 3 - methoxy - 4 : 5 - diphenylmethylenedioxyacetophenone 
5-1; | (XII).—The foregoing diazo-ketone (7-5 g.) was cautiously heated 
with acetic acid (20 c.c.) on the steam-bath for 15 minutes; the acetic 
ans | acid was then distilled in a good vacuum. The residue crystallised 
for | from benzene—light petroleum in stout prisms (6-3 g.),m.p. 126—127° 
on| (Found: C, 71-6; H, 5-2. C,H, 0, requires C, 71:3; H, 5-0%). 
ith 3-0-Methylgallic Acid (X).—A mixture of methyl 3-methoxy- 
It | 4:45-diphenylmethylenedioxybenzoate (40 g.) and concentrated 
if a | hydrochloric acid (150 c.c.) was refluxed for 2 hours, cooled. and 
few | neutralised with potassium bicarbonate. The undissolved benzo- 
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phenone was pulverised, and the filtered solution acidified with 
hydrochloric acid, giving 16 g. of grey needles. The acid crystallised 
from water (charcoal) in elongated colourless prisms, m. p. 220°, in 
agreement with Fischer’s statement (loc. cit.). The air-dried pro- 
duct was found to contain }H,O (Found: C, 49-6; H, 4:8; loss at 
110° in a vacuum, 4-8. Calc. for C,H,0;,}H,O: C, 49-7; H, 47; 
H,O, 4:7%). The diacetyl derivative was obtained by heating the 
acid (16 g.) with acetic anhydride (60 g.) and zinc chloride (1-5 g.) 
on the steam-bath for 2 hours. The product was purified by solu- 
tion in aqueous potassium bicarbonate and recovery; it finally 
crystallised from aqueous alcohol in colourless prisms (17 g.), m. p. 
170—171° (Found: C, 53-8; H, 4:7. C,,H,,0, requires C, 53:7; 
H, 4:5%). 

4 : 5-Diacetoxy-3-methoxybenzoyl chloride was obtained by heating 
a mixture of the acid (15 g.), phosphorus pentachloride (12 g.), and 
chloroform (17 c.c.) until solution occurred and the reaction was 
completed. On addition of light petroleum and cooling in a freezing 
mixture, the derivative separated; it crystallised from carbon 
tetrachloride in stout prisms, m. p. 109° (Found: Cl, 12-6. 
CjH,,0,Cl requires Cl, 12-4%). 

«-Diazo-4 : 5-diacetoay-3-methoxyacetophenone, 

(AcO),C,H,(OMe)-CO-CHN,, 
was obtained’ by the usual method and precipitated from the reaction 
mixture on the addition of light petroleum as a quickly crystallising 
oil (7 g. from 9-5 g. of the chloride). It crystallised from benzene- 
light petroleum at a low temperature in pale yellow, short prisms, 
m. p. 90—91° (Found: C, 53-4; H, 4:4; N, 92. C,,H,.0,N, 
requires C, 53-4; H, 4-1; N, 9-6%). 

wo: 4: 5-Triacetoxy-3-methoxyacetophenone (XII1).—The foregoing 
diazo-ketone (5 g.) gave in the usual way 4-8 g. of pale yellow prisms. 
The substance crystallised from benzene-light petroleum in elongated 
prisms, m. p. 138-5°, softening at 136° (Found: C, 55-4; H, 5-0. 
C,;H,,0, requires C, 55-5; H, 5-0%). 

5-O-Benzoyl-3'-O-méthyldelphinidin Chloride (XIV).—(A) This is 
much the better of the two methods for the preparation of the salt ; 
the condensation occurs with greater facility and the yield is higher 
than in (B). 

A solution of «w-acetoxy-3-methoxy-4 : 5-diphenylmethylene- 
dioxyacetophenone (1-6 g.) and 2-0-benzoylphloroglucinaldehyde 
(1 g.) in ethyl acetate (60 c.c.) was cooled in melting ice, saturated 
with hydrogen chloride, and kept for 12 hours under the pressure 
of the hydrogen chloride generator. The dark violet deposit 
of prisms, brown by transmitted light under the microscope, was 
collected (1 g.) and crystallised (0-9 g.) by solution in hot ethyl 
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alcohol (200 c.c.) containing a few drops of concentrated hydrochloric 
acid and addition of 7% hydrochloric acid (200 c.c.) to the filtered 
solution. The glistening needles (0-5 g.) that separated had a fine 
bronze lustre (Found: C, 55-9; H, 4:4; MeO, 6-0; Cl, ‘7-1. 
C.3H,,0,C1,2H,0 requires C, 56:1; H, 4:3; 1MeO, 6-3; Cl, 7-2%). 

The substance is insoluble in water and acetone and very sparingly 
soluble in hot dilute hydrochloric acid. It gives a crimson alcoholic 
solution, becoming blue on the addition of ferric chloride. The 
alkali-colour reactions resemble those of O-benzoyleyanidin and 
O-benzoyldelphinidin chlorides. 

(B) A mixture of w:4: 5-triacetoxy-3-methoxyacetophenone 
(1-2 g.), 2-O-benzoylphloroglucinaldehyde (1 g.), and alcohol 
(25 c.c.) was cooled in melting ice and saturated with hydrogen 
chloride whilst being vigorously mechanically stirred. The temper- 
ature was then maintained at 35° for 2 hours, after which the dark 
red, homogeneous liquid was cooled in ice, and acetyl chloride (25 
c.c.) slowly added during 1 hour. Next day, the violet deposit was 
collected (0-5 g.) and crystallised as described under (A). The 
colour reactions and other properties of this specimen were identical 
with those of the product obtained by the method A. It was 
apparent that the presence of the acetoxy-groups attached to the 
aromatic nucleus retarded the condensation, and flavylium salt was 
only obtained under conditions favouring the removal of the acetyl 
residues by hydrolysis. Herein lies the explanation of the necessity 
for the period of heating at 35° and the selection of a hydroxylic 
solvent. 

3'-O-Methyldelphinidin Chloride (XV).—The benzoyl derivative 
(0-5 g.) was added to alcohol (5 c.c.) and 10% aqueous sodium 
hydroxide (5 ¢.c.), and the mixture kept for 2 hours and occasionally 
shaken; air was excluded by hydrogen, washed by permanganate 
and alkaline pyrogallol. After the addition of concentrated 
hydrochloric acid (3 ¢.c.), the whole was heated on the steam-bath 
for 1 hour, cooled, and more hydrochloric acid (10 ¢.c.) added. The 
dark precipitate was washed with acetone and ether and dried. 
The crude product was dissolved in ethyl alcohol (125 c.c.), contain- 
ing a few drops of concentrated hydrochloric acid, and the filtered 
solution mixed with an equal volume of 7% hydrochloric acid. The 
chloride crystallised in yellowish-green, elongated, rhombohedral 
plates, yellowish-brown by transmitted light under the microscope 
(Found: C, 51-6; H, 4-0; Cl, 9-6; loss at 110° in a vacuum, 3-4. 
Found in material dried at 110°: C, 53-4; H, 39; Cl, 9-8. 
C,,H,,0,Cl,H,O requires C, 51-9; H, 4:1; Cl, 9:6; $H,O, 2.4%, 
C,,H,,0,Cl,4H,O requires C, 53-2; H, 3-9; Cl, 9°8%). Apparently 
the salt loses rather more than }H,O at 110°, but, being then very 
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hygroscopic, regains the composition C,,H,,0,Cl,4H,O during the 
brief period of exposure preceding the analysis of the dried material 
by combustion. 

3’-O-Methyldelphinidin chloride closely resembles cyanidin 
chloride in its general properties; the alcoholic acid solutions are 
a little bluer, and the precipitation of colour-base on the addition of 
water, so characteristic of cyanidin, does not take place to the same 
extent. The colour reactions in a range of buffered solutions 
(Robertson and Robinson, Joc. cit.) were the following :— 

(1) Deep cherry-red; (2) very slightly bluer; (3) the same; 
(4) alittle bluer; (5) a little bluer, still cherry-red; (6) reddish- 
violet; (7) bluer reddish-violet; (8) bluer violet; (9) violet-blue in 
thin layers; (10) blue; (11), (12) and (13), greener blue; (14) 
greenish-blue, fading very rapidly; (15) greenish-blue, quickly 
changing to pale green. (3), (4) and (5) faded rapidly to brownish- 
red, and the presence of colour-base was confirmed by centrifuging 
the solution in a high-speed apparatus, a solid deposit and a colourless 
solution then being obtained. 

After 3} hours, the colours were: (1) and (2), colourless; (3), 
(4) and (5), colourless, brownish-red precipitate ; (6) reddish-violet, 
a little precipitate; (7), (8) and (9), violet; (10), (11), (12) and (13), 
a series from greenish-blue to bluish-green; (14) and (15), orange. 

After 24 hours: (1)—(8), colourless, with precipitate in (4), (5) 
and (6); (9)—(13), very weak orange to weak orange; (14) and (15), 
a little deeper orange. 

These appearances (denoted as : caused by S) were directly com- 
pared with those produced under the same conditions by natural 
petunidin chloride (P) (Willstatter and Burdick, Joc. cit.), natural 
myrtillidin chloride (M) (Willstatter and Zollinger, Annalen, 1915, 
408, 83; 1916, 412, 205), for specimens of which we are deeply 
indebted to Professor R. Willstatter, and with mixtures (DM) of 
malvidin chloride and delphinidin chloride. There was a very close 
resemblance between all these series when the anthocyanidin and 
buffered solutions were first mixed, especially between S and P, 
the only divergence being that P did not separate colour-base in 
(3), (4) and (5). S and P remained similar and, after 24 hours, 
were identical, but S and M diverged at several points after 10 
minutes, and this divergence reached a maximum after 1 hour; 
after 24 hours, there were still marked differences, but, on long 
keeping, both S and M exhibited the deepest orange colour at (9) 
and (10). DM gave colours undoubtedly closer to M than to P, but 
there were differences between M and DM at certain points. Colori- 
metric: observations of the blue ferric chloride and copper suiphate 
reactions in alcoholic solution showed that the order (stronger to 
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weaker) was: S, P, M, DM; the ratio of intensity 8/P was about 
7/5. 

The only conclusion which can be legitimately drawn from these 
observations at the present stage is that petunidin is not perfectly 
pure 3’-O-methyldelphinidin, but it is still possible that the antho- 
cyanidin has essentially this constitution. Small percentages of 
impurities would suffice to change the crystal form and alter the 
composition of the hydrate. 

Further work on this unsolved problem is in progress. 


The authors wish to thank the Swiss Commission of the Ramsay 
Memorial Fellowships Trust for a fellowship awarded to one of 
them. 


Tue Untiversiry, MANCHESTER. 
University CoLLEGE, Lonpon. [Received, February Tih, 1930.] 





CVIII.—Anthoxanthins. Part XI. A Synthesis of 
Diosmetin and of Luteolin 3’-Methyl Ether. 


By AtBert Lovecy, Ropert RoBrInson, and SHIGEHIKO SuGASAWA. 


THE rhamnoglucoside, diosmin, was isolated in 1925 by Oecsterle 
and Wander (Helv. Chim. Acta, 8, 519) from Scrophularia nodosa, 
Hyssopus officinalis, as well as from species of Conium, Barosma, 
Hedeoma, Menika, Toddalia, and Linaria, and found to yield an 
aglycone, diosmetin (I), which was shown to be a methyl ether of 
luteolin. The eee of orientation is so infréquently 


O OMe 


AAG ou 
HO, << ie HO, OH 
H 


(I.) As H (IL) 
HO HO GO 


encountered in nature that it was thought desirable to synthesise 
diosmetin and the isomeride (II) which, according to A. G. Perkin 
(J., 1900, 77, 423), stands in a close relationship to scoparin from 
Cytisus scoparius (Link). 

The two flavones have been obtained by debenzylation of the 
benzyl ethers produced by condensation of phloracetophenone with 
sodium O-benzylisovanillate and O-benzylvanillate, respectively. 
The methods employed are thus quite parallel with that devised 
for the synthesis of syringetin (Heap and Robinson, Part IX, J., 
1929, 67). The synthetic diosmetin and its triacetate were directly 
compared with specimens of the natural product and of its triacetate 
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kindly sent to us by Professor O. A. Oesterle, to whom we are 
deeply indebted, and no divergences of behaviour were observed. 


EXPERIMENTAL, 

iso Vanillic Acid.—This substance can be obtained by the hydrolysis 
of veratric acid by means of acids, tlhe methoxyl group in the 
m-position to the carboxyl being preferentially attacked (compare 
4-nitroveratrole; Cardwell and Robinson, J., 1915, 107, 255), 

A mixture of veratric acid (20 g.) and hydrobromic acid (200 c.c. 
of 40%) was boiled under reflux ; after 1—1} hours, a clear yellowish- 
brown solution was obtained, but in a short time a white substance 
was deposited; when the voluminous precipitate had become 
crystalline, it was collected on a sintered-glass filter-plate. The 
crude material (8—9 g.), m. p. 245—247° after sintering at 235°, 
was pure enough for many purposes; once crystallised from water, 
it had m. p. 248—249° (literature, 250°). The hot acid filtrate 
deposited a white flocculent material on cooling and, by renewed 
treatment with boiling 40% hydrobromic acid, a further quantity 
of isovanillic acid (about 1 g.) was obtained (total yield, 5|0—55%). 

O-Benzylisovanillic Acid and Derivatives.—The direct benzyl- 
ation of isovanillic acid gave indifferent results, owing to separation 
difficulties, and accordingly we adopted the following processes : 

(A) Following Shinoda (J. Pharm. Soc. Japan, 1928, 48, 936), 
we prepared isovanillin (25 g., m. p. 115°) by the semi-demethy]l- 
ation of veratraldehyde (100 g.) by means of boiling 43% hydro- 
bromic acid (1500 g.) during 3 hours. The dark filtrate from tarry 
matter was extracted with chloroform, and the residue after removal 
of the solvent was dissolved in aqueous potassium hydroxide and 
freed from neutral substances by extraction with ether. The 
hydroxy-aldehyde was regenerated, isolated by means of chloroform, 
and crystallised from water (600 c.c.). 

isoVanillin (90 g.), dissolved in a solution of potassium hydroxide 
(34 g.) in water (200 c.c.), was mixed with benzyl chloride (50 g.), 
and the whole heated (oil-bath at 110—120°) for 7 hours with 
frequent shaking. The product was isolated by extraction with 
chloroform and crystallisation from alcohol (yield, 80 g.; recrystal- 
lised, 66 g., m. p. 62—63°) in colourless needles, m. p. 63° (Found : 
C, 744; H, 5-8. C,;H,,0, requires C, 74:5; H, 58%). Mixed 
with benzylvanillin (m. p. 63°), it melted at about 48°. Oxidation 
of O-benzylisovanillin was effected by means of potassium per- 
manganate in acetone solution, the best results being obtained in 
relatively small-scale operations (less than 15 g.). The acid'crystal- 
lised from alcohol and then from ethyl acetate in white, elongated, 
hexagonal plates, m. p. 177—178°. 
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(B) This is the better of the alternatives. isoVanillic acid gave 
an equal weight of the methyl ester (crystallised from ether—light 
petroleum; m. p. 65—66°) on treatment in the usual way with 
methyl alcohol and hydrogen chloride. 

Potassium hydroxide (5-5 g.) in methyl alcohol (50 c.c.) was added 
to a mixture of methyl isovanillate (17 g.), benzyl chloride (12 g.), 
and methyl alcohol (25 c.c.), and the whole heated on the steam- 
bath for 5 hours. Potassium chloride and methyl O-benzyliso- 
vanillate separated from the hot solution and, after cooling, the 
ester was collected and washed with water (yield, 21-5 g. or 82%; 
m. p. 121°); recrystallised from methyl alcohol—acetone, it melted 
at 124° (Found: C, 70-8; H, 6-1. C,,H,,0, requires C, 70-6; 
H, 59%). A mixture of methyl O-benzylisovanillate (52 g.), 
potassium hydroxide (12 g.), and water (120 c.c.) was heated on the 
steam-bath for 2 hours, and the clear solution then acidified. 
O-Benzylisovanillic acid, crystallised from acetic acid, had m. p. 177° 
(Found: C, 69-4; H, 5-6. C,,;H,,0, requires C, 69-8; H, 5-4%). 

O-Benzylisovanillic Anhydride.—A cold ethereal solution of pure 
thionyl chloride (3-7 g.) was added during 2 hours with stirring to a 
suspension of powdered benzylisovanillic acid (12-5 g.) in dry ether 
(50 c.c.) and pyridine (5-3 g.) cooled in a mixture of ice and salt. 
The whole was kept at 0° for several hours with occasional shaking, 
crushed ice was then added, and the solid was collected and tritur- 
ated successively with ice-cold dilute hydrochloric acid, dilute 
aqueous sodium carbonate, and water, and dried in a vacuum 
(yield, 11 g.; a small further quantity was recovered by means of 
ether). The anhydride crystallised from benzene or ethyl acetate 
in glistening needles, m. p. 156° after softening at 153° (Found : 
C, 72-3; H, 5-3. Cs 9H,,0, requires C, 72-3; H, 5-2%). 

5 : 7 - Dihydroxy - 3’ - benzyloxy - 4' - methoxyflavone (O - Benzyldi- 
osmetin).—An intimate mixture of phloracetophenone (5 g.), O-ben- 
zylisovanillic anhydride (60 g.), and sodium O-benzylisovanillate 
(12 g.) was heated (oil-bath at 190—195°) for 6 hours, and the 
viscous reddish-brown mass was then poured as completely as 
possible into alcohol (200 c.c.). The residue in the flask was chipped 
out when cold and washed out with alcohol and the whole was 
refluxed for 2 hours. A solution of potassium hydroxide (25 g.) 
in water (30 g.) was added and the mixture was boiled gently for 
30 minutes and then evaporated under diminished pressure. The 
residue was dissolved in water and saturated with carbon dioxide, 
giving a yellowish-brown flocculent precipitate, which was redis- 
solved in 2% sodium hydroxide solution and reprecipitated by carbon 
dioxide (dry wt., 15 g.). Attempts to crystallise this material were 
unsuccessful, but after treatment with boiling alcoholic potassium 
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hydroxide about 2 g. of a yellow substance remained undissolved ; 
this was dissolved in 2% sodium hydroxide solution, and the 
flavone regenerated by means of carbon dioxide. The product now 
crystallised from acetic acid in pale yellow clusters of needles, 
m. p. 240° after sintering at 237° (Found : C, 70-6; H, 4-7. C,,H,,.0, 
requires C, 70-8; H, 46%). The alcoholic potassium hydroxide 
filtrate was also worked up and, by taking advantage of the insolu- 
bility of the impurities in alcohol, a further equal quantity of 
benzyldiosmetin, m. p. 237°, was recovered. 

O-Triacetyldiosmetin.—A solution of O-benzyldiosmetin (0-4 g.) 
in acetic acid (25 c.c.) was boiled and transferred to the steam-bath ; 
a solution of hydrochloric acid (2 g.) saturated at 0° was then 
gradually introduced, giving a deep yellow solution. After 10 
minutes, a further amount (1 g.) of the acid was added, the heating 
continued for 30 minutes, and the mixture was finally boiled. Water 
(30 c.c.) was added to the filtered solution and the pasty precipitate 
was collected and dried; it could not, however, be crystallised at 
this stage. 

The crude product (0-3 g.) was boiled with acetic anhydride 
(10 c.c.) and a drop of pyridine for 2 hours and the acetate produced 
was crystallised from alcohol and then from ethyl acetate, giving 
colourless needles, m. p. 195—196° (Found : C, 72-3; H, 5:3. Calc. 
for CypH,,0, : C, 72:3; H, 5-2%). This specimen was identical in 
every way with specimens of triacetyldiosmetin from two sources, 
kindly supplied by Professor Oesterle. A mixture of the natural 
and the synthetic specimen gave an undepressed melting point. 

Diosmetin (I).—A mixture of the synthetic triacetyldiosmetin 
(0-3 g.) with alcohol (5 c.c.) and 2% potassium hydroxide solution 
(10 c.c.) was heated on the steam-bath for 15 minutes, and the 
flavone isolated from the clear yellow solution by acidification with 
acetic. acid. The substance, crystallised from alcohol and then 
twice from alcohol-ethyl acetate, formed yellow needles, sintering 
at 248° and melting at 253—254° (Found in a specimen dried at 
150° in a high vacuum: C, 64:3; H, 4:2. Calc. for C,,H,,0,: 
C, 64:0; H, 40%). A mixture with natural diosmetin (sintering 
at 245° and melting at 253—255°) sintered at 245° and melted at 
253—254°. In all respects, the two specimens had identical 
properties. 

Benzylvanillic Anhydride, [CH,Ph-O-C,H,(OMe)-CO],0. — The 
benzylation of vanillin (276 g.) was effected in aqueous solution 
(compare Gomberg and Buchler, J. Amer. Chem. Soc., 1920, 42, 2059) 
by means of benzyl chloride (150 g.) and potassium hydroxide, the 
reaction mixture being heated (oil-bath at 110—120°) for 10} hours. 
After crystallisation, 165 g., m. p. 63—64°, were obtained. 
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On oxidation with potassium permanganate in acetone solution, 
the aldehyde (70 g.) furnished crystalline O-benzylvanillic acid 
(60 g.), m. p. 168—169°. 

O-Benzylvanillic acid (97 g.) was finely ground, suspended in dry 
ether (375 c.c.) and pyridine (40 g.), to which thiony] chloride (28 g.) 
in ether (30 c.c.) was added, and the whole kept at 0° for 12 hours. 
Crushed ice was then introduced and the solid was washed succes- 
sively with ice-cold 2N-hydrochloric acid, water, 2N-sodium carbon- 
ate, and water and dried (80 g., m. p. 135°; benzylvanillic acid, 
9 g., was recovered from the ether and washings). The anhydride 
crystallised from ethyl acetate in slender lustrous needles, m. p. 
135—136° (Found: C, 72:2; H, 5-4. Cs9H,,0, requires C, 72:3; 
H, 5:2%). 

5 : 7-Dihydroxy-4’ -benzyloxy-3'-methoxyflavone.—An intimate mix- 
ture of phloracetophenone (4:5 g.), sodium QO -benzylvanillate 
(12 g.), and O-benzylvanillic anhydride (40 g.) was heated (oil-bath 
at 180—185°) for 3 hours subsequent to fusion to a mobile, dark red 
liquid. The product was refluxed with alcohol (175 c.c.); a solution 
of potassium hydroxide (17 g.) in water (20 c.c.) was gradually 
added, and the boiling continued for 30 minutes. The solution was 
distilled (170 c.c. collected) and the residue was dissolved in water 
(200 c.c.), heated to 60°, and saturated with carbon dioxide. The 
buff precipitate was collected (7 g.), redissolved in aqueous potassium 
hydroxide, and reprecipitated by carbon dioxide (yield, 5 g.). The 
crude flavone was then acetylated by gently refluxing it with acetic 
anhydride (20 c.c.) and a drop of pyridine for 2 hours. The acetyl 
derivative, which separated on cooling (2 g.), crystallised from 
ethyl acetate in slender white needles, m. p. 195° (1-6 g.) (Found : 
C, 68-2; H, 4:8. C,,H,.0, requires C, 68:4; H, 4-6%). 

This 5 : 7-diacetoxy-4'-benzyloxy-3'-methoxyflavone (1:2 g.) was 
hydrolysed by means of alcoholic potassium hydroxide on the steam- 
bath and, when the diluted solution was acidified, a yellow solid 
was precipitated (1-03 g.). The substance was very sparingly 
soluble in most organic solvents and could not be crystallised, but 
after being washed and dried it was almost pure; m. p. 265—267° 
after softening at 262° (Found: C, 70-0; H,4-9. C,,H,,0, requires 
C, 70:7; H, 46%. Cy 3H,.0,,4H,O requires C, 70-0; H, 47%). 
This 5 : 7-dihydroxy-4'-benzyloxy-3'-methoayflavone gives a yellow- 
brown coloration with alcoholic ferric chloride. 

5:7: 4'-T'rihydroxy-3'-methoxyflavone (I1).—The benzyl derivative 
last described (0-8 g.) was: suspended in acetic acid (45 ¢.c.), heated 
on the steam-bath, and treated gradually with concentrated hydro- 
chloric acid (3 ¢.c.). After 10 minutes, a further quantity (1-5 c.c.) 
of concentrated hydrochloric acid was added, and the heating 
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continued for 30 minutes; the mixture was finally boiled. The 
solution was decanted from a small unattacked residue, and, on 
addition of water (30 c.c.), gave a flocculent yellow precipitate, which 
was collected and dried (0-5 g.) (Found: C, 63-9; H, 44; MeO, 
10-3%). This product was acetylated in the usual manner and 
gave 0-4 g.,m. p. 212°, which, crystallised from ethyl acetate, formed 
soft white needles, m. p. 220—221° (0-35 g.; recrystallised, 0-29 g., 
m. p. 220—221°) (Found: C, 61-9; H, 4:4. C,.H,,0, requires 
C, 62:0; H, 4:2%). 

On hydrolysis by means of alcoholic potassium hydroxide, 
5:7: 4'-triacetoxy-3'-methoxyflavone gave in the first place bright 
yellow needles of the potassium salt of the trihydroxymethoxy- 
flavone; these were collected and dissolved in water and afforded 
on acidification the pure flavone, m. p. 328—330°, as a yellow pre- 
cipitate (Found in material dried in a vacuum: C, 62-8; H, 4:2; 
MeO, 9-3. C,,H,.0,,4H,O requires C, 62-7; H, 4:2; 1MeO, 95%). 
This very sparingly soluble substance crystallised from nitrobenzene 
in yellow prismatic needles, m. p. 3830—331° (Found: C, 63-9; 
H, 3-9; MeO, 9-8. C,,H,,0, requires C, 64:0; H, 40; 1MeO, 
9-7%). Like diosmetin, the flavone is a very weak mordant dye. 
It is much more sparingly soluble and intensely coloured than is 
diosmetin. 


UNIVERSITY COLLEGE, LONDON. [Received, February 20th, 1930.] 


CIX.—Anthoxanthins. Part XII. Transition from 
a Flavylium Salt to a Flavone, illustrated by a New 
Synthesis of Scutellarein Tetramethyl Ether. 


By Rospert Ropinson and GERoLD SCHWARZENBACH. 


ALTHOUGH the pyrones stand in the relation to the pyrylium salts 
that the pyridones bear to the alkylpyridinium salts, and although 
the latter can be very readily changed to the pyridones by oxidation, 
yet there are surprisingly few recorded examples of the production 
of pyrones by direct or indirect processes from members of the 
pyrylium group. 

Biillow and Wagner (Ber., 1903, 36, 1941) found an isolated 
example in the oxidation of 7-hydroxy-4-carboxyflavylium betaine 
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(1) (formulated previously as a pyranol) to 7-hydroxyflavone (II) by 
means of chromic acid in acetic acid solution. This we have con- 
firmed, but, although the conditions have been somewhat improved, 
the yield of the flavone remains highly unsatisfactory. 

Moreover, the reaction is not a general one, and proposed applic- 
ations to the synthesis of scutellarein failed. Anisoylpyruvic acid, 
MeO-C,H,°CO-CH,-CO-CO,H, obtained by the usual method, has 
been condensed with 2 : 6-dimethoxyquinol and with antiarol in the 
presence of hydrogen chloride, furnishing the flavylium salts (III) 
and (IV), respectively. 


Cl Cl 
_— cn 
(III.) Woy ma ym (IV.) 
SN . 
Med GO,H Med O,H 


In spite of various attempts, neither these salts nor the related 
betaines could be oxidised to scutellarein derivatives. It was, 
however, possible to achieve our object indirectly by applying the 
Hofmann reaction to the amide of the acid (IV). The chief diffi- 
culty was the preparation of the required anisoylpyruvamide (V). 
If a convenient method of preparation of compounds of this type 
could be devised, the new flavone synthesis now to be described 
might acquire considerable importance, since it is applicable to 
certain types of structure not readily built up by hitherto known 
processes. Some of the more obvious routes to the aroylpyruv- 
amides have been tested without success, and we were forced back 
upon an interesting but indirect series of reactions due to Mumm 
and Miinchmeyer (Ber., 1910, 43, 3335), who obtained benzoyl- 
pyruvamide. The stages in the present case were the following : 

Anisoylacetaldehyde (Pratt, Robinson, and Williams, J., 1924, 
125, 202) was converted into its oxime, MeO-C,H,*CO-CH,-CH:NOH 
(VI), and this was dehydrated by the action of acetyl chloride, 
giving 5-anisylisooxazole (VII). The methosulphate of this base 
reacted with potassium cyanide in aqueous solution with formation 
of «-methylimino-8-anisoylpropionitrile (VIII), which was hydrolysed 
to anisoylpyruvamide (V) by means of dilute hydrochloric acid. 


C-C,H,OMe OMe-C,H,°CO-CH,-C(NMe)CN (VIII.) 


“\ . 
(vit) FH 9 
CH=N OMe-C,H,*CO-CH,*CO-CO-NH, (v.) 


Anisoylpyruvamide and antiarol with the help of hydrogen chloride 
yielded a product containing 4-carbamyl-5 : 6 : 7 : 4’-tetramethoxy- 
flavylium chloride (IX), and this, on treatment with potassium 
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hypochlorite and potassium hydroxide in methyl-alcoholic solution, 
reacting doubtless as the pseudo-base, gave another pseudo-base 


cl O-C,H,(NO,), 
_— as 
Meo/ 9 OMe Med” \°\-< ome 
Me Me 
ax.) Med Co-NH, Med XH, (x) 


which could be transformed into 4-amino-5 : 6 : 7 : 4’-tetramethoxy- 
flavylium picrate (X). The corresponding base is, doubtless, the 
flavone-imine (XI), and the tetramethoxyflavone (XII) resulted when 
the imine was treated with boiling dilute aqueous sodium hydroxide. 
The existence of the flavone-imine recalls that of a xanthone-imine 
obtained by the condensation of phloroglucinol with salicylonitrile 
under the conditions of the Hoesch reaction (Nishikawa and Robin- 
son, J., 1922, 121, 839); the resistance to sre by acids and 


Me it 
H p= 
MeO CNH (AL) mete CO (XII.) 


other properties are parallel in the two series. 

The substance (XII) had the melting point and other properties 
of scutellarein tetramethyl ether (Molisch and Goldschmiedt, 
Monatsh., 1910, 34, 439), and we were able to establish the identity 
by direct. comparison with a specimen prepared from scutellarein. 
For providing the latter, we are greatly indebted to Professor E. 
Spath and Dr. F. Wessely. 

Scutellarein has been previously synthesised by Bargellini (Gaz- 
zetta, 1915, 45, 69), who submitted pentamethoxydibenzoylmethane 
(XIII) to the action of hydriodic acid; the reaction might have 


HO 
H em OMe 4 C,H,-OMe 


HO MeQ CO 
(XIII.) 


“<< Yon 
CH 
HO CO (&IV,) 


proceeded in the two directions indicated. Actually, scutellarein 
(XIV) was produced and the reaction was correctly interpreted in 
the light of certain analogies, The present unambiguous synthesis 
confirms these deductions and supplies a proof of the constitution 
of scutellarein. 
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EXPERIMENTAL. 


7-Hydroxy-4-carboxyflavylium Derivatives.—Bilow and Wagner 
(loc. cit.) did not crystallise the chlorides obtained by the condens- 
ation of resorcinol, benzoylpyruvic acid or its ester, and hydrogen 
chloride, so the following data may be recorded. 

7-Hydroxy-4-carboxyflavylium betaine (I) decomposes at 248°, 
the corresponding picrate decomposes at 226°; on solution in ethyl- 
alcoholic hydrogen chloride and gradual addition of ether, 7-hydroxy- 
4-carboxyflavylium chloride (decomp. 250°) crystallised in orange-red 
leaflets (Found: Cl, 11-6. C,,H,,0,Cl requires Cl, 11-7%). 

7-Hydroxy-4-carbethoxyflavylium picrate decomposes at 225° 
and similarly yields 7-hydroxy-4-carbethoxyflavylium chloride, orange 
leaflets decomposing at 198° (Found: Cl, 10-2. C,,H,,0,Cl 
requires Cl, 10-5%). 

The oxidation of the betaine to 7-hydroxyflavone does not proceed 
satisfactorily; a slight improvement followed on the adoption of 
the following conditions : 

A solution of chromic anhydride (0-7 g.) in water (10 c.c.) was 
added to one of 7-hydroxy-4-carboxyflavylium betaine (0-7 g.) in 
hot 25% sulphuric acid (30.c.c.); carbon dioxide was then briskly 
evolved and an orange precipitate (0-45 g.) was formed. After 
crystallisation, 7-hydroxyflavone (0-15 g., m. p. 240°) was obtained. 

Our further experience has shown that this is a special case, 
and the reaction is by no means a general one. It fails in the 
scutellarein series described below. 

Anisoylpyruvic Acid and its Ethyl Ester —A mixture of p-methoxy- 
acetophenone (79 g.) and ethyl oxalate (77 g.) was added to a solu- 
tion of sodium ethoxide (25 g. of sodium) in alcohol (400 c.c.), the 
whole refluxed for 4 hour, and the alcohol evaporated. An aqueous 
solution of the residue was saturated with carbon dioxide and 
filtered, and the crude acid (64 g.) precipitated by the addition of 
hydrochloric acid. This substance crystallised from alcohol in 
pale brown needles or irregular prisms, decomp. at 162-5° (Found : 
C, 54:9; H, 5-0; loss at 110° in a vacuum, 7-6. ©,,H,0,;,H,O 
requires C, 55-0; H, 5-0; H,O, 7-5%). The yield can be improved 
by carrying out the condensation in the cold and subsequently 
hydrolysing the ester, but this is hardly worth doing. 

A mixture of p-methoxyacetophenone (13-5 g.), ethyl oxalate 
(13 g.), sodium ethoxide (from 2 g. of sodium) and alcohol (35 c.c.) 
was kept for 12 hours at 0° and then added to ether. The cake of 
sodium derivative was collected and decomposed at 0° in aqueous 
solution with carbon dioxide (yield, 16 g.). 

Ethyl anisoylpyruvate crystallised from alcohol in colourless 
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prisms, m. p. 54° (Found: C, 62-3; H, 5-7. C,3H,,0; requires C, 
62-3; H, 56%). 

6-Hydroxy-5:7 : 4’ -trimethory-4-carboxyflavylium Derivatives 
(Chloride, III).—A solution of 2 : 6-dimethoxyquinol (4-25 g.) and 
anisoylpyruvic acid (5-6 g.) in acetic acid (50 c.c.) was saturated 
with hydrogen chloride at 90—100° for 1 hour, then cooled to 0°, 
and ether (150 c.c.) added without interrupting the passage of 
hydrogen chloride. The dark red solid was collected (5-8 g.), and 
a portion converted into the picrate in hot alcoholic solution by the 
addition of picric acid; the derivative crystallised immediately in 
dark red leaflets which decomposed at 224° (Found: C, 49-6; 
H, 38; N, 7:2. C,;H,90,,N3,H,O requires C, 49-7; H, 3-5; N, 
6-9%). This picrate was suspended in pure methyl alcohol and 
hydrogen chloride introduced until it dissolved; on the addition of 
ether, the chloride crystallised in dark red needles, decomposing at 
170—180° and readily soluble in water and alcohol. 

Another portion of the crude chloride was dissolved in hot aqueous 
sodium acetate, and the filtered solution acidified with acetic acid. 
The betaine separated in red needles, and the substance could be 
recrystallised from alcohol, forming very small, green prisms, 
decomp. 182° (Found: C, 59-6; H, 5-0. C,gH,,0,,14H,O requires 
C, 59-6; H, 50%), sparingly soluble in water and giving a bright 
orange solution in sulphuric acid. 

5:6:7:4'-Tetramethoxy-4-carboxyflavylium Derivatives (Chloride, 
IV).—A solution of antiarol (9-2 g.) and anisoylpyruvic acid (11-6 g.) 
in acetic acid (60 c.c.) was saturated with hydrogen chloride at 
100° for 3 hours, cooled, and dry ether (200 c.c.) added, hydrogen 
chloride being passed meanwhile. After being kept at 0° for 
12 hours, the solid was collected (21 g., air-dried) and this chloride 
was converted into the betaine by solution in aqueous sodium acetate 
and acidification with acetic acid. The orange needles obtained 
were readily soluble in water and could be recrystallised from 
alcohol in a similar form, m. p. 127—130° (Found : C, 59-8; H, 5-6. 
Found in material dried at 100° in a vacuum: ©, 65-1; H, 5-2. 
CyoH,,0,,14H,O requires C, 60-4; H, 53%. Cy 9H,,O, requires 
C, 64:9; H, 4-9%). 

The related picrate crystallised from alcohol in deep orange 
needles, decomp. 204—205° (Found: C, 60-4; H, 41; N, 7:1. 
CygH,10,,N3,H,O requires C, 50-6; H, 3-7; N, 68%). 

The oxidising agents tested with the object of preparing O-tetra- 
methylscutellarein were chromic acid in acetic acid and dilute 
sulphuric acid solutions, persulphate in dilute sulphuric acid, lead 
peroxide and acetic acid, manganese dioxide and dilute sulphuric 
acid and hydrogen peroxide in acetic acid, and finally potassium 
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ferricyanide in neutral and in alkaline solution; in all cases, the 
results were negative. 

The action of phosphorus pentachloride on the betaine appeared 
to proceed normally, giving the acid chloride flavylium chloride, but 
the action of ammonia or hydrazine on this derivative did not give 
the anticipated results. 

Anisoylacetaldoxime (V1).—-The sodium salt of w-hydroxy- 
methylene-p-methoxyacetophenone (45 g.) (Pratt, Robinson, and 
Williams, loc. cit.) was dissolved in ice-water (600 c.c.), and hydroxyl- 
amine hydrochloride (25 g.) in water (50 c.c.) added; separation of 
the oxime began immediately. The substance (yield, 25 g.) crystal- 
lised from benzene in colourless microscopic needles, m. p. 120° 
(Found: C, 62-4; H, 5-7; N, 7-4. C,H,,0,N requires C, 62-3; 
H, 5:7; N, 7-3%). It retained benzene tenaciously, and the deter- 
mination of nitrogen was carried out with a specimen giving C, 
63-3; H, 5-6%, and probably containing a trace of the solvent. 

5-Anisylisooxazole (VII).—Claisen (Ber., 1891, 24, 132) has shown 
that the dehydration of the oxime of benzoylacetaldehyde with 
acetyl chloride yields phenylisooxazole, whereas the use of acetic 
anhydride leads to the formation of w-cyanoacetophenone, which is 
also obtained by the action of alkalis on phenylisooxazole. 

Finely powdered anisoylacetaldoxime (10 g.) was added to acetyl 
chloride (10 g.) with cooling ; a vigorous reaction and brisk evolution 
of hydrogen chloride ensued. The excess of the reagent was removed 
by evaporation and the oily residue was mixed with 3% sodium 
hydroxide solution (150 c.c.); the oil then quickly solidified. The 
product crystallised from 80% alcohol (100 c.c.) in almost colour- 
less, flat prisms, m. p. 63° (yield, 7-5 g.) (Found: C, 68-7; H, 5-1; 
N, 8-0. C,9H,O,N requires C, 68-7; H, 5-1; N, 8-0%). On boiling 
for 5 minutes with alcoholic sodium hydroxide, 5-anisylisooxazole 
was transformed into the isomeric w-cyano-p-methoxyacetophenone, 
which crystallised from alcohol in colourless needles, m. p. 131° 
(Found: C, 68-9; H, 5:2; N, 8-1%) in good agreement with the 
statement of Bargellini (Gazzetta, 1911, 41, 748), who prepared the 
compound in another way. 

The methosulphate was obtained by heating a mixture of 
anisylisooxazole (8-9 g.) and pure methyl sulphate (5-3 g.) on the 
steam-bath. Reaction occurred at about 90° and soon afterwards 
the whole crystallised with evolution of heat. The salt was washed 
with acetone and separated on the addition of ether to its alcoholic 
solution in bright yellow crystals, m. p. 142-5° (Found: N, 45; 
S, 10-4. C,,.H,;O,NS requires N, 4:7; 8S, 106%). The golden- 
yellow picrate has m. p. 147-5°. 

a-M ethylimino-$-anisoylpropionitrile (VIII).—Potassium cyanide 
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(5 g.) in waiter (50 c.c.) was very gradually added to a solution of 
anisylisooxazole methosulphate (6-5 g.) in ice-cold water (50 c.c.). 
The precipitate obtained (4-5 g.) consisted of the pure nitrile, m. p. 
109° (not raised by crystallisation); it separated from alcohol in 
pale yellow needles or well-shaped prisms (Found : C, 66-6; H, 5-6; 
N, 13-0. C,,H,,0,N, requires C, 66-8; H, 5-6; N, 130%). The 
solution in sulphuric acid had a dark purple colour. Experiments on 
the condensation of this substance with antiarol had no definite 
outcome. 

Anisoylpyruvamide (V).—Anisoylpyruvic acid could not be directly 
converted into its amide either by way of the chloride or through 
the'ester by means of ammonia. Nor could the amide be obtained 
by the condensation of ethyl oxamate and p-methoxyacetophenone. 

Methyliminoanisoylpropionitrile (23 g.) was powdered and agit- 
ated with N-hydrochloric acid (500 c.c.) for 36 hours, and the 
product isolated (19 g.): The amide was sparingly soluble in hot 
ethyl alcohol and crystallised from isoamyl alcohol in colourless 
microscopic needles, decomp. 192° (Found : C, 59-8; H, 5:2; N, 6-0. 
C,,H,,0,N requires C, 59-7; H, 5-0; N, 63%). The solution in 
sulphuric acid was reddish-brown. The substance, when boiled 
with concentrated hydrochloric acid, was hydrolysed to anisoyl- 
pyruvic acid. 

The acid mother-liquor from the preparation described above 
contained 10% ,more than the theoretical amount of volatile bases, 
so it might be advantageous to interrupt the process at an earlier 
stage. There was also a considerable loss on crystallisation of the 
crude product. 

4-Carbamyl-5 : 6:7: 4'-tetramethoxyflavylium Chloride (1X).— 
Owing to the very great ease with which the amide group in this 
salt..is hydrolysed, we have not obtained a pure specimen of the 
substance, but a product which must consist of it to a large extent 
was prepared in the following manner. 

Hydrogen chloride was led into a solution of antiarol (7-0 g.) and 
anisoylpyruvamide (8-0 g.) in purified acetic acid at 70° for 14 hours ; 
ammonium chloride separated. The mixture was cooled and kept 
saturated with hydrogen chloride for 24 hours, then diluted with 
ether and kept in the ice-chest for 4 hours. The product was washed 
with ether and dried at 100° in a vacuum, giving a dark brownish- 
red mass with a green reflex (9:5 g.). Attempts to isolate the 
picrate of the amide gave only the already described tetramethoxy- 
earboxyflavylium picrate, which crystallised from acetic acid in an 
anhydrous condition (Found : C, 52-1; H,3-9; N,7-1. C.,H,,0,,N; 
requires C, 52:1; H, 3-5; N, 70%). The identity of this picrate 
with the substance previously obtained was proved by a comparison 
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of colour reactions and decomposition. points, and the related 
chloride was prepared and found to be free:from nitrogen. 
4-Amino-5 : 6:7 : 4'-tetramethoxyflavylium. Picrate (X).—The 
crude chloride (9-5 g.) obtained as described in the last section was 
dissolved in methyl alcohol (75 g.) and cooled to 0°, a cooled solution 
of potassium hypochlorite (33 c.c. from 1-77 g. of chlorine, 4-82 g. 
of potassium hydroxide, and water) added, and the mixture heated 
on the steam-bath for 4 hour. Acetic acid (50 ¢.c.) and a solution 
of picric acid (12 g.) in acetic acid (100 c.c.) were successively intro- 
duced; a yellow picrate crystallised on cooling, and this was col- 
lected and washed with acetic acid and ether (yield, 4-8 g. in this 
experiment, but much less when more alkali was employed). The 
salt crystallised from acetic acid in flat golden-yellow prisms (3-0 g.), 
very’ sparingly soluble in all solvents and decomposing at 281° 
(Found: C, 52-6; H, 4-0; N, 9-7. C,;H,.0,.N, requires C, 52-6; 
H, 4:1; N, 9-8%). The corresponding chloride was obtained in 
pale pink needles by passing hydrogen chloride into a suspension 
of the picrate in acetic acid and adding ether. The base obtained 
on treatment with aqueous sodium hydroxide was a sticky, very 
pale yellow precipitate. 
5:6:7:4'-Tetramethoxyflavone (Scutellarein Tetramethyl Ether) 
(XIT).—4-Amino-5 : 6 : 7 : 4’-tetramethoxyflavylium chloride (0-7 g.) 
was refluxed with 10% sodium hydroxide solution (7 c.c.) for 45 
minutes, ammonia being evolved and the substance becoming a dark 
brown oil. When this was washed with very dilute hydrochloric 
acid, it became solid and bright yellow; the substance crystallised 
from alcohol (charcoal) in thick colourless prisms (S), m. p. 161° 
(Found : C, 66-9; H, 5-6. Cale. for C,,H,,0,: C, 66-6; H, 5-3%). 
The crude scutellarein kindly supplied by Professor Spaith was 
methylated by means of an excess of methyl sulphate. and 15% 
sodium hydroxide solution in presence of acetone; the impurities 
formed as a result of oxidation were insoluble in ether, and, when 
the washed and dried extract was concentrated to a small bulk, 
scutellarein tetramethyl ether crystallised in colourless prisms. 
After one crystallisation from alcohol, the specimen (N) had m. p. 
161°, undepressed by admixture with an equal amount of (S). 
The two specimens had identical properties and gave indistin- 
guishable yellow to orange solutions in mineral acids. of various 
concentrations. Very characteristic is the fact that the ether is 
partly extracted from ethereal solution even by 2%, hydrochloric 
acid, and that it dissolves in hot 10% hydrochloric acid to a yellow 
solution, from which the hydrochloride separates as a mass of woolly 
yellow needles on cooling. On addition of mercuric chloride to 
the hot solution of the hydrochloride, there is an immediate pre- 
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cipitation of the very sparingly soluble, pale yellow mercurichloride. 
The microscopic appearance of the crystals of (S) and (N) and of 
their hydrochlorides was the same, and the solubility properties 
also were compared. 

The methoxyl content of O-tetramethylscutellarein should be 
36-25%, but a Zeisel—Pregl estimation gave MeO, 34-22%, and even 
a Herzig—Meyer—Pregl estimation gave only MeO, 34-7%. Appar- 
ently, a fraction of the methyl attached to oxygen is transferred to 
carbon in the course of the demethylation process. 


The authors wish to thank the Swiss Commission of the Ramsay 
Memorial Fellowships Trust for grants which have enabled one of 
them to take part in the investigation. 
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CX.—Strychnine and Brucine. Part X. The Degrad- 
ation of Dinitrostrycholcarboxylic Acid : its Recogni- 
tion as a Derivative of Quinoline and the Con- 
sequent Modifications of the Constitutional Formule 
for the Strychnos Bases proposed in Part VII. 


By KorriazatH NARAYANA MENON, (the late) WitLIAM HENRY 
PERKIN, jun., and RoBERT RosBinson. 


UNEXPECTEDLY, the esterification of dinitrostrycholcarboxylic 
acid (Tafel, Annalen, 1898, 301, 336; compare Part IX, this vol., 
p. 382) with ethyl alcohol and a mineral acid catalyst affected two 
hydroxyl groups and afforded ethyl dinitro-O-ethylstrycholcarboxylate, 
C,NH,(NO,).(OH)(OEt)-CO,Et (I). This ester reacted with 
hydrazine in the normal manner, yielding the hydrazide, 
CyNH,(NO,).(OH)(OEt)-CO-NH-NH, (II), and the further stages 
of the Curtius reactions also gave good results, the wrethane, 
O,NH,(NO,),.(OH)(OEt)-NH-CO,Et (III), being the final product. 

It will be recalled that dinitrostrycholcarboxylic acid cannot be 
degraded by boiling with nitric acid; this urethane, however, in 
which -NH-CO,Et replaces -CO,H, is readily attacked by the reagent 
and yields picric acid. 

This result is inconsistent with the suggestion that strychol is a 
dihydroxyisoquinoline, because derivatives of this series would 
undoubtedly yield trinitro-m-hydroxybenzoic acid and not picric 
acid. 

We have examined the behaviour of m-hydroxybenzaldehyde 
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and m-hydroxybenzoic acid with boiling nitric acid, and no trace of 
picric acid could be detected by the sensitive potassium salt method 
of isolation. 

Further, if strychol is thus to be recognised as a dihydroxy- 
quinoline, the formation of picric acid proves that both hydroxyl 
groups are in the pyridine nucleus, in view of the fact established in 
Part LX (loc. cit.) that the quinoline nitrogen always furnishes a 
hydroxyl group in the oxidation—nitration process. 

Furthermore, Mr. J. Resuggan, to whom we are greatly indebted 
for undertaking the preparation of large quantities of dinitrostry- 
cholearboxylic acid, has isolated a by-product of the oxidation of 
strychnine with nitric acid. This we have identified as 3 : 5-dinitro- 
benzoic acid, and its formation is evidently due to elimination of 
an amino-group in accordance with the scheme : 


NO NO NO 0,H 
Os awe Xr, Cy : 
0, No, No, 


An analogous reaction is that involved in the production of 
nitroanisic acid from harmaline by oxidation with nitric acid (O. 
Fischer and Boesler, Ber., 1912, 45, 1934) : 


O 0.H 
m=O: ma Om a Oi ; 


Confirmation was obtained in the transformation of the urethane 
(III) into 5: 7-dinitroisatin (IV), which was accomplished by 
hydrolysis with sulphuric acid and subsequent oxidation by per- 
manganate in acid solution. This dinitroisatin does not appear to 
have been previously prepared and has been obtained in good yield 
by the nitration of isatin in sulphuric acid solution. 

In Part IX, it was clearly proved that. strychol is not 2 : 4-di- 
hydroxyquinoline, and therefore dinitrostrycholearboxylic acid 
must be represented by one of the formule V and VI (or a pyridone 
tautomeride). Either of these structures serves to accommodate 


CO,H OH 
NO co NO, OH NO OH. 
CO e fon O,H 
NO, NH NO, N NO, N 
(IV.) (V.) (VI.) 


the fact established by Tafel that dinitrostrychol behaves as a 
monobasic acid towards potash but as a dibasic acid towards baryta. 
Having found that dinitrostrycholcarboxylic acid yielded a diethyl 
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ester, we were led to attempt the direct esterification of dinitro- 
strychol, and, using methyl alcohol, we obtained with greater ease 
than formerly the known dinitrostrychol monomethyl ether, 
C,NH,(NO,),(OH)*OMe. This substance reacts with hydrazine in 
boiling methyl-alcoholic solution with formation of dinitrohydr- 
azinodeoxystrychol, C,NH,(NO,).(OH)-NH-NH, (VII), a base which 
forms very sparingly soluble salts and a sparingly soluble, pale 
yellow isopropylidene derivative, C,NH,(NO,),(OH)-N,H:CMe,. 
Unfortunately, the oxidation of this hydrazine with ferric chloride 
regenerates dinitrostrychol: other conditions, however, are in 
course of investigation. We are of the opinion that the acidic 
hydroxy] of dinitrostrychol is that in position 3, but we have not yet 
been able to get decisive experimental evidence on the point. 
Synthetical work in the 2 : 3- and 3 : 4-dihydroxyquinoline groups 
is in progress. 

Irrespective of the outcome of these further researches, certain 
conclusions in regard to the constitutions of strychnine and brucine 
now appear to be fully justified. 

The isoquinoline structure (Fawcett, Perkin, and Robinson, Part 
VII, J., 1928, 3082) was advanced mainly in order to illustrate a 
mode of symbolisation of the reactions of strychnine which had been 
developed since 1912; especially, it was desired to emphasise the 
ether nature of the bases, the possession of one ethylenic double 
bond, and a theory (loc. cit., p. 3086) of the course of the degradations 
to strychninolone and curbine brought to light by Leuchs and his 
collaborators (for references, see Part VII, loc. cit., p. 3085). It is 
unfortunate that these ideas, which we consider to be fundamentally 
sound, were linked with a view of the nature of dinitrostrychol- 
carboxylic acid, the inherent improbability of which was almost 
immediately disclosed by the investigations of Leuchs and of Wie- 
land on the products obtained by breaking down the aromatic 
nucleus of the alkaloids. 

The new conception which we now bring into the discussion is 
that the hydroxyl in position 3 in the quinoline ring of dinitro- 
strycholearboxylic acid marks the position of the b-N of strychnine ; 
it appears to us that this hypothesis is the only one that can explain 
the appearance of the hydroxy] in this position. 

In this connexion, we have prepared 6 : 8-dinitrohydrocarbostyril , 
and have not yet succeeded in attempts to oxidise this substance in 
position 3 either by means of nitric acid or in other ways. 

Embodying, now, the views advanced in Part VII, apart from 
those connected with dinitrostrycholearboxylic acid, we find that 
strychnine must be represented by the expression (VIII). 

All the many possibilities based on (VIII) must have a bridged 
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ring, shown in one plausible example (IX); the conceivable vari- 
ations are obvious. 





C,H, (20, 21) 
LTT, 
10CH CHis CH, CH CH, 
4 o4 
CO; 2 Ne "\ ga? 7 Gi 
23 : Cis 
> CH ae us 
15 
. a \ 
(VIIL.) pe 


The new structure (VIII) has many advantages over earlier 
suggestions, and can be justified experimentally in every detail; 
the main points are the following :— 

(1) The quinoline skeleton with b-N at 17, as already explained, 
gives naturally dinitrostrycholcarboxylic acid (V or VI). 

(2) The N-CO group cannot be at 1, 2, because it must be ex- 
panded to —N-CO-CH,- in view of the formation of benzylidene- 
strychnine (Part VIII, J., 1929, 967). 

(3) The properties of strychnidine and most clearly of the dihydro- 
strychnidines (A) and (B) prove that the second oxygen atom of 
the bases has ether function. The attachment of the ether oxygen 
atom at 11 has already been discussed (Part VIII, loc. cit.). 

(4) The new formula allows the permanganate oxidation of 
strychnine (Leuchs) to proceed entirely in one section of the mole- 
cule: the -N-CH,-C:CH-CH,O- becomes :N-CO-C(OH)-CO-CH,-0-, 
and this, being an amide of a @-ketonic acid, can yield 

-N-CO- *CH(OH) CO,H-CH,°O- 
by hydrolysis. The position chosen for b-N thus gives an excellent 
explanation of the formation of dihydrostrychninonic acid (and of 
dihydrobrucinonic acid), which is a difficulty for other formulations. 
Further oxidation gives strychninonic acid, ‘N-CO-CO CO,H-CH,-O-. 

(5) Leuchs has recently examined many strychnine (brucine) 
derivatives in which nucleus (a) has been broken down; almost 
all of these substances absorb two oxygen atoms on oxidation with 
bromine and water, a third oxygen atom being taken up on treat- 
ment of the product with mercuric oxide. These changes are 
clearly represented by the scheme : 


:;C—CH- —> ‘CO CHO- —> :CO CO,H- 


The double bond at 13, 14 is affected in every case. This gives 
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important support to the view that strychnine contains the group 
figured at 13, 14 and, indirectly, to our theory of the course of the 
permanganate oxidation. 

(6) The hydrogen atom at C,, is requisite for the transference of 
the double bond in the strychninolone series from 11—10 to 11—12. 

(7) Some considerations respecting the reduced strychnine 
derivatives will be discussed in a later communication. 

For the above and other reasons, we consider that the structure 
(VIII) is almost certainly correct; it can with some show of prob- 
ability be concluded that C, bears a hydrogen atom and that Cy» is 
attached to C,; analogy with quinine then allows us provisionally 
to adopt (IX) as a working hypothesis. 

The attachment of a hydrogen atom to C, seems to be required in 
order to explain the nature and formation of a base C,,H,,0,N,Br, 
which H. Leuchs, Mildbrand, and R. Leuchs (Ber., 1922, 55, 2703) 
obtained along with Hanssen’s acid, C,,H,,O,N,, by treating 
cacotheline (nitrate of nitrobruciquinone hydrate) with bromine 
(Hanssen, Ber., 1887, 20, 452; Ciusa and Scagliarini, Roy. Accad. 
Lincei, 1910, 19, 504). On treatment with baryta, the bromo- 
compound yields a base, C,,H,,0;N, (Leuchs, Ber., 1929, 62, 
1929), which can be oxidised by means of chromic acid, yielding 
Wieland’s acid, C,,H,,0,N,, also obtainable by the direct oxidation 
of brucine (Wieland and Miinster, Annalen, 1929, 469, 216) or mono- 
amino- or diamino-strychnine (Leuchs and Kréhnke, Ber., 1929, 62, 
2176) or strychnine (Cortese, Annalen, 1929, 476, 280) by means of 
chromic acid. 

Wieland’s acid appears to be a dibasic keto-acid in which the 
amide group is hydrolysed, and the following partial formule will 
serve best to illustrate the manner in which we envisage these 
complex relationships: Brucine (X) (compare Part III, J., 1925, 
127, 1158), cacotheline (XI), Hanssen’s acid (XII), C,,H,0,N,Br, 
(XIII), C,,H,.0;N, (XIV), Wieland’s acid, C,,H,,0,N, (XV), 
C,,H»0,N, by the action of bromine on XV (XVI) (Leuchs and 
Hoffmann, Ber., 1929, 62, 2307), C,,H0,N. by the action of 
mercuric oxide on XVI (XVII) (Leuchs and Hoffmann, Ber., 1930, 
63, 440). 

Even the substance (XIV), which is considered to contain an 
aldehyde group immobilised by internal condensation with an 
*NH-CO- group, can be oxidised at the double bond in the usual way, 
yielding successively C,,H,.0,N, and C,,H,,0,N, (Leuchs, Ber., 
1929, 62, 1935). 

The compound C,,H,,0,N, (XVII) can also be obtained from 
Hanssen’s acid (XII), for example, by conversion by means of 
bromine into C,,H,,0,N,, then by mercuric oxide into C,gH,,.0,N, 
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and finally by permanganate into C,,Hj»0,N, and oxalic acid; or 
Ci9H,,0,N, can be directly oxidised by permanganate (Leuchs, 
Ber., 1925, 58, 1730; Leuchs, Bender, and Wegener, Ber., 1928, 61, 


CH 
Me i N¢ CH 


Me( ‘ 
e ¥ N Je: CH, 
O 
CO—CH,° 
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vy ej 
CH CH ~ 
ri SP ia C 
COHY & = 
CO,H C: CH, 
yt O 
NH 
CO-CH,: 
(XII.) 
; ec € 
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N 
CO-CH,» 
(XIV.) 
¢ iy 
CH CO 
f o™ 
do ©: CHO 
CO,HC: He 
Wi, O 
NH 
CO-CH,» 
(XVI.) 


CH CH 


2353; Leuchs and Hoffmann, Ber., 1929, 62, 1253; 1930, 63, 440). 
The interpretation of these changes along the lines already laid down 
offers no difficulties. Another important series of substances is 








836 MENON, PERKIN, AND ROBINSON : 


obtained by reducing Hanssen’s acid (XII) to C,,H,,0,N, (XVIII) 
by means of sodium amalgam (Leuchs, Ber., 1929, 62, 1929). 


ee see eee ee 
‘ 


eS ¢ tO x 
CH, CH a CH, (CH % 


\ C Pe ee 
(6,8 cht C: sa CO,H CH °C: a 
CO,H G: ls COgH C: OHs 
| é 
CO-CH,: CO-CH,: 
(XVITT.) (XIX.) 


Permanganate changes the reduced Hanssen’s acid to CygH,,0,N, 
(XIX) (Leuchs and Kriéhnke, Ber., 1929, 62, 2599), and it is very 
interesting that an isomeride has been obtained from (XVIII) by 
using bromine and then either mercuric oxide or permanganate. 
The explanation seems to be that the amide ring opens and closes 
again in a new position; the intermediate is then C,,H,,0,N, (XX) 
and the isomeric C,,H,,0,N, would be (X XI) (Leuchs, Mildbrand, 
and Leuchs, Ber., 1922, 55, 2412; Leuchs and Kréhnke, Ber., 1929, 


62, 2599). 
Ba 0 Se A 
Se. AP ie ; 
On tH t%) GeO (0,H ot ae a 
00,H C CH, co ¢ 5" 
rd ? Ne 
NH, Ni 
CO,H:CH,: CO,H-CH, 
(XX.) (XXI.) 


Again, the Hanssen ©,,-acid, C,,H,,0,N,, which Wieland and 
Miinster (loc. cit.) obtained along with the Wieland acid by the 
oxidation of brucine with chromic acid also takes up two oxygen 
atoms on oxidation with bromine and a third on subsequent 
treatment with mercuric oxide (Leuchs and Hoffmann, Ber., 1930, 
63, 446). 

On the basis of these formule, we are able to predict that the 
substances (XVII), (XIX), (X-XI) and the acid C,,H,,0,N, from the 
Hanssen C,,-acid should contain a -CH,°CO,H fragment detachable 
in the form of glycollic acid or a derivative under the appropriate 
conditions. © 

The above formule require in some cases that the molecule 
should contain more carbonyl groups than have been experimentally 
recognised, but this is not unusual and in our experience strychnidone 
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(Clemo, Perkin, and Robinson, J., 1927, 1589) gave a disemicarb- 
azone, but the analogous brucidone (Gulland, Perkin, and Robin- 
son, ibid., p. 1627) gave only a monosemicarbazone. Similar remarks 
apply to the number of carboxyl groups, but, broadly, the agreement 
between theory and experiment is remarkable. 

Returning to a consideration of (VIII), the attachment of one of 
the carbons of the bridge ring to carbon at position 2 seems reasonable 
in view of the stability of Wieland’s acid (XV) to chromic acid, and 
because there are reasons for attributing blocked hydroaromatic 
character to both ring B and ring D and (2) is the common position. 

It is hoped that experimental evidence bearing on this aspect of 
the problem will shortly be submitted to the Society. 

The provisional formula (IX) contains the whole of the cinchonine 
skeleton of carbon and nitrogen atoms and, of course, two carbon 
atoms more. This is probably going too far in the search for 
analogies, but there is evidently some underlying relation between 
the two alkaloids. 

It must be clearly stated that the formule (XI—XX]I) given above 
are based on relations established by Leuchs in a series of brilliant 
investigations. For example, he has described in words the precise 
connexion between Hanssen’s acid and Wieland’s acid which is 
illustrated in our formule. It has, however, never been previously 
suggested that the whole series can be correlated by means of 
definite constitutional formulze, and, having developed expressions 
for the alkaloids, it was necessary for us to show that such correlation 
is feasible. 


ExPERIMENTAL. 


Ethyl Dinitro-O-ethylstrycholcarboxylate (1).—Dinitrostrycholcarb- 
oxylic acid was refluxed for 7 hours with a large excess of 5% 
alcoholic sulphuric acid, and the product collected after the addition 
of water. It was washed with aqueous sodium carbonate and then 
with water, and crystallised from alcohol in almost colourless, soft 
needles, m. p. 111—112° (Found: C, 48-0; H, 3-9; EtO, 25-5. 
C,,H,,;0,N, requires C, 47-9; H, 3-7; 2EtO, 25-6%). The ester is 
insoluble in aqueous sodium carbonate; on heating with aqueous 
sodium sulphite, yellow, orange and blood-red solutions are suc- 
cessively obtained. 

.O-Ethyldinitrostrycholcarbohydrazide (I1).—Ethyl O-ethyldinitro- 
strycholearboxylate (1 g.) was dissolved in the minimum quantity 
of boiling alcohol, and 95% hydrazine hydrate (1-6 g:) added; a 
yellow solid separated within a few minutes from the deep red 
solution and, after heating on the steam-bath for 15 minutes, the 
product was collected and thoroughly washed with alcohol (yield, 
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1-0 g.). The hydrazide crystallised from alcohol in pale yellow, 
woolly needles, m. p. 218—219° (decomp.) (Found: C, 43-1; 
H, 3-4; N, 20-5. C,,H,,0,N, requires C, 42-7; H, 3-3; N, 20-8%). 

This derivative is moderately readily soluble in alcohol; addition 
of water to its solution in acetic acid gives a precipitate of the free 
base. The hydrochloride is sparingly soluble in dilute hydrochloric 
acid, but dissolves on heating, and addition of acetone causes a 
rapid separation of the isopropylidene derivative in colourless 
needles. The hydrazide is insoluble in aqueous sodium carbonate. 

Dinitrostrychylurethane (1I11).—O-Ethyldinitrostrycholcarbohydr- 
azide (0-5 g.) was dissolved in acetic acid (60 c.c.), and powdered 
sodium nitrite (0-5 g.) added to the cooled solution; shortly after- 
wards, the whole was poured into water (250 c.c.) and the preci- 
pitated azide was collected and dried in a vacuum. This substance 
melted with decomposition at 110° and dissolved slowly in aqueous 
sodium carbonate, doubtless as the result of hydrolysis. 

The azide was added to excess of alcohol, and the mixture boiled 
until evolution of nitrogen ceased. The product crystallised from 
acetic acid in clusters of yellow needles, m. p. 199—200° (yield, 
2-1 g. of the pure substance from 4 g. of the hydrazide) (Found : 
C, 45-9; H, 3-9; N, 15-7. C,,H,,0,N, requires ©, 45-8; H, 3-8; 
N, 153%). This urethane is sparingly soluble in most organic 
solvents and is insoluble in aqueous sodium carbonate. It is 
unaffected by bromine in boiling acetic acid solution. Dilute 
aqueous sodium hydroxide causes the crystals to become orange 
and, on heating, an orange solution is obtained from which hydro- 
chloric acid precipitates an orange-brown substance. 

Degradation of dinitrostrychylurethane. (A) Nitric acid (40 c.c., 
d 1-42) was heated to about 60° and the urethane (1 g.) added; the 
mixture was then gently heated until a vigorous reaction set in, 
accompanied by evolution of nitrous fumes. When this ceased, 
the solution was boiled and concentrated to a small bulk. The 
picrie acid formed was isolated as its sodium salt, regenerated, and 
identified after crystallisation by its properties and by its m. p. 
and mixed m. p. 122°. 

(B) The urethane (1 g.) was dissolved in concentrated sulphuric 
acid (25 c.c.), and the yellow solution heated over a free flame until 
a rapid evolution of gas occurred and slackened. The yellow colour 
disappeared simultaneously and a dull purplish-brown colour 
replaced it. Water was then added drop by drop to the hot 
solution until the liquid was diluted to 200 c.c. N/10-Potassium 
permanganate was rapidly added to the hot solution until an excess 
appeared, and then a further volume (100 c.c.) was added and the 
mixture heated until the oxidising agent was reduced. The solution 
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was filtered from an insoluble orange-brown substance, cooled, and 
thoroughly extracted with ether. 

The extract was dried with sodium sulphate and the solvent 
removed, leaving a yellow residue which crystallised from pure 
benzene and then from acetic acid in bright yellow plates, m. p. 
209—210°, and at the same temperature when mixed with 5 : 7- 
dinitroisatin prepared by the method described below. The 
characteristic properties of the dinitroisatin were all exhibited by 
this specimen. 

By means of the sodium sulphite and indophenine colour reactions, 
the formation of dinitroisatin from dinitrostrychol derivatives by 
many different methods was indicated. For example, it is produced 
by the direct oxidation of dinitrostrychol, but the yield in this case 
is very unsatisfactory. 

If the dilute sulphuric acid solution obtained by the hydrolysis of 
the urethane is neutralised with ammonia, an orange base is preci- 
pitated, and this can be redissolved in dilute hydrochloric acid to a 
yellow solution. Addition of nitrite slightly intensifies the colour, 
and the diazonium salt produced couples with 6-naphthol to give a 
crimson azo-compound. It is very remarkable that this base can 
itself be coupled with diazo-salts to give quite intensely coloured 
substances, the nature of which is obscure. For example, p-nitro- 
benzenediazonium acetate yields a brick-red substance which be- 
haves like an azo-compound. The anomaly arises from the circum- 
stance that, according to our views, there is no free position in the 
nucleus containing the amino-group. Addition of a little nitrite to 
a weakly acid solution of the amine produces a violet, precipitate 
which is due to the diazotisation of a part of the base and coupling 
with the remainder; this can be proved by separating the reactions. 
Oxidation of acid solutions of the amine from the urethane by ferric 
chloride and other mild reagents gives quantitatively a reddish- 
brown, sparingly soluble substance, apparently of indigoid or indi- 
rubinoid nature. 

5 : 7-Dinitroisatin (IV).—A solution of isatin (5 g.) in sulphuric 
acid (50 c.c.) was cooled to 0°, and potassium nitrate (10 g., yield 
poor; 25 g., yield 56%; 50 g., yield almost quantitative) added in 
small portions so that the temperature did not rise above 15°. The 
mixture was then heated at 50—55°, until a sample diluted with 
water gave no precipitate (about 3 hours), cooled, and poured on ice. 
The solution was extracted five times with ether (200 ¢.c. on each 
occasion), the combined extracts were washed free of mineral acid 
by means of aqueous sodium bicarbonate and dried by means of 
magnesium sulphate, and the ether was distilled, leaving a yellow 
solid residue, This substance is sparingly soluble in benzene and 
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crystallises therefrom in yellow prisms, or from acetic acid in bright 
canary-yellow, microscopic plates, m. p. 209—210° (Found: C, 
40:7; H, 1-4; N, 17-7. C,H,0,N, requires C, 40-5; H, 1-3; N, 
17-7%). This isatin derivative exhibits a very strong indophenine 
reaction and, when treated with aqueous sodium sulphite, it develops 
a characteristic, stable, bluish-red coloration. 

It dissolved in aqueous sodium carbonate to an orange solution, 
the colour of which quickly faded and a colourless crystalline sodium 
salt separated. On boiling with aqueous sodium hydroxide, 
ammonia was evolved and the solution doubtless then contained a 
dinitrohydroxyphenylglyoxylate. Dinitroisatin (0-5 g.) was boiled 
with nitric acid (25 c.c., d 1-42), and the liquid concentrated to a 
small bulk : picric acid, m. p. 122°, undepressed by admixture with 
an authentic specimen, was isolated from the product. 

6 : 8-Dinitrohydrocarbostyril, (NO,),C,H, ay 
of o-nitrobenzaldehyde (10 g.), malonic acid (15 g.), pyridine (100 
c.c.), and piperidine (2 c.c.) was heated on the steam-bath for 30 
minutes and then boiled for 30 minutes. On the addition of water 
and hydrochloric acid, pure o-nitrocinnamic acid was precipitated in 
almost theoretical yield. 

The process of Friedlander and Weinberg (Ber., 1882, 15, 1423) 
for the preparation of hydrocarbostyril from ethyl o-nitrocinnamate 
works equally well with the acid, and hydrocarbostyril is readily 
accessible in this way. 

The nitration (of 1 mol.) was accomplished by adding sodium 
nitrate (5 mols.) to a solution in sulphuric acid, and completing the 
reaction by heating on the steam-bath. The substance crystallised 
from acetic acid in stout colourless needles, m. p. 175° (Found : 
C, 45-7; H, 3-1; N, 17-6. Cale. for C,H,0O,N,: C, 45-6; H, 2-9; 
N, 17-7%). 

The dinitrohydrocarbostyril, m. p. 177°, obtained by van Dorp 
(Rec. trav. chim., 1904, 23, 304) by the action of boiling dilute 
hydrochloric acid on a §-(dinitroaminophenyl)propionic acid is 
doubtless identical with our compound; van Dorp records that the 
m. p. was about 165°, raised to 177° by many recrystallisations. 

Aqueous sodium carbonate does not dissolve this substance, but 
the solution in aqueous sodium hydroxide is yellow and, on boiling, 
ammonia is evolved; the orange-yellow solution must then contain 
dinitrohydroxyphenylpropionic acid. 

Boiling with nitric acid did not change this very stable sub- 
stance, and it was also unaffected by bromine in hot acetic acid 
solution. The demeanour of dinitrohydrocarbostyril towards alkalis 
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suggests that the acidic hydroxyl of dinitrostrychol is that in the 
6-position. 

O-Methyldinitrosirychol—_This monomethyl ether has _ been 
obtained by the variation of Tafel’s procedure (Annalen, 1898, 301, 


345) described in Part IX (loc. cit.), and also in good yield by methyl- 


ation with methyl sulphate and potassium hydroxide in methyl- 
alcoholic solution, but the most convenient method is by direct 
esterification with boiling 8°/, methyl-alcoholic sulphuric acid, the 
yield being quantitative. The derivative crystallised from the hot 
solution, and, after recrystallisation from xylene, had m. p. 195—196°. 

Attempts to prepare a dimethyldinitrostrychol have been fruitless. 

Dinitrohydrazinodeoxystrychol (V1I).—Hydrazine hydrate (20 
c.c. of 95%) was added to a suspension of O-methyldinitrostrychol 
(5 g.) in boiling methyl alcohol (250 c.c.). The methyl ether rapidly 
passed into the orange solution, but, before this process was com- 
pleted, a new substance separated in voluminous yellow needles. 
The mixture was boiled for 10 minutes and filtered hot; the yellow 
crystalline residue (2-9 g.) had m. p. 202—204° (decomp.) (Found 
in material dried at 120° in a vacuum over phosphoric oxide : 
C, 41-1; H, 2-7; N, 21-3; MeO, 9-5%). This substance is a base 
exhibiting the reactions of a hydrazine, but the analyses, which 
have been confirmed, do not fit a simple formula. 

The filtrate deposited a sandy, orange, crystalline powder (2:3 g.) 
which could be recrystallised by solution in warm acetic acid and 
addition of water; the pale yellow needles had m. p. 253° (decomp.) 
(Found in air-dried material from two different preparations : 
C, 38-5, 38-4; H, 3-1, 3-1; N, 25-0, 25-1; MeO, trace. C,H,O;N;,H,O 
requires C, 38-2; H, 3-2; N, 24-7%). This hydrazine is very spar- 
ingly soluble in most organic solvents; when covered with acetic 
acid, it gives a colourless acetate which dissolves on heating. The 
hydrochloride crystallises in colourless needles, and the sulphate, 
which is very sparingly soluble in dilute sulphuric acid, crystallises 
in pearly leaflets. Solution in 2% hydrochloric acid occurred 
readily on gentle heating, and, on the addition of ferric chloride, a 
clear solution was obtained which soon clouded with evolution of 
nitrogen on boiling. The precipitate was collected, crystallised from 
acetic acid, and identified with dinitrostrychol by its properties 
and m. p. (284°), undepressed by admixture with a specimen pre- 
pared from dinitrostrycholearboxylic acid. Similarly, dinitro- 
strychol was obtained by addition of N/10-potassium permanganate 
to a solution in 2% hydrochloric acid, although the amount of the 
reagent consumed was only about 30% in excess of the quantity 
required to supply one oxygen atom to one molecule of the base. 
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These experiments gave rise to the suspicion that the substance is ) jn 
the hydrazine salt of dinitrostrychol, although the behaviour rec 
towards acids was not in harmony with such a view and the pre- 
paration of anhydrous derivatives disproved it. q 
The acetyl derivative separated in flocculent colourless needles nex 
from a hot solution of the base in acetic acid, to which a few drops T 
of acetic anhydride were added. The substance was very sparingly U 
soluble and devoid of basic properties; it had m. p. 311—313° 
(decomp.) (Found in material dried at 100°: C, 42-9; H, 3-2; N, 
22-7. C,,H,O,N, requires C, 43-0; H, 2-9; N, 228%). The ’ 
isopropylidene derivative, C,NH,(NO,)o(OH)-NH-N:CMe,, crystal- | © 
lised from a boiling solution of the base in acetone or when acetone 
was added to a hot solution in dilute hydrochloric acid: recrys- By 
tallised from much acetone, it formed slender, very pale yellow, 
microscopic needles, m. p. 279—281° (decomp.) (Found in material THE 
dried at 100°: C, 47-3; H, 3-5; N, 22-8. ©,,H,,0,;N, requires} #del 
©, 47-2; H, 3-6; N, 230%). This very sparingly soluble derivative close 
is insoluble in boiling dilute hydrochloric acid, but, when suspended Th 
in boiling acetone, it dissolves immediately on the addition of a drop atom 
of concentrated hydrochloric acid. respe 
Isolation of 3:5-Dinitrobenzoic Acid from the Products of the} 5#e 
Oxidation of Strychnine by Means of Nitric Acid.—Strychnine} SP0¢ 
(100 g.) was dissolved in 20% nitric acid (4000 c.c.) and heated on Fu 
the steam-bath for 120 hours, the volume being maintained by third 
addition of 20°% nitric acid as found necessary. The liquid was nucle: 
then concentrated to about 200 c.c., cooled, and kept for 36 hours. 
The solid was collected and washed with nitric acid ; it then afforded, 
after boiling with nitric acid (75 c.c.,d 1-42), about 10 g. of dinitro- 
strycholearboxylic acid of m. p. 295—300°. The filtrate was added 
to water (1500 c.c.); a red gum was then deposited and a yellow 
solid remained in suspension. This was extracted with ether] The; 
the residue obtained from the washed and dried extract was an compo 
orange gum (about 10 g.), which was carefully heated on the steam are co) 
bath with nitric acid (90 c.c., d 1-42) and water (60 c.c.). The p-nitro 
cooled solution deposited some picric acid, the filtrate from which] hydraz; 
was concentrated to half its volume; the glistening plates whicll On 
then separated were recrystallised from alcohol. This producfonly th 
(3—-4 g.) was analysed and, although the results showed it to be deven w 
mixture, a clue to its nature was obtained. A wasteful crystallisa} allowed 
tion from ethyl acetate gave the pure substance in colourless need] suspens 
m. p. 204°, alone or mixed with a specimen of 3 : 5-dinitrobenzoiqand the 
acid. four ato 





Addition of aqueous sodium hydroxide to a solution of this aci 
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is in acetone produces an intense pure blue coloration, which becomes 
ur | reddish-violet on the addition of water. 
~ 

The authors wish to thank Mr. F. Hall for assistance in con- 
es | nexion with the analyses. 
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‘he : : 
al. | CX1.—Intramolecular Rearrangement in the Isomeric 
me T etrachloro-derivatives of p-Tolylhydrazones, 
ys By Freperick DanreL CHATTAWAY and ARTHUR B. ADAMSON. 
ow, P43 3%). J c 
rial | [HE chlorination of the p-tolylhydrazones of m- and p-nitrobenz- 
‘res | #ldehyde at the ordinary temperature yields a series of compounds 
ive } closely resembling the corresponding bromo-compounds. 
ded The least halogenated products that can be isolated contain two 
rop atoms of chlorine, one in the p-tolyl nucleus in an o-position with 
respect to the nitrogen atom and a second in the w-position. The 
the| Same compounds are obtained by careful chlorination of the corre- 
nine} SPOnding hydrazones of 3-chloro-p-tolylhydrazine. 
1on{ further chlorination at the ordinary temperature introduces a 
by third atom of chlorine into the remaining o-position in the p-tolyl 
was} Bucleus : 
urs. NH-N:CHR NH:N:CCIR NH-N:CCIR 
ded, Cl ey Noe 
itro- C) Hae ee — 
dded Me 
Bod CH, CH, CH, 
ther} These compounds have the usual properties of w-halogenated 
8 = compounds. On boiling with sodium acetate and acetic acid they 
eam are converted into the corresponding {-acetyl-hydrazides of m- or 
The p-nitrobenzoic acid, and they are converted into the corresponding 
vhich] hydrazidines by the action of concentrated aqueous ammonia. 
whic 


On brominating m- or p-nitrobenzaldehyde-p-tolylhydrazone, 


oducf only three atoms of bromine can be introduced into the molecule 


be 
ullisa 
edles} 


2nzOl 


s acl 


even when a large excess of halogen is used and the temperature 
allowed to rise (this vol., p. 157). When, however, an acetic acid 
suspension of either of these hydrazones is saturated with chlorine 
and the temperature allowed to rise, the resulting compound contains 
four atoms of chlorine in the molecule : 


C,H,Me-NH-N:CH-C,H,NO, = C,,H,;0.N, —> C,,H,O,N,Cl,. 
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These tetrachloro- compounds are not affected by acetic anhydride | hy 
and indeed can be recovered unchanged after boiling for several! wj 
hours with acetic anhydride and a drop of concentrated sulphuric ' 
acid. They donot react with hot alcoholicammonia. They liberate} 3: 
iodine from a solution of potassium iodide in dilute acetic acid. 
When treated with phenylhydrazine, they do not yield formazyl! Th; 
derivatives but undergo reduction to w-chloro-m- or -p-nitrobenzal-| hoi 
dehyde-3 : 5-dichloro-p-tolylhydrazone: mild reduction with tin and 
cold hydrochloric acid also yields the same compound. 

The fourth atom of chlorine cannot therefore have entered either Br 
the p-tolyl or the nitrobenzaldehyde nucleus. 

On heating with acetic acid slightly diluted with water, they 
undergo a curious, exothermic, intramolecular change, considerable C 
heat being evolved, since the mixture maintains itself at the boiling} g:,;, 
point for several minutes without external heating. phen 

The new compounds thus formed have the same composition| |,» ,, 
and molecular weight as those from which they are produced,| 
but are much less soluble in all solvents and have much higher , ,,. 
melting points. They have also a lighter colour, being pale yellow ,57,. 
whilst the parent substances are deep orange, and are very un-| 910, 
reactive. They do not react with hot alcoholic ammonia or boiling) 477, 
acetic anhydride, nor do they yield w-chloro-m- or -p-nitrobenz- 
aldehyde-3 : 5-dichloro-p-tolylhydrazone when treated with phenyl-| ,5... 
hydrazine or on mild reduction. Vigorous reduction with tin and) ¢,,., 
hydrochloric acid completely breaks down the molecule and yields ;,, ;_,_ 
in each case 3 : 5-dichloro-p-toluidine. Boiling with acetic acid and 
sodium acetate gives white viscid solids which cannot be crystallise soluti 
but on hydrolysis yield m- or p-nitrobenzoic acid. As in the case),.., i 
of the parent substances, therefore, the fourth atom of chlorine i beioen 
the transformation products cannot be substituted in either th 
p-tolyl or the nitrobenzaldehyde nucleus. 

It seems therefore probable that the structure of these isomeride 
may be best represented as w-chloro-m- or -p-nitrobenzaldehyde 











3:5: N-trichloro-p-tolylhydrazone (1) and 3 : 5-dichloro-p-tolueneazo 
m- or -p-nitrophenyldichloromethane (11) : If ¢] 
NCI-N:CCIR N°N-CCI1,R 0-nitro 
Cc l Cif \Cl decom) 
mw OCF CY om ‘ a 
CH, (R = C,H,NO,). CH, ydraz 

Certain facts, however, are difficult to reconcile with this sup 
position. For example, one would expect the compound containing T 


the azo-linkage to have the deeper colour, whereas it is pale yellow w-C 
Also one would expect the CCl, group to be reactive and easilWhlorin 
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ride | hydrolysed, but it is remarkably stable and is not affected by boiling 
eral | with concentrated hydrochloric acid or alcoholic ammonia. 


uric The action of chlorine upon w-bromo-m-nitrobenzaldehyde- 
rate | 3: 5-dibromo-p-tolylhydrazone yields a similar compound, 
cid. C,,H,O,N,CIBr,. 


azyl| This also is converted into an isomeride of higher melting point by 
yzal- | boiling with acetic acid slightly diluted with water : 





and NH—N:CBr NCI—N:CBr NIN—CCIBr 
th Br Br —> Br ‘Br —> Br Br 

hey CH, CH, CH, 

‘able | 


pes Corresponding compounds are not produced under similar con- 
iling ditions by the action of chlorine upon m- and p-nitrobenzaldehyde- 
phenylhydrazone, the highest chlorination product being «-chloro- 
m- or -p-nitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazone. 

| The chlorination of o-nitrobenzaldehyde-p-tolylhydrazone follows 
igher| » normal course. The first product which can be isolated is o- 
sllow chloro-o-nitrobenzaldehyde-3-chloro-p-tolylhydrazone. Saturation with 
| UD chlorine at the ordinary temperature yields «-chloro-o-nitrobenz- 
iling | aldehyde-3 : 5-dichloro-p-tolylhydrazone. 

benz-| These two w-chloro-compounds are rather more stable than the 
enyl- corresponding bromo-compounds and can be recrystallised unchanged 
| and from alcohol. They readily yield the corresponding ketoendoaryl- 
yields iminodihydrobenzisodiazole oxides, which are violently explosive, 
1 alc when a little concentrated aqueous ammonia is added to their 
llised solution in benzene. On mild reduction, these explosive compounds 
> CASE lose one atom of oxygen and are converted into the corresponding 
Ine 11 ketoendoaryliminodihydrobenzisodiazoles : 
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If the temperature is allowed to rise during the chlorination of 
o-nitrobenzaldehyde-p-tolylhydrazone, the hydrazone is rapidly 
dlecomposed and consequently a higher chlorination product such 
ak.) " is formed in the case of m- and p-nitrobenzaldehyde-p-tolyl- 
hydrazone cannot be obtained. 


EXPERIMENTAL. 
u 
anna The Chlorination of m-Nitrobenzaldehyde-p-tolylhydrazone. 
yellow, « - Chloro-m -nitrobenzaldehyde - 3 : 5 - dichloro-p-tolylhydrazone.— 
easilWhlorine was slowly passed into a suspension of 5 g. of m-nitro- 
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benzaldehyde-p-tolylhydrazone in 50 c.c. of acetic acid. ‘The 
hydrazone dissolved and almost immediately w-chloro-m-nitro- 
benzaldehyde-3 : 5-dichloro-p-tolylhydrazone began to separate as a 
bright yellow solid. When the mixture had become almost solid, 
chlorination was stopped and the solid collected. It crystallised 
from acetic acid, in which it was moderately easily soluble, in bright 
yellow, elongated plates, m. p. 137° (Found : Cl, 29-6. C,,H,)90,N,Cl, 
requires Cl, 29-7%). 

m-Nitrobenz-$-acetyl-3 : 5-dichloro-p-tolylhydrazide, 

C,H,Cl,Me-NAc-NH:-CO-C,H,-NO,. 

—2 G. of a«-chloro-m-nitrobenzaldehyde-3 : 5-dichloro-p-tolyl- 
hydrazone, 2 g. of anhydrous sodium acetate, and 40 c.c. of acetic 
acid were boiled under reflux for 2 hours. The resulting solution was 
poured into 100 c.c. of cold water. The hydrazide, which separated 
as a white solid, crystallised from alcohol, in which it was moderately 
easily soluble, in small prisms, m. p 173° (Found: Cl, 18-5. 
C,gH,,0,N,Cl, requires Cl, 18-6%). 

A lower chlorination product of m-nitrobenzaldehyde-p-tolyl- 
hydrazone could not be isolated in a pure state. 

«-Chloro-m-nitrobenzaldehyde-3 : 5 : N-trichloro-p-tolylhydrazone (1). 
—A suspension of 5 g. of m-nitrobenzaldehyde-p-tolylhydrazone in 
50 c.c. of acetic acid was saturated with chlorine, the temperature 
being allowed to rise to about 60°. The bright yellow «-chloro- 
m-nitrobenzaldehyde-3 : 5-dichloro-p-tolylhydrazone first separated, 
but this slowly redissolved, forming an orange solution. From this, 
on standing for 12 hours at the ordinary temperature, w-chloro-m- 
nitrobenzaldehyde-3 : 5 : N-trichloro-p-tolylhydrazone slowly separated. 
After being washed with a very little acetic acid, this crystallised 
from alcohol, in which it was easily soluble, in orange four-sided 
prisms, m. p. 95° (Found: C, 43-1; H, 2:3; N, 10-7; Cl, 36-3; 
M, cryoscopic in benzene, 375. C,,H,O,N,Cl, requires C, 42-8; 
H, 2-3; N, 10-7; Cl, 36-1%; M, 393). 

Action of Phenylhydrazine on w-Chloro-m-nitrobenzaldehyde- 
3: 5: N-trichloro-p-tolylhydrazone.—2 G. of phenylhydrazine were 
added to a solution of 2 g. of the hydrazone in 20 c.c. of acetic acid 
and warmed until a brisk reaction started. The solution became 
dark brown and on cooling, -chloro-m-nitrobenzaldehyde-3 : 5-di- 
chloro-p-tolylhydrazone separated, m. p. 137° after several crystal- 
lisations from acetic acid. 

Reduction of w-Chloro-m-nitrobenzaldehyde-3 : 5 : N-trichloro-p-tolyl- 
hydrazone.—4 G. of the hydrazone were dissolved in 30 c.c. of acetic 
acid, 15 c.c. of hydrochloric acid and 3 g. of granulated tin were 
added, and the mixture was warmed gently for a few minutes. 
«-Chloro-m-nitrobenzaldehyde-3 : 5-dichloro-p-tolylhydrazone separ- 
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ated as an oil which quickly solidified; m. p. 137° after crystal- 
lisation from acetic acid. 

Intramolecular Rearrangement of w-Chloro-m-nitrobenzaldehyde- 
3: 5: N-trichloro-p-tolylhydrazone (1) into 3: 5-Dichloro-p-toluene- 
azo-m-nitrophenyldichloromethane (11).—5 G. of the hydrazone were 
dissolved in 100 c.c. of hot acetic acid, 5 c.c. of water added, and the 
solution raised to the boiling point, A brisk reaction took place, 
the mixture continued boiling for several minutes without external 
heating, and 3 : 5-dichloro-p-tolueneazo-m-nitrophenyldichloromethane 
separated as a pale yellow solid. The mixture was heated until 
there was no further separation of solid. After cooling, the product 
was collected and washed with alcohol, in which it was practically 
insoluble ; it crystallised from acetic acid, in which it was moderately 
easily soluble, in pale yellow needles, m. p. 165° (Found: C, 43-0; 
H, 2-4; N, 10-6; Cl, 35-9; M, ebullioscopic in benzene, 388. 
C,4H,O,N,Cl, requires C, 42-8; H, 2-3; N, 10-7; Cl, 361%; M, 
393). 

Reduction of 3: 5-Dichloro-p-tolueneazo-m-nitrophenyldichloro- 
methane.—To 5 g. of the dichloromethane, suspended in a mixture 
of 50 c.c. of acetic acid and 50 c.c. of hydrochloric acid, 5 g. of granul- 
ated tin were added and the mixture was heated until a clear, 
almost colourless solution was formed. This was cooled, made 
alkaline with caustic soda, and steam-distilled. 3 : 5-Dichloro- 
p-toluidine separated in the distillate as a white solid and was - 
identified by means of its acetyl derivative, which crystallised from 
alcohol in colourless prisms, m. p. 207°, identical with a specimen 
prepared by the chlorination of aceto-p-toluidide. 

Reaction of 3: 5-Dichloro-p-tolweneazo-m- nitrophenyldichloro- 
methane with Sodium Acetate and Acetic Acid.—A mixture of 3 g. 
of the dichloromethane, 3 g. of anhydrous sodium acetate, and 
60 c.c. of acetic acid was boiled under reflux for 2 hours. The clear 
solution obtained was cooled and poured into 200 c.c. of cold water ; 
a colourless semi-solid mass then separated which could not be made 
to crystallise. It was therefore boiled under reflux with a mixture 
of 25 c.c. of alcohol and 25 c.c. of hydrochloric acid for 2 hours; 
the solution obtained was cooled and made alkaline, and the alcohol 
distilled off. After filtration from tarry matter, the colourless liquid 
was acidified with hydrochloric acid; ether then extracted m- 
nitrobenzoic acid, m. p. 140° after crystallisation from water. 


The Chlorination of p-N itrobenzaldehyde-p-tolylhydrazone. 
«-Chloro-p-nitrobenzaldehyde-3-chloro-p-tolylhydrazone.— A very 
slow stream of chlorine was passed into a solution of 2 g. of p-nitro- 
benzaldehyde-p-tolylhydrazone in 150 c.c. of acetic acid, cooled in 
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running water. In a few minutes w-chloro-p-nitrobenzaldehyde- 
3-chloro-p-tolylhydrazone separated as an orange flocculent solid. 
Chlorination was then stopped. The product, after being washed 
with water, crystallised from acetic acid, in which it was moderately 
easily soluble, as a felted mass of slender, bright orange prisms, m. p. 
163° (Found : Cl, 21-9. C,,H,,0O,N,Cl, requires Cl, 21-9%). 
3-Chloro-p-tolyl-p-nitrobenzenylhydrazidine, 
C,H,MeCl-NH-N-C(NH,)°C,H,NO,, 
which separated when a suspension of 2 g. of «-chloro-p-nitrobenz- 
aldehyde-3-chloro-p-tolylhydrazone in 20 c.c. of alcohol was heated 
with 2 c.c. of concentrated aqueous ammonia, until a clear dark 
purple solution was formed, and then cooled, crystallised from alcohol, 
in which it was moderately easily soluble, in deep purple prisms, 
m. p. 162° (Found: Cl, 11-8. C,,H,,;0,N,Cl requires Cl, 11-7%). 
p-Nitrobenz-f-acetyl-3-chloro-p-tolylhydrazide, 
C,H,MeCl-NAc-NH-CO-C,H,’NO,, 
separated as a white solid when the solution obtained by boiling 
2 g. of w-chloro-p-nitrobenzaldehyde-3-chloro-p-tolylhydrazone, 
2 g. of anhydrous sodium acetate, and 40 c.c. of acetic acid under 
reflux for 2 hours was poured into 100 c.c. of cold water. It crys- 
tallised from alcohol, in which it was moderately easily soluble, in 
small colourless prisms, m. p. 164° (Found : Cl, 10-2. C,,H,,0,N,Cl 
requires Cl, 10-2%). 

«-Chloro-p-nitrobenzaldehyde-3 : 5-dichloro-p-tolylhydrazone.— This 
was obtained, in the same way as the m-nitro-compound, from 4 g. 
of p-nitrobenzaldehyde-p-tolylhydrazone in 100 c.c. of acetic acid; 
the intermediately formed 3-chloro-p-tolylhydrazone separated but 
quickly redissolved. The 3 : 5-dichloro-p-tolylhydrazone crystallised 
from acetic acid, in which it was moderately easily soluble, in slender, 
bright yellow prisms, m. p. 139° (Found: Cl, 29-6. C,,H, 90,N,Cl, 
requires Cl, 29-7%). 

3 : 5-Dichloro-p-tolyl-p-nitrobenzenylhydrazidine crystallises from 
alcohol in orange-yellow plates, m. p. 159° (Found: Cl, 21-2. 
C,,H,,0,N,Cl, requires Cl, 21-2%). 

p-Nitrobenz-B-acetyl-3 : 5-dichloro-p-tolylhydrazide crystallises from 
alcohol in small colourless prisms, m. p. 183° (Found: Cl, 18-8. 
C,,H,30,N,Cl, requires Cl, 18-6%). 








« - Chloro - p - nitrobenzaldehyde -3 : 5 : N -trichloro-p-tolylhydrazone, 
obtained, in the same way as the m-nitro-compound, from 10 g. of 
p-nitrobenzaldehyde-p-tolylhydrazone in 70 c.c. of acetic acid, 
crystallised from acetic acid, in which it was easily .soluble, in 
irregular orange plates, m. p. 97° (Found: C, 42:3; H, 2-6; N, 
10-9; Cl, 35-9; M, eryoscopic in benzene, 383. C,,H,O,N,Cl, 
requires C, 42-8; H, 2-3; N, 10-7; Cl, 361%; M, 393). 





a-O 
strean 
benzal 
hydra: 
this, 

separa 





de- 
lid. 
ned 
ely 


NZ- 
ted 
ark 
hol, 
ms, 


zone, 


acid, 
e, in 
; N ’ 
N,Cl, 








ISOMERIO TETRACHLORO-DERIVATIVES OF p-TOLYLHYDRAZONES, 849 


This compound was treated in the manner described under 
«-chloro-m -nitrobenzaldehyde -3 : 5 : N-trichloro-p-tolylhydrazone 
and its behaviour was exactly similar. It gave w-chloro-p-nitro- 
benzaldehyde-3 : 5-dichloro-p-tolylhydrazone, m. p. 139°, on treat- 
ment with phenylhydrazine or on reduction with tin and hydro- 
chloric acid and was converted by boiling dilute acetic acid into 
3 : 5-dichloro-p-tolueneazo-p-nitrophenyldichloromethane, which crys- 
tallised from acetic acid, in which it was moderately easily soluble, 
in bright yellow, elongated plates, m. p. 188° (Found: ©, 43-1; H; 
24; N, 10-9; Cl, 35-8; M, ebullioscopic in benzene, 410. 
C,,4H,O,N,Cl, requires OC, 42-8; H, 2:3; N, 10:7; Cl, 361%; 
M, 393). 

The azo-compound gave 3 : 5-dichloro-p-toluidine (acetyl deriv- 
ative, m. p. 207°) on reduction with tin and hydrochloric acid and 
was converted by boiling acetic acid and anhydrous sodium acetate 
into a white viscid solid, which gave p-nitrobenzoic acid, m. p. 
238°, on hydrolysis. 


The Chlorination of -Bromo-m-nitrobenzaldehyde-3 : 5-dibromo- 
p-tolylhydrazone. 
o-Bromo-m-nitrobenzaldehyde -N -chloro-3 : 5 -dibromo-p -tolylhydr - 
azone.—A rapid stream of chlorine was passed into a suspension of 
5 g. of w-bromo-m-nitrobenzaldehyde-3 : 5-dibromo-p-tolylhydrazone 
in 50 c.c. of hot acetic acid. From the orange solution produced, on 
cooling, «-bromo-m-nitrobenzaldehyde-N-chloro-3 : 5-dibromo-p-tolyl- 
hydrazone slowly separated. This crystallised from alcohol, in which 
it was easily soluble, in deep orange prisms, m. p. 77° (Found : C, 
32-0; H, 1-7; N, 81; Cl+ Br, 52-8. C,,H,O,N,CIBr, requires 
C,31-9; H, 1-7; N, 8-0; Cl + Br, 52-3%). 

By the method used in the two previous rearrangements, the 
chlorodibromotolylhydrazone was converted into 3 : 5-dibromo- 
p-tolueneazo-m-nitrophenylchlorobromomethane, which crystallised 
from acetic acid, in which it was moderately easily soluble, in pale 
yellow needles, m. p. 157° (Found: C, 32-1; H, 1:8; N, 7-9; 
Cl + Br, 52-3. C,,H,O,N,CIBr, requires C, 31-9; H, 1-7; N, 8-0; 
Cl + Br, 52-3%). 


The Chlorination of o-Nitrobenzaldehyde-p-tolylhydrazone. 
«-Chloro-o-nitrobenzaldehyde-3-chloro-p-tolylhydrazone.— A slow 
stream of chlorine was passed into a suspension of 5 g. of o-nitro- 
benzaldehyde-p-tolylhydrazone in 25 c.c. of acetic acid until the 
hydrazone just dissolved, forming a dark brown solution. From 
this, «-chloro-o-nitrobenzaldehyde-3-chloro-p-tolylhydrazone slowly 
separated. It crystallised from alcohol, in which it was easily 
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soluble, in orange rhombic plates, m. p. 103° (Found: Cl, 21-7. 
C,,H,,0,N,Cl, requires Cl, 21-9%). 

3-Keto-1 : 2-endo-3'-chloro-p-tolylimino-2 : 3-dihydro-1 : 2-benziso- 
diazole 1-Oxide.—This separated as a bright yellow solid when a 
solution of «-chloro-o-nitrobenzaldehyde-3-chloro-p-tolylhydrazone 
(3 g.) in benzene was warmed with 3 c.c. of concentrated aqueous 
ammonia. It crystallised from alcohol, in which it was moderately 
easily soluble, in bright yellow, rhombic plates, explosion point 134° 
(Found : Cl, 12-1. C,,H, 90,N,Cl requires Cl, 123%). 

3- Keto-1 : 2-endo-3'-chloro-p-tolylimino-2 : 3-dihydro-1 : 2-benziso- 
diazole.—A solution of stannous chloride (2 g.) in hydrochloric acid 
was added to a solution of the explosive compound (2 g.) in 5 c.c. of 
acetic acid and 5 c.c. of hydrochloric acid. On dilution with water, 
the product separated as a pale yellow solid. It crystallised from 
alcohol, in which it was easily soluble, in colourless needles, m. p. 
173° (Found : Cl, 13-2. C,,H,9ON,Cl requires Cl, 131%). 

w - Chloro -0 - nitrobenzaldehyde -3 : 5-dichloro - p -tolylhydrazone.—A 
suspension of 5 g. of o-nitrobenzaldehyde-p-tolylhydrazone in 25 c.c. 
of acetic acid, cooled to the ordinary temperature in running water, 
was saturated with chlorine. The hydrazone dissolved and a deep 
yellow solution was finally obtained, from which «-chloro-o-nitro- 
benzaldehyde-3 : 5-dichloro-p-tolylhydrazone slowly separated. It 
crystallised from alcohol, in which it was easily soluble, in pale yellow, 
six-sided plates, m. p, 87° (Found: Cl, 29-8. C,,H,,)0,N,Cl, re- 
quires Cl, 29-7%), 

3-Keto-1 : 2-endo-3’ : 5’ -dichloro-p -tolylimino-2 : 3-dihydro-1 : 2- 
benzisodiazole 1-oxide, obtained in a similar way to the preceding 
oxide, crystallised from alcohol, in which it was moderately easily 
soluble, in bright yellow, six-sided plates, explosion point 155° 
(Found : Cl, 21-9. C,,H,O,N,Cl, requires Cl, 22-0%). Onreduction 
with stannous chloride it gave 3-keto-1 : 2-endo-3' : 5'-dichloro-p- 
tolylimino-2 : 3-dihydro-1 : 2-benzisodiazole, which crystallised from 
alcohol, in which it was easily soluble, in colourless six-sided prisms, 
m. p. 202° (Found : Cl, 22-9. C,,H,ON,Cl, requires Cl, 23-2%). 


THE QUEEN’S CcLLEGE LABORATORY, 
OXFORD. [ Received, January 29th, 1930.) 
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ANNUAL GENERAL MERTING, 


THuRSDAY, Maron 27TH, 1929, at 4 P.M. 


Tue President, Professor J. F. THorpn, C.B.E., D.Sc., F.R.S., 
was in the Chair. 

The Report of the Council for 1929—1930, together with the 
Balance Sheets and Statements of Accounts for 1929, was presented 
by the PRESIDENT, and the TREASURER made a statement regarding 
the finances of the Society. The adoption of the Report and 
Accounts, proposed by Dr. J. A. VoELCKER and seconded by Pro- 
fessor J. KENNER, was carried unanimously. 


Report or Councr, 1929—1930. 

I. Fellowship Statistics. 
Tue number of Fellows at the 3lst December, 1928, was 3980. 
During 1929, 210 Fellows were elected and 8 reinstated, as against 
203 and 11 in 1928, giving a gross total of 4198. Deaths of 49 
Fellows were recorded, 107 resigned, and the names of 117 were 
removed from the List of Fellows for non-payment of Annual 
Subscriptions, the corresponding figures for last year being 40, 135, 
and 99, respectively. The total number of Fellows at the 31st 
December, 1929, was 3925, showing a decrease of 55, as against 60 the 
previous year. 

The Council records with sorrow the death on the 17th September of 
a distinguished Fellow of the Society, Professor W. H. Perkin, 
who served as President from 1913 to 1915 and on the Council for a 
total of twenty years. At its meeting on the 17th October, the Council 
passed a special resolution of sympathy, which was read at the 
Ordinary Scientific Meeting and conveyed to Mrs. Perkin by the 
President, who, together with the Secretaries and other Members of 
Council, represented the Society at the funeral. A comprehensive 
account of the life and work of Professor Perkin is being prepared 
by Mr. A. J. Greenaway, Professor R. Robinson, and Professor J. F. 
Thorpe, and will be published in the Journal. 

The Society has also to mourn the loss of two of its Honorary 
Fellows, Professor Charles Moureu, elected on the Ist March, 1923, 
who was the first President of the Union Internationale de Chimie 
and a former President of the Société Chimique de France, and Dr. 
T. B. Osborne, who was elected on the 7th March, 1912. An 
obituary notice of Dr. Osborne appeared in the Journal for 1929, 
p. 2974, and Sir William J. Pope is preparing an obituary notice of 
Professor Moureu. 

During 1929, 11 Honorary Fellows were elected, the total number 
at the end of the year being 31. 
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II. Jubilee Fellows. 


The congratulations of the Society have been sent to the 
following Fellows who have attained their Jubilee as Fellows : 


Elected. 
William Thomas Gent .........-..s00eesees April 17th, 1879. 
WM ARA TIOGA | cence coders peccedesdeqcerbor April 17th, 1879. 
Alfred Walter Stokes ......sssssceeseeeees April 17th, 1879. 
Charles Blater  ..ccccccccccqsccccccvceqeccoes April 17th, 1879. 
Frank Litherland Teed ...............:.- April 17th, 1879. 
Victor Herbert Veley ..........s..seeeeees April 17th, 1879. 
George Richard Tweedie .........+++-+++++ June 19th, 1879. 
JOpi Gakkwral o.cccccccccccrcccccccsccccccccees June 19th, 1879. 
George Stacey Albright ...........+.++++- December 18th, 1879. 
Wyndham Rowland Dunstan ......... December 18th, 1879. 
Joshua Knowles  éiiii.cccccéscecsncctsccces December 18th, 1879. 
Henry Forster Morley ..........si+seese+es December 18th, 1879. 
FN OLS, > December’ 18th, 1879. 
Genres Beelaea ...n..ccpecoscccesccccegeccete December 18th, 1879. 
WEE MAGUS cscs cet ccccctiseecsecs February 19th, 1880. 
Alexander Kenneth Miller ............... February 19th, 1880. 


Ill. Journal. 


The Journal for 1929 contains 2981 pages, of which 2899 pages are 
occupied by 400 memoirs and 31 notes, the remaining 82 pages being 
devoted to Obituary Notices (13 pages), two Lectures (29 pages), the 
Report of the Annual General Meeting (17 pages), the Presidential 
Address (19 pages), and Table of Atomic Weights (4 pages). The 
volume for 1928 contains 438 memoirs and 28 notes, occupying 
3216 pages. 

During 1929, 466 papers were offered to the Society for publication 
in the Journal; of these, 21 were declined. The corresponding 
numbers for 1928 are 501 and 15. The average interval between 
the dates of receipt and of publication of papers is 9-8 weeks for 
1929, and 10-75 weeks for 1928. 

The Council records its sincere appreciation of the arduous and 
responsible work undertaken by Fellows in refereeing papers sub- 
mitted for publication. 

IV. Abstracts. 

The “ A” Abstracts for 1929 contained 10,463 abstracts, occupy- 
ing 1500 pages, compared with the corresponding figures for 1928 
of 9456 and 1408 respectively. These comprised 5346 in General, 
Physical, and Inorganic Chemistry, 189 in Geochemistry, 2326 in 
Organic Chemistry, and 2602 in Biochemistry. The corresponding 
figures for 1928 were 4718, 224, 2236, and 2268. 

The expansion of published chemical work, reflected in the 10 per 
cent. increase in the number of abstracts for 1929 as compared 
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with 1928, still continues. From the figures quoted in the fore- 
going paragraph, it will be seen that the increase has been specially 
marked in the sections of General, Physical, and Inorganic Chemistry 
and Biochemistry. The total of 10,463 ‘‘ A” abstracts for 1929 
may be compared also with corresponding figures for earlier years, 
such as 5978 (in 1913), 5572 (in 1923), and 7978 (in 1926). The 
number of “B” abstracts in 1929 was 9717, so that the total 
number of abstracts published by the Bureau in one year has now 
exceeded the 20,000 figure. 


Annual Index. The Joint Annual Index for the 1928 abstracts 
covered 576 pages, as compared with 514 pages in the previous year. 
The cost of printing was £1187 16s. 10d., and the cost of paper 
£261 17s. 5d., representing an increase in both respects, although 
the cost of printing per page was £2 1s. 3d. in 1928, as compared with 
£2 48. 2d. in 1927. 

Collective Index. During the past year the Bureau devoted much 
consideration to the question of a Collective Index for the period 
1923-32, and the relevant facts and figures were submitted to the 
two Councils concerned. With the sanction and substantial financial 
support of both bodies, and with the further aid of a grant promised 
by the Royal Society, the Bureau expects to proceed with the pre- 
paration of the Index, as soon as it appears that adequate support 
from subscribers is forthcoming. 


V. Library. 

Excluding the evenings on which meetings of the Chemical 
Society were held, there were 7567 attendances during the past 
year as compared with 8037 in 1928. Of the 7567, 4962 were made 
by Fellows of the Chemical Society, while 2605 were made by 
Members of Contributing Societies, as against 2669 in 1928. 

The number of books borrowed during 1929 was 5402, as against 
5262 the previous year; of these 1466 were issued by post, as against 
1337 in the preceding year. 

The additions to the Library comprise: 231 books, of which 
71 were presented, 690 volumes of periodicals and 150 pamphlets ; 
as against 281 books, 664 volumes of periodicals and 138 pamphlets 
last year. The total number of volumes added during the year 
was 921, showing a decrease of 24. The Library now contains 
33,753 volumes, consisting of 10,159 books and 23,594 bound 
volumes of periodicals. 


VI. General. 


Lectures. The first Pedler Lecture, entitled “‘ The Early History 
of the Synthesis of Closed Carbon Chains,’’ was delivered by Professor 
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W. H. Perkin on the 30th May, and has been published in the 
Journal for 1929 (p. 1347). ‘The second Liversidge Lecture, given by 
Professor H. Freundlich on the 12th December and entitled “ Surface 
Forces and Chemical Equilibria,” has also been published in the 
Journal (1930, p. 164). 

On the 25th April Sir Harold Hartley delivered a Memorial Lecture 
on the Life and Work of the late Theodore W. Richards, which will 
be published during 1930. 

The Council has conveyed its thanks to these lecturers. 

Professor G. von Hevesy and Professor Niels Bohr have accepted 
the invitation of Council to be the Hugo Miiller and Faraday 
Lecturers respectively in 1930. : 


Anniversary Meeting. The Annual General Meeting was held at 
the University of Leeds on the 21st March, and the Anniversary 
Dinner, at which the chief guests were the Viscount Lascelles, K.G. 
(the present Earl of Harewood), the Vice-Chancellor of the University, 
and the Lord Mayor of Leeds, was heid the same evening in the Town 
Hall. The large attendance at these functions has confirmed the 
Council in its view that there is a general desire on the part of the 
Fellows that Annual Meetings should be held in the Provinces at 
frequent intervals. An account of the Annual General Meeting 
appears in the Journal, p. 817, and a report of the Dinner in the 
Proceedings (p. 37). 


Representatives at Celebrations and on Committees. The President, 
accompanied by the Senior Secretary, represented the Society at 
the Paul Schutzenberger Centenary Celebrations in Paris on the 
7th November, 1929, and presented an address of congratulation. 
The President also represented the Society at the opening of the 
Imperial Chemical Industries’ Agricultural Station at Maidenhead. 

Principal R. H. Raikes represented the Society at the Centenary 
Celebrations of the South African College at Cape Town, and 
presented the Society’s congratulatory Address. The Prince 
Ginori Conti was the Society’s delegate at the II]**e Congrés 
National de Chimie Pure et Appliquée at Florence, and the Society 
was represented by Mr. R. Truszkowski at the II** Congrés des 
Chimistes Polonais at Poznan, by Dr. L. H. Lampitt at the [X*™* 
Congrés de Chimie Industrielle at Barcelona, and by Dr. K. Fisher 
at the Conference on Educational Films in London. 

Professor C. 8. Gibson, Mr. A. J. Greenaway, Dr. J. T. Hewitt, 
Professor G. T. Morgan, and the Treasurer have continued to be the 
Society’s members of the Bureau of Chemical Abstracts, and the 
Society’s representatives on the Federal Council for Chemistry are 
Professor C, 8. Gibson, Sir William J. Pope, and Professor J. F. 
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Thorpe. Professor R. Whytlaw Gray has been appointed by the 
Council to represent the Society on the recently formed Colloid 
Committee of the Faraday Society, and Professor W. A. Bone repre- 
sented the Society on the Committee appointed by the Association 
of British Chemical Manufacturers to consider amendments in the 
Patents and Designs Acts (see p. 856). 


Liebig Portrait. The copy of the “ Muspratt” portrait of Liebig, 
which, as stated in the last Report of Council, had been painted by 
Mr. G. A. Pownall, was presented on behalf of the Society to the 
German Chemical Society on the 8th May by the President, when 
he and the Senior Secretary attended a special meeting in Berlin. 


Longstaff Medal. The Longstaff Medal for 1930 has been 
awarded to Dr. W. H. Mills for his distinguished researches in 
organic chemistry especially in relation to stereochemistry. The 
presentation will be made at the Annual General Meeting on the 
27th March. 


Fellowship Statistics. The statistics given at the beginning of this 
report show that the diminution in the number of Fellows referred 
to in the last report still persists, and the matter is being carefully 
considered by the Council, which has appointed a Committee to 
enquire into the matter. This Committee has presented an interim 
report which, in particular, draws attention to the fact that a falling- 
off in membership concerns also the Society of Chemical Industry, 
and that close co-operation between the two societies may be 
desirable in any steps which may be taken to remedy this state of 
affairs. The matter is still under consideration and an announce- 
ment will be made in due course. 


The action of the Council in approaching Chemical Societies 
abroad with a view to the mutual publication of terms of membership 
has met with a cordial response, and particulars received by the 
Society from the Deutsche Chemische Gesellschaft, the Norsk 
Kjemisk Selskap, the Real Sociedad Espafiola de Fisica y Quimica, 
and the Suomalaisten Kemistien Seura were included at the end of 
the Journal for January, 1930. 
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A Central Building in London for Scientific and Technical Institu- 
ions. There would appear to be little need to remind Fellows of the 
urgent necessity for larger and more convenient accommodation for 
he Society, which has occupied its present apartments since 1874, 
hen the number of Fellows was 733. In May, the President 
nformed the Council that he had been approached with respect to 
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the possibility of the Chemical Society co-operating in a scheme for 
providing in London a Central Building for housing certain scientific 
and technical institutions. A Committee was appointed to enquire 
into and report upon the scheme, and in June the Council, on the 
recommendation of this Committee, agreed to the principle involved. 
The President (or in his absence, the Senior Secretary) was appointed 
to serve on the General Exploring Committee, and the President, 
Professor C, 8. Gibson, and Dr. F. L. Pyman were elected to serve 
on a Joint Chemical Committee composed of representatives 
appointed by the Chemical Society, the Society of Chemical 
Industry, the Institution of Chemical Engineers, and the Institution 
of the Rubber Industry. This Joint Committee has met on several 
occasions, and the Council hopes shortly to be in a position to make 
an important announcement indicating the progress that has been 
made. 

Presidency. In view of the important part which the President of 
the Society must take in the furtherance of the scheme, and in order 
that continuity of effort may be maintained, the Council has nomi- 
nated the retiring President for another term of office. Professor 
Thorpe has accepted nomination on the understanding that he is at 
liberty to place his resignation in the hands of the Council at the end 
of the first year of the new period of office. 


Patents and Designs Acts. In the Proceedings for June, the 
Council directed the attention of Fellows to the arrangements made 
by the Federal Council for Chemistry in connection with the pre- 
paration of a joint memorandum representing the considered views 
of chemists as to whether any, and if so what, amendments in the 
Patents and Designs Acts, or changes in the practice of the Patent 
Office, were desirable. Fellows were invited to send suggestions for 
consideration by the Committee of the Association of British 
Chemical Manufacturers, which was also acting as the Committee of 
the Federal Council for Chemistry. The Council is informed that 
the memorandum has now been presented to the Board of Trade. 


Nomenclature. The Council has received from the Bureau of the 
Union Internationale de Chimie a request to publish in the Journal 








the proposed reforms in the Nomenclature of Organic and Inorganic 
Chemistry adopted by the Council of the Union Internationale. The 
matter was referred to the Federal Council for Chemistry and, at its 
suggestion, the Secretaries wrote informing the Bureau of the Union 
that the Federal Council, representing the opinion: of British 
chemists, considered that publication of these reports should 

postponed until they had been further considered by Committees 
on which the opinion of all adherents to the Union was represented. 
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for Atomic Constants. The Council has directed the attention of the 
ific Federal Council for Chemistry to the desirability of the regular pub- 
‘ire lication of International Tables of Atomic Constants. 


os The List of Fellows, published this year by the direction of the 


ted Council, was issued in October. This list, in addition to the usual 
information, indicates the various Constituent Organisations of the 


ar Federal Council for Chemistry of which Fellows are members. 


rve 
ves Journal of Physical Chemistry. The Council was informed in 
ical} October that the Chemical Foundation had agreed to be responsible 
jion | for the business arrangements of the Journal of Physical Chemistry. 
eral} Professor A. J. Allmand and Professor F. G. Donnan have been 
ake} appointed by the Council to represent the Society on the British 
een | Editorial Board for a further period of two years. 


Annual Reports. The volume of Annual Reports for 1929 in- 


t of cludes, in addition to the usual subjects, a report on Crystallography 
rder and a biennial report on Mineralogical Chemistry. 

ase The Council desires to thank those who have contributed to this 
SsOr 

DD all volume. 

is a 


end Research Fund. Applications for research grants received during 
the year amounted to £901 and the sum allotted was £736 (Pro- 


ma ceedings, pp. 74 and 123). 
e 
nade Bequest and Gifts. The Council has received intimation that 


pre- under the will of the late Professor W. H. Perkin the sum of £1000 
iews| Subject to a life interest has been bequeathed to the Publications 
1 the} Fund of the Society. It has also gratefully accepted an offer to pre- 
stent} sent to the Society a life-size bronze plaque of Professor Perkin from 
is for} his colleagues and students. The offer was made through Professor 
ritish} J- F. Thorpe, Chairman of the Perkin Memorial Fund Committee. 
ee off The Proceedings for January 1930 (pp. 1 and 2) contain an 
that} account of the presentation to the Society of a Silver Mace by Mr. 
de. | Ayerst Henham Hooker to commemorate his attaining his Jubilee 
as a Fellow. Professor Joji Sakurai, who has also recently cele- 
of the} brated his jubilee as a Fellow, has sent a contribution of £10 to mark 
urnal} the occasion (Proceedings 1929, p. 69). The Council records its 
gani¢} particular appreciation of the generosity of these two jubilee Fellows, 
Thef and has also expressed its thanks to Mr. Basil Holmes for a framed 
at it photograph (dated 1878) of a group of Fellows of the Royal Society, 
7 and to Mr. E. W. J. Neave for a set of Journals from 1921 to 1927. 
ritis 
+ . The Annual Chemical Dinner, in which the Chemical Society co- 
ittees} Operated, was held in the Connaught Rooms on the 8th November, 


onted| the principal guest of the evening being the Rt. Hon. Lord Dewar. 
a@ 
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The Chemical Club has met eleven times during the year, and now 
dines on the days of the meetings of Council and of special lectures 
at the New Lauriers Restaurant, 102, Jermyn Street, S.W. 1. 


VIL. Financial. 

General Purposes Account. The income of the Society for 1929 
is less than that for 1928 by £94 3s. 7d. and the expenditure greater 
by £133 12s. 10d. 

The chief reason for the decreased income is the loss of £306 17s. 
in the amount received as Annual Subscriptions. There is an 
increase of £64 13s. 7d. in income tax recovered, and of £158 11s. 9d. 
on deposit interest, the latter being due to the Society placing on 
deposit the money received on account of the sales of publications. 
Administration Expenses have increased by £12 19s. 9d. The 
sum paid as salaries is £93 18s. 4d. in excess of that for last year ; 
in this is included a bonus of £55 granted to the staff in consideration 
of the extra work involved in the Society acting as its own publisher. 
It has also been necessary to engage an extra junior clerk. Furni- 
ture, House Expenses, and Repairs are less than last year by 
£59 2s. 1d., Miscellaneous Expenses by £39 3s. 2d., and the sum 
transferred to the Publications Fund Account by £723 7s. 2d. 
Increased expenditure was incurred of £58 3s. 2d. in Miscellaneous 
Printing and Stationery and of £40 10s. 5d. in Expenses of Meetings. 
The sum of £350 transferred to Pensions Fund Account is £200 in 
excess of that for last year. The contribution to the Library is 
£118 15s. ld. higher than in 1928. £500 has been transferred to 
the Special Publication Fund Account to form a Sinking Fund 
which shall meet in part the cost of the preparation and publication 
by the Bureau of Chemical Abstracts of the Collective Index 1923— 
1932. The Council has further resolved that the sum of £250 shall 
be transferred to this fund in January of each year from 1930 to 
1933 inclusive and that the Special Publications Fund shall finance 
the project up to an amount not exceeding £2000. 


Publications Fund Account. Omitting from the income account 
the sums of £243 19s. 5d. in 1929 and £220 3s. 11d. in 1928, which 
have been capitalised, and the sums transferred from General 


Purposes Account, the income for 1929 exceeds that for 1928 by- 


£588 6s. 6d. This is mainly due to an increase of £540 5s. 10d. in 
the sales of publications, which is approximately the sum paid last 
year as commission to the former Publishers and represents a 
considerable saving to the Society. 


Journal. The total expenditure on the Journal shows a decrease 
of £360 1s. 3d. compared with last year. The cost of printing and 
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paper is down by £389 8s. 7d. owing to the number of pages being 
235 less; distribution and banding are less by £52 8s. 6d. Editorial 
salaries have increased by £113. 


Abstracts. Expenditure on account of the Abstracts this year 
shows an advance of £84 0s. ld. over that for 1928. Printing is 
higher by £97 4s. 10d. owing to there being 92 more pages, and to 
the cost of the index being increased by £78 5s. ld. The saving of 
£102 4s. ld. in the cost of paper is due to an excess of stock having 
been purchased in 1928. 


Inst of Fellows. The List of Fellows cost £143 14s. 9d. as against 
£129 8s. 2d. when it was issued in 1927. 


Inbrary. The contribution from the General Funds of the Society 
exceeds that for 1928 by £118 15s. ld. The sum spent on books and 
periodicals and on binding is greater by £93 8s. 3d. and salaries are 
higher by £32 12s. 6d. It will be seen that approximately a quarter 
of the total sum expended on the Library is met by the Contributing 
Societies. 


Staff Pensions Fund Account. If the sum of £9 1ls. 3d. under 
Miscellaneous Receipts be disregarded it will be seen that the ex- 
penditure exceeds the income from investments by £92 14s. 10d. 
The Council decided that the sum of £350 should be transferred 
from General Purposes Account to meet this deficit and that the 
balance should be invested. The capital of the fund now stands 
at £907 14s. The Council desires to emphasise the need for further 
donations in order that the income from the Fund may be such as 
will enable it to meet the present charges and the further demands 
that in course of time will be made upon it. 


General. A contribution of £50 has been made to the Federal 
Council for Chemistry for the year 1929, and a donation of £5 has 
been sent to the New International Association for Testing Materials. 

The thanks of the Council have been conveyed to the Royal 
Society for the sum of £250 received from the Government Publica- 
tions Grant towards the cost of the Society’s publications for 1929, 
and to Imperial Chemical Industries, Ltd., for a contribution of 
£100 to the Publications Fund. 

The sum of £200 on the Publications Fund Account has been 





‘ease 
and 


invested in London Midland and Scottish Railway 4 per cent. 

uaranteed Stock, and the 5 per cent. War Loan Stock 1929-1947 
amounting to £11,149 11s. 10d. has been converted into 5 per cent. 
onversion Loan, 1944—1964. 
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A vote of thanks to the Auditors, Dr. O. L. Brady, Dr. A. E. 
Dunstan, and Dr. P. Haas, for auditing the Accounts for 1929 was 
proposed by the TREASURER, seconded by Professor C. 8S. Gipson, 
and carried, acknowledgment being made by Dr. O. L. Brapy. 

It was moved from the Chair and carried that Professor J. C. 
Drummond, Dr. P. Haas, and Dr. J. Kenyon be elected Auditors 
to audit the Accounts of the Society for 1930. 

A vote of thanks to the Treasurer, Secretaries, Foreign Secretary, 
Council, and Committees for their services during the past year 
was proposed by Professor C. K. In@otp and seconded by Mr. E. 
Hinks. Acknowledgment was made by Professor F. G. DoNNAN. 

In presenting the Longstaff Medal for 1930 to Dr. W. H. Mills, 


F.R.S., the PRESIDENT said :— 


“Dr. Mills, it is my pleasant duty to present to you the 
Longstaff Medal which has been unanimously awarded to you 
by the Council. 

“The Medal was established by a resolution of Council 
dated December 21st, 1876, by which it was agreed to accept 
a donation of £1000 to the Research Fund by Dr. Longstaff 
on the understanding that ‘ a gold medal of not less value than 
£20 be awarded triennially to the Fellow of the Society who, in 
the opinion of Council, has done the most to promote Chemical 
Science by research.’ 

“‘ Chemists generally will welcome the decision of Council to 
award this medal to you because you have contributed a long 
and steady series of papers to our Transactions on subjects of 
the highest importance to the advancement of Chemical 
Science. Of these I would mention particularly your admirable 
investigations of the cyanine dyes and their uses as photo; 
graphic sensitisers—information which proved to be of the 
greatest service to our fighting forces during the Great War 
but more especially your researches on the occurrence 0 
optically active forms of those substances which possess mole 
cular dissymmetry such as the ketodilactone of benzophenone 
2:4: 2’: 4’-tetracarboxylic acid and the pyridylhydrazone 





cyclohexylene dithiocarbonate. 

“* By these investigations you have definitely established th 
fact that the cause of the absence of optical activity amo 
aromatic derivatives due to the uniplanar character of t 
benzenoid structure is no longer effective when two rings a 
joined in such a manner as to make them lie in different plan 
and you have recently emphasised this fundamental conclusioj 
by resolving benzenesulphonyl-8-nitro-l-naphthylglycine ani 








Dr 
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thus showing that the inhibition of free rotation about a single 


E. 
on bond leads to molecular dissymmetry. 
oN “ All this work has required the exercise of the highest 


attributes of the Research Chemist; infinite patience, high 
) CQ. knowledge, clear reasoning, and great manipulative skill. It 
is, therefore, with the greatest pleasure that I hand you the 


cues Medal on behalf of the Council, and express the hope that you 
ary, will continue in the future to add to your achievements by 
y oie further enriching the science our Society was founded to foster.” 
Ez. Dr. Mitts made acknowledgment. 

‘AN. The Harrison Memorial Prize for 1929 was then presented to 


lills,} Dr. R. P. Linstead by the PresmpENt, who said :— 


-“ Dr. Linstead, it is my pleasant duty to present to you the 
Harrison Memorial Plaque and Prize which has been unani- 





he mously awarded to you by the Committee appointed under the 
Trust Deed, consisting of the Presidents of The Chemical 
— Society, The Society of Chemical Industry, The Pharmaceutical 
cept Society, and The Institute of Chemistry. 
staff “ The description of the Award is best given in the words of 
Gas the late Sir George Beilby, the Chairman of the Harrison 
age Memorial Committee, who said ‘ with the balance of the sum 
cal collected (after defraying the cost of the War Memorial) it 
was decided to create a fund to provide, every three years, a 
sil to prize of approximately £150, to be awarded to the Chemist, 
long man or woman, not over thirty years of age, who shall have 
in of made the most meritorious original contributions to, chemical 
nical science during the previous five years. It is to be given for 
rable distinguished research in any branch of chemistry, pure or 
hoto- applied, and no restriction is to be placed upon the manner in 
£ thd which the prize is to be utilised by the recipient.’ 
ee “Tt is seldom that a research worker within the age limits 
amd demanded by the Trust Deed strikes out a line for himself and 
ol does not merely elaborate and extend the research problems 
mand on which he has been trained. Nevertheless, during the period 
an required by the Deed you have succeeded in devising and 
establishing on a sure basis a means by which it is now possible 
od th to determine the relative proportions of the constituents present 
ie in equilibrium mixtures formed by the interchange of the 
of t a8- and Sy-structures of substances exhibiting three-carbon 
gs a tautomerism, and have thus supplied a method by which the 
plan close and quantitative study of this fundamental phenomenon 
lusia can be effected. 


. “In awarding this prize and plaque I have to remind you 











862 


ANNUAL GENERAL MEETING. 


INCOME AND EXPENDITURE 


GENERAL PURPOSE 
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Received in advance, on account of 1929 
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1928 
1927 and previous: years 
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Less amount included in last year’s Income, being valua- 
tion of Arrears as per last Balance Sheet ... 


Add Arrears at date: £910; Estimated to realise as per 
Balance Sheet ... . . a a 


»» Investments, Dividends on :— 

£787 London, Midland and Scottish “eg 4 per cent, 
Debenture Stock ... 

£1520 14s. 3d. Cardiff Corporation 3 per cont. Stock, i91 4/54 

£1400 India 2} per cent. Stock ooo 

£2400 Bristol Corporation 2} per cent. Debenture Stock 

£2713 London, Midland and Scottish raza ke 4 per cent. 
Preference Stock - se /eee 

£1200 Leeds Corporation 3 per cant. "Stock ; 

£1500 ‘Transvaal 3 per cent. Guaranteed Stock, 19: 23 (53 

£1200. London and North Eastern Railway 3 per cent. 
Debenture Stock whe time, + pe 

£700 Canada 3} per cont. Stock, 1930/50 

£2100 5 per cent. War Stock, 1929/47 

£1100 5 per cent. War Bonds, 1929/47 ... 

£600 Funding Loan, 4 per cent., 1960/90 

£11212 9s. 34 per cent. Conversion Stock 
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Editing Liversidge Papers (see contra) 
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OSH ACCOUNT ror THe YEAR expep 3lsr DECEMBER 1929. 
.. a 1928 Expenditure. 1929 
; ee ok 8 lw 6 24a 8& & &, 
73 10 By Administration Expenses :— 
1466 7 11 Salaries of Staff ack es 1550 6 8 
290 12 6 Wages (Commissionaire, Housekeeper, and Charwomen) 289 13 6 
51 2 8 ee Be ere ee ee 53 6 O 
114610 4 House Expenses and Repabes... re a 7516 9 
1913 6 DUGRTIBR: coc cee. sce: “bee 00s ie tee ae 0 os 1 56 0 
_— = BS TEES doc) net eek es th we wes 22 6 5 
15 2 6 Insurances . sos oa eae ae 1217 5 
3110 0 Accountant’ ‘Charges aoe.” be ees one eee 3110 0 
8 0 0 Commission on Recovery of fnceme Tax see, ent, 008 14 7 8 
279 19 7 Miscellaneous Printing and Stationery... ... ... ... 3838 2 9 
163 15 4 Postages ... ... ae ae ae a a ae ee 
128 9 10 Superannuation of Staff . i a ieee ee oe |6Ce ee 
‘ 15 6 6 Oongratulatory Addresses a ae a ee ll 9 0 
al 0 80 12 11 Miscellaneous Expenses ... ... 41 9 9 
50 0 0 Preparation of Inventory and ‘Valuation tor Insurance — 
— Legal . a ee ee ae ee ee ee 1010 0 
p————— 2725 11 7 ————. 27388 11 4 
121 14 1 ,, Expenses of Meetings ... ... ae a ae 162 4 6 
99 11 2 ,, Advance Proofs and Reports of Meetings oes eee tes 94 6 11 
»» Donations :-— 
50 0 0 Federal Council oe a ae 50 0 0 
10 0 0 International Congress of Photography cog ate ote a 
56 00 International Testing Association . ae ae ere 5 0 0 
65 0 0 55 0 0 
5807 16 10 ,, Contribution to Publications Fund ... ... .. sso ose 5084 9 8 
60 0 O ,, Transfer to ditto (Life Composition Fees) i om om . 172 10 0 
1685 8 6 ,, Contribution to Library Fund ... 0. +. seo see ove 1804 3 7 
150 0 0 Transfer to Staff Pensions Fund eos 350 0 0 
— a ” Trancler to Special Publication Fund (to ‘form Sinking 
Fund for Collective Index, 1923-32) =... see eee eee 500 0 0 
g19 If 100 0 O ,, Editing Liversidge Papers (see contra) ... ... see see _- 
209 ¢ » Excees of Ordinary Income over Ordinary Expenditure 
sinus? 25417 8 carried to Balance Sheet one. teh ‘00 06 2066 ane 27 1 8 
219 3 
46 9 
a a on cnusiguicammennilp 
0,988 £11,069 19 10 £10,988 6 8 
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that they were founded to commemorate an exceptional man 
who gave his lifé for his country just as surely as if he had been 
killed on the field of battle and to express the hope that through- 
out your life you may be guided by his high sense of service 
and his great devotion to duty.” 


Brief acknowledgment was made by Dr. LINSTEAD. 


The PrestpENT delivered his Address, entitled: ‘“‘ Internal Co- 
operation.”’ A vote of thanks to the President for his services in 
the Chair during the past year and for his Address was proposed 
by Professor H. B. Baker and seconded by Professor W. P. WYNNE. 
This was carried with acclamation and acknowledged by the 
PRESIDENT. 

It was announced that the following had been elected to fill the 
vacancies on the Council for the year 1930—31 :— 

President.—J. F. Thorpe. 


Vice-Presidents who have filled the office of President.—P. F. Frank- 
land, A. Scott. 


Vice-Presidents who have not filled the office of President —A. Lap- 
worth, F. L. Pyman. 


Ordinary Members of Council :— 


Town Members: T. J. Drakeley, R. H. A. Plimmer, C. K. 
Tinkler. 


Country Members : H. M. Dawson, E. Hope, J. Kendall. 
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PRESIDENTIAL ADDRESS. 


Delivered at the ANNUAL GENERAL MEETING, March 27th, 1930. 
By Jocetyn Freip Tuorpe, C.B.E., D.Sc., F.R.S. 


Internal Co-operation. 


I FIND, on looking through a number of Presidential addresses given 
before the Society in the past, that usually it has been the custom 
to devote the address given at the end of the second and final year 
of office to matters relating to the progress of the Society during the 
previous two years, leaving the earlier or first address to deal either 
with some subject of scientific interest with which the President was 
personally familiar or with the discussion of some wide problem which, 
at the moment, was of general interest to the Fellows. The Fellows 
have elected me to another term of office, and I am grateful to them 
for doing so, because it shows that they have a certain confidence in 
my desire to further the interests of the Society during the difficult 
period that is before us. Nevertheless, I am fully determined to 
take advantage of the permission accorded me to submit my resigna- 
tion to the Council at the end of the first year of the new period, so 
that the present occasion constitutes not only the second address of 
the first term but also the first address of the new term, and next 
year I shall be in a position to survey the progress made by the 
Society during my three completed years of office. It is my inten- 
tion, therefore, to use this occasion to express views and opinions on 
certain aspects of dur Science and to elaborate certain matters 
which formed the subject of my address at Leeds last year. 


The Need for Uniformity of Effort. 


In my address to the Society last March I dealt with Co-operation 
in Science and Industry. It is my intention to-day to deal with the 
more intimate matter of internal co-operation, affecting as it does 
the immediate future of the Society. In the previous address it 
was stated that “the war, although one of the greatest economic 
disasters the world has yet experienced, gave, without question, a 
stimulus to discovery and production which no other event could 
have occasioned.”’ The war did more than this, for it showed the 
results and achievements which could be accomplished by united 
efforts towards acommonend. The world needed such a lesson, and 
the amazing development in Science and Industry that has taken 
place since that great upheaval must be ascribed to the fact that 
the nations are now applying the lessons learnt in war to the more 
settled but not less arduous conditions of peace. Indeed, the spirit 
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of co-operation or rationalisation is now directing human progress in 
numerous directions, and not only is leading to internal co-opera- 
tion within specific branches of activity, but is causing many groups 
dealing with related subjects to join together in their own and in the 
national interests. For it is certain that the next twenty years will 
witness a struggle for supremacy in scientific effort and in the 
industrial application of science throughout the world which will be 
even more intense than was the struggle between the contending 
nations during the war, and that only those nations will succeed in 
this struggle who have equipped themselves with knowledge and with 
the ability and foresight to apply that knowledge by united effort 
towards the achievement of a common purpose. 


The Need for a Scheme. 


In the previous address it was pointed out that it is chiefly to the 
chemical and allied industries—mining and metallurgy—that the 
country turns for the utilisation of its potential productive capacity, 
because it is their function, aided by the engineer, to make available 
its mineral, vegetable, animal, and atmospheric wealth. It must be 
recognised, therefore, that the separation into isolated units of the 
organisations dealing with the scientific and technical development 
of the three basic industries mentioned—namely those of Mining, 
Metallurgy, and Chemistry—is not in accordance with the existing 
state of scientific knowledge, and that the Nation and Empire cannot 
utilise to the full the forces inherent in them unless some scheme can 
be devised by which close co-operation between these groups can be 
effected. Such a scheme would have to be framed so as.to enable 
the constituent organisations to retain their autonomy, but it 
should be drawn up in such a manner as to ensure that full oppor- 
tunity would be afforded for general intercourse and discussion. 

At the present time the organisations dealing with the subjects 
mentioned above are housed—some very inadequately—in various 
parts of the metropolis, and there are few facilities for the inter- 
change of thought and ideas. There is no general meeting-room, and 
although most of the Societies and Institutions involved have 
libraries sufficient for the immediate daily needs of such of their 
members as are resident in London, such libraries are scattered 
and are not readily available for anyone who wishes to obtain inform- 
ation, even on specific subjects, and especially on those related to 
border-line enquiries. Data connected with matters not immedi- 
ately within the province of any one particular subject but belonging 
to two or more of them are at present difficult to find. A general 
Library and Information Bureau is therefore one of the chief require- 
ments of the Scheme; others are a Central Meeting-Room, 
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secretarial offices closely in touch with one another, and such 
provision for social amenities as may be necessary to permit of 
intercourse between the members of the various branches during 
their leisure moments and to provide a centre for visitors from 
overseas. 

In the chemical world the need for such a scheme has been recog- 
nised for ten years past, and efforts have been made from time to 
time to give effect to it. .But, for one reason or another, each scheme 
has failed to reach fruition, mainly because it involved the raising 
of capital by means of a loan or some other form of financial com- 
mitment which it was felt unwise to ask the various Societies and 
Institutions to bear. 

The Societies dealing with Chemistry, as indeed those dealing with 
other branches of science and industry, are not wealthy bodies. Most 
of them possess a small accumulated capital, but the main source 
of income is the subscriptions derived from their members. The 
chief item of expenditure is the cost of their publications, the adminis- 
trative expenses being comparatively small. It is only by the 
exercise of rigorous economy that it is possible to provide for a small 
credit balance at the end of each year, and it would therefore be 
unwise to saddle the Societies with a debt which would necessitate 
the payment of interest and the creation of a sinking fund. Any 
scheme therefore which could be regarded favourably as a means of 
linking up the Chemical Societies under one roof would involve the 
collection of a sufficient fund by public subscription, and, hitherto, 
the sum regarded as necessary for this purpose has been too large 
to be within the sphere of practical accomplishment. The need, 
however, is urgent, because other nations, notably the French, are 
actively engaged in co-ordinating their chemical activities, and the 
Americans already have their ‘ Chemists’ Club” in New York. 
Unless, therefore, something is done, and that quickly, we shall 
be handicapped in the struggle with which we are faced. 

Former Presidents have emphasised the need for such a scheme 
on the part of our own Society, and even twenty years ago it 
was regarded as inevitable. The reason for this is that our apart- 
ments in Burlington House, which were given us rent free by the 
Government fifty years ago, have long since ceased to provide us 
with adequate accommodation. The meeting-room is too small, 
and is incapable of being suitably ventilated. The seating, which 
has been arranged so as to give the maximum seating capacity, is 
unsuitable. Everyone who has occupied this Chair and who has 
witnessed the contortions necessary to enable the occupants of the 
cross benches on the west side to see the screen will have sympathised 
with those who have had to seat themselves there. On occasions, 
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such as those of our special lectures, we cannot use this meeting- 
room owing to lack of space, and have to seek accommodation 
elsewhere. The Library is now so overcrowded that recourse has 
to be had to shelving books in double rows—a most undesirable 
procedure. Moreover, all available space throughout the building 
—including the cellars—has to be used for the storage of books, 
involving in the case of cellar storage possible loss by flooding, 
which cannot adequately be covered by insurance. The other 
Chemical Societies have no accommodation other than office facilities 
and for the most part make use of our meeting-room. There must, 
therefore, be general agreement, apart from reasons of national 
policy, that the need for new quarters is imperative. Indeed, the 
change in the case of the Library cannot be longer delayed, as the 
normal increase represents some 900 volumes yearly. 

A scheme is now about to be launched by which, for a sum 
approximately half that required for new premises under the older 
projects, the Society may be housed in a “ Chemistry House,” 
together with the allied organisations, the Society of Chemical 
Industry, the Institution of Chemical Engineers, and the Institution 
of the Rubber Industry. This scheme is of such vital interest to every 
member of these Societies that I make no apology for outlining it 
to you and discussing its most important practical aspects. 


The Proposed Scheme. 

Two years ago a scheme was started having for its object the 
housing together of the chief Societies and Institutions connected 
with the scientific and technical development of the mining and 
metallurgical industries, namely :— 

The Empire Council of Mining and Metallurgical Institutions ; 
The Institution of Mining and Metallurgy ; 

The Institution of Mining Engineers ; 

The Iron and Steel Institute ; 

The Institution of Petroleum Technologists ; 

The Institute of Metals; and 

The Institute of Fuel, 


the idea being to house these bodies under one roof in much the 
same manner as had already been accomplished by the Civil and by 
the Mechanical Engineers. In June of last year it was considered 
that the scheme could not be complete and effective without the 
inclusion of the Chemists, and the Councils of the Chemical Society, 
the Society of Chemical Industry, the Institution of Chemical 
Engineers, and of the Institution of the Rubber Industry were 
approached to collaborate. Each Council agreed to join the scheme 
on the understanding— 
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(1) That the money asked for by public subscription was forth- 
coming ; 

(2) That adequate accommodation was provided. 
It was agreed to appoint three members from each Council to serve 
as a Committee, the function of which was to prepare plans and 
formulate a scheme for the provision of a ‘‘ Chemistry House.” 

The original plan as contemplated by the Societies representing 
Mining and Metallurgy provided for the occupation of three-fifths 
of a site situated in Victoria Street, Westminster. The site is the 
property of the Ecclesiastical Commissioners, who are prepared in 
principle to grant a long lease at a ground rent which it is within 
the capacity of the constituent Societies to pay. As soon as the 
Chemical group signified their intention of participating in the 
scheme it was agreed that the whole site should be taken up, the 
two-fifths remaining over from the original scheme being assigned 
for the purposes of the Chemical group, and becoming therefore 
the “Chemistry House ” of our requirements. The approximate 
cost of acquiring the existing lease of the site, which has twenty- 
two years to run, and of erecting a suitable building thereon has 
been estimated, after careful enquiry, at £325,000. This sum, 
however, does not provide for furnishing the new building, so it 
has been agreed to issue an appeal for £350,000. In other words, 
two-fifths of this sum, or £140,000, will have to be provided by the 
Chemical group as its share towards the complete cost. It has 
been arranged that the ground rent shall be paid by each Society 
contributing yearly an amount equal to but not more than it pays 
as rent for its present premises, and as this amount will certainly 
be more than that required to pay the rent, the excess will be 
utilised to defray the cost of upkeep and the expenses of services 
common to all Societies housed within the building. 


Area Available. 


The total “ carpet’ area available in the new building will be 
approximately 8,500 square feet for each floor. One complete floor 
will be occupied by the general Library and the whole of the top floor 
will be utilised as a restaurant and club. There will be a large 
Meeting Hall to hold 500 people in the main portion of the building, 
probably on the ground floor opposite the main entrance. This will 
leave five floors available for the Societies entering into the scheme, 
and in the case of ‘‘ Chemistry House ”’ these floors will have two- 
fifths of 8,500 square feet, or 3,400 square feet each. There will bea 
smaller meeting-room—to hold 200—in the Chemistry wing for the 
use of the Chemical group, although the group will have the use of 
the larger meeting-room when occasion requires. It is evident, 
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therefore, that the space available is more than adequate for the 
needs of the Societies entering into the scheme and provides ample 
room for expansion. In order, however, that the building should 
be occupied from the start, it has been arranged to let such space as 
may be available to ‘‘ Tenant ” Societies who would hold leases for 
an agreed period and pay an agreed rent. Thus, in the Chemical 
wing, the Chemical Society and the Society of Chemical Industry 
would each occupy one floor of 3,400 square feet. The Institution 
of Chemical Engineers requires only 1,200 square feet, so on the 
floor occupied by this Institution there would be 2,200 square feet 
available for the Entrance Hall, Ante-Room, and Meeting-Room. 
The Institution of the Rubber Industry has intimated that it requires 
only 1,000 square feet of space, so the remainder of the space on 
its floor, together with one complete floor, or 5,800 square feet in 
all, will be available for ‘‘ Tenant ” Societies of the Chemical group. 
These ‘‘ Tenant” Societies will be in every case entities directly 
connected with the industries represented by the constituent bodies. 
They may include the Association of British Chemical Manufacturers, 
the National Federation of Iron and Steel Manufacturers, and the 
Mining Association of Great Britain, and other groups of the same 
category. 
The Labrary. 

As already mentioned, one complete floor throughout the whole 
building will contain the General Library. This Library will in- 
clude the Libraries already in the possession of the constituent 
Societies, and the 33,000 volumes now in our possession will be 
handed over to form the nucleus of the new Library. In consider- 
ation of this it has been agreed that our Society shall continue, as in 
our present quarters, to be housed rent free. The Library will be 
sectionalised, and each section will remain under the control of the 
sectional Librarian. In effect, therefore, our Library, Librarian, 
Library staff, and Library Committee will continue to function in the 
new building in the same way as they donow. Moreover, there is no 
reason to anticipate that there would be any falling off in the out- 
side contributions to the upkeep of our Library. The constituent 
Societies would continue as a matter of course to pay their share, and 
outside bodies would be even more anxious to contribute than they 
now are, owing to the increased facilities provided. 

The Central Library is, indeed, one of the chief features of the 
scheme. It will contain at the beginning some 70,000 volumes 
exclusive of pamphlets, and will probably be augmented by some 
2,000 volumes yearly. The inevitable overlapping between scien- 
tific and technical Libraries in respect of books and periodicals 
dealing with borderland subjects will disappear, or, alternatively, will 
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provide duplicate copies which can be utilised for the purpose of 
lending. There will be an efficient Bureau of Information by whose 
aid the enquirer will be directed to the source from which the inform- 
ation he requires can be obtained. In fact such a Library will be 
unique in its completeness and accessibility and will be a point of 
attraction not only for business men and students at home, but also 
for those visitors from overseas who desire to keep themselves 
abreast of modern developments in the subjects dealt with. No one 
can foresee what effect such a source of information, and indeed of 
power, housed centrally and easily accessible, may have on the future 
development of Science and Industry. 

The restaurant on the top floor will be the means by which meetings 
under social conditions can be arranged. It is intended that there 
shall be several small dining-rooms in which the existing dining clubs 
of the various Societies can meet, leaving the larger restaurant and 
dining-room for general purposes. The Chemical Industry Club and 
the Oil Industry Club have now under consideration the question of 
joining as “Tenants.” Should they decide to do so, special rooms 
would be provided for them on the top floor. The Clubs would, 
however, retain complete autonomy and would be “ private” in 
the sense that only those persons whom they decided to elect as 
members could use their premises. 


General. 


It seems, therefore, that at last we are in a fair way to realise the 
“Chemistry House ” of our needs at a cost which is about half 
that which would be necessary if Chemists were forced to act alone. 
This achievement has been possible only because the present spirit of 
collaboration and the desire towards uniformity of effort have 
caused the various Societies and Institutions which are parties to 
the scheme to come together to form a solid band. Ten years ago 
it would probably have been impossible to do this, and if the present 
effort fails it may be another fifty years before conditions are again 
favourable. 

The economic advantages of the scheme will be numerous. Many 
details of office organisation can be pooled, service can be shared 
along general lines. Internal printing, such as the printing of 
notices, circulars, and so forth—an expensive item under present 
conditions—can be done in a small printing press on the premises, 
and other economies can be effected in several directions. Let us 
therefore exert all our energies to take advantage of the moment, and 
do everything in our power to further a project which cannot but 
be fraught with good for all of us and for the Nation and Empire 
as a whole; each of us doing what he can to further the cause by 
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contributing what he is able to contribute, but more especially by 
convincing those who are in a position to help substantially that 
the scheme is vital to the future of organised Science and Industry 
in this country. 

Financial. 

The problem of raising the necessary money causes some anxiety 
in view of the present great depression of industry and the incidence 
of high taxation. In any case, the general appeal cannot be 
launched until after the Budget. We must look to the industries 
concerned to provide the greater proportion of what we require, 
and we hope that they will regard it as being to their advantage to 
do so, and will also look on it as a kind of thank-offering for past 
services and for the manner in which the Scientific and Industrial 
Institutions have provided them with information in the past. 
It is not too much to say that no Chemical Industry would exist 
to-day if there had not been the, free interchange of thought and 
information which the Societies have been formed to promote and 
foster. Not that I have found any marked desire on the part of 
those engaged in industry to repudiate this debt; on the contrary, 
except in one or two instances, I have found, as Chairman of the 
Appeal Committee, not only a desire, but even eagerness to do all 
that was possible. It is rather the air of uncertainty that pervades 
all things industrial at the moment that prevents many definite 
promises being given. Nevertheless, when the general appeal is 
issued it will contain a list of definite promises amounting to 
£130,000, including some munificent personal donations, such as 
£10,000 from Mr. Robert Mond, £1,000 from Mr. Emile Mond, 
£1,000 from Sir Robert Hadfield, £250 from Sir Charles Parsons, 
and £105 from Mr. Horatio Ballantyne. A petition was sent to the 
Chancellor of the Exchequer asking for a Treasury contribution. 
Such a petition involved no new principle, since, by the housing 
of a number of Societies in Burlington House, the Government of 
that day admitted its obligation to Science. Seeing that one of the 
petitioning Societies, our own, would vacate the premises then 
allotted to them, it seemed a simple extension of the principle 
involved to ask for some monetary consideration. A deputation 
waited on the Financial Secretary, being introduced by the President 
of the Royal Society, and several speakers laid the case before him. 
The answer, however, was “ non-possumus,” although sympathy 
was expressed with the object in view. It is possible that another 
appeal made in more favourable circumstances may meet with a 
different answer, but it seems that we must rely for some time to 
come on ourselves, and on those of our friends who sympathise with 
our desire to give effect to the scheme. 
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Domestic Co-operation. 

In my previous address I discussed at some length the advantages 
which were likely to accrue through the formation of larger com- 
bines in industry. I did not do much more than mention at the 
time the benefits which might be expected to attend a similar 
process in Chemical Science, because I felt that the time was not 
then suitable to discuss so difficult a problem. Nevertheless, I did 
call attention to the advantages enjoyed by the American nation 
in having but one Chemical Society which could speak for the whole 
of Chemistry and regulate its publications and conferences. Since 
then the situation has changed considerably owing to the elaboration 
of the scheme described above for housing the Chemical Societies 
under one roof, and I feel that I shall not be guilty of an indiscretion 
if I examine for a moment the manner in which it might be possible 
to give effect to that outward and visible sign of union which is now 
contemplated. It is not my intention to suggest that any such 
system as that found in the United States is now applicable in this 
country, because there is no doubt that the principle of combined 
effort, although admirable and effective in certain directions, 
contains features which are not altogether desirable. Partial 
de-centralisation is often more effective than complete centralisation. 
For example, it would be undesirable and, indeed, impracticable to 
have the same President, Officers, and Council of the Chemical 
Society and the Society of Chemical Industry. It would be a 
practical impossibility to find the men who could give the time 
adequately to fill these offices. I am speaking on my own behalf, 
and I am sure also on behalf of my friend the President of the 
Society of Chemical Industry, when I say that most of our leisure 
moments are occupied by the business of the Society we serve and 
that we should not contemplate with equanimity any suggestion 
that either of us should take over the work of the other in addition 
to his own. Any such step would tend to throw the control of the 
combined Societies into the hands of salaried officials, and many of 
us feel that so long as we can get competent men able and willing 
to give the time to act in honorary capacities it is desirable to do so. 

When the Society of Chemical Industry was formed as a separate 
entity in 1881, it took over certain definite functions which it has 
since performed in accordance with the terms of its constitution. 
The terms Scientific and Technical possessed in those days very 
definite meanings, and they still possess, or have had attached to 
them by custom, meanings which enable a decision to be reached, 
on broad lines, as to the matters falling within either sphere. It is 
possible to say, in clear cases, whether any communication is 
scientific in the sense that it deals with the elaboration of some 
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subject on lines which, for the moment, may be regarded as based 
on purely scientific hypothesis or theory or whether it is technical 
in that it is concerned with the description of some chemical 
operation of acknowledged mechanism carried out on the large scale. 
It is rather in the matter of the discussion of such questions that 
co-operation can, in the first instance, be effected. Formerly there 
was a fairly distinct line of demarcation between the Scientific 
Chemist and the Technical Chemist, but to-day it is doubtful 
whether any Scientific Chemist exists who is not interested on the 
technical side, and the Technical Chemist who is not interested on 
the scientific side is becoming increasingly rare. Indeed, the whole 
trend of modern development is to diminish the difference between 
these two types, and in the not distant future this difference will 
entirely disappear. 


The First Step to Reunion. 


The first step towards co-operation between the two branches 
of our science must be one that will lead to conditions which will 
enable papers to be read and discussion to be held on both technical 
and scientific subjects by all those who have the interests of both 
sections at heart. Such joint meetings must be so arranged that 
persons interested in both aspects may be present and speak. 
Here in London such facilities already exist, but they are not yet 
sufficiently wide in character. I would suggest, therefore, as a 
first step, that meetings of the four constituent bodies forming the 
Chemical wing of the new building, namely the Chemical Society, 
the Society of Chemical Industry, the Institution of Chemical 
Engineers, and the Institution of the Rubber Industry, should be 
open to all members of those Societies and Institutions. Such a 
proposal applies also to those ‘‘ Tenant ” Societies who intend to 
use the Chemistry wing. 

In the provinces, where there are not so many meetings, it 
would be necessary to arrange composite programmes, so that not 
only would members of all the constituent Societies be able to 
attend and take part in the discussions, but also the local Com- 
mittees controlling such meetings should themselves be composite 
bodies. The Chairman or President could be chosen from one or 
other section as circumstances permitted, as could also the Secre- 
taries, although for the immediate future a system of joint Secretaries 
might, with advantage, be inaugurated. 

In effect, therefore, the suggestion is that membership of any 
one “constituent ”’ or “Tenant” Society under the new scheme 
should confer on the member the right to read papers and to attend 
meetings of each Society, whether held in London or as sectional 
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meetings in the provinces, and that the programmes provided at 
the sectional meetings should embrace subjects on both the scientific 
and the technical side. This suggestion must be taken in conjunction 
with further suggestions which will be made later and in which a 
scheme is outlined for determining the conditions of membership of 
the Societies. 

Publications. 


It may be assumed that one of the chief reasons why a person 
belongs to one or more of the Chemical Societies is to obtain their 
publications. If this is so, it may well be that the cause of the 
annual drop in membership which some Societies are now experi- 
encing may be due to the increased facilities afforded by works’ 
libraries in supplying the requirements of their staffs. Indeed it 
has been said that some firms have notified their employees that 
the need for joining Societies no longer exists, because their own 
libraries contain all the required literature. The large General 
Library, which is the chief feature of the new housing scheme, 
should undoubtedly serve as an attraction and inducement for 
new members to join at least one of the constituent Societies, but 
unless there exists in the future as there has existed in the past a 
general desire among the younger men to join the Societies as a 
matter of principle, it is to be anticipated that a general decline in 
membership will occur. 

The publications of the two chief Chemical Societies are : 


(1) The Journal of the Chemical Society, containing the Trans- 
actions of the Society ; 

(2) The Proceedings of the Chemical Society, containing mainly 
matters concerning the business of the Society ; 

(3) The Journal of the Society of Chemical Industry ; 

(4) Chemical Abstracts A (pure) and B (applied) ; 

(5) “ Chemistry and Industry.” 


‘“‘ Chemistry and Industry ” contains under one cover the Trans- 
actions of the Society of Chemical Industry and the B Abstracts. 
There are other incidental publications such as the Annual Reports, 
but as the cost of these is, at present, defrayed by sales, they need 
not be considered for the moment. 

The publications of the American Chemical Society are similar in 
character, being the Journal, Chemical Abstracts, Industrial and 
Engineering Chemistry, and its News Edition. There is no official 
British equivalent to “‘ Industrial and Engineering Chemistry,” but 
there is a periodical very similar to it in general appearance called 
“The Industrial Chemist,” which is published by a London firm. 
In my opinion steps should be taken to ascertain whether it might 
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not be practicable to rearrange the publications of the two Societies 
in the following way : 


(1) Chemical Transactions. To contain the Transactions of the 
Chemical Society and the Transactions of the Society of 
Chemical Industry in those cases where no elaborate 
illustration of plant or apparatus is required (published 
monthly). 

(2) Abstracts A and B published together. 

(3) A publication on the lines of “ Industrial and Engineering 
Chemistry ” to contain the Transactions of the Chemical 
Society and of the Society of Chemical Industry in those 
cases where elaborate illustration of plant or apparatus is 
required (published monthly). 

(4) “Chemistry and Industry ”—the news edition—(published 
weekly containing the Proceedings of the Societies). 


Publications 2, 3, and 4 should yield considerable revenues from 
advertisements—especially (3), and it is possible also that this 
publication might be regarded by the Institution of Chemical 
Engineers as a means of issuing its more elaborate papers. 

It is not my intention to suggest ways and means by which the 
above result can best be accomplished. Such a problem will have 
to be most carefully investigated by a Joint Committee of both 
Societies, but it cannot be denied that there is a certain degree of 
unnecessary duplication between chemical publications as a whole, 
and that if this duplication could be removed and the various 
publications consolidated an increased circulation would be attained, 
especially among the outside public, with a consequent increase in 
the number and quality of the advertisements. The object to be 
achieved is the unification of our chemical publications by bringing 
together under an Editorial Board the publications of two and 
possibly more constituent Societies, and to include with these such 
outside publications as circumstances may permit. 


Finance. 

It is assumed that the publications mentioned above could be 
carried into effect for the same or a less sum than that now neces- 
sary to produce the existing publications of the two Societies. Now, 
the total membership of the Chemical Society and the Society of 
Chemical Industry, allowing for those members who belong to both, 
is of the order of 8,000,* and the main question that arises is this, 
Is it possible that a reduction in the present rates of subscription 
to the two Societies could economically be effected in the case of 
joint membership of both Societies? For example, would it be 
financially possible to allow all joint members the right to receive 

* In this and similar cases I have purposely kept to round numbers. 





884 THORPE: INTERNAL CO-OPERATION. 


the publications suggested above on payment, say, of a subscription 
of £3 10s. instead of the £5 10s. which they would pay under present 
conditions? * The obvious answer to this question is that any 
such scheme would have to be retrospective and include those 
members who already belong to both Societies—some 1,000 in all— 
leading to a considerable loss of revenue. This, however, need not 
act as a deterrent to the introduction of the new system, because 
the 3,000 members of the Chemical Society who are not now members 
of the Society of Chemical Industry and the 4,000 members of the 
Society of Chemical Industry who are not now members of the 
Chemical Society would have the option of paying the composite 
fee and receiving the full benefits provided, but those who do not 
take advantage of this option would have to give extra payment 
for such publications as they may require over and above those to 
which their individual subscriptions entitle them. 

The chief hardship would undoubtedly rest with those who are 
already members of both Societies, because, as stated previously, the 
Societies could not face the financial loss entailed by those members 
paying a composite fee which would be considerably less than they 
now pay to both Societies. A change such as that contemplated 
must be gradual, and no action must be taken that will lead to a 
sudden drop in the annual income of either Society. 

For the time being, therefore, the members who already belong 
to both Societies would have to continue to bear the cost of the full 
subscription to each Society, and the reduced or joint contribution 
could only be made operative in the case of new members. 

The essence of the proposed scheme is that new members must be 
required to join both: Societies. It is true that the present joint 
members might easily resign and re-join under the new scheme, but 
this would have to be prevented by Regulation. The joint contribu- 
tion of £3 10s. which I have suggested is purely tentative: the right 
figure can only be determined by the Joint Committee of the two 
Societies with actuarial help. I have merely suggested it to form 
the basis of investigation, but I do not think it is far wrong. 

For many years to come there would, therefore, be the following 
classes of members : 


(1) New members who must join both Societies at a composite 
fee of, say, £3 10s. annually. 

(2) Old members of the two Societies who would continue to pay 
(ex gratia) their present contributions to both Societies. 

(3) Old members of each Society who would continue to pay their 
present contributions as members of each Society and 
remain such unless they signified their desire to become 


* It is suggested that all entrance fees should be abolished. 
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joint members, when they would pay the composite con- 
tribution of £3 10s. 


Those who decided still to remain members of each Society would 
continue to pay the subscription required by each Society, but such 
members would receive, free of charge, only those publications 
which each Society regarded as adequate. 

If, therefore, this scheme is workable actuarily and is agreed to by 
the Societies concerned, it means that after the lapse of, say, thirty 
years, membership would be confined to Class 1 only, and the two 
Societies, while having their own President, Officers, and Council, 
and thus retaining complete autonomy as regards organisation and 
finance, would have a common membership and joint publications. 
The scheme must be examined carefully by an actuary, but it is 
thought that the loss of revenue, due to the composite subscription, 
would be more than compensated for by the increase of member- 
ship due both to new members joining and to those old members of 
Class 3 who elect to become joint-members. Personally, I feel some 
sympathy with the members of Class 2, being one of them myself, 
but I feel sure that most of them will realise that the action suggested 
is necessary in the interests of co-operation. 

Let us therefore devote our energies in the immediate future 
firstly towards making the scheme for a central House an accom- 
plished fact not only by giving help ourselves, but also by inducing 
others to help. It must be remembered that the membership of 
the constituent bodies combined in the scheme amounts to over 
20,000, and that if each of these members acts in the manner sug- 
gested above a substantial sum towards the cost of the scheme will 
be forthcoming. Secondly, let each member of our two Societies 
do what he can to further the scheme of amalgamation, based on 
some such plan as I have outlined in this address. Difficulties 
there are sure to be, but most difficulties of detail can be settled 
when the broad outlines of the scheme are established. 

There is undoubtedly a strong feeling among members of both 
Societies that the time has now come to close, in some measure, the 
break made in 1881. If that feeling is real and if strong opposi- 
tion is lacking from either side we shall achieve the object in 
view and bring about a union which circumstances now favour and 
which, in the opinion of many of us, is in accordance with the best 
interests of the two Societies and of Chemistry generally. If no 
union can be effected at the present juncture it will be due to 
opposition from within, and those opposing must remember that 
the same set of conditions is not likely to recur for many years to 
come and that failure under the very favourable circumstances of 
the moment will probably mean complete failure hereafter. 
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We have, in effect, the opportunities of forming a Chemical 
Society divided into two administrative sections, each section 
autonomous as regards internal administration and finance but 
with unified publications and a membership gradually becoming 
common to both. The Councils of the two sections would continue, 
as hitherto, to deal with routine administration, leaving the work 
of the section to be carried out, as at present, by Committees of 
Council. Financial matters would have to be arranged “ pro rata” 
by a Joint Financial Board, but each section would have its own 
Finance Committee for the purpose of financial administration 
within its own domain. 

The Publication Committees of each section would continue to 
function as now and would determine which of the communications 
submitted to them should be published and in which publication. 
There would have to be a joint Editorial Board composed of members 
of both Councils, whose duty it would be to direct the publications 
issued jointly. 

The Bureau of Chemical Abstracts, which under the proposed 
scheme will deal with the unified abstracts and the joint indexes, 
would continue to act as it does at present and would retain its 
present constitution. The Library Committee would also retain its 
present form and carry out its work in the same manner. 

Regarding the two other constituent Societies, the Institution of 
Chemical Engineers and the Institution of the Rubber Industry, 
the former has already expressed its wish to be associated with 
British Chemical Abstracts, and it may be possible that the variety 
and scope of the other publications for which provision is made 
under the scheme will appeal to this body as a suitable means for 
publishing its scientific and technical communications. If this 
should happily be the case, the Institution would have to be repre- 
sented on the joint Editorial Board and on the joint Finance Board. 
Unfortunately, it is not possible in this case to arrive at a common 
membership, since the, Institution is, in part, a professional body, the 
membership of which carries a qualification. So far as the Institu- 
tion of the Rubber Industry is concerned steps must be taken to 
ascertain in how far and in what manner it is prepared to be associated 
with the scheme. 

It will probably require twelve months’ work on the part of a 
joint Committee to elaborate all necessary details and explore every 
avenue leading in the desired direction, but let us be ready, when 
the fiftieth anniversary of the foundation of the Society of Chemical 
Industry occurs next year, to put forward a well-conceived and 
agreed plan of amalgamation which can be put into operation at 


once. 
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The Dyestuffs Act. 

In my address last year I mentioned the Dyestuffs (Import Regul- 
ation) Act as illustrating one of the ways in which Government 
could co-operate in order to protect ‘‘ young and struggling industries 
against competition from similar but established industries abroad.” 
This Act was passed in December 1920 and came into force on 
January 15th, 1921. It prohibited, for a period of ten years, the 
importation into the United Kingdom of all synthetic dyestuffs and 
all intermediate products used in their manufacture, but permitted 
certain materials not available in this country to be introduced by 
licence. 

The Act, which has been of very great value in assisting the 
establishment of a Dyestuffs industry in this country, comes to an 
end, therefore, at the close of this year, unless it should be extended 
for a further period. 

There is perhaps a tendency in certain quarters to-day to consider 
the Dyestuffs industry only from the point of view of the supply of 
dyestuffs to the colour ysers. There is, however, another very 
important aspect to which we as members of the Chemical Profession 
must give full consideration. I refer to the fact that a successful 
and well-established Dyestuffs industry establishes in the country 
having such an industry a certainty of development in the field 
of organic chemistry. Firms are enabled to create large research 
organisations employing many of the most capable chemists in the 
country, and from these organisations there arise all kinds of 
organic developments, not alone in dyestuffs, but in we many 
other branches of industry. 

Such Research Organisations are recruited from the Renaeh 
Schools in our Universities and University Institutions, leading not 
only to the employment of many research chemists trained therein, 
but also to their own development. 

The history of the great German dye firms in the past has shown 
this clearly, since most of the successful lines into which these firms 
have ventured have arisen from research work carried on originally 
for the Dyestuffs industry. It appears important, therefore, that a 





broad view should be taken of the establishment of a Dyestuffs 
industry, and that full weight should be given to the importance to 
e nation of the development of Organic Chemistry. 
During the Great War the importance of this was clearly seen, for 
ot only did the great German Dyestuffs firms assist from the military 
int of view—they also operated very extensively in regard to many 
prganic developments which were of an entirely civil character. 
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FREDERICK WILLIAM DOOTSON. 
Born Aveust 10TH, 1863; Diep DxcemBer 12TH, 1929. 


By the untimely death of F. W. Dootson at the comparatively 
early age of 66 years, the University of Cambridge lost an able 
and devoted teacher and his friends in the Chemical Laboratory a 
congenial and gifted colleague. 

There is little of general interest to record about Dootson’s earlier 
years, but his connexion with Cambridge dates from 1891, when he 
entered Fitzwilliam Hall as an undergraduate. Shortly after 
graduating in the Natural Sciences Tripos, he attached himself to 


Trinity Hall, and for many years devoted himself to the interests | 


of the students as a private tutor. Fram the time of taking his 
first degree up to the date of his death he was identified with the 
University Chemical Laboratory, where his success as a teacher, 
first as Demonstrator and later as University lecturer, will long be 
gratefully remembered. 


chemistry of citrazinic acid, a subject on which his teacher, the 
late W. J. Sell, had published several memoirs. A paper published 
by Sell and Dootson on the action of phosphorus pentachloride on 
citrazinic acid in 1897 led to a systematic study of the chlorine 
derivatives of pyridine. The results of these investigations were 
published at frequent intervals in the Journal between 1898 and 
1903. Dootson also published a paper on the “ Halogen Deriv- 
atives of Acetonedicarboxylic Acid” (J., 1899, 75, 169), and in 
another paper, entitled ‘‘ Condensation of Methyl Acetonedicarb- 
oxylate. Constitution of Orcinoltricarboxylic Esters” (J., 1900, 
77, 1196), he demonstrated a very simple method for transforming 
an aliphatic into a benzenoid compound. 

After 1903, Dootson’s administrative duties in the laboratory 
increased considerably and he was of necessity drawn away from 
research. During the period of the War, however, he was actively 
occupied with experimental preparative work on various substances 
of national importance. His last memoir, entitled “A Note on 
Thermal Diffusion” (Phil. Mag., 1917, 33, 248), was published 
jointly with Dr. 8. Chapman. 

To past and present generations of Cambridge students, however, 
the most enduring memory of Dootson will be that of an attractive 
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and successful teacher of the more elementary branches of chemistry. 
His admirable capacity for organisation made him a valuable help 
to his Professor and a very kindly friend to other members of the 
Departmental Staff. Dootson was a man of many interests: not 
only was he essentially a “ well-read man,” but he developed his 
appreciation of art in a more practical way as a very successful 
amateur oil painter. 

He died, as he would have wished, in harness, after a very short 
illness. Among the many tributes to his memory, the writer 
ventures to quote from a letter written by an eminent Member of 
the Faculty of Medicine to Mrs. Dootson. ‘. . . I should like to 
add my appreciation of Dr. Dootson’s work as a teacher. He was 
a friend to every student, and every student valued his kindly and 
unsparing help.” 

; A. J. Berry. 





HENRY JOHN HORSTMAN FENTON. 
Born 1854; Drep January 13ruH, 1929. 


HENRY JOHN HorsTMAN FENTON was born at Ealing in 1854. He 
received his earlier education at Magdalen College School, Oxford, 
and afterwards went to King’s College, London, where he studied 


| chemistry under Bloxam. During the time that Fenton was at 
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King’s College the Clothworkers’ Company instituted an exhibition 
in physical science tenable for three years by a non-collegiate 
student at Cambridge. Fenton applied successfully for this exhibi- 
tion and, in accordance with its conditions, entered the University 
of Cambridge in the Lent Term, 1875. In his first year at Cam- 
bridge he gained an entrance scholarship at Christ’s College, where 
he was admitted in May 1876. He was then 22 and thus older than 
the majority 6f undergraduates. His chemical knowledge and 
experience were also greatly in advance of those of men of the 
same university standing, and while still an undergraduate he was 
made an assistant demonstrator by Professor Liveing. He had a 
very independent spirit, and it was therefore perhaps not unnatural 
that he chafed at the discipline then imposed on members of the 
University in statu pupillari and not infrequently came into conflict 
with University and College authorities. In fact to the end he 
cherished a certain antagonistic attitude towards university 
authority. He took the Natural Sciences Tripos in 1877—it was 
at that time not divided into two parts—and was placed in the 
First Class along with, amongst others, Adam Sedgwick, the 
zoologist, F. O. Bowen, afterwards Professor of Botany at Glasgow, 


and Alex. Hill, sometime Master of Downing. 
HH 
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On the resignation of the then University Demonstrator of 
Chemistry, John Wale Hicks, of Sidney Sussex, afterwards Bishop 
of Bloemfontein, W. J. Sell was appointed to succeed him and 
an ‘“‘ Additional Demonstratorship of Chemistry” was instituted 
by the University and the post was assigned to Fenton. 

The University Department of Chemistry was then accommo- 
dated in a building since removed, which stood on the southern 
part of the east side of the Old Botanic Garden site and afterwards 
served as part of the Pathological Laboratory. 

Several of the Colleges had their own chemical laboratories and 
these were run in competition with the University laboratory. 
This competition continued for many years after the erection in 
1887 of the new University Chemical Laboratory facing Pembroke 
Street, though in an ever-lessening degree as the college laboratories 
one by one were given up. The greater part of the teaching in the 
University Laboratory was carried on by Sell and Fenton and in 
spite of their different temperaments the two men worked together 
in harmony until their association was terminated by the death of 
Sell in 1915. 

Fenton’s lectures were for many years an outstanding feature 
in the instruction given in the University Laboratory. He took 
immense pains in their preparation and although in lecturing he 
affected an air of indifference and a somewhat indolent manner, 
actually he delivered them with very great care, and he was extra- 
ordinarily successful in stimulating the interest of the abler men. 
He scrupulously avoided dogmatism. He endeavoured, so far as 
possible, to present each subject as a debatable question on which 
there were diverse views to be discussed, to balance the evidence 
for and against every inference, and to induce his hearers to use 
their own judgment and draw their own conclusions. The value 
of his lectures was greatly enhanced by the informal discussions 
which he encouraged: at the close of every lecture a number of 
eager young men would come down to the lecture table and engage 
with him in discussien, often prolonged, of the subjects in which 
he had aroused their interest. ‘Those who brought their difficulties 
to him found him unexpectedly sympathetic, and he would deal 
exceedingly gently with one who asked a thoughtless or an ill- 
considered question. 

The course of experimental work in general and physical chemistry 
which he devised to illustrate his lectures was very carefully thought 
out, and during the ‘eighties, and even later, the type of laboratory 
work being done by his class was probably unique. Although his 
chief interest always seemed to be in general and physical chemistry, 
the greater part of his original work was carried out in organic 
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chemistry. His earlier work consisted of a series of investigations 
on the action of hypochlorites on urea and related compounds. A 
pupil of his (Mr. Street), wishing to estimate urea, happened to 
use, instead of sodium hypobromite, a strongly alkaline solution of 
sodium hypochlorite and found that only half the expected quantity 
of nitrogen was evolved. Fenton followed up this observation and 
discovered that the missing half of the nitrogen was present in 
the solution as sodium cyanate. He gave an explanation of 
the phenomenon a few years later. At the same meeting of the 
Chemical Society (June 20th, 1895) at which Walker and Hambly 
communicated their well-known experiments on the transformation 
of ammonium cyanate into urea Fenton read a paper giving an 
account of experiments he had been making on the same subject, 
using the action of sodium hypobromite to measure the rate of 
change. Finding that the transformation of the ammonium cyanate 
was never complete, he inferred that ammonium cyanate and urea 
were in tautomeric equilibrium and concluded that, whilst the more 
reactive hypobromite attacked both the urea and the ammonium 
cyanate (liberating all the nitrogen from the former and that 
present as ammonium from the latter), the hypochlorite attacked 
the ammonium cyanate only and thereby disturbed the equilibrium 
of the system so that the whole of the urea was finally converted 
into nitrogen and sodium cyanate. In other papers he showed 
that hypochlorites and hypobromites liberated different amounts 
of nitrogen from several nitrogenous compounds and in this manner 
he proved that ammonium carbonate in presence of water was in 
equilibrium with a small proportion of ammonium carbamate : 


NH,’ + CO,” => NH,;-CO,’ + H,0. 


What is probably to be regarded as his most important work is 
that connected with the discovery and investigation of dihydroxy- 
maleic acid. It extended over many years, for the initial observation 
from which it grew was made during his first year as an under- 
graduate at Cambridge. The story current in the laboratory in 
later years was that a fellow student, amusing himself by mixing 
reagents at random, chanced to obtain a violet coloration, which he 
showed to Fenton. Fenton was keenly interested in the observ- 
ation, and he found out the essential reagents which were concerned 
in the production of the colour, namely, tartaric acid, a ferrous salt, 
hydrogen peroxide, and excess of caustic alkali. He reported the 
discovery in a letter to the Chemical News, entitled ‘‘On a New 
Reaction of Tartaric Acid ’’ and dated Christ’s College, Cambridge, 
April 25th, 1876. He was at first disposed to regard the colour as 
being due to the production of a ferrate, but a few years later (in 
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1881) he published a second letter in the Chemical News in which 
he showed that the colour arose from an iron derivative of an 
oxidation product of tartaric acid, since the colourless solution 
obtained after removal of the iron gave the colour again on the 
addition of a ferrous or ferric salt. 

After several years he took up the problem again, and in 1894 
he discovered how the new oxidation product could be isolated— 
it could be salted out from the reaction mixture by the addition 
of fuming sulphuric acid—and in a series of papers extending over 
the years 1894 to 1902 he described its reactions and relationships. 
It had the formula C,H,O,; its formation from tartaric acid thus 
involved only the loss of two atomic proportions of hydrogen. It 
was a dibasic dihydroxy-acid; it showed no ketonic reactions; it 
could be reduced to racemic acid and oxidised to dihydroxytartaric 
acid. It was therefore either dibydroxyfumaric acid or dihydroxy- 
maleic acid. It readily gave a diacetyl cyclic anhydride with acetyl 
chloride and was transformed into an isomeric acid by hydrobromic 
acid. Fenton therefore regarded it as dihydroxymaleic acid : 

HO-C-CO,H 

HO-C-CO,H 
Its production from d-tartaric acid thus involves the trans-elimin- 
ation of the two hydrogen atoms lost, and its reduction to racemic 
acid the trans-addition of hydrogen. 

The most interesting reaction of the new acid was perhaps that 
brought about by heating with water. Two molecules of carbon 
dioxide were eliminated and glycollaldehyde was formed : 

HO-C-CO,H HO-CH, 
HO-C-CO,H ae 

On re-examining this reaction with H. Jackson, he obtained the 
resulting glycollaldehyde in a bimolecular crystalline form. It had 
a sweet taste (it could be regarded as the simplest sugar) and 
Fenton showed subsequently that it could be degraded by Wohl’s 
method to formaldehyde. With Ryffel, he showed that dihydroxy- 
maleic acid could be oxidised to mesoxalic semialdehyde, a com- 
pound of considerable interest on account of its close relationship 
to the hypothetical trihydroxyacrylic acid of which uric acid is the 
diureide. 


Nevertheless attempts to synthesise uric acid by condensing this 
compound with urea yielded only glycouril and carbon dioxide. 
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Further investigations showed that the new reagent—hydrogen 
peroxide in conjunction with ferrous salts—which acted on tartaric 
acid in so characteristic a manner, constituted a specific and valuable 
oxidant for certain classes of compounds. With H. Jackson, 
Fenton showed that di- or poly-hydroxy-alcohols with vicinal 
hydroxy-groups were smoothly and rapidly oxidised to hydroxy- 
aldehydes; for instance, glycol gave glycollaldehyde, glycerol 
glyceraldehyde, erythritol erythrose, and mannitol mannose. 
Monohydric alcohols, however, were not attacked. With H. O. 
Jones, he examined the effect of the new reagent on acids. «-Hydr- 
oxy-acids were oxidised rapidly and with evident heat-evolution 
to the corresponding keto-acids; acids of other classes were un- 
affected. Thus glycollic acid was shown to be oxidised to glyoxylic 
acid, Jactic acid to pyruvic acid, tartronic acid to mesoxalic acid, 
and glyceric acid to hydroxypyruvic acid, whilst from malic acid 
there was formed the previously unknown free oxalacetic acid. 
Fenton and Jones examined the reactions of this acid in some 
detail and among other observations found that its phenylhydrazone, 
heated with water, decomposed in two ways, either losing carbon 
dioxide to give pyruvic acid phenylhydrazone, or undergoing 
dehydration to a pyrazolone derivative. The relative proportion 
of these products depended on the hydrogen-ion concentration of 
the solution, and on this fact an approximate method of comparing 
the strengths of acids could be based. 

The observation that dihydroxymaleic acid was converted into 
its diethyl ester by the action of an ethereal solution of hydrogen 
bromide led him to examine the action of this mixture on compounds 
of other classes. With Miss M. M. Gostling, he found that various 
carbohydrates, in particular fructose, gave a purple colour when 
dissolved in ether and treated with hydrogen bromide, and this 
proved to be due to an oxonium salt of a yellow crystalline com- 
pound which could be thus obtained in considerable quantity and 
was shown to be w-bromomethylfurfuraldehyde. 

Among other observations of interest which he made may be 
mentioned the reduction of carbonic acid by magnesium to form- 
aldehyde and the formation of a crystalline explosive compound of 
formaldehyde and hydrogen peroxide of the composition C,H,O, 
and the probable constitution HO-CH,°O-O-CH,-OH. 

Fenton was gifted with keen powers of observation and acute- 
ness of interpretation and the whole of his experimental work is 
marked by its elegance. 

Of his books, those best known are his ‘‘ Notes on Qualitative 
Analysis,” which was based originally on a small book published by 
Liveing, but was greatly expanded in successive editions, and his 
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‘“‘ Outlines of Chemistry.”” He was elected into the Royal Society 
in 1899, and served on the Council of that body from 1913 until 
1916. He was made an honorary fellow of his College in 1911. 

He was naturally a shy man and was exceedingly sensitive to 
chaff or criticism; he endeavoured to conceal his shyness by assum- 
ing a certain hauteur which tended to repel some of those who 
would have sought his friendship. He had a very strong sense of 
fairness, but his pertinacity in defending views in which he was in a 
minority of one sometimes made him a difficult member of University 
bodies. He married in 1892, Edith, daughter of George Ferguson 
of Richmond. He left no children. He gave up his lectureship in 
1924 and went to live at Hove, but the last years of his life were 
greatly clouded by illness. He died in a nursing home in London 
on January 13, 1929, at the age of 74. 





HENRY WILSON HAKE. 
Born DEcEMBER 17TH, 1851; Diep January 18TH, 1930. 


H. Witson Hake, who died in January aged 78, was the last 
surviving son of Dr. Thomas Gordon Hake, author of “‘ Madeline,” 
‘* Parables and Tales,’’ and other poetic works. 

He was educated privately up to 1872 and then went to the 
University of Giessen, where he took his Ph.D. (1875), and subse- 
quently to Bonn for a short post-graduate course, studying under 
Professors Will and Kekulé. He formed a close friendship with the 
younger Will. After travelling for some time with his father in 
Italy, he returned to England and became an assistant to Thudi- 
chum, with whom the writer had for some two years previous been 
associated in researches chiefly concerning the chemistry of brain- 
matter. 

For some years we were intimately acquainted and during that 
time we communicated a joint note to the Chemical Society on 
‘‘ Some New Reactions in Organic Chemistry,’’ which was published 
with a supplemental note in the Pharmaceutical Journal of May 
12th, 1877. We also contributed to the Quarterly Journal of Science 
(January, 1877) a joint critical essay on “‘ Physiology and its 
Chemistry at Home and Abroad.” 

Hake became acquainted with my old friend Thomas Farries 
and upon leaving Thudichum he took charge of the laboratory 
of his firm (Messrs. Burgoyne, Burbidge, Cyriax, and Farries) 
for about one year: he was then appointed Lecturer on 
Chemistry at Queenswood College, Stockbridge, Hants (1879— 
1885). In 1885 he became Assistant Lecturer on Chemistry at 
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Westminster Hospital Medical School and assisted Dr. A. Dupré 
in his analytical and consulting practice; he also collaborated with 
him in the production of a ‘‘ Manual of Inorganic Chemistry,” 
published in 1886. In 1897 he succeeded Dupré as Lecturer on 
Chemistry and Toxicology and although the Chemistry Department 
was discontinued in about 1907 he continued to coach students for 
the D.P.H. degree and lectured on Toxicology up to June, 1929— 
some six months prior to his decease. 

Hake was an examiner in Chemistry for the Civil Service Com- 
mission from 1894—about 1918, and for the Royal College of 
Physicians from 1898—1902: during the period 1901—about 1917 
he was Lecturer on Toxicology at the London (Royal Free) Hospital . 
School of Medicine for Women and from about 1922—1926 he served 
as Examiner on Public Health to the Conjoint Board of Physicians 
and Surgeons. He also served for many years as Gas Examiner 
to the Wandsworth Borough Council. In addition to his other 
activities he specialised in the analyses of mineral and ordinary 
waters and did a good deal of consulting work on poisons, drugs, 
medicines, etc. Among his publications may be mentioned a joint 
paper with Thudichum on “ The Estimation of Hydrogen occluded 
by Copper, with Special Reference to Organic Analysis ” (J., 1876) ; 
a joint paper with A. Dupré on ‘ The Estimation of Organic Carbon 
in Air” (J., 1881); “‘A Preliminary Note on the Absorption of 
Moisture by Deliquescent Salts’’ (P., 1896); a note on “ Further 
Experiments on the Absorption of Moisture by Deliquescent Sub- 
stances ’’ (P., 1897); an article entitled ‘‘ Chemistry and Medicine ” 
(Westminster Hospital Reports, Vol. 3, 1887); a further paper on 
the same subject (ibid., Vol. 5); a joint paper with Dr.* William 
Murrell on ‘“‘ Green, Blue, Magenta, and other coloured Urines ”’ 
(Edinburgh Med. J., 1906); a joint paper with Dr. S. Monckton 
Copeman entitled “‘ A Study of the Variations in the Secretion of 
Hydrochloric Acid in the Gastric Contents of Mice and Rats as com- 
pared with the Human Subject, in Cancer” (Proc. Roy. Soc., 1908, 
B, Vol. 80); ‘* Report on Ferro-Silicon with Special Reference to 
the Poisonous Gases evolved’ (extracted from supplement to the 
38th Annual Report, Local Government Board, 1908—1909; Cd. 
4958); joint Report with Dr. 8. Monckton Copeman and 8. R. 
Bennett, M.A., on the ‘‘ Nature, Uses, and Manufacture of Ferro- 
chrome and other Ferro-Alloys’’ (Reports, Local Government 
Board, New Series, No. 93, 1911); ‘“‘ The Action of Chlorine on the 
Blood ”’ (Lancet, July 10th, 1915); and “‘ Some Problems in Toxi- 
cology’ (Post-graduate Lecture at the Westminster Hospital, 
1924). 

Hake became a Fellow of the Chemical Society in 1876, and a 
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Fellow of the Institute of Chemistry in 1878 and served on the 
Council (1901—1904). As will be obvious from what has been 
written above, he was specially interested in Toxicology and almost 
up to the time of his death he was occupied in the preparation of 
notes with a view to the publication of a text-book on that subject. 

In 1890 Hake married Miss Mabel Mann (youngest daughter of 
Richard Mann of Bromley, Kent), who died in 1924, leaving as issue 
one son (the present Director of the National Portrait Gallery) 
and two daughters. Hake took the greatest possible interest in the 
education of his children. He was a good lecturer and teacher 
and had a great love of nature. Highly cultivated, of charming 
. manners and retiring disposition, he was a lovable man and it is a 
matter of great regret to me as an old friend that I was able to see 
so little of him since our early intimate association. 

CHarLes T. KIn@zetr. 


WILLIAM WALKER JAMES NICOL. 
Born June 27TH, 1855; Diep Marcu 197TH, 1929. 


Witt1amM Waker James Nicot, the only son of William Walker 
Nicol and Marianne Ballantyne Nicol, both belonging to old Border 
families, and the nephew of James Nicol, Professor of Natural 
History, who elucidated the nature of the rock formation of the 
North-west Highlands, was born in Edinburgh in 1855. He was 
educated first in England, and later at the Edinburgh Academy, 
where he was a contemporary of the late Lord Haldane; in 1872 he 
proceeded to the Edinburgh University, where he took the M.A. 
degree. Attracted by ‘chemistry, he turned his special studies in 
this direction in Professor Crum Brown’s laboratory, and gained the 
medal of the year and the Hope Prize Scholarship, taking also the 
B.Sc. and finally the D.Sc. degree. After working at Berlin Univer- 
sity under Professor A. W. Hofmann, he returned for a short time 
to Edinburgh University as demonstrator, and in 1876 was appointed 
lecturer at the newly founded University College, Bristol, now the 
University of Bristol. In 1880, Mason College, Birmingham, now 
the University of Birmingham, was founded, and in 1881, with 
William Augustus Tilden as professor, Nicol joined the staff as 
lecturer in chemistry : he retained this post until his retirement in 
1894, following on Tilden’s removal to the Royal College of Science, 
South Kensington. 

During this period of 18 years Nicol proved himself a very success- 
ful lecturer and teacher. As a lecturer he was clear and logical and 
his lectures were appreciated, not only by his students, but by 
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wider and more popular audiences to whom he gave numerous 
lectures in the West of -England and the Midlands, partly as 
University Extension Lectures and partly under the Gilchrist 
Trustees. As a teacher in the laboratory, he was indefatigable in 
his individual attention to his students, being at all times both able 
and willing to help them in their difficulties. 

At this period, especially in newly founded Chemical Depart- 
ments, the time of the members of the staff taken up in lecturing 
and in the daily work of the laboratory was frequently so great 
as to leave but little for research, and the equipment and apparatus 
available were often very limited. Nicol, however, always devoted 
as much time as could be spared from other duties to research work : 
he was greatly helped in this respect by the possession of an excep- 
tionally good mechanical aptitude and an unusually skilful mani- 
pulative capacity, which enabled him to construct his own apparatus, 
whether of wood, metal, or glass, thus minimising the difficulties 
which many would have experienced owing to lack of equipment. 
At the outset, while in Berlin and later in Edinburgh, he carried out 
short investigations in organic chemistry, but the bent of his mind 
was much more towards inorganic and physical chemistry, and it 
was especially in this direction that he turned during his stay in 
Birmingham. 

The particular problem which attracted Nicol was that of “ solu- 
tion,’ and from 1882 to 1894 he carried out a long series of 
investigations on the physical constants of salt solutions, and 
especially of their molecular volumes, these being ascertained with 
the high degree of accuracy characteristic of his work. In the 
controversies of the period, which just preceded the rapid develop 
ment of physical chemistry in the ‘nineties, he took a considerable 
part as an opponent of the “ hydrate ”’ theory of solution : he also 
acted as Secretary of the British Association Committee on Solution. 
He was a very expert photographer, and worked out the “ Kalli- 
type ”’ printing process, in which silver nitrate and ferric salts were 
employed. 

After his retirement from active teaching work in 1894, although 
he continued his chemical investigations for a time, Nicol’s interests 
tended more and more to the fulfilment of the mechanical bent of 
his versatile inventive mind. One outlet of this, joined with his 
love of natural scenery and of the open air, was found in caravan- 
ning in the wildest parts of the Scottish Highlands, and along the 
narrowest and most difficult of roads in various types of caravan, 
first with a horse and later with the motor as tractor, the caravans, 
full of ingenious contrivances, being built and fitted entirely by 
himself. 
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Externally rather quiet and reserved, Nicol felt no great inclin- 
ation for large meetings or social functions, but those who were 
regularly brought into contact with him soon learned how thin 
was this external layer, and beneath it soon recognised his high- 
minded sense of honour, his innate courtesy, and his intellectual 
capacity, and that these were combined with a great personal 
hospitality and a strong sense of dry humour. To those intimate 
with him he was to the end, even when opportunities of meeting 
became rare, a friend who continued always the same. 

During most of his life Nicol enjoyed very robust health, and it 
was a legitimate source of pride to him that throughout the whole 
time he spent in Birmingham he was never for a single day absent 
from his work through illness. During the last year or so, however, 
his health failed, and he died in his 74th year on March 19th, 1929. 
He leaves a widow and one daughter, Dr. E. A. Traquair Nicol, 
who, after taking the B.A. degree at Cambridge and the Ph.D. at 
Edinburgh, is now carrying out zoological research in the laboratory 


of the latter University. 
H. G. C. 





SAMUEL RIDEAL. 
Born, 1863; Drep NovEMBER 13TH, 1929. 


Dr. SAMUEL RIpDEAL, who died on November 13th last at the age of 
sixty-six, had been a Fellow of the Society since 1882, and for the 
greater part of his life was a familiar figure at its meetings and at 
those of kindred societies. 

Rideal was born in 1863, being the son of Mr. John Rideal of 
Sydenham, and was educated at Dulwich College and at the Royal 
School of Mines, whence he migrated to University College, 
London; there he completed his degree course and acted for several 
years as an assistant teacher, first under Professor Williamson and 
later under Sir William Ramsay. He took Chemical Honours in his 
B.Sc. Degree and only two years later was awarded the Doctorate 
at the very early age of twenty-three—a considerable achievement 
in the days when the D.Sc. was awarded, not, as later, for original 
work, but as the result of an examination of almost encyclopedic 
range demanding, not only a severe course of intense reading, but 
also the possession of an exceptionally retentive memory. His 
investigational work in chemistry, which was varied and continuous 
and gave him a wide reputation, came later. 

In 1886, however, he contributed to the Transactions of our 
Society by a paper on the “ Action of Ammonia on Chromyl Di- 
chloride ” (J., 1886, 49, 367), and in 1889 a paper on the “ Action 
of Ammonia on Tungsten Compounds ” (J., 1889, 55, 41). But he 
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had already contributed some original observations on analytical 
methods to the Chemical News and a paper on “ Isodimorphism ” 
(in relation to the specific volumes of arsenic and antimony trioxides 
in their octahedral and prismatic forms) to the Berichte of the 
German Chemical Society (1886, 19, 589). 

In 1889, after having received the honour of election as a Fellow 
of his College, Rideal was appointed Lecturer on Chemistry in the 
Medical School of St. George’s Hospital; and soon after, on his 
appointment as Public Analyst for Chelsea, he established himself 
as a chemical consultant at Westminster. 

A communication from him to the German Chemical Society on 
“ Organic Boron Compounds,” dealing with the action of boron 
halides on ammonia and on organic bases, was published in the 
Berichte (1889, 22, 992). He gradually, however, turned his atten- 
tion mainly to problems of a technical nature, his first memorable 
contribution in this direction being a paper, with S. G. Rosenblum 
as co-author, on the “‘ Estimation of Chromium in Chrome Iron Ore, 
Ferro-chromium, and Chrome Steel,’ in which were communicated 
the results of a searching investigation into the method of fusion 
with sodium peroxide which had been put forward by Hempel in 
1893 and adapted for quantitative purposes by Dr. John Clark as 
described in a communication by the latter to our own Society 
(J., 1893, 63, 1079): the subject was further pursued by Rideal 
and Rosenblum in a paper in the Chemical News (1896, 73, 1), to 
which was appended a very complete bibliography of other work on 
the same process. 

Rideal’s attention, however, became concentrated on matters 
connected with sanitation, mainly those bearing upon water supplies 
and, more especially, upon the disposal and purification of sewage 
and sewage effluents; on this subject he became a generally acknow- 
ledged authority, his assistance being constantly requisitioned by 
engineers and by local authorities, and he was frequently called 
upon to give evidence before Royal Commissions, Departmental 
Committees, and Local Government enquiries relating to sewage 
disposal or public water supplies. 

Rideal also gave a good deal of attention to disinfectants and his 
name has for many years been familiar in connexion with the Rideal- 
Walker method for assessing the value of disinfectants on the basis 
of comparison with pure phenol by ascertaining their relative effect 
on cultivations of Bacillus typhosus. 

He was the author of a book entitled “ An Introduction to the 
Study of Disinfection and Disinfectants,’’ first published in 1895, 
with subsequent editions in 1898 and 1904, which work, however, 
was superseded by a later edition by himself and his son, Dr. Eric 
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K. Rideal, on “ Chemical Disinfection and Sterilisation ” published 
in 1921. 

He was also the author of a book on “ Sewage and the Bacterial 
Purification of Sewage,”’ first published in 1900 and re-published in 
1901 and 1906; and in 1914, again jointly with his son, he published 
what has come to be regarded as a standard work on “‘ Water 
Supplies, their Purification, Filtration, and Sterilisation.” 

The application of electrolytic chlorine to sewage purification and 
deodorisation engaged Rideal’s attention over several years, and he 
was the author of two papers on the subject (J. Roy. Sanit. Inst., 
1905, 26, 378; J. Soc. Chem. Ind., 1909, 215). 

He was also the author of a book on “ Glue and Glue Testing ”’ ; 
and made several communications to the Society of Public Analysts 
recorded from time to time in the Analyst. Amongst these were 
papers on “ The Sulphuric Acid Hydrolysis of Butter-Fats ” (1893, 
48, 165); on “ Formalin as a Milk-Preservative ”’ (1895, 20, 157); 
on “ Determination of Dissolved Oxygen in Waters in Presence of 
Nitrites and of Organic Matter” (1901, 26, 141); (jointly with 
H. G. Harrison) on the “ Polenske Method for the Detection of 
Cocoanut Oil in Butter” (1906, 31, 254); (jointly with W. T. 
Burgess) on the “‘ New Standards for Sewage Effluents ” (1909, 34, 
193); (jointly with L. H. D. Acland) on ‘ Examination of the Oils 
from Manihot Ceara and Funtumia Elastica and a Comparison of their 
Properties with those of Linseed and Hevea Oils ’’ (1913, 38, 259). 

Rideal was chosen as Cantor Lecturer to the Royal Society of 
Arts in 1902, taking as his subject “ Water Purification ” (J. Soc. 
Arts, 1902, 50, 717, 729, 741, 755). 

He was President of the Association of Sewage Works Managers 
in 1902, and President of the Society of Public Analysts in 1918; 
and he served a period as Examiner in Chemistry to the Royal 
Colleges of Physicians and Surgeons. 

During recent years Rideal’s health gradually failed, compelling 
him to give up—it was hoped only for a time—active work, and 
on medical advice he sought change of scene abroad; but the 
hoped-for recovery did not ensue and he died with unexpected 
suddenness in South Africa, leaving a widow (Lilla, daughter of the 
late Samuel Keightley, of Bangor, Co. Down), one daughter, and 
three sons, including Dr. Eric K. Rideal, Owen Jones Lecturer in 
Physical Chemistry in the University of Cambridge, already referred 
to in connexion with. two books of which, with his father, he was 
joint author. 

The writer deplores the termination of an intimate personal 
friendship which had lasted unbroken through more than forty years. 

BERNARD DYER. 
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SAMUEL BARNETT SCHRYVER. 
Born, 1869; Diep Aveust 2lst, 1929. 


SAMUEL BaRNETT ScHRYVER was born in London in 1869 and was 
educated at University College School, University College, and the 
University of Leipzig, where he graduated Ph.D. After his return 
to England he was appointed in 1893 Demonstrator in Chemistry 
under Campbell Brown at University College, Liverpool, where he 
remained until 1897. Early in 1898 he joined the staff of the 
Wellcome Research Laboratory and retained this position until 
March 1901, when he was appointed Lecturer in Physiological 
Chemistry at University College, London. Up to this time he had 
been engaged in research on a variety of subjects in Organic 
Chemistry, but here for the first time he came into direct contact 
with biochemical problems and henceforward until his death he was 
continuously engaged in biochemical and physiological research. 
He left University College in 1907, on his appointment as Physio- 
logical Chemist to the Research Institute of the Cancer Hospital, 
and in 1913 joined the Staff of the Imperial College of Science at 
South Kensington as Assistant Professor, becoming full Professor 
of Biochemistry in 1920. Schryver was elected to the Fellowship 
of the Royal Society in 1928. He died on August 21st, 1929 after 
an illness of several months’ duration. 

Trained as an organic chemist, Schryver developed into a bio- 
chemist whose chief interest lay in the chemical and physical 
behaviour of the proteins and other colloidal constituents of the cell. 
Gifted with a fertile imagination, he was never lacking in ideas for 
new lines of research, many of which he himself began to develop. He 
leaves behind him a band of workers trained in his laboratory, many 
of whom are continuing the work commenced under his inspiration. 

In 1910 Schryver married Miss E. Davies, who, with their two 
daughters, survives him. 

Schryver’s first paper (1890) was published in conjunction with 
Norman Collie, under whom he studied, on the effect of heat on 
quaternary ammonium compounds and the nature of the tertiary 
amine thus formed when the radicals of the quaternary compound 
were varied. This led to an attempt (1891) to prepare stereoisomeric 
compounds of the quaternary ammonium salt type (methyldiethyl- 
isoamylammonium iodide). Certain differences in crystallisation 
(probably due to dimorphism) were regarded as possibly due to the 
effect of asymmetry of the nitrogen atom. 

At Liverpool he commenced the study of the oxidation of oil of 
turpentine, from which he obtained a new acid (terpylonic acid). 
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The heptolactone formed by distillation of terpenylic acid and an 
isomeric lactone were synthesised and their constitutions thus 
established. He next turned to researches on the derivatives of 
camphor, effecting the synthesis of an isomeride of camphoric acid 
and studying the oxidation products of lauronolic acid. 

From the Wellcome Research Laboratories he published papers 
on acid pheny! salts of dibasic acids, which were obtained by acting 
on the anhydrides of such dibasic acids as camphoric, succinic and 
phthalic acids with the sodium salt of a phenol. Here too he com- 
menced (with F. H. Lees) an investigation on morphine and pub- 
lished two papers on this subject, dealing with iso- and -iso- 
morphine. He also devised a method for the estimation of phenols, 
depending on the production of ammonia from sodamide by the 
action of the dry phenol dissolved in anhydrous benzene. 

At University College, in the course of unsuccessful attempts to 
effect the synthesis of proteins from peptones in presence of intestinal 
mucous membrane, his attention was drawn to the phenomenon of 
autolysis, which was investigated (partly in ccllaboration with 
Miss Lane Claypon) in some detail (1904, 1905, 1906). He finally 
reached the conclusion that the autolysis of the organs in vivo 
was regulated by chemical means and that the normal supply of 
nitrogenous food yielded by its breakdown sufficient ammonia to 
prevent the tissues from becoming acid and then undergoing 
autolysis. 

Whilst at University College. he also made experiments (with 
Hamill) on the excretion of nitrogen by normal individuals, finding 
that it corresponded to a daily intake of 93 g. of protein. In the 
course of investigations carried out for the Local Government Board 
he devised new and delicate methods for the detection of tin and of 
formaldehyde in foodstuffs. The application of the latter test 
enabled him to show the production of formaldehyde when chloro- 
phyll was exposed to sunlight in the presence of moist carbon 
dioxide. 

At the Cancer Hospital he carried out with Dr. C. Singer investig- 
ations on the gastric juice in malignant and non-malignant diseases 
of the stomach and duodenum (1913) in which chemical methods 
(e.g., determination of the peptic index and of the ratio of acid 
combined with amino-acids to total nitrogen) were applied to 
diagnosis. To the last he retained an intense interest in the bio- 
chemistry of cancer. Here he also began work on the state of 
aggregation of matter, which led directly to the study of clot form- 
ation, the results of which formed the subject of a series of seven 
papers published between 1910 and 1919. These included useful 
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studies of the relation between the viscosity and surface tension of 
salt solutions and the effect of these salts on clotting and gel formation 
and an intensive examination of the clotting of milk by rennin, in 
the course of which he showed that caseinogen is converted into a 
less soluble “‘ metacaseinogen ”’ by treatment with hot water but 
that this substance differs in properties from the casein produced by 
rennin. He also (1912) made a study of the unconjugated acids 
of ox-bile and devised a method of separation of cholalic, choleic 
and deoxycholeic acids, depending on the solubilities of their 
magnesium and barium salts. 

Schryver’s deep interest in gel formation was maintained in the 
investigations which he carried out at the Imperial College. These 
followed two main lines. In the first place he attacked the consti- 
tuents of plant cells, preparing and studying the proteins of leaves and 
also studying the cell wall, from which he isolated the pectins and 
hemicelluloses which take a part in its structure. He came to the 
conclusion that pectinogen is a trimethyl ester of pectic acid com- 
bined loosely with metallic ions, such as Ca”, and that pectic acid and 
the hemicelluloses, a number of which were isolated from various 
materials, were both complexes of “ uronic acids’ and sugars, as 
suggested by Ehrlich and Ling. For such complexes he suggested 
the name “ polyuronides.”’ Lignification of tissue he found (1928) 
to be accompanied by the disappearance of pectins. 

The second group of researches arose from work done under the 
auspices of the Adhesives Research Committee, of which he was made 
a member. This Committee was appointed by the Department of 
Scientific and Industrial Research in 1919 to take over the work of 
the Adhesives Committee originally appointed by the Conjoint 
Board of Scientific Societies in the latter part of 1917. This work, 
carried out largely in conjunction with his students, resulted in two 
series of papers, on the preparation, purification and properties 
of gelatin and on the separation of the products of protein hydrolysis. 
Many of these results are also contained in the First and Second 
Reports of the Adhesives Research Committee (1922, 1926): a 
Third Report, also containing much of his work, is in course of 
preparation. 

The formation of gelatin from its precursors collagen and ossein 
was studied from the physico-chemical standpoint. Elaborate 
attempts were made to “ purify” gelatin and obtain a material 
which could be regarded as a chemical entity, but without complete 
success. He found that a large degree of purification could be 
effected by electrolysis and by flocculation in an electric field. The 
resulting material, however, is probably always to some degree 
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contaminated by products formed by the action of water, which 
produces an irreversible change, measurable in a few hours, even at 
37°. Such “ purified ” gelatin is almost insoluble in water at 15° 
and is very similar in properties to the globulins, from which it 
differs by its power of readily forming gels when dispersed in 
acids, alkalis or salts. 

In the course of these researches the important observation was 
made (Knaggs, 1923) that the composition of gelatin was not 
constant, but varied with the treatment to which either the gelatin 
itself or its precursor had been subjected. This wa8 detected by a 
variation in the percentage of the total nitrogen of the hydrolysis 
products which were precipitated by phosphotungstic acid (diamino- 
nitrogen). For instance, the hydrolysis products of gelatin from a 
precursor which had been treated with dilute alkali yielded 29-5%, 
whereas those of gelatin from the same precursor treated with 
dilute acid gave only 26-0°% of diamino-nitrogen ; gelatin itself showed 
similar changes, but of even greater magnitude. 

These results have been criticised by Daft, working in the Carls- 
berg Laboratory, but the criticism has been refuted by Thimann 
(1930), one of Schryver’s students, who has explained the apparent 
divergence of experimental results. The investigation of this pheno- 
menon led to the work on the separation of the products of protein 
hydrolysis. In this pioneering work, which must be regarded as 
preliminary and awaiting further extension and confirmation, 
Schryver developed a method of separation of the products of 
protein hydrolysis which depended on the use of Siegfried’s barium 
carbamate compounds of the amino-acids. In this way he obtained 
from the hydrolysis products of isinglass (and of edestin, but not of 
caseinogen or egg-albumin) hydroxylysine, in the form of a barium 
carbamate soluble in 70% alcohol but insoluble in cold water, whilst 
from the glutelin which he isolated from oats he obtained two new 
aminohydroxy-acids, aminohydroxybutyric acid, which forms an 
insoluble copper salt, and aminohydroxyvaleric acid, which forms a 
soluble copper salt. 

In addition to this he obtained a new eight-carbon acid, 
C,H,;0,N;, which he termed protoctin, from the phosphotungstic 
acid precipitate obtained from the soluble carbamate from glutelin 
and the protein of castor bean. Finally, d/-lysine was obtained from 
gelatin which had been treated with acid before being hydrolysed 
and to this the increased percentage of diamino-nitrogen found in 
such gelatin was traced. No clue was, however, found to the origin 


of this extra lysine. 
Schryver (with Chibnall) also initiated an investigation into the 
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proteins of leaves, which has been continued with great success by 
Chibnall. He, moreover, isolated a crystalline substance, C,H,O,, 
from cabbage leaves, which he regarded as a disaccharide derived from 
glycollaldehyde and formaldehyde. 

From 1918 up to the time of his death he was also engaged in 
researches on the autolysis and nutrition of yeast in connexion with 
the Research Scheme of the Institute of Brewing. The interesting 
fact was observed that when yeast is washed it is only autolysed very 
slowly, and much work was expended in endeavouring to trace the 
presumed agent removed by washing, but without any definite 
result. The work on yeast nutrition had only reached a preliminary 
stage at the time of Schryver’s death. 

He was the author of two books. ‘ An Introduction to the Study 
of Biological Chemistry ’’ (1918) provided a general introduction to 
Organic Chemistry, followed by special chapters on the chief 
chemical constituents of the animal body (fats and lipoids, carbo- 
hydrates, proteins); the methods employed for the investigation of 
chemical changes within the animal organism (metabolism, total and 
intermediary); and the chemical processes taking place in plants 
(including enzyme actions). This was also the plan he adopted in 
his lectures. He also contributed in 1909 an early volume to 
Longman’s Series of Monographs on Biochemistry on the general 
characteristics of the proteins. A. HaRDEN. 





CXII.—The Isomerism of the Butylideneacetones. 
By Eustace Nevitt Eccorr and ReornaLp Patrick Lansreap. 


THE movement of the double bond in unsaturated ketones con- 
taining an unbranched carbon chain has been but little investigated, 
although a considerable number of allied substances with a 8-sub- 
stituent, of the type of mesityl oxide, have been studied. The only 
direct investigation of the normal ketones is that of Blaise (Bull. 
Soc. chim., 1905, 33, 40), who showed that allyl alkyl ketones were 
readily converted into their A*-propenyl isomerides by both acid 
and alkaline catalysts, a process involving an apparently irreversible 
movement of the double bond from the Sy- to the «f-position. In 
attempting to correlate these earlier observations with the recent 
work on three-carbon tautomerism, we were led to examine the 
related pentenyl methyl ketones. At the outset, however, certain 
unexpected features were encountered in the preparation of the 
a8-ketone, n-butylideneacetone, from n-butaldehyde and acetone, 
and this reaction was systematically reinvestigated. 
II 
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The condensation of aldehydes with ketones, and more par- 
ticularly acetone, originally examined by Schmidt and by Claisen 
and extended to aliphatic aldehydes by Barbier and Bouveault 
(Compt. rend., 1895, 120, 1270), was first applied to n-butaldehyde 
by Weizmann and Garrard (J., 1920, 117, 324), who isolated an 
unsaturated ketone to which the formula (I) was given. 


CH,Me-CH,-CH:‘CH‘COMe — CH,Me-CH,-CH(OH)-CH,COMe _ 
(I.) (II.) 


Under milder conditions, Grignard and Dubien (Ann. Chim., 
1924, 2, 287) were able to isolate the ketol (II), a type of com- 
pound already recognised as an intermediate in such reactions 
(Claisen, Ber., 1892, 25, 3164; Francke and Kohn, Monatsh., 1899, 
20, 876). Dehydration of (II) with iodine yielded a ketone (semi- 
carbazone, m. p. 118°) identical with that of Weizmann and Garrard. 

As a result of a large number of experiments on this condensation, 
using aqueous alkali as catalyst, we find that under most conditions 
mixtures of unsaturated ketones and ketol are produced. It has, 
however, been possible to develop one method by which an un- 
saturated ketone is obtained direct in a state of considerable purity, 
and one, similar to that of Grignard and Dubien, for preparing 
the pure ketol (II). Dehydration of this has been investigated 
with iodine, acetic anhydride, and anhydrous oxalic acid, all of 
which produce an unsaturated ketone giving a semicarbazone 
melting at 124° after repeated crystallisation, the purest material 
being that obtained with oxalic acid as dehydrating agent. The 
butylideneacetone of previous workers is believed to be essentially 
this substance. If the-original condensation is carried out rapidly 
and no attempt is made to check the development of heat, the 
product is composed of unsaturated ketone almost free from ketol. 
This ketone is, however, not identical with that obtained by dehydr- 
ation of the ketol. It is higher-boiling, denser, and more refractive 
and readily gives a semicarbazone, m. p. 152°. Both ketones give 
the analytical figures required for C;H,,0 and the semicarbazones 
also give the correct analytical values and depress each other’s melt- 
ing point. It is clear that these are two distinct substances, which 

may represent either structural isomerides differing in the position 
of the double bond or geometrical isomerides with the same position 
of the double bond. 

Both ketones showed exaltations in the molecular refractivity 
(1-11 and 1-15 units) and had low iodine addition values (8 and 2%) 
(Linstead and May, J., 1927, 2565). Again, both resisted the 
action of ozone but yielded acetic and n-butyric acids on complete 
oxidation with alkaline permanganate. All doubt as to their 
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constitution was finally removed by the synthesis of the compound 
with the only possible alternative formula, the fy-isomeride (III), 
from the acid chloride of A’-n-hexenoic acid (Eccott and Linstead, 
J., 1929, 2153) and zinc methyl iodide. The ketone so prepared, 
CH,Me’CH:CH’CH,*COMe (III), was a different substance. It had 
a high iodine addition value (70%), readily yielded propaldehyde 
on ozonisation, and gave a semicarbazone, m. p. 109—110°. No 
solid compound was formed when it was treated with ethyl sodio- 
malonate, whereas the other two ketones yielded the same 5-n-pro- 


pyldihydroresorcinol, CHP< oH C (ony>cH (IV), by this reaction 


and subsequent hydrolysis. The first two ketones must therefore 
be regarded as cis- and trans-modifications of n-butylideneacetone 
about the «8-double bond. 

Geometrical isomerism of this type in ketones has only recently 
been observed and has received no systematic study. Locquin 
and Heilmann (Compt. rend., 1928, 186, 705) have isolated two 
forms of two «-alkyl unsaturated ketones, and the presence of a 
similar isomerism in the homomesitones is suggested by certain 
properties of these substances (Abbott, Kon, and Satchell, J., 1928, 
2514), In addition, a number of styryl ketones containing the 
skeleton CHPh:CH’COR have been found to exist in coloured and 
colourless modifications (Haber, Ber., 1891, 24, 618; McGookin 
and Heilbron, J., 1924, 125, 2099, and subsequent papers; Dilthey 
and Radmacher, Ber., 1925, 58, 361, et cet.).. The isomerism shown 
by these compounds differs materially from that of the butylidene- 
acetones. The isomeric styryl ketones have the same melting points 
and give identical derivatives (Wilson, Heilbron, and Sutherland, 
J., 1914, 105, 2892). They are also noteworthy for the ease with 
which the less stable pass into the more stable forms. 

In determining the configuration of the n-butylideneacetones, 
advantage was taken of their close relationship with Ae-n-hexenoic 
acid. Von Auwers and Wissebach have shown (Ber., 1923, 56, 715) 
that solid crotonic acid is almost unquestionably the trans-isomeride 
and von Auwers (Annalen, 1923, 431, 46) found that it is this 
form of the acid which is produced from acetaldehyde by the Débner 
reaction. It is reasonable to suppose that At-n-hexenoic acid (m. p. 
33°), which is the almost exclusive product from n-butaldehyde in 
the Débner reaction, also has the trans-configuration. When its 
acid chloride was condensed with zine methyl iodide, the lower- 
boiling butylideneacetone was obtained, yielding the semicarbazone 
of m. p. 124° in a state of purity. The connexion indicated by this 
reaction was confirmed by the oxidation of this modification of the 
ketone with sodium hypochlorite, pure solid A+-n-hexenoic acid 
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being obtained. As a first assumption, therefore, this butylidene- 
acetone is the trans-isomeride and the cis-configuration must be 
assigned to the ketone with semicarbazone of m. p. 152°, prepared 
by direct condensation. We endeavoured to confirm this view by 
studying the relative ease of cyclisation of the two ketones, e.g., 
with concentrated sulphuric acid, to dihydrotoluenes, but deep- 
seated changes invariably occurred. When the cis-ketone was 
oxidised with sodium hypochlorite, a liquid acid was obtained 
giving long needles of m. p. 3°. This acid yielded the. dibromide 
and anilide of solid (trans-)w-hexenoic acid and is regarded as a 
mixture of this acid with its as yet unknown cis-isomeride. It 
will be further investigated. 

The isomeric n-butylideneacetones strongly resist configurational 
changes: for instance, the ketones regenerated from the semi- 
carbazones by dilute acid re-form these derivatives in a state of 
purity. Bromine in an inert solvent, which has so marked an effect 
on configurational changes in acids, is rapidly absorbed with no 
apparent change in the unattacked ketone. Boiling dilute sulphuric 
acid has no pronounced effect, although it somewhat diminishes 
the purity of the ketones as measured by the readiness with which 
they yield pure semicarbazones. Hydrobromic acid, however, 
combines additively with both isomerides, giving a bromo-ketone 
which, when decomposed with aqueous potassium bicarbonate, 
yields the trans-ketone. In this way it is possible to convert the 
cis-form into its isomeride. 

It was hoped to study.the tautomeric change between the ®y- and 
the two «$-ketones under the conditions previously used for such 
determinations. Unfortunately, all these ketones were readily 
converted into high-boiling products by the action of alkaline 
catalysts such as piperidine, sodium ethoxide and even sodium 
isopropoxide (Kon and Linstead, J., 1929, 1269). The By-ketone 
was, however, converted into the trans-«8-ketone with boiling 20% 
sulphuric acid (compare Blaise, loc. cit.; Kon and Linstead, J., 
1925, 127, 815). Treatment in this way for 9 hours yielded a 
mixture of ketones with an iodine addition value of 32% (equivalent 
to about 75% of «$-ketone), giving the trans-«$-semicarbazone, and 
further treatment did not appreciably affect this. It is remarkable 
that it was not found possible to produce the By-ketone—as shown 
by an increase in iodine addition—from either form of the «$-ketone 
under these conditions. In any case, it is clear that the «f-position 
of the double bond is the more stable as in the corresponding acids 
(Fittig, Annalen, 1894, 283, 47; Goldberg and Linstead, J., 1928, 
2343). The By-ketone could also be converted into the «$- by addi- 
tion and elimination of hydrogen bromide. Here the product had an 
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iodine addition value of 32% and yielded the semicarbazone of the 
trans-«8-ketone. In view of the proved “ abnormal ” addition of 
hydrogen bromide to many @y-unsaturated compounds, for example, 
to A}-cyclohexenylacetic acid (Wallach, Annalen, 1907, 353, 289), 
the bromine entering the 8- and the hydrogen the y-position, it is 
unnecessary to assume with Blaise (loc. cit.) that the first stage in 
such a process is an isomeric change to the «8-form, followed by a 
* normal ”’ addition. 

Attention was next directed to the isomeric ketones derived from 
isobutaldehyde. The condensation of this with acetone has been 
studied by Barbier*and Bouveault (loc. cit.), who appear to have 
isolated only a crude product, and by Francke and Kohn (loc. cit.), 
who isolated both a ketol (V), the dehydration of which was not 
studied, and an unsaturated ketone (VI), b. p. 157°/750 mm. 


(V.) CHMe,*CH(OH)-CH,-COMe CHMe,°CH:CH-COMe (VI.) 


Kishner (J. Russ. Phys. Chem. Soc., 1913, 45, 987) records the 
formation of an isobutylideneacetone (semicarbazone, m. p. 162— 
163°). 

Using the method of Francke and Kohn, we isolated an un- 
saturated ketone which readily yielded a pure semicarbazone of 
m. p. 126°. The ketol (V) was prepared by a method similar to 
that used in the n-series and was dehydrated by iodine to yield 
an unsaturated ketone very similar to the first but giving a semi- 
carbazone, m. p. 160°, which depressed the m. p. of the derivative 
already prepared. Francke and Kohn oxidised their ketone to 
As-isohexenoic acid, and we have confirmed this relationship by 
synthesising this form of the ketone (semicarbazone, m. p. 126°) 
from A*-isohexenoyl chloride and zinc methyl iodide. As before, 
therefore, the ketone with the lower-melting semicarbazone is taken 
to be the trans-form. To show conclusively that neither form had 
the By-structure (VII), this ketone was independently prepared from 
pyroterebyl chloride (VIII) and zinc methyl iodide. 


(VII.) CMe,:CH-CH,-COMe CMe,:CH-CH,COCI (VIII) 


It is of interest that, although the action of thionyl chloride on 
pyroterebic acid fails to yield a pure product owing to the addition 
of hydrogen chloride to the double bond (Linstead, J., 1929, 2498), 
the action of phosphorus trichloride in benzene gives the unsaturated 
acid chloride (VIII) in a state of purity. The new ketone (VII) 
has a high affinity for iodine, whereas the isobutylideneacetones 
have practically none, and moreover yields a distinct semicarbazone. 

It has been shown that the presence of two y-methyl groups in a 
three-carbon system is accompanied by. great stability of the 
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By-double bond; for example, in pyroterebic acid (Goldberg and 
Linstead, loc. cit.) and its ethyl ester (Linstead, loc. cit.). It was 
therefore of great interest to find that the ketones in the 1s0-series 
differed abruptly from those of the normal series in that the fy- 
were the more stable forms. The trans-«$-ketone was converted 
to the extent of some 80%, into its Py-isomeride on being boiled 
with dilute sulphuric acid, and the same change could be effected 
by the addition and elimination of hydrogen bromide. In some 
respects these ketones resemble those investigated by Kon (J., 
1926, 1792) with a cyclohexane ring in place of the y-gem-dimethyl 
group. 

Another difference between the two series is that on dehydration 
the n-ketol yields the trans-, and the iso-ketol the cis-, form of the 
unsaturated ketone. Direct condensation under vigorous conditions 
proceeds differently in the two cases, for the n-aldehyde gives a 
cis-ketone, and the iso-aldehyde the trans-, but this difference 
appears to depend largely upon the experimental conditions. For 
instance, Weizmann and Garrard (loc. cit.) obtained a fairly pure 
trans-n-butylideneacetone by direct condensation, whereas Kishner’s 
ketone (loc. cit.) seems to have been the cis-form of isobutylidene- 
acetone. In many condensations in the early stages of the present 
work mixtures of «$-ketones were obtained and it is probably 
largely a matter of chance that the methods eventually developed 
to give individual products yielded a trans-form in one series and a 
cis-form in the other. In any case, it must be assumed that, what- 
ever the configuration of the final product, the reaction first pro- 
ceeds through the ketol, which subsequently loses water under the 
conditions used in the “ direct condensation.”” This being so, it is 
a matter of interest that the pure isolated ketol is not dehydrated 
when treated with alkali under these conditions. 

The investigation of these and related compounds will be 
continued. 

[Added to proof.}—The publication of an abstract (A., 1930, 325) 
has directed our attention to a paper of Locquin and Heilmann 
(Bull. Soc. chim., 1929, 45, 1126). These authors obtained an iso- 
butylideneacetone of indefinite b. p. which failed to yield a pure 
semicarbazone. This they regard as indicating the existence of 
stereoisomeric forms of the ketone and semicarbazone, a view which 
is amply confirmed by the isolation in the present work of the two 
individual ketones and their derivatives. There seems little doubt 
that the By-ketone of Locquin and Heilmann is identical with ours, 
but we consider Kishner’s ketone, produced by direct condensation 
(loc. cit.), to be the cis-«8-form and not the By- as suggested by 
Locquin and Heilmann. The semicarbazones provide no useful 
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evidence, but the physical properties of Kishner’s ketone agree with 
those of our af-forms rather than with those found for the py- by 
Locquin and Heilmann and in the present work. Further, Kishner 
prepared 3-methyl-5-isopropylpyrazoline in 90% yield from his 
ketone by a reaction which Locquin and Heilmann themselves use 
as being selective for «@-ketones (loc. cit., p. 1118). 


EXPERIMENTAL. 


Normal Series. 

Condensation of n-Butaldehyde with Acetone.—(a) Production of 
the ketol. Grignard and Dubien’s method gave good yields of 
total condensation product, but this always contained a consider- 
able proportion of dehydrated material. The following process 
caused less dehydration than any other used. To a mechanically 
stirred mixture of caustic soda (20 g.) in water (40 ¢.c.) and acetone 
(116 g.) kept between 5° and 10°, n-butaldehyde (72 g.), diluted 
with acetone (58 g.), was added during 3 hours. After an hour’s 
stirring, the aqueous layer was separated and extracted with ether, 
and the extract added to the oil. The combined product was neutral- 
ised with dilute acetic acid, washed with sodium bicarbonate solution 
and a little water, and dried over anhydrous potassium carbonate. 
The acetone and ether were removed by suction and the residue 
was distilled under reduced pressure. A little water and then a 
fraction (b. p. 68—92°/12 mm.; 30 g.) containing some unsaturated 
material distilled over, followed by the ketol (40 g.), b. p. 95°/12 mm. 

Reducing the amount of caustic soda lowers the yield and reducing 
its concentration by the addition of water has the same effect and 
results in the formation of high-boiling material derived from the 
aldehyde. 

Heptan-8-ol-8-one (II) (Grignard and Dubien, loc. cit.) is a pale 
yellow liquid with a faint odour, d}?* 0-9296, ni* 1-4357 (Found : 
C, 64-8; H, 10‘7. Calc.: C, 64-6; H, 108%). Treatment of the 
ketol with 25°% aqueous caustic soda (8 vols.) at the b. p. or with 
shaking in the cold for 3 hours gave only unchanged ketol and 
high-boiling material. 

(b) Production of cis-n-butylideneacetone (I). To a mixture of 
acetone (145 c.c.) and 15% aqueous caustic soda (320 c.c.), n-but- 
aldehyde (178 ¢.c.) was added in a slow stream. The vigorous 
reaction was at first allowed to proceed under reflux and finished by 
mechanical shaking for 2—3 days. The aqueous layer was extracted 
with ether and the extract was added to the organic portion, which 
was then washed with water and dried with calcium chloride. After 
removal of the low-boiling material, the residue was fractionated 
under reduced pressure. The crude ketone had b. p. 70°/12 mm., 
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but contained water which could not be removed by ordinary drying 
agents. An equal volume of dry benzene was added which was 
then distilled off at ordinary pressure through a column (compare 
Grignard and Dubien, loc. cit.). The dry ketone obtained by frac- 
tionation of the residue (50 g.) had b. p. 67—70°/12 mm., d?" 0-8507, 
n® 1-4470, [R;]p 35-22. The iodine addition value was 4%. This 
and all other iodine addition values referred to in this paper were 
obtained by using 10-minute reactions in chloroform solution (Lin- 
stead and May, loc. cit.). If the amount of alkali and water used 
in the condensation was similar to that used in the preparation of 
the ketol, and the reaction was allowed to proceed vigorously, 
mixtures of ketol and ketone were obtained. 

The cis-ketone so prepared was nearly free from its isomeride, 
as shown by the purity of the semicarbazone, which could only be 
obtained in quantity when the following precautions were observed. 
The ketone (20 g.) was added to a cold solution of semicarbazide 
hydrochloride (20 g.) in the minimum quantity of saturated aqueous 
sodium acetate. Miscibility was established with alcohol, and a 
seeding crystal introduced together with enough water to prevent 
its solution. Precipitation of the semicarbazone was allowed to 
occur at room temperature, the product being cooled in a freezing 
mixture before filtration. The material so obtained was micro- 
crystalline, melting at 143°, and at 152° after one crystallisation. 
The m. p. could not be further raised (Found: C, 57-1; H, 9-1. 
C,H,,ON, requires C, 56-8; H, 8-9%). The semicarbazone (22 g., 
m. p. 152°) was intimately mixed with 25 g. of crystallised oxalic 
acid and the very volatile ketone was distilled in a current of steam, 
isolated by means of ether, and dried in the manner already described. 
Yield, 80%. 

cis-Butylideneacetone so obtained is a colourless pleasant-smelling 
liquid, b. p. 70°/15 mm., d?’ 0-8555, n®" 1-4505, [R,]p 35-22 (calc., 
34-07) (Found: C, 74-7; H, 10-7. C,H,,0, requires C, 74-9; H, 
10-8%). The pure ketone has an iodine addition value of 2-3°% 
and immediately yields the semicarbazone, m. p. 152°, in a state of 
purity. 

Dehydration of the Ketol_—(i) With iodine. By the method of 
Grignard and Dubien, 40 g. of the ketol yielded 24 g. of ketone, 
b. p. 58—62°/16 mm., d}* 0-8493, nif’ 1-4408, [R,]p 34-8, iodine 
addition value 23-4%. 

(ii) With acetic anhydride (Claisen, Annalen, 1899, 306, 326). The 
ketol (42 g.) was refluxed with acetic anhydride (50 g.) for 3 hours. 
Direct distillation of the product under reduced pressure yielded no 
evidence of acetylation, the material boiling between 50° and 
71°/5 mm. After the addition of an excess of sodium carbonate 
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the product was distilled in steam and the ketone was isolated in 
the usual way and redistilled. The product (28 g.) had b. p. 
60°/10 mm., di 0-8507, nif 1-4449, [Rz]p 35-06, iodine addition 
11-2%. 

(iii) With oxalic acid (Pauly and von Berg, Ber., 1901, 34, 2092). 
32 G. of the ketol were heated on the water-bath for 2 hours with 
46 g. of anhydrous oxalic acid. Hydrated oxalic acid crystallised 
from the reddish-brown syrupy residue, which was distilled in a 
current of steam. The ketone, isolated in the usual way (19 g.), 
had b. p. 62—64°/12 mm., d? 0-8450, nf’ 1-4432, [R;]p 35-18, 
iodine addition 8-2%. 

The products obtained by all these methods yielded a semicarb- 
azone which crystallised from dilute alcohol in white silvery plates, 
m. p. 128° (Found: C, 56-9; H, 9-2. C,H,,ON, requires C, 56-8; 
H, 8-9%). The product from the iodine dehydration yields this 
with comparative difficulty, and the oxalic acid method is the most 
satisfactory for preparing a homogeneous ketone. The ketone from 
each method contains water which cannot be removed by ordinary 
drying agents (compare Grignard and Dubien, loc. cit.) (Found : 
C, 72-9; H, 10-4%). Dried by distillation with benzene in the 
manner already described, trans-n-butylideneacetone was obtained 
as a colourless liquid with a pleasant odour differing somewhat from 
that of the cis-isomeride. It had b. p. 62°/15 mm., d? 0-8445, 
n® 1-4430, [R,]p 35-18, iodine addition 9-0%. Ultimate analysis 
is difficult and tends to give low results for this type of ketone, as 
has been noticed by other workers (Claisen, Francke and Kohn, 
Weizmann and Garrard, locc. cit.) (Found : C, 74-3; H, 10-5. Cale. : 
C, 74:9; H, 108%). Unlike the cis-ketone, the trans-ketone was 
regenerated from its semicarbazone with considerable loss. In one 
experiment 16 g. of semicarbazone gave 2 g. of ketone having b. p. 
62°/10 mm., d2" 0-8483, n}° 1-4423, iodine addition 8-1°%; and in 
another, 12 g. yielded 2 g., b. p. 64°/10 mm., d?’ 0-8454, n#’ 1-4424. 
The ketone prepared by the oxalic acid method and purified by 
distillation with benzene and under reduced pressure was used as 
trans-ketone in the experiments described later. 

trans-Ketone from A*-n-Hexenoyl Chloride-—36 G. of the acid 
chloride (Goldberg and Linstead, loc. cit.) were added to zinc methyl 
iodide, prepared in the usual way from 41-6 c.c. of methyl iodide 
and 43 g. of zinc-copper couple in 21-6 c.c. of ethyl acetate and 
50 c.c. of benzene (Blaise and Maire, Ann. Chim. Phys., 1908, 15, 
556). A typical product, isolated in the usual way (loc. cit.), had 
b. p. 69—71°/20 mm., iodine addition 8% (16 g.). This synthesis 
was carried out many times in the present work, but the physical 
maton. st the products agreed neither among themselves nor 

II 
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with those already found for the two isomeric ketones, as may be 
seen from the following table : 


B. p. at". nw, 
WONOTIAGED co ccccccsccvissccccccess 62°/15 mm. 0-8445 1-4430 
RON or ee Ce Oe 70/15 0-8571 1-4513 
Ketone from acid chloride ...... 69—71/20 0-8672 1-4404 
“a de ae. “t-adaewe 69/15 0-8603 1-4420 
” pl a” eagade 63/10 0-8786 1-4387 
os f. be tiene 66/10 0-8723 1-4407 
- bs basi Absad 62—63/12 0-8658 1-4414 


The high density and low refractivity of the material prepared from 
the acid chloride point to the presence of traces of ester (such as is 
often produced in these reactions) which cannot be completely 
removed by fractionation. This impurity somewhat inhibits the 
formation of the semicarbazone, which is best prepared by mixing 
the components in a freezing mixture and keeping the mixture 
ice-cold until crystallisation is at an end. The derivative then 
separates almost pure, m. p. 124° alone or when mixed with the 
trans-semicarbazone. A mixture with equal parts of the cis- 
semicarbazone melts at 110°. 

Preparation of A3-Hepten-B-one (111).—A*-Hexenoyl chloride was 
prepared from A%-n-hexenoic acid which had been purified by one 
partial esterification (followed by fractionation) (Eccott and Lin- 
stead, loc. cit.). The purity of this acid chloride was checked by 
conversion of a small portion into the p-toluidide, m. p. 90° (crude), 
95—96° after one crystallisation (mixed m. p. 96°). The acid 
chloride (25 g.), treated exactly as its «$-isomeride, yielded the 
ketone (12 g.) as a sweet-smelling liquid, b. p. 61—62°/20 mm., 
d2’ 0-8618, n2” 1-4290, iodine addition, 7 1%. The semicarbazone 
crystallised in small white plates, m. p. 109—-110° (Found : C, 57-0; 
H, 8-7. OC,H,,ON, requires C, 56-8; H, 89%). Satisfactory 
analytical figures could not be obtained for the ketone itself. 

Oxidation of the Ketones.—trans-Butylideneacetone (5 g.) was 
mixed with saturated sodium carbonate solution (10 g.-mols. per 
g.-mol. of ketone), and 3°, aqueous potassium permanganate added 
until no more was reduced. The product, worked up in the usual 
way, yielded 5 g. of total oxidation product: this had a strong 
odour of acetic acid, which was separated by distillation and con- 
verted into acetanilide (m. p. and mixed m. p. 115°). The higher- 
boiling material was converted into chloride, and butyryl chloride 
separated by fractionation and identified by conversion into n-butyr- 
amide (m. p. and mixed m. p. 115°). The cis-ketone was treated in 
the same way and yielded the same products. ; 

Both cis- and trans-ketones were recovered unchanged after treat- 
ment with ozonised oxygen for 20 hours. The #y-ketone (III), 
however, readily yielded an ozonide. This was decomposed with 
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water, and the product, after being made alkaline, distilled. The 
first fraction contained propaldehyde, which was identified as the 
p-nitrophenylhydrazone, m. p. and mixed m.: p. 120°. 

The trans-ketone (11 g.) was added slowly to excess of an ice- 
cold, freshly prepared solution of sodium hypochlorite. The 
mixture was removed from the ice and shaken thoroughly for an 
hour; the temperature then rose sharply. The cold product was 
extracted with ether to remove unchanged ketone, treated with an 
excess of sodium sulphite, acidified, and extracted with ether. The 
residue from the ether yielded an acid (3 g.), b. p. 116—120°/15 mm., 
which solidified at room temperature and melted after crystallisation 
at 33°, alone or when mixed with authentic A+-n-hexenoic acid. 
The anilide had m. p. and mixed m. p. 109—110°. 

The cis-ketone (11 g.) was oxidised exactly as above and yielded 
3 g. of an acid, b. p. 120—126°/14 mm., m. p. 3°, di 1-00, ni" 
1-4520, iodine addition 0-9°% (Linstead and May, loc. cit.). A mix- 
ture of this acid with a quarter of its weight of the acid of m. p. 33° 
melted at 6° and the m. p. was further raised by the addition of 
more 33°-acid. The acid slowly yielded the dibromide of the 33°- 
acid (m. p. and mixed m. p. 68—70°) and readily gave the anilide 
through the acid chloride (m. p. and mixed m. p. 109°). 

5-n-Propyldihydroresorcinol (1V).—(a) From the trans-ketone: 
4-5 G. of the ketone were added to ethyl sodiomalonate made from 
0-92 g. of sodium, 18 c.c. of alcohol, and 6-2 g. of the ester, and the 
mixture was heated on the water-bath under reflux for 3 hours. 
The solid sodio-compound of the intermediate ester (6 g.) was 
collected, washed with a little alcohol, and hydrolysed with crystal- 
lised sodium carbonate (10 g.) in water (12 c.c.). The product 
was worked up in the usual way, and the 5-n-propyldihydroresorcinol 
purified by treatment with sodium bicarbonate. From this it was 
obtained by acidification and extraction as a viscous oil, which 
gradually solidified (1 g.). On recrystallisation this melted at 107° 
(Found: C, 69-8; H, 8-9. C,H,,0O, requires C, 70-1; H, 91%). 
If the solid sodio-compound was not hydrolysed as such but was 
acidified and the dihydroresorcinol ester itself was extracted before 
hydrolysis, the solidification of the final product was much delayed. 
Hydrolysis with baryta yielded gummy products. 

(b) Under similar conditions the cis-ketone (5 g.) yielded the 
same product (1 g.), m. p. and mixed m. p. 107°. 

Interconversion of the Isomeric Ketones.—Reference data. Mixtures 
of the ®y- and the trans-«$-ketone reacted with iodine as follows : 


% af-ketone 100 90 80 7 666 50 330 20 0 
% Iodine ad- 
dition ...... 8-1 17-5 28-0 30-4 37-6 48:2 58-0 646 71-0 
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(a) Sodiwm ethoxvide. The trans-«-ketone (7-4 g.) was treated 
with 1 equiv. of anhydrous N-sodium ethoxide (Kon and Linstead, 
loc. cit., 1929). The entire product boiled above 170°/20mm. The 
®y-ketone was also converted into high-boiling material. 

(b) Sodium isopropoxide gave the same result. 

(c) Barium hydroxide (compare Hugh, Kon, and Linstead, J., 
1927, 2585). The trans-«$-ketone (2 g.) was mixed with 10 c.c. 
of 0-17N-barium hydroxide, and miscibility established by addition 
of alcohol. After 4 hours’ boiling, the ketone was isolated unchanged 
(di’ 0-8757, nif’ 1-4376, iodine addition 2-5%; semicarbazone, 
m. p. 124°). 

(d) Piperidine. A mixture of trans-«$-ketone (4 g.) and piperidine 
(6-1 g.) was heated under reflux for 2 days on the water-bath and 
was finally boiled for 2 hours. Only high-boiling material was 
recovered. The cis-«$- and the ®y-ketone were similarly affected. 

(e) Dilute sulphuric acid. The trans-x$-ketone (3 g.) was refluxed 
with 9 g. of 20% (by weight) sulphuric acid for 8 hours. The 
ketonic product (1 g.) had b. p. 70°/15 mm., iodine addition 10%, 
and gave a semicarbazone, m. p. 100° (crude), which yielded the 
pure trans-derivative on recrystallisation (m. p. and mixed m. p. 
124°). Similarly treated, the cis-«8-ketone (3 g.) gave 1 g. of pro- 
duct, b. p. 70°/15 mm., with unchanged iodine addition. After 
one crystallisation the semicarbazone gave the almost pure cis- 
derivative (m. p. 148°). 

The $y-ketone (3 g.), mixed with 6 g. of 20% sulphuric acid, was 
heated under reflux for 1 hour. The recovered ketone (1-8 g.) had 
b. p. 63—68°/18 mm., di?’ 0-8654, ni’ 1-4332, iodine addition 51%. 
The semicarbazone was a mixture, m. p. 78°, which could not be 
separated into its constituents. A similar experiment was carried 
out for 9 hours. The recovered ketone (1-0 g.) had d? 0-8680, 
ni’ 1-4390, iodine addition 32-4%. The semicarbazone melted 
(crude) at 95—96° and after recrystallisation gave the white plates 
of the trans-a$-semi¢arbazone, m. p. 122°, mixed m. p. 123—124°. 
In a further experiment, the fy-ketone (5 g.) was treated as before 
for 9 hours; the product was then isolated and given a further 
9 hours’ treatment. The final product (2 g.) had d? 0-8539, 
iodine addition 29-4°% (equivalent to 77%, of trans-«8-ketone) and 
yielded the trans-«8-semicarbazone. 

(f{) Hydrobromic acid (compare Blaise, loc. cit.). The trans-«6- 
ketone (5 g.) was added slowly to 12 g. of ice-cold hydrobromic 
acid, saturated at 0°. The black liquid was kept at 0° for 4 hour 
and then poured into water and extracted with ether. The extract 
was washed with sodium bicarbonate solution and dried over 
anhydrous sodium sulphate. After removal of the solvent the 
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residue was distilled; the bromo-ketone (4 g.) then came over at 
70°/3 mm. as a colourless liquid, which quickly darkened in light 
and had a faint characteristic odour distinct from that of the 
unsaturated ketone. It was boiled with potassium bicarbonate 
(5 g.) in water (30 c.c.) for 2 hours. The ketone obtained had 
b. p. 70°/15 mm., d?° 0-8460, and iodine addition 17-3% (an increase 
of 8-0%). The semicarbazone melted at 100° (crude) and yielded the 
pure trans-derivative after recrystallisation (m. p. and mixed m. p.). 

Similarly treated, the cis-ketone reacted less completely and the 
crude bromo-ketone was accordingly mixed with a further 12 g. of 
hydrobromic acid. The bromo-ketone isolated from the product 
had b. p. 80°/5 mm. and gave with bicarbonate a ketone the semi- 
carbazone of which melted (crude) at 100° and after recrystallisation 
at 124°. Its identity with the trans-derivative was confirmed by a 
mixed melting-point determination. 

The fy-ketone (3-5 g.), treated in the same way with hydrobromic 
acid (8-4 g.), yielded a bromo-ketone, b. p. 80°/5 mm. The ketone 
obtained from this by treatment with bicarbonate had b. p. 72°/15 
mm., dj 0-8835, nj 1-4337, iodine addition 32%. The crude 
semicarbazone melted at 103° and furnished the pure trans-«- 
derivative on recrystallisation. 


iso-Series. 


Condensation of isoButaldehyde with Acetone.—(a) Production of 
ketol. The isobutaldehyde was partly prepared by Fossek’s method 
(Monatsh., 1881, 2, 614) and partly purchased from Messrs. Poulenc 
Fréres. The aldehyde (50 g.) was added during 5 hours with 
mechanical stirring to a mixture of acetone (100 g.), aqueous caustic 
soda (50 c.c. of 12%), and ether (20 g.) maintained at 10°. The 
product was isolated as in the n-series and yielded 32 g. of the pure 
ketol and a considerable quantity of dehydrated material. ¢-Methy]l- 
hexan-8-ol-8-one (V) (Francke and Kohn, loc. cit.) was thus obtained 
as a colourless liquid, b. p. 92°/23 mm., d? 0-9432, nf 1-4357 
(Found: C, 64:7; H, 10-5. Cale.: C, 64-6; H, 10-8%). 

(b) Production of trans-isobutylideneacetone (V1) (compare Francke 
and Kohn, loc. cit.). isoButaldehyde (50 g.) was added in a slow 
stream to a mixture of acetone (52 c.c.) and aqueous caustic soda 
(120 c.c. of 10%). The mixture was subsequently shaken for 2 
days and worked up in the usual way. The ketone obtained (20 g.) 
had b. p. 63—65°/20 mm., d?*" 0-8407, nf 1-4395, [Rz]p 35-06 (calc., 
34-07), iodine addition 4:5%. The semicarbazone melted in the 
crude state at 120° and formed white silvery plates, m. p. 126°, 
from dilute alcohol (Found: C, 56-7; H, 9-1. C,H,,ON, requires 
C, 56-8; H, 8-9%). 
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Dehydration of the Ketol—Anhydrous oxalic acid caused con- 
siderable charring and only a few drops of material, b. p. 62°/12 
mm., could be obtained. This yielded a mixture of semicarbazones. 

Dehydration with iodine in the usual manner gave a 70% yield 
of cis-isobutylideneacetone, b. p. 64°/18 mm., di?’ 0-8558, nf 1-4374, 
[Rz]p 34:32 (calc., 34-07), iodine addition 8%. The semicarbazone 
crystallised in small plates, m. p. 160° (Found: C, 57-0; H, 9-2. 
C,H,,ON, requires C, 56-8; H, 89%). A mixture of equal parts 
of this and the trans-semicarbazone (m. p. 126°) melted at 110°. 

A?-isoHexenoyl chloride (Goldberg and Linstead, loc. cit.), treated 
with zinc methy] iodide in the usual way, yielded trans-isobutylidene- 
acetone in 45% yield. This had b. p. 64°/23 mm., d= 0-8549, 
ni 1-4357, [Rz)p 34-22 (cale., 34-07), iodine addition 1%, and was 
identified with that prepared by direct condensation by the form- 
ation of the semicarbazone, m. p. and mixed m. p. 126°. 

Sy-Ketone.—Pyroterebic acid prepared by equilibration of A*-iso- 
hexenoic acid (Goldberg and Linstead, loc. cit.) had b. p. 103°/14 
mm., d? 0-9694, n° 1-4442. It was dissolved (18 g.) in an equal 
volume of dry benzene, and phosphorus trichloride (10% excess) 
was cautiously added. The mixture was heated on the water-bath 
for ? hour and then yielded 15 g. of pyroterebyl chloride (VIII), 
b. p. 54°/15 mm. The anilide prepared from this formed flattened 
needles, m. p. 98°, from benzene and light petroleum (Found: C, 
76-1; H, 7-9. C©,,.H,;ON requires C, 76-2; H, 8-0%). Repeated 
crystallisation failed to raise the melting point: the derivative, 
m. p. 106°, of Goldberg and Linstead (loc. cit.) probably contained 
some y-chloroanilide. 

Pyroterebyl chloride so prepared gave with zinc methyl iodide a 
35% yield of c-methyl-A*-hexen-f-one (VII), b. p. 72—74°/30 mm., 
obviously contaminated with non-ketonic by-products. It had 
dz” 0-9012, n}* 1-4317, iodine addition 66%, and yielded a very 
pure semicarbazone, which crystallised from dilute alcohol in white 
silvery flakes, m. p. 158° (crude) and 159—160° (after recrystallis- 
ation) (Found: C, 57-0; H, 9:2. C,H,,ON, requires C, 56-8; 
H, 89%). A mixture with the cis-«$-semicarbazone melted at 
154°. 

Conversion of the trans-«- into the By-form. (a) With sulphuric 
acid. The procedure used in the n-series was followed. Reaction 
for 16 hours almost completely destroyed the ketone, only 10% 
being recovered. This yielded the fy-semicarbazone, m. p. and 
mixed m. p. 159—160°. Reaction for 3 hours left 40% of ketone, 
b. p. 64°/20 mm., iodine addition 51-3° (an increase of 46:8%), 
which gave the By-semicarbazone. 

(b) With hydrobromic acid. This was carried out as in the 7-series, 
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two treatments with the reagent being used. The bromo-ketone 
decomposed slightly on distillation, but a sample of b. p. 90°/5 mm. 
was decomposed with bicarbonate in the usual way and yielded 
the fy-ketone, identified in the form of its semicarbazone. In 
another experiment, only one treatment with the reagent was given 
and the bromo-ketone was treated with bicarbonate without dis- 
tillation : 40% of ketone was recovered, b, p. 64°/20 mm., iodine 
addition 52:4%, which readily yielded the By-semicarbazone, m. p. 
and mixed m. p. 159—160°. 

All the unsaturated ketones described in the present com- 
munication deteriorate rapidly on keeping with the formation of 
high-boiling products (compare Weizmann and Garrard, loc. cit.). 
On one occasion an old sample of cis-isobutylideneacetone exploded 
on attempted distillation, which suggests that some type of oxid- 
ation occurs. 
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CXIII.—The Action of Benzenediazonium Chloride on 
B-Nitroethyl Alcohol and its Derivatives. 


By Epwarp CHARLES SNELL JONES and JAMES KENNER. 


IN a previous paper (J., 1928, 2697) it was pointed out that a large 
proportion of the reactions of nitroso-compounds can be referred to 
their tendency to pass into oximino-derivatives, and the perception 
of this, illuminating the nature of Piloty and Ruff’s synthesis of 
glycerol, permitted the generalisation that compounds in which a 
nitroso- and a methylol group are attached to the same quaternary 
carbon atom will decompose immediately they are produced, with 
the formation of an oximino-compound and formaldehyde : 
>C(NO)-CH,,OH —»> >C:NOH + CH,0. 
Considering now the methylol rather than the nitroso-group, the 
reaction in question corresponds to the loss of carbon dioxide 
undergone when, for example, methylacetoacetic and isosuccinic 
acids are treated with nitrous acid : 
COMe-CHMe-CO,H —-> [COMe’CMe(NO)-CO,H] —> 
COMe-CMe:NOH -+- CO, 
CHMe(CO,H), —> CMe(NO)(CO,H), —> CMe(NOH)-CO,H + CO, 
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Similarly the familiar decomposition of the nitroacetate ion, and 
its homologues, into the nitro-compound and carbon dioxide corre- 
sponds to the elimination of formaldehyde from derivatives of 
8-nitroethyl alcohol under the influence of sodium methoxide 
(Schmidt and Wilkendorf, Ber., 1919, 52, ae 


NO, 
C —> >G-NO-0 + CO,; re All 
700.0 “a ; ‘H,° oH 
>G-NO-0 + H + CH,O 


A similar correspondence was observed when the sodium salts of 
8-nitroethyl alcohol and its derivatives were treated with benzene- 
diazonium chloride in place of nitrous acid. For instance, the 
w-nitroacetaldehydephenylhydrazone (1) resulting from the interaction 
of the sodium salt of nitroethane with benzenediazonium chloride 
was also obtained by the action of the same reagent on the sodium 
salt of 8-nitropropyl alcohol : 


OH-CH,-CMe‘-NO-0 —> OH-CH,-CMe(N:NPh)-NO, —> 
(I.) CMe(N-NHPh):NO, <— CHMe-NO-O 


The formaldehyde produced was identified as usual in the form of 
methylenebis-8-naphthol. 

Similarly, §-nitrotrimethylene glycol was converted into a 
compound corresponding in composition to w-nitroglycollaldehyde- 
phenylhydrazone (IT) : 


(CH,-OH),C:NO-O —> (II.) OH-CH,°C(N-NHPh)-NO, -+ CH,0. 


In this instance, however, the product melted at 117°, whereas 
Demuth and Meyer record a melting point of 104° for the compound 
obtained from 6-nitroethy] alcohol itself (Annalen, 1890, 256, 30) and 
a repetition of their work confirmed their result with the exception 
that the melting point was raised to 108°. Whereas the specimen 
of Demuth and Meyer’s substance was orange-red and became 
discoloured after a day or two at the ordinary temperature, (II) was 
yellow and remained unchanged for a considerable period. Each 
compound exhibited the normal molecular weight in chloroform 
solution, and satisfied Biilow’s reaction for hydrazones (Annalen, 
1886, 236, 195). Furthermore, (II) was converted into its isomeride 
by treatment with aqueous sodium hydroxide or with methy]l- 
alcoholic sodium methoxide, followed by acidification, whereas the 
isomeride was recovered unchanged after similar treatment. We 
therefore regard them as stereoisomerides, assigning the cis-con- 
figuration to the lower-melting isomeride, and thus relating its 
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instability to that of the nitrolic acids, which are also regarded as 
cis-compounds (Graul and Hantzsch, Ber., 1898, 31, 2863). 

In no other of the cases investigated and referred to later, did we 
isolate definite stereoisomerides, although there was some evidence of 
their formation : for instance, the hydrazones (III) and (IV) were 
isolated in the first place as red oils, which crystallised only very 
slowly when inoculated with the pure material (compare also Lap- 
worth, J., 1903, 83, 1114), but were at once obtained in the solid 
condition by solution in alkali and precipitation by acid : 


OH-CH,-CHEt-NO, —> CEt(N-NHPh)-NO, (III) 
OH-CH,-CHPr«NO, —> CPr«(N‘NHPh)-NO, (IV.) 
COMe-C(N-NHPh)CO,C,9Hy, (V-) 


Bamberger and Schmidt have described two forms of nitro- 
formaldehydephenylhydrazone, melting respectively at 74-5° and 
84-5° (Ber., 1901, 34, 2001), but since the two forms are inter- 
convertible by treatment with solvents their relationship would seem 
to be of a physical rather than a chemical character. Moreover, in a 
repetition of the preparation of this compound from nitromethane 
we were able to raise the melting point to 92°. 

Although the hydrazone formula for the products of coupling 
nitro- and other reactive compounds with benzenediazonium chloride 
has probably been universally accepted since it was put forward 
by V. Meyer (Ber., 1888, 21, 11), this would appear to be the first 
occasion on which the stereoisomerism it involves has received 
definite experimental verification. The slow mutarotation of 
menthyl benzeneazoacetoacetate (V) observed by Lapworth (loc. cit.) 
is an indication of isomerism which might, however, be structural 
rather than spatial. The possibility of structural isomerism in fact 
is indicated by the behaviour of the above stereoisomeride towards 
alkali. For the transition of (II) into its isomeride must be 
regarded as indicating the formation from each of an anion (VI), in 
which the double bond of the hydrazone group has given place to a 
single bond. Further evidence on this point is supplied by the 
behaviour of the hydrazones towards benzenediazonium ions. Thus 
the formula (VI) shows a negative centre available for coupling : 


OH-CH,CNO-O OH-CH,-C-NO, CH,O + NHPh‘Ny 
SS 
as i> fies og 

N-NPh PhN-N N-NPh PhN:N 
(Vi.) (VIL) (VIIL.) 

In the light of the foregoing considerations, however, it is clear that 
the first product (VII) of such a reaction would at once pass into 
nitroformazyl (VIII) by the loss of formaldehyde. Indeed this series 


C-NO, 
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of changes was observed by Demuth and Meyer (loc. cit.) when they 
studied the interaction of the sodium salt of nitroethyl alcohol with 
benzenediazonium chloride, and, as we have found, occurs so readily 
that the nitroacetaldehydephenylhydrazone initially formed can be 
satisfactorily isolated only when the solution of sodium salt is added 
to that of the diazonium compound so that no opportunity is afforded 
for salt formation on the part of the hydrazone. Demuth and Meyer 
attributed their result to the presence in nitroethyl alcohol (prepared 
in the usual manner by means of silver nitrite) of a considerable 
proportion of nitroacetic acid, and suggested that it originated from 
the action of nitrous acid on the alcohol. This explanation was not 
challenged either by Bamberger (Ber., 1892, 25, 3201, 3547; 1894, 
27, 147, 155), who first assigned the correct constitution to nitro- 
formazyl, or by von Pechmann (Ber., 1892, 25, 3190), who, simul- 
taneously with Bamberger, made an extensive study of the displace- 
ment of other groups by the benzeneazo-group, according to the 
scheme : 


2PLN,Cl + NHPhNC<y —> 
NHPh-N:C(N:NPh), -+- XOH + YOH + 2HCI. 
(X or ¥ =e4g., ‘H, -CO,H, ‘CHO, -COMe, -CO-CO,H) 


The course of this reaction is presumably analogous to that repre- 
sented above by the formule (VI), (VII), and (VIII). 

This property of the methylol group asserts itself in still another 
direction. For although @-hydroxy-acids in general readily undergo 
loss of water with formation of «$-unsaturated acids, 8-hydroxy- 
aa-dimethylpropionic acid, lacking an «-hydrogen atom, undergoes 
in part a thermal decomposition (Blaise, Compt. rend., 1902, 134, 
552; Marcilly, Bull. Soc. chim., 1904, 31, 120) strictly analogous to 
that of the malonic acids and of various aldols : * 


OH-CH,CMe,-CO,H —> CH,O +- CHMe,-CO,H 
CO,H-CMe,°CO,H —> CO, + CHMe,°CO,H 

Similarly, by analogy with the decomposition of nitroacetic acid 
into nitromethane and carbon dioxide, it might be expected that the 
thermal decomposition of the hydrazone (II) and its isomeride would, 
in part, follow the course : 

OH-CH,°C(N-NHPh)-NO, —-> CH,O + CH(N-NHPh)-NO, 

In the case of the trans-isomeride, there is no difficulty in observing 
the production of formaldehyde, but careful regulation of the tem- 
perature is requisite in the case of the cis-compound to enable the 


* [Added to proof.] The thermal decomposition of ethyl di(hydroxymethy])- 
malonate (Welch, this vol., p. 257) is a further example of this reaction. 
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odour of formaldehyde to be detected before the main portion of the 
material undergoes a complete decomposition, doubtless analogous 
to that of the nitrolic acids into nitrogen peroxide, nitrogen, and 
carboxylic acids. 

The thermal decomposition of 6-hydroxy-acids already mentioned 
is also exhibited by higher acids, containing alkylol in place of 
methylol groups (compare, for example, Beilstein’s “‘ Handbuch der 
Organischen Chemie,”’ 4th edition, ITI, pp.330—353), and accordingly 
we have found that quite generally the saturated group X-CH:OH 
can be displaced from nitro-compounds in the same manner as the 
unsaturated groups already enumerated. Thus the reactions 
represented by the following scheme have been carried out in a 
number of cases, the ultimate product in each instance being 
nitroformazy] : 


R-CH(OH)-CH,-NO, —> R-CH(OH)-C(N-NHPh)-NO, —> 
R-CHO + NO,C<N 
(R = Me, Et, Pre, CHMe,*CH,, Ph, CCl,.) 


In each case the intermediate hydrazone was isolated and shown to 
be recovered unchanged from its solution in alkali. 

A comparison of (IX), (X), and (XI) shows that the decomposition 
of the product initially formed from (IX) is formally analogous to 
the reversals of the aldol condensation (compare, for example, 
Houben-Weyl, ‘‘ Methoden der Organischen Chemie,” 2nd edition, 
1922, 2, 466) and the Michael reaction (compare Knoevenagel, 
Annalen, 1894, 285, 27; Kohler and Conant, J. Amer. Chem. Soc., 
1917, 39, 1411): 
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“NHPh 
-NPh 


\/ \/ Hy £CO,Et 
X-CH:C-N°NPh X-CH:-C-CH:O X-CH-C-C—O 
IK IK KA\Y 
OH OH CO,Et-CH OEt 
(1X.) (X.) (XI.) 


This comparison assists in substantiating the view that in (X) 
and (XI), as well as in the thermal decomposition of malonic acids, 
the initiation of the decomposition is due to an effect transmitted from 
the carbonyl oxygen atom (compare Cooper, Ingold, and Ingold, J., 
1926, 1870), just as in the case of (IX) it is clearly determined by 
the nitrogen atom attached to the phenyl group. At the same 
time, however, it must not be overlooked that the cyanohydrins, 
«-hydroxy-acids, and, quite generally, compounds of the type 
X-CH(OH)Y tend to decompose into X-CHO and HY, and that the 
reversal of the aldol change can be formulated in this manner. 

There is also an evident analogy between the aldol condensation 
and that of aldehydes with nitro-compounds. Correspondingly, we 
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have found that with increase in complexity of the groups X and Y 
the stability of the compound X*CH(OH)-CHY-NO, towards 
alkali diminishes, as has been observed in the case of aldols. For 
instance, whereas the methylol derivatives prepared from nitro- 
ethane, «-nitropropane, and «-nitrobutane are convertible into their 
sodium salts, analysis of those prepared from the ethylol derivatives 
shows that y-nitropentan-B-ol (XII) and y-nitrohexan-B-ol (XIII) 
suffer decomposition by alkali : 


Me-CH(OH)-CHEt-NO, (XII.) —> Me-CHO + CHEt:NO,Na 
Me-CH(OH)-CHPr*NO, (XUI.) —> Me-CHO + CHPr7-NO,Na 
OH-CH,°CHEt-NO, (XIV.) —>» OH:CH,°CEt:NO,Na 


Under the same conditions, however, the desired sodium salt 
was obtained from §-nitrobutyl alcohol (XIV). 

These various salts, on treatment with benzenediazonium chloride, 
yielded hydrazones in accordance with the principles already 
discussed. 

EXPERIMENTAL, 


«-Nitroacetaldehydephenylhydrazone from 8-Nitropropyl Alcohol.— 
A solution of the sodium salt of 8-nitropropyl alcohol (J., 1928, 
2697) (12-7 g.) in water (125 c.c.) was gradually added to a solution 
prepared from aniline (9-3 g.), water (125 c.c.), hydrochloric acid 
(d 1-17; 22 ¢.c.), and sodium nitrite (6-9 g.). The product (17 g.), 
isolated by extraction with ether, crystallised from methyl alcohol 
in yellow plates, m. p. 149° (Found: C, 53-5; H, 5-15. Cale. for 
C,H,O,N,: C, 53-6; H, 51%). By the procedure previously 
described (loc. cit.), formaldehyde in the aqueous liquor was identified 
in the form of methylenebis-8-naphthol, m. p. 205°, which did not 
depress the melting point of an authentic specimen. 

The phenylhydrazone was also directly prepared for purposes of 
comparison by gradual addition of a solution of nitroethane (7-5 g.) 
and sodium hydroxide (4 g.) in water (100 c.c.) to a diazonium solution 
prepared as above. The product (16-2 g.) also melted at 149° 
(Bamberger, Ber., 1898, 31, 2629, gives 141—142°) and did not 
depress the melting point of the above material. Each product was 
recovered unchanged from its solution in sodium hydroxide. 

«-Nitroglycollaldehydephenylhydrazones.—(1) When a_ solution 
of the sodium salt of 8-nitrotrimethylene glycol (8-3 g.) in water 
(50 c.c.) was gradually added to a solution (50 c.c.) prepared from 
aniline (3-73 g.), hydrochloric acid (d 1:17; 8 c.c.), and sodium 
nitrite (2-76 g.), a crystalline separation (7-6 g.) was soon produced. 
On recrystallisation from acetone, stout yellow prisms (II), m. p. 
117—118°, were obtained (Found: C, 49-0; H, 4:9; N, 21-6; 
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M, 187. C,H,O,N, requires C, 49-2; H, 4-65; N, 21-6%; M, 195). 
Methylenebdis-8-naphthol, prepared from the aqueous liquor as in 
the previous case, melted at 205—206°, as also did a sample prepared 
from the solution obtained by carefully heating the hydrazone in 
a water-bath at 85° under reduced pressure and absorbing the gases 
evolved in water. At 110°, oxides of nitrogen accompanied the 
formaldehyde. This decomposition of the hydrazone also asserted 
itself when its methyl-alcoholic solution was concentrated. 

_ (2) A solution of the sodium salt of $-nitroethyl alcohol (3-9 g.) 
(compare J., 1928, 269) was gradually added to a diazonium solution 
(70 c.c.) prepared from aniline (3-2 g.), hydrochloric acid (d 1-17; 
7 c.c.), water and sodium nitrite (2-4 g.). The product (6-3 g.) melted 
at 108—109° after crystallisation from methyl alcohol (Found : 
C, 49-4; H, 4-7; N, 216%; M, 201,189). Formaldehyde could not 
be detected as a product of treatment of the hydrazone with warm 
methyl-alcoholic sodium methoxide or aqueous sodium hydroxide, 
and the material was recovered unchanged. The same compound 
was obtained by acidifying a solution of the isomeride, m. p. 117— 
118°, in aqueous sodium hydroxide or in sodium methoxide. A 
mixture of the isomerides melted at 100—102°. When the hydrazone 
was very cautiously heated, the odour of formaldehyde was distinctly 
perceptible, but further decomposition supervened so closely that it 
was not possible to collect and identify the aldehyde as was done in 
the previous instance. 

By treating the hydrazone (1-95 g.) with a solution of sodium 
hydroxide (0-4 g.) in water (20 c.c.) and mixing the whole with a 
diazonium solution (40 c.c.) prepared from aniline (0-93.g.), nitro- 
formazyl (2-1 g.), m. p. 162—163°, was obtained; this did not 
depress the melting point of an authentic specimen prepared from 
nitromethane. The odour of formaldehyde was very noticeable in 
the concentrated ethereal extract, and it was identified as in 
previous cases. A similar experiment was performed with (II), 
and nitroformazyl was also produced when a diazonium solution 
was gradually added to an aqueous solution of the sodium salt of 
6-nitrotrimethylene glycol. 

Nitroformaldehydephenylhydrazone.—When a diazonium solution 
from anjline (9-3 g.), hydrochloric acid (d 1-17; 24-4¢.c.), water (125 
c.c.), and sodium nitrite (6-9 g.) was gradually added to a solution of 
nitromethane (6-1 g.) and sodium hydroxide (4 g.) in water (100 c.c.), 
a mixture of the desired hydrazone with nitroformazyl was produced. 
The latter was removed by repeated crystallisation from methyl 
alcohol and the hydrazone was ultimately obtained in orange 
prisms, m. p. 92° (Found: C, 50-7; H, 45; N, 25-7. Cale. for 
C;H,0,N,: C, 50-9; H, 4:3; N, 25-4%). 
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Other Examples of the Elimination of Formaldehyde from. Nitro- 
methylol Derivatives.—8-Nitrobutyl alcohol, b. p. 122—125°/24 mm. 
(Pauwels, Bull. Acad. Sci. Belg., 1897, 34, 651), was converted into 
its sodium salt (Na, 15-8°%), which was coupled with benzene- 
diazonium chloride in the manner described for the case of $-nitro- 
propyl aleohol. The oily phenylhydrazone had only partly crys- 
tallised after 4 days, but by precipitation of its solution in aqueous 
sodium hydroxide the solid hydrazone was at once obtained; it 
melted at 103—104° after crystallisation from methyl alcohol and 
did not depress the melting point of the product prepared from 
nitropropane in brilliant red needles, m. p. 103—104° (N, 21-9%). 
In the latter case no difficulty was experienced in regard to the 
solidification of the hydrazone. Bamberger (Ber., 1898, 31, 2631) 
gives m. p. 98—99°. 

8-Nitroamyl alcohol, prepared by adding a few grains of potassium 
carbonate to a mixture of nitrobutane (12 g.) and formaldehyde 
(40% solution ; 8-75 c.c.) and leaving the mixture for 12 hours after 
the initial reaction was over, boiled at 130—136°/28 mm. (Found : 
N, 10-4. C;H,,0,N requires N, 10-5%). From its sodium salt 
(Found: Na, 15-1. C;H,,0,NNa requires Na, 148%), an oily 
phenylhydrazone was obtained which did not crystallise when 
inoculated with the solid material. This was, however, readily 
obtained by acidifying the solution of the oil in aqueous alkali, and 
separated from methy] alcohol in brilliant red needles, m. p. 63—66° 
(Found: N, 20-6. C,)H,,0,N, requires N, 20:3%). The same 
eompound was obtained directly from the sodium salt of nitrobutane, 
the crude hydrazone solidifying as in the case of that prepared from 
nitropropane. 

8-Nitro-8-hydroxymethylamyl alcohol, also formed in small amount in 
the preparation of the nitroamy] alcohol just described, was isolated 
as the non-volatile residue from the distillation of the nitroamyl 
alcohol. After crystallisation from alcohol it melted at 80—83° 
(Found : N, 8-9. C,H,,0,N requires N, 8-6%), and its constitution 
was established by treatment with sodium ethoxide, the sodium 
salt of the nitroamyl alcohol (Na, 15-0%), itself identified by con- 
version into the phenylhydrazone, m. p. 63—66°, just described, 
being produced. 

Displacement of Other Aldehydes as a Consequence of Coupling.— 
The sodium salt of nitroisopropyl alcohol (Henry, Bull. Acad. Roy. 
Belg., 1895, 15, 999), on treatment with benzenediazonium chloride, 
was converted into a phenylhydrazone, CHMe(OH)-C(N O,):N-NHPh, 
which formed felted orange needles, m. p. 126—127° (Found: C, 
51-65; H, 5°5. C,H,,0,N requires C, 51-65; H, 53%). 

From «-nitrobutan-$-ol (Henry, ibid., 1896, 15, 1223) in the same 
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way, a sodium salt (Found: Na, 16:3. C,H,0,NNa requires 
Na, 16-3%) and a phenylhydrazone, CHEt(OH)-C(NO,):-N-NHPh, 
bright red needles, m. p. 100—102° (Found: N, 18-9. C,)H,,0,N, 
requires N, 18-9°%), were successively obtained. 

«-Nitropentan-8-ol was prepared by condensation of nitromethane 
(33 g.) with n-butaldehyde (39 g.) in presence of water (10 ¢.c.) and 
potassium carbonate (0-2 g.). Since no particular rise in temper- 
ature was observed, the mixture was heated for some time at 60°, 
until the aqueous layer (originally the lower) was displaced by the 
specifically heavier condensation product. After 12 hours, the 
mixture was worked up and the alcohol (44 g.) isolated as a viscous 
oil, b. p. 117°/17 mm. (Found: N, 10-8. C;H,,O3;N requires N, 
10-5%). From the sodium salt (Found: Na, 14:6. C;H,)0,NNa 
requires Na, 14-8%), «-chloro-«-nitropentan-8-ol was prepared by 
direct chlorination ; it separated from a mixture of equal volumes of 
chloroform and ethyl acetate in fine needles, m. p. 38° (Found: 
N, 8-6. C;H,90,NCl requires N, 84%). The phenylhydrazone 
obtained from the sodium salt crystallised from methyl alcohol in 
brilliant red needles, m. p. 92—94° (Found: N, 18:1. C,,H,;0,N, 
requires N, 17:7%). 

a-Nitrohexan-8-ol (Mousset, Bull. Acad. Roy. Belg., 1901, 26, 
622) yielded a sodium salt (Found: Na, 13-3. C,H,,0,NNa 
requires Na, 13-6%), and a phenylhydrazone, which separated from 
methyl alcohol in bright red needles, m. p. 108—111° (Found : 
N, 16-7. C,,H,,0,N, requires N, 167%). The chloro-derivative, 
analogous to that described above, was obtained as an oil which 
could not be induced to crystallise. ‘ 

yyy-Trichloro-«-nitropropan-$-ol, m. p. 48—49°. (Henry, Bull. 
Acad. Roy. Belg., 1896, 15, 1223, gives m. p. 42—43°), was for 
obvious reasons not converted into its sodium salt, but coupled in 
dilute aqueous solution immediately after addition of sodium 
hydroxide (1 mol.). The resulting phenylhydrazone crystallised from 
methyl alcohol in red prisms, m. p. 129° (Found: N, 13-6. 
C,H,O,N,Cl, requires N, 13-5%). 

The sodium salt of $-nitro-«-phenylethyl alcohol (Rosenmund, 
Ber., 1913, 46, 1037) yielded a phenylhydrazone, which crystallised 
from methyl alcohol in fine red needles, m. p. 126° (Found : N, 
15-8. C,,4H,,0,N; requires N, 15-5%). 

The following details are typical of the procedure followed in con- 
verting each of the above-mentioned phenylhydrazones into nitro- 
formazyl: a diazonium solution (100 c.c.) prepared from aniline 
(0-93 g.), hydrochloric acid (d 1:12; 2-2 c.c.), water, and sodium 
nitrite (0-69 g.) was added to a cold solution of the phenylhydrazone 
from methylnitropentanol (2-5 g.) and sodium hydroxide (0:4 g.) 
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in water (100 c.c.), and the precipitate purified by crystallisation 
from methyl alcohol. 

y-Nitrobutan-§-ol (Henry, Bull. Acad. Roy. Belg., 1896, 15, 1224) 
yielded a sodium salt which was purified by addition of ether to its 
solution in methyl alcohol (Found : Na, 16-7. C,H,O,NNa requires 
Na, 16-3%), from which a phenylhydrazone, m. p. 148—149°, was 
prepared (Found : N, 23-5%). The liquor from the coupling process 
exhibited reducing properties and responded to Simon’s test for 
acetaldehyde, and the phenylhydrazone did not depress the melting 
point of the phenylhydrazone prepared from nitroethane. 

Decomposition of Derivatives of Nitroisopropyl Alcohol by Alkali.— 
When a solution of y-nitropentan-8-ol (Henry, Bull. Acad. Roy. Belg., 
1896, 15, 1223) (Found: N, 10-3%) (13-5 g.) in alcohol (25 c.c.) was 
treated with a solution of sodium (2-3 g.) in alcohol (42 c.c.), a sodium 
salt was precipitated (Found: Na, 19-9%), and the presence of 
acetaldehyde in the liquor was demonstrated by Simon’s test. The 
salt was purified by addition of ether to its solution in methyl 
alcohol (Found : Na, 20-7. C,H,0,NNa requires Na, 20-7%). 

y-Nitrohexan-$-ol (36-5 g.), b. p. 122-5°/17 mm. (Found: N, 10-0, 
10-2. C,H,,0,N requires N, 95%), was prepared by addition of 
two drops of aqueous potassium hydroxide solution (50%) to a 
mixture of nitrobutane (50 g.), acetaldehyde (22 g.), and water 
(10 c.c.). A sodium salt was prepared in the same manner as in 
the previous instance (Found: Na, 18-2. C,H,O,NNa requires Na, 
18-4°%), and the presence of acetaldehyde in the mother-liquor was 
again indicated by Simon’s test. 

THE COLLEGE or TECHNOLOGY, 

MANCHESTER. [Received, January 29th, 1930.] 





CXIV.—The Scission of Diaryl Ethers and Related 
Compounds by Means of Piperidine. Part III. 
The Nitration of 2: 4-Dibromo-2’ : 4’-dinitrodi- 
phenyl Ether and of 2:4-Dibromophenyl p- 
Toluenesulphonate and Benzoate. The Chlorination 
and Bromination of m-Nitrophenol. 


By Rosatinp VENETIA HENLEY and EvstacE EBENEZER 
TURNER. 


In continuation of previous work (Part II, J., 1929, 512), the 
nitration of 2: 4-dibromophenyl p-toluenesulphonate has been in- 
vestigated. The sole product of dinitration was 2 : 4-dibromo- 
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5-nitrophenyl o-nitro-p-toluenesulphonate (1), the constitution of 
which was established by its conversion successively into 2 : 4-di- 


NO, NO, Br Br NO, 

PR POPS, Me BX >080,¢ Me Br OH 
r Br Br 
(1.) (II.) (III.) 


bromo-5-aminophenyl o-amino-p-toluenesulphonate and 2: 4: 5-tri- 
bromophenyl o-bromo-p-toluenesulphonate (11). The latter substance 
was converted by piperidine at 100° into 2: 4: 5-tribromophenol, 
identical with the product obtained by the replacement of the 
amino-group by hydroxyl in 2 : 4 : 5-tribromoaniline. 

When 2: 4-dibromo-5-nitrophenyl o0-nitro-p-toluenesulphonate 
was heated with piperidine, there were formed 1-o-nitro-p-toluene- 
sulphonylpiperidine and 2 : 4-dibromo-5-nitrophenol (III), the con- 
stitution of which is determined by that of the above tribromo- 
phenol. After crystallisation from light petroleum, with sub- 
sequent normal drying, the dibromonitrophenol melted at 77—78°, 
and an identical product was obtained by nitrating 2 : 4-dibromo- 
phenyl benzoate, followed by hydrolysis. It seemed probable that 
the compound obtained by Garzino (Atti R. Accad. Sci. Torino, 
1889, 25, 250) by nitrating 2 : 4-dibromophenyl propionate should 
also be 2 : 4-dibromo-5-nitrophenol, ‘but he gave the m. p. as 90— 
91°. Crystallisation of our compound from dilute acetone gave a 
monohydrate, m. p. 92—94°, which is probably the product obtained 
by Garzino. 

Another dibromonitrophenol, m. p. 91°, was described by Lindner 
(Ber., 1885, 18, 612) as resulting from the dibromination of m-nitro- 
phenol, and in Beilstein’s “‘ Handbuch ” (4th Edn., Vol. VI, 246, 
248) it is suggested that this compound is possibly identical with 
Garzino’s dibromonitrophenol. In view of the fact (Part II) that 
m-nitrophenol is dichlorinated in the 2- and 4-positions, it at first 
seemed unlikely that the dibromination would proceed so differently, 
and we have accordingly investigated the bromination of m-nitro- 
phenol afresh. 

Attempts to prepare the dibromo-compound according to 
Lindner’ directions did not yield any chemically pure substance. 
When, however, bromine, diluted with carbon dioxide, was passed 
through m-nitrophenol at 120—140°, until the latter acquired the 
correct increase in weight, and the product was worked up exactly 
in accordance with Lindner’s instructions, material was obtained 
which behaved as regards crystallisation as an individual, melted at 
82—98°, and appeared to be a mixture of 4-bromo- and 2 : 4: 6- 
tribromo-3-nitrophenol. 
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When an attempt was made to dibrominate m-nitrophenol in 
glacial acetic acid in presence of anhydrous sodium acetate, the 
tribromo-compound, m. p. 89—90°, was alone isolated. This 
substance, m, p. 85°, was obtained by Lindner (loc. cit.) by bromin- 
ating m-nitrophenol, and by Daccomo (Ber., 1885, 18, 1167) by 
nitrating 2: 4:6-tribromophenyl benzoate. Its constitution has 
now been definitely proved by converting it in stages into 2:3: 4: 6- 
tetrabromophenol. Monobromination of 4-bromo-3-nitrophenol also 
failed to give a dibromo-3-nitrophenol. 

In preparing the monobromo-derivatives of m-nitrophenol, we 
again encountered conflicting results. Pfaff (Ber., 1883, 17, 612) 
treated m-nitrophenol with bromine in the cold, and described his 
monobromo-compound as bright yellow needles melting at 110°. 
Lindner (loc. cit.) and Schlieper (Ber., 1892, 25, 552), using similar 
methods, obtained what they took to be Pfaff’s substance, but they 
gave the m. p. as 147—148°. Schlieper (Ber., 1893, 26, 2469) 
regarded this substance as 2-bromo-3-nitrophenol, since he had 
obtained the following evidence that the analogous chloro-compound 
was 2-chloro-3-nitrophenol (IV) : the chloro-compound was methyl- 
ated, and the ether reduced and then deaminated.. The product 
obtained was thought by Schlieper to be o-chloroanisole for two 
reasons : (1) it had the correct b. p., and (2) nitration gave a chloro- 
nitroanisole, m. p. 93—94°, which he took to be (V), because a 
substance having this constitution and this m. p. had been described 
by Fischli (Ber., 1878, 11, 1463). It seemed possible, however, 
that Schlieper’s chloronitrophenol was the 4-compound, in which 


OH OMe OMe 
Cl Cl 0, 
NO, 

NO, Cl 
(IV.) (V.) (VI.) 


case his chloronitroanisole would be (VI), which melts at 97-5° 
(Reverdin, Ber., 1893, 26, 1689). 

We have found that the monobromination of m-nitrophenol at 
120—140° (the lowest temperature at which bromination is practic- 
able) gives a mixture of products, at least 50% of which is 4-bromo- 
3-nitrophenol, m. p. 146-5—147-5°, the constitution of which has 
been established by its synthesis from ON -diacetyl-3-nitro-p-amino- 
phenol. Schlieper’s supposed 2-bromo-compound ig therefore 
4-bromo-3-nitrophenol, which substance has indeed already been 
prepared (Heller and Kammann, Ber., 1909, 42, 2179) from 3-nitro- 
p-aminophenol. 

Monobromination of m-nitrophenol in glacial acetic acid in 
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presence of sodium acetate gave indefinite results, but in absence 
of sodium acetate the product was a monobromo-compound, m. p. 
118-5—121°. This we at first thought to be 2-bromo-3-nitrophenol, 
and in order to prove its constitution, we converted it into the 
p-toluenesulphonyl derivative, reduced the latter, and replaced the 
amino-group by bromine. During the last stage, the p-toluene- 
sulphonyl group was removed by hydrolysis and a dibromophenol, 
m. p. 73—74°, was formed. At the same time we performed an 
analogous synthesis, starting from 3-bromo-2-nitrophenol. The 
dibromophenol obtained in the second synthesis melted at 68—69°, 
was different from the first, and was clearly the hitherto unknown 
2 : 3-dibromophenol. It therefore seemed certain that the isomeric 
compound was 2: 5-dibromophenol. Raiford and Bren (J. Amer. 
Chem. Soc., 1929, 51, 2539) recently attempted the preparation of 
this substance from 2 : 5-dibromoaniline. It. has now been obtained 
in excellent yield by applying the method of Noelting and Kopp 


' (Ber., 1905, 38, 3506) to this base, and was found to be identical 


with the product from the bromo-3-nitrophenol, which is therefore 
the 6-derivative (2-bromo-5-nitrophenol) already deseribed by 
Heller and Kammann (loc. cit.), who obtained it from 5-nitro- 
2-aminophenol. 

Although it has already been shown (Part II) that m-nitrophenol 
is readily converted into 2 : 4-dichloro-3-nitrophenol, the above 
results made it desirable to investigate the monochlorination. 
Schlieper (Ber., 1893, 26, 2466), by direct chlorination of m-nitro- 
phenol, obtained a compound, m. p. 120°, which, as is shown above, 
may be either the 2- or the 4-chloro-compound. Meldola and 
Eyre (J., 1902, 81, 996) agreed with Schlieper’s conclusion that 
this was the 2-chloro-compound; they obtained 4-chloro-3-nitro- 
phenol, m. p. 126—127°, by synthesis from 3-nitro-p-aminophenol. 

We find that monochlorination of m-nitrophenol at 120—140° 
gives approximately equal amounts of 4-chloro-3-nitrophenol (A), 
m. p. 127—128°, and 2-chloro-3-nitrophenol (B), m. p. 120°. A 
was identical with a specimen prepared from ON-diacetyl-3-nitro- 
p-aminophenol, and the constitution of B follows from two facts : 
(1) dichlorination of m-nitrophenol under similar conditions gives 
the 2:4-dichloro-compound in good yield, and (2) reduction of 
B, followed by replacement of the amino-group by chlorine, gives 
2: 3-dichlorophenol. Although the first of these appears to be 
sufficient proof, it was desired to prove beyond doubt that B was 
not 6-chloro-3-nitrophenol (m. p, 118—119°; prepared synthetically 
by Meldola, Woolcott, and Wray, J., 1896, 69, 1322). 

It is therefore possible that, in this case, Schlieper actually had a 
2-chloro-compound, but it is difficult to believe this, since the 
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4-chloro-compound, which was presumably present, is so readily 
isolated. 

We have not investigated the iodination of m-nitrophenol, as 
the statements in the literature seem to be accurate. Schlieper 
(1893, loc. cit.) described the monoiodo-compound as the 2-iodo- 
derivative, m. p. 134°, and Datta and Prosad (J. Amer. Chem. Soc., 
1917, 39, 441) state that iodination in the 2-position proceeds 
quantitatively. There seems little doubt that this substance is 
different from the 4- and the 6-iodo-derivative, m. p. 156° and 146— 
147° respectively (Hahle, J. pr. Chem., 1891, 43, 72; Meldola and 
Eyre, P., 1901, 238). 

In endeavouring to prepare 4-bromo-3-nitrophenol by a different 
method, we nitrated N-p-bromophenylphthalimide in presence of 
excess of concentrated sulphuric acid, expecting to obtain a con- 
siderable proportion of the m-nitro-derivative (compare Brady, 
Quick, and Welling, J., 1925, 127, 2264). The main product, 
however, was the o-nitro-derivative. This result is interesting, 
since nitration of p-bromoaniline in presence of excess of sulphuric 
acid gives almost entirely the m-nitro-compound (Noelting and 
Collin, Ber., 1884, 17, 261) (see Experimental). 

The nitration of 2 : 4-dibromo-2’ : 4’-dinitrodiphenyl ether pro- 
ceeds similarly to that of the analogous dichloro-compound and 
gives 2:4-dibromo-5 : 2’ : 4'-trinitrodiphenyl ether. This ether 
readily undergoes scission by piperidine into 2 : 4-dibromo-5-nitro- 
phenol and N-2’ : 4’-dinitrophenylpiperidine. 


EXPERIMENTAL. 


2:4-Dibromophenyl p-toluenesulphonate, readily obtained by 
the usual type of process, crystallised from glacial acetic acid in 
colourless plates, m. p. 120° (Found: Br, 39-8. C,,3H, 90,Br,8 
requires Br, 39-4%). 

Dinitration of 2:4-Dibromophenyl p-Toluenesulphonate.—The 
compound was added to 10 parts of nitric acid (d 1-5), the resulting 
solution being left for an hour and then poured into a large bulk of 
water. Filtration, followed by crystallisation from glacial acetic 
acid, gave 2: 4-dibromo-5-nitrophenyl 0-nitro-p-toluenesulphonate 
in pale greenish-yellow leaflets, m. p. 122—123° (Found: Br, 32-6. 
C,,H,0,N,Br,S requires Br, 32-3%). 

2 : 4-Dibromo-5-nitrophenol.—The last-mentioned compound was 
heated for 1 hour at 100° with 2 parts of piperidine. No piperidine 
hydrobromide separated. Excess of dilute alkali was added, and 
the solution shaken with benzene; this extracted the 1-o-nitro- 
p-toluenesulphonylpiperidine, but, contrary to expectation, it also 
extracted the piperidine salt of the phenol. It was therefore shaken 
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with dilute hydrochloric acid and then with alkali. Acidification 
of the alkaline solution precipitated 2 : 4-dibromo-5-nitrophenol. 
This crystallised from light petroleum (b. p. 80—100°) in long yellow 
needles, m. p. (after being dried over-night in a vacuum over con- 
centrated sulphuric acid) 77—78° (Found : Br, 53-5. C,H,O,NBr, 
requires Br, 53-9%), and from very dilute acetone as the hydrate, 
C,H,O,NBr,,H,O, in long yellow needles, m. p. 92—94° (with 
previous softening), the m. p. depending on the rate of heating 
(0-5236 g. lost 0-0309 g. in 14 days in a vacuum over phosphoric 
oxide. Loss of 1H,O requires 0-0299 g.. The specially dry material 
so obtained melted at 84—86°). 

2 : 4-Dibromo-5-aminophenyl 0-Amino-p-toluenesulphonate.— 
The corresponding dinitro-compound was added with shaking to a 
hot solution of stannous chloride (1-5 times the calculated quantity) 
in a mixture of glacial acetic acid and concentrated hydrochloric 
acid. After the mixture had been heated at 100° for a few minutes, 
vigorous reduction set in, and was allowed to become complete 
during an hour at 100°. The resulting solution was poured into 
excess of 20° potassium hydroxide solution, and the suspension 
was cooled and filtered (asbestos). The washed and dried precipitate 
crystallised from dilute acetone in colourless leaflets, m. p. 174— 
175° (Found : Br, 37-5. C,3;H,,0,N,Br,8 requires Br, 36-7%). 

2:4:5-Tribromophenyl 0-Bromo-p-toluenesulphonate—The di- 
amino-compound was diazotised at 20—25°, in a mixture of equal 
parts of concentrated hydrochloric acid and water, with a solution 
of sodium nitrite. The diazo-perbromide was precipitated by 
means of a solution of bromine in aqueous potassium bromide, 
collected, washed, and decomposed in glacial acetic acid, the temper- 
ature of the latter being slowly raised until the b. p. was reached. 
Water was added, and the precipitate crystallised from alcohol, 
colourless leaflets, m. p. 107—108°, being obtained (Found: Br, 
56-9. C,,H,O,Br,S requires Br, 56-7%). 

2 :4:5-Tribromophenol.—(a) A solution of the preceding com- 
pound in excess of piperidine was boiled under reflux for an 
hour; the solution was then strongly acidified and submitted to 
steam distillation. The tribromophenol passed over rapidly, and 
crystallised from light petroleum (b. p. 40—60°) in long colourless 
needles, m. p. 85—86° (Found: Br, 73-0. C,H,OBr, requires 
Br, 72-5%). 

(b) 2:4:5-Tribromoaniline, prepared for the purpose from 
p-dibromobenzene, was converted into the corresponding phenol 
by adapting the method of Noelting and Kopp (loc. cit.). The 
product was identical with that from process (a). 

Kohn and Pfeifer (Monatsh., 1927, 48, 211) obtained what was 
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evidently mainly 2: 4: 5-tribromophenol, m. p. 79°, by heating 
pentabromophenol with zinc dust and glacial acetic acid. We 
failed to trace this work for some time, since in the original paper 
and in the British abstracts the substance was incorrectly called 
3 : 4: 6-tribromophenol. 

Nitration of 2:4-Dibromo-2’ : 4'-dinitrodiphenyl Hther—The 
ether, described by Le Févre, Saunders, and Turner (J., 1927, 1168), 
is more conveniently obtained as follows: 21 g. of 2 : 4-dibromo- 
phenol were added to 4:6 g. of potassium hydroxide previously 
fused with 0-5 ¢.c. of water. To the still hot mixture were added 
17-5 g. of 1-chloro-2 : 4-dinitrobenzene. After a few minutes’ 
shaking, potassium chloride began to separate, and after an hour’s 
heating at 100°, interaction was complete. Excess of dilute alkali 
was added, and the mixture cooled and shaken. The solid mealy 
product was collected, washed with water, and crystallised from 
glacial acetic acid (23 g., m. p. 133°). 

The ether was added rapidly to 10 parts of nitric acid (d 1-5). 
After 0-5 hour, the solution was poured into water. The pre- 
cipitated solid’ was collected, washed, and crystallised from glacial 
acetic acid, 2:4-dibromo-5: 2’: 4'-trinitrodiphenyl ether being 
obtained in very pale yellow needles, m. p. 142° (Found: Br, 35-1. 
C,,H,0,N,Br, requires Br, 34-9%). 

Scission of 2:4-Dibromo-5 : 2’: 4'-trinitrodiphenyl Ether.—(a) 
With piperidine. The trinitro-compound was heated with twice its 
weight of piperidine at 100° for an hour. The solution was treated 
with alkali and extracted several times with benzene. The benzene 
layer was extracted first with hydrochloric acid and then with 
alkali. Acidification of the alkaline solution gave 2 : 4-dibromo- 
5-nitrophenol, identical with the above product, and the benzene 
layer yielded 2 : 4-dinitrophenylpiperidine. 

(b) With aniline. The trinitro-compound was heated for an 
hour at 100° with excess of aniline. On addition of much dilute 
hydrochloric acid, 2 : 4-dinitrodiphenylamine separated in almost 
quantitative yield. 

Nitration of 2:4-Dibromophenyl Benzoate-——The benzoate was 
added slowly to 10 parts of nitric acid (d 1-5), kept below 30°. 
After a further 15 minutes, the solution was poured into excess of 
cold water. The gummy precipitate was separated, and heated with 
water until it became hard. It crystallised from alcohol in colour- 
less needles, m. p. 155—156° (Found: Br, 36-2. C,,H,O,N,Br, 
requires Br, 35-99%). The nitro-compound was heated for an hour 
at 100° with excess of piperidine. The excess of piperidine was 
removed by extraction with benzene in presence of alkali. The 
2: 4-dibromo-5-nitrophenol obtained, after crystallisation from 
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light petroleum, had m. p. 77—78°, and did not depress the m. p. 
of the dibromo- seaethealh described above. 

The m-nitrophenol used in these experiments was prepared as 
described in Adams’s *‘ Organic Syntheses,’ Vol. VIII, p. 80, but 
it was found advisable to remove all traces of sulphuric acid from 
the crude product by dissolving it in alkali and reprecipitating it 
with hydrochloric acid before distilling it under reduced pressure; 
otherwise, towards the end of the distillation, explosive decomposition 
set in. From 212 g. of m-nitroaniline, 135—140 g. of pure m-nitro- 
phenol were consistently obtained. 

m-Nitrophenyl p-toluenesulphonate, obtained in the usual way, 
separated from alcohol in prisms, m. p, 112—113° (Found: §, 
10-7. C,3H,,0;NS requires S, 10-9%). 

Experiments on the Dibromination of m-Nitrophenol.—(A) Dry. 
(1) The method described by Lindner (loc. cit.) led to mixtures, 
the examination of which proved unprofitable. 

(2) A current of carbon dioxide laden with bromine vapour was 
passed through m-nitrophenol in a bath at 120—140° until the 
desired increase in weight had occurred. The product was worked 
up by Lindner’s method. Precipitation of the barium-salt fraction 
gave a solid, m. p. 82—98°. A mixture of this with 2:4: 6-tri- 
bromo-3-nitrophenol melted below 75°, and one with 4-bromo- 
3-nitrophenol melted at 76—135°. On the assumptions that the 
product, m. p. 82—98°, is approximately 50% of 4-bromo- and 
50% of tribromo-3-nitrophenol, and that the mixed melting-point 
curve is of the simplest type, these results are explicable, as is also 
the bromine content of the bromination product (51:3%; a 1:1 
mixture of mono- and tri-bromo-compounds requires Br,.53-9%). 

(3) On one oceasion, by Schlieper’s method of monobromination, 
a product was obtained corresponding very closely to that just 
described. It had m. p. 85—95°, and Br, 51-2%. 

(B) Wet. (1) A solution of m-nitrophenol (1 mol.) and bromine 
(2 mols.) in 90% acetic acid was left in the cold for an hour. Since 
bromination did not begin, the solution was heated at 100° for 0-5 
hour and then boiled for 0-5 hour. The product was worked up by 
Lindner’s method and gave no substance corresponding to his 
dibromo-derivative. 

(2) A solution of m-nitrophenol (1 mol.) and anhydrous sodium 
acetate (2 mols, ) in glacial acetic acid was treated with a solution 
of bromine (2 mols.) in glacial acetic acid. A number of experiments 
were carried out, with variation of concentrations, temperature, 
and time of mixing. In every case the main product was 2 : 4: 6- 
tribromo-3-nitrophenol, m. p. 89—90° (Found: Br, 63-4, Cale.: 
Br, 63-8%). 





936 HENLEY AND TURNER: THE SCISSION OF DIARYL ETHERS 


2:4: 6-Tribromo-3-nitrophenyl p-Toluenesulphonate—The _ tri- 
bromo-compound was readily converted into the p-toluenesulphonyl 
derivative, which crystallised from alcohol in colourless needles, 
m. p. 146—147° (Found : Br, 45-2; 8,60. C,,H,O;NBr,S requires 
Br, 45:3; 8, 6-0%). 

2:4: 6-Tribromo-3-aminophenyl _p-Toluenesulphonate.—Reduc- 
tion of the preceding compound was effected by West’s method 
(J., 1925, 127, 494). The amino-compound separated from alcohol 
or dilute acetic acid in colourless prisms, m. p. 146—147° (mixture 
with the nitro-compound, m. p. 120—125°) (Found: Br, 47-9. 
C,3H,90,NBr,8 requires Br, 48-0%). 

2:3:4: 6-Tetrabromophenol.—A solution of the preceding amino- 
compound in concentrated sulphuric acid was diazotised at 15° 
with a solution of sodium nitrite in concentrated sulphuric acid 
(made at — 10°). When the resulting solution was poured on ice, 
a yellow crystalline precipitate of the diazo-compound separated. 
Addition of water produced a clear solution, to which was added a 
solution of bromine in potassium bromide until no further precipitate 
was obtained. The diazo-perbromide was collected, washed with 
water, and decomposed in hot glacial acetic acid. On cooling, a 
crystalline product separated, which was washed with water and 
then heated with excess of piperidine at 100° for 4 hours. Addition 
of water precipitated 2: 3:4: 6-tetrabromophenol, which soon 
became solid and crystallised from dilute alcohol in colourless 
needles, m. p. 113—114°. An identical specimen was obtained 
by using the Sandmeyer instead of the perbromide process (Found : 
Br, 76-8. Cale:: Br, 78-0%). 

N-p-Bromophenylphthalimide—A mixture of p-bromoaniline 
(1 mol.) with finely ground phthalic anhydride (1 mol.) was heated 
at 250—300° for 2 hours. The molten mass was poured into cold 
alcohol and the solid product was ground and extracted with a 
large volume of boiling alcohol. The residual solid and the long 
silky needles that separated from the extract both melted at 204° 
(Found: Br, 26-8. C,,H,O,NBr requires Br, 265%). Yield, 88%. 

Nitration of N-p-Bromophenylphthalimide.—The imide (1 mol.) 
was dissolved in 10 parts of warm concentrated sulphuric acid. 
To the solution, cooled in running water, 1 mol. of nitric acid (d 
1-5), dissolved in 5 vols. of concentrated sulphuric acid, was added 
slowly, with stirring. After an hour, the solution was poured on ice, 
and the resulting gummy precipitate collected. It was heated for an 
hour at 130° with 90% sulphuric acid, and the resulting solution was 
much diluted and then basified. The product was mainly 4-bromo- 
2-nitroaniline, and did not contain more than 20% of 4-bromo-3- 
nitroaniline (fractional crystallisation of the mixed sulphates). 
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" Nitration of y-bromoaniline in excess of sulphuric acid as described 
by Noelting and Collin (loc. cit.) gave 4-bromo-3-nitroaniline in 
good yield, but an attempt to effect replacement of the amino- 
group by hydroxyl by the diazo-methed proved’ unsuccessful. 
Mononttration of ON-Diacetyl-p-aminophenol.—Hiahle (loc. cit.) 
recommends nitration at 0° with fuming nitric acid. We have found 
that the best results are obtained when 50 g. of the diacetyl com- 
pound are added gradually to 75 c.t. of nitrie acid (d 1-5) kept at 
about 5°. (Only partial nitration occurs at temperatures just 
below 0°, and the diacetyl compound may be recovered unchanged 
from its solution in a mixture of equal volumes of acids of d 1-5 
and @ 1-42, kept at 0° to — 5°.) The solution is poured on ice, 
and the precipitate obtained is crystallised from alcohol. 
4-Bromo-3-nitrophenol.—ON -Diacety1-3-nitro-4-aminophenol was 
slowly added to 10 times its weight of boiling hydrobromic acid 
(2 1-49). Boilimg was continued for } hour and the suspension of 
3-nitro-4-aminophenol hydrobromide was then diluted and diazo- 
tised: diazotisation was slow. The excess of ‘nitrous acid was 
removed by addition of urea and the solution obtained was poured 
into a suspension of copper powder in 25% hydrobromic acid. 
The copper slowly dissolved and needles separated. These crystal- 
lised from water in brown needles, m. p. 146-5—147-5°, and from 
dilute hydrochloric acid in yellow needles having the same m. p. 
4-Chloro-3-nitrophenol was obtained in a precisely similar manner 
from diacetyl-3-nitro-4-aminophenol. The diazotisation proceeded 
more easily than with the bromo-compound. The product crystal- 
lised from dilute hydrochloric acid: in -yellow needles, m. p. 127— 
128°. ‘ 
3-Bromo-2-nitrophenol was prepared by Hodgson and Moore’s 
method (J., 1926, 157). In the intermediate sulphonation we 
obtained good results with 20% oleum, but with acid of the com- 
position (27° oleum) used by Hodgson and Moore, our sulphonation 
mixture set almost solid and would not dissolve even in a large 
quantity of concentrated sulphuric acid. 
3-Bromo-2-nitrophenyl p-toluenesulphonate, readily obtained in 
the usual way, crystallised from alcohol, in which it was very 
sparingly soluble, in colourless rectangular plates, m. p. 136-5— 
137-5° (Found: Br, 21-4. C,,;H,,>O;NBrS requires Br, 21-5%). 
3-Bromo-2-aminophenyl p-Toluenesulphonate.—The . preceding 
nitro-compound was reduced with a mixture of 2 parts of crystalline 
stannous chloride, 2 parts of concentrated hydrochloric acid, and 
7 parts of glacial acetic acid at 100°. Much alkali was added and 
the suspension produced was extracted with ether. Evaporation 
of the dried ethereal extract, followed by crystallisation from alcohol, 
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gave colourless needles of the amino-compound, m. p. 120—121° 
(Found : Br, 23-6. C,,H,.0,NBrS requires Br, 23-4%). 

2 : 3-Dibromophenol.—The amino-compound was diazotised in 
concentrated sulphuric acid at 15—20°, with a solution of sodium 
nitrite in concentrated sulphuric acid prepared at — 10°. The 
reaction mixture was poured on ice. A small portion was found 
to couple normally with alkaline 8-naphthol, and the main portion 
was added to cuprous bromide—hydrobromic acid. The resulting 
solution was heated on a boiling water-bath under reflux for ? hour 
and then distilled in steam. The white solid that passed over 
was dried over concentrated sulphuric acid (desiccator) and crystal- 
lised from light petroleum (b. p. 40—60°). The 2 : 3-dibromophenol 
obtained formed stout prisms, m. p. 68-—69° (Found: Br, 63-6. 
C,H,OBr, requires Br, 636%). It is much less soluble in light 
petroleum than 2 : 3-dichlorophenol and is very much less volatile. 

Monobromination of Wet m-Nitrophenol.—(a) When a dilute 
solution of bromine (1 mol.) was added to a cold dilute solution of 
m-nitrophenol (1 mol.) and anhydrous sodium acetate (1 mol.) in 
glacial acetic acid, a mixture of substances was formed, the examin- 
ation of which led to no positive results. 

(b) A solution of 20 g. of m-nitrophenol and 8:8 c.c. of bromine 
in 30 c.c. of glacial acetic acid was gently boiled under reflux for 
2 hours; it then became almost colourless. The solvent was 
evaporated on a boiling water-bath and the residue, which became 
crystalline on cooling, was dissolved in dilute aqueous alkali. 
Addition of acid precipitated an almost colourless solid which, after 
being crystallised from dilute hydrochloric acid, melted at 117— 
120°, and after a further crystallisation from light petroleum (b. p. 
80—100°), at 118°5—121° (Found: Br, 36-4. C,H,O,NBr requires 
Br, 36:7%). The following experiments show that this substance 
is 2-bromo-5-nitrophenol. 

2-Bromo-5-nitrophenyl p-toluenesulphonate was formed in good 
yield by the usual process; it crystallised from alcohol in colourless 
plates, m. p. 131-5—132-5° (Found: Br, 21-6. C,,;H,,O;NBrS 
requires Br, 21-5%). 

2-Bromo-5-aminophenyl p-toluenesulphonate, obtained by the 
reduction of the nitro-compound with stannous chloride, hydro- 
chloric acid, and acetic acid, crystallised from alcohol in colourless 
bunches of prisms, m. p. 135—136° (Found: Br, 23-3. 
C,3H,,0,NBrS requires Br, 23-4%). 

2 : 5-Dibromophenol.- (a) The last-named amino-compound was 
diazotised in concentrated sulphuric acid exactly as described 
under the preparation of 2: 3-dibromophenol. The steam-distilled 
2: 5-dibromophenol was dried over concentrated sulphuric acid 
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(desiccator) and then crystallised from light petroleum (b. p. 40— 
60°); it formed prismatic needles, m. p. 73—74° (Found: Br, 
63-4. C,H,OBr, requires Br, 63-6%). It was readily converted 
into 2 : 5-dibromophenyl p-toluenesulphonate, which separated from 
alcohol in colourless prisms, m. p. 109—110° (Found: Br, 39-7. 
C,3H,90,Br,S8 requires Br, 39-4%). 

(6) 2: 5-Dibromoaniline (44 g.), obtained in good yield by re- 
ducing 2 : 5-dibromonitrobenzene by West’s method, was dissolved 
in 150 c.c. of warm concentrated sulphuric acid. The solution was 
cooled to room temperature and treated with a solution of 13 g. 
of sodium nitrite in 150 c.c. of concentrated sulphuric acid (prepared 
at — 10°). After an hour, 150 c.c. of water were added and the 
resulting solution, after addition of purified sand, was heated under 
reflux over a small flame for 2 hours. (A small portion of the diluted 
diazo-solution coupled readily with alkaline B-naphthol.) The whole 
was then distilled in steam, 37 g. of 2 : 5-dibromophenol, containing a 
trace of 2 : 5-dibromoaniline, passing over. The phenol was freed 
from the base by solution in alkali and filtration and then recovered 
by acidification ; it had m. p. 73—74°, b. p. 256—257° (corr.)/755 mm. 
The p-toluenesulphonyl derivative melted at 109—110°. 

Mixtures of the phenols or of their p-toluenesulphonyl derivatives 
obtained by methods (a) and (6) had the same m, p. as those of the 
single substances. 

Monobromination of Dry m-Nitrophenol.—(1) A current of dry 
carbon dioxide was passed through bromine and then through 
10-5 g. of m-nitrophenol heated at 120—140°. When the calculated 
increase of weight had occurred, the product was freed from the 
excess of bromine by a rapid current of carbon dioxide and at once 
dissolved in excess of dilute sodium hydroxide solution. After 
addition of dilute hydrochloric acid, yellow needles of 4-bromo- 
3-nitrophenol separated for some time, and later, an oil made its 
appearance. At this stage the liquid was filtered and the solid was 
crystallised from dilute hydrochloric acid, 7 g. of the 4-bromo- 
compound, m. p. 146-5—147-5°, being obtained. 

(2) m-Nitrophenol (28 g.) was brominated, the weight being 
allowed to increase to 43 g. When the product was worked up as 
before, 22 g. of pure 4-bromo-3-nitrophenol were obtained. 

The prodycts from both experiments did not depress the m. p. 
of 4-bromo-3-nitrophenol prepared from diacetyl-p-aminophenol. 

Attempted Monobromination of 4-Bromo-3-nitrophenol.—When 
the monobromo-compound (1 mol.), dissolved together with 1 mol. 
of anhydrous sodium acetate in glacial acetic acid, was treated with 
1 mol. of bromine dissolved in the same solvent, a mixture was 
obtained containing unchanged 4-bromo-3-nitrophenol. 
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Attempted Monobromination of 2-Bromo-5-nitrophenol.—This 
appeared to proceed readily. The acetic acid was evaporated, and 
the hard solid obtained (on cooling) crystallised from light petroleum 
(b. p. 80—100°). The product had the appearance of an individual 
substance, but melted at 68—108°. 

Monochlorination of m-Nitrophenol.—Chlorine was passed into 
m-nitrophenol (42 g.) at 120—140° until the weight increased by 
9-5 g. A rapid current of carbon dioxide was passed through the 
molten product until the excess of chlorine had disappeared and the 
whole was then dissolved in dilute alkali solution. Dilute hydro- 
chloric acid was added until no further evident precipitation occurred 
and the yellow needles produced were washed and dried (14 g.). 
After crystallisation from dilute hydrochloric acid, 12 g. of pure 
4-chloro-3-nitrophenol, m. p. 127—128°, were obtained. The 
mother-liquor from the first filtration was strongly acidified, and 
filtered after some time: the yellow precipitate obtained, having 
been washed and dried, weighed 16 g. and after crystallisation 
from dilute hydrochloric acid gave 10 g. of 2-chloro-3-nitrophenol, 
m. p. 120° (Found: Cl, 19-6. Cale.: Cl, 20:0%). The mother- 
liquor from the second precipitation was evaporated to a small 
bulk under reduced pressure and then extracted with ether. Evapor- 
ation of the extract gave 12-5 g. of an oily mixture of chloro-com- 
pounds. The total yield of crude chloro-compounds was 85% of 
the theoretical yield. 

The 4-chloro-3-nitrophenol obtained produced no depression of 
the m. p. of the material prepared from ON-diacetyl-m-nitro- 
p-aminophenol.’ 

The 2-chloro-3-nitrophenol was reduced with iron, hydrochloric 
acid, and alcohol, and the filtered solution evaporated to dryness. 
Diazotisation, followed by addition of copper powder and hydro- 
chloric acid, gave 2: 3-dichlorophenol, m. p. 56—57°: this de- 
pressed the m. p. of 2: 5-dichlorophenol (m. p. 57°). 2:3-Di- 
chlorophenol is extraordinarily volatile, and vacuum desiccation 
over sulphuric acid and phosphoric oxide was accompanied by 
considerable loss. This property and the intense odour of the 
compound appear to differentiate this dichlorophenol from its 
isomerides (compare Holleman, Rec. trav. chim., 1917, 37, 96), 
and the volatility accounts for the poor analytical figure obtained 
(Found in air-dried specimen: Cl, 41-7. Calc. : Cl, 43-6%). 


Some of the preliminary work on the dibermnodiniteonighenys 
ether was carried out by Miss G. I. Sharp, B.Sc. 


BEDFORD COLLEGE, 
UnIvERsIty OF LONDON. [Received, January 30th, 1930.] 
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CXV.—The Unsaturation and Tautomeric Mobility 
of Heterocyclic Compounds. Part II. a- and Bp- 
Naphthathiazoles. 


By Rosert Fercus Hunter and Jonn Wii1tiam Tuomas JoNEs. 


Rive closure, producing the heterocyclic nucleus in «-naphtha- 
thiazoles (I) and in benzthiazoles (II), takes place much more readily 
in the former than in the latter case: for instance, (1) the ratio of 
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the yields of the 1-chloro-derivatives (I and II; R = Cl) obtained 
from the corresponding arylthiocarbimides and phosphorus penta- 
chloride under similar conditions (Hofmann, Ber., 1879, 12, 1126) is 
62:15; (2) oxidation of $-naphthylthiourethane and of phenyl- 
thiourethane with alkaline ferricyanide at 80—90° gives 60% and 
40% yields, respectively, of the corresponding ethoxythiazoles 
(I and If; R = OEt) (Jacobson, Ber., 1886, 19, 1069); and (3) the 
action of bromine on s-phenyl-8-naphthylthiocarbamide yields solely 
1-anilino-«-naphthathiazole (I; R = NHPh), no trace of the isomeric 
1-8-naphthylaminobenzthiazole (Il; R = NH-C,,H,), which has 
been synthesised from 1-chlorobenzthiazole and 8-naphthylamine, 
being isolable. These results are evidently conditioned by the high 
reactivity of the «-hydrogen atom of the naphthalene nucleus. 

The aromatic nature of the heterocyclic nucleus in «-naphtha- 
thiazole is manifested in the alkylation of semi-cyclic amidines 
containing this complex (III == IV). For instance, the methyl- 


(I) CygH<>O-NHR = CoH CNR av.) 


ation of l-amino-a-naphthathiazole (III; R = H) yields 1-imino- 
2-methyl-1 : 2-dihydro-a-naphthathiazole, unaccompanied by the 
isomeric 1-methylamino-«-naphthathiazole (compare Hunter, J., 1926, 
1385; Hunger and Styles, J., 1928,°3019). 1-6-Naphthylamino- 
«-naphthathiazole (III; R = C,jH,) behaves similarly and yields 
only 1-8-naphthylimino-2-methyl-1 : 2-dihydro-«-naphthathiazole on 
methylation, although it contains the 8-naphthyl group which might 
exert a conjugating influence favouring the iminodihydro-phase (IV), 
similar to that of the phenyl group in the three-carbon system 
(Linstead and Williams, J., 1926, 2735; Linstead, J., 1929, 2501). 
The isomeric 1-methyl-8-naphthylamino-«-naphthathiazole has been 
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obtained from 1-chloro-«-naphthathiazole and methyl-$-naphthy]- 
amine and also by the action of bromine on methyl-s-di-B-naphthyl- 
thiocarbamide, C,y>H,*NMe-CS-NH-C,,)H,. 

The methylation of 1-hydroxy-«-naphthathiazole is analogous to 
that of 1-hydroxybenzthiazole (Hunter, this vol., p. 128), the sole 
product being the ketomethyldihydro-derivative (V), whose con- 
stitution follows from its synthesis from 1-nitrosoimino-2-methyl- 
1 : 2-dihydro-«-naphthathiazole (V1). 


(V.) CyHe<eg.>CO <— CH <Qgg>CN-NO (v1) 


LS, 
a 
(VII.) C-NH, 
NY 
r 
3-Bromo-1-amino-$8-naphthathiazole (VII) has been obtained from 
1-bromo-f-naphthylamine by way of the thiocarbimide and thio- 
carbamide in the usual way (compare Fries, Annalen, 1927, 454, 260). 


ExPERIMENTAL. 


Considerable difficulty was encountered in preparing $-naphthyl- 
thiocarbimide by the methods given in the literature. It was most 
readily obtained by boiling a mixture of s-di-8-naphthylthiocarb- 
amide (50 g.) and acetic anhydride (100 c.c.) for 3 minutes, diluting 
the solution with hot water, and isolating the thiocarbimide by 
prolonged distillation in steam superheated to 140°. The yield never 
exceeded 30%. The thiocarbimide to be used for the preparation of 
the chloronaphthathiazole was melted over calcium chloride and 
redistilled in a vacuum, the fraction, b. p. 182—184°/12 mm., being 
separately collected. 

1-Chloro-«-naphthathiazole—A mixture of 14 g. of §-naphthyl- 
thiocarbimide and phosphorus pentachloride (16 g.) was heated in a 
sealed tube at 160—180° for 5—6 hours, and the product fraction- 
ated. After removal of phosphorus trichloride and a small quantity 
of unchanged thiocarbimide (183°/15 mm.), the chlorothiazole 
distilled at 260—270°/15 mm. The yield after redistillation and 
crystallisation from alcohol was 62%; m. p. 80°, b. p. 245—246°/ 
13 mm. (Found: Cl, 16-0; 8, 14-8. C,,H,NCIS requires Cl, 16-1; 
8, 145%). 

1-Hydroxy-a-naphthathiazole—A solution of the chloronaphtha- 
thiazole (0-8 g.) in absolute alcohol (20 c.c.) was diluted with 4 c.c. 
of concentrated hydrochloric acid, heated for 20 hours under reflux, 
and evaporated on a steam-bath. On recrystallisation from alcohol, 
the hydroxy-base formed aggregates of shining prisms, m. p. 230— 
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231° (Found: S, 16-2. C,,H,ONS requires 8, 15-9%). This 
compound is less soluble in alkalis than the benzthiazole analogue. 

1-Amino-a«-naphthathiazole—Although Hofmann states (Ber., 
1879, 12, 1126) that 1-aminobenzthiazole is obtained by digesting 
1-chlorobenzthiazole with alcoholic ammonia at 100°, the chloro- 
naphthathiazole was recovered unchanged under such conditions, 
and also after being heated in a sealed tube (0-5 g. of the chloro-base) 
with alcoholic ammonia (5 c.c. of alcohol and 2 c.c. of ammonia, 
d 0-880) at 100—140° for 4 hour. 

(i) A mixture of 0-5 g. of 1-chloro-«-naphthathiazole and 5 c.c. of 
ammonia (d 0-880) was heated at 200° for 18 hours. On recrystallis- 
ation from alcohol, 1-amino-«-naphthathiazole was obtained, m. p. 
258° alone and when mixed with the specimen prepared from 
8-naplithylthiocarbamide (previously given, J., 1926, 1400, as m. p. 
249—251°; the compound is there erroneously named “ 2-amino- 
a-naphthathiazole’’). The identity was further confirmed by the 
formation of the same acetyl derivative. (ii) Treatment of a 
suspension of $-naphthylthiocarbamide (m. p. 194°; Cosiner, Ber., 
1881, 14, 59, recorded m. p. 180°, and Hector, Ber., 1890, 23, 362, 
m. p. 186°) (1 g.) in chloroform (10 c.c.) with bromine (1 c.c. in 
1 c.c. of chloroform) yielded a yellow hydrotribromide, which sintered 
at 160—161° after drying in a vacuum [Found: Br, 54-8. 
C,,H,N,S,HBr(Br,) requires Br, 544%]. On reduction with 
sulphurous acid, basification with ammonia, and recrystallisation 
from methyl alcohol, this gave the aminonaphthathiazole in plates, 
m. p. 257° (Found: 8, 16-2. Calc.: 8, 16-0%). 

1-Acetamido-«-naphthathiazole.—(i) The product of acetylation of 
the amino-base with acetic anhydride separated from benzene— 
ethyl acetate in soft crystals, m. p. 265° (Found: 8, 12-9. 
C,3H,oON,S requires 8, 13-2%). 

Hugershoff (Ber., 1899, 32, 3649) states that treatment of 
8-naphthylthiocarbamide with acetic anhydride at 80° yields as- 
acetyl-6-naphthylthiocarbamide, C, »H,*-NAc-CS-NH,, which iso- 
merises to s-acetyl-f-naphthylthiocarbamide, C,)>H,-NH-CS-NHAc, 
m. p. 158°, at its melting point. The product which we isolated from 
§-naphthylthiocarbamide and acetic anhydride at 80° had m. p. 
145—147° and proved to be a mixture containing unchanged 
naphthylthiocarbamide. On the other hand, s-acetyl-$-naphthyl- 
thiocarbamide was readily prepared by dissolving $-naphthyl- 
thiocarbamide in an excess of acetic anhydride at 80° (compare 
Hunter and Pride, J., 1929, 944); it melted at 171—172° after 
recrystallisation. 

(ii) The solution obtained from 0-3 g. of 8-acetyl-$-naphthyl- 
thiocarbamide, 6 c.c. of chloroform, and 0-5 c.c. of bromine was heated 


Shenae ee ee eee - ~ 


er 


Ey A ARNON 






Pe EE at Hm a na east te 








944 HUNTER AND JONES: UNSATURATION AND TAUTOMERIC 


under reflux for 2 minutes, and the orange bromo-addition compound 
(m. p. 154—-156°) obtained was reduced with sulphurous acid. On 
recrystallisation from boiling alcohol, the acetamidonaphtha- 
thiazole formed plates, m. p. 264° alone and when mixed with the 
specimen obtained in (i). 

1-Ethoxy-a-naphthathiazole—10 G. of -naphthylthiourethane 
(m. p. 96°; prepared in 95% yield by heating a solution of the 
thiocarbimide in absolute alcohol, containing a few drops of quinoline, 
under reflux for 4 hours) were rubbed with a small quantity of 
alcohol and dissolved in 75 c.c. of 30% aqueous sodium hydroxide. 
The solution was diluted with water to 200 c.c, and added in 20 c.e. 
portions at 5-minute intervals to 300 c.c. of a well-stirred 20% 
solution of potassium ferricyanide at 85°; the cooled mixture was 
extracted with ether, and the product recrystallised from alcohol 
(yield, 5-9 g.; 60%). The ethoxy-base formed needles, m: p. 80° 
(Found: 8,141. C,,;H,,ONS requires 8, 140%). 

Hydrolysis. 1-Ethoxy-a-naphthathiazole (1 g.) was heated with 
7 c.c. of hydrobromic acid (d 1-45) for 15 minutes; the mixture was 
diluted with water (10 vols.), and the product recrystallised from 
alcohol-ethyl acetate (animal charcoal), 0-4—0-5 g. of 1-hydroxy- 
«-naphthathiazole being obtained, m, p. 231° alone and when mixed 
with the specimen obtained from the chloronaphthathiazole. 

1-Ethoxybenzthiazole.—A similar experiment with 10 g. of phenyl- 
thiourethane gave 4 g. of l-ethoxybenzthiazole (yield, 40%), which 
was characterised by its hydrolysis to 1-hydroxybenzthiazole, m. p. 
138° (Hunter, this vol., p. 135). 

]-8-Naphthylaminobenzthiazole.—When a mixture of 1-chlorobenz- 
thiazole (1 g.) and $-naphthylamine (0-8 g.) was heated, a vigorous 
reaction took place. The product was extracted with alcohol, the 
extracts were decolorised with animal charcoal and evaporated on a 
steam-bath, and the residue was basified and recrystallised from 
methyl alcohol-ethyl acetate. The naphihylaminobenzthiawle 
(yield, 60°) formed small silky needles, m. p. 191—192° (Found: S, 
11-8. C,,H,,N,S requires S, 116%). ‘The acetyl derivative could 
not be crystallised, 

1-Anilino-«-naphthathiazole.—The tenacious gum obtained by 
condensing 1-chloro-«-naphthathiazole (1 g.) with aniline (0-5 c.c.) 
solidified on treatment with hot aqueous ammonia (d 0-880), On 
recrystallisation from methyl alcohol-ethyl acetate, 1-anilino- 
a-naphthathiazole was obtained in soft silky needles, m. p. 211—212° 
(Found ; S,11-7.. C,,H,,N,S requires 8, 11-6%). 

Condensation of Phenylthiocarbimide with 8-Naphthylamine.— 
6:5 C.c. of phenylthiocarbimide were added to a boiling solution of 
7 g. of §-naphthylamine in absolute aleohol (70 c.c.); the mixture 
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became semi-solid owing to the separation of the phenylnaphthyl- 
thiocarbamide (yield, 13 g.; m. p. 161—162°). On recrystallisation 
from ethyl acetate and thereafter from amyl acetate, s-phenyl- 
8-naphthylthiocarbamide was obtained in silvery plates, m. p. 166— 
167° (Found: 8, 11-8. Calce.: 8, 11-6%). Mainzer (Ber., 1882, 
15, 1471), Freund and Wolf (Ber., 1892, 25, 1468), and Wheeler 
(J. Amer. Chem. Soc., 1901, 33, 226) give the m. p. as 157°, 165°, and 
182—183°, respectively. 

Condensation of 8-Naphthylthiocarbimide with Aniline.—Owing to 
the readiness with which §-naphthylthiocarbimide combines with 
alcohol in the presence of amines, this condensation was carried out 
in benzene solution. After recrystallisation, the product had m. p. 
166°, alone and when mixed with the phenylnaphthylthiocarbamide 
described above. 

Wheeler’s “‘ Phenylnaphthylthiocarbamide.”—A mixture of 1 g. of 
8-naphthylamine and 1-5 c.c. of phenylthiocarbimide was heated 
until it boiled; the product, which solidified on cooling, was re- 
crystallised from amyl acetate. It formed ill-defined crystals, m. p. 
182—184° {softening at 175°), and m. p. 188—189° after extraction 
with boiling alcohol, in which it was very sparingly soluble. From 
its properties and the m. p. of its mixture with a genuine specimem 
(m. p. 1983—195°), Wheeler’s product (loc. cit.) was evidently s-di-8- 
naphthylthiocarbamide. Its mixture with a genuine specimen of 
s-pheny]-8-naphthylthiocarbamide melted at 158—~159°. 

It appears probable that s-phenyl-§-naphthylthiocarbamide is 
formed initially in Wheeler’s experiment and then undergoes 
decomposition at the elevated temperature attained during the 
condensation. This supposition is borne out by the following 
experiment. 

Thermal Decomposition of s-Phenyl-§-naphthylthiocarbamide.— 
1 G. of the thiocarbamide was kept at 220—230° for 2 minutes, 
hydrogen sulphide being evolved. The product, which crystallised 
on cooling, was repeatedly extracted with boiling alcohol, finely 
ground, and re-extracted with boiling alcohol and thereafter with 
ethyl acetate. The residue melted at 191—193°, and at 192—194° 
when mixed with a genuine specimen of s-di-8-naphthylthiocarb- 
amide. 

The alcoh6élic extracts yielded s-phenyl-8-naphthylthiocarbamide 
and some phenylthiocarbimide on evaporation, but the presence of 
thiocarbanilide could not be detected. 

The Action of Bromine on s-Phenyl-8-naphthylthiocarbamide.—A 
suspension of 3 g. of the thiocarbamide in 30 ¢c.c. of chloroform was 
treated with bromine (1-2 c.c. in 3 c.c. of chloroform) (an excess. of 
bromine, such as is normally used in the Hugershoff reaction, causes 

KK2 
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the production of ill-defined bromo-substitution derivatives) and the 
mixture was heated under reflux for 3 minutes, cooled, and evapor- 
ated to dryness under reduced pressure at laboratory temperature. 
The product was dissolved in chloroform, the solution shaken with 
sulphurous acid, and the reduction completed by passage of sulphur 
dioxide. On basification and removal of the chloroform, a base, 
m. p. 202—205°, was obtained which on recrystallisation from ethyl 
acetate yielded 2-2 g. of 1-anilino-«-naphthathiazole, m. p. 206— 
211°. The mother-liquor furnished a further 0-7 g. of the same base 
(m. p. ca. 200°). On recrystallisation both fractions had m. p. 211°, 
alone and when mixed with the specimen of 1-anilino-«-naphtha- 
thiazole obtained from 1-chloro-«-naphthathiazole (p. 944). No 
trace of the isomeric naphthylaminobenzthiazole was found. 

1-p-Bromoanilino-«-naphthathiazole, which could not be obtained 
by the bromination of 1-anilino-«-naphthathiazole in chloroform, 
was prepared by the condensation of 1-chloro-«-naphthathiazole and 
p-bromoaniline; it formed small prisms, m. p. 250° (Found: Br, 
22-8. C,,H,,N,BrS requires Br, 22-5%). 

Methylation of 1-Amino-«-naphthathiazole and the Synthesis of 
1-Imino-2-methyl-1 : 2-dihydro-«-naphthathiazole and of 1-Methyl- 
amino-«-naphthathiazole from the Corresponding Naphthylmethyl- 
thiocarbamides.—A mixture of l-amino-«-naphthathiazole (2-6 g.) 
and methyl iodide (3 c.c.) was heated in a sealed tube at 100° for 
15 hours. The product was basified with alcoholic potash and the 
mixture was diluted with water and extracted with ethyl acetate, 
1-45 g. of 1-imino-2-methyl-1 : 2-dihydro-«-naphthathiazole, m. p. 178°, 
being obtained (Found: 8, 15-0. C,H, N.S requires 8, 14:9%) 
unaccompanied by any trace of the 1-methylamino-isomeride. 

Methyl-£-naphthylamine was conveniently prepared as follows : 
Sodium (1 atom) was dissolved in a hot solution of aceto-8-naphthal- 
ide (20 g.) in xylene (200 c.c.). After 15 minutes, crystallisation 
commenced, methyl sulphate (30 c.c.) was added to the semi-solid 
mass, and the mixture heated for 5 minutes. The xylene was then 
distilled in steam, and the product heated with alcoholic potash for 
24 hours; the alcohol was evaporated on a steam-bath, and the 
mixture diluted with water and extracted with ether. Distillation 
of the residue obtained after removal of the ether yielded 8-5 g. of 
the methylnaphthylamine, b. p. 189°/30 mm. (yield, 50%). 

as-8-Naphthylmethylthiocarbamide, prepared from the methyl- 
naphthylamine, hydrochloric acid, and potassium thiocyanate at 
100° (compare Hunter and Styles, J., 1928, 3025), separated from 
ethyl acetate in small crystals, m. p. 170° (Found: S, 14-7. 
C,,H,,N,S requires 8, 14-8%). 

Reaction with bromine. A solution of as-8-naphthylmethylthio- 
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carbamide (0-5 g.) in chloroform (5 c.c.) was treated with bromine 
(0-2 c.c. in 2 ¢.c. of chloroform) and the mixture was heated under 
reflux for 10 minutes and then shaken with excess of sulphurous acid. 
The chloroform was evaporated on a steam-bath, and the product 
basified and recrystallised from alcohol-ethyl acetate, giving 1-imino- 
2-methyl-1 : 2-dihydro-«-naphthathiazole, identical with the speci- 
men already described. 

s-8-Naphthylmethylthiocarbamide, prepared by condensing 6- 
naphthylthiocarbimide with methylamine in hot alcoholic solution, 
crystallised in large prisms, m. p. 130° (Found : S, 15-6%). 

1-Methylamino-«-naphthathiazole, prepared as in the case of the 
isomeric iminomethyldihydronaphthathiazole, crystallised in small 
needles, m. p. 189° (Found : 8, 14-7%). 

1-8-Naphthylamino-«-naphthathiazole, prepared by condensing 
f-naphthylamine with 1-chloro-«-naphthathiazole, had m. p. 222° 
alone and when mixed with a specimen prepared from s-di-$-naphthyl- 
thiocarbamide (Hunter, J., 1925, 127, 2270). Itis most conveniently 
prepared from the dinaphthylthiocarbamide in the same way as 
l-anilino-«-naphthathiazole is obtained from s-phenyl-6-naphthyl- 
thiocarbamide (p. 945). 

Methylation of 1-8-Naphthylamino-«-naphthathiazole.—The paste 
obtained from 1 g. of 1-8-naphthylamino-«-naphthathiazole and 
3 c.c. of chloroform was suspended in 50 c.c. of water containing 
10 g. of potassium hydroxide and well shaken with 5 c.c. of methyl 
sulphate, and again after addition of a further 5 g. of potassium 
hydroxide and 5 c.c. of methyl sulphate; after } hour the mixture 
was boiled to remove the chloroform. Recrystallisation of the 
product from alcohol yielded 1 g. of 1-8-naphthylimino-2-methyl-1 : 2- 
dihydro-«-naphthathiazole (Found: S, 9-5. C,,H,,N,8 requires §, 
9-4°%%), unaccompanied by 1-methyl-$8-naphthylamino-«-naphtha- 
thiazole. 

Synthesis of 1-Methyl--naphthylamino-«-naphthathiazole from 
Methyl-s-di-8-naphthylthiocarbamide and from 1-Chloro-«-naphtha- 
thiazole and Methyl-6-naphthylamine.—Methyl-s-di-8-naphthylthio- 
carbamide, prepared by condensation of 8-naphthylthiocarbimide and 
methyl--naphthylamine in alcohol, crystallised in soft white plates, 
m. p. 178° (Found: 8, 9-5. C..H,,N,S requires S, 9-4%). 

A solutidn of this thiocarbamide (0-3 g.) in chloroform (4 c.c.) was 
treated with 1-6 c.c. of a 10% solution of bromine in the same solvent 
and the mixture was heated under reflux for 5 minutes, cooled, 
reduced with sulphurous acid, and basified. On recrystallisation 
from ethyl acetate, 1-methyl-8-naphthylamino-«-naphthathiazole 
formed shining prisms, m. p. 235° (Found: S, 9-2. C,..H,,N,S 
requires S,9-4%). The picrate, prepared from acetone solutions of 
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the base and picric acid, formed yellow prisms, m. p. 278°, identical 
with the picrate described below (mixed m. p. 281°). 

A mixture of 0:3 g. of 1-chloro-«-naphthathiazole and an equal 
quantity of methyl-f-naphthylamine was heated ; on basification an 
uncrystallisable gum was obtained, which was converted into the 
picrate, yellow prisms, m. p. 282°, in the usual way (Found : 8, 5-6. 
C..H,,N.8,C,H,0,N, requires 8, 5-6%). 

Methylation of 1-Hydroxy-«-naphthathiazole and the Synthesis of 
1-Keto-2-methyl-1 : 2-dihydro-«-naphthathiazole from  1-Imino-2- 
methyl-1 : 2-dihydro-«-naphthathiazole—A solution of 05 g. of 
1-hydroxy-«-naphthathiazole in 5 c.c. of chloroform was shaken with 
6 c.c. of 30%, potassium hydroxide solution and 4 c.c. of methyl 
sulphate, the mixture was heated under reflux for 5 minutes, 
a further 2 g. of potassium hydroxide and 2 c.c. of methyl sulphate 
were added, and the heating was continued for a short time. On 
removal of the chloroform, 1-keto-2-methyl-1 : 2-dihydro-«-naphtha- 
thiazole was obtained in long needles, m. p. 135—136° (Found: §, 
15-2. C,,H,ONS requires 8, 14:9%). 

1-Nitrosoimino-2-methyl-1 : 2-dihydro-«-naphthathiazole, prepared 
from the 1-imino-compound in glacial acetic acid and sodium nitrite 
(compare Hunter, this vol., p. 145), formed small orange-yellow 
crystals, which exploded at 165° (Found: S, 12:8. C,,H,ON,S re- 
quires 8, 13-2%). 

When the nitrosoimino-compound was heated in xylene until 
nitrogen ceased to be evolved, and the product crystallised from 
methyl alcohol, the keto-compound described above was obtained. 

Synthesis of 3-Bromo-1-amino-8-naphthathiazole—A solution of 
3 g. of 1-bromo-$-naphthylamine in 20 c.c. of chloroform was 
gradually added with continuous shaking to a suspension of thio- 
carbonyl chloride (1-5 c.c.) in water (10 c.c.). After 4 hour the 
chloroform and the excess of thiocarbonyl chloride were removed, on 
a steam-bath, through a fractionating column; the 1-bromo-8- 
naphthylthiocarbimide, rapidly crystallised from alcohol, formed 
small crystals (1-2 g.), m. p. 90° (Found: Br, 29-5. C,,H,NBrS 
requires Br, 30-3%). 

1-Bromo-8-naphthylthiocarbamide, prepared from the thiocarbimide 
and ammonia in alcoholic solution, formed white plates, m. p. 204° 
(Found: Br, 28-5. C,,H,N,BrS requires Br, 28-5%). 

A suspension of 1 g. of the thiocarbamide in chloroform (10 c.c.) 
was heated under reflux with 1 c.c. of bromine for 10 minutes; the 
bromo-addition compound which separated was reduced with 
sulphurous acid. The 3-bromo-1-amino-88-naphthathiazole separated 
from ethyl acetate in small prisms, m. p. 250° (Found: Br, 28-8. 
C,,H;N,Br8 requires Br, 28-7%). The acetyl derivative, obtained 
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from the base and acetic anhydride in the usual way, formed small 
needles, m. p. 289° (Found: 8, 10-0. C,,H,ON,BrS requires 8, 
10-0%). 


The authors wish to express their gratitude to Professor J. F. 
Thorpe, F.R.S., for his interest in this work, and to the Trustees of 
the Dixon Fund of the University of London for grants which have 
defrayed the cost of the materials. 
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CXVI.—The Calculation of Activity. Coefficients from 
Solubility Measurements: Thallous Chloride. 


By Herspert EDwarpD BLAYDEN and Ceci WHITFIELD DAVIES 


Tue study of activities by the method of solubility measurements 
with a sparingly soluble salt in the presence of other electrolytes has 
led to the following generalisations : (1) in very dilute solutions the 
results furnish a striking verification (Bronsted, Trans. Faraday Soc., 
1927, 23, 416) of the Debye—Hiickel theoretical equation — log f, = 
AV u, where f. is the mean ion activity coefficient, » is the ionic 
strength of the solution, and the constant A has the value 0-505 for 
a uni-univalent salt in aqueous solution at 25°; (2) at concentrations 
greater than 0-01, log f, no longer gives a linear relation with Vu 
and depends, moreover, on the nature of the added electrolyte. 
Thus, Harned (Taylor’s “ Treatise on Physical Chemistry,” 1925, 
p. 774), speaking of the data on thallous chloride (shown by the series 
of broken curves in Fig. 2 of this paper), says “. . the influence of 
one electrolyte on the activity coefficient of another is a problem of 
great complexity. Each mixture exhibits individual behavior 
even in solutions of ionic strength as low as 0-03.” 

These conclusions are widely accepted, but the figures on which 
they rest are all based on the assumption that the salts employed are 
completely dissociated, an assumption which in some instances is 
invalid. The present paper deals with thallous chloride, the dis- 


sociation constant of which is known, and it is shown (1) that in very | 


dilute solutfons the value of A for this salt is much lower than the 
Debye-Hiickel value 0-505, and (2) that when allowance is made for 
incomplete dissociation, the apparent complexity of the curves 
disappears, and the activity coefficient is independent of the nature 
of the other ions present, up to concentrations of 0-1N. Further, 
this new relationship is shown to be of value for estimating the degree 
of dissociation of other electrolytes of unknown strength. 
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Dissociation Constant of Thallous Chloride.—The dissociation con- 
stant of thallous chloride has been found from conductivity data 
at 18° to be K = 0-31 (Onsager, Physikal. Z., 1927, 28, 277) or 
K = 0°30 (Davies, T'rans. Faraday Soc., 1927, 23, 354). This value 
has been confirmed by a rather different method (Davies, “‘ Con- 
ductivity of Solutions,’ 1930, p. 141): by evaporating a saturated 
solution, the Earl of Berkeley (Phil. Trans., 1904, A, 203, 208) 
found the sclubility of the salt to be 0-0132 g.-equiv. per litre 
(interpolated value at 18°), and by the conductivity method Kohl- 
rausch (Z. physikal. Chem., 1908, 64, 129) found the value 0-01278 
g.-equiv. per litre; the latter figure really represents the ionic 
concentration of the saturated solution, and the difference between 
the two values, viz., 0-0004,, gives the concentration of undissociated 
molecules. This agrees very well with the value, 0-00044, calculated 
from the dissociation constant K = 0-30. 

Solubility Measurements.—The solubility of thallous chloride has 
been measured at 25° in the presence of numerous salts (Noyes, 
ibid., 1892, 9, 609; J. Amer. Chem. Soc., 1924, 46, 1107; Bray and 
Winninghoff, ibid., 1911, 33, 1666; Butler and Hiscocks, J., 1926, 
2558; Randall and Chang, J. Amer. Chem. Soc., 1928, 50, 1535). 
The results in the presence of other univalent chlorides will first be 
considered, for here the added electrolyte is completely dissociated. 

Solubilities in the Presence of Chlorides of Univalent Metals.—The 
degree of dissociation of the pure saturated solution of thallous 
chloride is first calculated. In the equation f,? c;2/f,c, = K, where 
c, is the concentration of the ions, f,, the activity coefficient of the 
undissociated molecules, and c, their concentration, we can put 
K = 0-30, and f,, can be assumed to be equal to unity at low con- 
centrations (compare Randall and Failey, Chem. Reviews, 1927, 4, 
291); f, can be calculated from the Debye—Hiickel formula by 
giving A the value 0-505 as a first approximation, and ¢; + c, = 
0-01612, the solubility of the salt. Solving by successive approxi- 
mations, we find c; = 0-01552, c, = 0-00060; and for the solubility 
product, S = f,?.¢,? = 18-03 x 10°. 

In a 0-025N-potassium chloride solution the solubility of thallous 
chloride is 0-00872 (Noyes, loc. cit.), whence (with f, = 1), ¢; = 
0-00872 — 0-00060 = 0-00812 and f,.2 = S/[Cl'}[Tl'] = 18-03 x 10°>/ 
0-03312 x 0-00812 = 0-6708, or log f, = 1-9133. Fig. 1, Curve 1 
shows the values calculated in this way for other concentrations 
of added chloride plotted against the square root of the ionic strength. 
The points up to 0-1N lie on a straight line, the slope of which should 
give the value of A, but the extrapolation of this cannot be reconciled 
with the limiting value log f, = 0 when c = 0. This, of course, is 
because the value A = 0-505 was arbitrarily taken in fixing the 
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position of the first point of the curve, whereas the experimental 
points lie on a straight line with the slope 0-40. It will be evident 
that only one value for the factor A can be consistent both with the 
corrected solubility values and with the limiting equation — log f, = 
Av u. This value lies very close to 0-40, and has been found by trial 
and error to be A = 0:38. 

It is shown below that this same value holds good when the added 
salt is other than the chloride of a-univalent element. In dilute 
solutions, therefore, the mean ion activity coefficient of thallous 
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chloride varies with the ionic strength of the solution according to 
the equation — log f = 0-38Vu. Application of this to the con- 
ductivity figures used in calculating K alters K from 0-30 to 0-284, 
and similarly the solubility figures give S = 19-18 x 10°. The 
data recalculated on this basis are given in Table I and are shown in 
Fig. 1, Curve 2. 

The Value of the Factor A.—It is of interest to compare the value 
A = 0-38 with the results for other uni-univalent electrolytes. 
The Debye—Hiickel theory requires the common value 0-505 and the 
measurements of Brénsted and La Mer (J. Amer. Chem. Soc., 1924, 
46, 555) on complex cobalt salts are in striking agreement with this. 
On the other hand, some of the most accurate experimental investig- 
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ations have failed to confirm this value. Nonhebel (Phil. Mag., 
1926, 2, 1085), from H#.M.F. measurements, and Randall and 
Vanselow (J. Amer. Chem. Soc., 1924, 46, 2418), from freezing-point 
measurements, both find A = 0-39 for hydrochloric acid; further, 
the value 0-38 has previously been found for several organic acids 
(Davies, Phil. Mag., 1927, 4, 244). This value might have been 
regarded as peculiar to the acids, but it now appears to hold also for 
thallous chloride. For other univalent electrolytes, the data 
available, although probably less accurate, have led Noyes (J. Amer. 
Chem. Soc., 1924, 46, 1098) to suggest for them a common A value of 
about 0-41. In view of these results—reached by very diverse 
methods—there seems to be justification for believing that for the 
simple inorganic ions and some, at least, of the organic anions, the 
value of the activity factor A should, in the absence of experimental 
evidence, be assumed to be 0-39 and not 0-50. Further data alone 
can show whether A in reality varies from ion to ion. 

Solubilities in the Presence of Other Salts the Degrees of Dissociation 
of which are known.—The data, calculated on the same basis as 
before, are given in Table I, where the concentrations and 
solubilities (Sol.) are in g.-equivs. per litre. 


TABLE I. 
S = 19-18 x 10°. 
Cone. Sol. Vu. —logfs. Cone. Sol. Vu. —logfz. 
Added salt : KCl, NaCl, NH,Cl 
.: (Noyes). Added salt : TINO, (Noyes). 


0 0-01612 0-1243 0-0472 0-025 0-00883 00-1793 0-0677 
0-025 0-00872 0-1818 0-0707 0-050 0-00626 0-2295 0-0925 
0-050 0-00592 0-2350 0-0893 0-100 0-00423 0-3076 0-1216 


0-100 0-00397 03214 0-1241 —— 
0-200 0-00269 0-4494 0-1628 ‘weer we gga ae 
Added electrolyte : HCl (Noyes). 0-050 0:00615 0-2291 0-0875 
0-025 0-00869 01818 0-0718 0-100 0-00413  0-3071 0-1147 
0-050 0:00585 0-2349 0-0884 | KN 

0-100 0-00384 03212 0-1177 Adit "Wianinghety aot 


» in 95 . . 

0-200  0:00254 04493 01488 = 9.920 0-01716 + 0-1804 00722 
Added salts: Bivalent chlorides 0-050 0-01826 0-2558 060-0936 
(Noyes). 0-100 0-01961 0-3366 0-1170 
0-025 0-00901 0+2141 0-0824 0-300 0-02313 0-5406 0-1649 
0-050  0-00620 0-2838 0-1039 

0-100 0-00467 0-3918 0-1398 

0-200 0-00283 0-5497 00-1805 


The figures for the bivalent chlorides represent the data of Noyes 
for magnesium, caleium, barium, zinc, manganous, and cupric 
chlorides, and it has been assumed that these are completely dis- 
sociated. 

For thallous nitrate the calculations are complicated by the fact 
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that the added salt is itself incompletely dissociated, so that the 
solution contains both undissociated thallous chloride and un- 
dissociated thallous nitrate. The concentration of undissociated 
thallous chloride is the same as that in any other solution saturated 
with respect to this salt, and the concentration of undissociated 
thallous nitrate is calculated from its dissociation constant, K = 0-56 
(Davies, loc. cit.), on the assumption that A has the value 0-38; an 
error in this assumption would have only a very small effect on the 
final results, because the concentration of the undissociated nitrate is 
itself small. Thus, in 0-025N-thallous nitrate the solubility of 
thallous chloride is 0-00883 g.-equiv. per litre (Noyes, loc. cit.). Of 
this quantity, 0-00068 is undissociated molecules, and [Cl’] = 
0-00815. If x is the concentration of undissociated thallous nitrate, 
[NO’,],= (0-025 — x) and [TI] = (0-00815 + 0-025 — x); hence 
f? (0-025 — 2x) (0-03315 — x)/~z = 0-56, where f, the mean ion 
activity coefficient of thallous nitrate is given by — log f = 0-38 x 
\/0-03315 — x, the term under the square-root sign being the ionic 
strength. By a series of approximations, x is found to be 0-00101, 
whence [Tl"] = 0-03214, f,2 = S/[Cl’][Tl'] = 0-0001918/(0-00815 x 
0-03214), and — log f, = 0-0677. Similar calculations are applied 
to the remaining data for thallous nitrate. 

When potassium nitrate is the saturating salt, the solution 
contains three undissociated salts, viz., thallous chloride and nitrate 
and potassium nitrate (K = 1-37, Davies, loc. cit.). In this case 
the true concentrations of the ions are calculated by a series of 
approximations, the method being similar to that just described. 

Fig. 2 shows the data for twelve different added salts. The lower 
series of points, connected by broken lines, is calculated on the 
assumption that both the thallous chloride and the added salt 
are completely dissociated ; they illustrate the individual differences 
in behaviour that were formerly believed to exist. The upper series 
of points, through which a continuous line has been drawn, shows the 
data as recalculated in this paper. The possible experimental error 
in the measurements is illustrated by the two bracketed values for 
the thallous nitrate solution, Wu = 0-308; the lower value was 
obtained from the figures of Noyes, and the upper from the measure- 
ments of Butler and Hiscocks. 

The most‘important conclusion to be drawn is that up to a con- 
centration of about 0-1N, the mean ion activity coefficient of thallous 
chloride depends only upon the ionic strength of the solution and not 
upon the nature of the other ions present. That the corrections here 
applied for incomplete dissociation should have so uniformly removed 
the specific deviations seems, apart from its intrinsic interest, to 
provide strong support for the dissociation constants derived from 
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conductivity measurements. It is also noteworthy that the linear 
relationship between log f, and Vu is found to hold, for thallous 
chloride at least, up to a higher concentration than 0-01N, the usually 
accepted limit. 

Solubilities in the Presence of Other Salts.—If it is accepted that the 
activity coefficient of thallous chloride, in the more dilute solutions, 
is dependent only on the ionic strength and not upon the nature of 
the added salt, then the calculations described may be reversed, 
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Activity coefficients of thallous chloride in the presence of : KCl, etc. © ; HC1@; 
BaCl,, etc. @ ; KNO, © ; TINO, 7 ; T1,SO, A. 


Broken curves are based on the assumption of complete dissociation. The full 
curve is based on an allowance for incomplete dissociation. 





solubility measurements being made to provide a new method of 
determining the degree of dissociation of salts. 

With the data already available the method can be applied to 
thallous sulphate, but here allowance must be made for the probable 
equilibria : 


Tt + 80,” == TmO,’. . . --- & 
Ti80,' + Tl == TLSO, ... . -. ) 
It seems reasonable to suppose, by analogy with sulphuric acid 


(Noyes and Sherrill, J. Amer. Chem. Soc., 1926, 48, 1861), that in 
dilute solutions the amount of undissociated sulphate will be 
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negligibly small, and that step (2) may be disregarded as a first 
approximation. The dissociation constant of the first stage, K,, can 
now be calculated from the solubility measurements in the following 
way. In 0-02N-thallous sulphate solution the solubility of thallous 
chloride is 0-01034 (Bray and Winninghoff, loc. cit.). If x is the 
concentration of TISO,', the concentrations of the other species 
present are as follows: [TICIl] = 0-00068; [Cl'}=0-01034 — 
000068 = 0-00966; [SO,”] = 0-01 — x; [TI] = 0-00966 + 
0-02 — 2x. The ionic strength of the solution is 0-03966 — 2x, and 
we have f, 2[TI'][Cl’] = S, in which —log f, = 0-38Vu. By succes- 
sive approximations x can be found, and the left-hand side of the 
equation 

[TYJ[SO4"] _ Ky - frsoy 

[TISO,’] 


Tl: feo,” 





ais = K’, 

is thereby determined. The figures are shown in Table II, where 
the concentration of added salt and the solubility are in g.-equiv. /l., 
and col. 4 gives K’,, the “‘ apparent dissociation constant ”’ of the 
thallosulphate ion. Col. 5 shows the value of K,, the true dissoci- 


TABLE II. 
Added salt : Thallous sulphate. 
Cone. Solubility. Vu. = K,. 
0 0-01612 0-1243 — a 
0-020 0-01034 0-1868 0-0876 0-0371 
0-050 0-00626 0-2588 0-125 0-0380 
0-100 0-00423 0-3463 0-169 0-0343 


ation constant of this ion, calculated from K’, on the assumptions 
that, at any ionic strength, frsoy = fr, and fxo,, is given by the 
Debye-Hiickel equation — log feo, = 2°0Vu: the values are as 
constant as could be expected in view of the probable errors of 
calculation and measurement ; the mean value of K, also agrees well 
with a second determination by a different method, which will be 
described in another paper. These figures are of interest as being 
the first obtained, on the basis of the interionic attraction theory, 
for the dissociation of a uni-bivalent salt, and they further emphasise 
the errors involved in a general application of the ‘‘ complete 
dissociation’ of salts’’ hypothesis. Thus, the value K, = 0-036 
implies that in a 0-05M-solution of thallous sulphate about one-third 
of the total sulphate radical exists as TISO,’. 

For thallous chlorate a single measurement is available; Noyes 
(loc. cit.) found the solubility of thallous chloride in 0-025N-thallous 
chlorate to be 0-00895 g.-equiv. per litre. Applying the same 
methods of calculation as before, we find the thallous chlorate to 
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be 6-4% undissociated, and give K = 0-34 as a provisional value for 
the dissociation constant of this salt. 


Summary. 

In determining activity coefficients by measuring the solubility 
of one salt in the presence of others, allowance must be made for the 
incomplete dissociation of the salts concerned. The necessary 
corrections are applied to the data for thallous chloride with the 
following results. 

(1) The logarithm of the activity coefficient gives a straight line 
when plotted against the square root of the ionic strength up to a 
value of the latter considerably greater than 0-1. 

(2) The slope of the curve is not 0-505, as the Debye-Hiickel 
theory requires, but 0-38, a value previously found for several 
monobasic acids. 

(3) The irregularities previously attributed to specific influences of 
the added ions disappear below a concentration of 0-1N, being due 
to neglect of incomplete dissociation of the salts. 

(4) The dissociation constant of the TISO,’ ion is found to be 
0-036, and that of thallous chlorate to be 0-34. 


BATTERSEA PotytTecunic, 8.W. 11. [Received, March 12th, 1930.] 





CXVII.—iso-8-Naphthol Sulphide. 
By Lronarp ARTHUR WARREN and SAMUEL SMILES. 


WHEN 2-naphthol 1-sulphide (I) is oxidised by alkaline ferricyanide, 
two hydrogen atoms are removed (J., 1914, 105, 1750) and the 
dehydro-sulphide is formed. Reduction of the latter substance 
yields the iso-8-naphthol sulphide by absorption of two hydrogen 
atoms; these are removed by suitable oxidation, the dehydro- 
sulphide being regenerated (loc. cit.). 

The iso-sulphide contains two active hydrogen atoms (J., 1913, 
103, 346) and it yields lead and zinc derivatives which are insoluble 
in acetic acid (Hinsberg, J. pr. Chem., 1914, 90, 345) in contrast 
with 2-naphthol l-sulphide (I). Lesser and Gad (Ber., 1923, 56, 
970) found that a disulphide is formed from this iso-sulphide by 
oxidation with iodine and they obtained further evidence showing 
that the iso-sulphide is a hydroxy-mercaptan. These authors, 
assuming the structure (II) proposed by Hinsberg (J. pr. Chem., 
1915, 91, 307) for the dehydro-sulphide, considered that the iso-8- 
naphthol sulphide should be represented by (III), which has the 
merit of providing a simple explanation of the conversion of the 
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substance into 2-naphthol 1-sulphide (1) by aqueous alkali hydroxide. 
On the other hand, this formula does not represent the substance 


od pe Y Yy ty WY 


a ) 


as a b ease but assigns to it a dail structure derived from 
dinaphthylsulphonium hydroxide, to which the properties of a 
mercaptan can hardly be ascribed. 

Apart from this criticism of a general nature, there are others 
which taken together make necessary a revision of the structure 
(III). For instance, the iso-sulphide is unattacked by aqueous 
acids and no indication of the formation of a sulphonium salt is 
obtained. If the dipolar structure and the explanation of the action 
of alkali which it affords were correct, acids as well as alkaline 
reagents should effect the conversion into 2-naphthol 1-sulphide (I). 
The zine derivative of the iso-sulphide behaves as if the metal were 
associated with sulphur. With methyl iodide it gives a methyl 
ether (Hinsberg, J. pr. Chem., 1916, 93, 277) which is now shown 
to be the S-methyl derivative, since it is not oxidised by iodine 
and yields methyl mercaptan on reduction. This behaviour of the 
salt and its insolubility in acetic acid accord with the character of 
a zinc mercaptide. The S-methyl ether is not attacked by boiling 
aqueous alkali hydroxide or by boiling concentrated hydrochloric 
acid. According to the formula of Lesser and Gad (III with SMe 
in place of SH) 2-naphthol 1-sulphide should be obtained with these 
reagents, especially easily with the former, since Kehrmann and 
Duttenhofer (Ber., 1905, 38, 4198) have shown that dinaphthyl- 
methylsulphonium decomposes rapidly under alkaline conditions, 
liberating the aromatic sulphide. 

The S-methyl ether is converted by suitable oxidation into the 
sulphone: it is difficult to understand how a substance of that 
type could be formed from the structure in question (III; SH = 
SMe) without rupture of the molecule. 

Finally, «§@'«’-dinaphthathioxin (IV) is obtained by dehydration 
of the iso-sulphide (J., 1913, 103, 347, 909). Lesser and Gad, 
anticipating that this “iso”’-dinaphthathioxin might have the 
structure later found to be correct (J., 1929, 210), assumed (Ber., 
1925, 58, 2557) that migration of sulphur from the 1- to the 2-position 
takes place during dehydration and suggested a mechanism which 
involves the formation of a three-membered ring (V). This explan- 
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ation appears incomplete ; moreover, there is difficulty in admitting 
that the dipolar structure would survive the attack of concentrated 
sulphuric acid while hydroxy] is being removed from the naphthalen¢ 
nucleus. The experiments now described were undertaken as 2 
result of these and other considerations. 


LAY Oy WY Yy YY NA 
\/ \) Z 
(IV.) (V.) aor 


Since it is oO unsafe to attempt to derive any structure of 
the iso-sulphide from that hitherto ascribed to the dehydro-sulphide 
(II), the question has been approached independently. The chief 
characteristics of the 1so-sulphide are those of a hydroxy-mercaptan) 
(see, e.g., Lesser and Gad, loc. cit.). When the substance is dehydr- 
ated, «f8’«’-dinaphthathioxin (IV) is formed: during the process, 
hydroxy! is removed and thiol survives as the thio-group. Inter. 
preted in the simplest manner, this result leads to a structure such 
as (VI) for the iso-sulphide, which would thus appear as a derivative 
of 1 : 2’-dinaphthyl ether. Experiments have been made to isolate 
this group by removing sulphur from the substance. 

Since the sulphonic group is easily removed from the naphthalene 
nucleus by alkaline reduction (Friedlander, Ber., 1893, 26, 3208), 
the S-methyl ether was converted into the sulphone. This substance 
was easily attacked by sodium amalgam, the methanesulphonyl 
group being eliminated. The sulphur-free residue was identified 
as 2-hydroxy-1 :2’-dinaphthyl ether (VII) by comparison of its 
methyl ether with the product synthesised from 1-bromo-2-methoxy- 
naphthalene and potassium 2-naphthoxide in presence of copper. 

Hydrogen iodide slowly attacked this sulphone, liberating methyl 
mercaptan, but with this reagent no pure substance was isolated 
from the sulphur-free products. On the other hand, the S-methyl 
ether, although slowly attacked by sodium amalgam under more 
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intense conditions, was easily attacked by hydrogen iodide, giving 
good yields of methyl mercaptan and the hydroxydinaphthyl ether 
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mitting (VII) in question. Moreover, the iso-sulphide and the dehydro- 
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sulphide were easily resolved by warm hydrogen iodide into hydrogen 
sulphide and this ether. 

The iso-sulphide is therefore to be regarded as the thiol deriv- 
ative of 2-hydroxy-1 :2’-dinaphthyl ether, and, since «$$’«’-di- 
naphthathioxin (IV) is formed on dehydration, the thiol group must 
be in the 1’-position as indicated by (VI). This structure accords 
well with all the properties of the iso-sulphide hitherto observed 
and also with the formation of the sulphone and sulphonium deriv- 
atives now recorded. 

With this information concerning the iso-sulphide, the constitution 
of the dehydro-sulphide may be profitably discussed. This substance 
is formed from 2-naphthol 1-sulphide (I) or the iso-sulphide (V1) by 
loss of, two hydrogen atoms; evidently it contains the 1 : 1’-thio- 
and the 1 : 2’-oxido-group of the respective generators and should 
be represented as (VIII), reduction to the 1so-sulphide taking place 
by rupture of the five-membered ring as indicated. The formation 
of the substance from 2-naphthol 1-sulphide may be represented as 
involving the oxidation of a tautomeric form of the latter (IX); 
some justification for this view (compare Willstatter and Schuler, 
Ber., 1928, 61, 362) is found in the fact that this sulphide and 
others of its type yield only the monopotassium salts from solutions 
in more than two molecular proportions of the alkali hydroxide 
(Lesser and Gad, Ber., 1925, 58, 2557). The structure (II) assigned 
by Hinsberg (loc. cit.) to this substance was founded on the form- 
ation of a monohydrazone and on experiments which indicated the 
formation of a very unstable perchlorate; but the existence of the 
latter substance cannot here be accepted as conclusively proving 
the presence of the sulphonium group, since it is well known that 
carbonyl] in many ketones and quinones is capable of forming additive 
compounds with acids and salts (Pfeiffer, ‘ Organisch Molekiil- 
Verbindungen,”’ 1927). The properties of the dehydro-sulphide are 
therefore adequately represented by the spiro-structure proposed. 
Moreover it should be noticed that this structure represents complete 
analogy with the dehydrophenols investigated by Pummerer (Ber., 
1914, 47, 1472, 2957; 1919, 52, 1392), who showed, for example, 
that dehydro-1-bromo-2-naphthol (X), which is obtained by oxid- 
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ation of 1-bromo-2-naphthol, yields on reduction the 1’-bromo-2- 
hydroxy-1 : 2’-dinaphthyl ether (XI), the quinolic bromine atom 
being eliminated. The greater stability of the dehydro-sulphide 
compared with that of other dehydrophenols is well explained by 
the presence of the five-membered thioxole system. 

Finally it must be noticed that the conversion of the iso-sulphide 
into 2-naphthol 1-sulphide by heating or by the action of alkali 
hydroxide now appears to be an intramolecular change. Further 
experiments are being made concerning this process and the nature 
of dehydro-2-naphthol-1-sulphone. 


EXPERIMENTAL. 


The iso-2-naphthol sulphide (VI) used in these experiments- was 
prepared as previously described (J., 1912, 101, 1423). The 
characteristic brown nickel derivative, formed by addition of nickel 
acetate to an alcoholic solution of the mercaptan, is very soluble in 
benzene. 

The 8-Methyl Ether of the iso-Sulphide (VI with SMe in place of 
SH).—A concentrated solution of zinc acetate (10 g.) in hot water 
was added to a boiling solution of the iso-sulphide (20 g.) in alcohol 
(100 ¢.c.). The zine salt (95%) separated in the crystalline state 
and was purer and more easily manipulated than the amorphous 
material prepared from cold solutions. A mixture of this zine salt 
(10 g.), methyl iodide (5 c.c.), and ethyl alcohol (100 c.c.) was boiled 
until the zimc Salt had dissolved (ca. 1 hour). The solvent was 
evaporated from the filtered solution and the residue was purified 
from acetic acid. The product (80—90%) had m. p. 134° (Found : 
C, 76:1; H, 48. Cale.: C, 7:59; H, 48%). The substance did 
not react with iodine in ethereal solution in presence of sodium 
bicarbonate, and it was recovered unchanged from a boiling (} hour) 
solution in aqueous sodium hydroxide (2N) and from a boiling 
(1 hours) alcoholic solution containing hydrochloric acid. The 
formation of a yellow insoluble material when bromine vapour is 
added to an acetic acid solution may be conveniently used as a test 
for the presence of the substance. 

The benzoyl derivative, prepared in cold pyridine, formed plates, 
m. p. 84—85° (Found: C, 77:2; H, 4:8. C,,H,,0,8 requires C, 
77-1; H, 46%). 

The mercuri-iodide of the dimethylsulphonium iodide (VI; SH = 
SMe,I,HgI,) was rapidly formed when acetone containing equi- 
molecular proportions of the S-methyl ether and mercuric iodide 
and a large excess of methyl iodide was boiled. After the mercuric 
iodide had dissolved, ether was added to the cooled liquid until it 
became turbid. The required substance separated in pale yellow 
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prisms, m.p.101°(decomp.) ; these contained acetone which could not 
be quantitatively removed without further decomposition of the sub- 
stance (Found : C, 32-1; H,2-9; Hg, 200. C,.H,,0,1,SHg,2C,H,0 
requires C, 32:1; HM, 3-0; Hg; 19-2%). 

The dimethyl ether of the iso-sulphide (VI; OH and SH = OMe 
and SMe respectively) was obtained as a clear viscous oil by the 
action of methyl sulphate on the sodium derivative of the S-methyl 
ether in methyl alcohol. It was characterised as the methosulphate, 
which was formed by heating a mixture of methyl sulphate (1} 
mols.) and the dimethyl ether (1 mol.) at 100° for 1 hour. The 
required substance was isolated from the product and further 
purified by addition of ether to a chloroform solution. It formed 
plates, m. p. 178° (decomp.), which were moderately easily soluble 
in water (Found: C, 61-4; H, 5-4; 8, 13-3. C,,H,,08,Me,80, 
requires C, 61-0; H, 5-1; 8, 13-6%). 

The S-methylsulphone (VI; SH =SO,Me) was obtained by 
oxidation of the S-methylether. A product of this process has been 
described by Hinsberg (J. pr. Chem., 1916, 93, 277) as the sulphone 
derived from the monomethy] ether and asshhaving m. p. 218°. The 
formation of a substance of this m. p. has been confirmed, but 
analytical data show that it is a mixture of sulphone and sulphoxide 
in approximately equal proportion (Found: ©, 70-7; H, 4-7. Cale. 
for sulphone: C, 69-2; H, 44%. Calc. for sulphoxide: C, 72-4; 
H, 46%). Moreover, it was attacked by zinc and acetic acid, 
yielding a mixture of lower and indefinite m. p. (185—190°) which 
was found by the bromine test to contain the S-methyl ether. The 
required sulphone was obtained by renewed oxidation. Acetic acid 
(20 c.c.) containing the S-methyl ether (4 g.) and hydrogen peroxide 
(8 c.c. of 30%) was heated at 100° for } hour and rapidly cooled. 
The product (4-1 g.), m. p. 204—209°, was re-oxidised (4 hour) 
with twice its weight of hydrogen peroxide (30%) in sufficient acetic 
acid for complete solution at 100°. The material (2-5 g.), which 
slowly separated from the cooled liquid, crystallised from acetic acid 
in plates, m. p. 200° (Found : C, 692; H,45; M,367. C,,H,,0,8 
requires ©, 69-2; H, 4:4%; M, 364). The substance was not 
attacked by zinc dust and acetic acid. The benzoyl derivative, 
prepared in cold pyridine, formed plates, m. p. 149—150° (Found : 
C, 71-9; H,° 47. C,,H,,0,;5 requires C, 71:8; H, 43%). This 
substance was also obtained by oxidation of the benzoyl derivative 
of the S-methyl ether. 

2-Hydrory-1 :2'-dinaphthyl Ether (VI1).—This was obtained by 
the following methods: (a) A mixture of the S-methyisulphone 
(2 g.), aqueous sodium hydroxide (1 mol., 2N), ethyl aleohol.(10 c.c.), 
and water (50 ¢.c.) was treated with sodium amalgam (150 g., 3%) 
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‘in the course of 12 hours, sufficient alcohol being added at intervals 
to redissolve insoluble material. Eventually the alcohol was 
evaporated and the sparingly soluble sodium salt was collected and 
decomposed with dilute sulphuric acid. The product (1 g.) crys- 
‘tallised from acetic acid in needles, m. p. 197°. 

(6) The S-methyl ether (1 g.) was gently boiled with purified 
hydrogen iodide (25 c.c., d 1-7) in a long-necked flask. A slow stream 
of nitrogen passed through the apparatus, and the emergent vapours 
were washed by aqueous mercuric chloride. When the liberation 
of methyl mercaptan had ceased, the precipitated mercury deriv- 
ative was collected (97%) (Found : Hg, 70-6. Calc. for CH,*S-HgCi : 
Hg, 70-8%). The cooled contents of the reaction vessel were added 
to a large bulk of water; the solid was collected, washed (75%), and 
purified from acetic acid. It had m. p. 197°. 

(c) A mixture of the zinc salt of the iso-sulphide (1 g.) and 
hydrogen iodide (10 c.c.) was treated as described in (6). Decom- 
position rapidly took place with liberation of hydrogen sulphide. 
The product, isolated and treated as described, was purified (36%) 
from acetic acid and had m. p. 197°. 

(d) Similar treatment of the dehydro-sulphide (VIII) with hydro- 
gen iodide gave hydrogen sulphide and a product which after 
purification (45%) had m. p. 197°. 

The products from these four sources (a, b, c, and d) were identical 
with one another and with the product formed by reduction of 
dehydro-2-naphthol-1-sulphone (Hinsberg, J. pr. Chem., 1915, 91, 
307) under suitable conditions (Found: C, 84:0; H, 4:8. Cale. 
for CyH,,0,: C, 83-9; H, 49%). The structure suggested by 
Hinsberg (Ber., 1915, 48, 2092) for this substance has been supported 
by Pummerer (Ber., 1919, 52, 1414) and is now entirely confirmed 
by the synthesis of its methyl ether. It yielded a bromo-derivative, 
m. p. 133—134°, apparently identical with that (XI) isolated by 
Pummerer and Cherbuliez (loc. cit.) from dehydro-1-bromo-2- 
naphthol; but no close comparison was made. 

2-Methoxy-1 : 2'-dinaphthyl Ether (VII; OH = OMe).—(a) Potass- 
ium 2-naphthoxide was prepared by heating (1 hour, 110—120°) the 
requisite quantities of 2-naphthol and potassium hydroxide in a 
current of nitrogen. A mixture of this material (2 mols.) and 
1-bromo-2-methoxynaphthalene (1 mol.) containing a little copper 
acetate was heated (6 hours, 230—240°) in an atmosphere of 
nitrogen. During the process 2-naphthyl methyl ether sublimed; 
a further quantity of this substance was removed from the product 
by a current of steam in an alkaline medium. The dark-coloured 
insoluble material was set aside until it had solidified; then, when 
dry, it was heated in a vacuum (l1—2 mm.).. The desired ether 
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sublimed, and crystallised from acetone-alcohol in plates, m. p. 
161°. 

(6) The hydroxy-derivative (VII) obtained by the processes of 
reduction described above was methylated in aqueous alkaline solu- 
tion with methyl sulphate. The product after purification had 
m. p. 161° and was identical with that obtained as described in (a) 
(Found: C, 83-7; H, 5-4. C,,H,,0, requires C, 84-0; H, 5-3%). 


In conclusion we wish to thank Dr. A. Cohen for the synthesis of 
2-methoxy-1 : 2’-dinaphthy]l ether and for his help in some of these 
experiments. 


Kine@’s COLLEGE, LONDON, [Received, February 6th, 1930.] 





CXVIII.—The Nitrosation of Phenols. Part VIII. 
Resorcinol Monoethyl Ether. 


By Hersert Henry Hopeson and Husert Cray. 


Kr1etTarBs (Monatsh., 1898, 19, 536) described two o-nitrosoresorcinol 
monoethyl ethers, but was unable to settle their constitutions. It 
has now been shown that in his nitrosation process 6-nitroso-3- 
ethoxyphenol alone is produced, for the product on oxidation gives 
only 6-nitro-3-ethoxyphenol : this compound has also been prepared ~ 
from 4-nitro-3-aminophenetole, and both specimens give 4-nitro- 
resorcinol diethyl ether on ethylation. 

Only the 3-chlorine could be replaced by ethoxyl when an excess 
of ethyl-alcoholic sodium ethoxide reacted with 1 : 3.dichloro- 
4-nitrobenzene (see Hodgson and Handley, J., 1928, 163, for the 
replacement of both chlorine atoms by methoxy-groups): the 
4-nitro-group renders the 3-carbon more positive than the 1-carbon 
atom by the general effect (Allan, Oxford, Robinson, and Smith, 


: 

J., 1926, 401) and consequently the anionoid reagent (NaOAlk) first 
replaces the 3-chlorine by the OAlk group; but since ethoxy] is 
much more strongly anionoid than methoxy], its excess of “ negativ- 
ity ’’ so diminishes the general (electron-attracting) effect of the 
nitro-group on the 1-carbon atom that the anionoid reagent is unable 
under ordindry conditions to displace the chlorine atom in position 1. 
The explanation of the predominant ortho-nitrosation of resorcinol 
monoethy] ether is similar to that for the monomethy] ether (Hodgson 
and Clay, J., 1929, 2775, formula I with Et in place of Me). With 
the assumption there made regarding the partly ionised hydroxyl 
group, since ethoxy] has a greater repressive effect on ionisation than 
methoxyl, the activation of hydrogen in the 4-position should be 
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relatively increased ; moreover, the kationoid reagent in its polarised 


phase, HONO, will have less tendency for attachment to the less 
highly charged phenolic hydroxyl group. On both counts the 
monoethyl ether should undergo nitrosation in the 4-position: this 
actually takes place to the extent of 10O—15%. The same argument 
holds for nitration and is confirmed by the experimental results. 

Alternatively, should the ethoxy-group exert an inductive electron- 
attraction, the 4-carbon (loc, cit., formula III, with Et in place of Me) 
would be deactivated to a less extent in the ethoxy- than in the 
methoxy-compound, and so be relatively more reactive. 

The solubility (1-32%) of 6-nitroso-3-ethoxyphenol in benzene is 
appreciably less than that (2-26%) of 6-nitroso-3-methoxyphenol, 
showing that the co-ordination (loc. cit., formula V) of the o-nitroso- 
and the hydroxyl group is relatively weakened in the former com- 
pound. It would appear, therefore, that the increased repression of 
ionisation (see above) exceeds the concurrent increased activation of 
the chelating electrons of the nitroso-group. 


EXPERIMENTAL. 


The Nitrosation of Resorcinol Monoethyl Ether—The method 
described by Hodgson and Clay (loc. cit., p. 2777) for the nitrosation 


. of resorcinol monomethyl ether, when applied to the monoethyl 


ether, gave a larger yield (5-5 g.) of crude product than that (4-7 g.) 
obtained by Kietaibl’s method (loc. cit.). The quantities used were : 
resorcinol monoethyl ether 5 g., water 250 c.c., sodium hydroxide 
2-5 g., sodium nitrite 3 g., concentrated sulphuric acid 5 c.c., water 
100 c.c. 

Separation of the isomerides. Kietaibl’s method of extraction with 
boiling benzene was used, the operation being continued until the 
solvent remained practically colourless. From the extract, only one 
product could be crystallised, and this had the characteristics of 
Kietaibl’s «-o-nitroso-3-ethoxyphenol as described by Henrich 
(J. pr. Chem., 1904, 70, 313) (Found: N, 85, Cale.: N, 84%). 

The residue insoluble in benzene (0°79 g.) crystallised from alcohol 
(charcoal) in small yellow needles, which slowly decomposed above 
170° (Found: N, 86%). 

Oxidation of the Benzene-soluble Fraction with Dilute Nitric Acid.— 
The substance (1 g.) was suspended in water (10 c.c.) and vigorously 
stirred during the gradual addition of 10 c.c. of a mixture of nitric 
acid (d 1-4; 3 parts) and water (1 part). After 5 hours, the mixture 
was diluted with water and the product, was collected and distilled 
with steam; the 6-nitro-3-ethoxyphenol (0-9 g.) that passed over 
crystallised from alcohol or light petroleum in yellow needles, m. p. 
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and mixed m. p. with an authentic specimen (see later) 79° (Found : 
N, 7:8. Cale.: N, 7-65%). Weselsky. and Benedikt (Sitzuwngsber. 
Akad. Wiss. Wien, 1880, 82, 1219) describe a steam-volatile mono- 
nitro-derivative of resorcinol monoethyl ether as sulphur-gold 
needles, m. p. 79°. 

Oxidation of the Benzene-insoluble Fraction with Alkaline Potassium 
Ferricyanide.—The substance (0-5 g.), dissolved in 10° aqueous 
potassium hydroxide (30 c.c.), was mixed with a saturated aqueous 
solution of potassium ferricyanide (10 g.) and heated on the water- 
bath until the colour became yellow. The solution was then filtered 
hot, cooled, and acidified. After some time, long greenish-yellow 
needles of 4-nitro-3-ethoxyphenol separated. These, after recrystal- 
lisation from dilute alcohol, melted, alone or mixed with an authentic 
specimen, at 131° (Found: N, 7-9. Cale.: N, 7-65%). The 
respective dibrominated products, separately or mixed, melted at 
69° (Found: Br, 46-7, 47-0. _Cale.: Br, 46-9°%). Weselsky and 
Benedikt (loc. cit.) give m. p. 69° for 2 : 6-dibromo-4-nitro-3-ethoxy- 
phenol. 

Oxidation of the Crude Nitrosation Mixture.—(a) With alkaline 
potassium ferricyanide. The crude product (5 g.) was dissolved in 
10% aqueous potassium hydroxide (300 c.c.) and oxidised with a 
saturated aqueous solution of potassium ferricyanide (100 g.) as 
described above. The solution was filtered hot, cooled, acidified with 
dilute sulphuric acid, and extracted with ether. The extracted 
product was steam-distilled : 6-nitro-3-ethoxyphenol (3-0 g.) passed 
over ; the liquor in the flask, on cooling, deposited a substance (1-5 g.) 
from which 4-nitro-3-ethoxyphenol (0-9 g.) was obtained by crystal- 
lisation from alcohol (charcoal). From the results of the oxidation 
of the benzene-soluble fraction (above), these combined amounts 
would account for almost the whole of the original crude mixture, to 
the exclusion of any other o-nitrosophenol such as Kietaibl’s so-called 
8-o-nitroso-3-ethoxyphenol. 

Under the above conditions the crude nitrosation product (3-0 g.) 
from resorcinol monomethy] ether yielded no 4-nitro-3-methoxy- 
phenol, but gave 2-5 g. of the steam-volatile 6-nitro-isomeride. 

(b) With dilute nitric acid. The crude nitrosation product (5 g.), 
suspended in water (60 c.c.), was oxidised as described above with 
54 c.c. of dilite nitric acid. The yield of steam-volatile 6-nitro-3- 
ethoxyphenol was 3-6 g. The non-volatile residue consisted of tarry 
matter, from which a small amount of the 4-nitro-isomeride was 
obtained by extraction with ether. 

Nitration of Resorcinol Monoethyl Ether.—The following method 
gives a better yield of the mononitro-derivatives than the method of 
Weselsky and Benedikt (loc. cit.). The ether (5 g.), dissolved in 
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acetic anhydride (20 c.c.), was nitrated below 0° by the gradual 
addition of nitric acid (d 1-5; 2.c.) in acetic anhydride (8c.c.). The 
mixture was kept over-night and then poured on ice. The precipit- 
ate was collected, washed, and steam-distilled ; the volatile 6-nitro- 
3-ethoxyphenol (2-0 g.) crystallised from light petroleum in greenish- 
yellow needles, m. p. 79° (Weselsky and Benedikt, loc. cit., give 
m. p. 79°) (Found: N, 7-7. Cale.: N, 7-65%). The hot filtrate 
from the non-volatile tarry residue was cooled and extracted with 
ether, 0-5 g. of 4-nitro-3-ethoxyphenol being obtained which crystal- 
lised from alcohol in pale yellow needles, m. p. 131° (Weselsky and 
Benedikt, loc. cit., give m. p. 131°) (Found: N, 7-75. Calc.: N, 
765%). 

Proof of the Constitution of 6-Nitro-3-ethoxyphenol.—(a) Con- 
version into 4-nitroresorcinol diethyl ether. The potassium salt (1-3 g.), 
suspended in absolute alcohol, was heated under reflux with excess 
of ethyl iodide for 6 hours. The mixture was then made alkaline 
and steam-distilled; the volatile 4-nitroresorcinol diethyl ether 
(0-4 g.) crystallised from alcohol in almost colourless leaflets which, 
alone or mixed with an authentic specimen (Kauffmann and de Pay, 
Ber., 1906, 39, 2725), melted at 85° (Found: N, 6-9. Calc.: N, 
6-6%). The liquor in the distillation flask, on acidification and 
steam-distillation, yielded 0-4 g. of unchanged 6-nitro-3-ethoxy- 
phenol. 

An attempt was made to obtain 4-nitroresorcinol diethyl ether by 
the action of excess of ethyl-alcoholic sodium ethoxide on 1 : 3-di- 
chloro-4-nitrobenzene (compare Hodgson and Handley, loc. cit.). 
The product, however, was 3-chloro-6-nitrophenetole, which 
crystallised from alcohol in colourless leaflets, m. p. 63° (Blanksma, 
Rec. trav. chim., 1904, 23, 322, gives m. p. 63°) (Found: Cl, 17-5. 
Cale. : Cl, 17-6%), identical with the product obtained from 3-chloro- 
6-nitrophenol by ethylation (compare Haworth and Lapworth, J., 
1923, 123, 2986). 

The same method, applied to 3-chloro-2-nitrophenol (13 g.), gave 
3-chloro-2-nitrophenetole (12 g.), which crystallised from alcohol in 
colourless leaflets, m. p. 52° (Found : Cl, 17-5. C,H,O,NCI requires 
Cl, 17-6%). 

(b) Synthesis from 3-chloro-4-nitrophenetole. The ethylation of 
3-chloro-4-nitrophenol as above gave 3-chloro-4-nitrophenetole, 
which crystallised from alcohol in colourless micro-prisms, m. p. 
39—40° (Found: Cl, 17-4%). This was converted into 4-nitro- 
3-aminophenetole by heating it (2 g.) with concentrated aqueous 
ammonia (6 c.c.) and alcohol (5 ¢.c.) in a sealed tube at 170—180° 
for 8 hours. The product (1 g.), isolated from the reaction mixture 
after dilution with water, crystallised from alcohol in yellow needles, 
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m. p. 105—106° (Found: N, 15-5. Cale.: N, 15-4%), and was. 
identical with a specimen prepared by the method of Reverdin and 
Lokietek (Bull. Sov. chim., 1916, 19, 252; Arch. Sci. phys. nat., 
1916, 42, 47). The 4-nitro-3-aminophenetole (1 g.) was diazotised’ 
in dilute sulphuric acid and then converted by the standard procedure 
(Hodgson, E. P. 200714) into 6-nitro-3-ethoxyphenol (0-3 g.). 


The authors desire to thank the Department of Scientific and 
Industrial Research for a grant to one of them (H. C.), and the 
British Dyestuffs Corporation for gifts of chemicals. 
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CXIX.—The Nitrosation of Phenols. Part IX. Further 
Study of the Nitrosation of m-Bromophenol. 


By Herspert Henry Hopason and ARNOLD KERSHAW. 


THE alleged geometrical isomerides of 3-bromobenzoquinone-. 
4-oxime (Hodgson and Moore, J., 1925, 127, 2260) prove to have been: 
impure specimens of one individual (compare 3-chlorobenzoquinone- - 
4-oxime, J., 1929, 1553). 

The chelation between the halogen and the oximino-hydrogen: 
atom previously assumed (loc. cit.) in order to account for the- 
stability of 3-chlorobenzoquinone-4-oxime appears to be even 
stronger in 3-bromoquinone-4-oxime, since this is much more stable- 
to boiling dilute mineral acids than its 3-chloro-analogue : Auwers’ 
eryoscopic data (Z. physikal. Chem., 1903, 42, 542) indicate that the 
co-ordination tendency of bromine is greater than that of chlorine. 

3-Bromo-4-nitrosoanisole has an emerald-green colour, whereas. 
3-bromo-4-nitrosophenol is bright yellow, both in the solid state and 
in solution. 3-Bromobenzoquinone-4-oxime, however, gives pale 
green solutions, whereas its methyl ether is yellow and gives yellow 
solutions. 

Similarly to the chloro-analogue, 3-bromo-4-nitrosophenol is 
converted immediately by concentrated sulphuric acid into the 
oxime ; yet both substances give Liebermann nitrosoamine reactions, 
which differ’in that the oxime produces a bluer colour. 

The melting points of 3-bromo-4-nitrosoanisole (69°) and 3-bromo- 
benzoquinone-4-oxime methyl ether (130°) are in accordance with- 
the view expressed by Hodgson and Moore (loc. cit.), that nitroso-- 
compounds melt at a lower temperature than the corresponding~ 
oximes. 
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ExPERIMENTAL. 


3-Bromobenzoquinone-4-oxime,, prepared both by the alkali and by 
the acid method (loc. cit.), crystallises from benzene, in which it is 
sparingly soluble, in pale greenish-yellow, elongated parallelepipeds, 
m. p. 196° (compare Hodgson and Moore, loc. cit.) (Found: Br, 
39-5; N, 7-0. Calc.: Br, 39-6; N, 6-9%). 

The molecular weight of 3-bromo-4-nitrosophenol, determined 
cryoscopically, is 207 in naphthalene and 187 in phenol (calc., 202) ; 
the oxime is very sparingly soluble in naphthalene, but has M = 188 
in phenol. The benzoate, prepared and crystallised in the same way 
as the chloro-analogue, forms pale yellowish-brown, flat rhombs, 
m. p. 181° (Found: Br, 26-0. C,,H,O,NBr requires Br, 26-1%). 

3-Bromo-4-nitrosoanisole (2-4 g.), prepared in the same way as the 
chloro-analogue (loc. cit.) by the oxidation of 3-bromo-4-amino- 
anisole hydrochloride (4-3 g.) with Caro’s acid but with only 2 hours’ 
stirring, crystallises from alcohol in emerald-green needles or prisms, 
m. p. 69° (Found: Br, 37-0. C,H,O,NBr requires Br, 37-0%). 

3-Bromobenzoquinone-4-oxime methyl ether is obtained by the 
addition of methyl sulphate to a solution of 3-bromobenzoquinone- 
4-oxime or 3-bromo-4-nitrosophenol in saturated aqueous sodium 
carbonate, followed by a few drops of aqueous sodium hydroxide. It 
is readily isolated by steam distillation and crystallises from 50% 
aqueous alcohol in yellow needles, m. p. 130° (Found: Br, 37-1. 
€,H,O,NBr requires Br, 37-0°%). 


The authors desire to thank the British Dyestuffs Corporation for 
gifts of chemicals. 
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CXX.—Symmetrical Triad Prototropic Systems. 
Part VI. The Effect of Substitution on Tautomeric 
Mobility and Equilibrium in the ay-Diphenylpro- 
pene System. 

By Cuartes WILLIAM SHOPPEE. 


In Part. IV of this series (J., 1929, 447) tautomeric interchange 
between the isomerides:. (I == II) and (III == IV) was shown to 
occur in the presence of a catalyst, and methods were described 
whereby the mobility and equilibrium of such systems could be 
determined. The present paper gives an account of the systems 
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corresponding to (III —= IV) for a series of p-substituents: Me, Cl, 
Br, I, NMe,, and NMe,Et. 
(I.) CH,Ph-CH:CH-C,H,-OMe == CHPh:CH-CH,°C,H,-OMe (II.) 
ee = 


CHPh:C(CO,Et)-CH,-C,H,-OMe 
(IV.) 

Before the theoretical significance of the results is discussed, 
consideration must be given to certain fundamental principles 
underlying the relation of mobility and equilibrium to the structural 
features of a tautomeric system. 

Substitution and Mobility.—In certain recent papers on prototropy 
and allied topics there has been a notable tendency to short-circuit 
the actual theory of the subject by referring to orientation in 
aromatic substitution as a practical criterion of the polar effects of 
groups and as, therefore, a direct analogy for their theoretically 
anticipated behaviour in relation to prototropic and other systems. 
Aromatic hydrogen-substitutions (even meta-) depend on the nega- 
tivity of the field at the point of reaction, and the requisite electron 
availability may result either from the permanent polarisation of 
the molecule due to the electron repulsion (-+ J) of a substituent, 
or from the molecular polarisability which is enhanced by the 
presence of a substituent containing unshared electrons, provided 
that a path exists for the propagation of electron displacements 
with covalency changes to the point of reaction (+ 7’) (compare 
Ingold and Shaw, J., 1927, 2923); these will be activating influences. 
Moiecular polarisation resulting from a substituent possessing high 
electron-affinity (— J) will decrease electron-availability at the seat 
of reaction, and will be a deactivating influence, but polarisability 
arising from the presence of a substituent capable of sharing addi- 
tional aromatic electrons and the existence of a free path for the 
electron transfer (— 7’) will not cause deactivation, because the 
displacements would lead to a recession of electrons from the seat 
of reaction, and for this there is no demand. On the other hand, 
prototropy depends on the positivity of the field at the seat of 
ionisation; the necessary electron-recession may arise from mole- 
cular polarisation due to the electron affinity (— J) of a substituent, 
or from molecular polarisability resulting from the presence of a 
substituent capable of sharing unshared electrons possessed by the 
system, provided that a path exists for the electron-transfer (— 7’) ; 
these will be facilitating influences. Molecular polarisation due to 
a substituent-repelling electron (+ J) will oppose the production 
of a positive field at the seat of ionisation, and hence will constitute 

LL 








SR Pe 


970 SHOPPEE : 


a retarding influence; molecular polarisability, resulting from the 
presence of a substituent possessing unshared electrons and capable 
of sharing these with the system if a path for the electron transfer 
exists (+ 7), will not lead to electron displacements because such 
displacements would involve electron-accession to the seat of 
ionisation and for this there is no demand. In short, whereas 
benzene hydrogen- { is facilitated by effects 4+- J and + 7 
substitution is retarded by effect — J only; 

fis facilitated by effects — J and — T 

lis retarded by effect + J only; 


so that retardation of benzene hydrogen-substitution does not run 
parallel with facilitation of prototropy, and vice versa, unless tauto- 
meric effects of either sign (+ T') are structurally impossible. Burton 


and Ingold exemplified this (J., 1928, 904) by stating that NR, and 
COR activate prototropy by different mechanisms (— J, and 
— I — T respectively), but deactivate the benzene nucleus by the 
same mechanism (— J only; — 7’ here being inoperative). 

The + 7 effect can enter into the consideration of prototropy 
only when an activating group of the — J — 7' type is considered 
** piece-meal,” and the + 7 effect of one portion is treated as 
subtractable from the (greater) — 7’ effect of the aren as may be 

| : Mo. 

possible, for instance, for COR in (three-carbon)—C—R. Since the 
order of +- 7 effects of R is OP >NR,>OR>Hals.>Me (zero for 
the last member), that of the — 7’ effect for CORisCOMe>COHal.> 
CO,R>CO-NR,>CO-0°, and this is the order of facilitation of 
prototropy (Ingold, Shoppee, and Thorpe, J., 1926, 1477). The 
— I effects of the same variants of the group COR are in the 
different order COHal.>CO,R>CO-NR,>COMe>CO-O0® (Cooper 
and Ingold, J., 1927, 838), and this is all that enters into the theory 
of aromatic substitution (— 7’ is inoperative), and is the order of 
m-orientation. This point has been treated at some length because 
of Linstead’s recent comments (J., 1929, 2498) on the apparent lack 
of agreement between the two series. 

In continuation of previous investigations (J., 1929, 447, 1199), 
in which it was shown that systems of the forms 


ky 
(V.) CH,Ph-CH:CH-C,H,R == CHPhiCHCHyC,H,R (V1) 


prototropy 


CH,Ph-O(CO,Et):CH-C,H,R == nhs, de -0(CO,Et)-CH,°C,H,R 
(VII.) (VIIT.) 


(IX.) CH,Ph-N:CH- OgHR CHPh:N-CH,°C,H,R (X.) 
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became mobile in the presence of sodium ethoxide, it has now been 
proved for the system (VII — = VIII)—system (IX ==> X) is still 
being investigated—that the effect of R on the velocity of inter- 
conversion under constant.conditions of temperature and catalysis 
is as follows (time units, hours)* : 


Group R NMe,. OMe. I. Br. Cl. 
Bs MoUs. Bind  b. 0-050 0-058 0-39 0-64 1-02 
Meshnendl ..<cssde.oes +139 +080 —125 —L61  —1:56 


The bottom row of the table contains the recorded values of the 
molecular electric moments of the compounds C,H,R in E.8.U. x 
10-18, the attached sign indicating the polarity of R; the numbers 
are direct measures of the state of polarisation (-+- J) induced by R 
directly attached to the aromatic nucleus in a series of compounds 
such as those investigated. The parallelism between this measure 
of — J and the mobility figures will be obvious. 

None of the groups investigated is known to exert a — T effect; 
if it had been capable of so doing, the parallelism would, of course, 
have failed (e.g., COR, CN, NO,). On the other hand, the groups 
tabulated are all structurally capable of + 7 effects, but this, as 
already explained, does not enter into prototropy (when the whole 
activating group is considered and not merely a part of it). The 
cases, therefore, differ from those studied by Kon and Linstead, 
which involve the — 7 effect, and an alternative statement of the 
difference is that the systems examined by these investigators are 


pentad keto-enols, involving the common enolide ion c=—0-c=C-0. 

Although the three-carbon systems here examined contain a 
group (carbethoxyl) normally capable of a — 7' effect, the position 
of this (8-) is such that this effect cannot be propagated by tauto- 
meric electron displacements to the seat of ionisation. <A feeble 
— I effect should, however, reach the ionising centre, and in addition 
to this, polar and steric disturbances due to the spatial proximity 
of the group are to be anticipated. 


est, 
—C—C —> COR 
a p 


In this connexion, Linstead’s argument (loc. cit.) that the. pre- 
liminary ionfc dissociation is unimolecular, whereas the final recom- 
bination of ions is bimolecular, and that this furnishes a basis for 
consideration of the mechanism of steric inhibition in prototropy, 

* The value for R = Me is of the same order as for R = OMe, but is not 
tabulated because the velocity coefficients were not good enough to give an 
accurate significance to their mean. Theoretically, Me should fit in between 
OMe and NMe,. 
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is unacceptable to the writer, who regards the catalyst as promoting 
ionic dissociation; from this point of view the dissociation must at 
least be bimolecular, for it is common knowledge that it depends on 
the catalyst (e.g., OEt® ion) as well as on the compound ionised. 
Substitution and Equilibriwm.—The general theory of the effect 
of substitution on equilibrium in three-carbon systems containing 
activating groups of the — J — 7 type (pentad keto-enol and 
pentad cyano-imino systems) has already been given (Ingold, 
Shoppee, and Thorpe, loc. cit.; Ingold, Ann. Reports, 1927, 111; 
1928, 118; Bennett, ibid., 1929, 119), and is in excellent agreement 
with the available data, including the most recent results (Kon and 
Linstead, J., 1929, 1269; Kandiah and Linstead, ibid., p. 2139); 
nevertheless, confusion has again arisen, through the application 
of the process previously described as short-circuiting. Ingold, 
Shoppee, and Thorpe discussed the effect of a 8-carbethoxyl group 
and showed that it should lead (— 7' effect) to predominance of the 
Gy-unsaturated form (e.g., in the system citraconic ester—itaconic 
ester, the latter is the favoured phase). Linstead has concluded 
from this (loc. cit.) that the theory implies that a @-methyl group 
(+ I effect) should produce the opposite result, that is, a stable 
«§-form, which is contrary to fact (Goldberg and Linstead, J., 1928, 
2343). It cannot be too strongly insisted that the effect of + J 
cannot be deduced by mechanical inversion of that of — 7’, and that 
all such short cuts involve unsound procedure, with the sole excep- 
tions of that for + J to — J, and its converse. In the case con- 
sidered, the formule (XI) show the enolide ions in the critical 
b 





(Xx 
—=0 a CH, a, a 
al Mee as. yn 
C==0—_(==c—0® =—0—C—-0—0® 
RY p we KY) p &s/ 
as a, a, ies 
(XI.) 


stage immediately preceding their combination with a proton. The 
— T effect of the 8-carbethoxyl group (5, 6,) acts on the displaceable 
double-bond electrons, inhibiting a,; the + J effect of the B-methyl 
group (c) acts on the @-carbon atom, charging it negatively and 
directing the electrons away from a, into the alternative route a, ; 
since a, depends on initiation from a, (which in turn depends on a), 
the + I effect (c) will also, indirectly, inhibit a,. The facts (that 
the influences of 6-methyl and @-carbethoxyl groups are qualita- 
tively similar) are thus in complete agreement with the theory. 
Reference is also necessary to another point raised by Linstead, 
namely, the effect of 8- and y-phenyl substituents. The polar effect 
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of the phenyl group is represented by + 7’, that is, it is able to 
furnish either electron-accession to or electron-recession from an 
adjacent carbon atom, according to the sign of the field required at 
the seat of reaction. This duplex polar capacity of the phenyl 
group is manifested in its ability to activate both prototropy (these 
papers) and anionotropy (Burton and Ingold, Joc. cit.), and to confer 
stability on free radicals (idem, Proc. Leeds Phil. Soc., 1929, i, 421). 
Owing to its ambi-polar charge-distributing mechanism, phenyl 


~v) 
tends to absorb the charge on C, in either polarisation Ph-C,—Cg, 


Ph-C,t,, with the result, inter alia, that Aryl‘CH:CH-CH,[H] and 
Aryl-CH:CH-CH,[Br] are stable tautomerides; to attribute such 
phenomena to a special “‘ non-polar element of stability associated 
with ‘conjugated systems” is to conceal their essentially polar 
nature. Probably the simplest illustration of the duplex polar 
functions of phenyl is that additions of either polar sign to styrene 
are uniformly initiated at Cg (Ingold, Ann. Reports, 1928, 146); for 
instance, addition of thiophenol to styrene occurs through the 
strongly basic (prone to co-ordinate) potential anion PhS°, whereas 
in the addition of hydrogen bromide the relatively unstable potential 
kation (proton) commences the attack; addition is probably 
initiated by a partly polarised molecule, with subsequent liberation 
of the more stable ion of the additive complex : 


~) 8 
Ph-CH—CH, —> Ph-CH—CH,’SPh —> Ph-CH,—CH,°SPh 
a 8 PhsH 4+ He He 


Ph-CH=CH, — Ph-CH—CH, — > Ph-CHBr—GH, 
a B HBr + Br? BrO9 
Now in the case of a y-phenyl substituent, consideration of formula 
(XII), which shows the enolide ion in the critical stage preceding 
co-ordination of the proton, indicates that charge absorption will 
deactivate C, (like C, in styrene) and the proton will combine at C, ; 


: QD DK. On ee ee 
(XII.) Ph—C—C—C—C—O? C—CPh—C—C—O8* (XIII.) 
y B Ka y 8B K_ja 


the phenyl group could activate Cg towards a proton (like Cg in 
styrene), bit the structure is such that Cg cannot take advantage 
of this tendency. In the case of a $-phenyl substituent (XIII), the 
phenyl group will activate C,, towards a proton (like C, in styrene) 
and this will favour combination at C,; the other effect, namely, 
deactivation of C, (like C, in styrene), does not enter into the 
problem for obvious reasons. Once again it is seen that the theory 
is adequate when properly applied. 
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In the experimental work here described, special attention has 
been given to the establishment of a small, but apparently real, 
anomaly, for which several explanations, none of which can as yet 
be proved, are possible. The system examined is the simple three- 
carbon system formulated on p. 970 (VII == VIII), and the 
substituents R are of the forms normally characterised by the 
effects — J, —I+T7,and+ J. Inthe simple three-carbon system 
the anionic charge is nevessarily borne by carbon and the essential 
consideration determining equilibrium pertains to the relative 
ionisability of the isomerides. Obviously the predominance of 
form (VII) (see equation) should diminish as the electron-affinity of 
R decreases (from — I to + J). The table shows that, although 
the three kinds of groups are arranged in the right way, the members 
of the central group are inverted amongst themselves. 





Type —f —-I+T7 +I 
® . —— ——— 
R NMe,Et OMe Br Cl Me 
VII (%) >90 56-5 54:0 50-0 48-0 


It is thought that this anomaly is probably related to the similar 
anomalies revealed in Tasman’s results on the alkaline hydrolysis 
of phthalides (Rec. trav. chim., 1927, 46, 653) and in Kindler’s on the 
alkaline saponification of benzoic esters (Annalen, 1926, 450, 1), 
though in the latter two examples of aromatic side-chain reactivity 
the anomaly relates to the halogens only and does not include 
methoxyl. It is possible (but the point must await proof) that these 
apparent inversions are dependent on changes shown to be possible 
by Sidgwick’s limiting-valency rule, and in a classification of groups 
relating to an aspect of aromatic substitution more closely analogous 
to prototropy than ordinary hydrogen substitution, a — 7 effect 
has tentatively been ascribed to halogens (other than fluorine) in 
the presence of basic reagents. 


EXPERIMENTAL. 
Methyl Compounds. 


a-p-Methylbenzyleinnamic Acid (formula as VIII).—p-Methy)- 
cinnamic acid was obtained in 70% yield by condensing p-tolu- 
aldehyde with malonic acid in pyridine solution in the presence of 
piperidine on the steam-bath. @-p-Tolylpropionic acid can be 
obtained from it by reduction with phosphorus and hydriodic acid 
(von Miller and Rohde, Ber., 1890, 23, 1898), but is contaminated 
with a considerable quantity of p-toluic acid : the use of 3% sodium 
amalgam (Krober, ibid., p. 1053) gives a pure product. 

Sodium §-p-tolylpropionate (45 g.), benzaldehyde (26 g.), and 
acetic anhydride (30 g.) were heated together at 160° for 10 hours, 
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the melt was poured into a solution of crystallised sodium carbonate 
(150 g.) and extracted with ether, and the extract washed twice with 
2N-sodium hydroxide. The ethereal extract contained a hydro- 
carbon, and the alkaline washings on acidification yielded 2 g. of 
a-p-methylbenzylcinnamic acid, which separated from dilute alcohol 
in long prisms, m. p. 181°, and instantly decolorised alkaline 
permanganate (as did also all the substituted cinnamic acids 
described later in this paper) (Found: C, 81-0; H, 6-4. C,,H,,0, 
requires C, 80-9; H, 6-3%). A further quantity was obtained from 
the sodium carbonate solution by acidification and fractional 
crystallisation of the product from dilute alcohol. 

a-Benzyl-p-methyleinnamic Acid (formula as VII).—p-Tolualde- 
hyde (48 g.), sodium $-phenylpropionate (69 g.), and acetic anhydride 
(49 g.) were heated at 150° for 8 hours and the procedure described 
above (sodium carbonate, 300 g.) was then followed. The sodium 
hydroxide washings on acidification yielded «-benzyl-p-methyl- 
cinnamic acid (2 g.), which separated from alcohol in needles, m. p. 
200° (Found: C, 80-8; H, 6-3%). A further quantity (5 g.) was 
isolated from the sodium carbonate solution. The ethereal extract 
yielded 25-5 g. of p-tolualdehyde, b. p. 92—94°/13 mm., and a 
hydrocarbon. 

The following m. p.’s are uncorrected, but were determined under 
identical conditions. The m. p.’s of artificial mixtures of the two 
preceding acids lie on a two-branch curve, the eutectic point of 
which corresponds to a mixture, m. p. 163°, containing 64-0% of 
«-p-methylbenzylcinnamic acid (A). 


;. eer 0-0 20:8 35-2 47-9 56-8 68-2 85-1 100-0 
M. p. ......... 200-0° 190-0° 181-5° 175-5° 168-0° 165-0° 173;5° 181-0° 


Interconversion of the Ethyl Esters.—Preparation of the esters. 
These two esters, and those described subsequently, were obtained 
by the action of ethyl iodide upon the silver salts. Hthyl «-p-methyl- 
benzylcinnamate (VIIL; R = Me) is a colourless oil, b. p. 178— 
180°/1 mm., 197—198°/6 mm. (Found : C, 81-2; H, 7-2. C,,H5,0, 
requires ©, 81-4; H, 7-2%). Ethyl «-benzyl-p-methylcinnamate 
(VII; R= Me) also is a colourless oil, b. p. 205—207°/7 mm., 
n®’ 1-58415 (Found : C, 81-0; H, 7-4%). 

Alkaline hydrolysis of the esters. The standard ¢énditions and 
the method of isolation described for the methoxy-compounds 
(J., 1929, 447) were employed. As only a small quantity (0-01 g.) 
was used for a m. p. determination, the whole of the hydrolysis 
product was first melted, to ensure homogeneity. The ester (VII) 
gave 96% of unpurified acid, m. p. 200-0°, and the ester (VIII) gave 
95%, m. p. 180-5° (the m. p.’s of the pure acids are 200-0° and 


181-0°, respectively). 
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These results establish (a) that no interconversion of the isomerides 
takes place in the presence of hydroxide ions at 100° under the 
conditions given, and (6) that, since the yields are practically 
quantitative in both cases, and no impurities affecting the m. p.’s 
of the acids are introduced, hydrolysis and subsequent thermal 
analysis of the acids can be used to follow the interconversion of 
the esters. 

Stability of the esters to heat. Redistillation of the esters and 
subsequent hydrolysis gave the same results. The esters were 
interconverted under the standard eonditions (1-45N-alcoholic 
sodium ethoxide at 85°), the approach towards equilibrium being 
followed by hydrolysis under the standard conditions, and thermal 
analysis. 


Time at 85° 
Isomeride with NaOEt M. p. of Isomeride ky + ke 


used. (hours). acids. VIII, %. (hour-*). 
0-0 200-0° 0-0 — 
4-0) 191-5 17-0 0-099 
10-5 179-0 39-0 0-132 
vil 22-0 172-5 50-5 0-059 
31-0 172-0 51-0 0-065 
48-0 171-5 52-0 as 
68-0 171-5 52-0 a 
48-0 171-5 52-0 — 
VIII 22-0 162-0 64-0 0-063 
| 2-0 176-0 89-0 0-115 
0-0 181-0 100-0 — 


Equilibrium : VIII (52-0%) == (48-0%) VII; &, + k, (mean) = 
0-088 hr.-!; k,/k, = 1-083; k, = 0-0046; k, = 0-0042. 


Chloro-compounds. 


a-p-Chlorobenzylcinnamic Acid (formula as VIII).—p-Chloro- 
cinnamic acid was obtained by condensing p-chlorobenzaldehyde 
(50 g.) and malonic acid (37 g.) with piperidine (5 c.c.) in pyridine 
(125 c.c.); it separated from alcohol in fine colourless needles 
(yield, 85%), m. p. 244—245°. Gabriel and Herzberg (Ber., 
1883, 16, 2037) described it as yellow and indistinctly crystalline, 
m. p. 240—242°. The acid was rapidly reduced by 3% sodium 
amalgam at @bout 45° and gave a 75% yield of $-p-chloropheny]l- 
propionic acid, m. p. 122° after crystallisation from dilute acetic 
acid. 

Sodium §-p-chlorophenylpropionate (62 g.), benzaldehyde (32 g.), 
and acetic anhydride (34 g.) were heated at 160° for 8 hours and the 
melt was poured into a solution of 100 g. of crystallised sodium 
carbonate. After 12 hours, the white solid was filtered off, washed 
with ether, suspended in warm water, and agitated with hydrochloric 
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acid. The precipitate was filtered off and twice crystallised from 
alcohol, «-p-chlorobenzylcinnamic acid being obtained in clusters of 
prisms (10 g.), m. p. 194:5° (Found: C, 70-0; H, 4:9. C,gH,,0,Cl 
requires C, 70-4; H, 4:8%). 

Extraction of the aqueous liquor with ether gave a solution con- 
taining a chlorohydrocarbon and the above acid (4 g., removed by 
sodium hydroxide) ; on acidification, the sodium carbonate solution 
gave a further quantity of the acid (57 g., crude). 

p-Chloro-«-benzyleinnamic Acid (formula as _ VII).—Sodium 
8-phenylpropionate (49 g.), p-chlorobenzaldehyde (40 g.), and acetic 
anhydride (35 g.) were heated together for 8 hours at 160°, and the 
melt was poured into a solution of 100 g. of crystallised sodium 
carbonate. The solution was extracted with ether and then acidified. 
The acid product separated from boiling alcohol in colourless needles, 
m. p. 163°, unchanged by further crystallisation (Found: C, 68-5, 
68-6; H, 45%). These figures indicate that the product consisted 
of a mixture of the required acid (82%) and p-chlorocinnamic acid 
(18%); these could not be separated by fractional crystallisation. 
The mixed acids (10 g.) were treated with two successive quantities 
of sodium carbonate (50 c.c.; 2-2 g. Na,CO, in 150 c.c. water), from 
which, by acidification of the two filtrates, three fractions, A, B, and 
C, were obtained. 

Fraction A, recrystallised from alcohol, melted at 223—225° and 
consisted largely of p-chlorocinnamic acid. 

Fractions B and C, recrystallised from alcohol, gave p-chloro- 
a-benzylcinnamic acid in colourless needles, m. p. 171-5° (Found : 
C, 70-3; H, 4-7%). 

Mixtures of «-p-chlorobenzylcinnamic and p-chloro-«-benzyl- 
cinnamic acids melted as follows : A denotes the former acid. 

A, % 0 20-6 31-6 36:2 42-0 45-9 503 53-6 69-7 100-0 
M. p. 171-5° 162-5° 156-5° 153-5° 155-0° 161-0° 165-0° 168-0° 178-0° 194-5° 

Interconversion of the Ethyl LEsters—Ethyl «-p-chlorobenzyl- 
cinnamate (VIII; R = Cl) has b. p. 197°/3 mm. and separates from 
ligroin (b. p. 40—60°) in prisms, m. p. 55° (Found: C, 71-8; H, 5-8. 
C,,H,,0,Cl requires C, 71-9; H, 5:7%). Ethyl p-chloro-«-benzyl- 
cinnamate (VII; R = Cl) has b. p. 208°/6 mm. (Found: OC, 71-8; 
H, 5-7%). , 

Under standard conditions, hydrolysis of (VIII) afforded a 
quantitative yield of the corresponding acid, m. p. (crude) 194°, and 
(VII) gave a 99% yield of its acid, m. p. 170-5°. 

The interconversion of the esters in 1-45N-alcoholic sodium 
ethoxide was observed in the manner described for the methoxy- 


and methyl compounds. 
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Time at 85° 


Isomeride with NaQEt Mz. p. of Isomeride ki +k, 
used. (hours). acids. VITE, %. (hours). 
( 0 171-5° 0 — 
VII 1-0 148-0* 41-0 (1-71) 
} 2-0 157-5 43-5 1-02 
| 16-0 165-0 50-0 us 
32-0 165-0 50-0 —_— 
16-0 165-0 50-0 — 
8-0 165-0 50-0 — 
VIII 2-0 169-5 56-0 1-07 
1-0 176-5 67-0 1-08 
0-5 185-0 82-0 0-90 
0 194-5 100-0 — 


* This is very near the eutectic. 


Equilibrium : VIII (50-0%) == VII (50-0%); &, + k, (mean) = 
1-02 hr1; k,/ke = 1-00; k, =k, = 0-51. 


Bromo-compounds. 


a-p-Bromobenzylcinnamic Acid (formula as VIII).—Sodium 
8-p-bromophenylpropionate (Gabriel and Zimmermann, Ber., 1880, 
13, 1683) (67 g.), benzaldehyde (28 g.), and acetic anhydride (33 g.) 
were heated together for 10 hours at 160° and the melt was sub- 
mitted to the usual treatment. The sodium hydroxide washings 
of the ethereal extract yielded on acidification «-p-bromobenzyl- 
cinnamic acid, which crystallised from alcohol in prisms, m. p. 200° 
(Found: C, 60-8; H,4-1. C,,H,,0,Br requires C, 60-5; H, 4-1%). 
The sodium carbonate liquor gave a large quantity of an acid, 
which was not investigated, and the ethereal extract contained a 
bromohydrocarbon. 

p-Bromo-«-benzylcinnamic Acid (formula as VII).—p-Bromo- 
benzaldehyde (Jackson and White, Ber., 1878, 11, 1023) (24 g.), 
sudium §-phenylpropionate (23 g.), and acetic anhydride (17 g.) 
were similarly treated. The sodium hydroxide washings gave 
p-bromo-«-benzyleinnamic acid, which was obtained in fine long 
needles, m. p. 193°, after several crystallisations from ethyl acetate— 
ligroin (Found : C, 60-5; H, 40%). The sodium carbonate solution 
yielded a large quantity of p-bromocinnamic acid, m. p, 257° after 
two crystallisations from boiling absolute alcohol (Found ; C, 47-8; 
H, 3-0. Cale. for C,H,0,Br: C, 47-6; H, 31%). The ethereal 
extract contained a bromohydrocarbon. 

Mixtures of the two acids melted as follows: A denotes «-p- 
bromobenzylcinnamie acid : 


| Ren 0 15-9 35-1 57-2 68-0 86-2 100-0 
BE... Bi. cocoanste 193-0° -186-0° 177-0° 178-0° 184:0° 192-5° 200-0° 


Interconversion of the Ethyl Esters —Ethyl «-p-bromobenzyl- 
cinnamate (VIII; R= Br) is a colourless oil, b. p. 200°/1 mm. 
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(Found : C, 62-6; H, 4-9. C,,H,,0,Br requires C, 62-6; H, 4-9%). 
Hydrolysis under the standard conditions affords the corresponding 
acid, m. p. 200° without purification, in 98% yield.’ Ethyl p-bromo- 
a-benzylcinnamate (VIL; R = Br) isa colourless oil, b. p. 200°/3 mm. 
(Found: C, 62-6; H, 50%); on hydrolysis under the standard 
conditions it gives the corresponding acid, m. p. 193° without 
purification, in 98-5% yield. 

The esters were interconverted under the standard conditions and 
the process was followed by hydrolysis (standard conditions) and 
thermal analysis. In the case marked with an asterisk 0-45 g. of 
ester was used. 


Time at 85° 
Isomeride with NaOEt Mz. p. of Tsomeride k, +k, 


used. (hours). acids. Vil, %. (hour). 
0 193-0° 0 dai 
VII | 2-0 178-0 33-0 0-631 
24-0 172-0 46-0 ha 
36-0 172-0 46-0 ba 
| 24-0 172-0 46-0 oe 
. 12-0 171-5 46-5 (0-375) 
vill 4-8 172-5 48-0 0-671 
2-0 181-0 62:5 0-592 
1-0* 185-5 71-0 0-659 
0 200-0 100-0 es 


Equilibrium : VIII (46-0%) == VII (540%); &, + k, (mean) = 
0-64 hr.1; k,/k, = 0-852; k, = 0-30; k, = 0-34. 


Iodo-compounds. 


a-p-lodobenzylcinnamic Acid (formula as VIII).—p-Iodobenzalde- 
hyde was prepared by oxidation of p-iodobenzyl bromide with 
copper nitrate solution and had m. p. 76°. The aldehyde (20 g.) 
and malonic acid (9 g.) were condensed in pyridine solution with 
piperidine (2 ¢.c.); the p-iodocinnamic acid obtained separated from 
boiling alcohol in colourless prismatic needles, m. p. 264° (decomp.) 
(Gabriel and Herzberg, Ber., 1883, 16, 2039, describe the acid as 
yellow and incompletely crystalline, decomposing at 255° without 
melting) (Found: C, 39-4; H, 2-6. Cale. for C,H,O0,1: C, 39-4; 
H, 2-6%). 

Gabriel and Herzberg obtained the dihydro-acid by reduction 
with phosphorus and hydriodic acid for a short period (undefined). 
Little redifction takes place under these conditions, and the use of 
sodium amalgam in alkaline solution at 45° yields only $-phenyl- 
propionic acid. -p-Iodophenylpropionic acid is best obtained by 
iodination of 6-phenylpropionic acid in 50% acetic acid with a 10% 
excess of iodine monochloride. The mixture, which becomes hot, 
is kept on the steam-bath for } hour. After 12 hours, the product 
is dissolved in ether and the solution is washed with aqueous sodium 
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thiosulphate and with water, dried, and evaporated. A large part 
of the residual oil solidifies after 48 hours; the acid is drained and 
then crystallised from 40% acetic acid; m. p. 139°. Yield, 14 g. 
from 50 g. of B-phenylpropionic acid. 

Sodium 8-p-iodophenylpropionate (34-5 g.), benzaldehyde (12-5 g.), 
and acetic anhydride (13 g.) were heated at 150—155° for 6 hours 
and the melt was poured into a solution of sodium carbonate (50 g.). 
After 12 hours, the solid (sodium salt of the required acid) was 
removed and washed with ether; the filtrate was extracted with 
ether. The extract, after being washed with N-sodium hydroxide, 
contained an iodohydrocarbon. The sodium carbonate solution, 
acidified with 2N-hydrochloric acid at 0°, gave «-p-iodobenzyl- 
cinnamic acid (5 g.), m. p. 219-5° after crystallisation from glacial 
acetic acid (Found: C, 52-5; H, 3-5. C,,H,,0,I requires C, 52-7; 
H, 36%). The sodium hydroxide washings also gave a small 
quantity of this acid. 

p-lodo-«-benzyleinnamic Acid (formula as VII).—p-Iodobenzalde- 
hyde (46 g.), sodium $-phenylpropionate (34 g.), and acetic anhydride 
(25 g.) were heated together at 170—180° for 7 hours; the melt was 
poured into excess of sodium carbonate solution and treated as in 
the preceding case. The ethereal extract and the sodium hydroxide 
washings contained an iodohydrocarbon and £-phenylpropionic acid 
respectively. 

The solid initially precipitated by the sodium carbonate was 
suspended in 2N-hydrochloric acid at 40—45° and stirred for } hour ; 
the product was a mixture of p-iodocinnamic acid (2 parts) and 
p-iodo-«-benzylcinnamic acid (1 part), which could not be separated 
by fractional crystallisation (Found: C, 44-7, 44-8; H, 3-0, 3-1%). 
The mixture (10 g.) was converted through the acid chlorides 
(by thionyl chloride) into the ethyl] esters, which were distilled. The 
lower fraction obtained (5 g.), b. p. 175—180°/5 mm., mainly at 
177°/5 mm., crystallised readily, and separated from ice-cold 
ligroin (b. p. 40—60°) in long needles, m. p. 37—37-5°, consisting of 
ethyl p-iodocinnamate, identical with a specimen prepared from 
synthetic p-iodocinnamic acid. The second fraction (3-5 g.), b. p. 
180—230°/5 mm., partly solidified; after being drained, the solid 
was crystallised from ligroin (b. p. 40—60°), giving ethyl p-iodo- 
a-benzylcinnamate, m. p. 53-5° (Found : C, 54-9; H, 4-4. C,.H,,0,I 
requires C, 55-1; H, 44%). On hydrolysis under the standard 
conditions, this ester gave pure p-iodo-«-benzylcinnamic acid, m. p. 
232° after crystallisation from alcohol (Found : C, 52:3; H, 3-7%). 

On account of the decomposition which occurred in the later stages 
of the foregoing distillation, the following separation is to be pre- 
ferred. The mixed acids (25 g.) were treated with a solution of 
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2-2 g. of sodium carbonate at 100° and the hot liquid was filtered. 
The filtrate gave a granular precipitate (A) on acidification: Repeti- 
tion of the process afforded a flocculent precipitate (B), Recrystal- 
lisation of (A) and (B) from alcohol gave p-iodocinnamie acid (13 g.) 
and p-iodo-«-benzylcinnamic acid (7 g.), m. p. 229—230°, respec- 
tively. The sodium hydroxide washings (above) also gave a very 
small quantity of the latter acid. 

Mixtures of «-p-iodobenzylcinnamic acid (C) and p-iodo-«-benzyl- 
cinnamic acid melted as follows : 


C, % 0 19-0 39-0 47-2 57-0 61-0 66-4 79-1 100-0 
M. p. 232-0° 222-0° 210-5° 206-5° 201-5° 199-0° 204-0° 210-0° 219-5° 


Interconversion of the Ethyl Esters.—Ethyl «-p-iodobenzylcinnamate 
(VIIT; R = I) has b. p. 212—214°/2 mm., and melts at 46-5° after 
crystallisation from ligroin (b. p. 40—60°) (Found : C, 55-0; H, 4-4. 
C,,H,,0,I requires C, 55-1; H, 44%). Ethyl p-iodo-«-benzyl- 
cinnamate (VII; R = I), m. p. 53-5°, prepared from the silver salt 
was identical with the ester described above. 

Hydrolysis. The esters (VII) and (VIII) gave quantitative 
vields of the respective acids, m. p.’s 232° and 219°, on hydrolysis 
with aqueous-alcoholic alkali (standard conditions). They are 
hydrolysed with extraordinary ease by acids, even by cold 2N-acetic 
acid. 

Action of sodium ethoxide. Treatment of either ester with 1-45N- 
sodium ethoxide at 85° caused conversion into the other, since, by 
hydrolysis under the standard conditions and fractional crystal- 
lisation of the product from acetic acid, both acids were obtained. 
Owing to the presence of impurities produced by a, secondary 
reaction, probably involving the iodine atom, the composition of 
the equilibrium mixture of the acids could not be determined from 
the melting-point diagram. The esters could not be distilled owing 
to hydrolysis taking place, and the following procedure was therefore 
adopted. 

Preliminary experiments indicated that the ester (VII) was more 
prone to decomposition than the isomeride (VIII); and that the 
quantity of the new isomeride produced during very short periods of 
interconversion (}—} hour) was insufficient to give, after hydrolysis, 
a saturateg solution of the corresponding acid in ethyl acetate at 0°. 
To minimise errors due to the secondary reaction, the ester (VIII) 
was employed : it was treated with 1-45N-sodium ethoxide at 85°, 
the product hydrolysed under the standard conditions, and the acids 
isolated in the usual manner. A known weight (0-20 g.) of the 
cooled fused acids was dissolved in ethyl acetate, and the solution 
concentrated by evaporation in a graduated test-tube as far as was 
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possible without separation of solid. The solution, its volume 
having been noted, was kept for 16 hours in the ice-chest and the 
crystalline product was then collected and weighed. Its com- 
position was determined by thermal analysis (the mixtures showing 
binary character), and a correction made for the solubility of each 
isomeride in a saturated ethyl acetate solution of the other at 0°. 


Time at 85° with Wt. crude Wt. cryst. Vol. EtAc 
NaOEt (hrs.). acids (g.). acids (g.). (¢.c.). 
2 0-1990 0-:1428 1-7 
3 0-1994 0-1425 2-0 
4 0-1998 0-1522 2-0 
M. p. of cryst. %Isomeride % VII, corr. for kk, +k, 
acids. V solubility. (hr.-). 
203-0°* 35-0 33-7 0-47 
200-0* 38-5 36-8 0-37 
200-5t 42-0 40-2 0-33 
* Depressed by trace of acid (VII). Tt Elevated by trace of acid (VII). 


Owing to the secondary reaction, the equilibrium point could not 
be ascertained. The velocity coefficients are calculated on the basis 
of the assumed equilibrium VIII (45%) == (55%) VII, which is 
approximately that found for the bromo-esters. 

The solubility of «-p-iodobenzylcinnamic acid (0-00592 g./c.c.) 
and of p-iodo-«-benzylcinnamic acid (0-00157 g./c.c.) in a saturated 
ethyl acetate solution of the other was determined by saturating 
ethyl acetate with both acids, keeping the solution at 0° for 16 
hours, and evaporating a known volume of the solvent; the com- 
position of the residue was found by thermal analysis. 


Dimethylamino-compounds. 

a-p-Dimethylaminobenzyleinnamic Acid (formula as VIII).— 
p-Dimethylaminobenzaldehyde (300 g.) and malonic acid (213 g.) 
were heated in pyridine (500 c.c.) in the presence of piperidine 
(20 ¢.c.) for some hours on the steam-bath. When the mixture 
ceased to evolve carbon dioxide, it was poured into a large volume 
of ice-water containing 500 c.c. of glacial acetic acid. The precipi- 
tate crystallised from boiling alcohol in yellow plates (335 g.), m. p. 
225° (vig. decomp.). Weil (Monatsh., 1908, 29, 899) gives m. p. 
216° (decomp.). 

The foregoing acid (250 g.) was reduced with 3% sodium amalgam 
at 45—50°, and the product isolated by acidification with hydro- 
chloric acid (Congo) and treatment with saturated sodium acetate 
solution. The §-p-dimethylaminopheny!lpropionic acid formed 
colourless prisms, m. p. 106°, from dilute alcohol : a further quantity 
was obtained by extraction of the mother-liquor with ether (total 
yield, 140 g.). The sodium salt. (120 g.), benzaldehyde (60 g.), and 
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acetic anhydride (66 g.) were heated together for 9 hours while the’ 
temperature rose from 160° to 180°, the melt was then poured into 
an excess of sodium carbonate solution, and the mixture was 
extracted with ether after standing. The aqueous liquid, by 
acidification and treatment with sodium acetate solution with 
mechanical stirring, afforded a-p-dimethylaminobenzylcinnamic acid 
(24 g.), m. p. 146° after repeated crystallisation from methyl] alcohol 
(Found : ©, 76-7; H, 6-7. CygH,,0,N requires OC, 76-9; H,.6-8%). 
A little more was obtained by acidification of the sodium hydroxide 
washings of the ethereal extract; the latter contained a small 
quantity of the p-dimethylamino-base. 

p-Dimethylamino-«-benzylcinnamic Acid (as VII).—Condensation 
of potassium 8-phenylpropionate (63 g.), p-dimethylaminobenzalde- 
hyde (50 g.), and acetic anhydride (38 g.) at 160—170° for 9 hours, 
and isolation of that portion of the product soluble in hydrochloric 
acid but precipitated by sodium acetate, furnished an acid, m. p. 
232° (decomp.) after crystallisation from methyl alcohol. The 
quantity was insufficient for analysis, but the following observations 
indicate that the acid was p-dimethylamino-«-benzylcinnamic 
acid, 

a-p-Dimethylaminobenzyleinnamic acid was heated with sodium 
ethoxide solution under the standard conditions for 48 hours; the 
product was isolated by acidification and addition of sodium acetate. 
Crystallisation” from methyl alcohol yielded «-p-dimethylamino- 
benzylcinnamic acid, m. p. 144°, and a less soluble acid, m. p. 230° 
(decomp.) after repeated crystallisation (m. p. of a mixture with the 
above acid, 229° decomp.). Ozonolysis in glacial acetic acid 
solution yielded an acid, m. p. above 200° (p-dimethylaminobenzoic 
acid ?), in quantity insufficient for complete purification; benzoic 
acid was not obtained. 

a-p-Dimethylaminobenzyl- and p-dimethylamino-«-benzyl-cin- 
namic acids do not yield a m. p.-composition diagram of the usual 
form, probably owing to decomposition of the latter acid. Since 
thermal analysis could not be employed to estimate the composition 
of mixtures of the acids, the ethyl esters were investigated. Ethyl 
a-p-dimethylaminobenzyleinnamate (VIII; R = NMe,) was obtained 
from the silver salt of the corresponding acid by treatment with 
1 mol. of etktyl iodide in an equal volume of chloroform ; it separated 
from ligroin (b. p. 40—60°) in rectangular prisms, m. p. 62-5° 
(Found: ©, 77-6; H, 7-4. Cy 9H,,0,N requires C, 77-6; H, 7-5%). 
On hydrolysis under the standard conditions it gave the correspond- 
ing acid, m. p. 146° without purification. As partial hydrolysis 
during isolation of the mixed esters obtained by equilibration of this 
ester with 1-45N-sodium ethoxide could not be prevented, the 
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preparation of the isomeric ester (VII) and the plotting of a 
m. p.composition diagram for the esters were not proceeded 
with. 

The conversion of the ester (VIII) into its isomeride in the 
presence of 1-45N-sodium ethoxide could be proved qualitatively 
only after 65 hours’ treatment: from 0-50 g. of the ester (VIII), 
0-02 g. of p-dimethylamino-«-benzylcinnamic acid, m. p. 229— 
230°, was isolated after hydrolysis under the standard conditions ; 
the remainder (0-38 g.) consisted of the more soluble isomeric acid. 
These experiments indicate a minimum conversion of about 4% 
in 65 hours; in the absence of knowledge relating to the position of 
equilibrium, and assuming this to be of the same order as that 
found for the methoxy-compounds (J., 1928, 447), it appears that 
the mobility of the dimethylamino-compounds is much smaller 
than that of the methoxy-compounds. 


Dimethylethylammonium Compounds. 


Internal Salt of p--Carboxy-y-phenylallylphenyldimethylethyl- 
ammonium Hydroxide.—Silver «-p-dimethylaminobenzylcinnamate 
was treated with an excess of ethyl iodide on the steam-bath for 
4 hour, The mixture of crystalline solid and silver iodide produced 
was extracted with much boiling acetone. The extract, on addition 
of ligroin, cooling, and stirring, gave the molecular compound of 
p-f-carbethoxy- y-phenylallylphenyldimethylethylammonium iodide 
and. silver iodide (1 mol.) in colourless pearly plates, m. p. 155—156° 
(Found: C, 384; H, 4:0; ionic I, 18-5, 18-6; AglI, 34-3. 
CygH,,O,NI,AgI requires C, 37-8; H, 40; ionic I, 18-1; Agl, 
33°6%). By treatment with silver hydroxide in warm aqueous 
acetone solution, filtration, evaporation, and addition of alcoholic 
picric acid, p-8-carbethoxy-y-phenylallylphenyldimethylethylammonium 
picrate, m. p. 130° after crystallisation from methyl alcohol, was 
obtained (Found: C, 58-6; H, 5-2. C,H 0,N, requires C, 59-3; 
H, 5-3%). 

The molecular compound was boiled in aqueous-acetone solution 
with silver chloride, and the filtered solution evaporated ; prolonged 
desiccation yielded a resinous solid, which could not be purified. 
This was probably the betaine, since it contained no ionisable 
halogen and gave with sodium picrate a sodium salt-picrate, m. p. 
270° (decomp.). A satisfactory analysis could not be obtained, 
but ozonolysis in glacial acetic acid solution gave an almost quanti- 
tative yield of benzoic acid : 


8 : 3 
NMe,Et-C,H,-CH,-C(CO,°)=CH-C,H, —> CO,H-C,H, 
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The resinous solid (0-50 g.) was treated with a solution of 0-54 g. 
of sodium in 15 c.c. of ethyl alcohol (giving an active ethoxide-ion 
concentration equal to that of 1-45N-sodium ethoxide) for 24 hours 
at 85°. The cooled product was poured into water, neutralised with 
hydrochloric acid, and evaporated to dryness. The residue was 
extracted with successive small quantities of hot glacial acetic acid 
and the combined extracts were treated with ozonised oxygen. 
From the ether-soluble portion of the decomposition products, 
only a trace of benzoic acid (a few mg.) could be isolated. The 
water-soluble portion yielded no identifiable substance. 

Attempts were made to synthesise the pairs of isomerides in 
which the p-substituents were NHAcorCN. p-Cyanobenzaldehyde, 
m. p. 100°, prepared from p-cyanobenzyl bromide, condensed with 
sodium 8-phenylpropionate and acetic anhydride at 160° to yield 
almost entirely p-cyanocinnamic acid, m. p. 254° after crystal- 
lisation from nitrobenzene (Found: C, 68-5; H, 3-6. Calc. for 
CyoH,O,N : C, 69-4; H,4:0%). p-Acetamidobenzaldehyde, sodium 
6-phenylpropionate, and acetic anhydride at 180—200° gave an 
acid, m. p. 267° after repeated crystallisation from nitrobenzene, to 
which no formula has been assigned (Found: C, 71-2, 71-3; H, 
5-5, 58; N, 5-7, 57%). p-Acetamidocinnamic acid, yellow 
prismatic needles, m. p. 261° (decomp.), was readily obtained in 78% 
yield from p-acetamidobenzaldehyde and malonic acid in the 
presence of piperidine. Reduction of this with sodium amalgam 
at 40—45° in the presence of carbon dioxide afforded $-p-acetamido- 
phenylpropionic acid, which crystallised from 2N-acetic acid as the 
monohydrate, m. p. 124° after softening at 87—88° (Found: C, 
59:3; H, 6-6. C,,H,,0,N,H,O requires C, 58-8; H, 6-7%). 
Desiccation gave the anhydrous acid, m. p. 143°. Sodium 8-p-acetyl- 
phenylpropionate, benzaldehyde, and acetic anhydride condensed 
at 160—170° to furnish an acid, m. p. 233—234°, of unknown 
constitution (Found: C, 71-0; H, 5-8; N, 4-9, 4-9%). 


The author desires gratefully to acknowledge the kindly interest 
and advice of Professor C. K. Ingold, F.R.S., and grants from the 
Chemical Society and the Royal Society which have partly defrayed 
the cost of the work. 


Tue Untversiry, Lexps. (Received, February 15th, 1930.] 
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CXXI.—Cannabis Indica Resin. Part I: The Con- 
stitution of Nitrocannabinolactone (Oxycannabin). 


By Ropert SIDNEY CAEN. 


THE general problem presented by Cannabis Indica resin, the 
essential portion of the drug known as hashish, bhang, etc., will 
be considered in a later communication. The present paper is 
confined to oxycannabin, which is a product of oxidation by concen- 
trated nitric acid of the higher-boiling portions of the resin. 

Oxycannabin has been assigned various formule, viz., C9H )0,N, 
(Bolas and Francis, J., 1869, 22, 417; Chem. News, 1871, 24, 77), 
€19H,,0,N (Dunstan and Henry, P., 1898, 44), and C,,H,,0,N 
(Wood, Spivey, and Easterfield, J., 1899, 75, 20), the last of which 
has been confirmed in the present investigation. Wood, Spivey, 
and Easterfield removed the nitro-group, via the amino- and iodo- 
groups, to obtain the substance C,,H,,.0,; this they termed canna- 
binolactone, renaming oxycannabin as _ nitrocannabinolactone. 
Among other results they showed that cannabinolactone on 
fusion with potassium hydroxide yielded m-toluic acid, and as, 
further, it contains an excessively stable lactone group, they con- 
cluded that it must be represented by one of the y-lactonic formule 
(I)—(I1). 


Me Me Me 


on CH-CH 790 Ce cron 
(9—-—0 


Che 
Thi {I1.) (III.) 

They did not, however, consider the possibility of its being a 
phthalide derivative, although these are known readily to yield 
derivatives of benzoic acid on fusion with alkali. 

Hydroxycannabinolactone was chosen as the starting point of the 
present investigation, ’as it was hoped by means of this substance to 
determine also the position of the substituent group (compare 
Bauer, Ber., 1908, 41, 503, who obtained m-hydroxybenzoic acid 
from methoxy-a««’-diethylphthalide). Hydroxycannabinolactone 
(prepared by boiling a diazotised solution of the amino-compound) 
on fusion with potassium hydroxide at 290—300° yielded 6-hydroxy- 
m-toluic acid and acetone, which are the products to be expected 
from a substance having either formula (IV) or (V) (Gucci, R. 
Accad. Lincei, 1897, 6, i, 295). The production of acetone renders 
untenable formule (II) and (III) for cannabinolactone (also those 
representing it as an ethylphthalide), but is not incompatible with 
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formula (I). In this last case oxidation, starting at the carbon 
atom carrying the hydroxyl group formed by opening of the lactone 


Me Me 
CMe 
H / a H 
(IV.) >O 
\O CO (V.) 
Me,C——O 


ring, would yield potassium malonate, from which acetone would 
be formed. Wood, Spivey, and Easterfield, however, showed that 
only the methyl group of cannabinolactone was oxidised by excess 
of alkaline potassium permanganate solution, and the present 
author found that under similar conditions nitrocannabinolactone 
absorbs only the three atoms of oxygen necessary for oxidation of 
the methyl group. On account of the stability of the alcoholic 
hydroxyl group, which must be present in alkaline solutions of 
cannabinolactone and its nitro-compound, it is impossible to regard 
these substances as primary or secondary alcohols.* The only 
constitution which gives rise to a tertiary alcoholic group on ring 
opening is that of a dimethylphthalide, for which the two possi- 
bilities (IV) and (V) remain. 

A by-product in the nitric acid oxidation of nitrocannabino- 
lactone was a tribasic acid, C,H;0,N, m. p. 228—230°, the formation 
of which Wood, Easterfield, and Spivey were unable satisfactorily 
to explain on the basis of their formule (I)—(ITI). However, the 
dimethylphthalide formulation being assumed, this acid clearly has 
the structure represented by (VI) or (VII). The former has not 


CO,H CO,H Me 
no.“ co I I CMe, 
NO, H NO NO es 

CO,H 0,H ae 
60,H 
(VI.) (VII.) (VIII.) 


been synthesised. The latter melts at 175° (Schultz, Ber., 1909, 
42, 3607) and thus cannot be identical with the acid from nitro- 
cannabinolactone, which must, therefore, be (V1). Nitrocannabino- 
lactone itself must then be represented by formula (VITI). 

During thg preliminary experiments on the alkali fusion of 
hydroxycannabinolactone it was found that there was considerable 
danger of loss of carbon dioxide from the hydroxy-acid formed. 
In order to determine the conditions of the reaction, 4-hydroxy- 
dimethyl phthalide (IX) was prepared from the corresponding amino- 

* E.g., mandelic acid was found to be readily oxidised under the conditions 
used for nitrocannabinolactone. 
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compound * (Teppema, Rec. trav. chim., 1923, 42, 30; Tasman, 
ibid., 1927, 46, 653). The cannabinolactone derivatives behave 
very similarly to those encountered in this preparation, the methy]- 
ation of the hydroxy-derivative being particularly noteworthy, 
and the relative stability of the nitro-, amino-, and methoxy-com- 
pounds agrees qualitatively with that established by Tasman (loc. 
cit.) for phthalide derivatives. In an attempt to effect fission by a 


S$ CMe, 
(IX.) Hols JO H caaNrn (X.) 


method in which the possibility of oxidation was excluded, 4-hydroxy- 
dimethylphthalide was heated with aniline to 300°. A nearly 
quantitative yield of 4-hydroxy-N-phenyl-««-dimethylphthalimidine 
(X) resulted: the same compound was also obtained by heating 
with aniline and aniline hydrochloride to 210° (compare Emmert 
and Meyer, Ber., 1921, 54, 210). 


EXPERIMENTAL. 


Nitrocannabinolactone (oxycannabin), prepared according to 
the directions of Wood, Spivey, and Easterfield (/oc. cit.), had the 
properties described by these authors (Found +: C, 59-8, 59-6; 
H, 5-1, 5-0; N, 6-6, 6-55; M, in camphor, 206, 196, 203, 212. Cale. 
for C,,H,,0,N : C, 60-0; H,5-0; N,6-35%; M,221). The working 
up of the hashish-used for this preparation will be described in a later 
communication. 

Aminocannabinolactone.—The following modification of Wood, 
Spivey, and Easterfield’s method of preparation is more convenient 
and gives an improved yield. Red phosphorus (5 g.) was added to 
a solution of nitrocannabinolactone (9 g.) in glacial acetic acid 
(36 c.c.) and hydriodic acid (27 c.c., d 1-7), and the whole heated 
under reflux for 2—3 hours. The solution was diluted with water 
(300 c.c.) and filtered hot into a hot solution of sodium hydroxide 
(34 g.) in water (500 c.c.). The weakly acid solution was again 
filtered hot from a small amount of gummy impurity, which was 
washed with boiling water. On cooling, aminocannabinolactone 
(5-3 g.) separated as an oil which at once crystallised when seeded 
and was quite pure, m. p. 120° (Wood, Spivey, and Easterfield give 
m. p. 119°). By concentration of the mother-liquor (charcoal) a 
further quantity (0-5 g.) was obtained, m. p. 117—118° (total yield, 
74-5°% of the theoretical). 


* Named 5-aminodimethylphthalide by these authors, who start numbering 
from the carbonyl group. 

+ All analyses marked thus are microanalyses by Dr. Ing. A. Schoeller of 
Berlin. 
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Hydroxycannabinolactone (1V).—When potassium nitrite (2-54 g. 
in a little water) was added to a cold solution of aminocannabino- 
lactone (5-7 g.) in 20% sulphuric acid (110 c.c.), and the mixture 
subsequently warmed on the water-bath until evolution of gas 
ceased, hydroxycannabinolactone separated in quantitative yield as 
an apricot-coloured powder. Recrystallised from aqueous alcohol 
or, better, from benzene, it formed pale yellow needles, m. p. 198— 
199° (Foundt: C, 685; H, 63. C,,H,,0, requires C, 68-7; 
H, 6-3%). The colour cannot be removed by ordinary methods, 
but the substance was recovered quite colourless from low-tem- 
perature potash fusions. Hydroxycannabinolactone dissolves 
immediately in cold sodium hydroxide and slowly in sodium bicarb- 
onate solutions (to give bright yellow solutions, if the coloured 
substance is used), and is precipitated unchanged on acidification. 
An alcoholic solution does not, however, evolve carbon dioxide on 
treatment with sodium bicarbonate solution. Acetylation by 
acetic anhydride was not satisfactory, but acetoxycannabinolactone 
was readily obtained by addition of acetyl chloride to an ice-cold 
solution of the substance in pyridine and subsequent treatment with 
water. It crystallised from a little alcohol in colourless needles, 
m. p. 93° (Found f: C, 66-3; H, 6-1. C,,H,,0O, requires C, 66-6; 
H, 6-0%). 

Methoxycannabinolactone.—On shaking a solution of hydroxy- 
eannabinolactone (0-9 g.) in 8% sodium hydroxide solution with 
methyl sulphate (20 c.c., added in portions), a homogeneous solution 
was obtained, from which methoxycannabinolactone was precipitated 
on acidification. It crystallised from methyl alcohol in colourless 
prisms, m. p. 182° [Foundt: C, 69-6; H, 69; MeO, 14-1. 
C,,H,,0,(OMe) requires C, 69-9; H, 6-8; MeO, 15-05%]. 

Once precipitated, the methoxy-compound is insoluble in sodium . 
hydroxide solution, and the phthalide ring is only slowly opened ; 
é.g., after the methoxy-compound (0-3 g.) had been refluxed with 
10°, aqueous-alcoholic potassium hydroxide solution (1:1) for 
1 hour, addition of water precipitated 0-1 g. which had not under- 
gone ring fission, the remainder being precipitated on acidification 
(compare Tasman, loc. cit.). As the methoxy-compound, when first 
formed, remained dissolved in the alkaline solution, it must have 
been formed aS OH-CMe,°C,H,Me(OMe)-CO-O-. Whence it follows 
that the dimethylphthalide ring of the hydroxy-compound is opened 
on solution in cold alkali, and that the doubts of Tasman, who did 
not investigate hydroxy-compounds, as to the quinonoid structure 
of phenolphthalein compounds are unfounded. 

Methoxycannabinolactone was also obtained by heating the 
hydroxy-compound in benzene solution with methyl iodide and 











Taye Coe gee ise 





990 CAHN: CANNABIS INDICA RESIN. PART I. 


freshly prepared silver oxide, and by heating the silver salt with 
methyl iodide in benzene. 

Fusion of Hydroxycannabinolactone.—The lactone (1 g.) was 
added during 8 minutes to molten potassium hydroxide at 290— 
300°, this temperature being maintained for a further 10 minutes. 
The cooled melt was dissolved in water, acidified, and then made 
alkaline with sodium bicarbonate. Extraction with ether removed 
a small amount of cresol and unchanged phthalide. Re-acidification 
of the alkaline liquid and extraction with ether yielded impure 
6-hydroxy-m-toluic acid, which after recrystallisation from water 
formed needles containing 4H,O of crystallisation (Found: H,0, 
5-95, 6-4. Cale. for C,H,0,,4H,O0: H,O, 5-6%). When dried, it 
melted at 172—173° (Found: C, 63-45; H, 5-25. Calc. for 
C,H,O,: C, 63-15; H, 53%). Yield after one crystallisation, 
0-3 g. The acid gave no colour with ferric chloride solution. 

The distillate from a similar fusion was collected under water and 
gave positive results with the following tests for acetone : iodoform, 
sodium nitroprusside—alkali—acetic acid, Denigés’s test. 

Oxidation of Nitrocannabinolactone.—4°, Potassium permangan- 
ate solution was added in portions of 1 c.c. to a solution of nitro- 
cannabinolactone (0-47 g.) and sodium hydroxide (1 g.) in water 
(15 c.c.) heated on the water-bath. Decolorisation, at first complete 
in 15 seconds, grew progressively slower until, when 16-4 c.c. 
(3 atoms of oxygen) had been added, 20 minutes were required. 
Thereafter, decolorisation was.exceedingly slow, and on addition 
of a further 5-5 c.c. (1 atom of oxygen) and continued heating for 
1 hour, very little reduction took place. After cooling, excess of 
sodium bisulphite and hydrochloric acid were added, which pre- 
cipitated a rapidly crystallising gum. Recrystallised from water, 
it formed plates (0-2 g.), m. p. 227—-229° (Wood, Spivey, and Easter- 
field give the melting point of cannabinolactonic acid as 229—230°). 

4 - Hydroxy - ««-dimethylphthalide (1X).—4-Aminodimethyl- 
phthalide (Teppema, loc. cit.; Tasman, loc. cit.) was prepared (a) by 
the method described above for aminocannabinolactone, the pure 
compound crystallising (m. p. 117°) in 78% yield, or (b) by suitable 
modification of West’s method (J., 1925, 127, 494), in 70% yield. 
For transformation into the hydroxy-compound the following 
conditions should be adhered to, deviations leading to much reduced 
yields. 4-Aminodimethylphthalide (8-85 g.) in water (100 c.c.) 
and concentrated sulphuric acid (10 c.c.) was diazotised at 10° by 
potassium nitrite (4-25 g. in a little water), and the cooled solution 
dropped slowly into boiling, mechanically stirred 1%, sulphuric acid 
(500 c.c.). Boiling and stirring were continued for a further 2 hours 
and the solution was then filtered hot from a little tar. On standing 
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in the ice-chest, 4-hydroxy-x«-dimethylphthalide (6-9 g.; 78% of 
the theoretical yield) was deposited in pale yellow crystals. It 
separated from benzene in very pale yellow crystals, m. p. 149—150° 
(Found: C, 67-5; H, 5-8. Cy9H 90, requires C, 67-4; H, 5-7%). 
The substance was purified beyond this point only with difficulty, 
but was recovered from low-temperature potash fusions quite 
colourless and melting at 152°. 

The acetyl derivative was prepared by the pyridine and acetyl 
chloride method, and crystallised from dilute acetic acid; it melted 
at 84°. 

When the hydroxy-compound (0-5 g.), dissolved in 10% sodium 
hydroxide solution (20 c.c.), was shaken with methyl sulphate 
(3 c.c.), added in portions, a homogeneous solution was obtained, 
from which on acidification 4-methoxydimethylphthalide was pre- 
cipitated; after being washed with dilute alkali (in which it was 
now insoluble) and recrystallised from aqueous methyl alcohol, it 
melted at 100° (Found: C, 68-5; H, 64. ©C,,H,,.0, requires 
C, 68-7; H, 6-3%). 

4-Hydroxydimethylphthalide can be distilled in a vacuum and is 
unaffected by prolonged boiling with concentrated hydrochloric 
acid, 50% (by weight) sulphuric acid, or by fusion with potassium 
hydroxide below ca. 250°. On fusion with potassium hydroxide for 
10 minutes at 280—300°, acetone, m-hydroxybenzoic acid, and 
some phenol were obtained. 

4-Hydroxy-N-phenyl-a«-dimethylphthalimidine (X).—4-Hydroxy- 
dimethylphthalide (2 g.) and aniline (10 c.c.) were heated for 2 hours 
at 300°. The violet liquid obtained was diluted with ether, and 
the aniline removed by dilute acid. The 4-hydroxy-N-phenyl-a«- 
dimethylphthalimidine, which was only partly dissolved in the ether, 
was shaken into dilute sodium hydroxide solution and obtained on 
acidification as a pale blue powder. It crystallised from a little 
ethyl aleohol with one molecule of water of crystallisation (Found : 
C, lost; H, 6-3; H,O, 6-5. C,,H,,0O,N,H,O requires H, 6-3; H,O, 
66%); or, better, from methyl alcohol, from which it formed 
colourless pseudo-rhombic crystals (showing well-developed domal 
faces), containing one molecule of methyl alcohol of crystallisation 
(Found : MeOH, 11-7; C, 71-4; H, 6-8. Found in dried material : 
C, 76-05; Hy 6-1. C,,H,,O,N,MeOH requires C, 71-6; H, 6-7; 
MeOH, 11-2%. ©,,H,,O,N requires C, 75-85; H, 60%). Both 
erystalline forms and the anhydrous material melt at 214—215°. 

The same substance was formed on heating 4-hydroxydimethyl- 
phthalide (1 g.) with aniline (5 c.c.) and aniline hydrochloride (5 g.) 
for 2 hours at 210° (but not on refluxing with aniline alone). In 
this case, however, considerably more of the coloured impurity 
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(possibly the phenylimide of X) was formed, On distillation with 
soda-lime, aniline was evolved in quantity. 

The acetory-derivative was prepared (a) from the crystallised 
material by warming on the water-bath for 1 hour with ten times 
the quantity of acetic anhydride, and (b) from the dried material 
by the pyridine and acetyl chloride method. After crystallisation 
from methyl alcohol, both specimens, alone or mixed, melted at 
219° (Found: C, 73:3; H, 5-9. C,gH,,0,N requires C, 73-2; H, 
58%). Mixed with the hydroxy-compound, the substance melted 
from 174° to 198°. 

3 : 5-Dibromo-4-hydroxy-««-dimethylphthalide-—When bromine 
(0-9 g.) in a little acetic acid was gradually added to 4-hydroxy- 
dimethylphthalide (0-5 g.) in 50% acetic acid (10 c.c.), and the 
mixture kept for 30 minutes, 3 : 5-dibromo-4-hydroxy-aa-dimethyl- 
phthalide (0-72 g.; 76% yield) separated. Recrystallised from 50% 
acetic acid, it formed plates with one molecule of water of crystal- 
lisation, which did not melt sharply. When dried, it melted at 125° 
(Found: H,O, 5-2. Found in dried material: Br, 47-6, 
C,9H,O,Br,,H,0 requires H,O, 5-1%. CyH,O,Br, requires Br, 
476%). 


The author is very greatly indebted to Professor Sidney Smith, 
late Director of the Medico-Legal Section, Ministry of Justice, 
Cairo, for a supply of hashish, which enabled this investigation to 
be undertaken. 


Tue EGyptTian UNIVERSITY, 
ABBASSIA, CAIRO. (Received, February 27th, 1930.] 





CXXII.—The Preparation of Secondary Alkylaryl- 
- amines and their Purification. 


By Witrrep JouN HickINBoTToM. 


THE isolation of the pure secondary amine from the products of 
interaction of an alkyl halide and a primary arylamine can be 
economically and conveniently accomplished by the following 
process. The alkyl bromide is heated with an excess (usually 24— 
4 mols.) of the primary aromatic amine. The tendency for the alkyl 
halide to yield tertiary amine is thus repressed and the product 
consists almost entirely of the secondary amine and the excess of 
the primary amine combined with the hydrogen bromide liberated 
in the reaction. The separation of the primary and secondary 
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amines ‘is effected by Morgan’s method (E.P. 102,834, 1916) de- 
pending on the formation of sparingly soluble additive compounds 
of zine chloride and aniline or its homologues of the general formula 
B,,ZnCl,. The alkylanilines do not form compounds with zinc 
chloride in the presence of water (compare Reilly and Hickinbottom, 
J., 1920, 147, 127). 

It has now been found that the excess of aniline or m-xylidine 
can be completely precipitated by the addition of a 50% solution 
of zine chloride to the mixture of amines liberated from the product 
of the reaction between the primary amine and the alkyl halide; 
the uncombined secondary amine is isolated by draining the pre- 
cipitated zincichloride and extracting with light petroleum. The 
yield of secondary amines thus obtained from n-propyl, isopropyl, 
and »-butyl bromides was upwards of 70% of the theoretical, 
calculated on the weight of the alkyl halide; frequently it was of 
the order of 75—85%. Further purification to remove small 
quantities of tertiary amines consisted in converting the crude 
secondary amine into its hydrobromide and crystallising this from 
alcohol (for n-butylaniline hydrobromide, benzene is a better 
solvent). Another method, also employed for ethyl-, n-propyl-, 
and isopropyl-anilines, was to prepare the acetyl derivative, which 
after distillation and crystallisation yielded the pure secondary 
amine on hydrolysis. 

The yield of isobutylaniline obtained by the method now det 
scribed was always small (30—40%). This is due, in part at least, 
to the presence of tert.-butyl bromide in the isobutyl bromide. 
According to Michael, Scharf, and Voigt (J. Amer. Chem. Soc., 
1916, 38, 653) this is a normal impurity in isobutyl bromide, and 
one very difficult to remove. It does not, however, affect the 
purity of the isobutylaniline, as the tertiary bromide yields butylene 
when warmed with aniline (compare Nef, Annalen; 1899, 309, 164 . 


EXPERIMENTAL. 


n-Propylaniline.—Aniline (230 g.; 24 mols.) was heated with 
n-propyl bromide (1 mol.) under reflux in a boiling water-bath for 
5 hours, the product was rendered alkaline, and the amines were 
separated and treated with a solution of 150 g. of zinc chloride in 
150 g. of water. The mixture, when cooled and stirred, was rapidly 
converted into a thick paste which, after 12 hours, was drained on a 
large Buchner funnel, washed with cold water, pressed to remove 
as much as possible of the water, and extracted several times with 
boiling light petroleum. The extracts were combined, washed 
with water and with dilute aqueous ammonia, and dried over 
potassium carbonate. Removal of the solvent left n-propylaniline, 
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which was obtained almost pure after two distillations: yield, 
94-5 g. (70%); b. p. 218—222°. A further quantity (10 g.), collected 
between 222° and 230°, contained an appreciable amount of the 
tertiary amine. 

A very convenient method of preparing aceto-n-propylanilide 
consisted in distilling equal weights of the secondary amine and 
acetic anhydride: the distillate collected between 240° and 265° 
and once crystallised from light petroleum was pure aceto-n-propyl- 
anilide, m. p. 48—49°. 

isoPropylaniline, b. p. 206—208° (yield, 73%), was prepared in 
the same way from aniline and isopropyl bromide and freed from 
traces of tertiary amine by conversion into its acetyl derivative, 
m. p. 42°, and subsequent hydrolysis. 

n-Butylaniline.—Aniline (130 g.) and n-butyl bromide (70 g.), 
heated in a boiling water-bath for 3 hours, gave, after removal of 
the excess of aniline by Morgan’s method, approximately pure 
n-butylaniline (57 g.; yield, 75%). After purification through 
the hydrobromide, the amine had b. p. 235—-235-5°/744 mm. (yield, 
38 g.; 50%). A further quantity was obtained by fractional 
crystallisation of the mother-liquor of the hydrobromide. 

isoButylaniline.—isoButyl bromide (prepared by heating iso- 
butyl alcohol with concentrated hydrobromic acid: it contained 
some tert.-butyl bromide) (120 g.) was heated with aniline (24 mois.) 
m a boiling water-bath for 2 hours, and the excess of aniline sub- 
sequently removed as described above. The crude isobutylaniline 
gave the following fractions on distillation : 225°, 9 g.; 225—227°, 
26 g.; 227—231°, 20 g. 

Pure isobutylaniline was obtained by converting the crude 
product into hydrobromide by the addition of concentrated hydro- 
bromic acid, crystallising the salt from absolute alcohol, and de- 
composing it with aqueous sodium hydroxide. The amine was 
characterised by its p-toluenesulphonyl derivative, which crystallised 
from alcohol in slender prismatic needles, m. p. 122—123° (Found : 


N, 4:7. C,,H,,0,NS requires N, 46%). 
The author desires to thank Mr. R. G. Ault and Mr. 8. E. A. Ryder 
for their assistance in the experimental work. 


Tue Universrry or BIRMINGHAM, 
EDGBASTON. [Received, March 8th, 1930.] 
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CXXIII.—Atiempts to prepare Cyanine Dyes from 
Quaternary Salts of 2-Methylacenaphthpyridine and 
of 5-Methylacridine. 

By Frances Mary Hamer. 


WITH any class of dye, there is a tendency for increase in molecular 
weight to be accompanied by a shift of the absorption bands towards 
the red end of the spectrum. Where the dyes are photographic 
sensitisers, there is a corresponding shift of the maxima of extra- 
sensitisation. Dyes which sensitise further into the red should 
therefore be obtainable by replacing the nuclei of known sensitisers 
by heavier nuclei. An example of the shift which occurs with 
increase in molecular weight is afforded by comparison of pina- 
eyanol (I), for which the maximum of the chief sensitising band 
lies at 2 6375 A., with the carbocyanine (IT), which has its sensitising 
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maximum at 2 6900 A. (Mees and Gutekunst, J. Ind. Eng. Chem., 
1922, 14, 1060). So ok, the cyanine dyes recently prepared from 
quaternary salts of methyl-«- and -8-naphthathiazoles show absorp- 
tion further towards the red than the corresponding dyes prepared 
from salts of methylbenzthiazole, the shift being greater with the 
thiocarbocyanines, where two benzthiazole nuclei are replaced by 
two naphthathiazole nuclei, than with the thio-4-cyanines, where 
there is only one such replacement (Hamer, J., 1929, 2598). In 
this connexion it seemed of interest to prepare quaternary salts of 
2-methylacenaphthpyridine (III) and of 5-methylacridine (IV) in 
order to see whether such salts would give rise to cyanine dyes and, 
if so, to examine the photographic properties of the latter. 





2-Methylacenaphthpyridine has been prepared from 3-amino- 
acenaphthene. Sachs and Mosebach’s original method for reducing 
3-nitroacenaphthene (Ber., 1911, 44, 3855), used also by Stewart 
(J., 1925, 1427, 1331), has been said by Fleischer and Schranz to 
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which was obtained almost pure after two distillations: yield, 
94-5 g. (70%); b. p. 218—222°. A further quantity (10 g.), collected 
between 222° and 230°, contained an appreciable amount of the 
tertiary amine. 

A very convenient method of preparing aceto-n-propylanilide 
consisted in distilling equal weights of the secondary amine and 
acetic anhydride: the distillate collected between 240° and 265° 
and once crystallised from light petroleum was pure aceto-n-propyl- 
anilide, m. p. 48—49°. 

isoPropylaniline, b. p. 206—208° (yield, 73%), was prepared in 
the same way from aniline and isopropyl bromide and freed from 
traces of tertiary amine by conversion into its acetyl derivative, 
m. p. 42°, and subsequent hydrolysis. 

n-Butylaniline.—Aniline (130 g.) and n-butyl bromide (70 g.), 
heated in a boiling water-bath for 3 hours, gave, after removal of 
the excess of aniline by Morgan’s method, approximately pure 
n-butylaniline (57 g.; yield, 75%). After purification through 
the hydrobromide, the amine had b. p. 235—-235-5°/744 mm. (yield, 
38 g.; 50%). A further quantity was obtained by fractional 
crystallisation of the mother-liquor of the hydrobromide. 

isoButylaniline.—isoButyl bromide (prepared by heating iso- 
butyl alcohol with concentrated hydrobromic acid: it contained 
some tert.-butyl bromide) (120 g.) was heated with aniline (24 mols.) 
m a boiling water-bath for 2 hours, and the excess of aniline sub- 
sequently removed as described above. The crude isobutylaniline 
gave the following fractions on distillation : 225°, 9 g.; 225—227°, 
26 g.; 227—231°, 20 g. 

Pure isobutylaniline was obtained by converting the crude 
product into hydrobromide by the addition of concentrated hydro- 
bromic acid, crystallising the salt from absolute alcohol, and de- 
composing it with aqueous sodium hydroxide. The amine was 
characterised by its p-toluenesulphonyl derivative, which crystallised 
from alcohol in slender prismatic needles, m. p. 122—123° (Found : 
N, 4:7. C,,H,,0,NS requires N, 46%). 


The author desires to thank Mr. R. G. Ault and Mr. 8. E. A. Ryder 
for their assistance in the experimental work. 


Tue Universtry or BimMINGHAM, 
EDGBASTON. [Received, March 8th, 1930.] 
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CXXIII.—Atiempis to prepare Cyanine Dyes from 
Quaternary Salts of 2-Methylacenaphthpyridine and 
of 5-Methylacridine. 


By Frances Mary Hamer. 


WITH any class of dye, there is a tendency for increase in molecular 
weight to be accompanied by a shift of the absorption bands towards 
the red end of the spectrum. Where the dyes are photographic 
sensitisers, there is a corresponding shift of the maxima of extra- 
sensitisation. Dyes which sensitise further into the red should 
therefore be obtainable by replacing the nuclei of known sensitisers 
by heavier nuclei. An example of the shift which occurs with 
increase in molecular weight is afforded by comparison of pina- 
eyanol (I), for which the maximum of the chief sensitising band 
lies at 2 6375 A., with the carbocyanine (II), which has its sensitising 
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maximum at 2 6900 A. (Mees and Fee J. Ind. Eng. Chem., 
1922, 14, 1060). So why the cyanine dyes recently prepared from 
quaternary salts of methyl-«- and -8-naphthathiazoles show absorp- 
tion further towards the red than the corresponding dyes prepared 
from salts of methylbenzthiazole, the shift being greater with the 
thiocarbocyanines, where two benzthiazole nuclei are replaced by 
two naphthathiazole nuclei, than with the thio-y-cyanines, where 
there is only one such replacement (Hamer, J., 1929, 2598). In 
this connexion it seemed of interest to prepare quaternary salts of 
2-methylacenaphthpyridine (III) and of 5-methylacridine (IV) in 
order to see whether such salts would give rise to cyanine dyes and, 
if so, to examine the photographic properties of the latter. 
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2-Methylacenaphthpyridine has been prepared from 3-amino- 
acenaphthene. Sachs and Mosebach’s original method for reducing 
3-nitroacenaphthene (Ber., 1911, 44, 3855), used also by Stewart 
(J., 1925, 427, 1331), has been said by Fleischer and Schranz to 
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give only a 20% yield, the chief product being the sodium salt of 
N-acenaphthyl-3-sulphaminic acid (Ber., 1922, 55, 3253); their 
observation that this salt remains in solution was not confirmed. 
Their method of preparation (see also Morgan and Stanley, J. Soc. 
Chem. Ind., 1924, 43, 3437) was adopted, with very slight modi- 
fication. The preparation, from 3-aminoacenaphthene, by the 
action of paraldehyde and hydrochloric acid, of 2-methylacenaphth- 
pyridine has been described by Nair and Simonsen (J., 1926, 3140). 
But as they proceed, without removal of the tar which accompanies 
the condensation product, to treat the reaction mixture with 
alkali, modification was required. Comparative experiments 
showed the large excess of paraldehyde and of hydrochloric acid 
to be unnecessary, as also is the protracted time of heating. 

The methiodide of 2-methylacenaphthpyridine was prepared, but 
similar conditions gave only a trace of the corresponding ethiodide. 
The methiodide condenses with p-dimethylaminobenzaldehyde and 
with p-nitrosodimethylaniline : as in analogous cases (Hamer, J., 
1924, 125, 1348; 1929, 2598), the former product (V) is a sensitiser 
and the latter (VI) a desensitiser. 2-Methylacenaphthpyridine 


I, Me I, Me 
N N 
H, \-cHcH, HO” YY Scan, 
H,C- CO) HC—\ A _} } 
(V.) NMe, (VI.) NMe, 


methiodide reacts with quinoline methiodide or ethiodide to give 
an isocyanine (VII) and with 2-iodoquinoline methiodide or ethiodide 
to give a 4-cyanine (VIII), the latter condensation proceeding better 
in aqueous solution than in the more generally applicable alcoholic 


-CH 





: YO 

(VII.) R (VITT.) 
solution (compare Hamer, J., 1928, 206). Comparison of the 
absorption bands of these new cyanines, in alcoholic solution, with 
those of the parent dyes reveals a shift of 150 A. towards the red. 
Mr. O. F. Bloch found the compounds to be photographic sensitisers, 
but of no outstanding merit. It is remarkable, in view of its reac- 
tivity, that 2-methylacenaphthpyridine methiodide does not yield 
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a carbocyanine by the ethyl orthoformate and pyridine method 
(Hamer, J., 1927, 2796); the use of acetic anhydride as solvent is 
no more successful. 

5-Methylacridine has previously been prepared from dipheny]l- 
amine by the action of acetonitrile or acetic acid (Bernthsen, 
Annalen, 1878, 192, 29; Fischer and Rudolph, Ber., 1882, 15, 
1500; Besthorn and Fischer, Ber., 1883, 16, 68; Bernthsen and 
Bender, ibid., p. 1802; Fischer, ibid., p. 1820; Bernthsen, Annalen, 
1884, 224, 1). In the present work, however, it was prepared from 
acetyldiphenylamine, by heating it with zinc chloride in a sealed 
tube; it was conveniently isolated as its tartrate, by Koenigs’ 
method (Ber., 1899, 32, 3599). 

5-Methylacridine methiodide has been prepared by Bernthsen 
(Annalen, 1884, 224, 1), by Decker (Ber., 1905, 38, 2493), by Freund 
and Bode (Ber., 1909, 42, 1746), and by Kaufmann and Albertini 
(Ber., 1911, 44, 2052). Except for the statement of the last-named 
authors, that the dust of the methiodide attacks the breathing 
organs, there is no reference to the strong sternutatory action which 
is the most striking characteristic of this salt. 

Now the reactivity of the methyl group in 5-methylacridine 
itself is manifested by its condensation with (a) chloral (Bernthsen 
and Muhlert, Ber., 1887, 20, 1541), (b) benzaldehyde and its m- 
and p-nitro-derivatives (Friedlander, Ber., 1905, 38, 2840; Porai- 
Koschitz, Z. Farb. Text.-ind., 1907, 6, 291), (c) p-nitrosodimethyl- 
aniline (Kaufmann and Vallette, Ber., 1912, 45, 1736), and 
(d) formaldehyde (Koenigs, loc. cit.; Homberger and Jensen, 
J. Amer. Chem. Soc., 1926, 48, 800). Since the quaternary salts 
of a base containing a reactive methyl group are, in general, more 
reactive than is the base itself (Mills and Smith, J., 1922, 121, 
2724), it was both surprising and interesting to obtain a series of 
negative results in the case of 5-methylacridine methiodide. For 
instance, it did not react (a) with ethyl orthoformate in the presence 
of pyridine to give a carbocyanine, (b) with quinoline methiodide 
in aqueous-alcoholic solution, under the influence of sodium hydr- 
oxide, to give an isocyanine, (c) with p-dimethylaminobenzaldehyde, 
in absolute alcoholic solution and in the presence of piperidine, or 
(d) with p-nitrosodimethylaniline, under similar conditions. (e) An 
attempt to-gffect condensation between it and 2-iodoquinoline 
methiodide by the normal procedure, absolute alcohol being used as 
solvent and potassium hydroxide as condensing agent (Hamer, 
J., 1928, 206), also gave a negative result. But when water was 
employed as the solvent medium, condensation between 5-methyl- 
acridine methiodide and 2-iodoquinoline methiodide or ethiodide 
took place. Although these new dyes (IX) may be regarded as 
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derived from the simple isocyanine (X), their absorption spectra 
are of a different character, showing one broad band, with an ill- 


RA RA 
MeN -cH-Z MeN: -cH-7 » 
(IX.) (X.) 


defined maximum, whereas the latter has two well-marked, relatively 
narrow bands. The maximum of this broad band is in approximately 
the same position as that of the chief band of the parent isocyanine, 
instead of showing the expected shift towards the red. Both the 
new dyes are entirely devoid of sensitising properties. 


EXPERIMENTAL. 


3-Aminoacenaphthene.—A mixture of 3-nitroacenaphthene (40 g.) 
with spirit (400 c.c.) and water (200 c.c.) was boiled in a flask (3 1. 
capacity). It was removed from the water-bath for the addition 
of sodium hydrosulphite (100 g.) in three portions, reaction occurring 
at each addition. After 15 minutes’ boiling, the spirit was distilled 
off and the residue treated with water (500 c.c.) and boiled. When 
cold, the solid was filtered off, ground to a paste with water, and 
hydrolysed by heating on the water-bath with concentrated hydro- 
chloric acid (300 c.c.) and water (1200 c.c.). The violent. bumping, 
which occurs on boiling, does not take place on the water-bath, and 
the isolation of the solid before hydrolysis has the advantage of 
avoiding the copious evolution of sulphur dioxide, caused by addition 
of the acid to the reaction mixture, both these being points whereby 
the earlier method has been modified. The liquid was filtered hot, 
to remove a little black matter, and the filtrate was made alkaline 
with ammonia. The yield of base, after washing with water and 
drying, was 63—64%, and, after recrystallisation from petrol, 
49—53%. M. p. 107°. 

2-Methylacenaphthpyridine.—3-Aminoacenaphthene (40 g. ; 1 mol.) 
was treated with hydrochloric acid (d 1:19; 40 c.c.) and paraldehyde 
(26 c.c.; 2-5 mols.). The flask was cooled with water in order to 
abate the violence of the reaction, which occurs without the applica- 
tion of external heat. Finally it was heated on the water-bath for 
4-hour and water (1 1.) was added. When cold, the mixture was 
filtered from tar, and the filtrate and washings were treated with 
excess of ammonia. The aqueous liquid was poured off from the 
semi-solid base and the latter was twice extracted with hot 10% 
sulphuric acid (80 + 40 c.c.), the extract being filtered hot. The 
yellow sulphate, which slowly crystallised from the filtrate, was 
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collected, washed with acetone (31-9 g. obtained), dissolved in hot 
water, and treated with ammonia. The crude base (20-3 g.) was 
obtained in 39% yield and after recrystallisation from spirit the 
yield (15-2 g.) was 29%. M. p. 131°, as recorded by Nair and 
Simonsen (loc. cit.). 

2-Methylacenaphthpyridine Methiodide. — 2-Methylacenaphth- 
pyridine (10 g.) and methyl iodide (10 c.c.) were heated in a sealed 
tube at 100° for 2 days. The product was extracted with ether; 
the undissolved residue (12-8 g.; 78% yield) separated from spirit 
in orange crystals (62% yield), m. p. about 212°. A specimen was 
dried in a vacuum desiccator before analysis, the method of Carius 
being used in this, and in all subsequent halogen determinations, 
except where otherwise stated (Found : I, 35-0. C,,H,,NI requires 
I, 35-2%). 

2-p-Dimethylaminostyrylacenaphthpyridine Methiodide (V).— 
2-Methylacenaphthpyridine methiodide (3 g.; 1 mol.) and p-di- 
methylaminobenzaldehyde (1:24 g.; 1 mol.), dissolved in hot 99% 
spirit (300 c.c.), were tréated with piperidine (0-5 c.c.) and the 
mixture was boiled for 5 hours. The solid was filtered off when 
cold, and the filtrate concentrated to 4 volume in order to obtain 
a second crop (total yield, 2-9 g.). The product was twice boiled 
out with methyl alcohol (2 x 50 c.c.), and the undissolved residue 
recrystallised from spirit (750 c.c.). The methiodide (V) (24% yield) 
was again recrystallised and was dried for analysis in a vacuum at 
100—120° (Found: I, 25-5. C,,H,;N,I requires I, 25-8%). The 
green crystals melt at 224° (decomp.). The spirit solution has a 
wide absorption band with its maximum at about 15200 A. A 
plate bathed in this solution acquires a feeble extra sensitivity, 
extending to 27100 A., but the dye is less effective when added to 
the emulsion. 

p-Dimethylaminoanil of Acenaphthpyridine-2-aldehyde Methiodide 
(VI).—2-Methylacenaphthpyridine methiodide (3 g.; 1 mol.) and 
p-nitrosodimethylaniline (1-25 g.; 1 mol.) were boiled in absolute 
alcoholic solution (50 ¢.c.), with addition of piperidine (2 drops), 
for 6 hours. The product (3-2 g.; 78% yield) was recrystallised 
from methyl alcohol (1500 c.c.; 2-05 g. obtained; 50% yield). 
After a second recrystallisation the olive-green crystals, m. p. 195° 
(decomp.), were dried for analysis in a vacuum at 60—80° (Found : 
I, 25-4. C,;H,,N,I requires I, 25-7%). The compound desensitises 
photographic plates more powerfully than does safranine, but is 
of no practical use because its desensitising action is destroyed by 
the sulphite and carbonate of the developer. 

isoCyanine (VII) from 2-Methylacenaphthpyridine Methiodide and 
Quinoline Methiodide—2-Methylacenaphthpyridine methiodide 
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(6 g.; 1 mol.) and quinoline methiodide (9-0 g.; 2 mols.) were 
boiled with absolute alcohol (300 c.c.) and the mixture was treated 
with sodium (0-46 g.; 1-2 mols.), dissolved in absolute alcohol 
(30 c.c.), and then boiled for 15 minutes. The solid (5-5 g.), which 
separated on cooling, was twice boiled out with methyl alcohol 
(50 + 100 c.c.), and the undissolved residue was recrystallised from 
methyl alcohol. The small green crystals (1:17 g.; 14% yield) 
obtained from this third fraction were again recrystallised from 
methyl alcohol (200 c.c.; 0-83 g. obtained; 10% yield). The 
isocyanine was dried in a vacuum at 60—80° (Found: C, 64-2; 
H, 5-0; I, 25-1. C,,H,,N,I requires C, 64:5; H, 46; I, 25-3%),. 
When it is heated, a change occurs between 160° and 170° and, if 
heating is rapid, the dye even melts; if slowly heated, melting with 
decomposition occurs between 220° and 240°, the exact point 
depending upon the rate of rise of temperature. The chief absorp- 
tion band of the spirit solution has its maximum at 45750 A., and 
there is another maximum at 25400 A. A plate bathed in -the 
solution shows a very uniform band of extra sensitisation, extending 
to 2 6800 A. for moderate exposures and with maxima at 2 6100 A. 
and 2 5400 A. 

isoCyanine from 2-Methylacenaphthpyridine Methiodide and 
Quinoline Ethiodide.—Similarly, 2-methylacenaphthpyridine meth- 
iodide (6 g.) was condensed with quinoline ethiodide (9-47 g.) and 
the resultant dye (4-85. g.) was extracted with ether. The undis- 
solved residue (4:5 g.) was boiled with insufficient methyl alcohol 
(50 c.c.) to dissolve it; the residue was recrystallised from methyl 
alcohol (200 c.c.), giving green crystals, m. p. about 217° (decomp.), 
in 16% yield (1-39 g.). They were dried for analysis in a vacuum 
at 100—110° (Found: I, 24-7. C,,H,,N,I requires I, 246%). 
The chief absorption band of the spirit solution lies at 4 5850 A. 
and the secondary one at 15400 A. The sensitising action con- 
ferred on a plate bathed in a solution of the dye extends to 2 6600 A., 
and is not quite so uniform as that of the preceding compound, 
showing a distinct gap at 25000 A. One maximum, at 2 6050 A., 
is more strongly marked than the other, which is at 4 5500 A. 

~-Cyanine (VIII) from 2-Methylacenaphthpyridine Methiodide and 
2-Iodoquinoline Methiodide——Crude 2-iodoquinoline methiodide 
(8 g.; 1 mol.) was added to boiling water (500 c.c.), and a little 
undissolved periodide filtered off. 2-Methylacenaphthpyridine 
methiodide (7:27 g.; 1 mol.) was added, followed by an aqueous 
solution (40 c.c.) of potassium hydroxide (3-0 g.; 2-4 mols.), and 
boiling was continued for 5 minutes. The resultant solid was 
purified by boiling out with water and the residue (3:8 g.) was 
extracted with ether in a Soxhlet apparatus. The undissolved 
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residue (3-6 g.) was recrystallised from methyl alcohol (750 c.c.; 
2-1 g. obtained; 21% yield). After a second recrystallisation 
from methyl alcohol (400 c.c. for 1-9 g., giving 1-2 g.; 13% yield), 
the 4-cyanine was dried in a vacuum at 60—80° (Found : I, 24-9. 
C,7H.,N,I requires I, 25-3). The compact bronze crystals melt 
at 236° (decomp.). With a spirit solution, the chief absorption 
band has its crest at 25400 A.: the second band, which is almost 
as strong, has its crest at 15100 A. On bathing plates, a band of 
extra sensitisation is conferred, extending to 2 6400 A. for moderate 
exposures, and with its maximum at 2.5700 A. 

¢-Cyanine from 2-Methylacenaphthpyridine Methiodide and 2-Iodo- 
quinoline Ethiodide.—From 2-iodoquinoline ethiodide (4 g.) and 
2-methylacenaphthpyridine methiodide (3-51 g.), the y-cyanine, 
similarly precipitated by the action of potassium hydroxide, was at 
first obtained in the form of a tar, which improved during boiling 
and hardened when cold. It was extracted with hot water and the 
residue (2-44 g.) was extracted with ether in a Soxhlet apparatus. 
That residue (2-33 g.) was recrystallised from methyl alcohol (200 
c.c.;. 1:32 g. obtained; 26% yield).. It was dried for analysis in a 
vacuum at 100—110° (Found: I, 24-4. C,,H,,;N,I requires I, 
24-6%). The dye forms small. brownish-red crystals, m, p. 201° 
(decomp.). The principal absorption band is at 2 5450 A. and there 
is another at 5100 A. It exerts a powerful sensitising action on 
plates bathed in its solution; the action extends to a 6400 A. for 
moderate exposures and shows maxima at 4 5700 A. and 5100 A. 

Acetyldiphenylamine.—Diphenylamine has been acetylated by 
means of acetyl chloride (Meister, Ber., 1872, 5, 283; Merz and 
Weith, Ber., 1873, 6, 1511) and by acetic anhydride (Claus, Ber., 
1881, 14, 2365). In a modification of the latter method, diphenyl- 
amine (30 g.), acetic anhydride (60 c.c.), and fused sodium acetate 
(30 g.) were heated together on the water-bath for 14 hours and 
the product was treated with water and ammonia, After recrystal- 
lisation from very dilute spirit, the base was obtained in 80% yield. 
It melted at 84—85° with previous softening, but lost solvent of 
crystallisation on drying on the water-bath and in a vacuum desic- 
cator; the anhydrous substance melted at 101—102°. Meister, 
and Merz and Weith, give m. p. 99-5°, Claus gives m. p. 103°, and 
Wallach (Annalen, 1882, 214, 234) gives m. p. 101—102°. 

5-Methylacridine.—A mixture of acetyldiphenylamine (5 g.) 
with five times its weight of powdered zinc chloride was heated in 
a sealed tube at 220—240° for 6} hours. The dark mass was 
extracted with hot 50% sulphuric acid and the extract was treated 
with water and excess of ammonia to precipitate the base. This 
was extracted with benzene and, after removal of the solvent, the 

MM 
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residue was dissolved in hot spirit and treated, as by Koenigs (loc. 
cit.), with a hot solution of tartaric acid (5 g.) in spirit (50 c.c.). 
The tartrate (6-9 g.) was suspended in cold water and treated with 
excess of sodium carbonate solution and the base was extracted 
with ether, the extract being dried with potassium hydroxide. The 
residue (74%, yield) after removal of the solvent was recrystallised 
from dilute spirit and dried on the water-bath and in a vacuum 
desiccator (46% yield). M. p. 117—118° as found by Koenigs 
(loc. cit.); Decker’s observation (loc. cit.) as to the low m. p. before 
removal of solvent of crystallisation was confirmed. 

5-Methylacridine Methiodide-—5-Methylacridine (3-7 g.) and 
methyl iodide (3-7 c.c.) were heated for 2 days in a sealed tube at 
100°. The product was extracted with ether, and the undissolved 
residue (5-9 g.; 92% yield) recrystallised from water (about 300 c.c. ; 
4-1 g. obtained; 64% yield). It was dried in the steam-oven before 
analysis; a solution in dilute sulphuric acid was treated with silver 
nitrate (Found : I, 37-8. Calc. for C,;H,,NI: 1, 37-°9%). Melting 
with decomposition occurred at about 263°. Bernthsen (Annalen, 
1884, 224, 1) gives m. p. 185° (decomp.), Freund and Bode (loc. cit.) 
give m. p. 273—275°, and Kaufmann and Albertini (loc. cit.) give 
m. p. 235—245°, with decomposition from 200°. 

1 : 1'-Dimethyl-2 : 3(or 2’ : 3')-benzisocyanine Iodide (IX; R= 
Me).—5-Methylacridine methiodide (1 g.; 1 mol.) and 2-iodo- 
quinoline methiodide (1-2 g.; 1 mol.) were added to boiling water 
(60 c.c.), potassium hydroxide (0-4 g.; more than 2 mols.) dissolved 
in water (10 c.c.) was added, and the mixture was boiled for 5 minutes. 
The blue tar produced, which solidified on cooling, was filtered off 
and extracted with ether. The undissolved residue (0-84 g.; 59% 
yield) was recrystallised from methyl alcohol (40 c.c.), the iodide 
(IX) being thus obtained in 25% yield (0-36 g.). It was dried in a 
vacuum at 100—110° before analysis (Found: I, 26-8. C,,;H,,N,I 
requires I, 26-65%). It forms long crystals with a bronze lustre. 
M. p. about 250—265°, but the exact point is quite indefinite, since 
decomposition begins at about 230°. Its spirit solution has a 
broad absorption band extending from 2 4700 A. to 6200 A., and 
with a maximum at about 5500 A. 

l(or 1’)-Methyl-1'(or 1)-ethyl-2 : 3(or 2’ : 3’)-benzisocyanine iodide 
was similarly prepared from 5-methylacridine methiodide (3 g.) 
and 2-iodoquinoline ethiodide (3-68 g.). After ether extraction, 
the undissolved residue (3-05 g.) was dissolved in hot chloroform 
(800 c.c.). The solution was concentrated and from it, on cooling, 
the dye was obtained in crystalline form (2-0 g.). It was recrystal- 
lised from methyl alcohol (40 c.c.) and was thus obtained in 29% 
yield (1-25 g.). It was again recrystallised from methyl alcohol 
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and was dried for analysis in a vacuum at 100—110° (Found: 
I, 25°8. CygH.,N,I requires I, 25-9%). It forms lustrous dark 
green crystals, which soften at 150—160° but do not melt until 
about 232°; if they are put into a bath at 160°, however, melting 
occurs at once. The absorption of the spirit solution is very like 
that of the preceding dye. 


British PHOTOGRAPHIC PLATES AND Papers, LTD., 
IuFrorp, E. [Received, March 10th, 1930.) 





CXXIV.—Tetrachloroiodides of the Alkaloids. 


By FRepeERIcK DanieL CHattaway and GEorGE Davip 
PARKES. 


Many of the commoner alkaloids yield well-characterised tetra- 
chloroiodides when a solution of the alkaloid in concentrated hydro- 
chloric acid is added to excess of a solution of tetrachloroiodic acid 
made by saturating with chlorine a suspension of finely powdered 
iodine in concentrated hydrochloric acid. 

These alkaloidal tetrachloroiodides are all decomposed by a 
solution of sodium sulphite, the base being liberated. When they 
are treated with a solution of potassium iodide acidified with acetic 
acid, iodine is quantitatively liberated. This reaction has been 
used for the analysis of these compounds. 

Hexamethylenetetramine also forms a stable tetrachloroiodide. 

The tetrachloroiodides of many quaternary bases are easily 
made by saturating a solution of the iodide in concentrated hydro- 
chloric acid with chlorine. \ 


EXPERIMENTAL. 


The solution of tetrachloroiodic acid used was obtained by 
suspending finely powdered iodine (15 g.) in concentrated hydro- 
chloric acid (80 c.c.) and saturating it with chlorine. 

Quinine Tetrachloroiodide, C.>H,,0,N,,2HICI,—When a solution 
of 10 g. of quinine hydrochloride in 50 c.c. of concentrated hydro- 
chloric acid was added to 60 c.c. of tetrachloroiodic acid solution, 
quinine tetrachloroiodide separated immediately as a bright yellow, 
microcrystalline powder. This was filtered off and dissolved in 
150 c.c. of boiling glacial acetic acid, the solution was cooled, and 
300 c.c. of concentrated hydrochloric acid were added; the tetra- 
chloroiodide thus obtained, after being dried in a desiccator over 
phosphoric oxide and a few lumps of lime, melted at 114° (decomp.) 
(Found : Cl, 32-3. C, 9H,,0,N,Cl,I, requires Cl, 32-9%). 

* Cinchonine tetrachloroiodide, C,9H,,ON,,2HICI,, was similarly pre- 
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pared and purified. It separated as a bright yellow, microcrystalline 
powder, m. p. 85° (decomp.) (Found: Cl, 33-4. C,,H,,ON,Ci,I, 
requires Cl, 34:0%). 

Strychnine Tetrachloroiodide, C,,H.0,N,,HICI,—A solution 
of 5 g. of strychnine in 20 c.c. of chloroform was saturated with 
hydrogen chloride and added to the solution formed by dissolving 3 g. 
of iodine in 20 c.c. of chloroform and saturating it with chlorine. 
Strychnine tetrachloroiodide separated at once as a pale yellow, 
microcrystalline powder, m. p. 91° (decomp.) (Found: Cl, 23-3. 
C,,H,30,N,Cl,I requires Cl, 23-5%). 

Morphine tetrachloroiodide, C,,H,,0,N,HICI,, was prepared from 
5 g. of morphine hydrochloride, dissolved in 40 c.c. of concentrated 
hydrochloric acid, and 10-5 c.c. of tetrachloroiodic acid solution. 
It crystallised from glacial acetic acid, in which it was very easily 
soluble, in small, pale orange needles, which melt at 78° (decomp.), 
and rapidly decompose when kept, even in a sealed tube (Found : 
Cl, 25:4. C©,,H,,O0,NCI,I requires Cl, 25-6%). 

Codeine tetrachloroiodide, C,,H,,O;N,HICI,, was prepared 
similarly from 2 g. of codeine, dissolved in 20 c.c. of concentrated 
hydrochloric acid, and 4-5 c.c. of tetrachloroiodic acid solution. It 
erystallised from glacial acetic acid, containing a little iodine tri- 
chloride, in which it was easily soluble, in pale orange needles, but 
it was not found possible to dry the compound without slight 
decomposition occurring. 

Cocaine Tetrachloroiodide, C,,H,,0,N,HICI,—When a solution 
of 1 g. of cocaine hydrochloride in 5 c.c. of concentrated hydrochloric 
acid was added to 5 c.c. of tetrachloroiodic acid solution prepared 
as above, cocaine tetrachloroiodide separated as a bright yellow solid. 
It crystallised from glacial acetic acid, containing a little iodine 
trichloride, in which it was moderately easily soluble, in small, 
pale yellow, irregular, flat plates, m. p. 141° (decomp.) (Found : 
Cl, 25-3. C,H, .0,NCI,I requires Cl, 24-75%). 

Hexamethylenetetramine tetrachloroiodide, (CH,),N,,HICl,, separ- 
ated in bright yellow prisms, m. p. 147° (decomp.), when a solution 
of 5 g. of hexamethylenetetramine in 25 c.c. of concentrated hydro- 
chloric acid was added to 30 c.c. of tetrachloroiodic acid solution 
(Found: Cl, 34:2. C,H, ,N,ClI requires Cl, 34-6%). It cannot 
be recrystallised, as when heated with glacial acetic acid it decom- 
poses into formaldehyde and ammonium tetrachloroiodide. 

1-Methylpyridine Tetrachloroiodide, C;H;NMeICl,—5 G. of 
pyridine methiodide were dissolved in 25 c.c. of concentrated 
hydrochloric acid and a stream of chlorine was passed through the 
cooled solution. Iodine at first separated, but gradually disappeared 
and the bright yellow 1-methylpyridine tetrachloroiodide separated. 





aci 
ne 


Cl, 


gla 
fin 
req 


C2 


tha 
cal 
me 


ine 
igh, 


ion 
ith 
3g. 
ne. 
Ww, 


3. 


om 
ted 
on. 
ily 
p.); 
id : 


red 
ted 

It 
tri- 
but 
yht 


ion 
ric 
red 
lid. 
ine 
all, 


ar’ 
ion 
ro- 
ion 
not 





PROPERTIES OF THE CHLORIDES OF SULPHUR. PART IV. 1005 


It crystallised from boiling glacial acetic acid containing a little 
iodine trichloride, in which it was sparingly soluble, in clusters of 
small yellow needles, m. p. 180° (decomp.) (Found: Cl, 39-0. 
C,H,NCI,I requires Cl, 39-1%). 

1 : 2-Dimethylpyridine tetrachloroiodide separates from boiling 
glacial acetic acid, in which it is rather sparingly soluble, in bright 
yellow, irregular, twinned plates, m. p. 185° (decomp.) (Found : 
Cl, 37-5. C,H, NCi,I requires Cl, 37-7%). 

1:2:4:6-Tetramethylpyridine tetrachloroiodide separates from 
boiling glacial acetic acid, in which it is fairly easily soluble, in bright 
yellow, irregular, flat plates, m. p. 130° (decomp.) (Found: Cl, 
35-2. C,H,,NCI,I requires Cl, 35-1%). 

1-Methylquinoline tetrachloroiodide separates from glacial acetic 
acid, in which it is somewhat sparingly soluble, in pale yellow prisms, 
m. p. 191° (Found: Cl, 34:15. C,H, )NCLI requires Cl, 34-4%). 

6-Chloro-\1-methylquinoline tetrachloroiodide separates from boiling 
glacial acetic acid, in which it is sparingly soluble, in long yellow 
needles, m, p. 167° [Found : Cl (added), 31-7. C,gH,NCI,I requires 
Cl (added), 31-7%]. 

6-Bromo-1-methylquinoline tetrachloroiodide crystallises from 
glacial acetic acid in bright yellow needles, m. p. 176° (Found : 
Cl, 29-1. C, >H,NC1,BrI requires Cl, 28-9%). 

N-Methylstrychnine tetrachloroiodide separates from glacial acetic 
acid, in which it is moderately easily soluble, in minute, pale yellow 
needles which, when heated, decompose without melting (Found : 
Cl, 22-9. C,,.H,,O,N,Cl,I requires Cl, 23-0%). 

NN-Dimethylnicotine bistetrachloroiodide separates from boiling 
glacial acetic acid, in which it is somewhat sparingly ‘soluble, in 
fine yellow needles, m. p. 145° (Found: Cl, 38-6. C,H, )N,Cl,I, 
requires Cl, 38-9%). 


THE QUEEN’s COLLEGE, OxFoRD. [Received, February 22nd, 1930.] 





CXXV.—The Properties of the Chlorides of Sulphur. 
Part IV. Density and Surface Tension, with an 
Appendix on the Parachors of Mixtures. 


By Tuomas Martin Lowry and GILBERT JESSOP. 


THE experiments described below were undertaken with the idea 
that measurements of density and surface tension, followed by 
calculations of values of the parachor, might afford a sensitive 
method for the detection of sulphur tetrachloride, in view of the 
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regular way in which “ pervalent”’ compounds, such as PCl,, 
POCI,, SOCI,, ete., exhibit a deficiency of about 26 units as compared 
with the values deduced from compounds of normal valency. 
From this point of view, the results were once more negative, since 
the densities, surface tensions, and parachors all provided evidence 
of the presence of the dichloride, without giving any indication 
of the presence of the tetrachloride. Interesting results were 
obtained, however, by comparing the parachor values of mixtures 
of sulphur monochloride and chlorine before and after chemical 
combination had taken place. 


EXPERIMENTAL. 


Density.— Methods. Since the sulphur chlorides are decomposed 
by moisture, and may have a vapour pressure as high as 6 atm. 
at room temperature, the densities were determined by flotation 
in sealed tubes. Silica floats were used, partly because the densities 
of glass floats were altered when the liquid in which they were 
suspended was heated to bring it to equilibrium, and partly because 
their small coefficient of expansion was an additional advantage. 
The floats were hollow, about 15 mm. long and of 3 mm. diameter. 
A series, ranging from 1-42 to 1-76 at intervals of 0-02, was made, 
the desired density being attained first by adjusting approximately 
the amount of silica in the solid tip of the float, and then by grinding 
the tip and rounding it off in the oxyhydrogen flame. They were 
calibrated in mixtures of bromoform and toluene, the densities of 
which were measured with a pyknometer with vertical arms, 
specially designed to avoid loss by creeping after adjustment. 

The samples of sulphur chloride were sealed up in thick-walled 
tubes, about 12 mm. in bore and 15 em. long, together with two or 
three floats of suitable densities and the capillaries for measurements 
of surface tension, and were heated to 100° to bring about a condition 
of equilibrium. The tube was then clamped upright in a large 
water-bath, the temperature of which was maintained for 10 minutes 
within 0-02° of the temperature of flotation of each float, since 
a difference of 0-01° was sufficient to make a float rise or sink 
slowly. 

Results. The densities of 35 samples, of chlorine contents rang- 
ing from 36-9 to 100 atoms %, were measured at two or three 
temperatures by the method just described. The coefficients of 
expansion were then calculated and the densities at 15° and 0° were 
deduced. Measurements were also made of four mixtures of 
sulphur monochloride and chlorine, which had not yet interacted 
to form the red dichloride and were therefore still pale yellow. 
The results are given in Table I. 
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15, TABLE I. 
ed (a) Densities of equilibrium miztures. 
Vv, At. vol.f 
ais At.% Cl. Temp. d‘.. dis’. d°;. at 15°. 
36-90 28-25° 1-7219) 1-7389 1-758 
ice 33-40 1-72191* 
on 42-03 13-3 1-72191 1-71942 1-74140 
oe —1-05 1-74294 
, 18-3 1-72191* 
"es 3:8 1-74294* 
a 43-68 18-5 1-70780 171285 173449 
' 8-72 1-72191 
21-50 1-70780* 171718 173882 
45-30 12-90 1-70780* 1-70465 17272 
45-60 15-70 1-70780* 170895 173158 
30-26 1-68592* 
ed 48-50 5-18 1-70780 1-6928 1-7156 
50-0 15-98 168592 1-68744 20-01 
m. 50:0 1-8 1-:70780 1-68721 171064 20-01 
on 15-83 1-68592 
! 52-07 11-6 1-68592 1-68063 20-14 
les 54-34 6-92 1-68592 1-67264 169728 20:27 
re 21-78 166152 
mai 58-20 —0-38 1-68592 165950 1-68532 20-51 
, 13-83 1-66152 
re. 58-37 17-40 165578 1-66003 20-50 
a 24-85 1-64260 
9 59-73 — 2-90 1-68592 165410 1-68080 20-60 
le, 10-90 1-66152 
lv 60-09 —3-60 1-68592 1-65286 167956 20-62 
. 10-20 1-66152 
ng 61-87 17-60 1-64260 1-64725 20-74 
re 26-68 1-62638 
f 62-38 16-45 1-64260 164521 20-78 
oO 62-75 7-85 1-65578 1-64262 20-82 
1s, 15°10 1-64260 
64-28 4-85 1-65578 163685 166490 20-91 
11-92 1-64260 
ed 66-13 17-93 1-62638 163192 x 
or 66-43 7-52 1-64260 1-62866 1-65662 21-08 
16-20 1-62638 
its 66°82 7-45 1-64260 162839 1-65668 21-08 
on 16-05 1-62638 
23-00 1-61283 
Ze 67-04 —0-40 165578 1-62663 1-65502 21-11 
es 15-13 1-63638 
22-11 161283 
ce 69-23 16-16 1-61283 161543 21-30 
1k 21-98 1-60128 
71-14 4-83 1-62638 1-60625 21-47 
11-68 1-61283 
g- 73-31 0-58 162638 162755 
74-16 9-25 160128 158926 21°75 
of 18-33 1-58230 
re 76°47 — 1-45 1-61283 1-60988 
f 4:22 1-60128 
O 81-20 17-62 154264 1-54856 22-49 
d 26-10 152351 
. 81-37 0-20 1-58230 1-55014 1-58273 22-47 
° 18-45 154264 
* After heating. { See p. 1011. 














LOWRY AND JESSOP : 


TABLE I (conéd.). 


(a) Densities of equilibrium mixtures. 


At. vol.f 
At. %Cl. Temp. d,.. dis’, d®.. at 15°. 
83-71 18-39 1-52351 1-53137 22-79 
28-60 1-49980 
90-05 2-15 1-52351 1-49249 1-52863 23-53 
12-09 1-49980 
20-05 1-47977 
93-83 2-70 1-49980 1-46730 1-50693 24-02 
10-28 1-47977 
100 2-30 1-45980 1-42391 1-46630 24-90 
11-80 1-43296 
100 2-60 1-45980 1-4247 1-46715 24-89 
100 2-62 1-45980 1-4247 1-46717 24.89 
(b) Mixtures of sulphur monochloride and chlorine. 
57-68 —5-0 1-68592 1-67714 
8-9 1-66152 
66-43 — 0-80 1-64260 1-64404 
8-2 1-62638 
71-14 — 3-95 1-62638 1-61933 
3-65 1-61283 
83-01 151 1-52351 1-5583 
3 t See p. 1011. 
The following data are added for comparison : 
Density of sulphur monochloride. 
At 0°. At 10°. At 15°. At 20°. 
Popp (1855) .....scccccceecees 1-7055 
Hagen (1867) .......eee0000 1-6828 
DMN. sivvesccodscvctsovcesess 1-7094 
TERE (1989) cercencorsevece 1-709 1-6950 1-6790 
Lowry and Jessop (1930) 1-7106 1-6872 


Density of liquid chlorine. 

Marchand (1913) ..........+. 1-468 at 0°; 1-434 at 12°. 
Lowry and Jessop (1930) 1-4671, at 0°; 1-4247 at 15°. 

Surface Tension.—Methods. Since the measurements of surface 
tension had to be made in a sealed tube, the only method which 
could be used was that of capillary rise. On account of the diffi- 
culty of measuring accurately the position of the lower meniscus 
when using a single capillary tube, the double capillary method 
described by Sugden (J., 1921, 119, 1483) was finally adopted. 
Two capillaries, about 6 cm. long, with internal diameters of approx. 
0-6 and 0-9 mm., were held together by glass bridges at the top and 
bottom. Glass projections were used in order to keep the capillaries 
upright and close to one side of the outer tube holding the liquid, 
so as to leave room for the silica floats which were also enclosed in 
the tube. Since the measurements were required primarily in 
order to calculate the parachor, which involves only the fourth 
root of the surface tension, no attempt was made to secure the 
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highest order of accuracy, nor was it considered necessary to procure 
capillaries which were accurately circular in cross section. 

Calibration of the apparatus was carried out with benzene and 
checked with water, Sugden’s values for the surface tension of these 
two liquids being used. The benzene was purified by fractional 
crystallisation and then distilled in an all-glass apparatus. The 
water was distilled from dilute permanganate in an all-glass 
apparatus, which had been thoroughly freed from grease, directly 
into the tube containing the capillary apparatus. The two calibra- 
tions agreed closely. 

TaB_eE II. 
Surface Tension and Parachor. 
(a) Equilibrium mixtures. 


[Pa] cale. — [Pa] obs.* 
for 100 atoms : 


At. % Cl. Temp. yer. Y0°- t. ?. 
50-0 16-3° 43-43 45-66 —7 7 
52-07 20-2 41-6 as 2 _ 
54-34 15-0 40-48 42-70 33 39 
58-20 17-1 38-10 40-61 47 53 
58°37 18-2 38-18 —- 39 — 
59-73 14-6 37°70 39-79 53 64 
60-09 15-2 37°56 39°75 52 61 
61-87 15-7 36°84 a 49 —_ 
64-28 = = 37°63 —- 69 
66-82 15-0 34-39 _- 58 -— 
67-04 14-5 32-24 36-58 53 59 
69-23 20-1 31-87 — 65 _ 
73-31 —-- -- 33-03 -- 80 
74-16 16-0 29-47 32-53 83 69 
76°47 — ~- 30°84 — 99 
81-20 19-0 24-91 —— 99 _ 
81-37 —— -— 28-20 -- ra 103 
83-71 13-0 24°81 26-81 94 98 
90-05 15-9 21-79 24°31 75 81 
93-83 16-4 20-44 23°31 44 44 

100 12-9 18-87 21-10 2 5 

100 — —- 21°21 — -d 

100 — — 21-24 os —3 
(b) Mixtures of monochloride and chlorine. 

57-68 — — 38-63 — 90 

71-14 ~- — 30-29, — 167 

83-01 — -- 25°43 — 146 


* For definition of [P4], see p. 1014. 


If h is the difference in the heights of the liquid in the two tubes, 
measured from the base of one meniscus to the base of the other, 
and h, and h, are the respective heights of each meniscus, the 
corrected difference in rise, H, is given by H =h + hh, — $hy, 
since Richards and Carver (J. Amer. Chem. Soc., 1921, 43, 827) 
found that 44 is a sufficiently accurate meniscus correction for 


most hn If D is the density of the liquid, and d that of the 
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1010 LOWRY AND JESSOP : 


gas above the liquid, the surface tension is given by the equation 
y = H(D — d)/k, where k is found from the calibrations. Values of 
d were estimated from the density of air together with Aten’s values 
for the vapour pressure of sulphur chlorides of different compositions. 

In making measurements of surface tension, the outer tube, 
with the apparatus enclosed, was clamped upright inside a small 
tank with a plate-glass front and back. It was illuminated from 
behind, through a water tank, to absorb heat rays, and a ground- 
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glass screen. The heights were read with a travelling microscope, 
reading to 0-001 mm. Comparative measurements on the same 
sample of liquid show a probable error of about 0-2 dyne per cm. 

Results. The surface tensions, at room temperature or at 0° or 
both, of 23 equilibrium mixtures containing 50—100 atoms % of 
chlorine are set out in Table II, together with values for three 
mixtures of uncombined sulphur monochloride and chlorine. 

Marchand (J. Chim. physique, 1913, 11, 574) gives for the surface 
tension of liquid chlorine the values 21-90 at 0° and 19-47 at 12-7°, 
as compared with our values, 21-22 at 0° and 18-87 at 12-9°. 
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Discussion of Results. 


(a) The densities at 15° and at 0° of mixtures of sulphur mono- 
chloride and chlorine at equilibrium are plotted in Fig. 1, I and III. 
The curves are nearly linear from 8,Cl, to SCl,, after which the 
densities decrease more rapidly towards that of pure chlorine, but 
without giving any indication of a change of direction at the com- 
position of the tetrachloride. The densities at 0° of uncombined 
mixtures of sulphur monochloride and chlorine, which are plotted 
in Curve II, are iower throughout, since chemical combination 
(which is revealed by a red coloration) is accompanied by a con- 
traction, which reaches a maximum at or near the composition of 
the dichloride. Mixtures containing less than 50 atoms % of 
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(a) Mean atomic volumes. (b) Partial atomic volumes of chlorine. 


chlorine also become more dense after being heated, as may be seen 
by comparing curves IV and VI (unheated) with V and VII (heated). 
This contraction is attributed to the formation of polysulphides : 
Cl-S-S-Cl —> Cl-S-S:S-Cl —> CI-S-8-8-8-Cl 

(compare Angeli and Magnani, Gazzetta, 1893, 23, ii, 415; 1894, 
24, i, 349; Henrique, Ber., 1894, 27, 2993; Beckmann and Geib, 
Z. anorg. Ghem., 1906, 51, 96; Bruni and Amadori, Atti R. Accad. 
Lincei, 1919, 28, i, 217; Hammick and Zvegintzov, J., 1928, 1785; 
Trautz, Z. Elektrochem., 1929, 35, 110). 

An alternative way of displaying the densities is to plot the mean 
atomic volume, V = (A,n, + A,n,)/d, where A, and A, are the 
atomic weights, and n, and n, the atom fractions. The resulting 


curve for equilibrium mixtures at 15° (Fig. 2a) is at first nearly , 
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linear, but rises more steeply as the composition of the dichloride 
is approached. A more sensitive method is to plot the partial 
atomic volume of the chlorine (Lewis and Randall, “ Thermo- 
dynamics,” New York, 1923), i.e., the increase of volume when 
1 g.-atom of chlorine is added to an infinite volume of the mixture 
and brought to equilibrium. The resulting curve (Fig. 26) is at 
first horizontal, since monochloride is converted quantitatively 
into dichloride with a constant increment of volume, the mixture 
behaving in this respect as an “ ideal solution.” The curve then 
rises steeply through the composition of the dichloride; this rise 
corresponds with the range of dissociation of the dichloride, at the 
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beginning of which the chlorine is all used to form dichloride whilst 
at the end it all remains free. Finally, the curve rises gently to 
the atomic volume of free chlorine, without any sign of discontinuity 
at the composition of the tetrachloride, although the slope of the 
line shows that the dichloride and chlorine do not form an ideal 
solution. 

(6) The surface tensions, which are plotted in Fig. 3, increase 
progressively from 21-2 for chlorine to 45-7 for sulphur dichloride. 
The values for uncombined mixtures lie on a smooth curve; but 
those for equilibrium mixtures, which are higher throughout, 
cannot be represented by a simple curve. An attempt to represent 
the data by two curves unexpectedly revealed a discontinuity at 
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67 atoms °% of chlorine, which is so close to the composition of the 
dichloride that the coincidence can scarcely be accidental. An 
even more striking discontinuity is seen in the “ parachor de- 
ficiencies ” (see below), but in neither case has any similar feature 
been observed at the composition of the tetrachloride. 


Summary. 
1. The densities and surface tensions of equilibrium mixtures of 
the chlorides of sulphur have been measured from 37 to 100 atoms 
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% of chlorine, between — 4° and 30° and at 0° and room temper- 
ature respectively. The following constants have been determined : 


Densities. Mol. volumes. Surface tensions. 
0°. 15°. 0°. 15°. 0°. 15°. 
A lilt nteectee 1-7106 1-6892 78-86 80-04 45-7 43-6 
SCI, (equilm.) ...... 16567 1-6285 62-10 63-2 36-6 34°4 
> NES epee os 11-4671 1-4247 48-33 49-78 21-2 — 


Well-marked discontinuities occur at the composition of the di- 
chloride, but not of the tetrachloride. The densities and surface 
tensions of uncombined mixtures are lower than after combination 


has taken place. 
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2. The values found for the molecular parachors, viz., Cl, = 104-6, 
S,Cl, = 205-5, lead to atomic parachors S = 50-48, Cl = 52-28. 
The mean atomic parachors of intermediate mixtures are lower than 
those required by a linear law of mixing, but the deficiencies are 
smaller after combination (see Fig. 4 and Appendix). The single 
loop from S,Cl, to Cl, is then replaced by a double loop from §,Cl, 
to SCI, and from SCI, to Cl,, but with no indications of a break at 
SCl,. 

APPENDIX. 

The Parachor of Mixtures—Hammick and Andrew (J., 1929, 
754) recorded the existence of deviations from a linear relation in 
the parachors of mixtures, and suggested “that the deviation is 
connected with the Gibbs surface-adsorption effect,” since it 
appeared to be associated with a difference in surface tension between 
the two components. Our experiments (which were completed 
nearly two years before, but had been circulated only in the form 
of a thesis) had already established the existence of similar deviations 
from the linear law, not only in mixtures of sulphur monochloride 
and chlorine, but also in mixtures of partly dissociated sulphur 
dichloride with sulphur monochloride and with chlorine; but, 
since the parachor is fundamentally a volume relationship, we do 
not regard the difference in surface tensions, nor the Gibbs surface- 
adsorption effect, as the only factor in producing these deviations. 
Thus, apart from the relative inaccuracy of all measurements of 
surface tension, there is no obvious reason why small changes of 
volume, produced by mixing a pair of optically isomeric compounds, 
should be exactly balanced by changes in the fourth root of the 
surface tension. 

The methods and formule of Hammick and Andrew imply a 
knowledge of molecular constitution which we did not possess in 
this case. Our analysis of the problem was therefore carried out 
with the help of the mean atomic parachor, which we define by the 
equation [P,] = (A,n, + A,n,)y*/(D — d), where A,,A,, n, and 
M, have the same significance as before (p. 1011). If there were no 
change in the parachors of the components, either on admixture 
or on chemical combination, the value of this function would be 
[P,] = Pyn, + Pyn,, where P, and P, are the atomic parachors 
of the two elements as deduced from the molecular parachors of the 
limiting components of the system. Our measurements give for the 
molecular parachors, 8,Cl, = 205-5, Cl, = 104-6, whence S = 50-5, 
Cl = 52-3; whereas Sugden (J., 1925, 127, 1533) gives S,Cl, = 
205-1, and deduces (J., 1924, 125, 1188) Cl, = 111-5 from the 
data of Marchand (loc. cit.), finally adopting for the atomic parachors 
the values S = 48-2, Cl = 54-2. 
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The atomic parachor deficiencies plotted in Fig. 4, I and II, re- 
present the differences (x 100) between the values of [P,] derived 
from the two preceding equations (i) for equilibrium mixtures 
and (ii) for uncombined mixtures of sulphur monochloride and 
chlorine. It is therefore possible for the first time to make a direct 
comparison of the deviations from the linear law which are produced 
by chemical and by physical interaction between the components, 
in liquids of identical composition. The uncombined mixtures 
show the largest deviations, rising to a maximum of about 3% at 
about 75 atoms % of chlorine. When chemical combination takes 
place, this deviation is reduced, e.g., to about 1% at the composition 
of the dichloride; but secondary maxima are then developed in 
mixtures of this compound with the two components from which 
it was formed. The curve III, which shows the change in the mean 
atomic parachor on chemical combination, rises to a maximum at 
or near the composition of the dichloride, but shows no analogous 
singularity at the composition of the tetrachloride. 


LABORATORY OF PHysicAL CHEMISTRY, 
CAMBRIDGE. [Received, December 23rd, 1929.] 





CXXVI.—2-Arylcowmaranones. 
By Witson BAKER. 


AmonastT the methods available for the preparation of coumaranones 
are those in which a cyanohydrin or «-monohalogeno-nitrile is con- 
densed with polyhydric phenols under the conditions of the Hoesch 
synthesis (Sonn, Ber., 1917, 50, 1262; Slater and Stephen, J., 1920, 
117, 309; Sonn and Falkenheim, Ber., 1922, 55, 2975; Klarmann, 
J. Amer. Chem. Soc., 1926, 48, 2366). Some years ago it was 
desired to synthesise 4 : 6-dihydroxy-2-p-methoxyphenylcoumaranone 
(I), since it appeared probable at one time that such a compound 
occurred naturally, and it was suggested to the author by Professor 
R. Robinson that such arylcoumaranones might be synthesised 
from the readily accessible O-benzoyl derivatives of aromatic alde- 
hydes (Francis and Davis, J., 1909, 95, 1404) by means of the 
Hoesch reaction. This expectation has been realised, but the yields 
are very poor and the products difficult to isolate except as acetyl 
derivatives. Further, the acetylation often takes an abnormal 
course. The use of aromatic aldehyde cyanohydrins themselves is 
prohibited owing to the ease with which they undergo condensation 
to derivatives of 1 : 4-diazines when treated with hydrogen chloride 
in ethereal solution (Minovici, Ber., 1899, 32, 2206; Japp and Knox, 
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1016 BAKER: 2-ARYLCOUMARANONES. 


J., 1905, 87, 701; for mechanism of the reaction see Ingham, J., 
1927, 694). 


O 0 
HOW Sou OMe Ac e< OMe 
) \s—CO (I1.) 
HO Ac OAc 


The interaction of O-benzoylanisaldehydecyanohydrin and phloro- 
glucinol in ethereal solution with hydrogen chloride in presence of 
zine chloride gave a solid ketimine, which after complete hydrolysis 
with concentrated hydrochloric acid yielded finally the coumaranone 
(I). Acetylation of the crude coumaranone with acetic anhydride 
and a trace of pyridine yielded 3 : 4 : 6-triacetory-2-p-methoxyphenyl- 
coumarone (II) and anhydro-5-hydroxy-7-acetoxy-4-«-hydroxy-p-meth- 
oxybenzylcoumarin (III), which were separated by physical means. 
The constitution-assigned to (III) is based on the facts that, unlike 
(I) and (II), it does not reduce Fehling’s solution, and that its alco- 
holic solution has a violet fluorescence. 


O 
O 


oe A CH OM 
H c Me 
v° ——CO 


III.) 18. 
; (Gi Some (IV.) 


The analogous condensation of O-benzoylanisaldehydecyane- 
hydrin and resorcinol gave, after complete hydrolysis, a product 
which could be obtained crystalline only after acetylation with 
acetic anhydride. This again proved to be a mixture, which was 
separated into 6-acelory-2-p-methoxyphenylcoumaranone (IV), and 
a compound of high molecular weight which did not reduce Fehling’s 
solution and is tentatively regarded as 3-keto-6 : 3’ : 6’-triacetoxy- 
2 : 2’-di-p-methoxyphenyl-2 : 3’-dicoumaranyl. 


AcO, 


O 


Ac OAc: 
CO (VI) 


The condensation of O-benzoylbenzaldehydecyanohydrin with 
resorcinol yielded finally after acetylation 2 : 4-diacetory-O-acetyl- 
benzoin (V), the ring in this case not having closed. 

2-Arylcoumaranones of the type (I) could doubtless be prepared 
most readily by the condensation of «-bromophenylacetonitriles 
with polyhydric phenols, and with this in mind «-bromo-f-phenyl- 
propionitrile was condensed with resorcinol under the conditions of 
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the Hoesch reaction. Acid hydrolysis of the product gave a good 
yield of 6-hydroxy-2-benzylcoumaranone (VI), which on acetylation 
yielded 3 : 6-diacetoxy-2-benzyleowmarone. It is obvious that the 
condensation might proceed in a number of ways to give a compound 
C,;H,,0,, which might be either (VI), 2 : 4-dihydroxyphenyl styryl 
ketone, 7-hydroxyflavanone, 7-hydroxy-4-phenyl-3 : 4-dihydro- 
coumarin (compare Fischer and Nouri, Ber., 1917, 50, 611), or 
7-hydroxy-3-benzylisocoumaranone. The physical properties of 
the reaction product are not in agreement with those of 2 : 4-di- 
hydroxyphenyl styryl ketone (Ellison, J., 1927, 1720), and of the 
other possibilities only (VI) could give a diacetyl derivative. 

Klarmann (loc. cit.) has condensed «-bromo-n-butyronitrile with 
phloroglucinol by the Hoesch reaction and obtained a product 
which he describes as 4: 6-dihydroxy-2-ethylcoumaranone. Al- 
though this reaction is exactly analogous to the case described above, 
and might lead to any of five isomeric products, no proof of the 
constitution of the substance was given; yet by analogy with the 
present case there can be little doubt that the compound isolated 
was actually the coumaranone. 

The condensation of glycollonitrile with resorcinol has been 
described by Slater and Stephen (loc. cit.), who state that the 
reaction yields 6-hydroxycoumaranone. Karrer and Biedermann, 
however (Helv. Chim. Acta, 1927, 10, 441), find that the only 
product is w-hydroxyresacetophenone (fisetol). Full experimental 
details are not given by Slater and Stephen, but as the result of a 
number of experiments the author confirms the result of Karrer 
and Biedermann, and has further been unable to convert #-hydroxy- 
resacetophenone into 6-hydroxycoumaranone by heating with 
various strengths of hydrochloric or sulphuric acid with or without 
the addition of zinc chloride—conditions which were probably used 
by Slater and Stephen in hydrolysing the ketimine. 


EXPERIMENTAL. 


Condensation of O-Benzoylanisaldehydecyanohydrin with Phloro- 
glucinol.—(a) A solution of the cyanohydrin (30 g.; Francis and 
Davis, loc. cit.) and phloroglucinol (14:2 g.) in anhydrous ether 
(300 c.c.) was saturated with hydrogen chloride at room temperature. 
After 48 hours the solid ketimine was collected, washed with ether, 
and hydrolysed by heating with concentrated hydrochloric acid 
for 4 hours. The product was freed from benzoic acid by washing 
with sodium bicarbonate solution and was finally dissolved in 
alcohol (charcoal), and the solution concentrated to a small bulk. 
After several weeks the crystals which had separated from the 
viscous fluid were isolated by pressing the product between plates 
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of porous earthenware, and were then recrystallised from a very 
small volume of alcohol, being obtained in microscopic, almost 
colourless plates, m. p. 216—217° (Found: C, 66-2; H, 4-6. 
C,;H,,0, requires C, 66-1; H,44%). 4: 6-Dihydroxy-2-p-methoxy- 
phenylcoumaranone (1) gives a brownish-violet coloration with ferric 
chloride in alcoholic solution, and its solution in concentrated 
sulphuric acid is purplish-pink. It readily reduces Fehling’s 
solution. 

(b) A solution of the cyanohydrin (20 g.) and phloroglucinol 
(10 g.) in ether (200 c.c.) was saturated with hydrogen chloride, 
first at room temperature and then, after the addition of powdered 
anhydrous zinc chloride, at 0°. After 48 hours at 0°, water was 
added, and the ketimine hydrolysed by heating on the water-bath 
for 2 hours. The solid product was collected, heated for 1 hour in 
dilute sodium hydroxide solution, and reprecipitated by carbon 
dioxide. It was again collected, dried on porous earthenware, and 
acetylated by boiling with acetic anhydride and a trace of pyridine 
for 3 hours. The acetylated material was isolated by the addition 
of water and was obtained as light-brown crystals by recrystal- 
lisation from acetic acid (charcoal), in which it was sparingly 
soluble (yield, 7 g.). Three further crystallisations from acetic 
acid yielded a colourless product, which consisted of a mixture of 
compact prisms (A) and slender needles (B). An almost complete 
separation of the two substances was effected by stirring the mixture 
with alcohol, allowing the compact prisms to settle, and pouring 
off the alcohol while most of the thin needles were still suspended. 
The process was repeated several times, and finally both substances 
were separately crystallised from large volumes of alcohol. 

Substance (A) separates from its hot alcoholic solution, which has 
a violet fluorescence, in thin, almost rectangular plates, m. p. 181— 
182° (Found: C, 67-4; H, 4:1. C,,H,,0, requires C, 67-4; H, 
41%). Anhydro-5-hydroxy-7-acetoxy-4-«-hydroxy-p-methoxybenzyl- 
coumarin (III) gives a colourless solution in concentrated sulphuric 
acid, and does not reduce Fehling’s solution. 

Substance (B) separates from warm alcohol in very thin, prismatic 
needles, m. p. 174—175° (Found: C, 63:3; H, 46. C,,H,,0, 
requires C, 63-3; H, 4:5%). 3:4: 6-T'riacetoxy-2-p-methoxyphenyl- 
coumarone (II) gives a non-fluorescent solution in alcohol; the 
solution in concentrated sulphuric acid is a strawberry-red, which 
turns deep reddish-violet on standing. It readily reduces Fehling’s 
solution. 

Condensation of O-Benzoylanisaldehydecyanohydrin with Resorcinol. 
—The condensation, and complete hydrolysis of the product, were 
carried out as in the case of the corresponding reaction with phloro- 
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glucinol (method b). The non-crystalline phenolic substance was 
acetylated by boiling with acetic anhydride for 6 hours, and the 
solid isolated by the addition of water was crystallised from acetic 
acid (charcoal) and then from alcohol, in the latter case the crystals 
being collected from the still warm solution. A further crystal- 
lisation from ethyl acetate gave small colourless needles, m. p. 217° 
(Found: C, 67-3; H, 5-2; M, by Rast’s method, 646. C,,Hs,0,, 
requires C, 67-7; H, 4-7%; M, 638). This substance gives a colour- 
less non-fluorescent solution in alcohol; in concentrated sulphuric 
acid an orange solution is obtained, which slowly turns more pink. 
Prolonged hydrolysis with aqueous-alcoholic potassium hydroxide 
yields no benzoic acid, and the substance does not reduce Fehling’s 
solution. It is most probably 3-keto-6 : 3’ : 6’-triacetoxy-2 : 2'-di- 
p-methoxyphenyl-2 : 3'-dicoumaranyl. 

The alcoholic mother-liquor from the crystallisation of the fore- 
going compound deposited minute slender needles, m. p. about 135°. 
This second substance was obtained, after two recrystallisations 
from alcchol, in colourless prismatic needles, m. p. 139° (Found : 
C, 68-4; H,4-8. C,,H,,0; requires C, 68-4; H,4:7%). 6-Acetoxy- 
2-p-methoxyphenylcoumaranone (IV) readily reduces Fehling’s solu- 
tion and gives a colourless solution in concentrated sulphuric acid. 

Condensation of O-Benzoylbenzaldehydecyanohydrin and Resorcinol. 
—A solution of the cyanohydrin (20 g.) and resorcinol (20 g.) in 
ether (150 c.c.) was saturated with hydrogen chloride at 0°, and 
powdered anhydrous zinc chloride added. After 24 hours water 
was added and the whole heated on the water-bath for 2 hours. 
The semi-solid product was dissolved in sodium hydroxide solution, 
reprecipitated with carbon dioxide, collected, and acetylated by 
boiling with acetic anhydride. The acetyl derivative isolated by 
the addition of water crystallised from alcohol in colourless pris- 
matic needles, m. p. 158° (Found: C, 65-1; H, 4-5. CO, 9H,,0, 
requires C, 64-9; H, 48%). 2: 4-Diacetoxy-O-acetylbenzoin (V) 
readily reduces Fehling’s solution and gives a pale yellow colour in 
concentrated sulphuric acid. 

Condensation of «-Bromo-B-phenylpropionitrile and Resorcinol.—A 
solution of «-bromo-$-phenylpropionitrile (10 g.; Baker and Lap- 
worth, J., 1924, 125, 2333) and resorcinol (10 g.) in ether (100 c.c.) 
was saturated with hydrogen chloride at 0°, after the addition of a 
little powdered zinc chloride. After 48 hours water was added and 
the ketimine hydrolysed by heating on the water-bath for 1 hour. 
The solid ketone was collected and dissolved in dilute aqueous sodium 
hydroxide, and the solution shaken with chloroform. The alkaline 
layer was acidified ; the solid obtained crystallised from chloroform 
(charcoal) in colourless, thick, diamond-shaped plates, m. p. 161° 
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(Found in material dried at 140°: C, 74-7; H, 5-3. C,;H,,0, 
requires C, 75-0; H, 50%). 6-Hydroxy-2-benzylcowmaranone (V1) 
gives no coloration with ferric chloride in alcohol, and does not 
reduce Febling’s solution. Its solution in concentrated sulphuric 
acid is pale-yellow. 

The diacetyl derivative was prepared by boiling the parent sub. 
stance (2 g.) with acetic anhydride (20 c.c.) and anhydrous sodium 
acetate (2 g.) for 3 hours. 3: 6-Diaceloxry-2-benzylcoumarone, 
isolated by the addition of water, crystallised from methyl alcohol 
(charcoal) in colourless prismatic needles, m. p. 76° (Found : C, 70-5; 
H, 49. C,gH,,0; requires C, 70-4; H, 50%. A monoacetyl 
derivative, C,,H,,0,, requires C, 72-3; H, 5-0%). 

Tae Dyson Perrins LABORATORY, 

OXFORD. (Received, March 20th, 1930.] 





CXXVII.—Organic Derivatives of Silicon. Part XLII, 
eycloHexyl Derivatives of Silicane and Silicoethane. 


By Keir WILLIAM PALMER and FREDERIC STANLEY Kippinc. 


As the only known compounds containing tervalent silicon atoms 
are octaphenylsilicotetrane (J., 1923, 123, 2590) and octa-p-tolyl- 
silicotetrane (Steele and Kipping, J., 1929, 2545), prepared from the 
dichlorides R,SiCl,, it seemed of interest to try to obtain aliphatic 
analogues of these substances, especially as, at the same time, 
several outstanding problems relating to certain very sparingly 
soluble products (J., 1924, 125, 2291) might be elucidated. As, 
however, the simple dialkyl derivatives of silicon tetrachloride are 
not very easily isolated, it was thought that dicycloherylsilicon 
dichloride would be a more suitable starting point for the attainment 
of the objects in view. 

Silicon tetrachloride was therefore treated with an ethereal 
solution of magnesium cyclohexyl bromide (about 24 mols.), and the 
crude product, isolated in the usual way, was submitted to dis- 
tillation (35 mm.). Except for dicyclohexyl and an unexpectedly 
small yield of impure cyclohexylsilicon trichloride, hardly any volatile 
product was obtained; at a certain temperature the oil began to 
froth and quickly changed into a bulky yellow solid, which was 
neither Grignard compound nor magnesium salt, and during this 
transformation, cyclohexene, dicyclohexyl, and hydrogen chloride 
were formed. 

The attempted distillation of the crude oil under 1—2 mm. gave 
practically the same results as under the higher pressure; some 











sub. 


rone, 
ohol 
10-5; 
et yl 


0.) 


AI, 


NG. 
oms 
dlyl. 

the 
atic 
me, 
agly 


are 
icon 
ent 


real 
the 
dis- 
dly 
tile 
. to 
Was 
his 
ide 


ive 
me 





ORGANIC DERIVATIVES OF SILICON. PART XLII. 1021 


trichloride and a very little impure dicyclohexylsilicon dichloride 
were found in the distillate, but most of the product remained as a 
brittle solid. It was evident that the results of the interaction of 
silicon tetrachloride and magnesium cyclohexyl bromide, or of the 
distillation of the cyclohexyl derivatives of silicon tetrachloride, must 
be entirely different from those observed in any previous study of 
alkyl or aryl derivatives of the tetrachloride. 

It was then found that the crude distilled dichloride, and also the 
non-volatile products, contained compounds which gave hydrogen 
with alkali; during the original reaction, or the subsequent distil- 
lation, therefore, silicon atoms had become directly united. 

From the volatile products, cyclohexylsilicon trichloride was 
isolated without difficulty; on hydrolysis it gave a non-crystalline 
material, which consisted of a mixture of at least three condensation 
products derived from the hydroxide C,H,,"Si(OH),. When dried 
over sulphuric acid, these different substances gave “ cyclo- 
hexylsiliconic acid” having approximately the composition 
(C,H,,"Si0-OH),, which was insoluble in all ordinary solvents but 
gave a soluble crystalline salt with sodium ethoxide; when heated 
at 150°, the acid underwent further condensation, giving a product 
having the composition of the “ anhydride” [(C,H,,°Si0),O),. 
These results correspond closely with those obtained by Meads and 
Kipping in their study of the phenyl-, benzyl- and propyl-“ siliconic 
acids ”’ (J., 1914, 105, 679; 1915, 107, 459). 

The dichloride (C,H,,),SiCl, was not obtained free from dicyclo- 
hexyl; on hydrolysis it gave a non-crystalline solid, consisting of 
a mixture of condensation products of (C,H,,),Si(OH),, soluble in 
various organic solvents; when precipitated from its‘ ethereal 
solution with glacial acetic acid, this substance melted at 140—145°, 
but it. underwent further condensation when kept or when heated 
at 100°, giving an anhydrodicyclohexylsilicanediol [(C,H,,),Si0},. 
This final condensation product, therefore, is a mixture of compounds 
of the same order of complexity as those obtained from diethyl- 
silicon dichloride (Martin and Kipping, J., 1909, 95, 302), which gave 
an average molecular weight corresponding with [SiKt,O],. 

For the investigation of the non-volatile products of the original 
interaction, distillation was stopped just below that temperature 
at which frothing occurred; the residue was treated with ether, 
which precipitated an insoluble solid. The soluble matter from the 
ethereal solution gave on hydrolysis a mixture of at least two sub- 
stances, one insoluble, the other soluble in ether. The former gave 
analytical data which corresponded with those required for a mixture 
C.H,,"$i(OH), and 


° f t 7, i 
of condensation products of the hydroxides C,H,,"Si(OH), 
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it Ph The latter seemed to be a tetracyclohexylsilico- 


ethanediol, - oH ,)25i-OH 

oHy1),Si° OH’ 
verted tiny a a eeien product having a molecular weight of 
about 3000, corresponding with [(C,H,,),5i,0],. 

From these results it would seem that the interaction of silicon 
tetrachloride and magnesium cyclohexyl bromide takes place 
normally, giving cyclohexylsilicyl trichloride, dicyclohexylsilicon 
dichloride and probably some tricyclohexylsilicyl chloride. The 
yield of the dichloride, obtained by distillation, however, is very 
small and the main portion of the product which has been heated 
at 150—180° consists of derivatives of silicoethane. Further, the 
quantity of dicyclohexyl obtained on distillation seems to be greater 
than that which could have been formed in the preparation of the 
Grignard reagent under the known conditions. It is inferred, 
therefore, that some of the original products of the reaction are 
converted at 150—180° into derivatives of silicoethane by changes 
such as the following : 


which when heated at 100° was con- 


‘ a C,H “Si Cl, 
2(C,H,,)SiCl, = C ag ica. + (CeH,;)o- 
C Ss Cl | ‘ Y ‘ 
2(CgH,,).5iCl, = ( C we ih + C,H,,Cl (or CgH,) + HCl) 
C,H,,).SiCl , 
2(CgH,,)sSiCl = On. so +- (CgHy4)o- 


This inference is confirmed by the fact that the distilled mixture of 
dicyclohexyl and dicyclohexylsilicon dichloride gives, when heated, 
a solid residue similar to that referred to above. Further, since the 
crude product, before distillation, contains a small proportion of 
compounds in which silicon atoms are directly united, the formation 
of silicoethane derivatives occurs to some extent at or below 100°. 

Many analyses of the solid produced during distillation have been 
made but without any definite results. This product contains only 
about 1 atom of chlorine to 4 silicon atoms and less than 1 cyclo- 
hexyl group to each silicon atom. From the hydrogen values of 
many samples it must be concluded that the elimination of hydrogen 
chloride and cyclohexene from the silicoethane derivatives is not 
accompanied by a further direct combination of silicon atoms, but 
rather by a fission of some of the =Si-Si= links. Its products of 
hydrolysis differ but little in composition from the original solid, 
and when treated with sodium hydroxide solution they give appar- 
ently sodium silicate and the sodium salt of “ cyclohexylsiliconic 
acid,” without the production of any appreciable quantity of a 
fission product which is insoluble in aqueous alkali. 
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Until some other cyclohexyl derivatives of silicane have been 
studied, any suggestions as to the natures of these complex products 
would be of little value; it is hoped that work now in progress may 
afford some information. 


EXPERIMENTAL. 


The Grignard Reagent.—In the preparation of magnesium cyclo- 
hexyl bromide the yield is never theoretical; * the best results 
(yield, 50—60%) were obtained as follows. Into a mixture of 
magnesium (18 g.) and ether (150 c.c.) containing a crystal of iodine, 
about 6 c.c. of a mixture of cyclohexyl bromide (120 g.) and ether 
(90 c.c.) arerun. As soon as the initial vigorous reaction has some- 
what subsided, the remainder of the bromide solution is added during 
4—5 hours; the whole is then heated on a water-bath for } hour. 


Only about 5% of the magnesium remains undissolved and there is 


no deposition of magnesium salt. 

The Reaction with Silicon Tetrachloride.—The solution of the 
Grignard compound (24 mols.) is dropped into an ice-cold, well- 
stirred solution of silicon tetrachloride (35 g.) in dry ether (50 c.c.). 
Magnesium halide begins to separate when about 1/3 of the reagent 
has been added, occasionally in the solid form, but more often as a 
brown or green oil, which in some cases does not crystallise even 
when, after the addition of all the Grignard reagent, the contents 
of the flask are heated on a water-bath under reflux during 3 hours. 
This oil, which passes through filter paper, contains about 60% of 
ether and probably consists of a saturated solution of ether in an 
etherate of magnesium chlorobromide of the class of compound 
described by Menschutkin (J. Russ. Phys. Chem. Soc., 1907, 39, 
1548). 

After having been heated until the deposition of magnesium salt 
seems to be at an end, the clear ethereal solution gives on evaporation 
a further quantity of magnesium salt as a purple crystalline mass, 
the yellowish liquid turning emerald-green; the latter is filtered, 
the residue washed with ether, and the combined filtrate and washings 
are again evaporated. These processes must be repeated three or 
four times before the solution ceases to give a deposit of magnesium 
halide. The liquid product, which is now light yellow, is submitted 
to distillation (35 mm.). At first a little cyclohexene passes over 
and then a considerable fraction is collected at 120—135°; this 

* Tschitschibabin (Ber., 1905, 38, 562) prepared the corresponding chloride 
in dry hydrogen, with a cooled reaction vessel, and used it to prepare esters, 
of which the yield was only 40%. Hell and Schaal (Ber., 1907, 40, 4162) 
observe that in the preparation of magnesium cyclohexyl bromide, the maxi- 
mum yield of Grignard compound is about 60% ; Adams and Noller (“‘ Organic 
Syntheses,’’ Vol. VI) give 61—65%. 
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contains cyclohexylsilicon trichloride and cyclohexyl bromide. The 
next fraction, collected up to 150°, consists almost entirely of dicyclo- 
hexyl but contains a little dicyclohexylsilicon dichloride. The 
temperature then rises rapidly to 170—180° but only a very small 
quantity of liquid distils, and there is violent frothing, owing 
doubtless to the evolution of hydrogen chloride, with formation of 
a bulky solid. When the heating is discontinued, before frothing 
commences, while the whole contents of the flask are still liquid, 
the residue is soluble in dry ether with the exception of a small 
proportion of a yellowish solid, and the products in the ethereal 
solution, on hydrolysis, give a small proportion of the oxide 
[(C,H,,).SiO],, together with compounds containing linked silicon 
atoms. When, however, the heating is continued, the contents of the 
flask solidify, no dichloride distils, none can be extracted from the 
residue, and no diol is obtained by the hydrolysis of either the 
distillate or the residue. 

When the crude product is distilled under 3—4 mm. pressure, the 
first fraction collected below 120° contains dicyclohexyl and cyclo- 
hexylsilicon trichloride ; the next fraction, from 140—155°, contains 
dicyclohexyl and dicyclohexylsilicon dichloride; a very small 
fraction passes over from 155—180° and consists principally of the 
dichloride. At this stage the greenish, very viscous residue is almost 
entirely soluble in dry ether, but, if heating is continued, frothing 
occurs and the contents of the flask gradually become solid. 

cycloHexylsilicon Trichloride and “ cycloHexylsiliconic Acid.” — 
The product collected from 120—135° (35 mm.), fractionated at 
atmospheric pressure, afforded a colourless fuming liquid, b. p. 
208—211° (Found: Cl, 48-6. C,H,,Cl,Si requires Cl, 48-9%). 

When this trichloride is dropped into well-stirred ice-cold water, 
a white solid is formed, but a considerable proportion of the hydrolysis 
product remains in solution, and only a small fraction of this dis- 
solved matter can be extracted with ether. The solid, insoluble in 
water, when freshly precipitated is partly soluble in ether, and the 
ethereal solution on evaporation gives a colourless glue-like mass 
which rapidly hardens to a resin and becomes insoluble in ether. 
The original solid left at the ordinary temperature also becomes 
wholly insoluble in ether and other solvents ; further, it is no longer 
completely soluble in cold sodium hydroxide solution. The aqueous 
solution of the original product of hydrolysis gives on evaporation 
a gelatinous precipitate which dries in the air to a white powder 
insoluble in water and in ether. Three samples of the preparation 
insoluble in water and in ether, dried over sulphuric acid during 
24 hours and then for an hour at 100°, gave Si = 19-2, 19-0, and 19-0 
(Cale. for C,H,,*Si0-OH: Si, 19-4%). 
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Two such samples were heated first at 100° during 24 hours and 
then at 150° during 24 hours until constant in weight; the 
average loss (6-1%) corresponded with that (6-2%) required for 
2C,H,,"Si0-OH = (C,H,,’Si0),0 + H,O and the heated products 
gave Si, 20-9 and 20-8 respectively [Calc. for (C,H,,°Si0),0: Si, 
20-7%]. 

“ eycloHexylsiliconic acid” dissolves slowly in warm 5—10% 
sodium hydroxide solution, from which it is immediately precipitated 
at the ordinary temperature or at 0° by ammonium chloride, but only 
after some time by dilute hydrochloric acid; only a very small 
proportion of this precipitate is soluble in ether and this rapidly 
becomes insoluble when it is kept. The insoluble form of the acid 
does not melt, but chars at a high temperature. When a solution 
of the sodium salt in 5% caustic soda is boiled, a slight odour of 
cyclohexane can be detected but decomposition is very slow as in 
the case of other alkylsiliconic acids (Meads and Kipping, J., 1914, 
105, 688). With more concentrated solutions decomposition takes 
place more rapidly; after having been refluxed during 1 hour the 
products, precipitated by ammonium chloride and dried at 180— 
200°, gave the following results: From 8% NaOH, Si = 26-5; 20% 
NaOH, Si = 30-1; 30% NaOH, Si= 39-1; 40% NaOH, Si = 45-1 
[(C.H,,°SiO),0 requires Si, 20-7%. SiO, requires Si, 46-6%]. 

The slow evaporation over sulphuric acid of a solution of the acid 
in alcohol containing the theoretical quantity of sodium ethoxide 
gave crystals, some cubic, some having a hexagonal outline, which 
quickly deliquesced and decomposed on being exposed to the air, 
changing into small globules of a glue-like substance. 

Dicyclohexylsilicon Dichloride and Anhydrodicyclohexylsilicane- 
diol.—The quantity of dichloride in he two crude fractions 140— 
155° and 155—180° (p. 1024) was so small that the compound could 
not be isolated; a fraction collected from 140—145° after several 
distillations gave Cl = 23-9 [(C,H,,).SiCl, requires Cl, 26:7°%]. When 
a portion was heated (760 mm.), a little dichloride and dicyclohexyl 
distilled but as heating was continued most of the oil was con- 
verted into a glue-like mass, which finally changed to a bulky 
solid. 

Dicyclohexylsilicanediol was obtained by hydrolysing the crude 
dichloride and then separating the dicyclohexyl by distillation in 
steam. It was more conveniently prepared by hydrolysing the oil 
which remains when distillation is stopped as soon as trichloride 
ceases to pass over. The pasty product, freed from dicyclohexy]l, 
is a pale yellow, dough-like mass most of which dissolves in ether, 
leaving a pale yellow solid quite insoluble in that solvent. The 
latter gives hydrogen with caustic soda and is described later. 
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The ethereal solution is agitated with dilute caustic soda solution 
until hydrogen evolution ceases, washed with water, and evaporated ; 
the pale glue-like residue when left in the air changes into a brittle 
resin, which softens at about 200°, gradually liquefies at higher 
temperatures, and then chars. When glacial acetic acid or alcohol 
is added to a cold ethereal solution of the glue-like substance, a 
white, apparently amorphous, granular solid is precipitated under 
certain conditions; this product melts indefinitely at 145—150° 
and, when left during about } hour in the acid solution, becomes a 
glue-like mass; when kept during a day or two, it changes into the 
resinous form, which decomposes at 200—250°. 

The precipitated powder was dried in the air and at 100° until 
constant in weight; four different samples gave Si = 13-3; 13-0; 
13-2; 13-4 [Calce. for {(C,H,,)SiO}, : Si, 13-3%]. Cryoscopic 
determinations gave (a) in benzene, M, 1438 and 1481; (6) in 
camphor, M, 1450 and 1460. 

These results show that the simple diol is unstable; the physically 
different preparations mentioned above are doubtless mixtures of 
condensation products like those obtained from other diols and the 
fact that the average molecular weight is as high as 1455 points to 
the presence of very complex compounds corresponding with some 
of those obtained from diphenylsilicanediol (Kipping and Murray, 
J., 1928, 1427). 

Derivatives of Silicoethane.—The very viscous, dark green residue 
which is obtained when the distillation of the crude product is dis- 
continued at about 180° is treated with dry ether, which precipitates 
a small quantity of yellowish solid. The filtered solution gives on 
evaporation a very thick oil, which when heated under reduced or 
atmospheric pressure is converted into a yellow solid with evolution 
of hydrogen chloride, giving a distillate consisting of cyclohexene, 
dicyclohexyl, and a small proportion of some compound which 
evolves hydrogen with aqueous alkalis; the crude oil was analysed 
(Found: Cl, 21-4%; 1 g. gave 52 c.c. of hydrogen. Two other 
preparations gave hydrogen values of 51-2 and 52-7 respectively). 
These results are considered later (p. 1028). 

The oil hydrolysed with cold water gives a creamy mass which 
hardens to a crisp solid. A very variable quantity, sometimes as 
much as 40%, of this product is soluble in ether and the proportion 
seems to depend on the stage at which distillation has been stopped. 
The insoluble portion is a granular infusible powder insoluble in all 
the solvents which were tried. Three different preparations were 
dried at 100° and analysed (Found: Si, 19-0, 18-8, and 17-3% 
respectively). They all evolved hydrogen with caustic alkalis and 
gave respectively the following values : 70, 69, and 67°4 [Calc. for 
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“Sil p ’ Si 
ed & ~ : Si, 22%; hydrogen value 80. Calc. for bey : 
Si, 16-99%; hydrogen value 66]. 

These results agree with the view that the ether-soluble residue 
from the distillation contains a mixture of di- and tri-cyclohexyl 
derivatives of silicon hexachloride and that this insoluble substance 
is a mixture of the condensation products formed when they are 
hydrolysed. The proportions of the two chlorides would no doubt 
depend on the temperature at which distillation had ceased and the 
composition of the mixed products of hydrolysis would vary 
accordingly. 

That this insoluble product contains linked silicon atoms is proved 
by its behaviour towards alkalis; that it contains both R,Si< and 
RSi= groups is proved by the fact that after fission has occurred 
the alkaline solution contains in suspension a glue-like substance, 
soluble in ether, which has all the (rather indefinite) properties of 
the oxide (C,H,,),SiO. The alkaline solution treated with acids 
gives a precipitate of “‘ cyclohexylsiliconic acid.” 

The product of hydrolysis which is soluble in ether was obtained 
as a glue-like mass by the evaporation of the solution. It dissolved 
freely in ether but was less readily soluble in acetone, from which 
it separated again in a glue-like form. As it might have contained 
a small proportion of the oxide, (C,H,,),SiO, it was fractionally 
extracted with cold acetone, in which the latter is readily soluble, 
and then dried over sulphuric acid until constant in weight (sample 
I); the last acetone extract was evaporated and the residue dried in 
like manner (sample II) [Found : (I) Si, 13-2%; hydrogen value, 
53. (IT) Si, 12-4% ; hydrogen value, 50. Calc. for (CgH,,)Si.(OH), : 
Si, 13-39%; hydrogen value, 53-5]. That the compound contains 
the group SiR, was proved by the fact that, when it was treated with 
aqueous alkali until hydrogen ceased to be evolved, it did not dis- 
solve but gave a product which behaved in all respects like the oxide 
and contained 12-1°%, of silicon (Cale. for SiR,O: Si, 12-3%). 

The less soluble portion (I) of this tetracyclohexyl derivative was 
dissolved in ether, and a little alcohol added to the solution. There 
was an immediate precipitate of a colourless infusible solid, which, 
dried over sulphuric acid until constant in weight, gave a hydrogen 
value of 56:5 and M (cryoscopic) in benzene 2980 and in camphor 
2900. This product was still soluble in ether, acetone and other 
solvents, but it could not be obtained in crystals. These results 
indicate that 7 mols. of the dihydroxide have undergone condens- 
ation with the loss of 6 or 7 mols. of water to form 

HO-Si,R,°O[Si,R,4°0],;°Si,R,-OH 
or the closed-chain compound [Si,R,0},. 
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The analytical data given above for the original oily residue 
(p. 1026) and the results of the investigation of its products of 
hydrolysis accord with the view that the oil consists principally of 
the two compounds SiR,Cl‘SiR,Cl and SiR,Cl’SiRCl, with a very 
variable proportion of SiRCl,*SiRCI,. 

The insoluble residue. The yellow porous infusible solid which 
remains when the distillation of the crude original product is con- 
tinued until liquid ceases to pass over, is not present in the original 
oil; during its formation, hydrogen chloride, cyclohexene and di- 
cyclohexyl are produced. As it was insoluble in all organic solvents 
which were tried, it was directly analysed, 6 different preparations 
being used. The percentage of silicon ranged from 22-9 to 25-5 and 
the hydrogen values from 45—52-5; a chlorine determination, in 
one sample only, gave Cl=9-0%. It is noteworthy that the 
hydrogen values are no greater than that of the oil from which 
it has been formed, in spite of the loss of halogen and hydrocarbon 
radicals. . 

When left in contact with aqueous alcohol during many hours 
and then washed, crushed and dried, the solid gave a cream-coloured 
powder, insoluble in all the common solvents. Several preparations 
were analysed, but, as was to be expected in view of the small 
proportion of halogen which was displaced by hydroxyl, the silicon 
percentages and the hydrogen values were practically the same as 
those of the non-hydrolysed solid. The only other evidence as to 
the nature of this product was obtained by warming the solid with 
acetone and sodium hydroxide until hydrogen ceased to be evolved ; 
with the exception of a small and variable proportion of glue-like 
matter, the solid was thus converted into products soluble in aqueous 
alkali, and these were fractionally precipitated by passing carbon 
dioxide into the solution. The three precipitates thus obtained, 
when dried, contained 29-5, 22:3 and 19-8°%, of silicon respectively ; 
since O,H,,‘Si0-OH requires Si, 19-4% and the sodium hydroxide 
solution was not sufficiently strong to decompose the siliconic acid, it 
must be concluded that some of the silicon atoms in the solid are 
not combined with cyclohexyl groups. 


UnIvERsIty COLLEGE, NOTTINGHAM. [Received, March 8th, 1930.] 








C2 


due 
s of 
y of 
rery 


rich 
0n- 
inal 

di- 
ants 
ions 
and 
, in 
the 
Lich 
bon 


urs 
red 
ions 
nall 
con 
> as 
3 to 
vith 
ed; 
like 
ous 
bon 
1ed, 
ely ; 
ride 
1, it 
are 





ORGANIC DERIVATIVES OF SILICON. PART XLIII. 1029 


CXXVIII.—Organic Derivatives of Silicon. Part 
XLIIT. The Formation of Tri- and Tetra-phenyl- 
silicane by the Action of Sodium on Triphenyl- 
stlicyl Chloride. 

By Freperio StaNLEY Kippine and Joun Francis SHorr. 


THE action of sodium on phenylsilicon trichloride in boiling xylene 
solution in an atmosphere of nitrogen results in the production of 
a very complex mixture, the soluble components of which contain 
from 6 to 50 atoms of silicon in their molecules; some of these com- 
ponents, submitted to fission with alkalis, give diphenylsilicanediol 
and therefore contain >SiPh, groups (Kipping, Murray, and 
Maltby, J., 1929, 1180). In the absence of a solvent in the presence 
of dry air the trichloride is almost entirely converted at about 180° 
into a product which is insoluble in all ordinary solvents; but in the 
absence of air the reaction seemed to proceed differently (loc. cit., 
footnote, p. 1184). 

In the course of further experiments in which the trichloride was 
heated with the metal in a stream of pure nitrogen, tri- and tetra- 
phenylsilicane were obtained. 

The formation of the last-named compound is probably due to 
the prior production of sodium phenyl, which then reacts with the 
unchanged trichloride; the same suggestion was made to account 
for the presence of >SiPh, groups in some of the compounds obtained 
in xylene solution (loc. cit., p. 1183). The related observations on 
the formation of tri- and tetra-benzyl derivatives from dibenzyl- 
silicon dichloride and sodium (Steele and Kipping, J., 1928, 1431) 
seem to show that aryl groups generally, directly combined with 
silicon, may give sodium aryl compounds; the alternative view that 
aryl chloride separates and then reacts with the unchanged silicon 
halide in the presence of sodium seems to be less probable; but, 
however produced, the unexpected formation of tetraphenylsilicane 
in this and other reactions (Kipping and Murray, J., 1929, 360) 
affords an interesting contrast to the non-formation of tetraphenyl- 
methane under conditions which might be expected to give it. 

The production of triphenylsilicane from the trichloride is difficult 
to explain. It was at first thought that the hydrogen in this 
compound might be derived from sodium hydride, which is present 
in the metal in very small proportion; but when the trichloride is 
heated at its boiling point with sodium hydride in the absence of air 
during many hours there is no sign of any reaction. As it also seems 
impossible that the hydrogen can be derived from any phenyl- 
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ethoxysilicon dichloride present in the purified trichloride (J., 1929, 
1184), it is necessary to assume that it is formed from phenyl 
groups by changes such as 2 >SiPh,—> >SiPh’C,H,’SiPh,- + H. 
This assumption was made in order to account for the production 
of triphenylsilicane from octaphenylcyclosilicotetrane (Kipping and 
Murray, loc. cit.) and considering the high temperature at which that 
change occurred it seemed to be a reasonable one; there was also 
some collateral evidence of the presence of phenylene groups in some 
of the products. In the experiments with the trichloride the tem- 
perature hardly exceeds 200°, unless locally, and such an explanation 
of the origin of the hydrogen is less probable, but there seems to be 
no alternative. 

The yields of the tri- and tetra-pheny] derivatives cannot be given 
exactly ; they both seem, however, to be less than 3% of the weight 
of the chloride. 

EXPERIMENTAL. 

To freshly distilled phenylsilicon trichloride (10—15 g.) contained 
in a 400 c.c. flask, large clean blocks of sodium (4—4} atoms) are 
added and a stream of oxygen-free nitrogen, dried finally with 
phosphoric oxide and sodium wire, is passed through the apparatus, 
which is provided with an upright quill-tube air-condenser about 
30” long. The escaping gas is led through two wash-bottles con- 
taining benzene (or xylene) and after passing a mercury seal is bubbled 
through water. When all the air has been expelled, the flask is 
heated in an oil-bath and the nitrogen stream is reduced to about 1 
bubble per second. Just below the boiling point of the trichloride 
the bright metal becomes coated with a brown crust and appears to 
increase considerably in volume. Gentle agitation releases the 
molten metal, which then becomes encrusted as before, and in the 
course of an hour or so a film of oil is usually visible in the condenser ; 
the heating at about 190° is continued until the contents of the flask 
have become almost solid (about 10—20 hours). In some experi- 
ments, in which the temperature was finally raised to about 230°, 
crystals of tetraphenylsilicane were deposited on the upper portions 
of the flask and drops of oil, collected from the lower end of the air- 
condenser, were found to consist almost entirely of triphenylsilicane. 
If the flask is very vigorously shaken when the reaction has well 
started and the temperature has risen to about 160°, a great develop- 
ment of heat occurs and the contents of the flask are rapidly trans- 
formed into a granular brown solid. 

In an experiment in which sublimed sodium hydride was used 
instead of sodium there was no sign of any reaction and the surface 
of the hydride was not coated with any crust even when the contents 
of the flask had been gently boiled during some 8—10 hours. 











29, 
ry] 


on 
nd 
at 
lso 
ne 


on 
be 


en 
ht 


re 
th 
18, 
ut 


ed 

is 
51 
de 


he 
he 
rr; 


ri- 
, 
ns 
ir- 
1e. 
ell 
/p- 
1S- 


ed 
ce 
its 





ORGANIC DERIVATIVES OF SILICON. PART XLII. 1031 


The oily film which, when sodium was used, coated the whole 
length of the condenser, and in which six-sided prisms were sometimes 
detected, was readily soluble in cold acetone, most of the crystalline 
matter being undissolved; this solution was practically free from 
chlorine and on evaporation yielded about 0-2 g. of a colourless viscous 
residue which did not crystallise at 0°. This product had the pro- 
perties of triphenylsilicane (J., 1929, 364); when treated with 
aqjueous alkali and a little acetone, it was rapidly attacked at the 
ordinary temperature with the evolution of hydrogen and formation 
of triphenylsilicol. The latter was fully identified by converting 
it into triphenylsilicyl oxide and crystallising the product from 
benzene; the highly characteristic rhomboidal crystals, m. p. 222°, 
of the oxide, which became opaque at 100°, were obtained. Small 
additional quantities of crude triphenylsilicane may be extracted 
from the main product with light petroleum (b. p. 30—40°), 

The crystals sparingly soluble in acetone from the air-condenser 
and those forming a sublimate in the reaction flask were recrystallised 
from boiling acetone; the product, usually less than 0-1 g., was thus 
obtained in highly lustrous needles which were proved to be those 
of tetraphenylsilicane by direct comparison and by mixed melting- 
point determinations. 

The products which were collected in the benzene wash-bottle 
are still under investigation; it seems that they contain either 
silicochloroform or silicon dichloride; and the water with which 
the escaping nitrogen was finally washed contains hydrochloric acid. 

The main product of the reaction has not been thoroughly inves- 
tigated, as it is no doubt a very complex mixture similar to that 
formed from the trichloride in boiling xylene solution; further, it is 
very difficult to decompose completely all the silicon halide and after 
15—20 hours’ heating the mixture still contains halogen compounds 
soluble in benzene which would make its investigation even more 
troublesome than that of the halogen-free products previously 
described. In order, however, to try to ascertain the approximate 
yield of the tetraphenyl derivative the products soluble in cold 
benzene were fractionally crystallised from that solvent and then 
from acetone; most of the fractions thus obtained were glue-like 
in consistency, but some of the more soluble portions seemed to be 
partly crystalline and from these after many operations there was 
isolated about 0-2 g. of crystalline matter. This product melted 
at 229—230° and gave with pure silicon tetraphenyl a mixture which 
melted from 230—232°, but it separated from solvents, including 
acetone, in microscopic nodules, whereas tetraphenylsilicane always 
crystallises from that solvent in highly lustrous needles; when 
warmed with acetone and aqueous alkali, it gave a little hydrogen 
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and therefore contained some linked silicon atoms, but after this 
impurity had been eliminated almost the whole of the substance was 
recovered apparently unchanged in crystalline form and in melting 
point. Since it had been found that tetraphenylsilicane sublimed 
readily, this nodular material was heated at about 220°; pure 
tetraphenylsilicane sublimed in lustrous needles, leaving only a very 
small proportion of gelatinous matter. Several of the more soluble 
fractions of the main products were treated with acetone and 
aqueous alkali until the hydrogen evolution ceased and after 
evaporation of the acetone the insoluble matter was again fraction- 
ated, but only very small quantities of tetraphenylsilicane were thus 
obtained, It seems, therefore, that the total yield of this compound 
is not very much greater than that of the triphenyl derivative. 


Untversiry CoLteGce, NorrincHAmM. [Received, March 8th, 1930.] 


CXXIX.—The Mechanism of, and Constitutional 
Factors controlling, the Hydrolysis of Carboxylic 
Esters. Part I. The Constitutional Significance 
of Hydrolytic Stability Maxima. 

By CuRisTtoPHER KELK INGOLD. 


ALTHOUGH the mass of data, accumulated by Victor Meyer, Kellas, 
Sudborough, Reid, and others, relating to the rates of hydrolysis of 
carboxylic esters and amides, forms one of the main pillars of the 
theory of steric inhibition, an examination of the results reveals 
the existence of a large number of anomalies of which no explanation 
has yet been given. The point may be exemplified by reference to 
the acid hydrolysis of two simple series, one of ethyl esters (L6wen- 
herz, Z. physikal. Chem., 1894, 15, 388), and the other of acetates 
(Palomaa, Ann. Acad. Sci. Fennicew, 1913, A, 4,2; 5,4; Skrabal 
and Hiigetz, Monatsh., 1926, 47, 17; and others), for which the 
data * fail to show the continuous gradations which might have 


been expected. ' 
k x 10° (40°). k x 103(25°). 


Ethyl acetate ......... 26-2 min.-} Methyl acetate .......4. 6-8 min. 
»  Chloroacetate .... 152 ,, Ethyl acetate .........++. 66 ,, 
»  Gichloroacetate 24-4 ,, isoPropyl acetate ...... 36 
tert.-Butyl acetate ...... TB 55 


On the other hand, it has recently been proved that the hydrolysis 
of carboxylic esters is just as susceptible to polar influence as are 

* It will be the uniform practice in these papers to employ minutes as time 
units and to use log,, not log,,, in integration formule for velocity coefficients. 
Data from the literature are corrected, where necessary, to conform with these 
conventions. 
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most other reactions. Probably the clearest demonstration of this 
is to be found in the circumstance that Kindler’s results (Annalen, 
1926, 450, 1) for the speed of hydrolysis of benzoic esters containing 
various substituents in the m- and p-positions are in excellent 
agreement with the purely electropolar scheme which has been 
evolved (Ingold, Ann. Reports, 1927, 24, 155; 1928, 25, 146; 
Ingold and Rothstein, J., 1928, 1217; compare Williams, this vol., 
p. 37) for the interpretation of the influence of m- and p-nuclear 
substitution on aromatic side-chain reactions generally. In such a 
group of examples, complication is at a minimum: the electronic 
conductivity of the benzene ring guarantees the facile transmission 
of polar influences, whilst its configuration and spatial rigidity 
render steric inhibition practically inoperative. The clear implica 
tion, however, is that in the general case of ester hydrolysis, in which 
spatial effects are obviously of importance, internal polar factors will 
also play a part, and that this may explain the anomalies illustrated. 

The theoretical object contemplated in this series of communic- 
ations is the development of methods for the separation of the two 
factors presumed to be present in general on the basis of the argu- 
ments indicted. An analogy for the procedure adopted is provided 
by a contemporaneous investigation (Gane and Ingold, J., 1929, 
1691; and earlier) in which a similar problem is envisaged, viz., the 
separation of the spatial and internal polar factors which together 
control the strengths of polybasic acids. Here the analysis was greatly 
facilitated by the consideration, in the first instance, not of the dis- 
sociation constants themselves, but of a function of them, presumed, 
on the basis of an approximate theory, to be related mainly to one 
of the operating factors. ‘ 

The development of an analogous procedure for the hydrolysis 
of esters necessitates some consideration of the theory of the 
dynamics of homogeneous catalysis as it has been elaborated by 
Brénsted and Dawson especially. It may be stated that our in- 
vestigation is based on—indeed, was rendered possible by—Dawson’s 
elegant methods for the analysis of superimposed catalytic effects ; 
and, further, that due consideration has of necessity been given to 
certain highly important points raised by Brénsted in the course of 
his work. 

The Arrhenius—Ostwald theory of catalysis by hydrogen and 
hydroxyl ions (symbolised, v = vg + Vox) has more recently been 
extended, in several well-defined stages, to include catalysis by a 
large variety of molecules and ions. The “dual” theory of 
catalysis (v = vy + Von + Vm) envisaged catalysis by the undis- 
sociated molecules of acids (Acree and Johnson, Amer. Chem. J., 
1907, 37, 410; 38, 258; Senter, J., 1907, 91, 460; Lapworth, 1910, 
NN 
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97, 19; Goldschmidt and Thuesen, Z. physikal. Chem., 1910, 70, 
627; 1912, 841, 30; Z. Hlektrochem., 1911, 17, 684; Bredig, Miller, 
and Braune, ibid., 1912, 18, 535; Snethlage, ibid., p. 539; Taylor, 
ibid., 1914, 20, 201; Dawson, Powis, and Reiman, J., 1913, 103, 
2135; 1915, 107, 1426), and the most important step in its super- 
session by a still more general theory (v = tq + Yow + Un + V2) 
consisted in the recognition of catalysis by the anions of acids 
(Brénsted, Pedersen, and Duus, Z. physikal. Chem., 1924, 108, 185; 
1925, 147, 299; Dawson and Carter, J., 1926, 2282). Many claims 
have been made for the recognition of a small but distinct catalytic 
effect of the water molecule on reactions in aqueous solution, but 
few are substantial (vy = vq + Yon + Um + Va + Va,o); the established 
cases include the mutarotation of glucose (Hudson, J. Amer. Chem. 
Soc., 1907, 29, 1571; Brénsted and Guggenheim, ibid., 1927, 49, 
2554) and the iodination of acetone (Dawson and Key, J., 1928, 543). 

Brénsted and Guggenheim discussed their results on the muta- 
rotation of glucose in relation to the conception in accordance 
with which acids and bases are defined by the equation 


Base +- H’ == Acid 
{e.g., [Co(NH,);OH]",NH,,OH} ({¢.g., NH,,H-CO,H,[CO,°CO,H]}, 


independently of their state of electrification. (In this scheme 
OH’ appears as a special instance of a base, and the hydrion, H,0’, 
as a special case of an acid; water is remarkable as belonging to 
both categories.) They showed that the catalytic efficiencies of a 
series of bases (including OH’) increased with the strength of the base, 
and that the logarithmic plot of the catalytic coefficients against the 
equilibrium constants of the reaction formulated above approxim- 
ated to a straight line having a certain slope. Similarly, the 
catalytic effects of a series of acids (including H,O°) increased 
with the strength of the acid, and an analogous plot of the data 
yielded another straight line of different slope. Evidently there 
are two catalytic mechanisms corresponding to the two lines: in 
acid catalysis the reactant receives from the catalyst a positive 
charge, and in basic catalysis it confers on the catalyst a positive 
charge. These conditions are fulfilled by both Lowry’s (J., 1925, 
127, 1371) and Baker’s (J., 1928, 1583) theories of catalytic effects 
on mutarotation in the sugar series, but the general conclusion 
must hold independently of the accuracy of the assumed mechanistic 
details; and it is clear, moreover, that the actual mechanism of 
catalysis by hydrions is also that of catalysis by acids, and that 
the mechanism of catalysis by hydroxyl ions applies equally to 
catalysis by bases, in the generalised interpretation of the terms 
acid and base. Again, since the coefficients representing the catalytic 
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activities of ten acids and five bases on the iodination of acetone 
(Dawson and others, J., 1926, 2282; 1928, 548, 2844; 1929, 1884, 
2530) yield a closely similar bilinear plot, it can be claimed that 
there is experimental evidence for extending the same two mechan- 
isms, with their distinctive electropolar characteristics, to proto- 
tropic change generally, for it is usually accepted that the proto- 
tropy of acetone is here involved. Furthermore, Dawson and 
Lowson’s results (J., 1927, 2107; 1928, 2162; 1929, 393, 1229) for 
the effect of three acids and two bases on the hydrolysis of ethyl 
acetate adumbrate yet another diagram of the same type, so that 
the principle of a dualistic mechanism of polar catalysis in relation 
to the generalised conception of acids and bases may evidently be 
extended to the hydrolysis of carboxylic esters. It should be stated 
that’ Lowry (loc. cit.); on theoretical grounds, suggested a close 
relation between the catalysis of sugar mutarotation and that of ester 
hydrolysis. Probably a still wider generalisation would be justifiable. 

The explicit discussion will now be confined to catalysis by 
hydrogen and hydroxyl ions in ester hydrolysis, the implication 
being that the statements made are applicable to acid and basic 
catalysis generally, except in so far as quantitative modification is 
necessitated by the specific nature of an acid or base. 

Consider the nth ester of an isotypic series. (We cannot yet 
define the word “ isotypic,” which is inserted to retain the right to 
exclude certain cases: the theory here advanced is an approximate 
one, and whilst the comparison to be instituted might embrace all 
carboxylic esters, except, perhaps, a few special classes such as 
lactones or 1 : l-alkylidene di-esters, it might, on the other hand, 
prove to be much more restricted.) First, the formula of the 
series may be taken as R’CO’OR’ in which R is variable and R’ 
constant. Let ky and ko, be the catalytic coefficients expressing 
the rates of hydrolysis of the typical member at a given temper- 
ature by hydrogen and hydroxyl ions respectively. Now, it is 
possible to suppose that the polar effect of the variable group R 
on the constant residue -CO-OR’ is capable of being quantitatively 
imitated by a group G of such a form that, when R is varied, the 
variations of G necessary to preserve the imitation do not alter the 
steric value of G in relation to the residue -CO-OR’. (For example, 


G might be of such a form as ag >, Ag >< >, or 
a ant where A is variable, and B constant.) Let 
B 


ke, and kj, be the corresponding catalytic coefficients for the 
hydrolysis of G-CO-OR’. These coefficients, k, and k{,, may now 
be regarded as the polar constituents of those, kg and Koy, of the 
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series R-CO,R’; they are the values which ky and koq would assume 
in the presence of a constant steric effect arbitrarily fixed by the 
choice of the form of G. For the nth ester considered, let ky =k,/S, 
where S is a factor introduced to express the effect of steric inhibition 
in the hydrolytic reaction involving hydrogen ions; S will clearly 
depend on %, that is,on the nature of R. The value of kox will not, 
of course, be kj,,/S because the mechanism of the reaction with 
hydroxyl ions is different; a different connecting factor will, in 
general, be required, and may be expressed by CS in the relation 
kou = kjy/CS. Now the basic assumption here made is that, 
because the difference between hydrogen- and hydroxyl-ion catalysis 
repeats itself throughout the series of esters of which the hydrclysis 
is being considered, C will be independent of n to a first approxim- 
ation; in other words, that S, having been defined for each ester by 
reference to hydrion catalysis, takes sufficient account, for another 
kind of catalysis, of the varying nature of the esters, leaving the 
constant C to take charge, as it were, of the (constant) nature 
of the second catalyst. It is not expected that C will be exactly 
constant; but the larger C is—that is, the more diverse the 
mechanisms with regard to their susceptibility to steric effects— 
the more nearly true should be the suggested relation. The con- 
stancy of C being assumed, it follows that C(kou/ka) = kou/kh, 
that is, that kjy/k% is a function of polarity only. Similarly, if 
R is kept constant and R’ is made to vary, O’(kou/ka) = kby/kh. 
Finally, both C and C’ are arbitrary constants, since they depend 
on the forms chosen for G and G’; therefore, the general relationship 
for all the isotypic esters, R-CO,R’, with variable R and R’, is that 
kou/ka is directly proportional to its polar constituent.t 

This view, namely, that koy/ka is, probably within wide limits, 
a function of polarity only, and is untrammelled by the complic- 
ations due to steric hindrance which affect ko, and ky separately, 
may be tested by reference to experimental data; and it is con- 
venient to use two types of data for this purpose. 

The first uses the theory of the vp, isotherm. That the velocity 
of an aqueous reaction catalysed by hydrogen and hydroxyl ions 
must pass through a minimum (at py = py*) is obvious a priori, 
but was first observed by Wijs for the hydrolysis of methyl acetate 


t It will be observed that this conclusion is reached without specific 
assumptions relating to mechanism, It is necessary only that the mechanisms 
obtaining should admit the validity of the basic hypothesis, namely, that the 
relative steric effects on velocity are expressible as the product of two co- 
efficients singly dependent, respectively, on the ester and the catalyst. This 
granted, it follows that the conclusion drawn should apply to a pair of acid 
or of basic catalysts, ¢.g., to kweax scia/kn Or to kweak base/Kon, a8 well as to a 
pair composed of one catalyst of each kind. 
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(Z. physikal. Chem., 1893, 14, 492; 412, 514); and the symmetry 
of the v-p, curve, which is important for the location of the 
stability maximum, i.¢., of py*, seems to have been first shown by 
Euler and Hedelius (Biochem. Z., 1920, 107, 150; compare Euler 
and Svanberg, Z. physikal. Chem., 1921, 115, 139, and Euler and 
Laurin, Arkiv Kemi, Min. Geol., 1920, '7, No. 30,1) for the muta- 
rotation of glucose. Dawson, partly with Dean and Hoskins (J., 
1926, 2872, 3166; 1927, 213, 1148, 1290), has directed attention to 
the consequences of applying the (concentration) mass law, amongst 
which are (a) that the vp, isotherm should be symmetrical because 
it should be a catenary, (b) that —-2p,*— log K,, = log (kou/ku), where 
K,, is the ionic product of water, and (c) that, when the py, variation 
is produced by a series of buffers of which either the acidic or the 
saline component is kept constant in concentration, catalysis by the 
buffer constituents causes some displacement of py*, but preserves 
the catenary form of the curve. We are not here concerned with 
the point (Brénsted and Guggenheim, loc. cit.) that relations cannot 
be absolute which neglect effects due to ionic environment in buffers, 
because, in applying (b) to calculate kox/ky from observed values 
of py*, the fact has to be faced that the available data for p,* neglect 
the correction for buffer constituents altogether (this defect in method 
is remedied in Part II). However, despite the approximate 
character of the data (Karlsson, Z. anorg. Chem., 1921, 119, 69; 
1925, 145, 1; Bolin, ibid., 1925, 142, 201; 1928, 177, 227; compare 
Dawson, J., 1927, 1148), the examples to which they apply are so 
diverse that the general character of the suggested relation between 
kou/ku and polarity can be observed over a greater range of struc- 
tural variation than it is at present possible to traverse in any other 
way. From the first series in Table I, it will be seen that Kou/ka 
increases regularly, as it should, with the efficacy of the electron- 
sink ; it is also noteworthy that the polar group may act from either 
of the residues attached to -CO-O-. Ester No. 2 was glycerol 
monoacetate, but is formulated, for convenience in tabulation, as 
though it were glycol monoacetate, for the polar effect of the terminal 
‘CH,-OH group is expected to be negligible. Ester No. 5 was 
actually ethyl aminoacetate; but the velocity minimum occurs at 
Pu 3°5, i.e., in acid solution, so that the entity to which kou/ky refers 
is the ammonium kation, and this agrees with the very high value 
of kou/kg. The value of kox/kg for methyl formate, regarded as 
the parent of the second series in Table I, is not known; but it is 
known qualitatively to be considerably greater than for ethyl 
formate. In this series, the value of kox/k, diminishes, as it should, 
with the efficacy of the electron-source, which, as before, may act 
from either of the groups attached to -CO-O-. 
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TaBieE I. 
(kou/ku) 
No. X. Y. pu*. Temp. K,.10%. x 10°. 
First Series: X-CH,°CO-O-CH,-CH,-Y.—Effect of electron-sink. 
1 H- H- 5-36 25° 1-0 2 
2 H- HO< 5-0 25 1-0 10 
3 Cl< H- 4-8 20 0-8 32 
4 MeCO<- H- 4-4 25 1-0 160 
5 @NH,< H- 3°5 20 » 0-8 12,000 
Second Series: X-CO-0-CH,-Y.—Effect of electron-source, 
1 H- H- — — — Large 
2 oa CH,-> 4-65 20 0-8 63 
3 CH, H- 5-15 25 1-0 5 
4 CH;> CH;> 5-36 25 1-0 1-9 
56 CH,;> CH,>CH,>CH,> 5:65 25 1-0 0-5 


In the above examples there is a certain variety in the types of 
polar substituents, and, accordingly, a very great diversity in the 
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values of kou/kg; and one of the advantages of this method of 
estimating kox/kg is that the ease with which the ratio is determined 
is independent of its order of magnitude, at least between 10? and 
10’. When the order of magnitude of the ratio becomes greater 
than 10%, difficulties enter the independent direct determination 
of kox and ky at the same temperature,f and, therefore, the range 


t The numerous alleged determinations of kog in buffers, but without 
correction, or data permitting the application of a correction, for the buffer 
constituents, are, of course, valueless, except as indications of order of 
magnitude. 
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of polar substituents which can be examined by reference to data of 
this kind is more restricted; on the other hand, the values of 
kou/ka thus obtained should be more accurate than those derived 
from stability maxima in the absence of a correction for the buffer, 
and should therefore suffice to distinguish the effects of finer polar 
differences. In illustration, reference may again be made to the 
apparently anomalous series of simple alkyl acetates tabulated at 
the outset. The calculated values of kox/ka are as shown in Table 
II, and it will be seen that in these values there is no perceptible 
anomaly; if plotted against the number of §-methyl groups, kou/kz 
and p,* both give smooth uninflected curves of small curvature (see 


fig.). 


TaBxe Ll. 

Acetate (25°). (Kon/kx) x 10-*. pu*. Source of kon and kg. 
CH, 16-1 5:39 Means from literature. 
CH,>CH, 9-9 5-50 ” ” ” 
(CH,),CH 47 5-66 Means from 6, c (kox) and a, c 

(ka). 
(CH,),>C 1-5 5-91 Monge from 6, ¢ (kon) and ¢, d 
‘H)- 


References: (a) Palomaa, loc. cit; (b) Olsson, Z. physikal, Chem., 1925, 118, 
107; (c) Skrabal and Hiigetz, loc. cit.; (d) Olsson, Z. physikal. Chem., 1927, 
125, 243; 1928, 133, 233. 

Having explained the a priori considerations on which this series 
of investigations will be based, and illustrated their reasonableness 
by reference to existing data, the object of this introductory com- 
munication is accomplished. Any estimate of the extent to which 
the method outlined can be pressed in the analytical separation of 
the two main constitutional influences which affect the stability of 
esters towards hydrolysis must await a wider range of data such as 
will be provided in ensuing papers. 

Tue Untversrry, Luxps. [Received, March 5th, 1930.] 





CXXX.—The Mechanism of, and Constitutional Factors 
controlling, the Hydrolysis of Carboxylic Esters. 
Part II. Hydrolytic Stability Maxima af. some 
Glycerte Esters. 

By Constance Mary Groocock, CHRISTOPHER KELK INGOLD, 
and ARTHUR JACKSON. 

Iy selecting a method for the determination of catalytic data of 

the type of which the significance is discussed in Part L, our object 

was to combine wide applicability with some approach to accuracy. 
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The first consideration suggested the location of hydrolytic 
stability maxima, since, as has already been shown, this is the only 
method which remains practicable when strongly electron-attracting 
substituents adjoin the ester residue. 

The second desideratum required that such a process be used 
only in conjunction with anadequate method for eliminating catalytic 
influences associated with the buffers used to define the pg. These 
influences consist of (a) the superimposed catalysis of the buffer 
acid and buffer base, and (6) the effect of the buffer-ion environment 
on the activity of all the catalytic entities. A method for their 
elimination has been devised and is described later. 

A third preliminary consideration was necessitated by the sparing 
solubility of the majority of esters, R-CO,R’, in water. The objec- 
tions to the use of a mixed solvent, such as aqueous alcohol, for our 
purpose are obvious and are of a type not easy to surmount; it was 
therefore decided to avoid the difficulty by varying the radicals R 
and R’ separately and using a poly-hydroxylated group for the 
radical which is kept constant throughout any given series. In this 
paper, for example, we record the results obtained with a series of 
glyceric esters CH,(OH)-CH(OH)-CO-OR (R variable). 

Previous investigators who have undertaken experiments with 
the object of locating the hydrolytic stability maxima of esters in 
buffer solutions appear always to have aimed at using a sufficient 
buffer concentration to stabilise the p, against disturbance from 
the acid liberated from the hydrolyte in the course of the experiment. 
This method involves two difficulties. First, the necessary con- 
centration of buffer materials (which have to be neutralised in the 
course of the analytical work) is often such that the titre which 
measures the progress of hydrolysis is of the order of 1°% of the total 
titre; and this sets a rather low limit to the accuracy obtainable in 
analysis. Secondly, in the present state of electrolytic theory 
there is no method for extrapolating to zero buffer concentration the 
velocity data obtained with concentrated buffer solutions, which is 
sufficiently trustworthy to obviate the necessity for an empirical 
check by reference to experimental data for low buffer concen- 
trations; and this necessary empirical control is clearly impossible 

in a method in which, at the lowest buffer concentrations which are 
consistent with its principles, the buffer substances are still by far 
the main constituents of the solution. The first of these objections 
could, of course, be minimised by the use of gravi-volumetric methods 
of analysis; but since there seemed no way of overcoming the 
second, we rejected the method in favour of the following process. 

An aqueous solution of the glyceric ester (concentration EZ,) was 
treated with sufficient carbonate-free sodium hydroxide to hydrolyse 
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a small proportion of it. At the temperature used, saponification 
occurred almost instantly with formation of sodium glycerate (con- 
centration c), and in a few moments the solution passed through the 
neutral point and became faintly acid. It is easily seen that, from 
the moment of neutrality onwards, all effects on the dynamics of 
the reaction will be substantially the same as if sodium glycerate 
had been added at that moment to an ester solution of concentration 
E=£E,—c. This sodium glycerate constituted the (constant) 
salt constituent of the buffer series, cNaA + 2HA. The glyceric 
acid liberated in concentration x during the continuation of hydrolysis 
furnished the (variable) acid constituent of the buffer series, and also 
the measure of the decomposition of the hydrolyte. 

In considering the dynamics of a hydrolysis subject to this kind of 
pu control, it is convenient to treat effects (a) and (6) (see p. 1040) 
separately. First, we shall disregard effects due to buffer-ion 
environment. In symbolising the dynamics we shall follow the 
procedure developed by Dawson. 

Application to the fundamental equation 


0 = Ug + Von + Um + Va + Un = 
ky{H"] + kou{OH’] + km{HA] +,[A’] + k,{H,0] 


of the mass-law relations 


[A’] = ¢ + [H’] and [HA] = c[H’]/K + [H'P/K . (1) 





leads to 
v= (lu “je + ha) 1+ oe” + UP + (hee + kel) (2) 
of which 


v= (ka + se J+ a + (kge + k,{H,0]) . (3) 





is an approximate form. The approximation consists in the neglect 
of [H’] in comparison with c, and so long as the former is of the 
order 10-*% and the latter of order 10~ this is justifiable. The 
quantities, v—=«u« and [H']=h, characterising the relation 
dv /d{H"] = 0 are given by 


u = 2{ hon Ks (4a + Ee) |" + (hat + kalHO) . (4) 


and 


] kine 

, east {KouKw (Fu + ®)} ao. of winds yaa 

and, if w is written for that part of v which is independent of [H’], 

the approximate equation (3) for v takes a form equivalent to that 
NN2 
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used by Dawson to express the symmetry of the vp, relation, viz., 


v—w_ [H] 
eee 1 + oH - oS fy ER 


In using this form for the purpose of deriving an equation for the 
experimentally determined z-t relation, we should substitute for 


v and [H’}, using 


and 


2 


de/dt=wvE—-z) . . .. . 


K(x — (HW) = (HW \e+ (WH). . - - (8) 
but if the second of these equations is replaced by [H’] = Kz/c, the 
approximation (except at the commencement of the reaction) is of 
the same order as that introduced above, and the differential equation 
takes the comparatively simple form 


dx Ka , he 
7 = (B—2){Ku—w( G+ en) tui . . (9) 


The manner in which the solution of equation (9) should be expressed 
in order that it may be real depends on the relative magnitudes of 
wand 2w. In our experiments w was always greater than 2w, and 
the real form of the solution for this case is 

















, (22K? 2h Kw ) E jk? x 2Kwx 
4 Wet + (whet 3, } = EK log.| 5 = Fe + Gone +} | 
(u — w)Kz 
— este BEe, gi te 1 a0 
Vu2— 2uw ut — Quw u—w 


From numerical data conforming to this equation it is obviously 
possible to construct the curve of equation (3) or its equivalent (6), 
and also the (d/dt)-x curve (equation 9). 

It is now necessary to consider the effect of varying ¢. Since, for 
a given value of [H"], equation (2) may be written 


se = iy 


it follows that, in so far as the mass law expresses the situation, v 
is a linear function of c for constant [H"], and dv/dc is a linear function 
of [H"). If, therefore, we use a family of experimentally obtained 
2-t curves to plot a corresponding family of v-[H"] curves, and then 
employ them to construct a family of vc curves, the last should be 
straight lines. Their intercepts on the axis c = 0 should yield the 
data required for the construction of a v-[H*] curve corresponding 
with c = 0, and their slopes should give a (dv/dc)-[H’] curve, of 
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which the slope measures k,,,/K and the intercept on the axis [H’] = 0 
measures k,. ‘The mass-law expression for the (v—[H"])-.9 curve is 
= (hn + be)[C] + “re” + PCY + haf}. (12) 

but the practical simplification which results from applying the 
above procedure to our experimental data is greater still, because, 
although only rough estimates of 4, and k,, are possible, it transpires 
that k,/ka is of the order 10-*, and that in the neighbourhood of 
the stability maximum k,,{H"]/K is of the same order as k,; that 
is, there are reasons, justifying the omission of the terms 4,[H'] 
and k,,{H"]?/K from equations (2) and (12), which are independent 
of the reason that applies in the case of equation (2) when c is great 
in comparison with [H°]; the last reason therefore still holds good 
when c= 0, and the equation for the v,-[H'] curve may be 
expressed 


ty = Iy{H') + “Se + hefH0] . . (13) 


If wy is written for k,{H,O], the corresponding data for the stability 
maximum in the absence of buffer substances are 





Ug = 2 V kukouK w -- Wg . . . . (14) 
ho =v kon Ku] ka . . . . . . (15) 

and, in terms of these quantities, the a for vp is 
g%o— Yo [Ht] (16) 


ee 

The above outline of the method we have adopted ih order to 
eliminate from our results effects due to the catalytic activity of 
the constituents of the buffers, leaves untouched the question of 
correcting for disturbances due to the effect of ion-environment on 
catalytic activity. Brénsted, in particular, has drawn attention 
to the importance of these influences in homogeneous catalysis. 
Now, Dawson and his collaborators have also envisaged this problem, 
and, although we must agree with Brénsted that recognition of the 
disturbances mentioned is equivalent to an admission that mass- 
law relations are inapplicable, what is of more importance is that 
Dawson has found a simple method of giving a quantitative account 
of the actual catalytic relations; and his method may be expressed 
in the statement that the form of the mass-law equations holds good 
provided that the coefficients are no longer regarded as constants, 
but are replaced by suitable functions of the ionic strength. Dawson 
and Key, for instance, investigated the effect of neutral salts on the 
catalysis of the iodination of acetone (J., 1928, 1248), and found 
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that, with one exception, the deviations from constancy which it 
was necessary to ascribe to the catalytic coefficients were barely 
detectable. For the one coefficient (namely, k,) for which the 
variation could be measured, it was found to be represented by a 
linear function of the ionic strength over a very much greater 
range of ionic strength than any with which we are concerned. 
It can readily be shown (i) that, if conditions which are similar in 
regard to the orders of magnitude of the quantities involved hold 
also for ester hydrolysis, then the main effect on the relations which 
equation (11) purports to express will be represented by an alteration 
in the slope of the v-c curves (because, of course, A contains ky); 
and (ii) that the variations attributable to k,, and k, are unlikely in 
practice to impart any perceptible curvature to these graphs within 
the range of concentration used in our experiments. Again, Dawson 
and Lowson have made a study of salt effects on the hydrolysis of 
ethyl acetate in which they have considered especially the deviations 
with increasing salt concentration which must be ascribed to the 
dissociation constants of weak acids (J., 1929, 1217). They found 
that the variability with which it is necessary to credit these con- 
stants is of the type required by the Debye—Hiickel theory of eiec- 
trolytes, although there remained a divergence from that theory in the 
matter of the numerical value of one of the constants of the equation 
connecting K withc. The effect of influences of this nature on the 
relations which equation (11) is supposed to represent can be quali- 
tatively deduced, although they are somewhat complicated. There 
will be, for instance, an effect on the explicit K; this is calculated 
to impart to the v-c curves a convexity towards the c-axis, which 
might be large enough to be perceptible on the acid side of the 
stability maximum, but would be extremely slight on the alkaline 
side. On the other hand, there will be an indirect effect on v arising 
from the fact that v is a function of [H"], which is a function of K; 
and this should produce a slight convexity towards the c-axis on 
the acid side of the stability maximum. Similarly, opposing effects, 
relating primarily to the alkaline side of the stability maximum, 
can be foreseen; and the general conclusion which emerges from a 
consideration of the probable orders of magnitude of the quantities 
involved is that the main effect of the disturbances considered 
would again be represented by an alteration of the slope of the v-c 
curves, although small departures from linearity remain theoretically 
possible. Further details with regard to the theoretical aspect of 
this matter need not be discussed, because we find that, for the range 
of salt concentration employed, the v-c curves are, in fact, straight 
lines to within the limits of consistency of the data. It is, therefore, 
clear that the process of linear extrapolation outlined above must 
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yield velocity values (v)) which are not only independent of con- 
tributory catalysis by the buffer constituents, but are also free from 
the disturbing effects of buffer-ion environment on catalytic activity ; 
in other words, the v»-[H"] curve obtained from the experimental 
data by the method indicated should be represented, to a degree of 
accuracy determined only by the data themselves, by equations 
(13—16), in which all the quantities pertain to salt-free aqueous 
solutions. 

There is one disturbing factor which cannot be eliminated by any 
such method as that outlined, and that is the effect of the ester itself 
in modifying the properties of the aqueous medium. Knowing 
nothing about this, we have been forced to neglect it; but inasmuch 
as it is proposed later to compare the results obtained, we have 
endeavoured to arrange that effects due to the ester shall be kept as 
nearly constant as possible throughout the series by using, in every 
case, solutions of uniform ester concentration. 

Eight esters of dl-glyceric acid with alcohols of simple constitution 
have been examined by the method described. The results are 
summarised in Section E of the experimental part of this paper 
(see especially Table IX and Figs. 4 and 5). Discussion of the data 
is postponed until the results of further experiments, now in progress, 
are available for collective consideration. 


EXPERIMENTAL. 


(A) Materials.—dl-Glyceric acid was prepared by oxidation of 
glycerol with nitric acid (‘‘ Beilstein,’ 4th Aufl., III, 395). Its 
esters with aliphatic alcohols have hitherto usually been obtained by 
heating the acid with the alcohol at 180—190° (Frankland and 
McGregor, J., 1893, 63, 512; Frankland and Price, J., 1897, 71, 
253), but we found that esters prepared by this method turned brown 
on keeping. The esters were therefore prepared by boiling the acid 
(it is not necessary that it should be absolutely anhydrous) with an 
excess of the alcohol containing 1% of hydrogen chloride. Careful 
fractionation under diminished pressure yielded stable, colourless 
esters of constant b. p., which, however, contained traces of chlorine 
compounds. These were removed by distillation under reduced 
pressure with freshly prepared silver oxide. The esters appeared 
to be somewhat hygroscopic, and, accordingly, precautions were 
taken to prevent access of moisture. Purity was checked by quanti- 
tative saponification (G = glyceryl group). The italics in Table I 
indicate the esters which are new. 

(B) Calibration.—In order to obtain a convenient rate of reaction 
in the neighbourhood of the stability maxima it was found necessary 
to use a temperature considerably above that of the room. Since 
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TABLE I. 
dl-Glycerate. B. p. G (found), %. G (eale.), %. 
BECUYT © oo cccsccoscsccccccoes 123—125°/10 mm. 74-16, 74-00 74-20 
BRAY S| scirvescsesccdovscconcse 126-5°/10 mm. 66-50, 66-60 66-40 
DEPOT « coogsnsotrecssonse 128—}29°/10 mm. 60-13 59-94 
SREP VOIES ccccescdoccccccces _126—127°/11 mm. 59-87 59-94 
M-Butyl ......00..ccecccsenee 127—129°/10 mm. 54-72 54-91 
Cae Barb yl ...ncccdecriorsconppes 117°/9 mm. 54-86 54-91 
BeAMYS sccccccccccccsccccece 134—136°/11 mm. 50-43 50-56 
eG Mtegh  o..cccvcccocecssesees 135—137°/11 mm. 50-45 50-56 


the titrations were carried out at room temperature, the ordinary 
methods for the intercalibration of volumetric apparatus were 
inapplicable on account of thermal expansion. We therefore 
standardised the barium hydroxide solution used for the acidimetric 
measurements by a method which included an automatic relative 
calibration of the series of flasks and pipettes used against the already 
internally calibrated burette. The procedure may be illustrated as 
follows. 

Pure succinic acid (1-2832 g.) was placed with distilled water in a 
flask, A, which had a mark on the neck, and the solution was made 
up with water to the mark at 70-2°. At this temperature a sample 
was withdrawn with a nominally 25 c.c. pipette, (a), and titrated, in 
the presence of an approximately standard quantity of phenol- 
phthalein, with nominally N/40-barium hydroxide, 39-38 ml. of 
which were required to produce the tint which throughout these 
experiments was accepted as an indication of the end-point. The 
capacity of the flask, up to its mark, at the same temperature, was 
determined gravimetrically, allowance being made for the buoyancy 
of water in air, and found to be 539-2 ml. It follows that each 
mil. of titre corresponds with the presence of 0-0010265 g.-equiv. 
of acid per litre in a solution the sample of which has been with- 
drawn at the temperature stated from flask A by pipette (a). 
This temperature was used throughout the velocity measurements. 
Flasks B—F were treated similarly in relation to pipetve (a); later, 
another set G—K were treated likewise in relation to a second 
pipette (b). 

(C) Details of a Typical Experiment (Expt. L, 1-15).—A mixture of 
methyl glycerate (see Table I) (42-004 g.), warm distilled water 
(about 400 c.c.), and 0-9746N-sodium hydroxide (83-01 ml.) in flask 
A was placed in the thermostat, and, after temperature equilibrium 
had been attained, the whole was made up to the mark. At intervals 
extending over about a week, samples were withdrawn with pipette 
(a) and titrated in the manner described in Section B. The results 
are given in the 2nd, 3rd, and 4th columns of Table II, ¢ being the 
time (in minutes) and x the normality of the acidity. 
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Taste IT. 

Observ- Titre, Deviation 

ation No. t ml. x. t (cale.). in t. 
1 271 10-74 0-01102 (271) 
2 390 12-75 0-01309 392 — 2 
3 562 15-41 0-0158T 563 — 1 
4 714 17-65 0-01802 714 + 0 
5 1075 22-10 0-02268 1068 + 7 
6 1395 26-92 0:02660 1398 — 3 
7 1668 29-13 0-02990 1676 — 8 
8 1887 31-25 0-03208 1877 +10 
9 2165 34°54 0-03545 2167 — 2 
10 2806 41-32 0-04241 2812 — 6 
ll 3228 45-67 0-04688 3226 + 2 
12 3651 50-11 0-05144 3650 + 1 
13 4345 57-77 0-05930 4348 — 3 
14 4802 62-86 0-06452 4798 +4 
15 4998 65-16 0-06688 4999 — 1 
16 5744 73-60 0-07556 5734 +10 
17 6222 79°29 0-08141 6217 + 5 
18 7105 90-38 0-09277 7105 + 0 
19 7615 96-94 0-09951 7620 — 6 
20 8359 107-19 0-11003 8374 —15 


From the data given it can be calculated that H = 0-4988 and 
c = 90-1500. The times recorded in the 5th column of Table II 
are calculated from an equation equivalent to (10), the values used 
being K = 2-28 x 104, u = 2:37 x 10°, w= 0-37 x 10°, and 
h = 8:81 x 10°. The value of K is taken from Ostwald’s measure- 
ments at 25° (Z. physikal. Chem., 1889, 3, 192), and its selection is 
admittedly arbitrary, because, apart from other considerations (see 
below), the temperature is not that of our experiments. No deter- 
minations of K appear to have been made at higher temperatures, 
and we have not attempted to introduce a temperature correction by 
means of special experiments, for the following reasons. First, 
judging from such evidence as is available, the thermal variations in 
the dissociation constants of simple monocarboxylic acids are so 
slight that they are difficult to estimate with accuracy, either from 
conductivities, or from heats of neutralisation, except on the basis 
of an elaborate investigation. Secondly, the correction, if it could 
be estimated, would probably be smaller than the uncertainty in the 
value for the basic temperature, 25° ; Béeseken, for instance, records 
2-8 x 10+ for this temperature (Rec. trav. chim., 1918, 37, 169). 
Thirdly, as_is pointed out in the introduction, our experiments are 
necessarily affected by the circumstance that our buffer-free solvent 
is, not water, but an aqueous solution of the ester; whilst this dis- 
turbing influence inevitably affects K (and there is no pomt in 
attempting to eliminate it, since the same cannot be done for the 
other coefficients and constants involved), it would be superfluous 
to endeavour to eliminate from K the (probably smaller) disturbance 
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due to temperature. In the circumstances, the best course seemed to 
be to adopt a definite value of K and keep to it throughout the work ; 
and since the effects mentioned would probably tend to reduce K, 
we have chosen the lower of the two recorded values. Errors due 
to an incorrect value of K should, we think, be constant throughout 
the series of experiments, because, as has been explained, all effects 
(including the one on K) due to the main variable factor, namely, 
the salt concentration, are eliminated during the reduction of our 
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results to those which should pertain to the buffer-free medium. 
The x-t curve plotted from the figures in Table II runs generally 
upwards and to the right, but contains a point of inflexion (minimal 
slope) in the neighbourhood of the 10th observation. Of the three 
values wu, w, and h selected to give that degree of agreement with 
equation (10) which is indicated in the 6th column, wu is mainly 
responsible for the general slope, w controls the degree of acuteness 
of the inflexion, and h its position. It should be added that, since 
there is a certain indefiniteness about the time of starting, and also 
because the integrated formula is not accurate near the commence- 
ment of the reaction, the first observation was treated as the effective 
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starting point for computation ; * this is indicated by the parenthesis 
at the top of the table. 

The general nature of the z-t relation can be more clearly ex- 
hibited by using the differences between neighbouring observations 
to calculate v from equation (7) and the means of such observations 
to obtain corresponding values of [H"*] (or pg) from equation (8). 
The results of this calculation are given in Table III, the figures in 
the last two columns of which are graphically represented in Fig. 1. 

In the table, col. 1 enables the pair of observations used to be 
identified in Table II; cols. 2 and 3 record respectively the differ- 
ences of time and of acidity; col. 4 gives the mean acidity for each 
interval; and cols. 5 and 6 record the mean molecular concentrations 
of glyceric acid and of glyceric ester for each interval. It will be 
seen that only about one-fifth of the total possible reaction has been 
followed (in the majority,of our experiments the fraction is smaller), 
and for this reason, having regard to Dawson and Lowson’s investig- 
ation of the effect of reversibility on the dynamics of the hydrolysis 
of ethyl acetate (J., 1927, 2107), we need not fear serious disturbance 
from the retrograde reaction. 


TaB_eE III. 


Nos. At. Ax. x(mean). «2 —[{H']}. B—«w. vx 105. pu. 
1—3 291 0-00479 0-0134 0-0134 0-4854 3-38 4°69 
2—4 324 0-00493 0-0155 0-0155 0-4833 3°15 4-63 
3—5 513 0-00687 0-0192 0-0192 0-4796 2-79 4°53 
4—5 362 0-00466 0-0203 0-0203 0-4785 2-70 451 
4—6 681 0-:00858 0-0223 0-0223 0-4765 2-65 4-47 
5—6 320 0-00392 0-0247 00-0247 0-4741 2-58 4-43 


5—7 593 0-00722 0-0263 0-0263 0-4725 2-58 4-40 
6—8 492 0-00548 0-0293 00-0293 00-4695 2°37 4-35 
7—9 497 0-00555 0-0327 0-0326 0-4661 2-42 4-30 
8—10 919 0-01033 0-0372 0-0371 0-4616 2-44 4-25 
9—10 641 0-00706 0-:0390 . 0-0389 0-4598 2-39 4-23 
10—1l 422 0-00447 0-0446 0-0445 0-4542 2°33 4:17 
l1—12 420 0-00456 0-0492 0-0491 0-4496 2-40 4-13 
12—13 694 0-00786 0-0554 0-0553 0-4434 2-55 4:07 
13—14 457 0-00522 0-0619 0-0618 0°4369 2-62 4-02 
13—15 653 0-00758 0-0631 0-0630 0°4357 2-67 4-01 
14—16 942 0-01104 06-0700 0-0699 0-4288 2-71 3°97 
15—16 746 0-00868 00-0712 0-0711 0-4276 2-73 3-96 
16—17 478 0-00585 0-0785 0-0783 0-4203 2-90 3°92 
17—18 883 0-01136 0-0921 0-0919 0-4067 3°17 3°86 
18S—19 500 0-00674 0-0961 0-0959 0-4027 3°35 3°83 
3-58 3°80 


19—20 744 0-01052 0-1047 0-1045 0-3941 


It will be obvious from Fig. 1 that the experimental data corre- 
spond with a curve approximating more or less closely to the usual 


* To do this we replace ¢ (equation 10) by ¢ — t,, remove the term sin™ (an 
integration constant), and subtract from the right-hand side of the residual 
equation an expression identical with that side except that x, replaces 2, (%,, 
t,) being the first observation. 
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catenary form; the main purpose of the figure, however, is to exhibit 
the fact that the accuracy of the individual observations is insufficient 
to enable directly read differences to define the »p, curve with any 
approach to precision (the curve drawn is constructed as described 
below). Our practice in this and the other experiments has therefore 
been.to plot the 2-t observations, and to read da/dt from the curve. 
We regard this method of eliminating the casual errors of individual 
observations as allowable because it is a close graphical analogue to 
many accepted legitimate methods of attaining the same end, as, 
for instance, the averaging of a column of individually calculated 
velocity coefficients derived by the application of an integrated 
formula to a series of observations tracing the progress of a reaction ; 
indeed, the latter process is, if anything, more difficult to defend 
beeause integration itself involves an averaging of errors which might 
seriously affect direct application of the data to the differential 
equation to which they should correspond. In applying the graphical 
process indicated, we found it convenient to plot 1000z cos ®@ — 
0-Olisin® against 100z sin @ + 0-00licos 8, where 6 is an angle 
shown to be suitable by a preliminary rough plot of 2 against #. 
This method avoids the use of an inconveniently extended scale; 
the effect is much as if the x-4 data were plotted on a sheet of rubber 
which was then stretched 10-fold in a direction at right-angles to 
the general direction of the curve in order to bring into relief the 
deviations of the points from the curve. For the experiment now 
considered 45° is a suitable value for 6. Proceeding in this way, 
we obtained the data shown in Table IV, the headings of the first 
five columns of which are self-explanatory. The velocity values 


in col. 6 are calculated from equation (6) by use of the values of . 


u, w, and h given above. Col. 7 shows the deviations, which are 
seen to be small and casual in character. 





TaB.eE IV. 
v x 108 
®. 10°. dx/dt. * pu. E-—z. Found. Cale. Diff. 
0-0141 1-653 4-67 0-4847 3°41 3°41 +0-00 
0-0177 1-453 4:57 0-4811 3-02 2-98 +0-04 
0-0208 1-290 4-50 0-4780 2:70 2-73 —0-03 
0-0246 1-224 4-43 0-4742 2-58 2-56 + 0-02 
0-0281 1-144 4-37 0-4707 2-43 2-46 —0-03 
0-0315 1-121 4-31 0-4673 2-40 2-39 +0-01 
0-0382 1-045 4-26 0-4606 2-37 2-37 +6-00 
0-0400 1-046 4-22 0-4588 2-38 2-37 +0-01 
0-0454 1-088 4-16 0-4534 2-40 2-40 +0-00 
0-0541 1-108 4-09 0-4447 2-49 248 . +001 
0-0621 1-153 4-02 0-4367 2-64 2-62 -- 0-02 
0-0725 1-201 3°95 0-4263 2-82 2-82 +0-00 
0-0924 1-268 3-86 0-4064 3°12 3-17 —0-05 
0-1065 1-377 3°79 0-3923 3-51 3-52 —0-01 
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The data in the third and fifth columns enable the v-pg curve to 
be located to within -+-0-01 unit of pg and of v x 10°, except at a 
distance from the stability maximum where the uncertainty of v is 
somewhat greater. The curve is practically symmetrical about the 
ordinate pu = 4-24. 

Fig. 2. 
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(D) Summary of a Typical Group of Experiments (Group L1).— 
This group consists of four experiments of the same nature as that 
particulariséd in Section C. 0-5M-Methyl glycerate (ZH) was 
employed throughout, but the concentration of sodium glycerate (c) 
was different in each experiment, being 0-050 in the first, 0-075 in 
the second, 0-100 in the third, and 0-150 in the fourth. The second 
experiment was carried out about a year before the other three, 
which were done contemporaneously ; this is mentioned in order to 
show that during the rather long period over which the measurements 
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recorded in this paper have extended, a satisfactory constancy of 


conditions has been maintained. 
Proceeding as described in the previous section, we obtained the 
values of v and py shown in Table V. The plot of these results is 


exhibited in Fig. 2 (full-line curves). 


TABLE V. 

c = 0-050. ce = 0-075. ec = 0-100. e = 0-150. 
pu- 10 v. pu- 105 v. pu- 105 v. pu- 105 v. 
— — —= — 4-62 3°02 4-67 3-41 
4°85 2-70 — — 4-54 2-74 4-57 3°02 
4°48 2-38 — — 4-45 2-49 4-50 2-70 
4°39 2-17 4-46 2-40 4-40 2-32 4-43 2-58 
4-31 2-01 4°35 2-18 4-35 2-25 4-37 2-43 
4°24 1-96 4-26 2-07 4-29 2-21 4-31 2-40 
4-17 1-97 4-18 2-08 4-25 2-18 4-26 3°37 
4-12 1-98 4-11 2-09 4-19 2-19 4-22 3°38 
4-00 2-10 4-00 2-30 4-12 2-20 4-16 2-40 
3-92 2-36 3°87 2-70 4-05 2-33 4-09 2-49 
3°79 2-70 3-70 3°50 3-96 2-54 4-02 2-64 
3°73 3°13 — — 3°85 2-85 3-95 2-82 
3-63 3-71 — — 3-79 3-17 3°86 3-12 

— = -— 3-74 3°40 3-79 3-51 


It will be seen from the figure that as ¢ increases, the minimal 
velocity increases and becomes displaced towards regions of lower 
hydrion concentration, as might have been expected on the basis 
of equations (4) and (5). 

From these curves the v—c curves can readily be plotted. They 
are shown in Fig. 3 for each 0-1 unit of ps from py 46 to py 3°8 
inclusive, the numerals showing the pq value to which each point 
corresponds. When points relating to the same py are joined, 
straight lines are obtained which, on production to the axis of 
velocities, yield the velocity data which should pertain to the salt- 
free solution. 

The data obtained from the intercepts on the axis of velocities 
are shown in connexion with the lowest (broken) curve of Fig. 2. 
They are compared in Table VI with the requirements of equation 
(16), in which the values used are hy = 6-76 x 10°, uy = 1-76 x 10°, 
and wy = 0-06 x 10°. 


TABLE VI. 

NSE DRE BE ELD. 4-6 45 4-4 4:3 4-2 
eg RR ER LY 2-66 2-29 1-99 1-82 1-76 
105 vy (cale.) ........006 2-67 2-27 1-99 1-83 1-76 

eee eesesccesesesess —0-01 +0-02 -+-0-00 —0-01 +0-00 
Si ethillsinnshtercduriiinings 4-1 4-0 3-9 3-8 
na, pt eenanhae ge: Eee 1-76 1-89 2-09 2-42 
108 v (cale.) ......000008 1-78 1-89 2-08 2-43 
in vithinacnertcneteld al —0-02 +0-00 +0-01 —0-01 
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It is noteworthy that the slopes of the v-c curves are approximately 
constant at py’s above 4-3, but on the acid side of this value they 
increase more and more rapidly as the px decreases. It is possible 
from the limiting slope and the divergences of slope, to make rough 
estimates of k, and k,, respectively, although, of course, the experi- 


Fie. 3. 
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ments were not designed with the object of measuring those quan- 
tities, and are not of the most suitable kind for that purpose. It 
appears, however, that k, and k», are both of the order of a few units 
times 10-°. 

(E) Short Summary of Results—The v-pa data (10°v) for the 
esters and salt concentrations employed, obtained as illustrated 
in Sections C and D, are collected in Table VII. The extrapolated 
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velocity values (10°v,) for buffer-free solution are in Table VIII, and 
are shown graphically in Figs. 4 and 5. 

The curves shown in conjunction with the v-pg data in Figs. 4 
and 5 are graphs of equation (16) corresponding with certain assumed 
values of wo, hy, and wy. The assumed values of wy are relatively 
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very small (of the order 10-’) and the curves are not sensitive to their 
absolute magnitudes; conversely, the data shown in connexion 
with the curves do not enable the values of wy to be fixed with any 
approach to precision. They do show, however, that the catalytic 
influence measured by wp, viz., that of water molecules, is only of 
minor importance in the hydrolysis of carboxylic esters. We think 
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that Skrabal and Zahorka’s claim (Monatsh., 1929, 53, 54, 562) to 
have shown that 36% of the minimal velocity of hydrolysis of ethyl 
acetate at 25° is due to water catalysis is vitiated by the omission 














Fie. 5. 
2-0} +n-PROPTL. 
: —+n-BUTY L. 
: — n-AMYL. 
L — svAMTYL. 
2 . — soBUTYL. 
x 1°5 - 
> 
r | 
| 
| 
| 
| 
1-0F | 
eee were” ee “—. |. 3-5 
Pu 
Tasie VIII. 
OS cites 500 4904 46 45 44 
Ester 
Methyl]  ......sseeeeeee — — _— — 2-66 2-29 1-99 
Ethyl] ....-ceeeeeseeees -— -- —- 1-77 1-52 134 =: 1-25 
n-Propy] — ...-eeeeeeee — — — 1-64 1-42 1:27 1-18 
isoPropy]  ...++-eeeeee 0-84 O70 O62 055 O52 O51 0-52 
n-Buty] .....eeseeeeeee —_ — 1-80 1-55 1-36 1-22 1-16 
isoButy] ......+eeeeeeee — — 1-57 1-34 1-17 1-07 1-03 
n-AMy] ...-cceeeeeeeee — —- 1-74 1-48 1-29 1-17 1-12 
G80AMY] ...-eeeeveeeeee — —_ 1-64 1-40 1-22 1-12 1-07 
PH ccccccees 4-3 4-2 4-1 4-0 3-9 3-8 3-7 
Ester. ; 
Methyl]  ....-seeeeeveee 1-82 1-76 1-76 1-88 2-07 2-42 2-77 
Ethy] ......seeeeeeeeees 1-23 1-26 1-38 1-56 1-80 — -_— 
n-Propyl — ...seeeeeeee 118 1:24 138 158 1°82 — —- 
isoPropy]  ...seeeeeeee 0-55 062 0-70 — = --- — 
n-Butyl] .....cceeeeeeee 1-16 1-22 1-35 1-53 1-80 ~- a 
isoButy] ......0eeeeeees 1-04 1-10 1-22 1-40 — -- _- 
M-AMY] ...peeceeeerers 1-13 1:20 1:34 1-51 1-76 -— — 
G90AMY] .....0eeeeeeeee 1-08 1-14 1-25 1-43 1-65 os -- 


to make allowance for buffer effects; probably the major portion of 
the percentage mentioned is to be laid to the account of the con- 


stituents of the buffers employed. 
The values wu, and hy correspond with the co-ordinates of the minima 
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of the curves. They are given in Table IX, together with the 
corresponding values of pu* = — logigto, and of kou/ka = ho?/Ku. 
In the calculation of kou/k, it is necessary to assume a figure for K, 
and 10123-14 has been adopted as the result of interpolation from 
existing data. The value is inevitably arbitrary for the reason 
mentioned on p. 1045, but, as is there explained, there is reason to 
believe that its arbitrariness will not affect the purpose for which 
these measurements have been made. 


TABLE IX. 

Ester. Ue X 10%. he X 10%. pu*. (kon/ku) x 107%. 
Methyl dl-glycerate ......... 17-6 68-4 4-165 27°5 
Ethyl] >. . ene 12-3 47-9 4-320 13-5 
WPropyl — o94 | escesenee 11-8 44-7 4-350 11-8 
4s0Propyl 45 «= eveseecee 5-1 31-3 4-505 5°8 
n-Butyl  -~  yaaosesece 11-5 44-2 4-355 11°5 
isoButyl] oe oS BF etoawed 10-3 42-7 4-370 10-7 
n-Amyl eal  wpbesecd 11-2 43-7 4-360 11-2 
isoAmy] ee 10-7 43-7 4-360 11-2 

THe UNIVERSITY, LEEDs. [Received, March 5th, 1930.] 





CXXXI.—The Anomalous Fifth Carbon Atom in 
n-Fatity Nitriles. 


By Rosert Avery Fouiton and Witi1amM Bett LEE. 


In some series of straight-chain carbon compounds the 5th, 10th, 
and 15th members exhibit maxima or minima in many physical 
and chemical properties (Lee, T'rans. Faraday Soc., 1927, 23, 79; 
Lee and van Rysselberge, J. Physical Chem., 1929, 33, 1543), and 
similar anomalies have been noted in molecular rotatory power by 
Pickard and Kenyon. Moreover, in homologous series of such 
compounds the alternation of physical properties between the odd 
and the even members is well known. Miiller (Proc. Roy. Soc., 
1929, A, 124, 317) postulates a plane, or nearly plane, zigzag 
structure of the carbon chain in such cases, but Henderson (Proc. 
Roy. Soc. Edin., 1928, 48, 20), from X-ray investigations of the 
dibasic acids of the oxalic acid series, concluded that the carbon 
chain was in spiral form. 

The systematic and comparative experiments recorded below, 
which were made by one of us (R. A. F.) on six consecutive members 
of the series of nitriles of the n-fatty acids, demonstrate that a 
well-defined anomaly exists in the chemical reactions of the C, 
nitrile. Ifa helicoidal configuration of the carbon atoms be assumed, . 
every fifth carbon atom would correspond to one complete turn of 
the helix. 
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Experiments in Liquid Ammonia Solution—Equimolecular 
quantities of the normal nitriles (from acetonitrile to hexonitrile) 
and of potassamide were electrolysed in liquid ammonia solution. 
The materials were carefully purified, and im all the experiments 
the conditions, ¢.g., concentration, temperature (— 33°), and 
current density (0-5 amp./sq. cm.), were kept as nearly as possible 
the same. The electrolysis was carried out in an apparatus similar 
to that used by Kolbe and others. The gases evolved in the re- 
actions were analysed by low-temperature fractionation according 
to the method of Burrell (U. 8S. Bureau of Mines Bulletin, No. 104), 
and the analyses were accurate to approximately 0-1%. 

Attention is focused entirely on the anode reactions, and 
the electrolysis is essentially that of the potassium salt of the 
“ammono ”’-fatty acid (Franklin; see e.g., Cornell, J. Amer. Chem. 
Soc., 1928, 50, 3311) -formed thus: CH,CN + KNH, = 
CH,°C(:NH)-NHK. Ammonocarbonic acid was always one of 
the products, and, except in the case of the ammonoacetate, 
hydrogen also was formed. 


No. of C atoms in nitrile 2. 3. 4. 5. 6. 
RE, He cccoscotpncomesvoorgey 68-6 48-6 42-7 2:0 12-0 
Witham): Wy a>. 0. areeveddcsvedscoccsces None None None 70-5 50-0 


The only variable in the different experiments was the length of 
the carbon chain. There is a definite “ break ’’ at the fifth carbon 
atom in the chemical reactions of these n-fatty nitriles. We assume 
that a stereochemical cause is responsible for this anomaly. 

Fusion of n-Fatiy Nitriles with Potassamide.—The nitriles were 
heated with potassamide in equimolecular quantity at 350°, the 
experiments being comparative. Again the only difference intro- 
duced was in the length of the chain. 


No. of C atoms in 
nitrile. 2. 3. 4. 5. 6. 
Gaseous products CH, H,CH, H,,CH, CH,,C,H, C,H,, C,H, 
2H, C,H, C,H 19 3**12 
C,H, (C,H, trace) (CH, trace) 


At C, the yield of methane was a minimum with only a trace of 
ethane, whereas at C, the ethane yield was good, with only a trace 
of methane. There is again a distinct anomaly at C, in the reactions 
of these chemically similar nitriles, The mechanism of these 
reactions might be interpreted in different ways, and we lay less 
stress on these than on the electrolytic experiments. Nevertheless, 
there is some peculiarity which can be related to the number of 
carbon atoms in the chain. 

Neither the ordinary plane formula of the organic chemist nor 
the plane zigzag of certain X-ray investigators accounts for this 
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chemical anomaly at the fifth carbon atom. The phenomenon is 
much more general than may have been supposed. 


Our thanks are due to Professors E. C. Franklin and F. W. Berg- 
strom for their helpful suggestions during the course of this in- 
vestigation. 


STANFORD UNIVERSITY, CALIFORNIA. [Received, July 23rd, 1929.] 





CXXXII.—The Addition of Halogens to Unsaturated 
Acids and Esters. Part III. The Velocity of 
Bromine-addition. 

By Norman Wri1iAmM Hanson and Davin MatrHew WILLIAMs. 


Wiis and James (J., 1928, 343) showed that addition of 
bromine to unsaturated acids and esters in the dark in non- 
hydroxylic solvents, such as carbon tetrachloride and chloroform, 
was an autocatalytic reaction, and adduced evidence that the 
catalyst was hydrogen bromide. Davis (J. Amer. Chem. Soc., 1928, 
50, 2769) suggested that bromine-addition in the dark to olefins in 
carbon tetrachloride proceeded mainly through the medium of a 
bromine hydrate because the reaction velocity increased as the 
temperature was lowered from 25° to0°. Further, the same thermal 
reaction was studied by Meyer and Pukall (Z. physikal.. Chem., 1929, 
445, 360) for the case of cinnamic acid in chloroform; here, again, 
the reaction was autocatalytic, and it was suggested that the 
catalyst was produced by the action of bromine on the solvent and 
that the rapidity of the photobromination was due to the rapid 
production of the catalyst under the influence of light. rays. 

The present communication is an attempt to investigate system- 
atically the effect of constitutional differences on the velocity of 
bromine-addition to unsaturated acids and methyl esters. The 
latter were used chiefly in those cases in which the acids were 
insoluble in the two solvents, and where comparison was possible, 
the ester was found to react slightly less readily than the acid. The 
addition was invariably more rapid in chloroform than in carbon 
tetrachloride, and hence, where choice was possible, the former 
was used for the slow and the latter for the rapid reactions. Solu- 
tions of purified bromine in either of the purified solvents can be 
kept in the dark for long periods without any deterioration, so the 
explanation of Meyer and Pukall does not seem to apply to the dark 
reaction. 

The rate of addition to both forms of o-methoxycinnamic acid is 
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several hundred times greater than to cinnamic acid, the velocity 
diminishing more rapidly than would be expected for a bimolecular 
reaction (Williams and James, loc. cit.). This work has now been 
extended to include the methyl esters of m- and p-methoxycinnamic 
acids, and the reaction velocities are all of the same order of magni- 
tude. The attachment of the strongly activating methoxyl group 
to the nucleus greatly intensifies the rate of nuclear substitution, 
and hence it seems that the enhanced rate of reaction is due to the 
ease with which hydrogen bromide is produced. This suggestion is 
in accordance with the observations of Davies and Davies (J., 1928, 
602) and of Reimer and Tobin (J. Amer. Chem. Soc., 1930, 52, 341), 
that addition of bromine respectively to m-methoxycinnamic acid 
and to 2 : 4-dimethoxycinnamic acid always results in considerable 
substitution in the nucleus. It was anticipated that a nuclear 
deactivating group directly attached to the nucleus in cinnamic acid 
would have the converse effect, decreasing the rate of addition and 
causing a long inhibition period. This expectation has been realised, 
for the nitro-group in the methyl esters of o-, m-, and p-nitro- 
cinnamic acids was found to have the anticipated effects on the 
velocity of addition of bromine. Further, the inhibition periods 
vanished when hydrogen bromide was added initially as a catalyst. 

Halogen atoms attached to the carbon atoms of the double 
linkage show interesting contrasts, for an «-halogen atom completely 
inhibits addition, even in the presence of hydrogen bromide, while a 
8-halogen atom does not noticeably affect the rate. Although no 
other substituents in these positions have yet been studied, it is 
clear that the character of the groups attached to the doubly 
linked carbon atoms is an important factor in determining the 
rate. 

Comparison of rates of addition to a number of cis- and trans- 
isomerides has shown that in every case addition of bromine to the 
cis-form occurs more readily, but the difference in rate varies con- 
siderably from pair to pair. An important fact relating to this 
point was discovered’ by the study of methyl fumarate and methyl 
maleate. Neither of these esters reacts with bromine in the dark in 
carbon tetrachloride at 18°. The fumarate is perfectly stable to- 
wards bromine even if heated in sealed tubes at 100° for several days, 
but the maleate is not so inactive at high temperatures: being an 
oil at ordinary temperature, it is more difficult to purify, and prob- 
ably its impurities, by producing traces of hydrogen bromide, cause 
it to react slowly with bromine. In the presence of hydrogen brom- 
ide, the fumarate reacts with bromine very slowly, but the maleate 
reacts very rapidly and an apparent equilibrium is attained, after 
which the reaction is exceedingly slow. This is probably due to 
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the fact that a proportion of the maleate is converted into the 
fumarate under the influence of hydrogen bromide, concurrently 
with the addition. This shows that a third factor influencing the 
rate of addition is the rate of conversion of the unstable or cis-form 
into the stable or trans-form, and this seems to point to the existence 
of the same intermediate form in the conversion and in the addition. 
The same conclusion was reached by Schmidt (Z. physikal. Chem., 
1928, B, 1, 205) as regards the photochemical action of bromine on 
methyl maleate and methyl fumarate. 


ExPERIMENTAL. 


Exactly the same methods of purification of bromine and solvents 
were adopted as in the previous work. The solid esters were 
repeatedly recrystallised, and the liquid esters were twice redistilled 
under reduced pressure. The methyl maleate on standing for a few 
weeks deposited crystals of the fumarate, and since the presence of 
the latter does not interfere with the bromination of the former, a 
saturated solution of the fumarate in the maleate at 13° was used. 
This solution, as shown by the melting-point curve of mixtures of 
the two esters (Schmidt, Joc. cit.), contains 4% of fumarate. 

The procedure for the velocity measurements was modified 
accordingly as the reaction was rapid or slow. Equal volumes of 
M /30-solutions of the substance and of bromine at 0° were mixed 
either in well-stoppered brown bottles or in tubes, and the latter 
were at once sealed in a very faint red light. The vessels were then 
kept at 0° in the dark for the required period, the reaction being 
stopped either by adding excess of potassium iodide solution or by 
breaking the bulb under the solution. A definite’ volume (excess) 
of standard sodium thiosulphate solution was then added, the whole 
shaken until colourless, and the excess thiosulphate titrated against 
N'/50-iodine solution. 

In studying the catalytic effect of hydrogen bromide, definite 
volumes of a solution of the carefully dried gas in the solvent were 
added to the reaction mixture, a separate bottle being used for each 
determination. The concentration of the hydrogen bromide solutiom 
was determined either by titration with baryta or by precipitatiom 
as silver bromide. The catalytic effect on the addition of bromine to: 
methyl maléate was so great that the best results were obtained by 
mixing 100 c.c. of each reacting solution in a large brown bottle, 
adding a definite volume of hydrogen bromide solution, and with-- 
drawing samples of 20 c.c. for analysis at definite intervals. 

The velocity measurements are summarised in the following tables. 
Since in no case was the reaction bimolecular in the absence of added 
hydrogen bromide, no velocity coefficients are given. For a com- 
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parison of rates, the approximate inhibition period and the time for 
25% change are given, time being in hours throughout. 

Table I shows the influence on the rate of the nitro- and methoxy- 
groups attached to the nucleus. The position of the substituent in 
the ring is a secondary factor compared with its nature. It will 
be seen that both types of addition, (a) and (6), are considerably 
accelerated by hydrogen bromide. 








TasiE I. 
Without initial HBr. With initial HBr. 
Inhibition Time for ime for 
Isomeride. period. 25% change. [HBr]/[Br,]. 250; a change. 

(a) Methyl nitrocinnamates. Solvent, CHC],, Temp., 0°. 
ortho ca. 60 750 0-758 155 
meta ea. 50 540 0-758 230 
para ca, 50 390 0-758 120 

(b) Methyl methoxycinnamates. Solvent, CCl, Temp., 0°. 
ortho _ 2-7 0-053 21 
meta “= 21-0 0-432 0-22 
para —_ 0-1 0-204 0-01 


In Table II are given the rates of addition to various pairs of cis- 
and trans-isomerides, including the « and §-halogen-substituted 
cinnamic acids. The cis-acid is in every case the more reactive, and 
the effect oi the position of the halogen atom is clearly indicated. 


TaB.ez II. 
Temperature, 0°. 
Inhibition Time for 
Substance. Solvent. period. 25% change. 
trans-Cinmamic Acid .,....epeseeeceeeeees CCl, ca. 22 135 
OB EIT EES Oo ls A eect ded CCl, ca. 7 35 
{ trans-B- -Bromocinnamic acid ...........: CHCl, ca. 25 280 
BOs cee ne eaenaion CHCl, ca. 5 250 
f trans-B- Chiorocinnamic "acid Secddeocodcs CHC), ca. 25 200 
wale 206 7iGe oilt i caw b5isks whois ' CHC, ca. 4 210 
trans-o- Methoxycinnamic | ee CHCl, — 0-05 
——patiagalpagese Hi = gmereailine ie cilities” 2 CHC}, — 0-02 
Methyl trans-o-methoxycinnamate «. CCl, — 2-1 
Methy] cis- os m ee CCl, os 0-40 
a-Bromocinnamic acid (both forms) Do not react to a measurable extent 
a-Chlorocinnamic acid (both forms) with bromine at 0° in either solvent, 


ef-Dibromocinnamic acid (both forms)} even under the influence of hydro- 
BT pipsoreshepmeni prea acid (both| gen bromide. 
orms) 


The velocity measurements with methyl maleate and methyl 
fumarate were conducted in carbon tetrachloride in a thermostat at 
18°. No addition took place to either of the esters unless hydrogen 
bromide was added, whereupon the two esters exhibited widely 
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different rates of reaction. In Table III are given the periods for 

% change with the maleate for different amounts of the catalyst, 
and also the position of equilibrium, which shows the percentage 
change into the fumarate. 


Tas.z II], 


Solvent, CCl, ‘Temp., 18°. 


(a) Methyl maleate. 
[HBr]/{Br,]. Time for 50% change. Percentage change at equilibrium. 
0-107 9-5 — 
0-212 1-6 85-4 


0-322 0-95 81-5 
(6) Methyl fumarate. 
0-52 9% of the bromine had reacted in 400 hours. 


The actual figures obtained for the maleate are plotted in Fig. 1, 
in which it is shown that when the concentration of the catalyst is 
small, the reaction reaches an equilibrium very slowly. 
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CXXXIII.—The Behaviour of Hydrogen Chloride in 
Different Solvents. 
By W. F. Kenrick WyYNNE-JONES. 


HypDROGEN chloride when dissolved in water behaves as a very 
strong electrolyte, so strong, indeed, that it is usual to regard it as 
a completely ionised acid, since its solutions conform quite closely 
to the equations of the Debye—Hiickel theory. The anhydrous 
compound, on the other hand, is a non-electrolyte, and it is gener- 
ally considered that the hydrogen and chlorine atoms are so intim- 
ately bound that it requires considerable energy to separate them 
asions. These facts have led to the hypothesis that the dissociation 
of the acid is occasioned by its combination with the solvent and 
that, according to Brénsted’s definition of an acid and a base (Rec. 
trav. chim., 1923, 42, 718), the acid will be ionised only in a basic 
solvent. Thus in water, ammonia, and methyl alcohol we have the 
reaction schemes HCl + H,O == H,0° + Cl’; HCl + NH, == 
NH, + Cl’; HCl + CH,OH == CH,OH,’ + Cl’. 

This hypothesis makes a clear distinction between an electrolyte 
such as hydrochloric acid and other strong electrolytes such as salts, 
since, with the latter, dissociation is primarily determined by the 
dielectric constant, whereas with hydrochloric acid the chemical 
nature of the medium is the determining factor. 

In order to test this hypothesis further, it was decided to examine 
the behaviour of hydrogen chloride in a solvent of no marked basic 
character but possessing a fairly high dielectric constant. For this 
purpose, nitrobenzene seemed admirably suited, since its dielectric 
constant is 34, and, from an acid-base standpoint, it might be 
expected to be inert; moreover its immiscibility with water made 
it possible to use the partition method for investigating the behaviour 
of hydrogen chloride. 

This method has been employed by several investigators, and 
the work of Rothmund and Drucker (Z. physikal. Chem., 1903, 46: 
827) and of Cavanagh (Proc. Roy. Soc., 1924, A, 106, 243), in par- 
ticular, has proved the trustworthiness of the method for deter- 
mining activities in one solvent when those in the other solvent are 
known. There has, however, been a certain amount of criticism 
of the method, owing partly to a misunderstanding of the nature 
of the results obtained by it, and partly to a misconception of its 
limitations. On the one hand, it is clear that the Nernst equation 


Boat SOS Tees ie) 
where C’, and C, refer to the concentrations in the two solvents and 
n is the degree of association in solvent 2, is only an approximation 
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and certainly cannot hold for electrolytes. A more precise method 
of treating the results is to write for solutions in one solvent 
u= RT /n logget. . . (UZ) 

where p is the chemical potential of the solute, m the degree of associ- 
ation, f the activity coefficient of the associated molecules, and k 
a constant, the other symbols having the usual significance. If, 
for the other solvent, the values of » are known, then these values 
may be substituted in the above equation, In a case such as that 
studied here, we may write for aqueous solutions 


uw, RT logp+k, 2.0 2 ee (2a) 
while for solutions in nitrobenzene we have 
to = RT /n .logef +h, . «5.4... (26) 


KE me PSs pny t0 sii ebrossigtero ida) 
p being the partial pressure. 

The limitations of the method, on the other hand, must be clearly 
recognised. Evidently, the application of equation (2a) is only 
justifiable if the chemical potential of the solute is not markedly 
affected by the presence of the other solvent. Also the results for 
the second solvent will refer, not to the pure liquid, but to one 
saturated with the other solvent. The solubility of one solvent in 
the other, provided it remain constant, as at low concentration of 
the solute, will not invalidate the results; if, however, the solubility 
varies appreciably, then some uncertainty will be introduced depen- 
dent upon the manner in which the potential of the solute varies 
with the properties of the solvent. 7 


whence, for equilibrium, 


EXPERIMENTAL. 


In view of the fact that hydrogen chloride is much more soluble 
in water than in nitrobenzene, it was thought possible that errors 
might arise through traces of emulsification if the two liquids were 
brought into direct contact as is usual in partition measurements. 
In order to avoid this, an H form of apparatus was constructed and 
equilibrium between the two liquids was reached through the 
vapour phase; the attainment of equilibrium was accelerated by 
evacuating the apparatus through a tap on the connecting tube. 
Siphon tubes were introduced through rubber stoppers in the two 
upright tubes, and the apparatus was filled and emptied by means 
of these siphons. In most of the experiments the apparatus was 
left in a thermostat, electrically controlled at 25-00° + 001°, for 
2—5 days with occasional shaking; in a few of the later experi- 


ments a shaking apparatus was installed and equilibrium attained 
00 
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in less than 24 hours. At the end of this time air was admitted 
to the apparatus, the ends of the siphons were broken, and suitable 
amounts of the two liquids run into flasks and weighed. Titrations 
were carried out with carbonate-free sodium hydroxide, bromo- 
cresol-purple being used as indicator. The ultimate standard was 
constant-boiling hydrochloric acid, prepared according to the 
directions of Foulk and Hollingsworth (J. Amer. Chem. Soc., 1923, 45, 
1220). 

In one experiment with nitrobenzene and all the experiments with 
benzene the two liquids were shaken together in stoppered bottles. 
The agreement of the nitrobenzene value thus obtained with the 
others is satisfactory evidence that either method can give correct 
results under proper conditions. 

The solubility of hydrogen chloride in water and nitrobenzene 
was determined by passing the gas for several hours through the 
liquids contained in test tubes: the gas passed out through two 
guard tubes and was then absorbed in alkali. The hydrogen chloride 
was generated by dropping A.R. hydrochloric acid into concentrated 
sulphuric acid. As a check on this method, a few measurements 
were made with gas generated by the action of sulphuric acid on 
ammonium chloride, but no difference was detected. 

The nitrobenzene was of “ pure” quality. It was shaken with 
caustic soda and distilled twice under 20 mm. pressure, the second 
distillation being from phosphoric oxide. The final product was 
very pale yellow. 

Results.—The results are summarised in Table I. In the first 
column are recorded the values (C,,) of the concentration in the 


TABLE I. 
Results for nitrobenzene at 25°. 
On c... ayci 10-5. ¢... Cr. ayci < 10-5, 3 co... ayo1 X 10>, 


9-635 0-0027 0'0828 14-84 0-0707 2-37 18-05 0-335 11-9 
9-766 0-0029 0-0912 14-93 0-0773 2-77 18-38 0-394 13-4 
11-147 0-0080 0-242 15:21 0-0833 2-93 19-33 0-556 18-8 
*11-61 0-0109 0-331 16-46 0-164 5-70 19-52 0-603 = 20°5 
12-84 0-0229 0-721 ° 17-19 0-223 8-28 20-42 0-833 27°3 
13°84 0-0396 1-33 17-76 0-292 10-6 
* This value was obtained from an experiment in a stoppered bottle. 
+ This value is obtained from the following determinations of the solubility 
of hydrogen chloride in the two solvents : 


Puci (mm. Hg). C. C(corr. to 760-mm.). 
Water 747 19-29 19-34 
752 19-29 19-32 
Mean 19-33 ° 
Nitrobenzene 742 0-535 0-548 
_ (saturated with 749 0-551 0-559 
water) 760 0-561 0-561 


Mean 0-556 
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aqueous layer expressed in mols. per 1000 g. of water; in the 2nd, 
the concentrations (C,,) in the nitrobenzene similarly expressed ; 
in the 3rd, the values of the activities in the aqueous layer calculated 
from the data of Randall and Young (J. Amer. Chem. Soc., 1928, 
50, 989) up to a concentration of 16 molal, and, for higher concen- 
trations, from the vapour pressures given in the International 
Critical Tables, Vol. III, p. 301. 


Discussion of Results. 

On comparing these results with those of Knight and Hinshel- 
wood (J., 1927, 470) for the distribution of hydrogen chloride between 
benzene and water, we find two marked differences. In the first 
place, there is a difference in the general form of the curves repre- 
senting the variation of the concentration in the non-aqueous phase 
with the concentration in the water. For, whereas in this work 
the curve rises continuously and is always concave towards the axis 
of the concentration in the water, Knight and Hinshelwood’s curve 
has a point of inflexion and flattens out very considerably at high 
concentrations, where a constant value is actually obtained for the 
ratio of the concentrations in the two layers. Such a result is quite 
inexplicable on theoretical grounds and, moreover, is in conflict with 
the vapour-pressure data of a number of authors. That it is 
probably due to some experimental error is further shown by the 
fact that the value given by Knight and Hinshelwood for the solu- 
bility of hydrogen chloride in water at 20° differs considerably from 
the standard value. Thus, Roscoe and Dittmar (J., 1859, 12, 128) 
found that 1 g. of water at 20° dissolves 0-721 g. of hydrogen chloride, 
whereas Knight and Hinshelwood found that 1 litre of thessaturated 
solution contains 718-8 g. of hydrogen chloride; combining this 
with the density of the solution, viz., 1-22, we obtain a value of 
1-44 g. of hydrogen chloride per g. of water. 


TABLE II. 

Knight and Hinshelwood’s results at 20°. 
Ce, g. fl. Cs, 2g. (1. Puci- puai/Cs. 
165-9 0-100 0-0343 0-343 
212-0 0-252 0-162 0-643 
236-1 0-382 0-351 0-92 
249-0 0-449 0-538 1-20 
259-0 0-532 0-742 1-40 
289-3 0-706 1-905 2-70 
312-0 0-929 3°91 4-21 


A further peculiarity about the results of these authors is that 
the concentrations in the benzene layer are not even approximately 
proportional to the partial pressures of the aqueous solutions. 
This is shown in Table II where a few of the data are tabulated. 
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The concentrations are expressed as g. of acid per litre of solution ; 
the vapour pressures have been interpolated from the data in the 
International Critical Tables (loc. cit.) and are expressed in mm. of 
mercury. 

In order to determine whether this deviation from normality had 
any real existence, it was decided to carry out a few experiments 
with benzene. The results are summarised in Table III, in which 
the concentrations are expressed as mols. per 1000 g. of solvent. 


TABLE III. 
Results with benzene at 25°. 
Cw Cs. Puce puei/Cs x 10%. 
9-603 0-00213 2-95 1-39 
10-215 0-00340 4-67 1-37 
10-508 0-00423 5-72 1-35 
11-43 0-00768 10-74 1-40 
11-99 0-0110 15-6 1-42 
12-93 0-0216 28-1 1-30 


It is clear that the behaviour of hydrogen chloride in benzene is 


quite normal. 
Fia. 1. 
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That hydrogen chloride is a normal solute in nitrobenzene also 
is shown most clearly in Fig. 1, where the logarithm of the activity 
is plotted against the logarithm of the concentration in the solvent; 
the straight line has been drawn with a slope of unity and it is 
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evident that over the whole range the activity is proportional to 
the concentration. 

As previously mentioned, the activities were obtained by com- 
bining Randall and Young’s results with the vapour-pressure data 
in the International Critical Tables. If Randall and Young’s 
values of logy are plotted against ~/M (where M = molality) a 
linear relationship holds over the range 9—16M, but it is not pos- 
sible to use this for extrapolation, since the values thus obtained 
diverge considerably from the values calculated from the vapour 
pressures by means of the equation 

log y — 1:718 = log Vp/M. 

That there is no serious error in the vapour pressures is shown by 
the fact that the interpolated value for the concentration of the 
saturated solution (under a pressure of 760 mm. of Hg) is 19-33M, 
in exact agreement with the figure obtained in this work. It is 
also quite justifiable to calculate activities from the vapour pressures, 
since Gray and Burt (J., 1909, 95, 1633) have shown that at 0° and 
a pressure of 1 atm. the deviation of hydrogen chloride vapour 
from the gas laws is less than 1%. Since there are no published 
values for the activity coefficients of hydrochloric acid at concen- 
trations above 16M, Table IV has been compiled from the vapour- 
pressure data. 


TABLE IV. 
Activity coefficients of hydrochloric acid at 25°. 
M (mols./1000 g.)... 16 17 18 19 20 
NOR Y occeccsecsbesceses 1-628 1-708 1-776 1-836 1-890 
p (mm. Hg) .......0 169-1 276 423 623 884 


The value of log y at 16M is that given by Randall and Young and 
may be somewhat in error, but further investigation is required to 
decide this. 

The results presented in this paper clearly support the theoretical 
considerations outlined in the introduction: in the three solvents 
water, nitrobenzene, and benzene, with dielectric constants 79, 34, 
and 2-2, respectively, the behaviour of hydrogen chloride is con- 
ditioned, not by the dielectric constant of the medium, but by its 
capacity to combine with it. That hydrogen chloride probably 
forms a compound with water has long been postulated, but it is 
interesting to note that vapour-pressure data lend considerable 
support to this view and also enable us, on the basis of a simple 
assumption, approximately to evaluate the extent of combination. 
Roscoe and Dittmar have measured the vapour pressures of hydro- 
chloric acid solutions at 0° up to a pressure of 1300 mm. ; in addition, 
Faraday (Phil. Trans., 1845, 135, 155) determined the vapour 
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pressure of pure hydrogen chloride at the same temperature. These 
results are combined in Fig. 2, where the vapour pressure is plotted 
against the mol fraction of hydrogen chloride, which is calculated 
on the assumption that the molecular weights of hydrogen chloride 
and of water are normal. Although there is a large range for which 
no data are available, it is very striking that a linear extrapolation 
of Roscoe and Dittmar’s results comes very close to Faraday’s value 
for pure hydrogen chloride. The whole form of the curve strongly 
suggests that at mol fractions of less than 0-25 practically all the 
hydrogen chloride has combined with the water and exerts a negli- 
gible vapour pressure, whereas above that value any additional 
hydrogen chloride added to the solution is uncombined and is able 
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to exert its full vapour pressure. This can be simply explained if 
each molecule of hydrogen chloride is combined with 3 molecules of 
water. 

If we now assume that the partial pressure of hydrochloric acid 
is always proportional to the mol fraction of the uncombined acid, 
it is possible to calculate its amount. Thus, the partial pressure 
of a molal solution at 0° is 2 x 10° atm., while the vapour pressure 
of pure hydrogen chloride is 26-2 atm.; hence the mol fraction of 
uncombined hydrochloric acid is 2 x 10-*/26-2, and its molality is 
55 x 2 x 10°%/26-2 = 4 x 10°8. On the assumption that all the 
combined hydrogen chloride is ionised, the dissociation constant 
of hydrochloric acid is K = 1/4 x 10% = 2-5 x 10’. This value 


agrees well with the previous estimates of Schreiner (Z. physikal. 
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Chem., 1924, 111, 419) and of Ebert (Naturwiss., 1925, 13, 393), 
both based on quite different considerations. 


Summary. 

The partition of hydrogen chloride between nitrobenzene and 
water has been determined, and the results indicate that in nitro- 
benzene it behaves as a normal undissociated solute. A few measure- 
ments on the system benzene—water lead to a similar conclusion. 
These results support the view that the behaviour of an acid is 
primarily determined by the basic character, and not by the 
dielectric constant, of the solvent. 

Consideration of the vapour-pressure data shows that a molecule 
of hydrogen chloride in aqueous solution is probably associated 
with 3 molecules of water, and it is estimated that the dissociation 
constant of hydrochloric acid is 2-5 x 107. 


I wish to express my thanks for a grant from the Research Fund 
of the Chemical Society which has helped to defray the cost of this 
work. 
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CXXXIV.—Investigations in the Diphenyl Series. 
Part IX. Further Experiments with Sulphonamides. 


By Frank BELL. 


ALTHOUGH the acetyl] derivatives of 2-amino- and 4-aming-diphenyl 
can be nitrated only to dinitro-compounds (Scarborough and 
Waters, J., 1927, 89), it appeared probable that by the use of 
sulphonyl derivatives trinitro-compounds and hence trinitroamines 
would be obtainable (Bell, J., 1928, 2772). To avoid complications 
during the vigorous nitration, m-nitrobenzenesulphonyl] derivatives 
were employed and in this way both 2-amino- and 4-amino-dipheny] 
were easily converted into trinitro-compounds. 

The reaction of outstanding interest in the substitution of deriv- 
atives of 2-amino- and 4-amino-diphenyl is the bromination of 
4-acetamidodiphenyl (Scarborough and Waters, J., 1926, 507: 
Kenyon and Robinson, ibid., p. 3050), for in marked contrast with 
every other simple monosubstitution reaction of aminodiphenyls 
and their derivatives there is produced a considerable yield of a 
heteronuclear-substituted product, 4'-bromo-4-acetamidodiphenyl. 

Since the above experiments showed that the arylsulphonamides 
readily undergo substitution, the bromination of 2- and 4-p-toluene- 
sulphonamidodiphenyls was investigated. The latter is brominated 
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exclusively in the 3-position and is then dibrominated in the 4’-posi- 
tion, whereas 2-p-toluenesulphonamidodiphenyl is brominated in 
the 5-position and is then resistant to further substitution under the 
conditions employed. 

These results show very clearly the marked difference which exists 
in the processes of nitration and bromination. Both 2- and 4-p- 
toluenesulphonamidodiphenyls are dinitrated with the utmost ease 
in the 3 : 5-positions and although the failure to brominate 3-bromo- 
4-p-toluenesulphonamidodipheny] in the 5-position may be attributed 
to the competitive action of the bromo- and the p-toluenesulphon- 
amido-group acting in the same nucleus, this explanation can scarcely 
be valid for the monobromination of 4-acetamidodiphenyl. 

The comparison of the processes of nitration and bromination 
was extended to include 4-methoxydiphenyl. This substance on 
bromination gave a mixture of 3-bromo- and 4'-bromo-4-methoxy- 
diphenyls, the yields being about 60°% and 30% respectively. Both 
these monobromo-derivatives on further bromination gave 3 : 4’-di- 
bromo-4-methoxydiphenyl. In this case, therefore, there is much less 
contrast between bromination and nitration (Bell and Kenyon, 
J., 1926, 3047). : 

It was intended to include 2-dimethylaminodipheny] in this study, 
but 2-aminodiphenyl on methylation under the same conditions 
which readily produced 4-dimethylaminodiphenyl (Bell, J., 1926, 
2709) gave only 2-methylaminodiphenyl. 

During the course of this work it was noticed that certain of these 
sulphonamides readily reacted with a further molecule of sulphonyl 
chloride to give disulphonamides, and it was thought of interest to 
examine this reaction in greater detail. The following results were 
obtained : 

(a) 3: 5-Dibromo-4-aminodiphenyl, 2-nitro-p-toluidine, and 
6-nitro-o-toluidine reacted with the sulphonyl chloride (1 mol.) 
to give disulphonamides. The yield was not quantitative even 
when 2 mols, of sulphonyl chloride were employed, and therefore the 
velocity of disulphonamide formation must be high compared with 
that of monosulphonamide formation. 

(6) o-Nitroaniline and 1 : 8-dinitro-8-naphthylamine with the 
sulphony] chloride (1 mol.) gave mixtures of monosulphonamide and 
disulphonamide (Bell, J., 1929, 2787). 

(c) Other amines gave monosulphonamides which were converted 
into disulphonamides with very different velocities. 

It would appear that the velocity of disulphonamide formation is 
determined by the tendency of the sulphonamide-hydrogen atom to 
undergo ionisation. For instance, the m-nitrobenzenesulphonyl 
derivatives of the nitroanilines (IL) react readily with a molecule of a 
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sulphonyl chloride, whereas that of aniline (I) reacts very slowly. 
This accords with the electron-absorbing character of the nitro-group, 
which is most easily satisfied if the hydrogen of the amino-group 


H 9 , NO: yO . 
I.) —N—S->C,H, No, € >-<N—$>C,H,NO, (I1.) 
(IIT.) < ><N-8<C,HyCH, 
0 


separates with a positive charge (gives up its electron and separates 
as a hydrogen ion). Similarly the mobility of this hydrogen atom is 
influenced by the substituents present in the benzenesulphonyl 
group. It would be expected that p-toluenesulphonamides (IIT) 
should be less reactive than m-nitrobenzenesulphonamides, and this 
is actually the case. For example, under the same experimental 
conditions, m-nitrobenzenesulphon-m’-nitroanilide reacts quantit- 
atively with p-toluenesulphonyl chloride, whereas p-toluenesulphon- 
m’-nitroanilide gives only a 50% yield of the same compound when 
treated with m-nitrobenzenesulphonyl chloride. 

Sulphonamides capable of giving rise to disulphonamides will also 
undergo acetylation. For instance, p-toluenesulphon-m’-nitro- 
anilide is easily converted into p-toluenesulphon-m’ -nitroacetanilide. 
On the other hand, the acetyl derivatives of o- and m-nitroanilines 
did not react with either m-nitrobenzenesulphonyl chloride or p- 
toluenesulphonyl chloride in pyridine solution. This is comparable 
with the well-known fact that secondary amines, such as methyl- 
aniline, are readily acetylated, whereas acetylated primary amines 
cannot be methylated by shaking with methyl sulphate. 

The diminution in directing power which takes place when the 
sulphonamido- is converted into the disulphonamido-group (J., 
1929, 2877) is further illustrated by the fact that 5-nitro-2-di-m- 
nitrobenzenesulphonamidodiphenyl can only be converted into a 
dinitro-derivative, whereas the sulphonamido-derivative is easily 
trinitrated. Also m-nitrobenzenesulphon-m’-nitroanilide is very 
vigorously attacked by fuming nitric acid, whereas di-m-nitro- 
benzenesulphon-m-nitroanilide can be recovered unchanged from 
this reagent. 


EXPERIMENTAL, 


Unless otherwise stated, sulphonamides and disulphonamides were 
prepared by interaction of the appropriate amine, or sulphonamide, 
002 
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and sulphonyl chloride in pyridine solution and were recrystallised 
from acetic acid. 


4-m-Nitrobenzenesulphonamidodiphenyl formed colourless needles, | 


m. p. 149° (Found: C, 61-3; H, 40. C,,H,,0,N,S requires C, 
61-0; H, 4:0%). 

To this compound (15 g.) in acetic acid (150 c.c.) was added nitric 
acid (d 1-5, 15 c.c.) in acetic acid (15 c.c.). The solution rapidly 


deposited crystals which, after recryStallisation from acetic acid, | 


gave pure 3-nitro-4-m-nitrobenzenesulphonamidodiphenyl in yellow 
prisms, m. p. 170° (Found : C, 54:2; H, 3-3. C,,H,,0,N,S requires 
C, 54:1; H, 33%). This compound (5 g.) was added in small 
portions to nitric acid (d 1-5, 12 c.c.) and after } hour the resultant 
solution was diluted with acetic acid; the 3:5: 4’-trinitro-4-m- 
nitrobenzenesulphonamidodiphenyl thus precipitated, after crystal- 
lisation from acetic acid, formed needles, m. p. 199° (Found: C, 
44:2; H, 2:3. C,,H,,0,)N,;S requires C, 44-2; H, 23%). 3 G. 
were dissolved in sulphuric acid (6 c.c.) and after } hour the solution 
was poured into water. The resulting precipitate after crystallisation 
from pyridine gave 3 : 5: 4’-trinitro-4-aminodiphenyl as long yellow 
needles, m. p. 282° (Found: C, 46-9; H, 2-6. C,,H,O,N, requires 
C, 47-4; H, 2-6%). 

3-Nitro-4-di-m-nitrobenzenesulphonamidodiphenyl formed prisms, 
m. p. 187° (Found: C, 48-8; H, 2°8. C,,H,,0,9N,8, requires C, 
49-3; H, 2-7%), and 2-m-nitrobenzenesulphonamidodiphenyl colour- 
less needles, m. p. 128° (Found: C, 61:0; H, 4:1. C,,H,,0,N,S 
requires C, 61-0; H, 4:0%). 

Nitration of 2-m-Nitrobenzenesulphonamidodiphenyl.—(a) 3 G. 
were warmed on a water-bath for 15 hours with a mixture of water 
(20 c.c.) and nitric acid (4 c.c.). The product, crystallised from 
alcohol, gave 5-nitro-2-m-nitrobenzenesulphonamidodiphenyl in plate- 
lets, m. p. 150° (Found: C, 54:3; H, 3:5. C,,H,,0,N,S requires 
C, 54:1; H, 33%). 

(b) To 4 g., dissolved in acetic acid (40 c.c.) at 70°, was added 
nitric acid (d 1-5; 3'c.c.) in acetic acid (3 c.c.) and the whole was 
maintained at 70° for} hour. On cooling, the liquid filled with pale 
yellow leaflets, m. p. ca. 145°, containing acetic acid of crystallisation. 
Recrystallised from alcohol, this product furnished pure 3 : 5-dinitro- 
2-m-nitrobenzenesulphonamidodiphenyl in needles, m. p. 148° 
(Found : C, 48-2; H,2-9. C,,H,,0,N,S requires C, 48-7; H, 2-7%). 
This constitution was proved by hydrolysis: a solution of the com- 
pound (1 g.) in sulphuric acid (2 c.c.) was after } hour poured into 
water and neutralised with ammonia; the precipitated 3 : 5-dinitro- 
2-aminodiphenyl crystallised from alcohol in yellow plates, m. p. 
182° (Bell, J., 1928, 2774). 
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(c) 3 : 5-Dinitro-2-m-nitrobenzenesulphonamidodiphenyl (2  g.) 


| was added slowly to nitric acid (d 1-5; 6 c.c.), and the solution 


poured into water. The resulting gum was filtered off, dried, and 
crystallised from benzene. After benzene had been expelled by 
heating at 120° for several hours, impure 3: 5: 4'-trinitro-2-m- 
nitrobenzenesulphonamidodiphenyl was obtained as a pale yellow 
powder, m. p. 170—175° (Found: C, 44-9; H, 2-6. C,,H,,0,)N,8 
requires C, 44-2; H, 23%). Hydrolysis of this gave 3: 5: 4’-tri- 
nitro-2-aminodiphenyl as prisms, m. p. 239° after recrystallisation 
from pyridine (Bell, J., 1928, 2775). 

5-Nitro-2-di-m-nitrobenzenesulphonamidodiphenyl was obtained as 
a white powder, m. p. 222° (Found : C,49-5; H,2-9. C,,H,,0,)N,8, 
requires C, 49-3; H, 2-7%). 

This compound (2 g.) was added to nitric acid (d 1-5; 5 c.c.); 
after } hour the solution was diluted with acetic acid, and the 
resulting precipitate collected and extracted with hot acetic acid; 
5 : 4'( ?)-dinitro-2-di-m-nitrobenzenesulphonamidodiphenyl, m. p. 240°, 
was left undissolved (Found: C, 45-4; H, 2-7. C,,H,;0,.N,8, 
requires C, 45-8; H, 2.4%). Attempts to hydrolyse this compound 
were unsuccessful. 

Bromination of 4-Methoxydiphenyl._—To 4-methoxydiphenyl (8 g.) 
in chloroform (25 c.c.) was added bromine (7 g.) in chloroform 
(10 c.c.). The solution was evaporated, and the residue fractionally 
crystallised from petroleum; it then separated into 4’-bromo-4- 
methoxydiphenyl, plates, m. p. 144° (Found: C, 59-2; H, 4-0. 
C,,H,,OBr requires C, 59-3; H, 4-2%), and the more soluble 3-bromo- 
4-methoxydiphenyl, large prismatic needles, m. p. 79° (Found: C, 
59-6; H, 4-4%). Both compounds were identified by comparison 
with the products obtained by the methylation of the corresponding 
bromo-4-hydroxydiphenyls. 

3 : 4'-Dibromo-4-methoxydiphenyl.—(a) To a warm solution of 
4’-bromo-4-methoxydiphenyl in chloroform was added bromine 
(1 mol.) in chloroform. The mixed solution was evaporated to small 
bulk and diluted with petroleum; 3 : 4'-dibromo-4-methoxydiphenyl, 
m. p. 134°, then separated. 

(6) 3-Bromo-4-methoxydiphenyl treated as under (a) gave a 
product from which a 60% yield of purified 3 : 4’-dibromo-4-meth- 
oxydiphenyl was obtained (Found : C, 45-8; H, 2-9. C,H, ,OBr, 
requires C, 45-5; H, 2-9%). 

3 : 5-Dibromo-4-methoxydiphenyl, prepared by methylation of the 
corresponding phenol, crystallised from petroleum in needles, m. p. 
87° (Found : C, 45-2; H, 27%). 

3:5: 4'-Tribromo-4-methoxydiphenyl, prepared by methylation of 
the corresponding phenol, crystallised from benzene in needles, m. p. 
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115° (Found: C, 36-7; H, 2-2. C,,H,,OBr, requires C, 36-9; 
H, 2-1%). 

Dibromination of 4-p-Toluenesulphonamidodiphenyl.—To 7 g. in 
warm chloroform (20 ¢.c.) was added bromine (7-5 g.) in chloroform 
(3 c.c.). The reaction was completed on the water-bath and after 
cooling the solution was filtered from the hydrobromide of 3 : 5: 4’- 
tribromo-4-aminodipheny] (free base, m. p. 149°; acetyl derivative, 
m. p. 256°). The filtrate on concentration deposited large prismatic 
needles containing chloroform of crystallisation (loss in weight on 
drying at 100° = 15-3%), which on reerystallisation from alcohol 
furnished pure 3: 4’-dibromo-4-p-toluenesulphonamidodiphenyl in 
prisms, m. p. 130° (Found: C, 47-1; H, 3-1. C,H,,0,NBr,8 
requires C, 47-4; H, 3-1%). 

Bromination of 4'-Bromo-4-p-toluenesulphonamidodiphenyl.—To 
5 g. in warm chloroform (20 ¢.c.) was added bromine (2 g.) in chloro- 
form (3¢c.c.). Treated as above, this gave a small amount of 3 : 5: 4’- 
tribromo-4-aminodiphenyl hydrobromide, the remainder being almost 
pure 3 : 4’-dibromo-4-p-toluenesulphonamidodipheny]. 

3 : 4'-Dibromo-4-di-p-toluenesulphonamidodiphenyl formed needles, 
m. p. 238° (Found: C, 49-1; H, 3-3. C,,H,,O,NBr,S, requires 
C, 49-1; H, 33%). 

3 : 5-Dibromo-4-di-p-toluenesulphonamidodiphenyl, the only pro- 
duct which could be isolated from the interaction of 3 : 5-dibromo-4- 
p-toluenesulphonamidodiphenyl and p-toluenesulphonyl chloride 
(1 mol.) in pyridine solution, crystallised from pyridine in needles, 
m. p. 291° (Found: C, 49-5; H, 3-3%). 

Bromination of 2-p-Toluenesulphonamidodiphenyl.—To 10 g. in 
chloroform (30 c.c.) was added bromine (5 g.) in chloroform (5 c.c.). 
After completion of the reaction the solution was evaporated to 
small bulk and diluted with light petroleum; 5-bromo-2-p-toluene- 
sulphonamidodiphenyl then separated in almost theoretical yield. 
It was recrystallised from alcohol, forming stout needles, m. p. 115° 
(Found: C, 56-9; H, 40. C,,H,,O,NBrS requires C, 56-7; H, 
4-0%), and was identical with the compound obtained by the inter- 
action of 5-bromo-2-aminodiphenyl (Scarborough and Waters, J., 
1927, 94) and p-toluenesulphonyl chloride in pyridine solution. 

Attempts to dibrominate 2-p-toluenesulphonamidodiphenyl re- 
sulted in the production of gummy masses containing 3 : 5-dibromo- 
2-aminodiphenyl (compare Scarborough and Waters, loc. cit., p. 95). 

Methylation of 2-Aminodiphenyl._—2-Aminodiphenyl was shaken 
with a considerable excess of methyl sulphate and sodium hydroxide, 
and the resultant oil extracted with ether. The ethereal extract was 
dried with sodium sulphate, evaporated, and the residue distilled in a 
vacuum. The distillate, b. p. 155°/10 mm., appeared to be a mixture 
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); of substances, as it would not set solid. It was therefore dissolved in 
dilute hydrochloric acid and treated with a slight excess of sodium 
n nitrite. The liquid was extracted with ether, the extract dried and 
n evaporated, and the residue crystallised from alcohol. It gave stout 
or prismatic needles of 2-nitrosomethylaminodiphenyl, m. p.'70° (Found : 
. C, 73-7; H, 5-8. C,,H,,ON, requires C, 73-6; H, 5°7%). From the 
e, aqueous layer left after the ether extraction, no substance correspond- 
ic ing in properties with a nitroso-tertiary base could be isolated. 
m Acetylation of p-Toluenesulphon-m'-nitroanilide—This substance 
ol was dissolved in warm acetic anhydride and two drops of sulphuric 
n acid were added. On cooling, p-tolwenesulphon-m’' -nitroacetanilide 
S separated; it formed a white powder, m. p. 165°, after recrystal- 
lisation from acetic acid (Found: C, 54:2; H, 4:3. C,;H,,0,N.8 
‘o requires ©, 53-9; H, 4:2%). 
)- By the same method m-nitrobenzenesulphon-p’-nitroanilide was 
'. converted into m-nitrobenzenesulphon-p’-nitroacetanilide, m. p. 214° 
st (Found : C, 45-8; H,3-4. C,,H,,0,N,S requires C, 46-0; H, 3-0%). 
m-Nitrobenzenesulphon-m'-nitroanilide, prisms, m. p. 151° (Found : 
3, C, 44:9; H, 2-9. C,,H,O,N,S requires C, 44-6; H, 2-8%), under- 
28 went vigorous nitration on dissolving in fuming nitric acid to give 
a mixture of polynitro-compounds. 
)- Di-m-nitrobenzenesulphon-m’ -nitroanilide, white powder, m. p. 235° 
1. (Found : C, 42-2; H, 2-6. C,,H,,0,,N,8, requires C, 42-5; H,2-4%), 
le was recovered unchanged after solution in fuming nitric acid. 
S, m-Nitrobenzenesulphon-p-toluenesulphon-m' -nitroanilide, prepared 
by interaction of m-nitrobenzenesulphonyl chloride and p-toluene- 
in sulphon-m’-nitroanilide or of p-toluenesulphonyl chloride with 
). m-nitrobenzenesulphon-m’-nitroanilide, formed small needles, m. p. 
0 207° (Found: C, 47-4; H, 3-4. C,,H,,0,N,S8, requires C, 47:8; 
e- H, 31%). 
1. Di-p-toluenesulphon-m' -nitroanilide, plates, m. p. 180° (Found : 
5° C, 54-1; H, 41. ©,,)H,,0,N.S, requires C, 53-9; H, 40%). 
i, m-Nitrobenzenesulphon-p’ -nitro-o'-toluidide, prisms, m. p. 189° 
r- (Found : C, 46-0; H,3-6. C,,H,,0,N,S requires C, 46-3; H, 3-3%). 
es Di-m-nitrobenzenesulphon-p' -nitro-o' -toluidide, m. p. 201° (Found : 
C, 43-2; H, 2-7. C,9H,,019N,8, requires C, 43-7; H, 2-7%). 
b= Di-m-nitrobenzenesulphon-o' -nitro-p' -toluidide, prisms, m. p. 215° 
0- (Found : C, 43-8; H, 2°7%). 
). Di-m-nitrobenzenesulphon-o' -nitro-o'-toluidide, pale yellow needles, 
n m. p. 193° (Found : C, 43-4; H, 2-6%). 
e, Di-p-toluenesulphonanilide, large prismatic needles, m. p. 183° 
us (Found : C, 59-7; H, 4:6. C9H,90,NS, requires C, 59-8; H, 4-7%). 
- BATTERSEA Po.tyTecunIc, 8.W. 11. (Received, March 11th, 1930.] 
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CXXXV.—Ozidation of — p-Aminophenyltrimethyl- 
ammonium Methosulphate and Some Quaternary 
Ammonium Derivatives. 


By AuMAD ZAKI. 


Ir was proposed to compare the meta-directing power of the nitro- 
and the quaternary ammonium radical in one and the same nucleus 
by nitrating p-nitrophenyltrimethylammonium salts. It was, 
however, found impossible to synthesise the p-nitrophenyltrimethy] 
ammonium salt, a fact in itself not without significance. Methyl 
sulphate, very carefully purified, and p-nitrodimethylaniline 
interacted neither in benzene solution nor when heated under 
pressure. With methyl iodide, there was no reaction at 120° and 
carbonisation took place at 165°. p-Aminophenyltrimethyl- 
ammonium chloride was then submitted to the oxidising action of 
Caro’s salt, in the hope that the expected nitroso-derivative could 
be oxidised to the required nitro-compound. The product, how- 
ever, proved to be the corresponding azoxy-compound : 


2NH,‘C,H,"NMe,Cl —> ON,(C,H,NMe,Cl), 


When this was nitrated, a nitro-group entered each nucleus in the 
ortho-position with respect to the azoxy-group. 

Although comparison between the nitro- and the quaternary 
ammonium group could not be undertaken in the direct manner 
proposed, yet the superiority of the latter group over the former in 
its characteristic effects is plainly indicated by the failure to obtain 
the quaternary nitroso-compound required as compared with the 
fact that p-nitroaniline when similarly oxidised gives about an 
80% yield of p-nitrosonitrobenzene. The first stage in the oxidation 
of an aniline by Caro’s salt gives the corresponding phenylhydroxy]- 
amine (Bamberger and Tschirner, Ber., 1899, 32, 1675). A meta- 
directing group in the para-position would draw more or less heavily 
for electrons on the nuclear carbon atom carrying the hydroxy]- 
amino-radical, thereby increasing the conjugation of the tertiary 
nitrogen with the nucleus, at the same time decreasing its capacity 
for oxidation. The stronger the meta-directing group the less is 
the inclination of the hydroxylamino-nitrogen towards oxidation, 
and therefore the lower the state of oxidation of the final product. 
As an azoxy-compound represents a lower stage of oxidation than 
a nitroso-compound, the quaternary ammonium group must be 
more strongly meta-orienting than the nitro-group. A circumstance 
that gives strength to the ammonium radical in the present oxidation 
is that the reaction is carried out in aqueous solution and the salt is 
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therefore almost completely ionised. Oxidation could not be carried 
out in other solvents. 

The same effect underlies the unreactivity of p-nitrodimethyl- 
aniline towards methyl sulphate and methyl iodide. If this is the 
true explanation, one would expect less resistance in the ortho- 
compound and still less in the meta-compound. Accordingly 
experiments were carried out on o- and m-nitrodimethylaniline as 
well as on dimethylaniline itself. The last compound reacted 
vigorously with methyl sulphate in the cold in benzene solution, 
with the m-compound boiling was necessary, and no reaction 
occurred with the o-compound. The resistance of the o-compound 
to this addition is, however, limited, as it reacts with methyl iodide 
on heating under pressure (Friedlander and Dinesmann, Monatsh., 
1898, 19, 636). The same order obtains for the solubility of these 
anilines in acids. 

p-Dimethylaminobenzaldehyde, _p - aldehydophenyltrimethyl- 
ammonium methosulphate, and nitrosodimethylaniline condensed 
readily with diketohydrindene and with p-aminophenyltrimethyl- 
ammonium chloride. 


EXPERIMENTAL. 


Action of Methyl Sulphate on Nitrosodimethylaniline—The two 
substances reacted very slowly in benzene. In molecular proportion, 
without a solvent or in ethereal solution, they reacted vigorously. 
The dark red oily product was washed with ether and benzene 
and left in a vacuum over sulphuric acid for many weeks; it 
thickened considerably but failed to crystallise (Found: N, 9-9. 
C19H,,0;N,8 requires N, 10-2%). In aqueous solution it gave 
barium sulphate on treatment with barium chloride, but no pre- 
cipitate with perchloric or picric acid. Boiling alkali liberated a 
volatile base having the odour of dimethylamine. The compound 
would therefore appear to be the ¥-methosulphate corresponding 
to the ¥-methiodide prepared by Knorr (Ber., 1897, 30, 934). 

p - Acetamidophenyltrimethylammonium Methosulphate-—-To a 
boiling benzene solution of p-acetamidodimethylaniline (1 mol.) 
was added a benzene solution of methyl sulphate (1-5 mols.), with 
shaking. After 10 minutes’ boiling, the mixture was cooled and 
the colourless crystals were collected, washed with benzene (yield, 
practically theoretical) and recrystallised from alcohol; the metho- 
sulphate then melted at 165° (Found : C, 47-2; H, 6-5. C,H ,0;N,8 
requires C, 47-4; H, 6-6%). 

p-Aminophenyltrimethylammonium  Methosulphate—tThe _pre- 
ceding compound (1 g.) was heated on the water-bath with 10 c.c. 
of concentrated hydrochloric acid for 24 hours: titration with 
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standard sodium nitrite then showed that the hydrolysis was com- 
plete. Heating with concentrated sulphuric acid (2 c.c.) and water 
(3 c.c.) for 5 hours caused almost complete hydrolysis, but the use of 
smaller concentrations of the acid or heating for a shorter time 
resulted in incomplete hydrolysis. 

p-Acetamidophenyltrimethylammonium methosulphate (3 g.) 
was hydrolysed with hydrochloric acid and then diazotised with 
sodium nitrite (0-68 g.) at 0°. The cold solution was neutralised 
with sodium carbonate and mixed with «-naphthol (1-44 g.) dis- 
solved in an equivalent of aqueous sodium carbonate. After a 
few hours, addition of perchloric acid to the crimson solution pre- 
cipitated p-«-naphtholazophenylirimethylammonium perchlorate, 
which crystallised from 90% alcohol in red needles, m. p. 247° 
(decomp.) (Found: N, 10-3. OC, ,H, )0;N,Cl requires N, 10-3%). 

The perchlorate of the 8-naphthol compound, similarly prepared, 
had m. p. 267° (decomp.) (Found: N, 10-1%). 

A similarly diazotised solution was treated with «-naphthylamine 
in dilute hydrochloric acid. p-«-Aminonaphthaleneazophenyltri- 
methylammonium chloride, which was slowly precipitated, crystal- 
lised from alcohol—dilute hydrochloric acid in long reddish-violet 
needles, m. p. 196° (decomp.) (Found: N, 14:5. C,,H,,N,Cl1,HCl 
requires N, 148%). 

p-Dimethylaminobenzeneazophenyltrimethylammonium Perchlorate. 
—Molecular quantities of nitrosodimethylaniline and p-amino- 
phenyltrimethylammonium chloride were boiled together in hydro- 
chloric acid solution and perchloric acid was then added. The 
long brown needles of the perchlorate that had formed after 24 hours 
were recrystallised from dilute perchloric acid solution. They 
charred above 280° (Found: N, 11-4. C,,H,,0,N,Cl,HCIO0, requires 
N, 116%). 

p - Dimethylaminobenzylidene - p - aminophenyltrimethylammonium 
Perchlorate—When p-dimethylaminobenzaldehyde (1 mol.) and 
p-aminophenyltrimethylammonium chloride (1 mol.), each in hydro- 
chloric acid solution, were mixed, a greenish-yellow colour developed 
at once, indicating that the condensation in this case takes place 
at the ordinary temperature. The mixture was boiled to complete 
the reaction, concentrated, and perchloric acid added. The copious 
precipitate obtained crystallised from dilute perchloric acid solution 
in orange-red needles, m. p. 253° (decomp.) (Found: N, 8-6. 
C,,H,,0,N,Cl,HC1O, requires N, 8-7%). 

Oxidation of p-Aminophenyltrimethylammonium Chloride.—The 
solution in hydrochloric acid obtained by hydrolysis of the acetyl 
compound (see p. 1079) was neutralised with aqueous sodium 
hydroxide, cooled with ice, and treated with the equivalent amount 
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of ammonium persulphate made into Caro’s salt by Willstatter’s 
method (Ber., 1909, 42, 1842). The deep brownish-red solution 
of azoxybenzene-pp’-bistrimethylammonium chloride produced 
was kept for several hours and the following three salts were then 
prepared from it. 

(1) The perchlorate, ON,(C,H,NMe,’Cl0,),, precipitated by the 
addition of perchloric acid to the neutral or slightly alkaline solution, 
crystallised from a mixture of dilute aqueous perchloric acid and 
alcohol in needles which varied in colour from yellow to brown and 
red. It melted and decomposed at 268°, sometimes with violent 
explosion (this property made the estimation of carbon and hydrogen 
impossible) (Found: N, 10-7, 10-6, 10-8; Cl, 13-7. C,gH,g0,N,Cl, 
requires N, 10-9; Cl, 13-89%), and was identical with the synthetic 
perchlorate described on p. 1084. 

(2) The picrate, precipitated from the neutral solution of the salt 
with aqueous picric acid, crystallised from much acetone and water 
(10:8) after several hours in needles, -m. p. 244° (decomp.). It 
was analysed after several crystallisations. Notwithstanding its 
explosiveness, determinations of carbon and hydrogen were 
successful twice, a large excess of copper oxide and a very long 
copper spiral being used (Found: C, 46-9, 46-7; H, 4:2, 42; 
N, 18-0. Cg9H390,;Ni9 requires C, 46-7; H, 4-2; N, 18-2%). 

(3) The ferricyanide was obtained by the addition of a solution of 
potassium ferricyanide. This salt is a very sparingly soluble, 
uncrystallisable, greenish-yellow substance. When it is boiled with 
a slight excess of copper sulphate solution, and the filtered liquid 
is freed from copper and sulphate ions by baryta, and then from 
barium by passage of carbon dioxide, the final filtrate contains the 
quaternary carbonate, from which other salts can be obtained by 
neutralising the solution with the requisite acid. 

The chloride was obtained by boiling the picrate with a large 
excess of concentrated hydrochloric acid. After cooling, the picric 
acid was removed by filtration and by repeated extraction with ether, 
and the filtrate evaporated to dryness on the water-bath. The 
deep red, glassy residue, which was extremely deliquescent, was 
crystallised from much absolute alcohol and dried in a vacuum 
desiccator. The straw-coloured needles of the chloride quickly 
reddened in the air. The highest melting point observed was 
252° (decomp., preceded by considerable shrinkage). 

The iodide was precipitated when solutions of the chloride and of 
sodium iodide in alcohol were mixed and was recrystallised from 
much methyl alcohol and dried in a vacuum desiccator; the orange 
plates obtained melted at 198° (decomp.). In the air the iodide 
absorbed moisture and turned brown. 
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Volumetric Analysis of Azoxybenzene-pp’-bistrimethylammonium 
Perchlorate-—This application of Knecht and Hibbert’s titanous 
chloride method (‘‘ New Reduction Methods in Volumetric Analysis,” 
1925) to the estimation of the azoxy-group is novel. Through a 
mixture of 0-0300 g. of the perchlorate, 100 c.c. of water, and 10 c.c. 
of concentrated hydrochloric acid, carbon dioxide was passed for 
10 minutes. The solution was then warmed to 60—70° and titrated 
with standard titanous chloride until the yellow colour was de- 
stroyed. Towards the end of the titration, at least 3 minutes were 
allowed after the addition of every 0-5 c.c. of the chloride, as the 
reduction was then by no means instantaneous. The end-point 
was not very sharp (Titres found : 26-2, 26-4, 26-0, 27-2.¢.c. Cale. : 
25-8 c.c.). The presence of the perchlorate ion has no effect on the 
titanous chloride at the dilution used, as was proved by blank 
experiments on potassium chlorate solutions. The indirect method 
(excess of titanous chloride and back-titration) was useless. 

Nitration of Azoxybenzene-pp’-bistrimethylammonium Salts.— 
Nitric acid alone had no nitrating action on the azoxy-chloride; 
when the solution was evaporated to dryness, the nitrate remained. 
This crystallised from anhydrous methyl alcohol in small, light 
orange, needle-like prisms, m. p. 220—222° (decomp.). It was 
hygroscopic, but was practically insoluble in absolute alcohol and 
acetone (Found: N, 18-8. C,,H,,0,N, requires N, 19-2%). 

When the nitrate (1-5 g.) was added to concentrated nitric acid 
(10 c.c.; d 1-42), followed by concentrated sulphuric acid (15 c.c.), 
a vigorous action took place with evolution of oxides of nitrogen 
in the cold. The solution was boiled for 1-5 hours, the resulting 
clear yellow liquid diluted and neutralised with sodium carbonate, 
and perchloric acid added. The dinitroazoxybenzene-pp’ -bistri- 
methylammonium perchlorate obtained crystallised from aqueous 
alcohol in deep brown crystals, m. p. 265° (decomp.) {Found: N, 
13-9. ON,[C,H,(NO,)-NMe,°ClO,], requires N, 14-:0%}. The cor- 
responding chloride, obtained from the picrate by treatment with 
concentrated hydrochloric acid as previously described, crystallised 
from dilute hydrochloric acid in thin, reddish-brown, rectangular 
plates which melted with decomposition (Found: WN, 17-3. 
C,gH,,0;N,Cl, requires N, 17-7%). 

The diamine produced by complete reduction of the nitro-com- 
pound with zinc and hydrochloric acid was an o-diamine, for it 
gave a deep wine colour with ferric chloride and condensed instantly 
with phenanthraquinone on the addition of a drop of alkali, giving 
a dark green precipitate. 

Diketohydrindene Condensations—These were undertaken with 
the object of comparing the reactivities of the nitroso- and the 
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aldehydo-group and of studying the effect on the reactivity of a 
quaternary ammonium group in the para-position. 

With nitrosodimethylaniline. Molecular quantities of diketo- 
hydrindene and nitrosodimethylaniline were boiled together in 
absolute alcohol for 3 minutes. At once, a deep blood-red colour 
developed and a crystalline compound separated; this, after being 
washed with absolute alcoho! and dried, melted at 210° (decomp.) 
(Found: N, 9-8. C,,H,,0,N, requires N, 10-1%). 

With p-dimethylaminobenzaldehyde. The condensation was 
carried out as in the last experiment and took place just as quickly. 
The product separated from alcohol in crystals with a blue lustre, 
m. p. 99—100° (compare Noelting and Blum, Ber., 1901, 34, 2467). 

With p-aldehydophenyltrimethylammonium methosulphate. Equi- 
moleeular quantities of the methosulphate (see below) and diketo- 
hydrindene were boiled in absolute alcohol. The colour changed 
from yellow to orange and the reaction was complete in less than 
5 minutes. Water was then added and the solution was extracted 
with benzene to remove any excess of diketohydrindene and boiled. 
On standing, the product separated in deep orange needles, which 
were washed with a little alcohol and dried; m. p. 243° (decomp.) 
(Found : N, 3-5. Cy 9H,,O,NS requires N, 3-5%). 

With the azoxy-quaternary salts. These were recovered unaltered 
when a similar condensation was tried with them. 

p-Aldehydophenyltrimethylammonium Methosulphate——Pure dry 
methyl sulphate was mixed in slight excess with p-dimethylamino- 
benzaldehyde and warmed very gently to start the reaction, which 
proceeded rather violently. The voluminous frothy product, 
on cooling, changed to a small, dark red, glassy mass which became 
crystalline in a few hours. The methosulphate, recrystallised from 
hot methyl alcohol, formed long yellow needles, which were washed 
with ether dried over sodium. They were extremely soluble in 
water and melted at 138—139° (Found: N, 5:2; OMe, nil. 
C,,H,,0;NS requires N, 5-1%). 

The perchlorate was precipitated from a solution of the metho- 
sulphate as an oil which slowly solidified. It crystallised from 
dilute perchloric acid solution after some time in yellow plates, 
m. p. 140—141° after being washed with absolute alcohol and dried. 
It was appreciably soluble in water and puffed strongly when heated 
in a flame (Found: N, 5-4. C,9H,,0;NCl requires N, 5°3%). 

Benzylideneaniline - pp’ - bistrimethylammonium _ Perchlorate.—p- 
Aminophenyltrimethylammonium chloride in hydrochloric acid 
solution was boiled with an equivalent quantity of p-aldehydo- 
phenyltrimethylammonium methosulphate and perchloric acid 
was then added; after 2 days, long, thin, slightly yellow needles 
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had formed. These when dry became deep red at 240° and charred 
at about 260°. Heated in a flame, the compound exploded (Found : 
N, 8-2. OC, ,H,,O,N,Cl, requires N, 8-4%). 

Addition of Methyl Sulphate to pp'-Tetramethyldiaminoazoxy- 
benzene.—Methy] sulphate (14 mols.) was added to the base (1 mol.), 
and enough benzene to ensure its solution on boiling, which was 
continued under reflux for an hour. The benzene was then decanted, 
the product washed with ether, and the coffee-brown crystalline 
residue dissolved in water. Addition of perchloric acid precipitated 
a perchlorate which, after being crystallised from alcohol-dilute 
perchloric acid solution and dried, melted, alone or mixed with the 
azoxy-perchlorate described on p. 1081, at 268° (decomp.). The two 
picrates also were identical. 

m-Nitrophenyltrimethylammonium _Methosulphate-—A mixture of 
m-nitrodimethylaniline (28 g.; 1 mol.), methyl sulphate (30 g.; 
1-5 mols.), and benzene (25 c.c.) was heated in a water-bath for 
1 hour. The heavy oil produced solidified on cooling, and after 
decantation of the benzene and washing with ether the residue 
crystallised from slightly aqueous alcohol in thin needle-like plates, 
m. p. 220°, which were very soluble in water (Found: N, 9-5. 
C,9H,,0,N,8 requires N, 9-6%). 

The picrate crystallised from water in yellow prismatic plates, 
m. p. 150° (decomp.) (Found: N, 17-1. C,;H,;O,N; requires 
N, 17-1%), and the perchlorate from dilute perchloric acid solution 
in white feathery needles, m. p. 230—232° (decomp.) (Found : 
N,.9-9. C,H,,0,N,Cl requires N, 10-0%). 

The iodide, obtained by adding a concentrated solution of sodium 
iodide to a solution of the methosulphate, crystallised from water 
in large white needles, m. p. 202° (Found: N, 8-9. C,H,,0,N,I 
requires N, 9-1%). 

Phenyltrimethylammonium Methosulphate-—When a solution of 
dimethylaniline (30 g.; 1 mol.) in benzene (20 c.c.) was treated with 
methyl sulphate (30 g.; 1 mol.), it soon got hot and the benzene 
boiled away even through a reflux condenser. The oily product 
quickly solidified and then crystallised from acetone in colourless 
needles. The perchlorate, precipitated with perchloric acid from a 
solution of the methosulphate, crystallised from dilute perchloric 
acid solution in colourless needles (Found: N, 5-8. C,H,,0,NCl 
requires N, 5-9%). 


MANCHESTER UNIVERSITY, AND THE RALPH FORSTER 
LABORATORIES OF ORGANIC CHEMISTRY, 
Untversity CoLLeGE, Lonpon. ([Received, February 19th, 1930.] 
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CXXXVI.—The Action of Fuming Nitric Acid on the 
4-Halogeno-2 : 6-dibromo-phenols and -anisoles. 
Anomalous Behaviour of Fluorine Derivatives. 


By Herspert Henry Hopason and JoserpH Nixon. 


Koun and RosenFretD (Monatsh., 1925, 46, 101) prepared 4-chloro- 
2 : 6-dibromo-3-nitro- and -3 : 5-dinitro-anisoles by the nitration of 
4-chloro-2 : 6-dibromoanisole and of the mononitrated product. In 
an attempt to repeat their reaction with 4-fluoro-2 : 6-dibromo- 
anisole, the product obtained was 2 : 6-dibromo-p-benzoquinone and 
consequently it appeared of interest to submit each of the 4-halogeno- 
2: 6-dibromo-phenols and -anisoles to the action of fuming nitric 
acid in order to ascertain the role of the 4-halogen. All the phenols 
except the 4-iodo-compound (which was destroyed) gave 2 : 6-di- 
bromo-p-benzoquinone, Kohn and Rosenfeld’s results with 4-chloro- 
2 : 6-dibromoanisole (loc. cit.) were confirmed, and 2 : 4 : 6-tribromo- 
anisole behaved similarly, i.e., was mono- and di-nitrated. 4-Iodo- 
2 : 6-dibromoanisole, however, reacted anomalously to form 2 : 6-di- 
bromo-4-nitroanisole. 

The mechanism of reaction in the case of 4-fluoro-2 : 6-dibromo- 
anisole can be regarded as a three-stage operation, viz., the combined 
general effect (Allan, Oxford, Robinson, and Smith, J., 1926, 401) of 
the three halogens rendering the methyl group sufficiently mobile 
(positive) for detachment and oxidation (I); rearrangement of the 
residue to the quinonoid form (II), facilitated by the same general 
effect; and subsequent attack by oxygen (III) with separation of 
ionic fluorine (IV). The same mechanism will also apply to the 
phenols. 


CH, ® 
Y 
O O O O 
G) | | ! 
Br<() Qp-Br Br ‘Br Bri » ‘Br Br )Br 6 
! ‘1 } + EF 
Na 4 ieahaeeaeee 
Y : XP eR I 
F 8 Hs a O 
(I.) (II.) (III.) (IV.) 


In the 4-chloro- and 4-bromo-2 : 6-dibromoanisoles, the combined 
general effect of the halogens is inadequate to produce the necessary 
reactivity (positivity) of the methyl group, and so normal nitration 
occurs. The above general effect is still further reduced in 4-iodo- 
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2 : 6-dibromoanisole, and consequently the methyl group remains 
intact, but the electron-donating power of the iodine is now sufficient 
to enable kationoid attack by the nitric acid to take place at the 
4-carbon atom with nitration and elimination of iodine. 

That fluorine exerts a far greater general effect than the other 
halogens is shown by the relatively much greater solubility of p- 
fluorophenol in water (indicating considerable ionisation) than is 
exhibited by the other p-halogenophenols, the order being F>Cl> 
Br>I, in accord with the order of general effects. 


EXPERIMENTAL. 


Preparation of p-Fluorophenol.—p-Fluoronitrobenzene, obtained 
in 25% yield by the authors’ method for m-fluoronitrobenzene (J., 
1928, 1879), was reduced by means of tin and hydrochloric acid to 
p-fluoroaniline, which was converted into p-fluorophenol by the 
standard procedure (Hodgson, E.P. 200,714). 

4-Fluoro-2 : 6-dibromophenol was obtained when a solution of 
p-fluorophenol (11-2 g.) in water (250 c.c.) was treated gradually and 
shaken vigorously with a solution of bromine (10 c.c.; 2 mols.) in 
water (80 c.c.) containing potassium bromide (27 g.). The volumin- 
ous white precipitate produced was filtered off and washed with 
water; it crystallised from dilute alcohol in colourless needles, m. p. 
48° (Found : Br, 59-2. C,H,OFBr, requires Br, 59-3%). 

4-Fluoro-2 : 6-dibromoanisole—Methylation of the above phenol 
was best carried out by Haworth and Lapworth’s procedure in 
xylene solution with methyl sulphate and potassium carbonate (J., 
1923, 123, 2986), the direct method with methy] sulphate and caustic 
alkali giving poor yields. The product crystallised from light 
petroleum in small colourless needles, m. p. 55° (Found: Br, 56-5. 
C,;H,OFBr, requires Br, 56-3%). 

Action of Fuming Nitric Acid on the 4-Halogeno-2 : 6-dibromo- 
phenols and -anisoles.—General procedure. The substance (5 g.) 
was dissolved in ice-cold nitric acid (50 c.c.; d 1-5), the mixture 
poured after 15 minutes on ice, and the resulting precipitate crystal- 
lised from alcohol. 

Results. (1) 4-Fluoro-2 : 6-dibromo-phenol and -anisole each 
gave 2 : 6-dibromo-p-benzoquinone, m. p. and mixed m. p. 130— 
131° (Found : Br, 59-9, 60-2. Calc.: Br, 60-1%). 

(2) 4-Chloro-2 : 6-dibromophenol gave 2 : 6-dibromo-p-benzo- 
quinone, whereas 4-chloro-2 : 6-dibromoanisole gave 4-chloro-2 : 6-di- 
bromo-3-nitroanisole, m. p. 58°, and this on further nitration with a 
mixture of fuming nitric and concentrated sulphuric acids gave 
4-chloro-2 : 6-dibromo-3 : 5-dinitroanisole, m. p. 146° (compare 
Kohn and Rosenfeld, Joc. cit.) 
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(3) 2:4:6-Tribromophenol gave 2 : 6-dibromo-p-benzoquinone, 
and 2:4:6-tribromoanisole gave 2 : 4: 6-tribromo-3-nitroanisole, 
which crystallised in small colourless plates, m. p. 82° (Found: N, 
3-9; Br, 61-8. C;H,O,NBr, requires N, 3-6; Br, 61-5%), and gave 
2:4: 6-tribromo-3 : 5-dinitroanisole, which crystallised from alcohol 
in colourless needles, m. p. 148° (Found: N, 6-6; Br, 55-5. 
C,H,0;N,Br, requires N, 6-4; Br, 55-2%), on further nitration as 
above. 

(4) 4-Iodo-2 : 6-dibromophenol (m. p. 105°; prepared by direct 
dibromination of p-iodophenol in glacial acetic acid ; compare King 
and McCombie, J., 1913, 103, 222) was completely destroyed by 
ice-cold fuming nitric acid. 

2 : 6-Dibromo-4-iodoanisole, prepared from the above phenol by 
Haworth and Lapworth’s method (loc. cit.), crystallised from light 
petroleum in colourless needles, m. p. 78° (0-1310 g. gave 0-2040 g. of 
mixed silver halides. Calc.: 0-2036 g.). On nitration with fuming 
nitric acid as above, 2 : 6-dibromo-4-nitroanisole was obtained, 
which crystallised in long colourless needles; the m. p. and mixed 
m. p. with an authentic specimen, prepared by dibromination of 
p-nitrophenol and subsequent methylation, was 122° (Found: N, 
4-8; Br, 51-7. Cale.: N, 4-5; Br, 51-5%). 


The authors desire to thank the British Dyestuffs Corporation 
for gifts of chemicals. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, March 13th, 1930,] 


CXXXVII.—Polycyclic Aromatic Hydrocarbons. Part I. 
1- and 2-Phenylanthracenes and Derivatives of 
1 : 2-Benzanthracene. 


By James WILFRED Cook. 


THE substance responsible for the cancer-producing properties of 
tars and mineral oils is probably a polycyclic aromatic hydrocarbon 
of very high boiling point, and the hydrocarbons to be described in 
this and subsequent communications have been prepared in the 
course of a search for an active carcinogenic substance of known 
structure. The correlated experiments on animals are being con- 
ducted by E. L. Kennaway and the fluorescence spectra of the pure 
hydrocarbons have been examined by I. Hieger for comparison with 
the characteristic banded spectrum of tars and other cancer- 
producing mixtures (for example, the products of the action of 
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aluminium chloride upon 1 : 2 : 3: 4-tetrahydronaphthalene). The 
results of Kennaway and een are published elsewhere (Biochem. 
J., in the press). 

Of the three possible structural isomerides of monophenylanthra- 
cene only the meso-compound has hitherto been described. 1- 
and 2-Phenylanthracenes have now been prepared, the former by 
pyrolysis of 2-0-toluoyldiphenyl (I; R= Ph) obtained from 
magnesium 2-diphenylyl iodide and o-toluoyl chloride, and the latter 
by reduction of ee icr inna 2 : 


as COC! | Hal Me Z Qin Pe CS) A 
\CH OR A 


(I.) (R = Ph or Me) 


1-Phenylanthracene resembles 1-methylanthracene in its ready 
solubility and fusibility, whereas 2-phenylanthracene, like the 
2-methyl compound, is sparingly soluble and high-melting. When 
di-o-tolyl ketone (1; R = CH,), prepared from magnesium o-tolyl 
bromide and o-toluoyl chloride, was boiled for a long time, it under- 
went the condensation of an o-methyl benzophenone derivative to 
an anthracene derivative discovered by Elbs (Ber., 1884, 17, 2848; 
1886, 19, 408; J. pr. Chem., 1886, 33, 185; 1887, 35, 471; 1890, 
41, 1) and recently extended by Morgan and Coulson (J., 1929, 
2203, 2551) and by Clar and his co-workers (Ber., 1929, 62, 351, 940, 
951, 1574, 3021). The product was not 1-methylanthracene, 
however, but anthracene itself, one methyl group being eliminated 
from the ketone. This observation emphasises the need for con- 
firmation of structures assigned to «-alkylanthracenes obtained by 
pyrogenic means. For instance, H. Meyer and Bernhauer (Monatsh, 
1929, 53 and 54, 731) obtained an anthracene hydrocarbon, m. p. 
199°, by distillation of benzyl-o-xylene, but were in error in regard- 
ing their product as 1-methylanthracene, which has been shown by 
several investigators to melt at 86° (e.g., von Braun and Bayer, 
Ber., 1926, 59, 916). The formation of 1 : 3-dimethylanthracene 
by pyrolysis of benzylmesitylene (Louise, Ann. Chim., 1885, 6, 185) 
shows that this loss of «-methyl groups is not universal. 2-Methyl- 
anthracene and its derivatives have frequently been obtained by 
pyrogenic methods (e.g., Eng. Pats. 251,270; 253,911; Elbs, loc. cit. ; 
Morgan and Coulson, Joc. cit.), but no case of loss of a 8-methyl 
group appears to have been recorded. 

6-Phenyl-1 : 2-benzanthracene (III) was formed by natainelé of 
1-p-phenylbenzoyl-2-methylnaphthalene (11), obtained from 2-methy]l- 
naphthalene and p-phenylbenzoyl chloride : 
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(II.) sek biage LOY (III.) 


Phy zy, CH / 

Reduction of 3-methyl-1:2-benzanthraquinone. (Scholl and 
Tritsch, Monatsh., 1911, 32, 997) with zinc dust and potassium 
hydroxide, although slow and incomplete, led to 3-methyl-1 ; 2- 
benzanthracene. 1:2-Benzanthraquinone reacted normally with 
magnesium phenyl bromide to give 9; 10-diphenyl-9 : 10-dihydro- 
1 ; 2-benzanthraquinol, which was reduced by zinc dust in boiling 
acetic acid to 9: 10-diphenyl-1 : 2-benzanthracene. Subsequent to 
this preparation these two compounds were described by Clar (Ber., 
1930,-63, 118). 

1 : 2-Benz-10-anthrone (IV), formed by dehydration of 1-naphthyl- 
phenylmethane-2’-carboxylie. acid, was converted by _ benzoic 
anhydride in pyridine solution into 1 : 2-benzanthranyl 10-benzoate, 
m. p. 171°, whereas reduction of 1: 2-benzanthraquinone with 
aluminium powder and concentrated sulphuric acid led to an 
anthrone (V), which gave the isomeric 1 : 2-benzanthranyl 9-benzoate, 
m. p. 202—203°. These two benzoates were obtained by Barnett 
and Matthews (Chem. News, 1925, 130, 339) from the mixture of 
anthrones obtained by reduction of benzanthraquinone with tin 
and hydrochloric acid and the methods of preparation now given 
require pasted of the orientations suggested by these authors. 


ght: 
Oo 


OH C3 Nea 
(IV.) 

1 : 2-Benz-10-anthrone reacted normally with magnesium benzyl 
chloride. The resulting 10-hydroxy-10-benzyl-9 : 10-dihydro-1 : 2- 
benzanthracene was dehydrated to 10-benzyl-1 : 2-benzanthracene, 
and the same hydrocarbon was also formed in small yield when 
1 ; 2-benzanthracene was heated with benzyl chloride and zine dust 
in carbon disulphide solution (compare Lippmann and Fritsch, 
Monatsh., 1904, 25, 793). Treatment of 1 : 2-benz-10-anthrone 
with magnesium methyl iodide yielded only resinous products, and 
the same remark applies to the action of magnesium benzyl chloride 
on 1 : 2-benz-9-anthrone. 

With the object of obtaining intermediate compounds from 
which 9: 10-dibenzyl-1:2-benzanthracene might be prepared 
by a method analogous to that previously used for dibenzyl- 
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anthracene (Barnett and Cook, J., 1928, 567), 1 : 2-benz-9-anthrone 
and | : 2-benz-10-anthrone were heated with benzyl chloride and 
potassium hydroxide solution. Both anthrones yielded only 
resinous products. When | : 2-benzanthraquinone was heated with 
benzyl chloride and alkali in presence of sodium hydrosulphite, 
similar resinous products were formed, together with a small amount 
of a substance which had the composition and properties of a 
benzyloxybenzanthracene. Such a compound might conceivably be 
formed by monobenzylation and reduction of 1 : 2-benzanthraquinol. 
The anticipated benzylhydroxybenzanthrone was not isolated. 

3-Acenaphthylphenylmethane-2’-carboxylic acid was completely 
sulphonated in 2 hours by concentrated sulphuric acid at room 
temperature, but was dehydrated by zinc chloride to acenaphth- 
anthrone (VI), not obtained pure but characterised as the acetate 
of its enol. This anthrone was reduced by zinc dust and sodium 
hydroxide to acenaphthanthracene (VII) and was converted by 
magnesium benzyl chloride into an unstable dihydroanthranol 
which = into benzylacenaphthanthracene (VIII) : 


ALA CH, an X) ea: yr 
—CH ~~) 
(VIT.) (VI.) 


CO/ L H+ H, 


An attempt to condense acenaphthylene with phthalic anhydride 
was unsuccessful, the acenaphthylene being polymerised by alumin- 
inm chloride to the polyacenaphthylene, m. p. 345—350°, _ described 
by Dzieworiski and Leyko (Ber., 1914, 47, 1685). 

Experiments are in progress which have as their object the 
preparation of derivatives of chrysene and other condensed 4-ring 
hydrocarbons together with more highly condensed compounds. 
It is probable that 3: 4-benzphenanthrene has not yet been pre- 
pared, since the compound so described by Weitzenbéck and Lieb 
(Monatsh., 1912, 33, 564) may equally well be 1 : 2-benzanthracene, 
which has more recently been shown to have the same m. p. as their 
hydrocarbon. 


EXPERIMENTAL. 


Phenylanthracenes. 


o-lododiphenyl.—This compound was mentioned by Bachmann 
and Clarke (J. Amer. Chem. Soc., 1927, 49, 2049), who gave no 
description of its preparation. It was readily obtained in 70%, yield 
by the addition of a concentrated aqueous solution of potassium 
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iodide to a diazotised solution of o-aminodipheny] * in dilute sulphuric 
acid. The crude iodo-compound was twice distilled in a vacuum 
and then formed a colourless viscous oil, b. p. 140°/3—4 mm. 
(Found: C, 53-2; H, 3-5. Cy, H,I requires C, 51-4; H, 3-2%). 
The high figure obtained for carbon was probably due to the presence 
of diphenyl, but the substance was sufficiently pure for the subse- 
quent experiments. 

2-0-Toluoyldiphenyl (1; R = Ph).—A Grignard solution prepared 
from o-iododipheny] (20 g.), magnesium turnings (1-7 g.), and ether 
(45 c.c.) was added slowly, with agitation, to o-toluoyl chloride (10 
c.c.) diluted with ether (30 c.c.) and cooled to —10°. After } hour 
at — 10°, the solution was allowed to warm slowly and then boiled 
for an hour. The product was decomposed with ice and hydro- 
chloric acid, and the crude ketone freed from unchanged acid 
chloride by passing steam into its alkaline suspension for 4 hour. 
It was then dried in ethereal solution with sodium sulphate and 
distilled ina vacuum. The chief fraction was collected at 190—192°/ 
3—4 mm. The distillate, a yellowish syrup, was obtained in 55% 
yield as a colourless crystalline powder, m. p. 66—67°, by crystallis- 
ation from light petroleum (Found: C, 88-3; H, 5-95. Cy 9H,,0 
requires C, 88-2; H, 5-9%). This ketone gave a yellow solution in 
concentrated sulphuric acid. 

1-Phenylanthracene.—The aforesaid ketone (5 g.) was boiled 
gently for 74 hours, and the product distilled. The red wax-like 
distillate was triturated with acetic acid and the solid in suspension 
was collected after 2 days and recrystallised from alcohol. The 
product (0-85 g.) was obtained pure by recrystallisation from ligroin 
and then twice from alcohol. It formed small, pale yellow prisms, 
m. p. 110—112°, readily soluble in the usual media (Found : C, 94-1; 
H, 5-6. CyoH,, requires C, 94-5; H, 5-5%). 

2-Phenylanthracene.—2-Pheny]-9-anthrone (5 g.) (Scholl and 
Neovius, Ber., 1911, 44, 1078) was reduced with zine dust (15 g.) 
activated with copper, and 2N-sodium hydroxide solution (100 c.c.). 
The product, after extraction of the zinc with hydrochloric acid, was 
recrystallised from methyl ethyl ketone and then from ethyl acetate. 
2-Phenylanthracene formed small, pale yellow leaflets, m. p. 207— 
207-5°, sparingly soluble in most media (Found : C, 94:2; H, 5-4%). 


Di-o-tolyl Ketone. 
A Grignard solution prepared from o-bromotoluene (36-5 g.), 
magnesium turnings (5-1 g.), and ether (100 c.c.) was added slowly, 
with agitation, to o-toluoyl chloride (30 c.c.) diluted with ether (100 


* The author is indebted to Professor G. T. Morgan, F.R.S., for a gift of 
the o-aminodipheny] used in this experiment. 
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c.c.)at — 10°. After 4 hour the solution was allowed to warm and 
then boiled for an hour. The product was decomposed with ice 
and hydrochloric acid, and the crude ketone freed from unchanged 
o-toluoyl chloride and distilled (b. p. 307—308°). The solid distillate 
was recrystallised from. methyl aleohol (yield, 25 g.) and then formed 
colourless needles, m. p. 64—67° (Found : C, 85:6; H,6-5. C,;H,,0 
requires C, 85-7; H, 6-7%). 

Pyrolysis. Di-o-tolyl ketone (5 g.) was boiled gently for 24 hours, 
and the product distilled. The distillate was diluted with alcohol 
and the resulting crystals were collected and recrystallised from 
ethyl acetate, forming colourless plates, shown by the method of 
mixed melting points to consist of pure anthracene. After removal 
of the solvents from the mother-liquor, oxidation of the residue 
with chromic acid in glacial acetic acid yielded anthraquinone but no 
anthraquinonecarboxyli¢ acid. 


Derwatives of 1 : 2-Benzanthracene. 


6-Phenyl-1 : 2-benzanthracene.—(i) Anhydrous aluminium chloride 
(11-5 g.) was slowly added to 9-4 g. of p-phenyibenzoyl chloride * 
(Scholl and Seer, Annalen, 1912, 394, 148; Wieland and others, 
ibid., 1927, 452, 7) and 2-methylnaphthalene (6-5 g.) in carbon 
disulphide (50 c.c.). After 3 hours, the reaction was completed by 
4 hours’ heating on the water-bath. The product was decomposed 
with ice and hydrochloric acid, the carbon disulphide distilled off, 
and the steam-volatile by-products removed. The residue was dried 
and distilled in a vacuum (b. p. 265°/4—5 mm.). The distillate, an 
amber-coloured resin, was dissolved in hot ligroin, and the solution 
cooled. The resulting crystalline solid was obtained analytically 
pure by two recrystallisations from methyl alcohol. 1-p-Phenyl- 
benzoyl-2-methylnaphthalene (I1) formed colourless needles, m. p. 
109—110° (Found: C, 89-4; H, 5-6. C,,H,,0 requires C, 89-4; 
H, 5-6%). The solution in sulphuric acid was cherry-red. 

(ii) 1-p-Phenylbenzoyl-2-methylnaphthalene (4 g.) was boiled 
gently for } hour, and the dark-coloured residue distilled. The 
distillate was recrystallised from benzene (yield, 0-3 g.) and then 
from ethyl acetate. 6-Phenyl-1 : 2-benzanthracene (ITI) formed pale 
yellow leaflets, m. p. 240—241° (Found: C, 94-4; H, 5-3. C.,Hi¢ 
requires C, 94-7; H, 53%). This compound gave a crimson solu- 
tion with a yellowish-green fluorescence in concentrated sulphuric 
acid. On gentle warming, the colour became purple and then 


* »-Phenylbenzoic acid was obtained in good yield by oxidation of 4-acetyl- 
diphenyl (Adam, Ann. Chim., 1888, 15, 255) with boiling alkaline potassium 
permanganate. 
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intensely blue. This colour reaction is shown by | : 2-benzanthracene 
itself and also by all its hydrocarbon derivatives so far examined 
with the exception of the 9 : 10-diphenyl derivative. 

3-Methyl-1 : 2-benzanthracene.—3-Methyl-1 : 2-benzanthraquinone 
(5 g.), mixed with zinc dust (15 g.), was heated on the water-bath 
with concentrated aqueous ammonia (50 e.c.) diluted with water 
(25 ¢.c.). After 3 hours, the initial blood-red colour had faded to 
pale yellow but was restored by the addition of 50% potassium 
hydroxide solution (25 c.c.). After boiling for 20 hours, the solution 
was treated with a further 5 g. of zinc dust and then boiled for 50 
hours. Reduction was still incomplete, but the product was col- 
lected and zinc removed by hydrochloric acid and unchanged 
quinone by boiling alkaline sodium hydrosulphite solution. The 
residue was recrystallised from pyridine and alcohol, glacial acetic 
acid, and benzene-light petroleum. 3-Methyl-1 : 2-benzanthracene 
formed almost colourless plates, m. p. 153—154° (Found : C, 94-1; 
H, 5:8. Cy, 9H,, requires C, 94-2; H, 5-8%). 

1 : 2-Benz-10-anthrone (I1V).—Twenty g. of 1-naphthylphenyl- 
methane-2’-carboxylic acid (Scholl, Seer, and Zinke, Monatsh., 
1920, 41, 601) were intimately mixed with anhydrous zinc chloride 
(60 g.) and heated at 180° for 20 minutes. The molten mass was 
cooled and extracted with water and then with dilute sodium 
carbonate solution, the latter treatment removing a small amount 
of unchanged acid. Purification of the crude anthrone (16 g.) was 
not feasible on account of its instability. This method of preparation 
gave much better results than dehydration of the acid with concen- 
trated sulphuric acid, which led to considerable oxidation and 
sulphonation. 

1 : 2-Benzanthranyl 10-benzoate was formed when the anthrone 
was treated with benzoic anhydride and pyridine at 100°. It melted 
at 171—-172°, in agreement with the figure given by Barnett and 
Matthews (loc. cit.) for the compound which they suggested was the 
9-benzoate. 

1: 2-Benzanthranyl 10-acetate was obtained when the above 
anthrone (3 g.) was treated at 100° for an hour with acetic anhydride 
(5 e.c.) and pyridine (20 ¢.c.). It formed straw-coloured needles, 
from benzene and alcohol, which melted at 156° to a cloudy liquid, 
becoming clear at 163° (Found: C, 83-7; H, 485. C,H,,0, 
requires C, 83-9; H, 4:9°%). 

10-Hydroxy-10-benzyl-9 : 10-dihydro-1 : 2-benzanthracene. —To a 
Grignard solution prepared from benzyl chloride (6 c.c.) and 
magnesium powder (1-5 g.), cooled in a freezing mixture, was added 
finely powdered 1 : 2-benz-10-anthrone (IV; 5 g.). After 2 hours, 
the product was allowed to warm to room temperature, kept over- 
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night, and decomposed with ice and ammonium chloride. The 
washed ethereal solution was evaporated, and the residual oil mixed 
with 2 volumes of hot alcohol. The crystalline solid obtained by 
cooling was recrystallised from benzene-—light petroleum (Found : 
C, 89-2; H, 5-9. C,;H,,O requires C, 89-3; H, 595%). This 
dihydroanthranol formed a colourless crystalline powder, m. p. 
153—153-5°. Treatment of its solution in boiling alcohol with a 
few drops of hydrochloric acid resulted in separation of a thick meal 
of crystals of 10-benzyl-1 : 2-benzanthracene, yellowish leaflets (from 
benzene), m. p. 195—196°, intensely fluorescent in solution (Found : 
C, 94-1; H, 5-6. C,;H,, requires C, 94-3; H, 5-7%). The same 
compound was also obtained in small yield when | : 2-benzanthracene 
(6-4 g.), benzyl chloride (6-75 c.c.), and zinc dust (0-5 g.) were heated 
together in carbon disulphide (50 c.c.) for 16 hours. After removal 
of the solvent from the filtered solution a viscous oil remained. Its 
ethereal solution slowly deposited the 10-benzyl-1 : 2-benzanthracene. 

1 : 2-Benz-9-anthrone (V).—This was obtained when aluminium 
powder (12-5 g.) was slowly added with occasional cooling to a 
solution of 1 : 2-benzanthraquinone (50 g.) in concentrated sulphuric 
acid (500 c.c.). After 3 hours, the orange-yellow solution was 
poured into ice and water, and the precipitate collected and dried in 
a vacuum desiccator. The resulting brown powder was recrystal- 
lised from chloroform, in which it was extremely easily soluble. It 
could not be obtained analytically pure on account of its instability, 
but was converted by benzoic anhydride in pyridine into the benzoate, 
m. p. 201—202°, described by Barnett and Matthews (loc. cit.). 
This benzoate, which depressed the m. p. of the 10-benzoate, is 
clearly 1 : 2-benzanthranyl 9-benzoate. 

Benzylation of Benzanthraquinol.—A boiling suspension of | : 2- 
benzanthraquinone (5-2 g.) in 10% potassium hydroxide solution 
(100 c.c.) was treated with excess of sodium hydrosulphite and then 
with benzyl chloride (4-6 c.c.). After 2 hours’ boiling, addition of 
more potassium hydroxide solution (20 c.c.) and benzyl chloride 
(1 ¢.c.) resulted in rapid fading of the red colour of the solution. 
Steam-volatile products were removed and the residual resin was 
dissolved in hot alcohol. The solution yielded, on cooling, a small 
amount of crystalline material, which was recrystallised from 
benzene and alcohol. The substance, probably 10-benzyloxy-1 : 2- 
benzanthracene, formed colourless needles, m. p. 178—179°. Its 
solutions in benzene and in sulphuric acid were fluorescent, and 
alcoholic alkali produced no “ anthranol colour’ (Found : C, 90-1; 
H, 5-6. C,;H,,0 requires C, 89-8; H, 5-4%). 

Acenaphthanthrone’ (V1).—3-Acenaphthylphenylmethane-2’-carb- 
oxylic acid (12 g.), prepared by reduction of the corresponding keto- 
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acid with zine and sodium hydroxide (compare Lorriman, J. Amer. 
Chem. Soc., 1925, 47, 215), was dehydrated with zinc chloride (36 g.) 
in the manner described for the preparation of 1 : 2-benz-10-anthrone. 
The acenaphthanthrone, obtained in good yield, had little power 
of crystallisation and was characterised as the acenaphthanthranyl 
acetate, obtained with acetic anhydride and pyridine at 100° and 
recrystallised from xylene. This acetate formed straw-coloured 
needles, m. p. 229—230° (Found: C, 84:5; H, 5-15. C,.H,,0, 
requires C, 84-6; H, 5-1%). 

Acenaphthanthracene (VI1).—The aforesaid anthrone (from 12 g. 
of acid) was reduced by boiling for 16 hours with zinc dust (35 g.) 
and 2N-sodium hydroxide solution (200 c.c.). The product, after 
extraction of zinc with hydrochloric acid, was crystallised from 
acetic acid (yield, 4 g.) and obtained analytically pure by recrystal- 
lising it twice from xylene and twice from benzene. This hydro- 
carbon formed yellow plates, m. p. 192°, and gave the usual benz- 
anthracene colour reaction with sulphuric acid (Found: C, 94-5; 
H, 5:5. C.gH,, requires C, 94-5; H, 5-5%). 

10-Benzylacenaphthanthracene (VII1).—Acenaphthanthrone (VI; 
1 mol.) was treated with magnesium benzyl chloride (3 mols.) as 
described in the case of 1 : 2-benz-10-anthrone. The intermediate 
dihydroanthranol was unstable and partly dehydrated to the hydro- 
carbon even by boiling alcohol. Conversion was completed by 
crystallisation from glacial acetic acid and the product was finally 
recrystallised twice from ethyl acetate. 10-Benzylacenaphth- 
anthracene formed pale yellow needles, m. p. 199—200° (Found : 
C, 93-9; H, 5-8. C,,Hg9 requires C, 94-2; H, 5-8%). 


The author desires to express his thanks to Mr. F. Goulden for 
valuable assistance in the preparation of material. 


THE CaNcER HospITaAt RESEARCH INSTITUTE, 
LonpDon, 8.W.3. (Received, March 14th, 1930.] 





CXXXVIII.—The Dismutation of Some Disulphides. 


By Eryest Witson McCLeLLAND and LEONARD ARTHUR 
WARREN. 


FurRTHER investigation of 2 : 2’-oo’-dithiodiphenyl-4 : 5-dihydro- 
glyoxaline (I) (McClelland and Warren, J., 1929, 2623) shows that 
this disulphide exhibits anomalous properties in solution. Mole- 
cular-weight determinations of the material in alcohol and benzene 
by the ebullioscopic method give low values which diminish with 
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dilution (Table I). The low values obtained cannot be ascribed to 
reaction of solvent and solute, since the latter when recovered is 
identical with the original and gives values in agreement with those 
obtained in the initial experiment. Moreover, the apparent mole- 
cular weight of the disulphide at a given concentration is constant 
even on prolonged boiling; it is thus evident that the anomalous 
results are not due to decomposition but accord with a reversible 
dissociation of the disulphide. 

Solutions of the disulphide are thermochromic, the intensity of 
the colour increasing with rise of temperature and decreasing on 
cooling again. This property has previously been observed by 
Lecher (Ber., 1915, 48, 524) in certain disulphides and has been 
attributed to a weakening of the S-S link. The dihydroglyoxaline 
disulphide, unlike the disulphides investigated by Lecher, shows a 
marked divergence from Beer’s law (Table III). 

These unusual properties of the disulphide might be accounted for 
by dissociation in solution to free radicals (A), or by a reversible 
change of the type (B) which may be termed reversible dismutation. 


ae am’ NH 


rf Nou 2 


C 





[ N——CH, ‘ kK ala 
(I.) 
6°"4 Hy 
(II.) yaoi < ae (III.) 
N—CH, N—CH, 





It is evident that process (A) may be regarded as the preliminary 
stage in the formation of the products (II) and (III) and thus any 
proof of dismutation (B) does not exclude the formation of free 
radicals as the initial stage of the dismutation. It is noteworthy 
that tetra-arylhydrazines (Wieland, Amnnalen, 1911, 381, 200; 
Wieland and Lecher, ibid., 1912, 392, 156) and hexaphenylethanes 
(Schmidlin and Garcié-Banis, Ber., 1912, 45, 1344) undergo irrever- 
sible dismutation which appears to be dependent on the formation 
of free radicals from these substances. 

Since solutions of the dihydroglyoxaline disulphide do not react 
with oxygen, and no evidence of abnormal reactivity could be 
obtained, the production of free radicals with anything more than a 
transitory existence appears to be excluded ; indeed their formation 
although possible is not necessary to an explanation of the pheno- 
mena. Evidence proving the formation of the products of dis- 
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mutation (II and III) is forthcoming from the following independent 
sources, 

The apparent molecular weight of the disulphide (I) in alcohol to 
which the free thiol (III) has been added is higher than that in the 
pure solvent and increases with increasing concentration of the thiol 
(Table II); this result accords with reversible dismutation of the 
disulphide to thiol (III) and the tricyclic compound (II). Moreover, 
the disulphide is formed by treatment of an equimolecular mixture 
of the tricyclic hydrobromide and the thiol with one equivalent of 
alkali; the yield of disulphide excludes the possibility of its form- 
ation by decomposition of the tricyclic compound and leads to the 
conclusion that the thiol and the free tricyclic compound react to 
give the disulphide in equilibrium with these; direct proof of this 
cannot be obtained, as the tricyclic compound itself has not been 
isolated. 

Further evidence of the dismutation process (B) is obtained from 
the action of methyl iodide on the disulphide, which gave the 
hydriodide of the S-methy]l ether of the thiol (III) together with the 
hydriodide of the tricyclic compound (II); the formation of these 
products is readily accounted for by dismutation of the disulphide 
to thiol and tricyclic compound, the hydrogen iodide liberated in 
the methylation of the thiol forming salts of the S-methyl ether 
and of the tricyclic compound, thus permitting the isolation of the 
latter salt. 

Substitution of the imino-hydrogen of the dihydroglyoxaline 
disulphide (I) should inhibit dismutation, since cyclisation would be 
prevented. Unfortunately, attempts to prepare the _ requisite 
derivatives have been unsuccessful. 

The behaviour of 2: 2’-mm’- and 2 : 2’-pp’-dithiodiphenyl-4 : 5- 
dihydroglyoxalines has been studied in comparison with that of the 
ortho-compound. These disulphides have now been synthesised 
from the amides of mm’- and pp’-dithiobenzoic acids. The nitriles, 
obtained from these, on treatment with ethylenediamine in presence 
of hydrogen sulphide were readily converted into the dihydrogly- 
oxaline disulphides and thiols; the S-methyl ethers of the latter 
have also been prepared. Normal values for the molecular weight 
of these disulphides were obtained. Owing to the improbability 
that the tricyclic system could be formed from the m- and p-disul- 
phides, it was not anticipated that they would show dismutation in 
solution, but it was considered that a variation in the stability of 
the S-S link might exist. The p-disulphide, like the o-compound, 
is readily reduced by hydrogen sulphide, but the m-compound is 
not reduced to the thiol. This variation in stability indicates that 
the dihydroglyoxaline nucleus tends to weaken the S-S link when 
PP 
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in the o- or p-position to it but not in the m-, and the effect is probably 
an electronic one. The instability of the S-N link when in the 
0-position to the -C—N- group (McClelland and Warren, loc. cit., 
p. 2624) appears to be of a similar character. 

The authors are not aware of any previously recorded example of 
reversible dismutation. Irreversible dismutation has been observed 
in the thiodiazoline series (Busch, Ber., 1895, 28, 2635); e.g., 
disulphides of the type (IV, R = H,) when kept in chloroform yield 
the corresponding thiols and the endocyclic compounds. 


~PhN--N. 7 - PhC--N, ‘| oe 
~ Yo-s- | | I \ So-s- r Des | 

is R.C—S’ : 2 L N—S’ _j2 S--N Je 
(IV.) (V.) (VI.) 


The presence of the N=(C),-S complex in these compounds 
(~ = 1) and in the o-dihydroglyoxaline disulphide (I, n = 3) is 
significant and suggests that such a complex in a disulphide tends to 
weaken the S-S link; the reaction of the thioketothiodiazoline 
disulphides (IV, R = 8) with methyl iodide (Busch and Lingen- 
brink, J. pr. Chem., 1900, 61, 330) or ammonia (Busch, Ber., 
1896, 29, 2127) to give S-methy! ethers or sulphamines confirms this 
view. 

Further evidence is forthcoming from the relative ease of form- 
ation of mercaptides from disulphides, which may be taken as an 
indication of the stability of the S-Slink. Many disulphides do not 
react with mercury (compare Konek, Ber., 1920, 53, 1666) or do so 
only under intense conditions (Lecher, ibid., p. 589). On the other 
hand, the thioketothiodiazoline disulphide (IV, R = 8) and di- 
sulphides of the types (V and VI, R = Cl, OH) which contain the 
N=(C),-S complex readily give mercaptides with this metal 
(Séderbiick, Annalen, 1928, 465, 184). The formation of mercap- 
tides from antipyrine and homoantipyrine disulphides (Konek, loc. 
cit.) suggests that the O=(C),-S complex may have a similar 
influence; the effect. of such groups on the stability of disulphides 
is being investigated. 

Reversible dismutation affords a convenient explanation of many 
reactions of disulphides. The condensation of 2 : 2’-dithiobenzoic 
acid with aromatic hydrocarbons (Prescott and Smiles, J., 1911, 
99, 640) to give thioxanthones, in which the intermediate formation 
of a sulphenic acid has been postulated, may be regarded. as: the 
reaction: of: the dismutation product (VII) with the hydrocarbon 
and is: thus analogous to the formation of anthraquinones from 
phthalic: anhydride (Baeyer and Caro, Ber., 1874, 7; 968), and the 
formation: of 3-hydroxy-1l-thionaphthen and its 2-derivatives 
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(Hutchinson and Smiles, J., 1912, 104, 570) may be interpreted 
on the same basis. 


, s- S , . SH 
[cH<Co-on), == CoH <9 >0 (VIL) + CeHi< 00.00 


| Cg Hs<o. NHR |,== © F< Go>NR OX) + CHG. 


(VIII) 
PhN-CR 2 ae | Fi aes N. PhN-CR 
SH —> (X.) i [a Ph<>CR + Gur 


The oxidation of substituted 2:2’-dithiobenzamides (VIII) 
(McClelland, Warren, and Jackson, J., 1929, 1584) to the N-sub- 
stituted saccharins instead of to the disulphoxides may be ascribed 
to the dismutation of the amides into ketobenzisothiazoles (IX), 
which have previously been shown to be readily oxidised to the 
saccharins (McClelland and Gait, J., 1926, 921). The production of 
thiazoles by the oxidation of thioanilides and thiourethanes (Jacob- 
son, Ber., 1886, 19, 1067) may be attributed to the dismutation 
of an intermediate disulphide (X, R = Ph, OEt) containing the 
N=(C),,-S complex. 

EXPERIMENTAL. 


The molecular weight of 2 : 2’-00’-dithiodiphenyl-4 : 5-dihydro- 
glyoxaline (I) (J., 1929, 2626) was determined by the Menzies— 
Wright method (J. Amer. Chem. Soc., 1921, 43, 2314). Values 
typical of those obtained are recorded below. Those given under 
(a) and (b) refer to different specimens, and under (c) the value 
obtained with material recovered after one of these experiments is 
given. 

TaB_eE I. 
Solvent: ethylalcohol. M, calc., 354. 
(a) (b) (c) 
Cone. (g./l.) ... 3:19 7-05 0-669 158 240 3-67 515 647 4-095 
Apparent M ... 232 264 168 $177. 227 £236. 247 251 243 


Solvent : benzene. Conc. (g./l.)  ....-ssseeeseee 0-649 1-60 
Apparent JZ .....cecevseere 303 307 


The Effect of the Presence of the Thiol (III) on the Apparent Mole- 
cular Weight of the Disulphide (1).—The elevation of the’ boiling 
point of ethyl alcohol (31-8 ¢.c.) produced by the disulphide 
(0-1028 g.) was determined in the usual way; successive quantities 
of the thiol were added, and the resulting elevations noted. From 
these values the elevation due to the thiol alone, caleulated from the 
experimental value 185-5, was deducted, whenee the apparent 











1100 MCCLELLAND AND WARREN : 


molecular weight of the disulphide in presence of the thiol was 
calculated. 
TaBLe II. 


Apparent M of disulphide ......... 243 304 336 360 
Weight (g.) of thiol added ......... —— 0-0694 0-1243 0-1800 

The Divergence from Beer’s Law of Alcoholic Solutions of the 
Disulphide (1).—Solutions of the disulphide of different concen- 
trations were matched against a given length of a standard solution 
of the disulphide in a colorimeter. Three determinations (a, b, c) 
with different lengths of the standard column were made. Under 
(C) are given the lengths of columns of a solution of the disulphide 
of concentration C which matched the standard; under $C and }C 
are given the corresponding lengths for solutions of a half and a 
quarter of the concentration C. The theoretical values (Beer’s law) 
are given in parentheses. 


TaBLeE III. 
Lengths (cm.) 
of standard. cS. 4C, }C. 
(a) 2-0 3-2 4-8 (6-4) 5-8 (12-8) 
(b) 4-0 5-9 8-5 (11-8) 13-2 (23-6) 
(c) 6-0 9-8 13-9 (19-6) 16-1 (39-2) 


Methylation of the Disulphide (1).—A solution of the disulphide 
(4 g.) in ethyl alcohol (200 c.c.) and methyl iodide (5 c.c.) was heated 
on the water-bath till almost colourless (about 10 minutes). Alcohol 
(100 c.c.) was distilled off ; the hydriodide (1-7 g.) which crystallised 
on cooling was dissolved in hot water and treated with silver nitrate, 
and the precipitated iodide filtered off. Excess of potassium 
bromide was added to the filtrate ; the hydrobromide which crystal- 
lised on cooling, after purification from alcohol, had m. p. 257°, 
alone or mixed with an authentic specimen of the hydrobromide of 
the tricyclic compound (II) (J., 1929, 2627). The alcoholic mother- 
liquor after removal of the hydriodide was diluted with water and 
concentrated; the material (3-2 g.) which crystallised was purified 
from water (charcoal). It had m. p. 206—208°, alone or mixed with 
the hydriodide of 2-0-methylthiolpheny]-4 : 5-dihydroglyoxaline 
(J., 1929, 2626), and on treatment with alkali gave a base, m. p. 
98—100° alone or mixed with 2-0-methylthiolphenyl-4 : 5-dihydro- 
glyoxaline (picrate, yellow needles, m. p. 207°). 

Reaction of 2-0-Thiolphenyl-4 : 5-dihydroglyoxaline (III) and the 
Tricyclic Compound (II).—A mixture of the tricyclic hydrobromide 
(1 mol., from 0-45 g. of disulphide I) and the thiol (ITI) (1 mol.) 
in boiling alcohol was treated with aqueous potassium hydroxide 
(1 mol.), and the alcohol removed; the disulphide (I) (0-6 g.) was 
obtained from the residue. 
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3 : 3’-Dithiobenzamide.—3 : 3'-Dithiobenzoic acid (8 g,) (J., 1921, 
119, 1792) was refluxed for } hour with an excess of thionyl chloride 
and a trace of ferric chloride. After removal of the thionyl chloride, 
the product was poured on ice and treated with aqueous ammonia 
(d 0-880); the resulting solid was washed with hydrochloric acid 
and crystallised from acetic acid (charcoal), giving colourless plates 
(6-0 g.), m. p. 243° (Found : N, 9-3. C,,H,,0,N,8, requires 9-2%). 

3 : 3’-Dithiobenzonitrile.—3 : 3’-Dithiobenzamide (5 g.) was re- 
fluxed in xylene (300 c.c.) with phosphoric oxide (5 g.) for 4 hours ; 
the solution was filtered and the xylene removed in steam. The 
residual material (3-5 g.), purified from alcohol, had m. p. 102— 
103° (Found : 8, 23-6. C,,H,N,S, requires 8, 23-9%). 

2-m-Thiolphenyl-4 : 5-dihydroglyoxaline.—A solution of 3 : 3’-di- 
thiobenzonitrile (6 g.) and ethylenediamine (6 c.c.) in alcohol (100 
c.c.) was saturated with hydrogen sulphide at —10°. The mixture 
was heated under pressure for 1} hours at 90—100°, and the alcohol 
distilled off. The residual oil was extracted with hydrochloric acid 
(2N) and the extract was treated with charcoal, filtered, and concen- 
trated. The hydrochlorides which separated were treated with 
excess of sodium hydroxide, the undissolved material (disulphide) 
was filtered off, and the filtrate treated with carbon dioxide. The 
precipitated thiol was purified from water, giving yellow needles, 
m. p. 225—228° after previous softening (Found: 8, 17-8; MM, 190. 
C,H, oNS requires S, 180%; M, 178). 2-m-Thiolphenyl-4 : 5- 
dihydroglyoxaline is sparingly soluble in alcohol and readily soluble 
in acids and alkalis; it gives a transient red colour with ferric 
chloride. 7 

2 : 2’-mm’-Dithiodiphenyl-4 : 5-dihydroglyoxaline, obtained by 
oxidation of an alkaline solution of the thiol with potassium ferri- 
cyanide, crystallised from alcohol (90°, aqueous) in pale yellow, 
hexagonal plates, m. p. 193° (Found : 8, 17-9. C,gH,,N,S, requires 
S, 181%). Avseries of molecular-weight determinations in alcohol 
at different concentrations gave values from 359 to 370 (C,,H,,N,S, 
requires M, 354), no regular variation in molecular weight with 
diminishing concentration was observed, and in no case was the 
observed value less than 354. 

2-m-Methylthiolphenyl-4 : 5-dihydroglyoxaline. — 2-m-Thiolpheny]l- 
4 : 5-dihydroglyoxaline (0-46 g.) and methyl iodide (3 c.c.) in alcohol 
(30 c.c.) were heated on the water-bath till colourless. The hydriodide 
which separated crystallised from aqueous alcohol (charcoal) in 
pale brown needles, m. p. 262—264° (decomp.) (Found: I, 39-7. 
C,>H,.N,S,HI requires I, 39-7%). The base, obtained in the 
usual way, crystallised from water in fine colourless needles, m. p. 
94—96°. 
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The folloying p-compounds were prepared in a similar way to the 
m-compounds : 

4:4'-Dithiobenzamide from 4: 4'-dithiobenzoic acid (J., 1922, 
121, 2024), m. p. 278° (with previous softening) (Found: 8, 21-0. 
C4H,,O.N.S, requires S, 21-19%). , 

4: 4’'-Dithiobenzonitrile, pale yellow needles, m. p. 172—173° 
(Found : 8, 23-9. C,,H,N,S, requires §, 23-9°%). 

2-p-Thiolphenyl-4 : 5-dthydroglyoxaline. — 4 : 4'-Dithiobenzonitrile 
(3 g.) and ethylenediamine (4 c.c.) in aleohol (100 c.c.) were saturated 
with hydrogen sulphide at —15° and heated under pressure at 100° 
for 14 hours. The product, treated as in the preparation of the 
m-compound, gave the disulphide (0-6 g.) and the required material 
(0-98 g.), which separated from water in pale yellow needles, m. p. 
290° (decomp.) (Found: 8, 18-1. C,H, N,5 requires 8, 18-0%). 
The thiol gives a green colour with ferric chloride. 

2 : 2’-pp’-Dithiodiphenyl-4 : 5-dihydroglyoxaline, obtained in the 
previous experiment and by oxidation of the thiol in alkaline solu- 
tion by potassium ferricyanide, separated from alcohol in very small, 
colourless crystals, m. p. 213° (Found: 8, 18-4. C,,H,,N,8, 
requires 8, 18-1%). Molecular-weight determinations in alcohol at 
different concentrations gave values from 367 to 381 (C,,H,,N,8. 
requires M, 354), no regular variation in molecular weight with 
varying concentration was observed, and in no case was the observed 
value less than 354. 

2-p-Methylthiolphenyl-4 : 5-dirydroglyoxaline hydriodide, m. p. 
237°, gave the base, which separated from water in colourless plates, 
m. p. 155—156°. 

Action of Hydrogen Sulphide on the Dithiodiphenyl : 5-dihydro- 
glyoxalines.—Hydrogen sulphide was bubbled through a solution of 
2 : 2’-pp’-dithiodiphenyl-4 : 5-dihydroglyoxaline (0-5 g.) in warm 
alcohol (50 c.c.) for 2 hours. The precipitated material was extracted 
with sulphuric acid (2N), and the filtered extract made alksiine; 
after removal of some unchanged disulphide (0-06 g.) which was 
precipitated at this stage, the solution was saturated with carbon 
dioxide; 2-p-thiolphenyl-4 : 5-dihydroglyoxaline (0-27 g.) was then 
obtained, m. p. 290° alone or mixed with an authentic specimen. 

2 : 2’-00’-Dithiodiphenyl-4 : 5-dihydroglyoxaline on similar treat- 
ment yielded 2-0-thiolphenyl-4 : 5-dihydroglyoxaline (0-35 g.), m. p. 
242° alone or mixed with an authentic specimen. 2-m-Thiolpheny]- 
4: 5-dihydroglyoxaline was not obtained when the m-disulphide 
was treated in a similar way with hydrogen sulphide. 


Krye’s Cottece, Lonpon. [Received, March 15th, 1930.] 
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CXXXIX.—The Production of Fog in the Neutralis- 
ation of Alkali with Hydrogen Halides. Pavt IT. 
The Significance of the Presence of Ammonia. 


By RicHarD WALTER ALDIS and JAMES CHARLES PHILIP. 


THE earlier communication (Askew, J., 1927, '966) described an 
experimental study of the acid fogs obtained by passing a stream 
of air charged with hydrogen chloride or bromide through a solution 
of sodium hydroxide or other non-volatile alkali. Among the 
points investigated were the concentration of acid in the fog droplets, 
the dimensions of the latter, and the relation of the amount of fog 
formed to the concentration of the alkali solution. Further inform- 
ation on various aspects of the phenomenon was required, however, 
before the mode of production and the stability of the fogs could be 
adequately interpreted. 

In the fresh work which was undertaken attention was first 
directed to the reproducibility of the results. Various minor modi- 
fications of the earlier apparatus and procedure failed to secure the 
desired degree of reproducibility, and it was only a fortunate circum- 
stance which led to the discovery of the source of the difficulty. 
In two parallel series of experiments, designed to correlate the 
amount of fog produced with the concentration of the caustic soda 
solution, it was found that the quantities of fog obtained in the 
one series were throughout about twice as great as in the other. 
This serious discrepancy led to the recognition that the caustic 
soda solutions employed in the two series had been made up with 
distilled water from separate sources, and examination of the two 
waters showed that they differed appreciably in their content of 
ammonia, as proved by Nessler tests. This clue was followed up, 
and definite evidence was obtained that the production of fog under 
the given conditions was determined by the presence of traces of 
ammonia in the caustic soda solution. The quantitative results 
which support this view are set out below, but it may be stated that 
when ammonia is rigorously excluded or removed from the caustic 
soda solution the amount of fog produced is negligible. 


EXPERIMENTAL. 


Apparatus and Procedure.—The apparatus was in general the 
same as already described (Askew, loc. cit.), and it is necessary to 
refer only to a few modifications which have been introduced. It 
was thought desirable to improve the temperature control, and 
accordingly the vessel containing concentrated hydrochloric acid, 
in which the air current was saturated with hydrogen chloride, was 
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kept in a bath at 25°, and the dried mixture of gases was then passed 
through the fog production chamber, containing the alkali solution. 
This vessel, as well as the fog absorption tube, was immersed in the 
same thermostat as the hydrogen chloride saturator. Provision was 
made for renewing the acid in the saturator after each experiment. 

The U-tube employed for collecting the fog was charged with 
asbestos wool and calcium chloride, so that the figures given below 
for “ weight of fog” (in mg.) generally include the water vapour 
which accompanied the fog droplets. In some cases, where the 
composition of the fog itself was to be ascertained, the collecting 
tube was charged with asbestos wool only. 

In the majority of the experiments the air—hydrogen chloride 
mixture was passed at a rate of about 200 c.c. per minute for 8—10 
minutes, and this may be regarded as a standard run. The con- 
ditions were, of course, maintained constant in any one series of 
comparable experiments. 

Measurements and Observations.—Following the discovery of the 
significance of traces of ammonia for the production of acid fogs 
under the conditions described above, the further investigation of 
the character and stability of the fogs was made with alkali solutions 
to which known quantities of ammonium chloride had been added 
initially. A series of experiments with increasing concentration of 
caustic soda, but the same initial concentration of ammonia in each 
case, showed that the amount of fog obtained in a standard run first 
increased, reached a maximum, and subsequently decreased. The 
results obtained in three such series are set out in Table I and 
represented graphically in Fig. 1. 


TaBLE I. 
(a) NH, = 0-00005%. (6) NH, = 0-0005%. (c) NH, = 0-002%. 
Normality Weight of Normality Weight of Normality Weight of 
of NaOH. fog (mg.). of NaOH. fog (mg.). of NaOH. fog (mg.). 
0-1 10 0-1 102 0-1 158 
0-5 50 0-4 170 0-48 250 
1-2 65 ‘ 0-85 192 0-55 264 
2-4 50 2-0 155 0-88 250 
4-8 5 3-5 78 2-0 198 


3°5 105 


The figures in Table I indicate that the amount of fog increases 
as the ammonia concentration rises, but series of experiments 
carried out at constant caustic soda concentrations and with a 
much wider range of ammonia values show that the amount of fog 
tends to become steady. The results obtained in one such series, 
in which the sodium hydroxide was 0-84, were as follows : 


gta GS 00001 0-00025 0-001 0-003 0-005 0-007 
Weight of fog (mg.) 125 160 224 260 267. 270 
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ed As already indicated, a number of experiments were made in 
res which the fog, after being collected and weighed, was analysed for 
he hydrochloric acid (by titration) and for ammonia (by Nessler tests). 


teas The strongly acid character of the fogs is proved by the figures in 
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‘he Table II, which show also that during each experiment a fair 
nd proportion of the ammonia was transferred from the caustic soda 
solution to the fog droplets. 
TABLE II. 
. Found in the fog. 
; Normality NH, Weight of y 
of of NaOH. initially, g. fog (mg.). NH, , g. HCl, %. 
y 0-39 0-00002 25 0-00001 5-9 
0-39 0-00005 40 0-00002 5-9 
0-39 0-0001 72 0-00005 5°8 
0-39 0-0005 173 0-0003 5-8 
0-39 0-001 246 0-0007 5°8 
1-00 0-001 244 0-0005 6-4 
3°90 0-001 106 0-0006 8-9 
Bee In some cases the passage of the acid-laden air stream was con- 
nts tinued until fog formation practically ceased, and this was found 
 & to occur when the ammonia originally in the caustic soda had been 
fog transferred to the fog. Thus, for example, in one experiment 


es, the stream was bubbled through 100 c.c. of a 2-0N-caustic soda 
solution containing 0-002 g. of ammonia. When fog formation 
07 had practically ceased, after the passage of 12 litres of the gas 


10 mixture, the caustic soda solution was run out and found to be 
PP2 
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1-75, and to be free from ammonia. The fog formed during this 
experiment had been collected in a tube containing asbestos wool 
(previously shown to be free from ammonia). The wool was washed 
and the washings were made up to 200 ¢.c., aliquot portions being 
then tested with Nessler’s solution. The total ammonia found in this 
way was equal to that originally present in the caustic soda solution. 

In the earlier investigation it was observed that the amount of 
fog produced was markedly increased when small quantities of 
certain substances, such as gelatin and methylene-blue, were added 
to the alkali solution. These observations have been confirmed, and 
proof has been obtained that the substances in question owe their 
influence to the small quantities of ammonia liberated from them in 
caustic soda solution. It is noteworthy also that the ability to 
promote fog formation when an air—hydrogen chloride stream is 
passed through caustic soda is possessed, not only by ammonia, but 
by other volatile bases, such as methylamine and diethylamine. 

The size of the droplets forming the fogs was estimated in the 
usual way by observing the rate of settling of the cloud. The value 
so obtained for the radius of the droplets varied somewhat according 
to the conditions under which the fog was produced, but was of 
the same order, viz., 104+—10- cm., as that already recorded by 
Askew (loc. cit.). Definite evidence was obtained that the size of 
the droplets diminishes with increasing concentration of the caustic 
soda from which the fog was obtained. 

Variation in the size of the droplets and the density of the fog, 
according to the vapour pressure of the surrounding medium, was 
further demonstrated by experiments in which thin fogs were 
passed through water. Thus, for example, a faint fog was obtained 
by bubbling the usual acid—air mixture through a concentrated 
(6N) caustic soda solution containing 0-002%, of ammonia. This 
fog when bubbled through water became quite dense, but showed 
no change when bubbled through very concentrated solutions of 
potassium iodide or calcium chloride. 

Further, when a fairly dense fog from the caustic soda solution 
was bubbled through concentrated sulphuric acid, it disappeared, 
but the inference that the fog had been absorbed was proved to be 
erroneous by subsequently passing the air stream through water, 
whereupon the fog reappeared, although in somewhat diminished 
intensity. The fact that eoncentrated sulphuric acid may render a 
fog invisible without absorbing it has been observed for ozone fogs 
(Rothmund, Monatsh., 1918, 39, 571), and for moist sulphur trioxide 
fogs (Remy, Z. Elektrochem., 1922, 28, 467). 

Experiments carried out with the object of detecting any definite 
electrical charge on the fog droplets gave negative results. This is 
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in harmony with Askew’s observations (lac. cit.; p. 978),.as also 
with earlier investigations on the electrical condition-of other 
chemical fogs (de Broglie and Brizard, Compt. rend., 1909, 149, 
923; Rothmund, loc. cit.; Remy and Koch, Z. anorg. Chem., 1924, 
139, 69). 

Discussion. 

The novel feature of the fogs described in this and the earlier 
communication is that they are strongly acid, although produced 
in an alkaline medium. Remy and his collaborators (Z. angew. 
Chem., 1926, 39, 147; Z. anorg. Chem., 1927,.159, 241), it is true, 
have shown that moist sulphur trioxide fogs can be bubbled through 
caustic potash solutions with only partial absorption, but these 
fogs were already formed before they came in contact with the 
alkaline medium. 

Another important characteristic of the acid fogs described in 
the present paper is that their formation is conditional on the 
presence of ammonia (or other volatile alkali) in-amounts which 
are very small compared with the quantity of acid contained in the 
droplets. The measurements and observations recorded above 
establish beyond doubt the significance of ammonia for the whole 
phenomenon, and warrant the view that the formation of ammonium 
chloride particles within the gas bubbles is the first and necessary 
stage in the production of the fog. 

Suchammonium chloride particles, under the conditions prevailing, 
act as condensation nuclei, and droplets of solution are formed. These 
droplets then dissolve some of the hydrogen chloride in the gas bubble, 
and their vapour pressure is correspondingly lowered. This involves 
an increase in size by further condensation of water, thé extent to 
which this takes place being determined mainly by the vapour 
pressure of the caustic soda solution surrounding the gas bubble. 

Another consideration which is of significance in determining 
the stability of fogs such as those described above is the fact that 
the vapour pressure of a minute droplet of a liquid is greater than 
that at a plane surface. The bearing of this—as expressed by the 
Kelvin equation—on the stability of chemical fogs has been dis- 
cussed by a number of earlier workers (Townsend, Proc. Camb. 
Phil. Soc., 1899, 10, 52; Rothmund, loc. cit.; Remy, Chem. Zeit., 
1928, 52, 677). The vapour pressures for water droplets of radius 
10+ and 10 cm. are respectively about 0-1% and 1% greater than 
at a plane water surface at the same temperature. Hence, in an 
atmosphere saturated with water vapour in the ordinary way, such 
droplets would tend to disappear. They will be stabilised, however, 
even in such an atmosphere, if a compensating reduction of vapour 
pressure is effected by the presence of dissolved substances in the 
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droplets. Townsend (loc. cit.) has calculated that droplets of 5 x 10-° 
em. radius containing approximately 0-004 g. of sulphuric acid per 
g. of water would be stable in an atmosphere saturated with water 
vapour. It is assumed in the calculation that the sulphuric acid 
is completely ionised. 

The fog droplets with which the present communication is con- 
cerned contain a much larger proportion of dissolved substance. 
Where the total amount of fog collected is small, the estimation of 
the acid which it contains is probably subject to a considerable 
error, but some of the figures recorded in Table II provide a basis 
for calculating the concentration of dissolved substance. The data 
of the experiment, for example, in which fog, weighing 246 mg., 
was produced from 0-39N-sodium hydroxide indicate that the 
droplets were approximately 1-5N as regards hydrochloric acid and 
0-15N as regards ammonium chloride. Again, the solution con- 
stituting the droplets of the last experiment of Table II was 
approximately 2-5N as regards hydrochloric acid and 0-35N as 
regards ammonium chloride. 

The fog droplets, of course, consist mainly of water, and the 
extent to which their concentration is altered by condensation or 
evaporation should be determined by the vapour pressure of water 
in the surrounding air. The measurements made so far and recorded 
above are not such as to permit the quantitative study of this adjust- 
ment, but attention is directed to one or two observations which are 
significant in this connexion. Thus, consideration of the last three 
experiments in Table II shows that, with increasing caustic soda 
concentration, the amount of ‘acid in the droplets increases relatively 
to the water, and this means a lowering of the vapour pressure 
of the droplets. Again, an investigation of the size of the droplets 
obtained from caustic soda solutions of different concentrations 
showed a regular falling off with increasing alkali concentration. 

It appears, however, that owing to the operation of certain 
factors, there are limits to the growth or shrinkage of droplets 
constituting a stable fog. If much water condenses on a droplet 
of radius 104—10- cm., which is the stable range, it becomes so 
large as to settle very rapidly. If, on the other hand, a droplet 
within the stable range loses much water, the enhanced vapour 
pressure associated with high curvature may become the deter- 
mining factor, with the result that the droplet becomes unstable 
and dries up. It is clear that further measurements are necessary 
in order to elucidate the relation between the vapour pressure of the 
droplets and that of the surrounding air. 

The fact that the droplets, once formed inside the gas bubble, do 
not find their way to the surface of the bubble and get absorbed, 
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is probably due to their comparatively low mobility. The sig- 
nificance of this characteristic for the stability of chemical fogs has 
been discussed at length by A. Smith (‘‘ Text-book of Inorganic 
Chemistry,’ 1927, p. 482) and by Remy (locc. cit., 1926 and 1927). 

The character of the curves in Fig. 1 invites comment. The 
occurrence of a maximum is no doubt due to opposition between 
factors tending to increase the amount of fog and those which tend 
to diminish it. The vapour pressure of the ammonia in the caustic 
soda solution increases with increasing concentration of the latter, 
and this would lead to a larger number of nuclei and a greater 
weight of fog for a given run. Again, as the concentration of the 
caustic soda increases, it becomes more viscous, the air—acid mixture 
will form larger bubbles, and hence there is a greater chance of 
the droplets escaping in the air stream. The main factor operating 
in the reverse direction is the steady fall of water vapour pressure 
as the concentration of the caustic soda increases. 

The observations recorded in this paper present one or two points 
of interest for the analytical chemist. The production of fog when 
an air—acid stream is passed through a solution of caustic soda is a 
sensitive test for small quantities of ammonia (or other volatile 
alkali) in the soda solution: the delicacy of the test approaches 
that of Nessler’s solution. Further, it appears that the removal of 
hydrogen chloride from an air stream by passage through caustic 
soda solution is incomplete if the latter contains even small quan- 
tities of ammonia. In many of the experiments recorded above, 
as much as 10—15% of the hydrogen chloride escaped absorption 
in the caustic soda solution. 

Under the conditions of the present work, where the factor of 
supersaturation is absent, the significance of hygroscopic nuclei for 
the production of fogs has been clearly demonstrated. In this 
connexion, it is interesting to note the view, now widely held by 
meteorologists, that atmospheric condensation does not normally 
commence on ordinary dust particles or on ions, but on hygroscopic 
substances. In view of the results of the present investigation, it 
seems possible that the small quantities of ammonia in the air 
may play a more important part in the production of atmospheric 
fogs than has been generally supposed. 


One of the authors (R. W. A.) desires to express his thanks to the 
Department of Scientific and Industrial Research for a maintenance 
grant during the progress of the work described in the present 
communication. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, 8.W. 7. [Received, March 20th, 1930.] 
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CXL.—The Constitution of Santonin. Part II. 
The Synthesis of Racemic desmotropoSantonin. 


By Grorce RoGEeR CLEMO, ROBERT Downs Haworts, and Eric 
WALTON. 


In Part I (J., 1929, 2368) a constitution (I) was suggested for san- 
tonin and the (-position of the propionic acid side-chain was 
established by a synthesis of dl-santonous acid, and as a result, two 
formule (III and IV) can be suggested for the lactone desmotropo- 
santonin, which is prepared by the action of mineral acids on 
santonin (Andreocci, Gazzetta, 1893, 23, ii, 469; Ber., 1898, 31, 
3131). Structure (III) appears to have been generally accepted, 


0—CO 

CMe CH, CMe CH | 
o0/\o/\cH:CHMe. oc’ No’ \cH—CHMe 
HC io HC, A AH, 

WANA fe, ta ey 

G 1. CH, C1 CH 

i” Me ~**2 
H H 
(I.) (II.) 


although hitherto there has been no evidence to enable a decision to 
be made between the two formule and older publications (compare 
Gucci and Grassi-Cristaldi, Gazzetta, 1892, 22, i, 1) employ structure 
(IV). 


o—co 
Me CH, Me CH 
(n.) HOY y \/ ou: CHMe gq HO?» 0<\CH—CHMe rv.) 
VA Ano VA Ath 
Me CH, Me CH, 


The present communication describes the synthesis of a lactone 
possessing the structure (IV), which is identical in all respects with 
racemic desmotroposantonin (Andreocci, loc. cit.). This synthesis 
establishes the «-position of the lactonic oxygen atom and provides a 
further illustration of the preference shown in biosynthesis for the 
angular fusion of ring systems. At the same time, this necessitates a 
corresponding modification of the structure (1) which has been 
suggested for santonin and the structure (II), now adopted, is in 
agreement with the chemical behaviour of this substance. 

The starting point in these synthetical experiments was ethyl 
§-4-methoxy-2 : 5-dimethylbenzoylbutane-8@y-tricarboxylate (XVI; 
R = Me in Part I), and an improved method is described for 
its conversion into «-($-4-methoxy-2 : 5-dimethylphenylethy]l)-a’- 
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methylsuccinie: acid (VI). The tricarboxylate was hydrolysed 
with aqueous-alcoholic sodium hydroxide and the mixed racemates 


Me 
a ye Me0/ 
MeO “hie CH—CHMe \ Me-CH-CO,H 
A Gaia Me ‘CH,°CH,;CH-CO,H 
Me CO 
(V.) (VI.) 


of 38-4-methoxy-2 : 5-dimethylbenzoylbutane-fy-dicarboxylic acid 
(XVII; R = Me in Part I, compare p. 2385) were converted into the 
anhydride (V) by heating at 180°. One form only of this anhydride 
has been isolated, and when this was reduced by Clemmensen’s 
method, the succinic acid derivative (V1) was obtained. Two 
racemic modifications of this acid were described in Part I (p. 2386), 
but the lower-melting isomeride only is obtained by reducing the 
anhydride (V). 


o—Cco 
Me C Me CO, Et 
vit) HO’ S” \C—CHMe MeO CH, (VIL) 
LK AR, /AEBr 
Me CH, Me CO 


The succinic acid derivative (V1) was refluxed with hydriodic acid 
and converted into «-(8-4-hydroxy-2 : 5-dimethylphenylethyl)-«’- 
methylsuccinic acid, which was not isolated in the crystalline 
state, but converted into the lactone (VII) of the enolic form of 
a-7-hydroay -1-keto-5 : 8-dimethyl-1 : 2: 3 : 4-tetrahydronaphthyl -2 - 
propionic acid by the action of warm concentrated sulphuric acid. 

This lactone (VII) was not reduced by palladium and hydrogen in 
acetic acid solution, but with sodium amalgam in alcoholic solution, 
the lactone (IV) .of «-1: 7-dihydroxy-5 : 8-dimethyl-1 : 2:3: 4+ 
tetrahydronaphthyl-2-propionic acid was obtained. This was identical 
with a specimen of racemic desmotroposantonin, prepared from 
santonin by the method outlined by Andreocei (loc. cit.), supple- 
mentary details of which will be found in the experimental section 
of this communication, and further the identity of the natural and 
the synthetic product has been confirmed by a comparison of their 
acetyl derivatives. 

In Part I (p. 2374), the structure of ethyl 3-4-methoxy-2 : 5-di- 
methylbenzoylbutane-ffy-tricarboxylate was discussed ahd an 
interesting result has now been obtained in an attempt to. confirm 
the suggested structure. Ethyl, 8-bromo-$-4-methowy-2 : 5-dimethyl- 
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benzoylpropionate (VIII), prepared by bromination of ethyl (-4- 
methoxy-2 : 5-dimethylbenzoylpropionate (compare Part I, p. 2382), 
was condensed with ethyl sodiomethylmalonate. A tricarboxylate 
was obtained which, after hydrolysis and heating, gave the anhydride 
(V). This indicates that hydrogen bromide is eliminated in one or 
both of the methods for preparing the anhydride (V), and that 
the ethyl sodiomethylmalonate condenses with the acrylic ester 
derivative by a Michael reaction. These observations, however, do 
not demand any alteration in our views with regard to the structure 
of ethyl 3-4-methoxy-2 : 5-dimethylbenzoylbutane-?8y-tricarboxyl- 
ate. 
EXPERIMENTAL. 

Methyl and Ethyl @-4-Methoxy-2 : 5-dimethylbenzoylpropionates.— 
6-4-Methoxy-2 : 5-dimethylbenzoylpropionic acid (5 g.) in methyl 
alcohol (30 ¢.c.) was saturated with dry hydrogen chloride with 
cooling in an ice-bath. After some hours, the mixture was refluxed 
for 2 hours on the water-bath, the bulk of the alcohol then removed, 
water added, followed by a slight excess of sodium hydroxide, the 
solid collected and dried (4-8 g.). Crystallisation from light petrol- 
eum (b. p. 80—100°) gave large colourless prisms (4-4 g.), m. p. 
94—95° (Found: C, 67-1; H, 7-2. C©,,H,,0, requires C, 67:2; 
H, 7:2%). The ethyl ester, prepared similarly, formed stout colour- 
less prisms, m. p. 49—50° (Found: C, 68-3; H, 7-3. C,;H.90, 
requires C, 68-2; H, 7-5%). 

Methyl and Ethyl 6-Bromo-8-4-methoxy-2 : 5-dimethylbenzoyl- 
propionates (VIII).—A solution of bromine (3-5 g.) in light petroleum 
(b. p. 60—80°; 33 c.c.) was added to a solution of methyl 6-4-meth- 
oxy-2:5-dimethylbenzoylpropionate (5 g.) in light petroleum 
(b. p. 60—80°; 40 c.c.); the bromine was rapidly decolorised and 
hydrogen bromide was evolved. The solvent was removed under 
reduced pressure; the residual oil crystallised from light petroleum 
(b. p. 40—60°) in large colourless prisms, m. p. 96° (Found: C, 51:3; 
H, 5-3; Br, 24-4. C,,H,,0,Br requires C, 51-1; H,5-1; Br, 24:3%). 
The ethyl ester, prepared similarly, separated from light petroleum 
(b. p. 40—60°) in large colourless prisms, m. p. 98—100°, which gave 
a considerable depression in m. p. when mixed with ethyl «-bromo- 
6-4-methoxy-2 : 5-dimethylbenzoylpropionate (compare Part I, 
p. 2382) (Found: C, 52-6; H, 5:6; Br, 23-1. C,;H,,0,Br requires 
C, 52-5; H, 5-5; Br, 23-3%). 

The ethyl ester was condensed with ethyl sodiomethylmalonate in 
benzene solution and the product after hydrolysis and heating 
yielded the anhydride, m. p. 171°, described below. 

8-4-Methoxy-2 : 5-dimethylbenzoylbutane-By-dicarboxylic Anhydride 
(V).—Ethyl 8-4-methoxy-2 : 5-dimethylbenzoylbutane-f@y-tricarb- 
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oxylate (12 g.) was dissolved in ethyl alcohol (24 c.c.), sodium 
hydroxide (24 c.c. of 2N) added, and the mixture refluxed for 2 hours 
on the water-bath and then evaporated to a small bulk under reduced 
pressure. Water (30 c.c.) was added, and after standing, the pre- 
cipitated 4-methoxy-2 : 5-dimethylacetophenone (0-5 g.) was filtered 
off. The filtrate was acidified with a mixture of concentrated 
hydrochloric acid (30 c.c.) and water (30 c.c.), the resulting milky 
emulsion rapidly extracted with ether, and the extract allowed partly 
to evaporate spontaneously over-night. The colourless 5-4-meth- 
oxy-2 : 5-dimethylbenzoylbutane-fy-dicarboxylic acid (5-3 g.) was 
collected and washed with a little ether and the ethereal filtrates were 
combined (A). The residue was heated in two portions for 1 hour in 
a metal-bath at 180°. After a brisk effervescence, a viscid, pale 
yellow gum resulted, which was stirred with ether while still warm 
and the colourless solid collected (2-85 g.). The ethereal filtrate on 
evaporation and reheating in the metal-bath gave 0-1 g. more of 
ether-insoluble solid. This solid was moderately easily soluble in 
boiling benzene, and separated in stout rhombic prisms, m. p. 171° 
(Found: C, 66-4; H, 6:2. C,,H,,0; requires C, 66-2; H, 6-2%). 
The anhydride is insolable in cold sodium hydroxide solution, and 
sparingly soluble in ethyl alcohol, from which it separates in jagged 
prisms. On evaporation of filtrate (A), a yellow viscid oily acid 
resulted, from which no solid could be obtained by solution in sodium 
hydroxide and reprecipitation with acid; but on being heated in a 
metal-bath as above, it gave 1-65 g. of the crude anhydride, together 
with a further 0-1 g. when the ethereal extract was again heated. 
Methyl 38-4-methoxy-2 : 5-dimethylbenzoylbutane - By - dicarboxylate 
was obtained on esterifying the anhydride with methyl aleohol and 
hydrogen chloride, and after distillation crystallised from light 
petroleum (b. p. 40—60°) in colourless prisms, m. p. 73—74° (Found : 
C, 64:3; H,7-1. C,,H,,O, requires C, 64-3; H, 7-1%). 
a-(8-4-Methoxy-2 : 5-dimethylphenylethyl)-«'-methylsuccinic Acid 
(m. p. 131—132°; compare Part I, p. 2386).—The anhydride (V) 
(1 g.), amalgamated zine (5 g.), and concentrated hydrochloric acid 
(7 c.c.) were refluxed for 24 hours. The oil produced was decanted 
from the zinc residues, which were extracted with a small amount of 
ethyl alcohol, diluted with water and left over-night, and the 
colourless solid was collected and dried on porous plate (0-95 g.). 
The compound dissolved completely in hot benzene (4—5 c.c.) and 
on dilution with light petroleum (12 c.c.) gave colourless prisms, m. p. 
131—132° (Found: C, 65-2; H, 7-8. Cale.: C, 65-3; H, 7-5%). 
Lacone of «-7-Hydroxy-1-keto-5 : 8-dimethyl-1 : 2 : 3 : 4-tetrahydro- 
naphtryl-2-propionic Acid (VII).—a«-(6-4-Methoxy-2 : 5-dimethyl- 
phenylethyl)-«’-methylsuccinic acid (2-5 g.) was refluxed for 1 hour 
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with hydriodie acid (7:5 c.c.;\ d1-7), water (7-5 ¢.c.) added, the 
mixture extracted with ether, the extract freed from iodine by 
shaking three times with saturated sodium bisulphite solution and 
dried over sodium sulphate, and the ether removed. «-(f-4-Hydr- 
oxy-2 : 5-dimethylphenylethy])-«’-methylsuccinic acid remained as a 
gum, which was stirred for 2 minutes in the water-bath with con- 
centrated sulphuric acid (7-5 c.c.), the resulting dark brown solution 
cooled, and ice added; a straw-coloured gum was then obtained. 
After 1 hour, the dilute acid solution was decanted, the residue stirred 
with a cold saturated solution of sodium bicarbonate, and the 
colourless solid collected, washed with water, and dried on the water- 
bath. The material from three such experiments was dissolved in 
boiling acetic acid (80 c.c.) and water (10 c.c.), charcoal added to 
remove a faint purple coloration, and the filtrate diluted with boiling 
water (35 c.c.). On cooling, colourless, stout, rhombic prisms 
(3-1 g.), m. p. 250—253° (decomp.), separated (Found: C, 73-8; 
H, 6:8. C,;H,,03, requires C, 73-8; H, 65%). The lactone is 
hydrolysed by warming for 15 minutes with methyl-alcoholic 
potassium hydroxide to give «-7-hydroxy-1-keto-5 : 8-dimethyl- 
1:2:3: 4-tetrahydronaphthyl-2-propionic acid, which dissolves in 
two-thirds strength acetic acid to give a persistent intense green 
solution, but crystallises from methyl alcohol in colourless prisms, 
m. p. 191° (Found: OC, 68-4; H, 68. C,;H,.O, requires C, 68-7; 
H, 6-9%). 

Synthetic Racemic desmotropoSantonin (IV).—The above lactone 
(1 g.) was dissolved in ethyl alcohol (50 c.c.), washed sodium amalgam 
(80 g. of 4%) added, and the mixture refluxed for 15 hours on 
the water-bath. The solution was decanted from the mercury and 
filtered from a trace of sediment and the alcohol was removed 
under reduced pressure. The residue was dissolved in a small 
volume of water, acidified with hydrochloric acid, and extracted 
three times with ether and the extract was dried with sodium 
sulphate and evaporated to about 2.¢.c. After 12 hours, 0-2 g. of a 
crystalline solid separated, m. p. 178—184°, raised to 194—196° 
after four recrystallisations from alcohol. When the above dried 
ethereal extract was evaporated, however, and the residue again 
refluxed over-night with alcohol’ (10 c.c.) and washed amalgam 
(40 g. of 4%); then, after removal of the alcohol and solution in 
water, acidification yielded a solid which was collected and crystallised 
once from alcohol, giving colourless prisms (0-3 g.), m. p. 199°, raised 
to 200—201° by one recrystallisation (Found: C, 73-4; H, 7:4. 
C,;H,,0, requires C, 73-2; H, 73%). The compound is sparingly 
soluble in ethyl alcohol, readily in ethyl acetate, and almost insoluble 
in ether, and its m. p. is not depressed by admixture with racemic 
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desmotroposantonin prepared from santonin as described below. 
Synthetic acetyl desmotroposantonin, obtained by treatment with 
acetic anhydride and sodium acetate, separated in colourless prisms, 
m. p. 146°, again not depressed by mixture with acetyldesmotropo- 
santonin prepared from santonin (Found: C, 71-1; H, 7-2. 
C,,H90, requires C, 70:8; H, 70%). 

Racemic desmotropoSantonin from Santonin.—d-desmotropoSan- 
tonin was prepared as follows: Santonin (10 g.) and fuming hydro- 
chloric acid (60 c.c.) were heated in a sealed tube at 35° for 36 hours. 
The product was diluted with water, and the solid collected, dissolved 
in dilute sodium hydroxide solution, and filtered. The filtrate was 
acidified and warmed and the d-desmotroposantonin (8-5 g.) was 
collected; it crystallised from ethyl alcohol in fine prisms, m. p. 
260° (compare Andreocci, Gazzetta, 1893, 23, ii, 469). isodesmotropo- 
Santonin was prepared from the d-form according to the method of 
Andreocci (loc. cit.), the reaction being complete in about 14 hours. 
isodesmotropoSantonin melts at 194° [Andreocci gives 187—188° 
(decomp.)] and its acetyl derivative melts at 154°. Jl-desmotropo- 
Santonin (the enantiomorph of isodesmotroposantonin) and racemic 
desmotroposantonin were prepared as described by Andreocci (Ber., 
1898, 31, 3131). 


Our thanks are due to the Chemical Society for a grant which has 
partly defrayed the cost of this investigation. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, March 24th, 1930.] 





CXLI.—The Scission of Diaryl Ethers and Related 
Compounds by Means of Piperidine.. Part IV. 
Elimination of Halogen Atoms and _. Scission 
Reactions during Substitution Processes. 


By Dorotuy Liz1an Fox and Eustace EBENEZER TURNER. 


Ix earlier investigations in the present series, a number of halogen- 
ated diphenyl ethers have been nitrated, with results that can be 
explained by-current theories of aromatic substitution. We have 
now encountered some cases in which nitration is not of the simple 
type hitherto met with, but is accompanied by elimination of halogen 
atoms or disruption of the molecule. 

The 2: 2’-dinitration of 4:4’-dichloro- and 4: 4’-dibromo- 
diphenyl ether proceeds without difficulty (J., 1927, 1168), and the 
mononitro-derivatives obtained by controlling the conditions of 
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nitration are readily convertible into the dinitro-compounds. We 
have now found that under the conditions which favour the form- 
ation of these dinitro-derivatives, both the 2- and the 2’-nitro. 
derivative of 4-chloro-4’-bromodiphenyl ether undergo partial 
elimination of chlorine, and that when the nitration is performed at 
100°, complete elimination of chlorine occurs, with the formation 
of 4-bromo-2 : 2’ : 4’-trinitrodiphenyl ether : 


ge, Dap a iil 
0, ‘ . Bre—Olk’ 5-0- B 
NO. Revita ty rk >-0 Soni : 
NO, NO, 


NO, 


The same product is formed when the more drastic nitration con- 
ditions are applied to 4-chloro-4’-bromo-2 : 2’-dinitrodiphenyl ether. 
The latter compound may be obtained by nitrating either of the 
corresponding mononitro-compounds under definite conditions. 
Prolonged nitration of the bromotrinitro-ether causes very slow 
removal of the bromine atom. On the other hand, when 4-bromo-2- 
nitrodiphenyl ether is nitrated, the bromine atom is eliminated more 
readily, and with prolonged nitration pure 2 : 4: 2’ : 4’-tetranitro- 
diphenyl ether is produced : 


ee gag Wo ae NOX >-0-< NO, 
NO, NO, NO, 


Elimination of chlorine occurs during the prolonged nitration of 
4: 4'-dichloro-2 : 2'-dinitrodiphenyl ether, but, in view of the above 
facts, it is surprisingly slow, and we have not succeeded in obtaining 
a pure specimen of the tetranitro-ether by this process. In short, 
the product of one replacement of chlorine by a nitro-group, namely, 
4-chloro-2 : 2’ : 4’-trinitrodiphenyl ether (compare the stability of 
the analogous bromo-compound) is relatively resistant. It is 
produced by the nitration of 4-chloro-2’-nitrodiphenyl ether, and, 
together with 4: 4'-dichloro-2 : 2’-dinitrodiphenyl ether, by the hot 
nitration of 4 : 4’-dichloro-2-nitrodiphenyl ether. 

There would appear to be three main factors determining such 
replacements of halogen by a nitro-group: (a) The factor that 
determines the course of ordinary aromatic substitution. In the 
present examples halogen and not hydrogen is eliminated. (b) The 
tendency of a co-valently attached halogen atom to become an ion. 
(c) The tendency of a halogen atom to remain in co-valent attach- 
ment to a carbon atom. 

An excellent survey of the literature of atom or group elimination 
during substitution processes is given by de Lange (Rec. trav. chim., 
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1926, 45, 19), and it is only necessary for present purposes to refer 
to a few general conclusions. It has usually been found that bromine 
is more readily eliminated than chlorine during nitration. Thus, 
for example, Ling (J., 1889, 55, 589) found that 2-chloro-4-bromo- 
§-nitrophenol was nitrated to give 2-chloro-4 : 6-dinitrophenol, and 
that 4-chloro-2-bromo-6-nitrophenol lost bromine in the o-position 
rather than chlorine in the p-, to give 4-chloro-2 : 6-dinitrophenol. 
That factor (a) is of greater importance than the nature of the 
halogen atom (factors b and c) would appear to be shown by the 
results of Hewitt and Mitchell (J., 1906, 89, 1167), who found that 
when diazotised p-nitroaniline was added to an alkaline solution of 
1-chloro-, 1-bromo-, or 1-iodo-8-naphthol, the product in each case 
was 1-benzeneazo-8-naphthol. Again, it has already been shown 
(Parts II and IIT) that 2 : 4-dichloro- and 2 : 4-dibromo-2’ : 4’-dinitro- 
diphenyl ethers readily undergo 5-nitration : 


NO, 

s er aarp, Tv ‘ T, 

x >-0 < NO, —> A am ay, 
G1 =NO, “A NO, 


This occurs in the cold, but we have now submitted the two resulting 
trinitro-ethers to the action of fuming nitric acid at 100°. Although 
in both cases slight elimination of halogen occurs, almost the whole 
of the original substances may be recovered in the pure condition. 
It therefore seems probable that factor (a) is most important 
in these .cases. In 4-chloro-4’-bromo-2- and _ -2’-nitrodiphenyl 
ether, the para-orienting effect of oxygen is the most powerful 
influence at work, whereas in 2:4-dichloro- and 2 : 4-dibromo- 
2’: 4’-dinitrodiphenyl ether this effect is more than counter- 
balanced by the 5-directing influence of the two halogen atoms, so 
that elimination of halogen does not occur. Again factor (a) takes 
control. The preferential elimination of chlorine from the chloro- 
bromo-ethers may be attributed to factor (5). 

To some extent elimination reactions of the type under con- 
sideration are governed by mere mass effects in addition. For 
instance, bromination of 4-chloro-2 : 6-dinitrophenol under certain 
conditions causes replacement of a nitro-group by bromine, 
4-chloro-2-bromo-6-nitrophenol being produced (Gordon, Chem. 
News, 1891, 63, 222), whilst picric acid, when gently warmed with 
bromine and water, gives 2-bromo-4 : 6-dinitrophenol (Armstrong, 
Ber., 1873, 6, 650), and it is a common experience that in the 
chlorination of nitro-compounds at moderately high temperatures, 
nitrous fumes are occasionally given off, no doubt because partial 
elimination of the nitro-group has taken place. 
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A second type of elimination reaction has been observed in which 
a chlorine atom is replaced by the sulphonic acid group. Thus, 
when 4-chloro-2-nitro-4'-methyldiphenyl ether is dissolved in cold 
concentrated sulphuric acid, hydrogen chloride is at once evolved, 
and 2-nitro-4'-methyldiphenyl ether 4-sulphonie acid is formed : 


Me >-0-~ >I via sega gore 
NO, NO, 


This result is unexpected, for no halogen hydride is produced by the 
action of cold concentrated sulphuric acid on the isomeric 4-chloro- 
2’-nitro-4'-methyldiphenyl ether, or on 2:4:4’-trichloro-, 2 : 4-di- 
chloro-2’ : 4'-dinitro-, or 2 :4-dibromo-2’ : 4’-dinitro-dipheny] ether. 

A third type of reaction which has to be recorded is that of scission 
during nitration. By mild nitration, 4-chloro-2-nitro-4’-methy]l- 
diphenyl ether may be converted into 4-chloro-2 : 2'-dinitro-4'-methyl- 
diphenyl ether, but, when it is dissolved in cold fuming nitric acid, 
the main product is 4-chloro-2 : 6-dinitrophenol. This phenol is 
also the main product formed by similarly nitrating 4-chloro-2’- 
nitro-4’-methyldiphenyl ether. Yet, although it is difficult to 
avoid concluding that in both nitrations the initial product is 
4-chloro-2 : 2’-dinitro-4’-methyldiphenyl ether, the latter substance 
does not undergo scission when heated with fuming nitric acid, but 
suffers partial replacement of chlorine by a nitro-group. 

The apparent destruction of a tolyl group during the above 
nitrations is interesting in view of the fact (Pauly, Gilmour, and Will, 
Annalen, 1914, 403, 119) that 3-nitro-p-cresol is converted by 
fuming sulphuric acid into $-methyl-y-crotonolactone-y-acetic acid. 
Incidentally, Reilly, Drumm, and Barrett (J., 1927, 67) have found 
that -di-p-tolyl ether also undergoes considerable scission when 
nitrated. 

A fourth set of results concerns the scission of certain ethers 
by piperidine. Although 4-chloro-2’-nitro-4'-methyldiphenyl ether 
readily undergoes scission by piperidine, 4-chloro-2-nitro-4’-methy]l- 
diphenyl ether is somewhat resistant to this reagent. Since, in 
general, 2- or 4-nitrodiphenyl ethers permit of facile piperidine 
seission, it would appear that the chlorine atom in 4-chloro-2-nitro- 
4’-methyldiphenyl ether acts in opposition to the nitro-group. A 
similar effect. may be produced by a bromine atom; ¢.g., o-bromo- 
nitrobenzene readily reacts with potassium phenoxide to give 
2-nitrodiphenyl ether, but 2: 5-dibromonitrobenzene reacts very 
indifferently. 

The nitration of 2-chloro-2’-nitrodiphenyl ether has been found 
to proceed according to the following scheme : 
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Che? — a ce nig: 
1. NO, 1. . NO, 
a eee 
1 NO, 


The constitution of the chlorodinitro-ether follows from the fact 
that the ether is not identical with 2-chloro-2’ : 4’-dinitro- 
diphenyl ether. 2-Bromo-2’-nitrodiphenyl ether is nitrated 
similarly. 

Bromination of 4-bromo-2-nitrodiphenyl ether takes place in the 
4’'-position, for the product is identical with that obtained by the 
mononitration of 4 : 4’-dibromodiphenyl ether. 


EXPERIMENTAL. 


Preparation of Diphenyl Ethers.—The general procedure was as 
follows: Potassium hydroxide (1 mol.) was treated with so much 
water that a clear melt was obtained on heating to about 250° 
(about 1/10 to 1/15 mol.), The melt was then allowed to cool. until 
incipient crystallisation began, and at once the phenolic substance 
(1 mol,) was rapidly added, with shaking. Subsequent procedure 
depended on the nature of the halogenonitro-compound to be used : 
(a) Halogenomononitro-compounds such as o-chloronitrobenzene, 
2 : 5-dibromonitrobenzene, ete. In such eases, the halogenonitro- 
compound (1 mol.) was added in one portion to the still hot phenoxide 
melt, the. whole was well shaken, and then heated under a short 
air-condenser in a metal bath at 160—180° for 3—4 hours. (6) Halo- 
genodinitro-compounds, such as 1-chloro-2 : 4-dinitrobenzene. The 
halogenodinitro-compound (1 mol.) was added gradually with 
vigorous shaking during about 5 minutes. As a rule, potassium 
halide began to separate almost immediately, and. the reaction was 
rendered complete by an hour’s heating at 100°, In all cases, the 
reaction product was shaken with hot dilute alkali, and the cooled 
mixture filtered or extracted with ether, according to the nature of the 
final product. 

It has not been found advisable to use copper-bronze as a catalyst 
in any of the condensations. 

4-Chloro-4bromo-2’-nitrodipheny] ether, prepared from p-chloro- 
phenol and 2 : 5-dibromonitrobenzene, was. crystallised from glacial 
acetic acid; it then melted at 100—101°. Raiford and Colbert 
(J. Amer. Chem. Soc., 1926, 48, 2652) gave m. p. 100-5°. 

4-Chloro-4’-bromo-2-nitrodiphenyl ether, from -bromophenol 
and 2: 5-dichloronitrobenzene, had m. p. 95°. Raiford and 
Colbert (loc. cit.) gave m. p. 93—94°. 








1120 FOX AND TURNER: SCISSION OF DIARYL ETHERS AND RELATED 


4-Chloro-4'-bromo-2 : 2'-dinitrodiphenyl Ether.—4-Chloro-4'-bromo- 
2’-nitrodiphenyl ether (3 g.) was added to a cold mixture of 15 g. of 
nitric acid (d 1-5) and glacial acetic acid (15 g.). The solution was 
gently warmed until the solid had dissolved, and then poured into 
water. The precipitated solid crystallised from glacial acetic acid 
in very pale yellow, silky needles, m. p. 165° (0-1482 g. gave 0-1350 g. 
AgCl + AgBr. C,,H,0;N,CIBr requires AgCl + AgBr, 0-1316 g.). 

Similar nitration of 4-chloro-4’-bromo-2-nitrodiphenyl ether gave 
a product which alone or mixed with the above compound melted 
at 165°. 

4-Bromo-2 : 2’ : 4'-trinitrodiphenyl Ether.—(1) 4-Chloro-4’-bromo- 
2-nitrodiphenyl ether was added to 10 parts of nitric acid (d 1-5) 
and the resulting solution was heated at 100° for 2 hours and then 
cooled and poured into water. The precipitated solid crystallised 
from glacial acetic acid in pale yellow, prismatic needles, m. p. 154° 
(Found: Br, 20-1. Cale.: Br, 20-8%). Raiford and Colbert 
(loc. cit.) gave m. p. 148-5°._ We have found that a specimen kept 
for some months melts at 148—149°. (2) Similar nitration of 
4-chloro-4’-bromo-2’-nitrodiphenyl ether gave an identical product. 

4: 4'-Dichloro-2 : 2'-dinitrodiphenyl Ether—A solution of 4: 4’- 
dichloro-2-nitrodiphenyl ether in 10 parts of nitric acid (d 1-5) was 
warmed gently for 10 minutes. The cooled solution was poured 
into water, and the precipitate crystallised from glacial acetic acid. 
The dinitro-compound melted at 154° (compare Le Févre, Saunders, 
and Turner, J., 1927, 1168). 

4-Chloro-2 : 2' : 4'-trinitrodiphenyl Ether—(a) 4: 4’-Dichloro-2- 
nitrodiphenyl ether was added to 10 parts of nitric acid (d 1-5), 
and the solution heated at 100° for 2 hours. The whole was cooled 
and poured into water, and the solid obtained crystallised from 
glacial acetic acid. It formed yellow prismatic needles, m. p. 155°. 
Raiford and Colbert (loc. cit.) describe the compound as forming 
yellowish plates, m. p. 154° (Found: Cl, 10-8. Cale. : Cl, 10-5%). 

(6) 4-Chloro-2 : 2’ : 4’-trinitrodipheny] ether was also prepared by 
condensing p-chlorophenol with 1-chloro-2 : 4-dinitrobenzene, the 
product being treated with cold fuming nitric acid. The solution 
was gently warmed and poured into water. The precipitate, after 
recrystallisation, had m. p. 155° alone or when mixed with the 
product from (a). 

(c) 4-Chloro-2’-nitrodiphenyl ether, when nitrated in a similar 
manner, gave a product identical with those from (a) and (6). 

Prolonged Action of Nitric Acid on 2: 4-Dichloro- and 2 : 4-Dibromo- 
5:2’ : 4'-trinitrodiphenyl Ether.—The dichloro-ether was heated with 
10 parts of nitric acid (d 1-5) for 2 hours at 100°. A little hydrogen 
chloride was slowly evolved. The solution was poured into water, 
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and the precipitate washed and dried. It had 90% of the weight 
of the original ether, and melted at 128°, alone or when mixed with 
the pure trinitro-ether. Similar treatment of the dibromo-ether gave 
92°, of unchanged ether, m. p. 139—140° alone or mixed with pure 
ether. 

2-Chloro-2’-nitrodiphenyl ether had b. p. 345°, m. p. 47—48°. 
Roberts and Turner (J., 1925, 127, 1008) gave m. p. 48° (Found : 
Cl, 14-3. Cale. : Cl, 14-2%). 

2-Chloro-2’ : 4'-dinitrodiphenyl ether, prepared from _ o0-chloro- 
phenol and 1-chloro-2 : 4-dinitrobenzene, crystallised from glacial 
acetic acid—alcohol in cream-coloured prisms, m. p. 75—76° 
(Found: Cl, 12-0. C,,H,O;N,Cl requires Cl, 12-05%). 

2-Chloro-4 : 2'-dinitrodiphenyl Ether.—2-Chloro-2'-nitrodiphenyl 
ether was dissolved in 10 parts of nitric acid (d 1-4) with warming. 
The solution was poured into water; the precipitate obtained, after 
crystallising from glacial acetic acid, had m. p. 126—127° (Found : 
Cl, 12-0. C,,H,0;N,Cl requires Cl, 12-05%). 

2-Chloro-4 : 2’ : 4’-trinitrodiphenyl Ether.—A_ solution of the 
4: 2’-dinitro-ether in 10 parts of nitric acid (d 1-5) was heated for 
20 minutes at 100° and then poured into water. The resulting 
precipitate separated from glacial acetic acid in yellow rhombohedra, 
m. p. 135—136° (Found: Cl, 9-8. C,,H,0,N,Cl requires Cl, 10-5%). 

4-Bromo-2-nitrodiphenyl Ether.—A mixture of 6 g. of potassium 
hydroxide, 0-2 c.c. of water, 9 g. of phenol, and 28 g. of 2 : 5-dibromo- 
nitrobenzene was allowed to react for 6 hours under the usual 
conditions. Although potassium bromide separated, only 14 g. 
of 4-bromo-2-nitrodiphenyl ether were obtained, as a dark oil, b. p. 
228—230°/21 mm. It was found impossible to remove a small 
quantity of unchanged dibromonitrobenzene (Found: Br, 28-7. 
C,.H,O,NBr requires Br, 27:2%). 

Bromination of 4-Bromo-2-nitrodiphenyl Ether.—A solution of 
29 g. of this ether and 14-8 c.c. of bromine in 135 c.c. of glacial acetic 
acid was heated under reflux at 100° until hydrogen bromide was 
no longer evolved. The solution was poured into water, and the 
precipitate filtered off. It melted at 94° after crystallisation from 
glacial acetic acid, and was identical with a specimen of 4 : 4’-di- 
bromo-2-nitrodiphenyl ether obtained by the mononitration of 
4:4’-dibromodiphenyl ether (Le Févre, Saunders, and Turner, 
loc. cit.). 

Prolonged Nitration of 4-Bromo-2-nitrodiphenyl Ether—The ether 
was dissolved in 10 parts of nitric acid (d 1-5), and a clear solution 
obtained by warming. On pouring the solution into water, and 
crystallising the precipitate from glacial acetic acid, a product was 
obtained, m. p. 180—182°. A second similar nitration raised the m. p. 
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to 191—192°, a third to 195—196°, and a fourth to 196°. The final 
product did not depress the m. p. of 2: 4: 2’ : 4'-tetranitrodiphenyl 
ether. In another experiment, 5 g. of 4-bromo-2-nitrodiphenyl 
ether were heated with 25 g. of nitric acid (d 1-5) for 2 hours at 100°. 
The gases evolved were absorbed in alkali, and the alkaline solution 
analysed. It was found that 80° of the bromine originally present 
had been given off. Pure tetranitrodiphenyl ether was obtained 
from the nitric acid solution. 

Bromination of 2-Nitrodiphenyl Ether —A solution of 20 g. of the 
ether and 16 g. of bromine in 40 g. of glacial acetic acid was heated 
under reflux at 100° until the colour of the bromine had disappeared. 
The solution was poured into alcohol. The solid that separated 
on standing was crystallised from glacial acetic acid, and then had 
m. p. 72°. Raiford and Colbert (loc. cit.) obtained 4-bromo-2’ -nitro- 
diphenyl ether by a condensation process, and gave m. p. 71°. 

2-Bromo-2’ : 4'-dinitrodiphenyl ether, from o-bromophenol and 
1-chloro-2 : 4-dinitrobenzene, separated from glacial acetic acid in 
pale yellow leaflets, m. p. 88—89° (Found: Br, 23:4. C,,H,0;N,Br 
requires Br, 23°6°%). 

Mononitration of 2-Bromo-2’ : 4’-dinitrodiphenyl Ether.—The 
ether was added to a mixture of 5 parts of glacial acetic acid and 5 
parts of nitric acid (d 1-5). A clear solution was produced by warm- 
ing, and after 20 minutes it was poured into water, and the pre- 
cipitate collected. The 2-bromo-4: 2’: 4'-trinitrodiphenyl ether 
crystallised from glacial acetic acid in small yellow needles, m. p. 
127—128° (Found: Br, 21-6. C,,H,O,N,Br requires Br, 20-8%). 

2-Bromo-2'-nitrodiphenyl ether, from o-bromophenol and o-chloro- 
nitrobenzene, had b. p. 251°/27 mm. It crystallised from glacial 
acetic acid—alcohol in yellow prisms, m. p. 49—50° (Found: Br, 
27-6. C,,H,O,NBr requires Br, 27:2%). 

2-Bromo-4 : 2'-dinitrodiphenyl Ether.—2-Bromo-2’-nitrodiphenyl 
ether (3 g.) was added to a mixture of 15 g. of glacial acetic acid and 
15 g. of nitric acid (d 1-5). The whole was warmed until solution 
was complete, left for 20 minutes, and poured into water. The 
product separated from glacial acetic acid in rectangular crystals, 
m. p. 128° (Found: Br, 24-1. C,,H,0;N,Br requires Br, 23-6%). 

Nitration of 4-Bromo-2' : 4'-dinitrodiphenyl Ether —A solution of 
the ether in 10 parts of nitric acid (d 1-5) was warmed for a few 
minutes and poured into water, and the precipitate crystallised from 
glacial acetic acid; 4-bromo-2: 2’: 4’-trinitrodiphenyl ether was 
then obtained, m. p. 154°. 

4-Chloro-2-nitro-4’ -methyldiphenyl ether, prepared from p-cresol and 
2 : 5-dichloronitrobenzene, crystallised from alcohol in pale brownish 
plates, m. p. 99° (Found : Cl, 13-8. €,,;H,,0,NCl requires Cl, 13-6%). 
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An attempt was made to nitrate the ether with concentrated 
sulphurie acid and potassium nitrate. When the ether was dis- 
solved in the acid, hydrogen chloride was evolved, and on warming 
at 100° a clear solution was obtained, which on cooling and dilution 
gave white silky needles of 2-nitro-4’-methyldiphenyl ether 4-sulphonic 
acid, m. p. 129—130°. Crystallisation from light petroleum did not 
affect this m. p. (Found: §, 11-0. C,,;H,,0,NS requires 8, 10-4%). 

Action of Piperidine on 4-Chloro-2-nitro-4'-methyldiphenyl Kther.— 
The ether was heated for an hour at 100° with its own weight of 
piperidine. When the solution was made alkaline, a mixture of 
4-chloro-2-nitrophenylpiperidine and unchanged ether was precipit- 
ated. The mixture was extracted with 50% sulphuric acid; 
from the acid extract, on treatment with alkali, the pure chloro- 
nitrophenylpiperidine was precipitated. In a second experiment, a 
solution of the ether in excess of piperidine was boiled for several 
hours, the bulk of the piperidine distilled off, and alkali added; 
the chloronitrophenylpiperidine which then separated was removed. 
The filtrate was extracted with benzene until it was colourless, traces 
of benzene were removed by boiling, and p-toluenesulphony1 chloride 
was added to the heated alkaline solution. After some time, 
p-tolyl p-toluenesulphonate separated; after crystallisation from 
acetic acid—alcohol, it had m. p. 68°, alone or when mixed with an 
authentic specimen. 

4-Chloro-2 : 2’-dinitro-4'-methyldiphenyl Ether.—4-Chloro-2-nitro- 
4'-methyldiphenyl ether was dissolved in an ice-cold mixture of 
5 parts of glacial acetic acid and 5 parts of nitric acid (d 1-5). The 
solution was heated at 100° for an hour, cooled, and poured into 
water. The precipitate crystallised from acetic acid and alcohol 
in very pale yellow plates, m. p. 115° (Found: Cl, 12-1. C,,H,0;N,Cl 
requires Cl, 11-5%). 

Whenasolution of the dinitro-ether im nitric acid (d 1-5) was heated 
at 100° for an hour, hydrogen chloride was slowly evolved. When 
the solution was poured into water, a solid was obtained, m. p. 
146—149°. This could not be separated into definite fractions, 
but was probably a mixture of unchanged material with 2: 4: 2’- 
trinitro-4'-methyldiphenyl ether. 

4-Chloro-2'-nitro-4'-methyldiphenyl ether, prepared from 4-chloro- 
3-nitrotoluene and p-chlorophenol, crystallised from alcohol in 
very pale yellow, irregular, rectangular plates, m. p. 52° (Found: 
Cl, 13-6. C,3H,gO,NCl requires Cl, 13-6%). 

When a solution of the ether in 5 parts of glacial acetic acid and 5 
parts of nitric acid (d 1-5) was heated for an hour at 100°, 4-chloro- 
2; 2’-dinitro-4’-methyldiphenyl ether was obtained, identical with 
the product of nitrating the isomeric 2-nitro-ether. 
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Action of Piperidine on 4-Chloro-2'-nitro-4'-methyldiphenyl Ether.— 
A solution of the ether in its own weight of piperidine was heated 
for an hour at 100°. When excess of alkali was added to the cooled 
solution, 2-nitro-4-methylphenylpiperidine separated, m. p. 69°. 

Nitrative Scission of 4-Chloro-2-nitro-4'-methyl- and of 4-Chloro- 
2’-nitro-4'-methyl-diphenyl Ether —The ethers were dissolved in 10 
parts of nitric acid (d 1-5) at 0°. After 20 minutes, the solutions 
were poured into water, and the yellow precipitates collected. 
After crystallisation they both melted at 74—75°, and were pure 
specimens of 4-chloro-2 : 6-dinitrophenol. 

All the m. p.’s given are corrected. 


BEDFORD COLLEGE, 
UNIVERSITY OF LONDON. [Received, March 24th, 1930.] 


CXLII.—10-Chloro-5 : 10-dihydrophenarsazine and its 
Derivatives. Part XII. Further Experiments in 
the Investigation of the 1- and 3- Methyl Derivatives. 


By Cuarues STANLEY GiBson and JoHN DoBNEY ANDREW 
JOHNSON. 


Ir was shown in Part VII (J., 1929, 767) that an apparently homo. 
geneous product, which can be either 10-chloro-1-methyl-5 : 10-di- 
hydrophenarsazine (II) or 10-chloro-3-methyl-5 : 10-dihydrophen- 
arsazine (III), can be obtained from 3-methyldiphenylamine-6’- 
arsinic acid (I) either by direct reduction or by conversion first into 
the homogeneous l(or 3)-methylphenarsazinic acid hydrochloride 
(IV) and subsequent reduction of the latter compound. Further, in 
Part X (J., 1929, 1473), it was proved that the same compound (II) 
or (III) was the homogeneous condensation product of phenyl- 
m-tolylamine and arsenious chloride. 
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In order to determine the constitution of the cyclic reduction 
product obtained from compound (I), substances having the con- 
stitutions (II) and (III) were synthesised by methods which should 
leave no doubt as to their structural formule (Part VII, loc. cit.). 
The two substances thus synthesised were, however, indistinguishable 
and two explanations of this are possible: (1) the two substances may 
form solid solutions in each other, and (2) one of the rationally 
synthesised products may be transformed into the other by a rupture 
of the medial cyclic system, followed by cyclisation in the only other 
possible way (loc. cit., p. 775). 

The synthesis of substances (II) and (III) was attempted by 
the following series of reactions, which afford as little opportunity as 
possible of transformation of one into the other; the first stage in 
each case is analogous to that employed in the first synthesis of 
10-chloro-5 : 10-dihydrophenarsazine (Burton and Gibson, J., 1926, 
452) : 
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(IX.) 


The advantage of this method of euonget appeared to. be that 
the final cyclisation process did not involve the arsenic atom, and if 
the explanation (2, above) of the apparent or real identity of sub- 
stances (II) and (III) is the rupture of the heterocyclic nucleus, 
followed by cyclisation in a different way—both of which processes 
involve the arsenic atom—there was a reasonable hope that the 
syntheses would be accomplished without intramolecular change. 
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The series of reactions (b) was readily accomplished, the inter- 
mediate substances, 2'-bromo-2-nitro-4-methyldiphenylarsinic acid 
(VIII) and 2’-bromo-2-amino-4-methyldiphenylarsinic acid (EX) being 
highly crystalline substances of undoubted purity. The 10-chloro- 
3-methyl-5 : 10-dihydrophenarsazine thus rationally synthesised was 
indistinguishable from either of the previously rationally synthesised 
products and from the homogeneous products obtained by the 
methods mentioned above. 

Unfortunately, the proposed synthesis of 10-chloro-l-methyl- 
5 : 10-dihydrophenarsazine by the series of reactions (a) could not 
be aecomplished. 2’-Bromo-2-nitro-6-methyldiphenylarsinic acid (V) 
was prepared, but the reduction product could not be purified and an 
attempt to convert this crude material into (II) was unsuceessful. 

Although the immediate object of this part of these investigations 
has not been aecomplished, it may be that 10-chloro-3-methyl-5 : 10- 
dihydrophenarsazine has now been definitely synthesised. Before, 
however, the constitution of the 10-chloro-1(or 3)-methyl-5 : 10-di- 
hydrophenarsazine obtained in the above-mentioned reactions can 
be definitely stated, 10-chloro-1-methyl-5 : 10-dihydrophenarsazine 
must be synthesised in an unequivocal manner: the balance of 
evidence, however, appears to be in favour of its being the 3-methyl 
compound. 

The present work indicates that possibly false conclusions may be 
drawn as to the constitution of the product of a reaction which may 
give rise to one of two substances when this proves to be identical 
with one synthesised product and is not compared with the other 
synthesised isomeric substance. This problem is being investigated 
in different directions. 


ExPERIMENTAL. 


o-Bromophenylarsenious oxide is most conveniently prepared by 
passing carbon dioxide into a solution of pure obromophenyldi- 
chloroarsine (Burton and Gibson, J., 1926, 457; Kalb, Annalen, 
1921, 423, 39) in dilute aqueous sodium hydroxide, warmed if 
necessary. The colourless oxide is filtered off, washed with water, 
and dried over potassium hydroxide under reduced pressure ; it is 
thus obtained as a fine colourless powder readily soluble in alkali 
hydroxide solutions. 

2'-Bromo-2-nitro-4-methyldiphenylarsinic Acid (VITI).—Finely 
powdered and sieved 3-nitro-p-toluidine (7-6 g.) in hydrochtoric acid 
(40 c.c.) and water (125 c.c.) was diazotised with sodium nitrite 
(3-8 g.) in water (9 c.c.) below 0°. A solution of o-bromophenyl- 
arsenious oxide (13-6 g.) in 5N-sodium hydroxide (87 c.c.) and water 
(163 ¢.c.) to which had been added ammoniacal cupric sulphate 
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(10% cupric sulphate solution treated with excess of ammonia; 
i c.c.) was then treated slowly at 20° with the diazo-solution without 
external cooling, the mixture being mechanically stirred. After 
one hour, the liquid was heated to boiling, treated with decolorising 
charcoal, and filtered. The filtrate was saturated with carbon 
dioxide to precipitate unchanged o-bromophenylarsenious oxide and, 
after filtration, carefully acidified with concentrated hydrochloric 
acid. The amorphous yellow acid which was precipitated could 
not be crystallised directly and was converted into its sodium salt 
by dissolving it in warm 20%, aqueous sodium hydroxide and cooling 
the solution. The buff-yellow sodium salt was filtered off, washed 
with 20°, aqueous sodium hydroxide and dissolved in water, and the 
solution acidified with hydrochloric acid. The almost colourless 
acid was recrystallised from slightly diluted acetie acid (charcoal) 
and obtained in colourless needles (4-33 g.), m. p. 252—254° (decomp. 
after slight softening) (Found: As, 19-2. C,,H,,0,NBrAs requires 
As, 18-7%). The ammonium salt crystallises from solution in 
concentrated aqueous ammonia in characteristic, colourless, rhomb- 
shaped plates. 

2'-Bromo-2-amino-4-methyldiphenylarsinic Acid (IX).—A hot 
solution of the preceding acid (5-95 g.) in sodium hydroxide solution 
(1-5 g. in 30 c.c.) was added to a boiling suspension of ferrous 
hydroxide [ferrous sulphate crystals (25 g.), water (75 c.c.), and 
sodium hydroxide solution (25%, 30 c.c.)], and the mixture boiled 
for 15 minutes and filtered. The filtrate was carefully acidified with 
concentrated hydrochloric acid; the precipitated acid, recrystallised 
from slightly diluted acetic acid (charcoal), was obtained in colourless 
needles (3-9 g.), decomposing vigorously at 264—265° after previous 
darkening from about 240° (Found: As, 20-7. C,,H,,0,NBrAs 
requires As, 20-39%). This acid in contradistinction to the nitro-acid 
is soluble in cold concentrated hydrochloric acid. 

Cyclisation of 2’-bromo-2-amino-4-methyldiphenylarsinic acid. A 
mixture of the preceding acid (3-08 g.), potassium carbonate (1-22 g.), 
amyl alcohol (22 c.c.), and a trace of copper powder was boiled for 
1§ hours, volatile substances then being removed by steam distilla- 
tion, the aqueous solution filtered, and the filtrate acidified. The 
liquid filtered very slowly from the precipitated gelatinous discoloured 
aid. After being washed with water and dried as far as possible 
on the filter, the acid was dissolved in a mixture of alcohol and 
concentrated hydrochloric acid, to which a trace of iodine was added, 
and the solution was saturated with sulphur dioxide. The dis- 
coloured yellow solid: was filtered ' off, dried over potassium hydroxide 
under reduced’ pressure, and crystallised from benzene (charcoal). 
After one crystallisation it had m. p. 215—216° after previous 
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softening from about 211°, and a further crystallisation gave 
10-chloro-3-methyl-5 : 10-dihydrophenarsazine, m. p. 215—216-5°; 
the yield was small (Found: Cl, 12-3. Cale.: Cl, 12-2%). 


2’-Bromo-2-nitro-6-methyldiphenylarsinic Acid (V).—This was_ 


prepared in a similar manner to that employed for the isomeric acid 
(VIII), 3-nitro-o-toluidine being used instead of 3-nitro-p-toluidine, 
The crude acid was purified by direct crystallisation from slightly 
diluted acetic acid, from which it separated in almost colourless, 
small plates. When recrystallised from the same medium, it was 
obtained in pale yellow plates, softening at 226°, darkening and 
finally decomposing at 237—239°; yield 29% (Found: As, 19-0. 
C,3H,,0,NBrAs requires As, 18-7%). The sodium salt separates 
from a solution of the acid in warm 20° aqueous sodium hydroxide 
in colourless small plates. 


Guy’s Hospirat Mepicat ScHoot (UNIVERSITY OF LONDON), 
Lonpon, S8.E.1. [Received, March 24th, 1930.] 





CXLIII.—ortho- and meta-Derivatives of Simple 
Alkyl Phenyl Ketones. 


By Leste ALDERMAN ELson, CHARLES STANLEY GIBSON, 
and JoHN DoBNEY ANDREW JOHNSON. 


In connexion with a part of an extended investigation of certain 
types of organic arsenical compound it has been necessary to 
review our knowledge of derivatives of aceto-, propio-, and n-butyro- 
phenones required as starting materials. In certain cases, the 
published methods of preparation were not suitable for our purpose 
and, in others, the compounds as described were apparently not 
pure. This preliminary investigation was, of necessity, somewhat 
prolonged and entailed the preparation of derivatives not hitherto 
described. 

The first compounds required were the o- and m-amino-de- 
rivatives of the above ketones and their preparation was carried 
out in the same way in all cases. Each of these ketones, on ni- 
tration, yields a mixture of the o- and m-nitro-compounds, from 
which the m-compound is easily separated and obtained pure, 
leaving an uncrystallisable oil (crude o-nitro-ketone) which is 
chiefly the o-compound containing some of the m-isomeride. The 
pure m-nitro-ketone is reduced to the corresponding amino-com- 
pound, which can be easily obtained in a state of purity. The 
crude o-nitro-ketone on reduction yields a mixture of the o- and the 
m-amino-ketone. From this mixture, the o-amino-ketone is 
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separated by steam distillation; in every case, the m-isomeride is 
ch less volatile in steam than the o-compound, which can thus 


fee readily obtained pure. 


o-Aminoacetophenone has now been obtained as a pale yellow, 
crystalline solid, m. p. 20°. m-Bromoacetophenone has m. p. 7—8° ; 
it yields 3:w-dibromoacetophenone on direct bromination and 
5-bromo-2-nitroacetophenone on nitration. 

m-Aminopropiophenone does not yield a semicarbazone under 
the same conditions as the o-compound. The reaction between 
0-aminopropiophenone and semicarbazide hydrochloride, under 
the conditions described in the experimental portion, besides giving 
the semicarbazone, yields another product which is mentioned 
below. o-Bromopropiophenone, when brominated in acetic acid 
solution, yields 2 : «-dibromopropiophenone. 

n-Butyrophenone (n-propyl phenyl ketone), prepared from 
n-butyryl chloride by the Friedel-Crafts reaction, has m. p. 13° 
(compare Morgan and Hickinbottom, J., 1921, 119, 1882). o- 
Bromobutyrophenone on hromination yields first 2 : «-dibromo- 
butyrophenone and then 2: « : «-tribromobutyrophenone. Analysis 
of the latter compound and of 4 : «-dibromobutyrophenone—prepared 
from bromobenzene and «-bromobutyryl chloride by the Friedel— 
Crafts reaction—indicated the great tendency of these compounds 
to lose hydrogen bromide. 4-Chloro-«-bromobutyrophenone was, 
however, isolated in the crystalline state from chlorobenzene and 
a-bromobutyryl chloride by the Friedel-Crafts reaction. Like 
m-aminopropiophenone, m-aminobutyrophenone does not yield a 
semicarbazone under the usual conditions. The reaction between 
o-aminobutyrophenone and semicarbazide hydrochloride is discussed 
below. 

With the exceptions noted above, there is little difficulty in iso- 
lating the semicarbazones of many of the compounds described 
and these may prove useful for identification purposes. The re- 
actions, however, between o-aminopropiophenone and semicarbazide 
and between the latter compound and o-amino-n-butyrophenone 
need special comment. In isolating the semicarbazone of o-amino- 
propiophenone, it was noticed that the crude substance was con- 
taminated with a bright yellow substance the quantity of which 
was increased when the reaction was prolonged and especially when 
the mixture was heated. A yellow substance only was obtained 
when o-amino-n-butyrophenone was treated with semicarbazide 
hydrochloride under the usual conditions, and the yield, again, 
of this product was increased when the reaction mixture was heated. 
The two yellow substances resembled each other very closely, 
both crystallising in yellow needles; that obtained from o-amino- 
QQ 
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propiophenone had m. p. 130° and that from o-amino-n-butyro- 
phenone had m. p. 135°, this being obtained the more easily. The 
latter compound had the empirical formula C,)H,,;N, and the 
molecular weight determination by the method of Rast indicated 
that this was half the molecular formula. It soon became evident 
that the two compounds were ketazines, that from o-aminopropio- 
phenone being ethyl-o-aminophenylketazine (1) and that from 
o-amino-n-butyrophenone being n-propyl-o-aminophenylketazine (II). 


og Cx :NON:CBt- ) Oe NN: re) ons 


The ease of formation of these substances seems unusual, ketazines 
being generally formed either by the action of hydrazine on ketones 
or by heating the semicarbazones to a moderately high temperature 
(Scholtz, Ber., 1896, 29, 610; Borsche, Ber., 1901, 34, 4301; 
Bruining, Rec. trav. chim., 1922, 41, [ii], 655), ammonia and 
hydrazodicarbonimide being formed during the decomposition. 
An attempt to prepare substance (I)-by heating o-aminopropio- 
phenonesemicarbazone above its melting point was unsuccessful, 
although the formation of a yellow material and evolution of 
ammonia were noticed. An attempt to prepare methyl-o-amino- 
phenylketazine by the action of semicarbazide hydrochloride on 
o-aminoacetophenone in a similar manner to that described above 
led only to the isolation of the semicarbazone. 


EXPERIMENTAL. 

The nitration of acetophenone has been extensively studied by 
Morgan and Moss (J. Soc. Chem. Ind., 1923, 4617). For the present 
work, acetophenone in lots of 30 c.c. was run slowly into stirred 
nitric acid (d 1-50), 140 c.c. being used each time and the temperature 
kept below 0°. After 4 hour, the product was poured on ice, and 
the crystalline m-nitroacetophenone separated by filtration. From 
the filtrate, made alkaline with sodium carbonate and hydroxide, 
the crude o-nitroacetophenone (containing some of the m-isomeride) 
was extracted with ether, the extract was washed with water and 
dried with calcium chloride, and the ether evaporated. To this 
crude o-nitroacetophenone was added the oily residue resulting 
from the evaporation of the alcoholic mother-liquor from the 
recrystallisation of the m-nitroacetophenone. 

The pure m-nitroacetophenone was reduced under substantially 
the same conditions as described by Morgan and Moss. After 
recrystallisation from alcohol, m-aminoacetophenone was obtained 
in pale yellow plates, m. p. 98—99° (Morgan and Moss give 92—93°). 

m-Aminoacetophenonesemicarbazone crystallises from water in 
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colourless prisms, m. p. 196° (decomp.) (Found : N, 29-3. C,yH,,.ON, 
requires N, 29-2%), and m-p-tolwenesulphonamidoacetophenone 
from alcohol in colourless needles, m. p. 130° (Found: N, 4-9. 
C,5H,,;O,NS requires N, 4-85%). 

The crude o-nitroacetophenone was reduced with tin and hydro- 
chloric acid as described by Morgan and Moss. The resulting 
mixture was made strongly alkaline with sodium hydroxide and 
submitted to steam distillation. The o-aminoacetophenone in the 
distillate was extracted with ether, dried with calcium chloride, 
and recovered ; it had b. p. 130-5°/14 mm., 124°/10 mm., m. p. 20° 
(compare Morgan and Moss, loc. cit.). The pure ketone is almost 
colourless. 

o-Aminoacetophenonesemicarbazone crystallises from alcohol in 
colourless plates, m. p. 290° (decomp.) (Found : N, 29°8. C,H,,ON, 
requires N, 29-2%). The p-toluenesulphonyl derivative crystallises 
from alcohol in colourless hexagonal plates, m. p. 148° (Found : 
N, 49. C,;H,,0,NS requires N, 4-85%). 

From 180 g. of acetophenone were obtained 40 g. of pure o-amino- 
acetophenone and 65 g. of pure m-aminoacetophenone. 

To obtain o-bromoacetophenone (compare Meisenheimer, Zimmer- 
mann, and Kummer, Annalen, 1926, 446, 205), o-aminoacetophenone 
(40 g.) was dissolved in hydrobromic acid (36%, 122 c.c.) and water 
(120 c.c.) and diazotised with a solution of sodium nitrite (21-2 g.) 
in water (36 c.c.) below 0°. The diazotised solution was treated 
with a solution in hydrobromic acid (d 1-49, 100 c.c.) of cuprous 
bromide made by reducing copper sulphate crystals (54-2 g.) in 
water (180 c.c.), mixed with potassium bromide (27-2 g.) dissolved 
in water (63 c.c.), with sulphur dioxide. After heating for some 
time on the water-bath, the o-bromoacetophenone was removed by 
steam distillation, extracted from the distillate with ether, washed 
successively with dilute sodium hydroxide solution, dilute hydro- 
chloric acid, and water, dried with calcium chloride, and recovered. 
On distillation under reduced pressure it was obtained as a pale 
yellow liquid , b. p. 112°/10 mm., which did not solidify above — 16°. 
Yield, 80%. 

o-Bromoacetophenonesemicarbazone crystallised from alcohol in 
colourless prisms, m. p. 177° (Found: N, 16-7. C,H,ON,Br 
requires N, 16-4%). 

m-Bromoacetophenone, obtained from m-aminoacetophenone as 
o-bromoacetophenone from o-aminoacetophenone, is a pale yellow 
oil, b. p. 127-5°/14 mm. and 131°/16 mm., which solidifies to an almost 
colourless, crystalline solid, m. p. 7—8°. Yield, 54% (Found: Br, 
40-5. C,H,OBr requires Br, 40-15%). On oxidation with sodium 
hypobromite it was converted into m-bromobenzoic acid, m. p. 155°. 
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m-Bromoacetophenonesemicarbazone crystallised from alcohol in 

ge needles, m. p. 232—233° (decomp.) (Found: N, 16-3. 
gH, oON,Br requires N, 16-4%). 

5-Bromo-2-nitroacetophenone was obtained by adding m-bromo- 
acetophenone (10 g.) to well-stirred nitric acid (d 1-50, 70 c.c.) 
below 0° and pouring the mixture on ice; the solid produced 
crystallised from alcohol (charcoal) in almost colourless needles, 
m. p. 98° (Found: N, 5:8. C,H,O,NBr requires N, 5-7%). It 
gave 5-bromo-2-nitrobenzoic acid, m. p. 138—140°, on oxidation 
with sodium hypobromite. 

3 : a-Dibromoacetophenone.—m-Bromoacetophenone (12-2 g.), dis- 
solved in acetic acid (50 c.c.), was treated with bromine (3-08 c.c., 
1 mol.). On heating on the water-bath, hydrogen bromide was 
evolved and the liquid became colourless. It was then poured 
into water and the 3 : w-dibromoacetophenone was extracted with 
ether, washed with dilute sodium hydroxide solution and then with 
water, dried with calcium chloride, recovered, and distilled under 
reduced pressure, some unchanged material distilling first. The 
dibromo-ketone, obtained in 40% yield, had b. p. 172—174°/14 mm., 
solidified on cooling, and crystallised from ligroin (b. p. 60—80°) 
in long colourless needles, m.‘p. 51° (Found: Br, 57-1. C,H,OBr, 
requires Br, 57-5%). By oxidation with sodium hypobromite it 
was converted into m-bromobenzoic acid, m. p. 154°. 

3 : a-Dibromoacetophenonesemicarbazone crystallises in clusters 
of flattened needles; m. p. 163—164° (decomp.) (Found: N, 13-05. 
C,H,ON,Br, requires N, 12-55%). 

The Nitration of Propiophenone.—This was carried out exactly 
similarly to that of acetophenone and the products were also worked 
up similarly. The m-nitropropiophenone crystallises in pale yellow 
needles, m. p. 98—100°, and on oxidation with potassium per- 
manganate is converted into m-nitrobenzoic acid (compare, however, 
Comanducci and Pescitelli, Gazzetta, 1906, 36, ii, 787). 

The reduction of m-nitropropiophenone was carried out with 
iron turnings and acetic acid, and the product worked up in the 
usual manner. m-Aminopropiophenone was obtained as a pale 
yellow oil, b. p. 168—169°/15 mm., which solidified to a yellow 
solid, m. p. 42° (Found: C, 73-3; H, 7-5. O,H,,ON requires C, 
72-5; H,7-4%). The yield is variable and may be as high as 60%; 
in some cases a large quantity of a resinous mass remained after 
the first distillation. 

m-p-T'oluenesulphonamidopropiophenone crystallised from alcohol 
in colourless needles, m. p. 97° (Found: N, 4:7. C,,H,,0,NS 
requires N, 4-6%). 

The reduction of the crude o-nitropropiophenone with tin and 
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hydrochloric acid was carried out in the same manner as for the 
crude o-nitroacetophenone. The 0o-aminopropiophenone was isol- 
ated by steam distillation and crystallised from the distillate in 
pale yellow plates, m. p. 46° (compare Auwers and Diiesberg, Ber., 
1920, 53, 1208). From 290 g. of propiophenone were obtained in 
a state of purity 35 g. of o-aminopropiophenone and 73 g. of m- 
aminopropiophenone. 

o-Aminopropiophenonesemicarbazone, when prepared in the usual 
manner in the cold, crystallises from alcohol in colourless prisms, 
m. p. 190° (decomp.) (Found: N, 27-3. C, H,,ON, requires N, 
27-2%). When the solution of the reacting substances is heated, 
the semicarbazone obtained is mixed with the ketazine (see below). 
o-p-Toluenesulphonamidopropiophenone crystallises from alcohol 
in colourless prisms; it does not appear to have a definite melting 
point, softening at about 125° and then decomposing over a con- 
siderable range (Found: N, 4:6. C,,H,,0,NS requires N, 4-6%). 

o-Bromopropiophenone, prepated from o0-aminopropiophenone 
in the same way as the bromoacetophenones from the corresponding 
amino-compounds, was obtained as a pale yellow oil, b. p. 125°/ 
12 mm., which does not solidify above — 16°; yield, 75% (Found : 
Br, 37:3. C,H,OBr requires Br, 37-5%). 0-Bromopropiophenone- 
semicarbazone crystallises from alcohol in colourless plates, m. p. 
182° (Found: N, 15-7. C,9H,,ON,Br requires N, 15-55%). 

On bromination of o-bromopropiophenone in acetic acid under 
similar conditions to those described above, what was probably 
0: a-dibromopropiophenone was formed. This was obtained as a 
pale yellow liquid, b. p. 154—155°/12 mm., which solidified and 
crystallised in flat prisms with pyramidal ends, m. p. 38—39°; 
yield, 75% (Found: Br, 54:0. C,H,OBr, requires Br, 54-7%%). 
It gave, on oxidation with potassium permanganate, o-bromo- 
benzoic acid, m. p. 147°. 

m-Bromopropiophenone, prepared in the usual manner from 
m-aminopropiophenone, is a yellow liquid, b. p. 143°/18 mm., which 
sets to a pale yellow solid, m. p. 36°; yield, 52% (Found: Br, 
36-7. C,H,OBr requires Br, 37-5%). m-Bromopropiophenone- 
semicarbazone crystallises from alcohol in colourless needles, m. p. 
180° (Found: N, 15-6. C, 9H,.ON,Br requires N, 15-55%). 

n-Butyrophenone was obtained in 66% yield by the action of 
n-butyryl chloride on benzene in the presence of aluminium chloride. 
It has m. p. 13°. It was nitrated in the manner above described 
for the analogous compounds (compare Morgan and Hickinbottom, 
J., 1921, 419, 1882) and the products were worked up in the usual 
manner. m-Nitro-n-butyrophenone had m. p. 62—63° when 
recrystallised from alcohol (almost colourless plates) and was 
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obtained in 42% yield. m-Nitro-n-butyrophenonesemicarbazone 
crystallised from alcohol in pale yellow needles, m. p. 166—167° 
(Found: N, 22-8. C,,H,,0,;N, requires N, 22-4%). The con- 
stituents of the crude o-nitro-n-butyrophenone could not be 
separated by fractional distillation under reduced pressure. 

Pure m-nitro-n-butyrophenone was reduced with iron turnings 
and acetic acid in the manner already described, and the reaction 
product worked up in the usual manner. m-Amino-n-butyro- 
phenone is a pale yellow liquid, b. p. 179—180°/16 mm., which 
sets to a yellow solid, m. p. 27—28°. m-p-T'oluenesulphonamido- 
n-butyrophenone crystallises from somewhat diluted alcohol in 
colourless needles, m. p. 70° (Found: N, 4:3. C,,H,,0,NS requires 
N, 4:4%). 

The crude o-nitro-n-butyrophenone was reduced with tin and 
hydrochloric acid and the reduction product was worked up in a 
similar manner to that employed for the crude o-nitroacetophenone, 
the o-amino-n-butyrophenone, unlike the corresponding m-com- 
pound, being volatile in steam. 0-Amino-n-butyrophenone crystal- 
lises from alcohol in colourless plates, m. p. 45°; it has b. p. 153°/ 
16 mm. (Found: N, 8-9. C, 9H,,0N requires N, 8-6%). From 
375 g. of n-butyrophenone were obtained 55 g. of pure o-amino- 
n-butyrophenone and 85 g. of pure m-amino-n-butyrophenone. 

o-p-Toluenesulphonamido-n-butyrophenone  crystallises from 
alcohol in colourless rhombic plates, m. p. 110° (Found: N, 4-35. 
C,,H,,0,NS requires N, 44%). 

o-Bromo-n-butyrophenone, prepared from the o-amino-compound 
in the usual way, is a very pale yellow oil, b. p. 143°/16 mm., which 
does not solidify above — 16°. The yield is 68% (Found: Br, 
34:5. C, 9H,,OBr requires Br, 35-2%). 

o-Bromo-n-butyrophenonesemicarbazone crystallises from alcohol 
in colourless needles, m. p. 172° (Found: N, 15-15. C,,H,,ON,Br 
requires N, 15-45%). . 

What is presumably. o : «-dibromo-n-butyrophenone was obtained 
by the bromination of o-bromo-n-butyrophenone in acetic acid 
solution with bromine (1 mol.). It is a pale yellow oil, b. p. 172°/ 
16 mm., which darkens in the air. It does not solidify above 
— 16° (Found: Br, 51-4. C, 9H, OBr, requires Br, 52-2%). When 


oxidised with potassium permanganate it is converted into o-bromo- , 


benzoic acid, m. p. 148°. 

When o-bromo-n-butyrophenone was brominated with bromine 
(3 mols.), some of the latter remained unabsorbed and was evapor- 
ated. The product was poured into water, extracted with ether, 
and the ether evaporated. The solid residue was crystallised by 
allowing its solution in alcohol to evaporate slowly and was obtained 
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in colourless plates, m. p. 27—28° (Found: Br, 61-3. C, >H,OBr; 
requires Br, 62-3%). The substance, probably o: « : «-tribromo- 
n-butyrophenone, was not readily oxidised by the ordinary methods. 
m-Bromo-n-butyrophenone, obtained from m-amino-n-butyro- 
phenone, is a pale yellow liquid, b. p. 152°/20 mm. It solidifies to 
an almost colourless solid, m. p. 9—10°; yield, 41% (Found: Br, 
34:2. OC, ,H,,OBr requires Br, 35-2%). Its semicarbazone crystal- 
lises from alcohol in colourless prisms, m. p. 158° (Found: N, 
15-4. C,,H,,ON,Br requires N, 15-45%). 
p-Chloro-«-bromo-n-butyrophenone was obtained by treating 
a-bromobutyryl chloride (46-4 g.) with chlorobenzene (84-4 g.) in 
the presence of aluminium chloride (36 g.) and carbon disulphide 
(46 c.c.). After the vigorous reaction had ceased, the mixture was 
boiled for 2 hours, poured into water, and extracted with ether and 
the extract was evaporated after being washed and dried. The 
product was distilled and had b. p. 162°/14 mm.; yield, 66%. It 
crystallised from alcohol in colourless rectangular plates, m. p. 
43° (Found: 0-3928 g. gave 0-4960 g. of mixed silver halides. 
C,o9H, ,OCIBr requires 0-4974 g.). On oxidation with potassium 
permanganate, p-chlorobenzoic acid, m. p. 236°, was obtained. 

On attempting to prepare p : «-dibromo-n-butyrophenone by the 
same method, an almost colourless liquid having b. p. 180°/15 mm. 
and containing 47-1°%, of bromine (C,>H,,OBr, requires Br, 52-2%) 
was obtained in a yield of 79%. The substance obtained in 58% 
yield by the bromination of m-bromo-n-butyrophenone was a 
yellow oil, b. p. 180°/18 mm. (Found: Br, 49-9%). 

Both of these substances darken rapidly on standing and the low 
bromine content is due to partial decomposition with elimination 
of hydrogen bromide from the side chain. 

n-Propyl-o-aminophenylketazine (II)—A mixture of o-amino- 
n-butyrophenone (3-4 g.), alcohol (22 c.c.), semicarbazide hydro- 
chloride (2-7 g.), sodium acetate (6 g.), and water (22 c.c.) was kept 
for several days; yellow needles then separated. The substance, 
which was formed more rapidly when the mixture was heated on 
the water-bath, crystallised from aleohol, in which it was readily 
soluble, in yellow needles, m. p. 135° (Found: C, 74-6; H, 8-0; 
N, 17-4; M, 328. CH,,N, requires C, 74-5; H, 8-1; N, 17-4%; 


_M, 322). 


The compound is insoluble in water and dissolves to a colourless 
solution in dilute hydrochloric acid, from which, on being made 
alkaline, an oil, probably o-amino-n-butyrophenone, is precipitated. 

Ethyl-o-aminophenylketazine (I1)—A mixture of o-aminopropio- 
phenone (3-3 g.), semicarbazide hydrochloride (2-7 g.), sodium 
acetate (6 g.), alcohol (22-5 c.c.), and water (22-5 c.c.) was boiled 





1136 ROBERTSON : THE SYNTHESIS OF GLUCOSIDES, 


for several days; the yellow ketazine then separated together with 
some colourless semicarbazone. The mixture of solids was boiled 
with a little alcohol to dissolve the more soluble ketazine, and the 
solution filtered. ‘The ketazine which crystallised from the filtrate 
was pure after one further crystallisation from alcohol, forming 
yellow needles, m. p. 130° (Found: C, 73-8; H, 7:8; N, 18-8. 
C,,H,.N, requires C, 73-5; H, 7-5; N, 19-05%). Like compound 
(II), it dissolves to a colourless solution in hydrochloric acid; when 
this solution is made alkaline, an oil, probably o-aminopropio- 
phenone, is precipitated. 

On heating o-aminopropiophenonesemicarbazone for 2 hours at 
230—240°, a yellow resinous material was produced, ammonia 
having been evolved. It was not possible to separate any of the 
expected ketazine from the solid product. 


Guy’s Hosrrrat Mepicat Scoot (University or Lonpon), 
Lonvon, S.E. 1. [Received, March 24th, 1930.) 





CXLIV.—The Synthesis of Glucosides. Part IV. 
Alizarin Glucoside. 


By ALEXANDER ROBERTSON. 


By the interaction of tetra-acetyl-«-glucosidyl bromide and alizarin 
in the presence of quinoline and silver oxide, Takahashi (J. Pharm. 
Soc. Japan, 1925, 525, 4) prepared the tetra-acetyl glucoside of 
alizarin, which on deacetylation with alkali yielded a mono- 
glucoside, m. p. 230—231°. Glaser and Kahler (Ber., 1927, 60, 
1349), using the acetone-alkali method, seem to have isolated 
the same tetra-acetyl glucoside, but on deacetylation by means of 
methyl-alcoholic ammonia they obtained alizarin and a red com- 
pound which they considered was the 1 : 2-diglucoside of 9 : 10-di- 
amino-1 : 2:9: 10-tetrahydroxyanthracene and was converted by 
cold hydrochloric acid into 1 : 2-diglucoalizarin, m. p. 214°. The 
production of a diglucoside in this manner was thought to be highly 
improbable, and, moreover, would restrict the use of this convenient 
method of deacetylation. In addition, the results were complicated 
by the fact that Fischer’s method for the preparation of «-glucosides 
depends on the use of quinoline (Ber., 1916, 49, 2813). The experi- 
ments described in this communication were therefore undertaken. 
Zemplén and Miiller (Ber., 1929, 62, 2107), using Takahashi’s 
method, have confirmed the results of this investigator. They also 
found that deacetylation of the tetra-acetyl glucoside as described 
by Glaser and Kahler gave a red compound of variable composition 
which on treatment with warm aqueous-alcoholic hydrochloric acid 
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afforded alizarin monoglucoside identical with that, m. p. 236—237°, 
obtained by deacetylation with alkali. The experimental results 
described below agree with the observations of Zemplén and Miiller. 
A convenient procedure for: the preparation of the tetra-acetyl 
glucoside by the acetone-alkali method is described (compare 
Glaser and Kahler, loc. cit.). Since acetylation of alizarin glucoside 
prepared by either method of hydrolysis and of the tetra-acetyl 
derivative gave the same penta-acetyl compound, it follows that 
migration of the glucose residue does not occur. 

The fact that the red compound is not instantaneously decomposed 
by warm dilute acetic acid renders it unlikely that the substance is a 
simple ammonium salt. In support of this it may be noted that 
alizarin glucoside is liberated from its sodium salt by cold dilute 
acetic,acid. Deacetylation of O-tetra-acetyl-2-8-glucosidoxyanthra- 
quinone (compare Miiller, Ber., 1929, 62, 2793) with methyl-alcoholic 
ammonia gave 2-8-glucosidoxyanthraquinone identical with that 
obtained by hydrolysis with alkali. 

Previous investigators (Takahashi, loc. cit.; Glaser and Kahler, 
loc. cit.; Zemplén and Miiller, loc. cit.) have suggested that the 
glucose residue of the tetra-acetyl glucoside of alizarin is attached at 
the 2-position. This conclusion was based on the well-known fact 
that in compounds like alizarin the hydroxyl group in the o-position 
to carbonyl is difficult to alkylate. Attempts to confirm this 
structure by the aid of boroacetic anhydride gave unsatisfactory 
results (compare Robertson and Waters, J., 1929, 2239). Although 
the addition of the glucoside or its acetyl compound to a solution of 
the reagent in acetic anhydride gave a red coloration indicating the 
formation of a boroacetate, a solid derivative could not be isolated ; 
the red solutions became yellow on addition of water. The isolation 
of 1-methy] alizarin as a product of the hydrolysis of O-tetra-acetyl- 

-8-glucosidoxy-1-methoxyanthraquinone (I) finally afforded con- 
clusive proof of the constitutions of (I) and of alizarin glucoside ; 
deacetylation of (I) gave the glucoside of 1-methy] alizarin. 

Acetylation of the amorphous condensation product of O-hepta- 
acetylmaltosidyl bromide and alizarin gave a crystalline O-octa- 
acetyl maltoside, not identical with the octa-acetyl derivative of 
ruberythric acid. 

The hydroxyxanthone glucosides (Robertson and Waters, loc. cit.) 
are readily decomposed by boiling 10% aqueous sodium hydroxide 
and in this respect resemble the compounds described in this com- 
munication. 

EXPERIMENTAL. 
2-8-Glucosidoxyanthraquinone.—O-Tetra-acetyl-«-glucosidyl brom- 
ide (8-2 8. ) was added to a solution of 2-hydroxyanthraquinone 
QQe 
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(6 g.) and potassium hydroxide (1-2 g.) in acetone (60 c.c.) and water 
(20 c.c.). The mixture was kept at room temperature for 16 hours 
and 12%, aqueous potassium hydroxide (10 c.c.) and a further 
quantity of bromide (8-2 g.) were then added. After 24 hours, the 
reaction mixture was acidified with acetic acid, and on addition of 
water (300 c.c.) the tetra-acetyl glucoside (mixed with 2-hydroxy- 
anthraquinone) separated. Repeated crystallisation from alcohol 
gave the substance (3-5 g.) in almost colourless, rectangular plates, 
m. p. 168° (Miiller, loc. cit., gives m. p. 164°) (Found in material 
dried at 100°: C, 60-6; H, 5-0. Cale. for C,gH,,0,.: C, 60:5; 
H, 4:7%). 

The tetra-acetyl derivative (2 g.), suspended in warm methyl 
alcohol (80 c.c.), was treated with 10° aqueous sodium hydroxide 
(16 c.c.) at 60° for 5 minutes. The cooled mixture slowly deposited 
2-8-glucosidoxyanthraquinone (1 g.), which crystallised from dilute 
alcohol in pale yellow needles containing 1H,0, m. p. 248—249° 
(Found : C,59-5; H,5-3. Cj 9H,,0,,H,O requires C, 59-4; H, 5-0%. 
Found in material dried at 110° in a high vacuum for 2 hours: C, 
62:2; H, 4:7. Cy 9H,,0, requires C, 62:2; H, 4-7%). The com- 
pound tends to separate from warm dilute alcohol as a pale yellow gel 
which gradually crystallises. It is moderately easily soluble in 
warm water and sparingly soluble in hot alcohol. Acetylation with 
acetic anhydride and sodium acetate gave the tetra-acetyl derivative, 
m. p. 168°. In boiling 10% aqueous sodium hydroxide the glucoside 
decomposes with the formation of the red sodium salt of 2-hydroxy- 
anthraquinone. It is readily hydrolysed by emulsin and by warm 
15% hydrochloric acid to glucose and the anthraquinone. 

Deacetylation of the tetra-acetyl glucoside by means of methyl- 
alcoholic ammonia during 22 hours at 0° afforded the glucoside in 
almost theoretical yield, m. p. and mixed m. p. 248—249° after 
crystallisation from dilute alcohol. 

2-0-T etra-acetyl-B-glucosidoxy-1-hydroxyanthraquinone.—A  mix- 
ture of alizarin (18 g.), potassium hydroxide (2-8 g.), and 50% 
aqueous acetone (400 c.c.) was agitated for } hour to ensure the form- 
ation of potassium alizarate. A solution of O-tetra-acetyl-z- 
glucosidyl bromide (20 g.) in ether (100 ¢.c.) was then introduced. 
The mixture was agitated for 12 hours and 7% potassium hydroxide 
solution (20 c.c.) and a further quantity of bromide (10-5 g.) were 
then added. After 16 hours, the faintly alkaline reaction mixture 
was acidified with acetic acid and the glucoside and unchanged 
alizarin were precipitated by addition of water (200 c.c.). A 
suspension of the solid in acetic acid (200 c.c.) was refluxed for 
5 minutes, cooled, and filtered to remove alizarin. Addition of warm 
water (1 1. at 65°) to the filtrate precipitated the glucoside, con- 
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taminated with traces of alizarin. Recrystallisation from alcohol 
finally gave slender yellow needles, m. p. 206—207° after sintering 
at 204° (Found: C, 58-8; H, 4-9. Cale. for C,,H,,0,3: C, 58-9; 
H, 46%). Acetylation with acetic anhydride and pyridine during 
} hour on the steam-bath yielded the penta-acetyl derivative, which 
separated from warm alcohol in pale yellow needles, m. p. 196—197° 
(Glaser and Kahler, loc. cit., gave m. p. 192—193°) (Found: C, 
59-1; H,4-9. Calc. for C59>H,,0,,: C, 58-8; H, 46%). 
2-8-Glucosidoxy-1-hydroxyanthraquinone.—(A) Deacetylation was 
effected by the addition of 5° aqueous sodium hydroxide (30 c.c.) to 
a suspension of the tetra-acetyl glucoside (1-1 g.) in warm methyl 
alcohol (80 ¢.c.). The solid rapidly dissolved and the cherry-red 
solution, maintained at 65° for 10 minutes, deposited the sodium 
salt of the glucoside in dark red needles. A warm aqueous solution 
of this salt was acidified with acetic acid and the yellow crystalline 
solid was collected, washed with water, and dissolved in boiling 
methyl alcohol (500 c.c.). After removal of the greater part of the 
alcohol by distillation the glucoside crystallised; repetition of this 
procedure with ethyl alcohol gave alizarin glucoside in rosettes of 
slender yellow needles, m. p. 237° (Found: C, 59-2; H, 4-5. Cale. 
for CygH,g0,: C, 59-7; H, 4:5%) (compare Zemplén and Miiller, 
loc. cit.). Acetylation with acetic anhydride and pyridine on the 
water-bath gave the penta-acetyl derivative, m. p. 196—197°. 

(B) Treatment of the tetra-acetyl glucoside (1-1 g.) with methyl- 
alcoholic ammonia at 0° for 24 hours gave a dark red solid (0-8 g.) 
(compare Glaser and Kahler, loc. cit.; Zemplén and Miiller, loc. cit.) 
which crystallised from a large volume of ethyl alcohol in needles, 
m. p. 195—196° (decomp.) (Found: C, 53-8; H, 5-3; N, 3-9%). 
The red solution of this compound (0-2 g.) in hot 10% acetic acid 
(25 c.c.) was refluxed for 6 minutes. _The colour gradually changed to 
orange-yellow, and alizarin glucoside separated from the cooled 
solution, m. p. 237° after purification (penta-acetyl derivative, m. p. 
196—197°). The red compound dissolved in cold concentrated 
hydrochloric acid to a yellow solution, and after 5 minutes addition 
of water precipitated alizarin glucoside, m. p. 237° after purification. 

This glucoside is hydrolysed by emulsin and by warm 10% hydro- 
chloric acid to glucose and alizarin. The cherry-red solution of the 
gluceside in-10°% aqueous sodium hydroxide becomes violet on 
boiling ; acidification of the cooled solution gives a precipitate of 
alizarin. 

2-O-Tetra-acetyl-8-glucosidoxy-1-methoxyanthraquinone.—A mix- 
ture of the tetra-acetyl glucoside (1-2 g.), methyl iodide (3 c.c.), 
active silver oxide (3 g.), and acetone (30 c.c.) was refluxed for 2 
hours; a test with cold alcoholic alkali then showed that methylation 
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was complete. After separation from the silver salts (wash with 
acetone), the solvent was removed under diminished pressure. The 
residual methyl ether crystallised from methyl alcohol in elongated, 
pale yellow prisms, m. p. 155—156°, [«]j’/ —71-72° in acetone (Found : 
C, 59-1; H, 5-1. CygH,,0,, requires C, 59-5; H, 48%). It is 
readily soluble in warm alcohol or acetone, and does not give a 
coloration with cold alcoholic sodium hydroxide. A solution of the 
ether (1-2 g.) ina mixture of methyl alcohol (30 c.c.) and concentrated 
hydrochloric acid (15 ¢.c.) was refluxed for 2 hours. Addition of 
water (50 ¢.c.) to the cooled solution precipitated 1-methyl alizarin, 
which crystallised from methy] alcohol in orange-yellow needles, m. p. 
179°. Acetylation of tlfe latter substance with acetic anhydride and 
sodium acetate gave 1-methyl-2-acetyl alizarin, yellow needles from 
methyl alcohol, m. p. 212° (Found: C, 69-1; H, 4-4. Cale. for 
C,.H,,0;: C, 68-9; H, 41%). 

2-8-Glucosidoxy-1-methoxyanthraquinone.—10°%, Methyl-alcoholic 
sodium hydroxide (15 c.c.) was added to a warm solution of the 
tetra-acetyl derivative (1 g.) in methyl alcohol (30 c.c.). The 
mixture became red owing to slight decomposition of the glucoside, 
and after 2 hours at room temperature 10% acetic acid (10 c.c.) was 
added. On evaporation of the methyl alcohol in a vacuum the 
glucoside gradually separated. After being kept for 12 hours in an 
ice-chest, the solid was separated from the faintly alkaline mother- 
liquor and washed with alcohol to remove traces of alkali. On 
crystallisation from methyl alcohol it formed clusters of slender 
yellow needles, m. p. 230—231° (Found: C, 60-2; H, 5-0. 
C.,H_ 0, requires C, 60-6; H, 48%). The glucoside is sparingly 
soluble in cold alcohol, water, or acetone, and does not give a 
coloration with cold alcoholic sodium hydroxide. It is readily 
hydrolysed by emulsin to l-methy] alizarin and glucose. 

Alizarin Octa-acetyl Maltoside—O-Hepta-acetylmaltosidyl brom- 
ide was prepared by the following method (compare Zemplén, 
Ber., 1928, 61, 927). Acetic anhydride (25 c.c.) was added to a 
solution of octa-acetyl maltose, m. p. 160° (50 g.) in acetic acid 
saturated at 0° with hydrogen bromide (100 g.). After 5 hours at 
room temperature the reaction mixture was diluted with chloroform 
(400 c.c.) and poured on ice (300 g.) in water (300 g.). The chloro- 
form layer was separated, washed three times with ice-water 
(300 ¢.c.), and dried over calcium chloride. On removal of the 
solvent in a vacuum the bromide remained as a pale straw-coloured 
syrup (40 g.), which solidified on trituration with ligroin. 

A solution of amorphous O-hepta-acetylmaltosidyl bromide 
(20 g.) in ether (150 c.c.) was added to a mixture of alizarin (8 g.), 
potassium hydroxide (1-2 g.), and 50% aqueous acetone (200 c.c.). 
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After agitation for 24 hours the faintly alkaline mixture was acidified 
with acetie acid, and the precipitate of alizarin removed by filtration. 
The ethereal layer was separated, and the aqueous solution extracted 
once with ether (100 c.c.).. An acetic acid solution of the residue 
obtained on evaporation of the ether was kept in the ice-chest for 
24 hours, filtered to remove alizarin which had crystallised, and 
then poured into water (500 c.c. at 50°). The orange solid which 
separated was immediately collected, washed with water, and 
dissolved in hot alcohol. On cooling, an amorphous, bright yellow 
solid separated. Purification by hot aleohol was repeated (five 
times) until a specimen gave a bright cherry-red colour in cold 
alcoholic sodium hydroxide. Acetylation of the purified amorphous 
solid with acetic anhydride and sodium acetate on the steam-bath 
during 6 hours gave alizarin octa-acetyl maltoside, which crystallised 
from alcohol in pale yellow needles (1-6 g.), m. p. 185°, [«]}}’ —20°05° 
in acetone (Found: C, 55-8; H, 5:1. C,.H,,0,. requires C, 56-0; 
H, 4:9%). The substance is readily soluble in warm alcohol or 
acetone and in cold acetic acid. 


The author is indebted to the Chemical Society for a grant which 
has partly defrayed the cost of this investigation. 
THe University, MANCHESTER. 


East Lonpon CoLizeGes, 
UNIVERSITY OF LONDON. [Received, March 25th, 1930.] 





CXLV.—The Octammines, with Special Reference 
to Tin. ) 
By Artuur James CooPper and WILLIAM WARDLawW. 


So far, no octammine has been prepared by a reaction between a 
metallic salt and ammonia in the presence of water, whereas under 
similar experimental conditions very stable hexammines have been 
isolated. This supports Sidgwick’s. view (“‘ The Electronic Theory 
of Valency,” p. 156) that covalencies of eight only arise, even with 
atoms capable of exhibiting them, in exceptionally favourable 
circumstances, 

Nevertheléss, by the action of liquid or gaseous ammonia on 
metallic salts or their solutions in non-aqueous solvents, a number of 
compounds containing eight molecules of ammonia have been de- 
scribed, and in many text-books they are formulated and considered 
as typical co-ordination compounds. This formulation, in the case 
of unstable substances such as [Ti,8NH,]Cl, and [Ca,8NH,]Cl,, is 
difficult to justify, for it implies a covalency of eight for the metallic 
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atoms when the weight of chemical evidence is against such an 
assumption. Even with BaBr,,8NHsg, it is questionable whether the 
formula [Ba,8NH,|Br, is satisfactory, for it is recorded (Joannis, 
Compt. rend., 1891, 112, 339) that on exposure to the air the am- 
monia is completely liberated. It is possible that here, as in the 
cases cited above, the molecules of ammonia are polymerised or that 
some form part of the crystal unit but not of the complex molecule. 

The zirconium salt [Zr,8NH,]Cl,, prepared by Stahler and Denk 
(Ber., 1905, 38, 2611) by the passage of ammonia into an ethereal 
suspension of zirconium chloride, is sufficiently stable to yield 
correct analytical figures, and therefore may be considered a true 
co-ordination compound ; nevertheless, it readily loses ammonia and 
is affected by moist air. Octammines of cerium, samarium, and 
neodymium are stated to be formed as intermediate products in the 
degradation of compounds of higher ammonia content, but here again 
the evidence in favour of the formation of a true co-ordination com- 
pound is very slight. An octammine of thorium is supposed to exist 
(Ephraim, ‘‘ Inorganic Chemistry,” p. 280), but the experimental 
evidence (Chauvenet, Compt. rend., 1910, 151, 387) is not conclusive 
for such an assumption. 

The remaining case of a supposed octammine is the compound 
[Sn,8NH,]I,. It was prepared as a white substance by Ephraim and 
Schmidt (Ber., 1909, 42, 3856) on passing ammonia into a solution 
of stannic iodide in carbon disulphide, the solvent then being 
évaporated by means of warm water. Their product gave Sn, 
15-74; NHg, 16-47 (Calc. for SnI,,8NH,: Sn, 15-61; NH,, 17-84%). 
By direct combination of ammonia and stannic iodide in the absence 
of a solvent, a compound was obtained giving Sn, 15-71, 15-57, 
15-01; NHg,, 16-91, 16-90%. The formation of the co-ordination 
compound is inferred, therefore, rather than proved by the experi- 
mental results. 

As stannic iodide is soluble in other organic solvents, it seemed of 
interest to reinvestigate the reaction in another medium, as well as 
to repeat the work of Ephraim and Schmidt with carbon disulphide 
as a solvent. In no case was an octammine formed of sufficient 
stability for it to be isolated and analysed as such. It appears, 
therefore, that only in the case of the zirconium salt, ZrCl,,8NHsg, is 
there any experimental evidence for the existence of a co-ordination 
compound of the type [R,8NH,]X,. 

We found, however, that in every case the compound could not 
consist exclusively of tin, halogen, and ammonia: the analytical 
figures indicated the necessity for a fourth constituent of the mole- 
cule. Water was obviously the only possible addendum, and this 
view was confirmed by the fact that the hydrogen content of the 
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compound was in excess of that required by the nitrogen present. 
Undoubtedly, therefore, the products were of the type 
[Sn,aNH;,yH,O]I,, and it was found on calculating the value of the 
different units that x + y was approximately equal to 8. Thus, 
although the actual octammine was not capable of isolation under 
the experimental conditions outlined above, yet there is evidence 
that such an unstable octammine can exist but that the molecules 
of ammonia are rapidly replaced in the air by water molecules. 

A study has also been made of the reaction between stannic iodide 
in carbon tetrachloride and organic bases such as aniline, pyridine, 
and quinoline. In no case was there co-ordination of eight mole- 
cules of these substances. It appeared that the stable products 
obtained were of the type SnI,,2-5R (R = aniline or pyridine). 

Seagliarini (Atti R. Accad. Lincei, 1925, 1, 582) records the 
isolation of SnI,,5C,H,.N, from the reaction of hexamethylene- 
tetramine with stannic iodide in chloroform solution, and also a deep 
violet substance of the type SnI,,4C,H,.N,,2CHCI,, which undergoes 
little change at 80° or in a vacuum over sulphuric acid but is rapidly 
decolorised by moist air. Here, if one considers that the non-polar 
stannic iodide becomes a polar compound after the reaction, a 
maximum co-ordination number of six is attained in the last com- 
pound. 


EXPERIMENTAL. 


The experiment of Ephraim and Schmidt (loc. cit.) was repeated, 
gaseous ammonia being passed through stannic iodide dissolved in 
carbon disulphide, which at the same time was slowly evaporated. 
The white product was unstable, continually evolving ammonia, 
and after a state of stability appeared to have been attained, its 
maximum ammonia content was 13-3%, Sn being 15-39% (NH, : Sn = 
6-07: 1). It was noted that a red intermediate compound was 
formed during the passage of the ammonia through the solution. 

A new series of experiments was instituted in which carbon tetra- 
chloride was used as the solvent instead of carbon disulphide. The 
stannic iodide was dried in a vacuum over phosphoric oxide, and the 
tetrachloride kept for several days over phosphoric oxide and then 
distilled from fresh phosphoric oxide. The ammonia was carefully 
dried by passage over lime and solid caustic potash. The same red 
intermediate product referred to above resulted and gradually turned 
white. The tetrachloride could not conveniently be removed by 
simultaneous evaporation, as in the case of carbon disulphide, so the 
product was obtained by filtration. An immediate analysis gave 
Sn, 15-74; NH,, 12-7%. Inother experiments, similarly conducted, 
the figure for ammonia was never exceeded. After the substance had 
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been kept for several days in a desiccator over calcium chloride, the 
ammonia content fell to 9-38%% and the tin to 15-4%. 

The red intermediate compound when dried yielded a dull brown 
substance which was quite stable in air and gave Sn, 16-23; NH;, 
6-63. Since SnI,,3NH, requires Sn, 17-53; NH3;, 7:53, it was 
evident that the red compound had absorbed moisture from the air 
in place of liberated ammonia. This view was confirmed by 
microanalysis of a sample of a white compound which yielded Sn, 
15-52; N, 6-8; H, 2-8. Such a substance corresponds to the 
composition Sn, 15-52; I, 66-4; NH;, 825; H,0O, 10-05% 
(Sn : 1: NHy: H,O = 1: 4-00: 3-71: 4-27; é.e., Sn: NH; + H,O = 
1: 7-98). Hence the compound can be considered as Sn[zNH, + 
(8 — x)H,O}I,, with a co-ordination number of eight. Moreover, a 
similar expression can be deduced for the composition of each of the 
white compounds described above. 

The white compounds are generally unstable, and dissolve easily 
in the cold in dilute hydrochloric or nitric acid to a colourless solution. 
With more concentrated nitric acid they give a copious yield of 
iodine. 

Stannic Iodide and Pyridine-—The attempt to prepare a pyridine 
compound by acting on stannic iodide in carbon tetrachloride 
proved abortive; the dark red product proved to be stannic iodide, 
Other solvents were tried, and finally benzene dried by two distill- 
ations over phosphoric oxide was chosen. The pyridine was dried 
by standing for a week over solid caustic potash, followed by two 
distillations from barium oxide. When the pyridine was added to a 
benzene solution of stannic iodide, a brown stable precipitate resulted 
which was insoluble in dry alcohol. It was washed with benzene and 
with dry alcohol and dried in a desiccator over calcium chloride. 
The substance was crystalline, and soluble in dilute hydrochloric 
and sulphuric acids. It was partly soluble in water and under- 
went hydrolysis on standing. With dilute nitric acid, iodine was 
liberated. 

Analysis. The tin was estimated by repeated evaporation with 
dilute nitric acid and twice with concentrated acid. The residue 
was ignited slowly at first and afterwards over the blowpipe till 
of constant weight (Found: Sn, 14-4; I, 61-4; N, 487. 
SnI,,2-5C;H;N requires Sn, 14-3; I, 61-7; N, 4-25%). 

Stannic Iodide and Aniline —Considerable difficulty was found in 
preparing this compound. A red crystalline substance formed on 
addition of dry aniline to a solution of the iodide in dry carbon tetra- 
chloride, but immediately on exposure to the air the colour changed 
to a light fawn. This could not be due to loss of aniline and was 
attributed to hydrolysis. To obviate exposure to the air, the 
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preparation flask was attached by means of a wide V-shaped tube, 
in which the apex was replaced by a ground joint, to a sintered-glass 
funnel fitted with a rubber stopper: On rotating the flask about 
the joint, the mixture it contained was transferred to the sintered- 
glass funnel without exposure to air. Carbon tetrachloride was 
introduced into the flask through a second side-tube in the cork, and 
the product washed repeatedly on the funnel. It was then quickly 
dried on filter paper and transferred to a vacuum desiccator. A 
rich-brown substance resulted which was quite stable. It dissolved 
in dilute nitric acid on warming, but on boiling, iodine was copiously 
evolved. It readily dissolved in dilute hydrochloric or sulphuric 
acid to a yellow solution. It was rapidly hydrolysed by dilute acetic 
acid. 

Analysis, Treatment with dilute nitric acid and evaporation was 
unsatisfactory, for the presence of the aniline produced a somewhat 
violent reaction on concentration, and the base could not be quantit- 
atively expelled. Finally, the compound was decomposed by treat- 
ing it with ammonia (d 0-880), and evaporating the mixture first to 
dryness on the water-bath, and then several times with water to 
expel the aniline which had been set free. The residue was treated 
with concentrated nitric acid, evaporated to dryness on the water- 
bath, gently heated for some time in an air-bath, and finally heated 
till of constant weight over the blowpipe (Found: Sn, 130; N, 
376; Sn:N=1:2-45. Snl,,2-5C,H,-NH, requires Sn, 13-7; 
N, 4-0. SnI,,2C,H,-NH, requires Sn, 14-6; N, 4-35%%). 

Stannic Iodide and Quinoline.—On addition of quinoline to a 
solution of stannic iodide in carbon tetrachloride, a black solid 
resulted which, on removal from the solvent, rapidly turned stone- 
coloured, owing probably to hydrolysis. A stable product was 
obtained, however, by refluxing the mixture for 2 hours, The 
product was washed with carbon tetrachloride and dried in a vacuum 
desiccator for 2days. It remained unaltered in colour, was sparingly 
soluble in water, and soluble in dilute hydrochloric or sulphuric acid, 
whilst dilute nitric acid liberated iodine. Nevertheless, analysis 
(Found: Sn, 12-8; I, 51-9. Snl,,2-5C,H,N requires Sn, 12-45; 
I, 53-5%) indicates that the substance was not pure. 


UNIVERSITY oF BrrMINGHAM, 
EDGBASTON. [ Received, February 20th, 1930.} 
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CXLVI.—On Active Nitrogen. Part VIII. (i) The 
Influence of Photogens and of Surfaces upon Glow 
Phenomena in Nitrogen. (ii) The Effects of Addi- 
tion of Other Gases to Luminous Nitrogen. 

By Eric JoHN BaxTER WILLEY. 


Section (i). 

Ir was shown in Part VII (this vol., p. 336) that the decay of the 
nitrogen after-glow is markedly controlled in its kinetic aspects by 
the purity of the gas employed, for a number of observations were 
satisfactorily explained upon the hypothesis that the action of the 
impurities (which, it now appears, must certainly be present to the 
extent of about 0-1° in order that the yellow luminescence may be 
exhibited) is to cover the walls of the reaction vessels, thus con- 
verting what would otherwise be a “dark” heterogeneous re- 
combination of atoms into a homogeneous process accompanied by 
the emission of the after-glow. When adequate quantities of these 
photogens are present or pressure conditions are such that the 
walls may be supposed covered by nitrogen, the volume decay process 
is influenced by the over-all gas pressure in a manner which permits 
of the reaction being expressed as a third-order change, probably 
N’+ N+ N,—~> 2N, + after-glow, where N’ is a metastable 
atom with an energy of 2-3 volts, in agreement with calculations 
given in the same paper. 

It follows from this theory that it should be possible to enhance 
the luminosity of a stream of nitrogen by adding the photogen 
above or below the discharge, always provided, in the first case, 
that it be not destroyed by the spark. An attempt made by Lewis 
(J. Amer. Chem. Soc., 1929, 54, 654), however, in which nitrogen 
at a fraction of 1 mm. pressure was subjected to the electrodeless 
discharge and then rapidly treated with a small amount of oxygen, 
did not show the effect anticipated. This may have been due either 
to the hypothetical wall reaction being so rapid that all the atoms 
had recombined before the oxygen reached the surfaces, or else 
to too much oxygen having been added, the small glow being 
catalytically destroyed at once; « further possibility is that sug- 
gested by Lewis, viz., that ordinary oxygen plays no part in the 
production of the after-glow. Experiments are now described 
which prove directly that the photogens act, at any rate in the case 
studied, after the nitrogen has been through the discharge, and 
that their effects can be reproduced by changing the walls of the 
vessel, probably the most weighty evidence yet presented in favour 
of the hypothesis that photogens are essentially wall-poisons. 
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ExPERIMENTAL. 


The observation tube employed in these experiments was 80 x 
3 cm., and arrangements were made for the admission to it of (a) 
nitrogen (purified by hot copper, etc., as described in Part VII, 
loc. cit.), and (6) hydrogen similarly treated; both of these gases 
could be passed through powerful discharges (condensed or not, as 
desired), which were operated independently from different electrical 
circuits. The down-stream end of the tube was closed by means 
of a rubber bung, faced on the inside with a polished aluminium 
disc, which was cut to fit the glass tube accurately and held in 
position by a rod passing through the bung and rendered vacuum- 
tight by picein wax applied to the outside; the exhaust line was 
taken, off some 20 cm. above this end, and the space between the 
side tube and the bung dise was filled with tightly packed tin-foil 
to prevent access of the active nitrogen to any rubber surfaces 
accidentally exposed. After leaving the discharge, the two gases 
flowed through some 20 cm. of 5 mm.-bore tubing bent in a W-shape 
and blackened to prevent light from the discharges reaching the 
observation tube, the inlet for the hydrogen being about 10 cm. 
below that for the nitrogen; traps cooled by liquid air were placed 
in the exhaust line for the collection of products of any reaction 
between active nitrogen and active hydrogen, it having been stated 
that under these conditions ammonia is formed (Lewis, J. Amer. 
Chem. Soc., 1928, 50, 27). The glow was measured by means of the 
cesium photocells employed in the earlier investigation (Part VII). 

Addition of Photogens below the Discharge.—Nitrogen (prepared 
as described in Part VII, and containing 0-3°% of argon and less 
than 0-01% of other gases) was allowed to stream through the 
apparatus for 3 hours at the rate of 2500 c.c./hour, the discharge 
being maintained as usual and the pressure kept at 4 mm. of 
mercury. The after-glow rapidly became faint in the observation 
tube, and when at the end of this period it had practically vanished, 
a small current of hydrogen (300 c.c./hour) was fed through the 
second inlet to the tube. No effect upon the glow was observed as 
long as the hydrogen was inert, but when the hydrogen discharge 
was switched on, the yellow nitrogen after-glow appeared with great 
brilliance, only to disappear in a few seconds when the second 
(hydrogen) discharge was interrupted. 

A second experiment was then performed in which 0-06% of a 
1:1 nitrogen-oxygen mixture was fed to the nitrogen above its 
discharge. The glow was thus developed sufficiently to permit of 
its being measured, and the corresponding decay curve was of the 
same form as Curve A, Fig. 1 of Part VII (i.e., steep and strongly 
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curved); the feed of hydrogen was as before, and the brightening 
of the glow again appeared when the second discharge was started, 
the decay curve then showing a closely linear relation between 1//] 
and time (J = glow intensity, here proportional to photo-electric 
current) exactly as in the figure mentioned. Since, when the 
hydrogen was sparked alone, the feed of nitrogen being shut off, 
ammonia condensed in the traps cooled by liquid air in the exhaust 
line, the hydrogen was analysed; it was found to contain 0-04% of 
nitrogen, derived from the water in the Boyle-bubbler aspirator 
in which the hydrogen had been stored. When the air in the 
constant-pressure reservoir of this device was replaced by hydrogen, 
tests for nitrogen in the gas stored under the new conditions were 
negative, and at the same time the pure hydrogen lost its ability 
to enhance the nitrogen after-glow when sparked, as in the experi- 
ments just described. For later experiments, a trap filled with 
activated charcoal and cooled by liquid air was added to the 
hydrogen circuit, and this satisfactorily removed the traces of 
nitrogen. It appeared, then, that a small amount of nitrogen is 
an essential ingredient of the hydrogen if, upon sparking, this gas 
is to enhance the glow in fairly pure nitrogen, a supposition verified 
by experiment. 

The explanation of the phenomenon is clear: the discharge in 
hydrogen containing a trace of nitrogen produces a small amount 
of ammonia, and this, when added to the nitrogen below the dis- 
charge, produces an effect which is simulated exactly by the ad- 
mission of other photogens above the discharge. It was therefore 
anticipated that addition of hydrogen to nitrogen above the dis- 
charge would lead to a strong glow, and this was in fact observed, 
provided that a feed of some 1° was employed in order that the 
nitrogen—hydrogen—ammonia equilibrium should not yield a merely 
insignificant proportion of the last substance. It may be mentioned 
that, with the small feed of pure and sparked hydrogen to the 
glowless nitrogen, mentioned earlier, no ammonia could be de- 
tected save after very long runs. With photogenic nitrogen and 
larger feeds of hydrogen, the yellow after-glow was markedly re- 
duced when the latter gas was sparked, and at the same time small 
amounts of ammonia condensed in the traps, in agreement with 
Lewis’s observations (loc. cit.). -It must, however, be emphasised 
that the hydrogen must be in large excess, otherwise no ammonia 
is obtained. This matter is now being investigated quantitatively, 
and it appears that there are probably several factors operating 
simultaneously which render the case rather complicated. 

The Influence of Surfaces wpon the Decay of the After-glow.—(a) 
According to the views expressed earlier, viz., that photogens are 
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wall-poisons and inhibit the non-luminous heterogeneous reassoci- 
ation of atoms, thus favouring the volume process which gives rise 
to the after-glow, it follows that a glow should be induced in pure, 
non-photogenic nitrogen which, at the time of sparking or immedi- 
ately afterwards, is placed in contact with the right kind of surface. 


Fria. 1. 





2°5 7 
| 
| 
} 
| 


se 





2°0 








WV. 

















oS ee a ei 














0°0 





0 10 20 30 40 
Dat. 


Curve A: “ pure”’ nitrogen, glass surface. 

Curve B: photogenic nitrogen, glass surface. 
Curve OC: ‘‘pure’’ nitrogen, parafined surface. 
Curve D: photogenic nitrogen, paraffined surface. 


It would also be expected that the glow decay process in pure 
nitrogen should pass to that observed in the photogenic gas if the 
reaction could be studied in vessels with adequately poisoned walls. 

A simple modification of the apparatus just described enabled 
this to be done. Tubes were cut from wide-bore glass tubing, 
of external diameter such that it just fitted into the main observation 
tube, and coated on the inside with various waxes and transparent 
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varnishes, thus enabling the glow decay to be studied as the stream 
passed over the different treated surfaces. Many organic substances 
were tried, but in every case save one the glow became blue and 
hydrogen cyanide condensed in the traps, so that the chemical action 
rendered true decay studies out of the question. A high-melting wax 
of the type employed in electrical work was eventually found which 
reacted a little at first, but upon prolonged exposure to the active 
nitrogen stream gave hydrogen cyanide in amounts which could 
be detected only by the guaiacum-—copper sulphate method (Ander- 
son, Z. anal. Chem., 1916, 55, 459) and corresponded to a concen- 
tration of less than 0-0003°% of the latter gas in the nitrogen. A 
series of decay runs was then made and the results are shown in 
Fig. 1. 

Curves A and B exhibit the marked difference in form and slope 
of the 1/-/J-4 graphs found in the experiments discussed in Part 
VII for “ pure ” and photogenic nitrogen, Curve A being of the form 
which we have ascribed to the superposition of a strong wall decay 
upon the volume reaction, and Curve B being that corresponding 
with the bimolecular and homogeneous process; for both of these 
runs a clean glass tube was fitted in the main observation tube. 
The results shown in Curves C and D relate to precisely similar 
experiments wherein the clean glass tube was replaced by one 
coated on the inside with a thin uniform layer of the wax mentioned 
above; the decay in the photogenic nitrogen (Curve D) is even less 
than in the case of Curve B, but Curve C shows that the expected 
development of a strong glow in pure nitrogen and the retardation 
of its decay by the influence of highly poisoned walls are actually 
realised. It is, moreover, noticeable that up to the 15 cm. point, 
the curve is almost parallel to Curve B (photogenic nitrogen and a 
clean glass surface), but that subsequently the slope falls off. That 
this was not due to inequalities in the wax coating, leading to 
variations in the amount of light transmitted, was proved by 
reversing the tube, whereupon the effect was seen just as before; 
further, the galvanometer deflexions were so large that any error 
in reading must also be ruled out as an explanation of this curious 
effect. The author suggests that it is due to the formation of a 
trace of hydrogen cyanide in the first few cm. of the waxed tube; 
this gas then acts as photogen and further poisons the paraffin 
surface, since the effect is not seen in Curve D where larger con- 
centrations of photogen are present. Even if one ignores the 
possible influence of very small quantities of hydrogen cyanide, it 
is clear that the paraffined surface is able per se to reproduce the 
effects associated with photogens, thus affording strong confirmatory 
evidence as to the probable truth of the wall-poison theory. 
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It followed from the observations described above that it should 
be possible to vary the decay rate of a stream of glowing nitrogen 
by drawing it first over clean glass and then over an inactive surface 
of the type just employed. The waxed tube used earlier was there- 
fore cut in two, one half was carefully cleaned, and further decay runs 
were made in which glow streams obtained from gases containing 
0-03% and ca. 0-15°% of oxygen as photogen were drawn first over 
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the clean and then over the paraffined glass, the tubes being slipped 
into the main observation tube to occupy the same position as that 
taken by the single tube from which they were made. With 0-03% 
of photogen present, the graph of 1//J against the distance along 
the tube (proportional to time) was markedly curved for the glass 
surface (Fig. 2, Curve A), but linear for the paraffin; increase 
of the quantity of photogen to 0-15% gave a plot which was 
linear and showed no discontinuity, as in the former case, at the 
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junction of the two surfaces. The tubes were then reversed so 
that the glow came into contact first with the paraffin and then with 
the glass, and a decay run here revealed that, although with 0-15%, 
photogen the 1/+/I-t plot was linear over the entire length of both 
tubes as in the corresponding experiment just given, yet with the 
0-03% photogen content the break*again occurred at the junction 
of the two surfaces (Fig. 2, Curve B), and that the graph was linear 
for both the paraffin and the glass but steeper in the latter case. 
The linearity for the glass may here be due to a trace of hydrogen 
cyanide being produced when the active nitrogen is in contact with 
the wax, this gas acting to a certain extent as a photogen and re- 
pressing the wall reaction. This shows that with a high photogen 
concentration the decay rate is, so far as paraffin and glass are con- 
cerned, independent of the nature of the surfaces, but with purer 
nitrogen the decay is very susceptible to wall influence. 

A final and conclusive piece of evidence upon this point was 
provided by the observation that the amounts of hydrogen cyanide 
formed in the experiments by interaction of the active nitrogen 
and the paraffin were much less when the photogenic gas was 
employed than with the purer material; this clearly suggests that 
the photogens cover the paraffin with a film protective against the 
active nitrogen. 

Section (ii). 

The theory that the after-glow results from a ternary reaction, 
2N + N,—~> 2N, + after-glow, was advanced about the same time 
by Fri. Sponer (Z. Physik, 1925, 34, 622) and by Willey and Rideal 
(Part I, J., 1926, 1804). The first author based her opinion upon 
spectroscopic observations, considered in conjunction with the old 
idea of Clausius, revived by Herzfeld (Z. Physik, 1922, 8, 132), 
Born and Franck (Ann. Physik, 1925, 76, 225), and others, as to 
the necessity for the presence of an acceptor for the energy of 
association of atoms in order that a stable molecule might be formed. 
On the other hand, Willey and Rideal were influenced by the long 
life of the glow-emission reaction, comparable in speed with the slow 
ternary process 2NO + O, —> 2N0,, and by the negative temper- 
ature coefficient of the glow decay, another feature of the termole- 
cular change just quoted. In both cases the rdéle of the third entity 
was considered specific, and the possibility was not envisaged of 
the molecule of nitrogen being replaced by one of another element 
without affecting the glow, although it was admitted that in some 
examples (but not the majority) of the excitation of metallic spectra 
by active nitrogen, a metal atom might act as the entity concerned 
(Part IV, J., 1927, 2831). 

According to this theory, therefore, the initial intensity of the 
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| after-glow should be increased at the expense of its duration if 


nitrogen is added; the luminosity per unit volume of nitrogen 
should be unaffected, however, if the diluent gas is of another kind 
and is such as not to react chemically with the active nitrogen or, 
by reason of its excitation potentials, is not likely to be able to 
accept energy from the molecule emitting the after-glow radiation, 
and thus interfere with the normal glow decay process (compare 
Part II, J., 1927, 669). As mentioned in Part VII (Joc. cit., p. 343), 
there is divergence of experimental evidence upon this point, 
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Kneser having obtained a positive result which Bonhoeffer and 
Kaminsky had been unable to observe earlier. Kneser has extended 
the original hypothesis in view of his finding that the addition of 
argon produces the same effect as nitrogen, and according to his 
work the third substance need not necessarily be nitrogen; the 
present author has also described experiments (Part VII) which 
show that the walls of the apparatus may under appropriate con- 
ditions act in the same way. An experimental study of the addition 
of other gases to the glow has therefore been made, and the con- 
clusion is reached that the ternary reaction with nitrogen as the 
specific third entity is most probably responsible for the glow 
emission. 
EXPERIMENTAL, 

The gases were admitted from a calibrated gas burette and 

capillary backed by a fine adjustment tap, and entered the glow 
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stream at the inlet B (see Part VII, p. 337), i.c., below the discharge, 
and the quantity added was, in all cases, 15% of the flow of nitrogen, 
i.e., 300 c.c. of diluent to 1950 c.c. of nitrogen per hour; the glow 
decay was, as usual, measured with the cesium photocells. The 
results are illustrated in Figs. 3 and 4. 

In Fig. 3 are shown the curves obtained with equal feeds of care- 
fully purified hydrogen, carbon monoxide, nitrous oxide, carbon 
dioxide, and nitrogen, and in Fig. 4 are given corresponding results 
obtained by using the nitrogen containing ca. 0-07% of oxygen 
as photogen. It will be seen that with feeds of nitrous oxide and 
carbon dioxide, the decay curves are practically coincident and 
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linear for both photogenic and “ pure”’ nitrogen, but with carbon 
monoxide and hydrogen the curves are much flatter when 0-07% 
oxygen is present in the nitrogen than when only 0-03% is there. 
Moreover, with the first two gases the glow is brightened during 
the whole of its passage down the observation tube. The results 
agree in a striking manner with both the three-body collision theory 
and the view advanced as to photogens being wall-poisons. 

Let us first consider the results with the ‘‘ pure” nitrogen, 
temporarily ignoring the results obtained with the inert nitrogen as 
diluent. It has already been shown that the introduction of a 
photogen below the discharge enhances the glow, and as photogens 
are almost certainly gases which are strongly adsorbed by glass, we 
should expect, making the usual assumption that at these pressures 
the adsorption of a gas varies inversely as its boiling point, that 
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easily condensable gases (e.g., nitrous oxide, carbon dioxide) would 
reduce wall activity and thus intensify the glow more than those 
difficult to liquefy (e.g., carbon monoxide, nitrogen); this is actually 
observed (Fig. 3), the decay curves with feeds of the two last-named 
gases being of the type associated with “ pure ” nitrogen (compare 
Curves A and B, Fig. 1, Part VII), while with the other pair the plot 
is typically that of a glow stream produced in highly photogenic 
nitrogen, and, most of all, the retardation of the rate of decay is in 
exactly the inverse order of the boiling points of the gases concerned 
(hydrogen, b. p. — 253°; nitrogen, — 196°; carbon monoxide, 
— 191°; nitrous oxide, — 90°; carbon dioxide, — 78°). 

With photogenic nitrogen (0-07% oxygen) the walls are fairly 
well covered, and hence the decay with feeds of carbon monoxide 
and nitrogen approximates to that observed in the less pure nitrogen 
alone, while with feeds of carbon dioxide and nitrous oxide the 
adsorption is complete. It would thus be expected that with a 
glow stream of high photogen concentration the decay curves 
obtained with feeds of all these four gases should be linear and co- 
incident, and this has actually been found for nitrogen containing 
0-12% of oxygen. 

The case where the gas added is nitrogen is more complicated, 
for two factors have to be considered, viz., (i): the adsorption or 
photogen effect, and (ii) the direct participation by the added 
nitrogen in the homogeneous glow-emission process, in accordance 
with the specific three-body collision theory. These two factors 
are considered separately. (i) It has already been shown (Part VII) 
that the wall effect is probably much reduced at higher. over-all 
pressures of nitrogen, and we should therefore expect that the 
addition of nitrogen would reduce the rate of decay of the glow 
in the moderately pure gas, and, by diminishing the surface 
reactions, automatically lead to a straightening of the 1//J-t 
graph, which should (in this consideration alone) lie between the 
curves for hydrogen and carbon monoxide; in photogenic nitrogen, 
however, nitrogen should have no more effect than any of the other 
gases when added to the glow stream. (ii) It being assumed that 
the glow emission results either from a triple impact N + N’ + 
N, —-> 2N, + after-glow, or a reaction N + N’ —> N,’, followed 
rapidly by N,’ + N, —~> 2N, + after-glow, N’ being a metastable 
2:3-volt atom and N,’ an excited or metastable molecule (11 volts), 
it follows that the initial intensity of the glow should be increased 
and its duration diminished by addition of nitrogen. We might 
thus expect that with the combined operation of both these factors, 
the decay should correspond with that observed in nitrogen at a 


fairly high over-all pressure, i.e., would give a linear 1/*/I-¢ plot 
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of fairly steep slope, whereas Fig. 3 shows that the graph is slightly 
curved and nearly parallel to that for the experiments wherein the 
gases added were nitrous oxide and carbon dioxide; apparently, 
then, in this case the greater part of the influence of the added 
nitrogen goes to suppress the wall reaction. 

In Fig. 4 a different state of affairs is revealed, the surfaces being 
to a large extent “‘ poisoned’; the action of the added nitrogen 
is then apparent in the gas phase, for the 1/+/J-¢ plot, although 
linear, is rather steeper than that for the runs where the diluent 
gases were carbon dioxide and nitrous oxide, j.¢., the initial glow 
intensity and its rate of decay are increased and the duration of the 
luminosity is diminished by the addition of nitrogen, as demanded 
by the ternary reaction theory. 

A second set of experiments, in which the feeds of gas added were 
increased to 30%, gave the same types of decay curve, with the 
exception that, as would be expected, the positive result of the 
triple-collision theory test by addition of nitrogen, as in the experi- 
ments illustrated in Fig. 4, was more marked than when only 15% 
of diluent was employed. 


Discussion. 


The experiments upon the influence of a waxed surface upon 
glow phenomena described in the first part of this paper afford 
fairly conclusive proof of the theory that photogens are wall-poisons 
as suggested in Part VII, and further comment is unnecessary. 

The observations upon the addition of other gases to the after- 
glow may be considered in conjunction with the work of Constantin- 
ides (Physical Rev., 1927, 30, 95) and of Bonhoeffer and Kaminsky 
(loc. cit.). 'The former, in the course of some investigations upon 
ionisation in active nitrogen, studied the diminution in the life of 
the after-glow brought about by addition of helium, nitrogen, 
hydrogen, and oxygen, and found their destructiveness to increase 
in the order given; helium was remarkable in that it had practically 
no action. As no mention is made in his paper of any precautions to 
keep absolutely constant the composition of the nitrogen in which 
the glow was produced, it is doubtful whether his results can be 
compared with those of the author given in Part VII and in the 
present communication, but it is noticeable that the rate of decay 
increased from nitrogen to hydrogen, as in the experiments here 
described when the gas was not rich in photogens. Oxygen appears 
to participate in the glow-emission reaction because of the many 
levels it possesses at which it can absorb energy, and hence it should 
not be considered in purely kinetic studies; in the case of helium, 
however, it appears either that, as Constantinides points out, its 
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lowest excitation level (20 volts) is so high that it cannot acquire 
energy from the active nitrogen and hence has no effect whatever 
upon the glow, or that, in this particular experiment, highly photo- 
genic nitrogen was being used and no influence upon the rate of 
decay was noticed, since the helium could influence neither the 
state of the walls nor the volume reaction, in accordance with the 
specific three-body collision theory. 

Bonhoeffer and Kaminsky added inert nitrogen to a stream of 
the glowing gas, and, observing no enhancement of the glow and a 
diminution of its life, concluded that the decay of the after-glow is 
not a third-order reaction. This may have been due partly to the 
design of the apparatus they employed, which would lead to very 
gradual mixing of the added gas with the glow stream (see footnote, 
p. 243 of Kneser’s article, ““ Der aktive Stickstoffe,”’ Ergebnisse der 
exakien Naturwissenschaften, 1929, 8, 229; an admirable summary 
of work to date) or to their experimental conditions having been 
comparable with those of the author in the studies described under 
Fig. 3, i.¢e., clean glass surfaces and fairly non-photogenic nitrogen ; 
addition of inert nitrogen here produces only a small increase in 
initial glow intensity, and the duration of the after-glow is some- 
what prolonged rather than shortened, both of which might easily 
escape detection by ordinary visual methods. 


Summary. 

It is shown (i) that the introduction of a photogen after nitrogen 
has been sparked induces the after-glow in pure nitrogen, (ii) that 
a strong glow appears if the same gas be placed in contact with a 
paraffined surface, and (iii) that the amount of chemical reaction 
between the wax and the active nitrogen is much less in photogenic 
than in non-photogenic nitrogen. These observations are considered 
to furnish proof of the correctness of the theory that photogens are 
wall-poisons and convert the non-luminous heterogeneous re- 
association of atoms into a homogeneous reaction accompanied by 
emission of light. Studies are also described upon the addition of 
other gases to the after-glow, and the results are shown to be in 
accordance with the three-body collision theory of the emission of 
the after-glow, provided that the condition of the walls is such that 
they do not interfere. 


The author’s acknowledgments are due to Mr. W. A. Bayliss for 
much technical assistance in these experiments. 
Tae Sm Wiiw1amM Ramsay LasoratTorRies OF 


INORGANIC AND PuHysicaL CHEMISTRY, 
University CoLttecz, Lonpon. [Received, March 13th, 1930.] 
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4:4 
CXLVII.—Orientation Effects in the Diphenyl Series. | it ; 


Part VIII. The Nitration of 4: 4'-Difluorodiphenyl. | qua 


. r 
By RaymMonp James Woop Le Févre and Eustace EBENEZER ee 
TURNER. lass 


THE earliest papers in this series were concerned with showing | whic 
that certain 4: 4’-disubstituted diphenyl derivatives underwent | be t 
unsymmetrical dinitration. This was notably so with the dichloro- | pow 
and the dibromo-compound, each of which formed first the 2-nitro- ! the ; 
derivative, which then gave, on further nitration, the corresponding W 
2 : 3'-dinitro-compound.* Attention was directed to the fact that Schi 
these substitutions were as nearly quantitative as possible. the r 
At the above period, similar and comparative experiments on | only, 
4: 4'-difluoro- and 4: 4’-di-iodo-diphenyl had not been reported. | that 
Nevertheless it was felt that a simple application of results, obtained | was 
in other investigations of the phenomena of aromatic substitution, | detai 
to the mechanism of nitration of disubstituted diphenyl derivatives 
consistently envisaged in this series (compare Parts I and IV) 
would give an accurate forecast of the facts. For instanc@ in a | 
4: 4’-disubstituted diphenyl compound (I), the position in which 


(I.) x >< YX be >< YX (II.) 
NO, F,BN 


the first nitro-group enters is determined only by the relative powers | 
of X and p-X-C,H, in facilitating ortho-substitution. When X is 
chlorine or bromine, it happens that p-chloro- or p-bromo-phenyl 
easily outweighs chlorine or bromine in this respect, and the 2-nitro- 
derivative is therefore produced (I——> II). Similarly, the second 
entrant nitro-group is affected only by the competing ortho- We 
facilitations of p-X-o-NO,°C,H, and X; in the examples cited, it 
enters the 3’-position. 

From what is known regarding the relative orienting influences 
of the halogens, it would be expected that 3-mononitration should 
become less likely as one passes down the series: 4 : 4’-di-iodo-, 
4:4’-dibromo-, 4: 4’-dichloro-, 4: 4’-difluoro-diphenyl. Actually, 
Hodgson (J., 1926, 2384), by the dinitration of 4 : 4’-di-iododi- . 
phenyl, obtained only the 2 : 3’-dinitro-derivative, indicating that fuorid 
the first nitro-group enters only the 2-position. Since, therefore, we 

* Borsche and Scholten (Ber., 1917, 50, 609) state that the product of _ 
dinitrating 4: 4’-dichlorodipheny] is identical with the 4: 4’-dichloro-2 : 2’ 
dinitrodiphenyl obtained by heating 2: 5-dichloronitrobenzene with copper | 
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4 : 4'-dibromo- and -dichloro-diphenyl undergo no 3-mononitration, 
it seems certain that 4: 4’-difluorodiphenyl would be nitrated 
quantitatively in position 2. 

In the further nitration of 4: 4’-difluoro-2-nitrodiphenyl, we 
should expect the second nitro-group to enter the 3’-position for 
three reasons: (1) By analogy with the three parallel cases in 
which the other halogens are present, (2) because, although it may 
be the weakest ortho-directing halogen, fluorine still possesses this 
power, and (3) because this substitution would be more open to 





the steric influence of the 2-nitro-group. 

With these considerations before us, we had no doubt that 
Schiemann and Bolstad’s statement (Ber., 1928, 61, 1403), that 
the nitration of 4 : 4’-diflucrodipheny] gives a 3-mononitro-derivative 


only, was inaccurate. Their evidence for this constitution was 


.|that by the action of potassium methoxide a methoxy-derivative 


was formed. For this, however, they give neither preparative 
details nor analyses. 


| FC >< Fav) ——> wh) on @, 


NO, NO, 


PBN Ya < YN lien a ge 
NO;Hyo 


(vir.) NO, NO, 


We accordingly reinvestigated this problem, with the following 
results : 4 : 4’-Difluorodipheny]l (III), prepared by a process analog- 
ous to but simpler than that described by Schiemann and co- 
workers, was shown not to react with boiling piperidine. It gave 





a mononitro-derivative melting at 94—95°, as described by the 
previous investigators. This substance did not react with boiling 
piperidine, and was identical with 4 : 4’-difluoro-2-nitrodiphenyl (IV) 
obtained by thermal decomposition of the bisdiazonium boro- 
fluoride (V) obtained from 2-nitrobenzidine. The mononitro-com- 
pound was therefore the 2-nitro-derivative. This conclusion was 
confirmed by the production, on further nitration of the mononitro- 
compound, of a substance (also produced by dinitration of 4 : 4’-di- 
| fluorodipheny]) which rapidly reacted with piperidine, even in the 


at a cold, to give a fluorodinitropiperidinodiphenyl. The dinitro-com- 





pound must therefore be 4 : 4’-difluoro-2 : 3'-dinitrodiphenyl (V1), 
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and that no appreciable quantity of any isomeride accompanies it is 
shown by the fact that the crude nitration product melts only 1° 
lower than the pure compound. 

As the scheme on p. 1159 indicates, the nitration of 4 : 4’-difluoro- 
diphenyl follows a course exactly similar to that of the analogous 
chloro- and bromo-compounds. 

Schiemann and Bolstad (loc. cit.) converted their supposed 
4; 4’-difluoro-3-nitrodiphenyl into the corresponding amino-com- 
pound and thence into a trifluorodiphenyl by the diazoborofluoride 
method. These two compounds must be respectively 4 : 4’-difluoro- 
2-amino- and 2:4: 4’-trifluoro-diphenyl. Schiemann and Roselius 
(Ber., 1929, 62, 1805) nitrated the trifluoro-compound, reduced the 
product, and again replaced the amino-group by fluorine. Their 
evidence for the constitution of the trifluoronitrodiphenyl] consisted 
in showing that the derived tetrafluorodiphenyl was oxidised to 
p-fluorobenzoic acid, and they accordingly regarded it as 3: 4:5: 4’: 
tetrafluorodiphenyl. Accepting the evidence of oxidation, it seems 
probable that the reactions in question are more correctly repre- 
sented as follows : 


NO, F 
KX KOO KO 
but further investigation appears desirable. 


ExPERIMENTAL. 


4: 4’-Difluorodiphenyl—The method described by Balz and 
Schiemann (Ber., 1927, 60, 1186) for the replacement of amino- 
groups by fluorine atoms considerably simplifies this process. We 
have found that the difficultly accessible hydroborofluoric acid 
may be replaced by the readily obtainable sodium borofluoride. 
The following method gave excellent results ; A solution of benzidine 
(46 g.) in concentrated hydrochloric acid (150 c.c.) and water 
(150 e.c.) was bisdiazotised, a solution of 35 g. of sodium nitrite in 
60 c.c. of water being used and 200 g. of ice added during the process. 
The solution was filtered and added to a filtered solution of 85 g. of 
sodium borofluoride in 150 ¢.c. of water. On stirring, the bis- 
diazonium borofluoride separated in cream-coloured needles; a 
further quantity was obtained on addition of more sodium boro- 
fluoride. The precipitate was collected, dried at 100°, and decom- 
posed by being heated in an open flask, fitted with an air-condenser, 
the temperature being slowly raised to 150°. Steam distillation of 
the product gave 21 g. of pure difluorodiphenyl. After being 
crystallised from alcohol, it had m. p. 92—93°. 
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Mononitration of 4: 4'-Difluorodiphenyl_—A solution of 5 g. of 
difluorodiphenyl in 10 c.c. of warm glacial acetic acid was cooled 
and treated with a mixture of 7 c.c. of nitric acid of d 1-4 and 2 ¢.c. 
of nitric acid of d 1-52. The whole was left over-night, then warmed 
to 60°, cooled, and glacial acetic acid added; 4-5 g. of a product, 
m. p. 85—95°, were obtained. After crystallisation from light 
petroleum—benzene, the substance had m. p. 94—95°. The 4: 4’- 
difluoro-2-nitrodiphenyl so obtained depressed the m. p. of 4 : 4’-di- 
fluorodiphenyl (Found : C, 61-4; H, 2-9; N, 6-1. Calc.: C, 61:3; 
H, 3-0; N, 60%). The nitro-compound was recovered unchanged 
from a piperidine solution which had been boiled for several minutes. 

4 : 4’-Difluoro-2-nitrodiphenyl.—2-Nitrobenzidine (11-5 g.) was 
warmed with 35 c.c. of concentrated hydrochloric acid until it was 
completely converted into the hydrochloride; 30 c.c. of water 
were then added. The suspension was bisdiazotised (7 g. of sodium 
nitrite in 12 c.c. of water) and the solution was filtered and added 
to a filtered solution of 30 g. of sodium borofluoride in 50 c.c. of 
water. After a few minutes, 2-nitro-4 : 4'-diphenylylbisdiazonium 
borofluoride separated as matted needles which, after being dried 
at 100°, became a yellow sandy powder; this turned brown at 
about 125° and decomposed with effervescence at 129° (Found : 
N, 16-5. C,,H,O,N,F,B, requires N, 16-4%). 

Conversion of the diazonium borofluoride into the difluoronitro- 
diphenyl was effected by mixing it with fine purified sand, or with 
barium sulphate, and heating gradually in a bath to 190°, the whole 
operation occupying $4 hour. The mixture obtained was distilled 
in steam, and the cooled distillate filtered. The 4 : 4’-difluoro- 
2-nitrodiphenyl] so isolated melted at 94—95°, either alone or when 
mixed with the substance obtained by the nitration of difluoro- 
diphenyl (Found : N, 6-4, 6-3. Cale. : N, 6-0%). 

Dinitration of 4 : 4'-Difluorodiphenyl.—The difluorodiphenyl (2 g.) 
was gradually added to 15 c.c. of nitric acid (d 1-5), kept cool in tap 
water. The solution was warmed to 100° during 5 minutes, cooled 
slightly, and treated with 2 vols. of glacial acetic acid and a little 
water. On being kept, it deposited crystals, which, after being 
crystallised from diluted acetic acid, formed cream-coloured leaflets, 
m. p. 109—110° (Found: C, 51-4; H, 2-1; N, 9-7. C,,HgO,N,F, 
requires C, 51-4; H, 2-1; N, 10-0%). 

Mononitration of 4: 4'-Difluoro-2-nitrodiphenyl_—(a) The nitro- 
compound obtained from 2-nitrobenzidine was added to 20 parts 
of nitric acid (d 1-5), the solution obtained being heated to 100° 
during 5 minutes. On cooling, crystallisation set in. Glacial acetic 
acid was added, the whole warmed, and then allowed to cool slowly. 


The dinitro-compound so obtained was crystallised from diluted 
RR 
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acetic acid, and then melted at 109—110°, either alone or when 
mixed with the product of the same m. p. described above. 

(6) The mononitration product of difluorodiphenyl was gradually 
added to 20 parts of nitric acid (d 1-5), and the solution was slowly 
heated to 100° during 5 minutes. An equal volume of glacial 
acetic acid was now added, and then water, until no further pre- 
cipitation occurred. The crude filtered and washed product melted 
at 108—109°. Crystallisation from diluted acetic acid raised the 
m. p. to 109—110°. A mixture of this substance with the dinitration 
product of difluorodipheny] also melted at 109—110°. 

Action of Piperidine on 4: 4'-Difluoro-2 : 3'-dinitrodiphenyl.—A 
solution of the dinitro-compound (2 g.) in 5 c.c. of piperidine was 
boiled for 2 minutes to complete the reaction which began in the 
cold. Water was added and the solid precipitated was crystallised 
from alcohol, 4-fluoro-2 : 3’-dinitro-4'-piperidinodiphenyl being ob- 
tained as orange rhombohedra, m. p. 126-5—127-5° (Found: C, 
59-0; H, 46; N, 12-2. C,,H,,0,N,F requires C, 59-1; H, 4:6; 
N, 12:2%). 

UNIVERSITY AND BEDFORD COLLEGES, 

UNIVERSITY OF LONDON. [Received, March 18th, 1930.] 





CXLVIII.—Studies in “ Strainless” Rings. Part II. 
The Effect of the trans-Decalin Nucleus on the 
Carbon Tetrahedral Angle. 


By Kesnavian AswatH Narain Rao. 


Preruaps the most successful attempt that has been made to explain 
the numerous discrepancies in the relative ease of formation and the 
stability of different types of ring, for which Baeyer’s simple con- 
ception of strain failed to account satisfactorily, is that of Thorpe 
and Ingold, on the basis of their “‘ valency-deflexion ’’ hypothesis, 
which rests on the fundamental assumption that, when the normal 
angle between two of the valencies of a carbon atom is changed 
through any cause, e.g., their inclusion in a ring, the other two 
valencies apparently take up an altered relative position; more 
definitely, the hypothesis suggested that when the angle between 
two of the valencies is greater than the normal angle, the angle 
between the other two valencies will be less than this amount, 
and vice versa (J., 1915, 107, 1080; 1922, 1424, 650, etc.). Experi- 
mental investigation has in general given very good support to the 
hypothesis. 

It seemed desirable, therefore, to examine the rings of dicyclic 
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compounds on the basis of this hypothesis with the view of gaining 
an insight into the condition of strain in such rings. 

The discovery that five- and six-membered rings can unite to- 
gether by their cis- as well as by their trans-valencies satisfied the 
requirements of Mohr’s hypothesis with regard to isomerism. But 
it is unsound to conclude from the fact of the existence of these 
isomerides that they are necessarily strainless. As Haworth (Ann. 
Reports, 1927, 24, 98) has pointed out, the existence of this type of 
isomerism is in no way inconsistent with the supposition that the 
isomerides are in a state of strain. trans-Decalin [decahydro- 
naphthalene] (I), being the most interesting substance from this 
point of view, has been-chosen in the first instance for examination. 
If it consists of two uniplanar and strained cyclohexane rings inter- 
locked’ in the ortho-position, and is in consequence itself highly 
strained, there should be no difference between the effects of trans- 
decalin and cyclohexane on the carbon tetrahedral angle; if, on the 
contrary, it relieves its strain by causing the component cyclo- 
hexane rings to assume multiplanar and strainless forms, its effect 


. __CH,°CO,H 
(I) ake CoH s>C H, -CO,H ” 
HBr-CO,Et 
‘Hye> CoH Conte 
H,°CO,H ' CH,°CO,E 
(IV) CyH > CC" CO, Et Uy Hie>C< Cpr. Cd, H 


should be similar to that of cyclopentane on this angle. The experi- 
ments which have been carried out on derivatives of trans-decalin- 
2: 2-diacetic acid (II) prove conclusively that trans-decalin relieves 
its strain almost completely, diminishing in consequence the con- 
vergence of the two acetic acid residues towards each other. 

As in the cyclohexane and cycloheptane series, it has not been 
possible to prepare the monobromo-ester (II{) by bromination of 
trans-decalin-2 : 2-diacetic acid. The ester is, however, readily 
prepared by bromination of ethyl hydrogen trans-decalin-2 : 2-di- 
acetate (IV); but it cannot be purified, since it undergoes partial 
conversion into the lactonic ester on distillation. Some mono- 
bromo-acid ester (V) is always formed during the bromination. 
On hydrolysis with concentrated aqueous potassium hydroxide, 
the neutral and the acid products of bromination lose hydrogen 
bromide and form the stereoisomeric spiro-cyclopropane acids, the 
yield, about 38% of the theoretical, being the same as in the cyclo- 
hexane and cycloheptane series. The remainder of the material is 
converted into a mixture of lactonic acids. 

trans-Decalin-$-spiro-cyclopropane-1 :2-dicarboxylic acid can 
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exist in four stereoisomeric forms, two cis- (VI and VII) and two 
trans- (VIII and IX). Three of these (the trans-A- and -B-acids 
and the cis-A-acid) have been isolated from the products of hydrolysis 


CO,H H - 
} | 
| nat H R A? 
1 ia ee bn = 
eo C % Yo CO,H 
(VI) cis-A- — (VII) cis-B-Acid 
(m, p. 185—186°). (not isolated), 
be: <7) 
‘a we 
a wa 
(X) cis-A-Anhydride 





(m, p. 107°). Ana 
lo »H uk i 


(VIII) trans-A- Acid (IX) trans-B-Acid 

(m., p. 264°), (m. p. 250°). 
of the neutral and the acid monobromo-esters. The mixture of 
trans-spiro-acids has been separated by repeated fractional crystal- 
lisation from aqueous acetone into two acids: (1) the less soluble 
A-acid (VIII), which, as thus obtained, is amorphous, and (2) the 
more soluble B-acid (IX), which is highly crystalline. The two 
trans-spiro-acids should give rise to a mixture of the cis-acids (A) 
and (B) by the directional change of either of the carboxyl groups. 
Although evidence of the formation of a mixture of cis-anhydrides 
by the distillation of these acids—the trans-acids are unchanged on 
melting—has been obtained, only the cis-A-anhydride (X) can be 
obtained pure from the mixture. The cis-A-acid (V1) is formed by 
hydration of the cis-anhydride. 

It is in the stability of these trans-spiro-acids that the remarkable 
difference between trans-decalin and cyclohexane in their effects on 
the carbon tetrahedral angle is revealed. Both the trans-spiro-acids 
from trans-decalin are equally stable (or unstable) towards hydro- 
chloric acid, thus demonstrating that the stability of the spiran- 
structure depends almost entirely on the ring with which it is 
associated and very little on other factors. They are unattacked 
by 5% hydrochloric acid at 240° and by 10% acid at 200°, but are 
completely decomposed by the latter at 240°; 20% acid decomposes 
them at a much lower temperature, viz., 200°, within two hours: 
the cyclohexane analogue is unaffected by concentrated hydrochloric 
acid at 240° during several hours. No definite substance can, 
however, be isolated, carbon being the chief product of such a 
decomposition. It is remarkable that of all the analogous com- 
pounds, caronic acid (XI) should be the only one to give a definite 
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product of decomposition, viz., terebic acid (XII). That the observed 
decomposition of the trans-spiro-acids is due to the instability of 
CH,. Pe tl CO,H sO 0 CO 
C pee) 
XD cp OL GH.CO,H 200°” (Mfe,-CH(CO,H)-CH, 
the spiro-cyclopropane ring and not of trans-decalin per se is proved 
by the fact that trans-decalin-2 : 2-diacetic acid, after being subjected 
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CH ,CO,Rt 
(Y) Cybas>C< Care C,H 
ctl co 
(XIV) — t 
Lae 





to similar treatment, is recovered unchanged. The spiro-acids 
are stable to cold acid or alkaline permanganate and are decomposed 
only after prolonged boiling. 
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It has already been shown (Rao, J., 1929, 1954) that in cis- and 


trans-decalins of the type ol only one isomeride corre- 


sponding to each decalin is formed when X and Y are identical or 
are replaced by a symmetrical ring. Further, when X and Y are 
different, two isomerides (A and B) corresponding to each decalin 
are obtained, the replacement of X and Y by an unsymmetrical ring 
not causing any reduction in the number of isomerides. It is 
therefore to be expected that, when a monosubstituted unsym- 
metrical ring takes the place of X and Y, four isomerides from each 
decalin will be produced. This expectation has been realised in 
the case of trans-decalin, for, when the neutral and the acid mono- 
bromo-ester (III and V respectively) are hydrolysed with aqueous 
sodium carbonate, the four stereoisomeric lactones of «-hydroxy- 
trans-decalin-2 : 2-diacetic acids are formed. 

The neutral monobromo-ester (III) is converted into the two 
lactones (A) and (B), the acid monobromo-ester (V) into two other 
stereoisomerides (C) and (D). The formation of two different pairs 
of lactones from the two bromo-esters is probably due to the different 
configurations of the latter. On examining the model of trans- 
decalin-2 : 2-diacetic acid, it is found that the two carboxyl groups 
are not equidistant from the tertiary carbon atom (a), which is in 
the §-position to the carbon attached to the acetic acid residues. 
Two bromo-acid chlorides (XIII and XIV) are formed from the 
stereoisomeric acid esters (IV). -In one of these (XIV), the hydrogen 
attached to the tertiary carbon atom a, the bromine, and the acid 
chloride group are all crowded into a small volume, resulting 
probably in the development of some sort of steric hindrance. 
This would resist any further crowding such as would be caused 
by the introduction of an ethyl group in place of the chiorine. 
The latter would therefore undergo preferential replacement by 
hydroxyl, the bromo-acid ester being formed. This would give 
rise to the two lactones (XVII and XVIII). On the other hand, 
there is no such abnormal condition in the stereoisomeric bromo- 
acid chloride (XIII), which would therefore form the neutral ester 
easily; this neutral bromo-ester forms the two other lactones 


(XV and XVI). 
‘H(OH)-CO-NHPh SH(CO‘NHPh)-0 
(OH) C,H,.>C Seat )° 


H,*CO-NHPh ———- (0 
(XXI) aid 


It was intended to confirm the correctness of this interpretation 
by the formation of the dianilides (XXI) of the parent hydroxy- 
acids (XIX and XX) by the interaction of the lactones with aniline. 
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Lactones (A) and (B), which are descended from the hydroxy-acid 
(XIX), would give one dianilide, different from that produced 
from the acid (XX) formed from the lactones (C) and (D). But 
unfortunately all the lactones are converted into their monoanilides 
(XXII) on being heated with excess of aniline at 200—220°. The 
uniform stability of the spiro-cyclopentane (heterocyclic) ring in 
all the isomerides is but another illustration of the stability of the 
spiro-cycloid being dependent only on the ring with which it is 
associated. 

The formation of the monoanilides illustrates an interesting 
difference between trans-decalin and cyclohexane, where the dianilide 
is easily formed by the action of aniline on the lactones at 200°. 
Since the internal angle of trans-decalin (which is a strainless ring) 
is very nearly the same as the normal angle, the angle between the 
extracyclic valencies would be of nearly the same value. While 
this angle (ca. 109-5°) makes the associated cyclopropane ring (which 
requires an angle of 60° for stability) unstable (as illustrated by 
the instability of the spiro-cyclopropane acids), it is of the optimum 
value for the formation of a stable cyclopentane ring (stability of 
the lactones). In cyclohexane, on the contrary, the angle between 
the extracyclic valencies is 107-2°, which is less than the normal 
angle. This angle increases the stability of spiro-cyclopropane, 
but has a reverse effect on the stability of the associated cyclo- 
pentane, since it causes the distance between the terminal carbon 
atoms to increase through overlapping. The work of Dickens, 
Kon, and Thorpe (J., 1922, 121, 1499) on cyclopentanediones and 
of Sircar (J., 1927, 1253) on the stability of heterocyclic compounds 
also illustrates this progressive decrease in stability due to the 
increased distance between the terminal carbon atoms through 
overlapping. 

So far as the author is aware, this is the first instance in this type 
of dicyclic ring of the preparation of four stereoisomerides from one 
parent. Their existence is in complete harmony with Mohr’s 
hypothesis. Orientation of these isomerides is not possible, as 
there is no known method by which this can be accomplished. 

The dibromo-ester (X XIII) is readily prepared by the dibromin- 
ation of trans-decalin-2 : 2-diacetic acid, very little acid product 
being formed when the bromination is carried out under strictly 
defined conditions. The remarkable difference between cyclo- 
hexane and trans-decalin is again clearly demonstrated by a study 
of the hydrolysis of the dibromo-ester with potassium hydroxide. 
When ethyl trans-decalin-2 : 2-dibromoacetate is hydrolysed with 
64°, aqueous potassium hydroxide, there is formed mainly (49%) 
«-keto-trans-decalin-2 :2-diacetic acid (XXIV), together with a 
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small quantity (under 4%) of the unsaturated acid (XXV). No 
trace of the hydroxy-spiro-acid (X XVI) could be detected. The 





CH. C-CHBrCO,Et peynn 
(XXII) ° 16 HBr-CO,Et HT (XXV) 
} 1 CO-CO,H _ 1:0. /O,H. 

(XXIV) CyH,,>C YH C0, H > CoH. His>CCog? ‘CO, H 
(OH)-CO,H CH(CO,H)-O 
C eV C 
gH 16> <A ‘H- Co, H 9 Hy>CC ‘H( (OH)—CO 
(X XVI) (XXVIT) 


rest of the material is converted into a mixture of the stereoisomeric 
hydroxy-lactonic acids (XXVII), which cannot be induced to 
solidify even after 12—18 months. Hydrolysis of the dibromo- 
ester with 15% sodium hydroxide does not yield any unsaturated 
acid. 

When methyl-alcoholic potash is used for the hydrolysis, the 
dibromo-ester is converted into a mixture of cis- and trans-methozy- 
spiro-acids (XXVIII and XXIX respectively). 

















CO,H C 6 Xo Co, 
CO,H L / | 
Site Z\\ ZN 
aN Z OMe 4A \ /0Me 
-H ‘i 
_ ied 
aovian (X XIX) 
cis-A-Acid (m. p. 204°). cis-A- Anhs ride aa p. 145°). = trans-B-Acid 
(m. p. 213°). 


The two acids probably do not belong to the same series, because 
their melting points lie very close to each other and, moreover, it 
has not been possible to convert the trans-acid into the cis-isomeride, 
which readily gives an anhydride (XXX) on melting. The trans- 
methoxy-spiro-acid (X X1X) is converted into the keto-acid (XXIV) 
on boiling with hydrobromic acid. The hydroxy-spiro-acid (X XVI) 
is undoubtedly first formed by the hydrolysis of the methoxy- 
group, but as soon as the necessary mobile hydrogen atom is intro- 
duced into the system the ring acid is converted into the stable 
open-chain isomeride. The stability of the latter is further demon- 
strated by the fact that after boiling for 4 hours in 64% potassium 
hydroxide solution, it is recovered entirely unchanged. 

It may be recalled that, in the cyclohexane series, considerable 
quantities of hydroxy-spiro-acid (type XXVI), unsaturated acid 
(type XXV), and hydroxy-lactonic acid (type XX VII) were formed 
by the hydrolysis of the dibromo-ester (or its bromo-lactones) ; 
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no keto-acid (type XXIV) was formed during the change. In the 
cyclopentane series, on the other hand, the main product of the 
hydrolysis was the keto-acid (type XXIV), small quantities of 
cyclopentylideneacetic acid (type XXXIII) and the hydroxy- 
lactonie acid also being formed; no hydroxy-spiro-acid was 
encountered. When methyl-alcoholic potash was used for the 
hydrolysis, however, a mixture of the hydroxy-spiro-acid and its 
methoxy-derivative was produced, both of which were completely 
converted into the keto-acid on hydrolysis with hydrobromic acid ; 
moreover, the hydroxy-spiro-acid was found to be a cis-acid, unlike 
analogous compounds in the other series. Finally, in the cyclo- 
heptane series, the product of hydrolysis of the dibromo-ester with 
aqueous potash consisted of about 90% of the hydroxy-lactonic 
acid, 3% of the hydroxy-spiro-acid, and 7°%, of the cycloheptylidene- 
acetic acid (type XX XIII); the hydroxy-spiro-acid or its methoxy- 
derivatives pass into the keto-acid (99%) on hydrolysis with hydro- 
bromic acid. 

trans-8-Decalone condenses with ethyl bromoacetate in presence 
CyHy4>CO —> CyHyg>C< ut COnBt __,. cH ><a Ot 

(XXX1) (XXXII) {400 


C,H, 5>C-CH,-CO,H <— C,H, >c/O M2 O02Bt. Gy | CICH-CO,H 
(XXV) (X XXIII) 

of zine to form the hydroxy-ester (XX XI), which on dehydration 
and subsequent hydrolysis is converted into A®° ).trans-octa- 
hydronaphthalene-2-acetic acid (X XV), identical with the unsaturated 
acid obtained by the hydrolysis of the dibromo-ester. trans- 
Decahydronaphthylidene-2-acetic acid (XXXII) is prepared by 
dehydration of the hydroxy-acid (XXXII). That the «f-acid is 
first formed during the hydrolysis of the dibromo-ester and is 
subsequently converted into the fy-isomeride by the strong alkali 
has been proved by boiling a solution of the former in 64% potash, 
whereby it is completely converted into the Py-acid. 

The formation of the unsaturated acid from the dibromo-ester 
probably involves the elimination of one of the (hydroxy)acetic 


OH. 
¥ ‘ H  CH(OH)-CO,H CO,H 
Xd C H C x ‘ : 2 
(XxtI) —> CyHis>CS cn OH).CO,H 6O,H 
Y 
(XXV) <— C,H,,>CH’CH(OH)-CO,H + 
CH(OH),°CO,H —-> CHO-CO,H 
acid residues as glyoxylic acid, which is then oxidised to oxalic acid 


(see J., 1915, 107, 1080). The last-named substance arising from 
RR2 
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this oxidative fission has actually been isolated from the products of 
hydrolysis. 

Hydrolysis of the dibromo-ester (XXIII) with aqueous sodium 
carbonate produced a mixture of acids from which a crystalline 
substance, m. p. 182—183°, having properties usually associated 
with hydroxy-lactonic acids, was isolated, but the quantity obtained 
was too small for investigation. From the rest of the material, 
which showed no tendency to crystallise during several months, 
small quantities of the keto-acid were isolated by various methods ; 
no other solid product was obtained. 

The explanation of this unexpected formation of the keto-acid 
by the sodium carbonate hydrolysis of the dibromo-ester is not 
immediately obvious. One simple way is to assume that the product 
of dibromination is really an unsymmetrical dibromo-ester 
(XXXIV). This, on replacement of the bromine atoms by hydroxyl, 
would give the dihydroxy-compound er which is the hydrated 


CBr,-CO,Et . ),-CO,H j 
Hie>C< oH C0, Bt > © Hy6>C<oHr GOH?) > (XXIV) 
(XXXIV) (XXXV) 


form of the keto-acid. But, although numerous substituted 
glutaric acids have been brominated, in no case has the formation 
of an unsymmetrical dibromo-derivative been observed. The 
one substance, viz., ethyl hydrogen dibromo-$$-dimethylglutarate 
(Perkin and Thorpe, J., 1901, 79, 729), which was assumed to be 
of such a type because it gave the keto-acid (X XX VI) on hydrolysis 
with alkali, was later considered by Kon, Stevenson, and Thorpe 
(J., 1922, 124, 657) to be the ««’-dibromo-derivative (XX XVII). 


CBr,-CO,H _CO-CO,H __ CHBr-CO,H 
MeC<oH cot MeC<cucé,n | MexC<Gupr-cofH 
(XXXVI) (XX XVII) 


The explanation must therefore be sought in another direction. 
Ingold (J., 1921, 119, 314) has shown that the sequence of changes, 
dibromo-ester —-> bromo-ring acid —-> keto-acid, takes place in 
presence not only of alkali hydroxide but also of sodium carbonate. 
It was found that when methyl, ethyl, or isopropyl dibromo- 
glutarate was hydrolysed by 2N-sodium carbonate a small quantity 
of the bromocyclopropanedicarboxylic acid (XX XVIII) was pro- 
duced. On prolonged boiling, however, replacement of the bromine 


CHBr-CO,X CBr-CO,H _-©(OH)*CO,H 
C Xs HH nc 
<oupr-co,x > He<oy.co, H-CO,H 
(XX XVIII) (XXXIX) 


atom by hydroxyl occurred, with the formation of cyclopropanoldi- 
carboxylic acid (XX XIX). 
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Such a change is what in all probability occurs in the present 
instance. It was found necessary to boil the dibromo-ester with a 
solution of sodium carbonate (saturated at 105°) during 60 hours, 
before there was appreciable hydrolysis. Under these conditions, the 
hydroxy-ring acid (XXVI) would be first produced, and, being 
unstable, be immediately converted into the keto-acid (XXIV). 

The hypothetical existence of the two multiplanar forms of 
cyclohexane, (a) the “ boat ’’ (XL) and (b) the “ arm-chair ”’ (XLI), 
may be assumed to explain the formation of decalin. The “‘ boat ” 


(XLI) ie sable 7 (XL) 


is a loose shape which cannot pass into the other form without 
strain, but is itself capable of passing through a series of vibrating 
phases by strain-free relative rotations. The number of decalins 
that can exist by a combination of these forms through their cis- 
as well as their trans-valencies is large. But Mohr’s postulate 
is probably applicable, and then all the cis-forms can be reduced 
to one configuration, and the trans- to another (Wightman, J., 
1925, 127, 1421; Hiickel, “‘ Fortschritte der Chemie, Physik 
und Physikalischen Chemie,” Bd. 19, Heft 4, 1927, 27—30). All 
these forms are probably different phases (the decalin made of two 
uniplanar cyclohexanes is probably one of these, though of much 
shorter duration) of the vibrating molecule, no phase having more 
than a transitory existence. The substance behaves stereo- 
chemically as if its configuration were the average condition of the 
limiting states. Moreover, the further the uniplanar form departs 
from the strainless phase, the more will the molecule behave as a 
strainless ring. 

On examining a model of trans-decalin, it is readily seen that it 
would be very greatly strained if the component cyclohexanes were 
uniplanar; on the other hand, almost complete relief of this strain 
takes place if the two rings are multiplanar. trans-Decalin should 
therefore be expected to behave like a strainless ring, and this is 
exactly what has been demonstrated by the present investigation. 
The instability of the spiro-cyclopropane acids, the non-existence 
of the hydroxy-ring acid, and the stability of the keto-acid all show 
that trans-decalin occupies a place in the table midway between 
cyclopentane and cycloheptane, rather than near cyclohexane. This 
evidence is in perfect agreement with that from other sources, 
including the measurement of the heats of combustion (Roth and 
Lassé, Annalen, 1925, 441, 48). 
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Brief reference may be made to the strain in cyclohexane which 
has been the subject of controversy in recent years (Hiickel, op. 
‘cit.). The non-existence of two stable strainless forms (Wightman, 
J., 1926, 2541; Werner and Conrad, Ber., 1899, 32, 3046) which 
would be expected on the basis of Sachse’s hypothesis (Ber., 1890, 
23, 1363) was explained by Mohr (J. pr. Chem., 1918, 98, 315; 
1922, 103, 316) by assuming that the temporary strain involved 
in the interconversion of Sachse’s strain-free structures is sufficiently 
slight to be overcome by forces due to molecular cohesion; yet the 
fact remains that there is no experimental proof whatever of the 
existence of strainless cyclohexane. Moreover, the data obtained 
from X-ray examination (Hendricks and Bilicke, J. Amer. Chem. 
Soc., 1926, 48, 3007) of benzene hexahalides do not indicate the 
existence of a multiplanar cyclohexane. It has been argued that 
because decalin exists in cis- and trans-forms and may therefore be 
considered fairly free from strain, cyclohexane itself should lie in 
more than one plane. There is no justification for this view, 
because the condition which exists in dicyclic compounds, e.g., trans- 
decalin, where the strain would be very great if the component 
cyclohexanes were uniplanar, is quite different from that in cyclo- 
hexane, where the strain would not be excessive. 

Hiickel (op. cit., p. 90) contends that the “ valency-deflexion ” 
hypothesis “‘ steht und fallt mit der willkiirlicher Annahme eines 
ebenen gespannten Sechsrings” and suggests, ‘“‘eine weitere 
Ausdehnung des Vergleichs auf substituierte Cyclohexanringe 
und auf Derivate des trans-Dekalins, in denen der Sechsring sicher 
nicht eben sein kann, wire von Bedeutung.’’ The marked contrast 
in the effects of cyclohexane and trans-decalin on the carbon tetra- 
hedral angle demonstrated by this investigation, which was begun 
long before Hiickel’s publication appeared, can only be due to a 
large difference in strain in the two rings; it should be noted that 
the polar influences, whatever their nature, would be expected to 
be similar in the two rings. trans-Decalin is obviously strainless, 
on the evidence frorh all sources; it seems probable, therefore, 
that the average condition of the vibrational limits of cyclohexane 
possesses appreciable strain. 

One of the characteristics of the analogous derivatives of cyclo- 
pentane (Becker and Thorpe, J., 1920, 117, 1584) and cycloheptane 
(Baker and Ingold, J., 1923, 123, 127) is their remarkable lack of 
tendency to crystallise. The derivatives of trans-decalin display 
this charactistic even more prominently. This, and the formation 
of a number of stereoisomerides in all the reactions, has made the 
experimental investigation extremely difficult. None of the sub- 
stances described in this paper can be accumulated in any con- 
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siderable quantity, and even their isolation is possible only when 
the directions given in the experimental part are closely followed. 


EXPERIMENTAL. 


Ethyl Hydrogen trans-Decalin-2 : 2-diacetate (IV).—A solution 
of sodium (35 g.) in absolute ethyl alcohol (500 c.c.) was added 
slowly with stirring to a solution of the anhydride of trans-decalin- 
2: 2-diacetic acid (356 g.), also dissolved in absolute ethyl alcohol 
(175 ¢.c.). After the reaction became slow, the alcohol was removed 
in a vacuum, and the aqueous solution of the sodium salt acidified 
with dilute hydrochloric acid. The heavy oil which was pre- 
cipitated was extracted with pure ether, dried thoroughly, recovered, 
and kept at 100° under vacuum for 1 hour (420 g.). The acid ester 
(Found: equiv., 280. C, H,,(CH,°CO,Et)CH,-CO,H requires 
equiv., 282] is a thick, almost colourless syrup; on distillation 
under reduced pressure, it is reconverted into the anhydride. 

Methyl hydrogen trans-decalin-2 : 2-diacetate was prepared in 
a similar way (Found: Ag in the silver salt, 27-0. C,;H,,0,Ag 
requires Ag, 28-8%). 

Monobromination. When the ethyl acid ester (420 g.) was 
cautiously mixed with phosphorus pentachloride (330 g.), a vigorous 
reaction occurred and hydrogen chloride was evolved: the con- 
version into the acid chloride was completed by heating on the 
steam-bath for 1 hour. Dry bromine (82 ¢.c.; 1-1 mols.) was then 
added portionwise during 6 hours, the mixture being kept at 50— 
60°. When the evolution of hydrogen bromide had ceased, the 
whole was poured into absolute ethyl alcohol (2 1.), kept at 25°. 
After the vigorous reaction had subsided, the solution was boiled 
for 4 hour and then mixed with excess of water. The precipitated 
bromo-ester was extracted with ether, the acid product removed 
with a 5% solution of sodium carbonate, and the extract then dried 
over calcium chloride and evaporated. The residual neutral mono- 
bromo-ester (III) was kept over concentrated sulphuric acid in a 
vacuum during several days (yield, 80—83%) (Found: Br, 19-1. 
C,,H.,O,Br requires Br, 20-5%). On distillation even under 
2 mm., it (b. p. 180—200°/2 mm.) was partly converted into the 
lactonic ester, the distillate being a thick viscid syrup (Found : 
C, 61-9; H; 8-2. The lactonic ester, C,,H,,0,, requires C, 68-6; 
H, 86%. The monobromo-ester, C,,H.O,Br, requires C, 53-7; 
H, 7:2%). 

The acid product of the monobromination extracted by aqueous 
sodium carbonate (above) was obtained as a heavy oil on acidific- 
ation (yield, 17—20%); it could not be purified by distillation 
(Found: Br, 21-6. C,,H,,0,Br requires Br, 22-1%). This acid 
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monobromo-ester is formed even under conditions most conducive 
to the complete esterification of the bromo-acid chloride. 


Stereoisomeric Lactones of «-Hydroxy-trans-decalin- 
2 : 2-diacetic Acids. 

Lactones (A) (XV) and (B) (XVI).—These lactones are the only 
products of the action of boiling sodium carbonate solution on 
the neutral monobromo-ester (III). A suspension of the mixture 
of the monobromo-ester and lactonic ester (30 g.), obtained by the 
distillation of the monobromo-ester, in a solution (saturated at 
105°) of sodium carbonate (60 g.) was boiled for 72 hours. The 
solution was diluted and extracted with ether to remove any un- 
changed ester. The oil precipitated on acidification was thrice 
extracted with pure ether, dried, recovered, and kept at 90° for 2 
hours. After remaining for 2 weeks in a vacuum over sulphuric acid, 
it was dissolved in benzene, to which was then added as much light 
petroleum (b. p. 60—80°) as possible without producing a turbidity. 
The solid which had separated during 1 week was collected (A). 
On further addition of light petroleum to the filtrate, an oil (B) 
was precipitated, from which the supernatant liquid was poured 
off. 

After several months, the mother-liquor deposited colourless 
nodules. These separated from benzene—light petroleum (b. p. 
60—80°) in crystalline lumps, m. p. 137—140°. Titration with 
N/20-barium hydroxide showed that this substance was a mixture 
of lactone and the hydroxy-acid; the latter, however, could not 
be obtained sufficiently pure for analysis. 

Lactone (A) crystallised from benzene in colourless silky needles, 
m. p. 156° (Found: C, 66-7; H, 7-9; equiv., by titration with 
N/20-barium hydroxide, 256. C,,H, 0, requires C, 66-7; H, 
79%; equiv., for monobasic acid, 252). 

When concentrated aqueous solutions of the lactone and aniline 
were mixed, the aniline salt separated in long silky needles, m. p. 
126° (Found: C, 69:1; H, 7-9. C,,H90,,C,H;"NH, requires C, 
69-6; H, 7-8%). 

The lactone and excess of aniline were heated together at 200— 
210° for 1-5 hours. The gum obtained on cooling was triturated 
with dilute hydrochloric acid; it then solidified. Crystallised 
from dilute ethyl alcohol, the monoanilide separated in long, colour- 
less, feathered needles, m. p. 154° (Found: C, 73-4; H, 7:8; N, 
45. Cy 9H,,0,N requires C, 73-4; H, 7-6; N, 43%). 

Lactone (B) (XVI). The oil (B, above) solidified after some weeks 
and then separated from benzene in stellate clusters of soft needles, 
m. p. 163° (Found : C, 66-6; H, 8-1%; equiv., 252). Itis sparingly 
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soluble in cold benzene. A mixture of lactones (A) and (B) melts 
at 123—125°. 

The aniline salt of lactone (B) crystallised from benzene in long 
silky needles, m. p. 147° (Found: C, 69-6; H, 7:5%). The mono- 
antlide separated from dilute methyl alcohol in dirty white, spherical 
nodules, m. p. 172° (Found: C, 73-2; H, 7-9; N, 4:5%). 

Lactones (C) (XVII) and (D) (XVIII).—A sodium carbonate 
solution (25 g. in 225 c.c. of water) of the acid bromo-ester (V) 
(40 g.) was boiled for 8 hours, diluted and acidified, and the pre- 
cipitated oil collected in ether. The ethereal solution having been 
partly dried over calcium chloride, the substance (29 g.) was re- 
covered: it showed no signs of crystallising and therefore was 
esterified with ethyl alcohol (120 c.c.) and concentrated sulphuric 
acid (12 c.c.). The product was isolated in the usual way and after 
two fractional distillations in a vacuum was separated into two 
fractions : (1) 210—211°/6 mm., (2) 215°/6 mm. 

Lactone (C). The ethyl ester, b. p. 210—211°/6 mm., was boiled 
with concentrated hydrochloric acid for 10 hours. (The hydrolysis 
of the esters of these acids with hydrochloric acid is extremely 
slow, chiefly owing to their insolubility in the acid.) The residue 
obtained on removal of the acid was dried at 90° for 2 hours and 
dissolved in benzene—light petroleum (b. p. 60—80°). Even after 
10 weeks, only a small quantity of the crystalline lactone (m. p. 
110°) had separated. On recrystallisation from benzene-light 
petroleum (b. p. 60—80°), the lactone (C) separated in hard granular 
cubic masses of thick plates, m. p. 164°. These are hydrated and 
the anhydrous lactone (C), m. p. 165—166°, is obtained from them 
by heating at 100° (Found: C, 66-4; H, 80%; equiv., 255). 
This lactone is sparingly soluble in both hot and cold benzene. 
In admixture with lactone (A) or (B), its m. p. is depressed by 
20—30°. 

The monoanilide crystallised from dilute ethyl alcohol in shim- 
mering leaflets, m. p. 166° (Found: N, 44%). 

Lactone (D). The ethyl ester, b. p. 215°/6 mm., was boiled with 
concentrated hydrochloric acid for 8 hours and the lactonic acid 
produced was isolated in the usual way, dried, and dissolved in 
benzene-light petroleum (b. p. 60—80°). After 8 weeks, during 
which time~a small quantity of light petroleum was added daily to 
prevent turbidity in the solution, the lactone (D) which had been 
deposited was collected and recrystallised from benzene; it then 
separated in short colourless needles, m. p. 132° (Found : C, 66:5; 
H, 8-0; equiv., 249). 

The aniline salt crystallised from benzene in silky needles, m. p. 
122°. 
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Hydrolysis of the Neutral Monobromo-ester with Concentrated 
Potassium Hydroxide Solution at 150°.—A solution of potassium 
hydroxide (450 g.) in water (250 c.c.) was evaporated until the 
boiling point reached 150°. The bromo-ester (150 g.) was then added 
to the boiling solution as rapidly as possible. The reaction was not 
vigorous, but after 15—20 minutes’ boiling the ester dissolved; 
at the same time a potassium salt separated. The solution was 
then diluted freely with water and acidified while hot. The pre- 
cipitated oil was extracted from the cold solution, partly dried over 
calcium chloride, recovered, and dried at 90° for 3 hours. The 
mixture of acids (80 g.), which had partly solidified, was mixed 
with benzene (125 c.c.) and the precipitated spiro-acids (29 g.) were 
collected after 1 hour: the mother-liquor, mixed with light 
petroleum (b. p. 60—80°) and kept for 1 week, usually deposited 
a further quantity of the spiro-acids (6 g.). 

The mixture of acids, m. p. usually 215—220°, was very difficult 
to separate into its constituents. The best results were obtained 
by dissolving the mixture in a large excess of acetone and carefully 
adding water. A small first crop (A) separated in nodules, m. p. 
250—253°; the second crop (B) separated in pearly lamine, m. p. 
243°. The later crops were mixtures (m. p. 225—230°). 

trans-spiro-Acid (A) (VIII). The first crop (A) was amorphous 
and separated in nodules from most of the solvents in which it 
was soluble; from a solution in 5% hydrochloric acid at 240°, 
however, the acid separated, on cooling, in lustrous fern-like forms. 
After crystallisation from aqueous acetone, trans-decalin-8-spiro- 
cyclopropane-trans-1 : 2-dicarboxylic acid melted at 264° (Found : 
C, 66-6; H, 8-0; equiv., 126. C,,H,,0, requires C, 66-7; H, 
79%; equiv., 126). 

The dianilide crystallised from ethyl alcohol, in which it was 
very sparingly soluble, in soft colourless needles, m. p. 307° 
(decomp.) (Found: C, 77-2; H, 7-7. C,gHs90,N, requires C, 77-6; 
H, 7:5%). 

trans-spiro-Acid (B) (IX). Thesecond crop (B, above) crystallised 
from aqueous acetone in lustrous ferns, m. p. 250° (Found: C, 
66-5; H, 79%; equiv., 126). The trans-spiro-acid (B) is more 
soluble in solvents than its stereoisomeride (A) and melts at 220— 
225° when mixed with it. 

The dianilide, m. p. 303° (Found : C, 77-4; H, 7-6°%), resembled 
the isomeride (A) in its solubility in alcohol and in its crystalline 
form and melted at 280° when mixed with it. 

Both the trans-spiro-acids are insoluble in water, benzene, and 
chloroform, sparingly soluble in xylene, and moderately easily 
soluble in acetone, ethy] acetate, and glacial acetic acid. They are 
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converted into the same cis-A-anhydride (see below) on distillation. 
They are, however, unchanged on melting. 

The benzene-light petroleum mother-liquor from which the 
trans-spiro-acids had been removed (see p. 1176) was evaporated 
and the residue, since it showed no tendency to solidify, was esteri- 
fied with ethyl alcohol and sulphuric acid in the usual way. The 
ethyl esters produced were twice fractionally distilled; in addition 
to small quantities of low-boiling esters, the following fractions 
were then isolated: (1) 200°/7 mm., (2) 214—215°/7 mm., (3) 
224°/7 mm. 

Fraction (1). This was boiled with concentrated hydrochloric 
acid for 11 hours, the residue obtained by evaporation of the acid 
was dissolved in benzene-light petroleum, and after several days the 
cis-spjro-acid (A) (VI) which had been deposited (less than 2 g.) 
was collected; m. p. 183—184°. The rest of the oil could not be 
induced to solidify. 

The same acid was also prepared (a) by boiling trans-spiro-acid 
(A) or (B) and decomposing the anhydride thus produced, (b) from 
the above mixture of spiro-acids, m. p. 180—240°, which could not 
be separated by fractional crystallisation. This mixture was heated 
as rapidly as possible until it melted and was then boiled at the 
ordinary pressure for a few minutes. The unchanged acid was 
removed with sodium carbonate, and the anhydride distilled under 
reduced pressure. It boiled at 212—225°/14 mm. and the viscous 
distillate, after being kept in contact with light petroleum (b. p. 
40—60°) for several days, deposited needles which on decomposition 
with alkali gave the cis-spiro-acid (A), m. p. 183—184°. 

Being sparingly soluble in benzene, the cis-spiro-acid (A) is best 
crystallised from chloroform—light petroleum (b. p. 60—80°), from 
which it separates in lustrous prisms, m. p. 185—186° (efferv. and 
formation of anhydride) (Found: C, 66-7; H, 80%; equiv., 131). 

The anhydride (X), prepared by melting the cis-acid or by treating 
it with acetyl chloride, or by any of the other methods described 
above, crystallised from light petroleum (b. p. 60—80°) in long silky 
needles, m. p. 107° (Found: C, 71-8; H, 7-5. CH ,03 requires 
C, 71-8; H, 7-7%). 

Fraction (2). The ester was boiled with excess of hydrochloric 
acid, glacialacetic acid being added until it dissolved : the hydrolysis 
was complete in 4 hours. The lactone, isolated in the usual way, 
was kept in a vacuum for several days and then dissolved in benzene- 
light petroleum (b. p. 60—80°); after 10 weeks, the crystals (m. p. 
110°) which had separated were found on recrystallisation to be 
identical with lactone (C), m. p. 165—166°. 

Fraction (3). The lactone which was obtained by the hydrolysis 
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of this ester was found, on purification, to be identical with lactone 
(A), m. p. 156°. 

Hydrolysis of the Acid Product of Monobromination by Concen- 
trated Potassium Hydroxide Solution at 150°.—The acid monobromo- 
ester (120 g.) was treated with a boiling solution of potassium 
hydroxide (360 g.) at 150° in the same way as the neutral bromo- 
ester, but in this case the reaction was very vigorous. The acids 
were isolated in the usual way, dried (83 g.), and mixed with benzene 
(150 c.c.). From the mixture of spiro-acids (27 g.) obtained, only 
the trans-spiro-acid (A), m. p. 264°, could be separated by crystal- 
lisation from aqueous acetone. 

The acids soluble in benzene were esterified and the following 
fractions were collected: (1) 232°/19 mm., (2) 240°/19 mm., (3) 
246—248°/19 mm. 

Fraction (1) (35 g.) was hydrolysed with hydrochloric acid, and 
the product treated with benzene—light petroleum (b. p. 60—80°) ; 
a small quantity of the cis-spiro-acid, m. p. 185—186°, was obtained 
after several weeks. 

Fraction (2) (8 g.) gave the lactone (C), m. p. 165—166°, when 
hydrolysed. 

Fraction (3) (25 g.) gave a mixture of lactones (C) and (D). 


Dibromination of trans-Decalin-2 : 2-diacetic Acid. 


The reaction which started when trans-decalin-2 : 2-diacetic 
acid (200 g.) was mixed with phosphorus pentachloride (400 g.) 
was completed by gentle heating on the steam-bath for 4—5 hours. 
Dry bromine (88 c.c., 2-2 mols.) was then added to the mixture, 
which was kept at 50—60° during 8 hours. After 20 hours, when the 
evolution of hydrogen bromide had ceased, the mixture was cooled, 
poured into absolute ethyl alcohol (1300 c.c.) at 0°, and, when the 
vigour of the reaction had abated, boiled for 1 hour. The whole 
was then freely diluted with water and the precipitated dibromo- 
ester (XXIII) was extracted with a large volume of ether, freed 
from the acid product by extraction with a 5°, solution of sodium 
carbonate, dried over calcium chloride, and recovered (350 g.). 
The specimen for analysis was kept in a vacuum over sulphuric 
acid for 4 weeks (Found: Br, 32-1. C,,H,,0,Br, requires Br, 
34-1%). 

The acid fraction (above) never amounted to more than 5g. In 
the earlier experiments, where the usual conditions of bromination 
were followed, considerable quantities of the acid monobromo- 
ester (V) were obtained (Found: Br, 21-6. Cale.: Br, 22-1%). 

trans-Decalin-2 : 2-dibromoacetic Acid (formula as XXIII).— 
When the dibromo-acid chloride was poured into anhydrous formic 
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acid, there was a vigorous evolution of hydrogen chloride. The 
gummy residue obtained on evaporation of the solution was tri- 
turated with chloroform—light petroleum (b. p. 40—60°). A small 
quantity of a dirty white powder was obtained which, after crystal- 
lisation from the same solvent mixture, melted at 199° (decomp.) 
(Found: C, 40-7; H, 5-0. C,,H,,0,Br, requires C, 40-8; H, 
48%). 

Hydrolysis of the Dibromo-ester (XXIII) with 64% Potassium 
Hydroxide Solution.—When the dibromo-ester (110 g.) was added 
as rapidly as was consistent with safety to a boiling solution of 
potassium hydroxide (420 g.) in water (240 c.c.), it dissolved and a 
potassium salt separated. The solution was boiled for 5 minutes, 
diluted, and acidified while hot with hydrochloric acid. The 
precipitated heavy oil was extracted with ether (thrice), partly 
dried over calcium chloride, and recovered. After being kept at 
90° for 2 hours and in a vacuum for 1 week, when it had become 
partly solid, it was mixed with benzene—light petroleum (b. p. 60— 
80°) (equal volumes). After 12 hours, the precipitated «-keto- 
trans-decalin-2 : 2-diacetic acid (XXIV) was collected (25 g.). It 
crystallised from benzene in short colourless needles and from 
chloroform in long silky needles, m. p. 156° (Found: C, 62-7; 
H, 7-5; equiv., 135. C,,H, 0; requires C, 62-7; H, 7-4%; equiv., 
134). 

The keto-acid decolorises alkaline permanganate slowly in the 
cold, but rapidly when hot. It is easily soluble in acetone and 
ethyl acetate. It is also soluble in hot water, from which it cannot 
be crystallised since it becomes hydrated and is obtained as a 
syrup on removal of the solvent. The quinoxaline derivative, 
prepared by heating equal quantities of the keto-acid and 
o-phenylenediamine in glacial acetic acid for 1 hour, was obtained 
after two crystallisations from ethyl alcohol in dirty white nodules, 
m. p. 230° (Found: C, 70-6; H, 7-2. Cy 9H,,4O;N, requires C, 
70-6; H, 7-1%). 

The semicarbazone of the monosodium salt * separated in rhombic 
plates when a mixture of the keto-acid, semicarbazide hydrochloride, 
and sodium acetate in concentrated aqueous solution was kept 
for 24 hours. The crystals, after being washed with water and 
alcohol, were hydrated (Found: H,O, 3-0. C,,H,.0;N,Na,1/2H,O 
requires H,O, 2-6%), but became anhydrous when kept at 110° 


* It has frequently been observed that some a-keto-acids fail to combine 
with semicarbazide (or other ketonic reagents). The reason for this abnormal 
behaviour probably lies in the strong acidity of these acids, which act as 
hydrolysing agents: one molecule forms the semicarbazone and another 
immediately hydrolyses it. Semicarbazones are readily formed when the 
carboxyl groups attached to the keto-group are neutralised. 
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for 3 hours. The semicarbazone then melted with frothing and 
decomposition at 255° (Found: Na, 6-35. C,;H,.0;N,Na requires 
Na, 66%). 

The keto-acid does not combine with semicarbazide, pheny]l- 
hydrazine, 2 : 4-dinitrophenylhydrazine, or diphenylbarbituric acid. 

The methyl ester, prepared by boiling a solution of the keto-acid 
(5 g.) in methyl alcohol (40 c.c.) and concentrated sulphuric acid 
(4 c.c.) for 4 hours, or from the silver salt and methyl iodide, boiled 
at 228°/21 mm. (Found: C, 645; H, 81. C,,H,,0; requires 
C, 649; H, 81%). It did not give a semicarbazone, nor react 
with phenylhydrazine in acetic acid or alcohol. The phenyl- 
hydrazone, however, was obtained by heating a mixture of the 
keto-ester and phenylhydrazine in benzene solution on the steam- 
bath for 4 hours. On addition of light petroleum (b. p. 60—80°) 
to the cooled product, thick plates were obtained. The phenyl- 
hydrazone is sparingly soluble in alcohol and benzene, moderately 
easily soluble in chloroform, and crystallises from dilute acetic 
acid in long, colourless, rectangular prisms, which are pale yellow in 
bulk; m. p. 235° (decomp.) (Found : C, 68-3; H, 7-6. C,H 0,N, 
requires C, 68-4; H, 7-8%). After 1 g. of the keto-acid had been 
boiled with 20 c.c. of 64% potassium hydroxide solution for 4 hours, 
0-9 g. was recovered unchanged by dilution, acidification, and 
extraction with ether. 

Oxidation of the Keto-acid with Hydrogen Peroxide.—A solution 
of the keto-acid in sodium carbonate was warmed during 3 hours, 
with frequent additions of hydrogen peroxide. Acidification then 
produced a crystalline precipitate which, after purification, was 
identified as 2-carboxy-trans-decahydronaphthalene-2-acetic acid 
(A), m. p. 197°, by comparison with a genuine specimen (J., 1929, 
1959). 

On distillation under reduced pressure, the keto-acid loses carbon 
monoxide and gives an oily substance, which is probably a mixture 
of the anhydrides of 2-carboxy-trans-decahydronaphthalene-2- 
acetic acids (A) and (B). 

A*or D.trans-Octahydronaphthalene-2-acetic Acid (XXV).—The 
benzene solution from which the keto-acid had been removed 
(p. 1179) was evaporated and the residue, which showed no signs of 
crystallising ‘after several months, was esterified with methyl 
alcohol (500 c.c.) and concentrated sulphuric acid (50 c.c.). After 
two fractional distillations of the product, various fractions, b. p. 
170—220°/15 mm., were obtained in addition to a fraction, b. p. 
154°/15 mm. (1-7 g.). This fraction was mixed with 40 c.c. of cold 
10% aqueous potassium hydroxide, and enough alcohol added to 
form a clear solution. After 4 days, the oil precipitated on acidific- 
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ation was extracted with ether, dried, and recovered and the mixture 
of oil and solid obtained was drained. The solid, which separated 
from light petroleum (b. p. 60—80°) in rhombic plates, m. p. 100— 
101°, was identified as A*° ))-trans-octahydronaphthalene-2-acetic 
acid by analysis (Found: C, 73:9; H, 9-4. C,.H,,0, requires 
C, 74:2; H, 9-3%), and by comparison with a genuine specimen 
(see later), The dibromide, m. p. 183°, was identical with the 
dibromide of the above-mentioned acid. 

The other fractions were hydrolysed with concentrated hydro- 
chloric acid. From the resulting acids, after standing in benzene 
solution for 14—18 months, small quantities of the keto-acid were 
isolated; the remainder did not solidify and decomposed on dis- 
tillation. 

The aqueous solution from which the above acids had been 
removed by extraction with ether was evaporated to dryness. From 
the residue, ether extracted a mixture of oil and solid; the latter 
crystallised from water in prisms, m. p. 102° (not depressed by 
admixture with crystalline oxalic acid), and gave the usual reactions 
of oxalic acid. 

Hydrolysis of the Dibromo-ester (XXIII) with Methyl-alcoholic 
Potash.—The dibromo-ester (100 g.) was added as quickly as possible 
to a boiling solution of potassium hydroxide (200 g.) in methyl 
alcohol (600 c.c.). The solution was boiled for 20 minutes and then 
evaporated to dryness. The residue was dissolved in water and 
acidified, and the precipitated oil extracted with ether. The 
residue after removal of the dried ether was kept at 100° in a vacuum 
for 2 hours; it then partly solidified. It was mixed with a small 
quantity of benzene, and the resulting trans-decalin-Q-spiro-trans- 
l-methoxycyclopropane-1 : 2-dicarboxylic acid (XXIX) collected; 
crystallised once from ethyl acetate and once from aqueous acetone, 
this separated in clusters of fine silky needles, m. p. 213° (Found : 
C, 63-7; H, 8-0; equiv., 141. C,;H,.0, requires C, 63-8; H, 7-8%; 
equiv., 141). When the trans-methoxy-spiro-acid was boiled with 
hydrobromic acid (d 1-45; 30 c.c.) for 4 hours, it was converted into 
the keto-acid (XXIV), m. p. 156° after crystallisation from chloro- 
form. 

The low-melting acid, together with the liquid acids obtained 
by evaporation of the benzene solution, was refluxed with acetyl 
chloride, the excess of which was then removed. The residue was 
dissolved in a large volume of ether, and the unchanged acid 
removed by a dilute solution of sodium bicarbonate. The anhydride 
distilled at 210—220°/12 mm. It was decomposed with sodium 
hydroxide and the liquid acid precipitated on acidification of the 
alkaline solution was triturated with methyl alcohol; it then partly 
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solidified. The solid was freed from the oil by draining on porous 
earthenware and crystallised from aqueous acetone. The resulting 
solid (m. p. 190—193°) was reconverted into the anhydride by 
melting, the unchanged acid being removed by sodium carbonate. 
After three crystallisations from light petroleum (b. p. 60—80°), 
the anhydride (XXX) separated in long, colourless, flattened needles, 
m. p. 145° (Found: C, 68-2; H, 7-5. C,;H,90, requires C, 68-2; 
H, 7-5%). 

The cis-methoxy-spiro-acid (A), which was obtained by decom- 
posing the anhydride, crystallised from aqueous acetone in short 
colourless needles, m. p. 204° (Found: C, 63:7; H, 7:8; equiv., 
143). Mixed with the trans-methoxy-spiro-acid (B), it melted at 
190—194°. 

The substances so far described have a great tendency to retain 
ether, with the result that when they are placed in a vacuum they 
swell up, filling the whole of the desiccator, leading to considerable 
loss of material. This difficulty has been overcome by keeping 
them at 90° or 100° in a vacuum; all the ether is then completely 
removed. Even if they solidify in the desiccator, the lactonic 
acids become oils when exposed to the atmosphere or treated with 
sodium-dried solvents. The only method of getting them as crystal- 
line solids has been to dissolve them in benzene-—light petroleum 
(b. p. 60—80°) and allow the solution to stand during several months ; 
even so, only a fraction of the material is obtained crystalline. 


Synthesis of trans-Decahydronaphthylidene-2-acetic and 
A®r l).trans-Octahydronaphthalene-2-acetic Acids. 


Condensation of trans-@-Decalone with Ethyl Bromoacetate : 
Ethyl 2-Hydroxy-trans-decalin-2-acetate (XXXI).—Zine (75 g.) 
was added to a mixture of trans-8-decalone (152 g.) and ethyl 
bromoacetate (106 g.) in dry benzene (375 c.c.). The reaction which 
started after 2 hours’ heating on the steam-bath was allowed to 
proceed without the application of heat and was then completed 
by heating again for } hour. The zinc compound having been de- 
composed with ice and dilute sulphuric acid, the benzene layer was 
separated, washed successively with dilute sulphuric acid, 10% 
sodium hydroxide solution, and water, and dried over calcium 
chloride. On distillation under reduced pressure, after removal 
of benzene, the main fraction boiled at 184°/26 mm., small quantities 
of esters boiling at lower and higher temperatures being also 
obtained. On redistillation, pure ethyl 2-hydroxy-trans-decalin- 
2-acetate boiled at 179—180°/20 mm. (Found: C, 70-0; H, 10-0. 
C,,H,,0, requires C, 69-9; H, 10-1%); it had di 1-045, nj 
1-4832, whence [R,], 65-54 (calc., 65-63). 
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The hydroxy-ester was hydrolysed by boiling with 50°, potassium 
hydroxide solution for a few minutes; the oily acid obtained on 
acidification partly solidified after a few hours. The solid was 
isolated by filtration and draining on porous earthenware. 
2-Hydroxy-trans-decalin-2-acetic acid (XXXII) is readily soluble in 
hot water (from which it separates in long needles) and alcohol, 
but is best crystallised from benzene; m. p. 102° (Found: C, 
67-7; H, 9-9; equiv.,211-7. C,H, 0, requires C, 67-9; H, 95%; 
equiv., 212). The oil, which probably consisted of the stereo- 
isomeride and would not solidify, was used for the preparation of 
the «$-acid. . 

Dehydration of the Hydroxy-acid: trans-Decahydronaphthylidene- 
2-acetic Acid (XXXIII).—The hydroxy-acid (84 g.) was dissolved 
in acetic anhydride (220 g.; 5 mols.) and boiled for 3 hours. The 
residue obtained on removal of acetic anhydride under reduced 
pressure was diluted with water and boiled for 2 hours (distillation 
in steam was extremely slow and tedious). The acid, which partly 
solidified on cooling, was collected and drained on porous earthen- 
ware. Crystallised from light petroleum (b. p. 60—80°), trans- 
decahydronaphthylidene-2-acetic acid separated in long colourless 
prisms, m. p. 145° (Found: C, 74-3; H, 9-2; equiv., 194. C,.H,,0, 
requires C, 74:2; H, 9-3%; equiv., 194). : 

The dibromide, C,H,,>CBr-CHBr-CO,H, was prepared by 
keeping a mixture of the acid and bromine in chloroform solution 
for 2 days. The crystals obtained by evaporation of the solvent 
were boiled with light petroleum (b. p. 60—80°) to remove the 
small quantity of the low-melting stereoisomeride that had also 
been formed. The dibromide separated from benzene—light 
petroleum (b. p. 60—80°) in diamond-shaped crystals, m. p. 170° 
(Found : Br, 45-7. C,,H,,0,Br, requires Br, 45-2%). 

A solution of the «$-acid in sodium carbonate was immediately 
oxidised by a 1% solution of potassium permanganate. The 
resulting ketone, which was taken up in ether, was identified as 
trans-8-decalone by its characteristic odour and in the form of its 
semicarbazone, m. p. and mixed m. p. 193°. 

Dehydration of the Hydroxy-ester—aA solution of the hydroxy- 
ester (100 g.) in dry benzene (100 c.c.) was mixed with phosphorus 
oxychloride (28 g.) and heated on the steam-bath for 44 hours; 
evolution of hydrogen chloride had then ceased. The oil pre- 
cipitated on dilution with water was extracted with ether, washed 
with sodium carbonate and water, dried over calcium chloride, and 
recovered by removal of the solvent. The Sy-ester obtained (72 g.) 
boiled at 170°/24 mm. 

Alcohol was added to a mixture of the foregoing ester (77 g.) 
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and a solution of potassium hydroxide (25 g.) in water (100 c.c.) 
until a clear solution was formed. After 48 hours, the alcohol 
having been removed, the solution was diluted with water, and any 
unchanged ester extracted with ether. The oily acid precipitated 
on acidification partly solidified after a few hours. It was collected, 
drained on porous earthenware, and crystallised from light petroleum 
(b. p. 60—80°), Ar ).trans-octahydronaphthalene-2-acetic acid 
(XXV) separating in colourless rhombic plates, m. p. 100—101° 
(Found: C, 74:2; H, 95%; equiv., 193). The acid decolorised 
permanganate and instantly absorbed bromine in chloroform 
solution. The dibromide, C,H,,Br>CBr-CH,°CO,H, obtained on 
evaporation of the solvent crystallised from chloroform—light 
petroleum (b. p. 60—80°) in thick plates, m. p. 183° (Found: Br, 
45-3%). 

Conversion of the aB-Acid into the By-Isomeride—The «$-acid 
(m. p. 145°) was boiled with 64% potassium hydroxide solution 
for 1 hour. The precipitate obtained on acidification of the diluted 
solution crystallised from light petroleum (b. p. 60—80°) in rhombic 
plates, m. p. 100—101°, of the Py-acid. 


I desire to express my thanks to Professor J. F. Thorpe, C.B.E., 
F.R.S., for his kind interest in this investigation, and to the Chemical 
Society for generous grants towards its heavy cost. 


IMPERIAL COLLEGE oF SCIENCE AND TECHNOLOGY, 
Lonpon, 8.W.7. [ Received, December 17th, 1929.] 





CXLIX.—The Essential Oil of Backhousia angustifolia. 
Part II. The Isolation of Naturally Occurring 
B-Diketones: Angustione and Dehydroangustione. 


By CHarLtes STaNLEY Gipson, ARTHUR RAMON PENFOLD, and 
JOHN LIONEL SIMONSEN. 


DuRING an investigation of the constituents of the essential oil 
derived from the leaves and terminal branchlets of Backhousia 
angustifolia, which grows in Queensland, Penfold (J. Proc. Roy. 
Soc. New South Wales, 1924, 57, 300) observed that the portion of 
the oil which was soluble in alkali contained a substance or 4 
mixture of substances giving crystalline derivatives with ammonia 
and copper carbonate. Although the boiling point of this con- 
stituent of the oil was the same for different samples of the oil, 
the other physical constants, more especially the refractive index, 
showed somewhat large variations (np 1-5288 and 1-5130) (loc. cit., 
p. 308). This difference was not due solely to contamination with 
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some other substance, since two individual ammonia derivatives, 
m. p. 135—137° and 153°, were prepared. Analyses and molecular- 
weight determinations appeared to indicate that the parent sub- 
stances had the composition C,)H,,0;, and this formula was pro- 
visionally adopted, although it was emphasised that evidence for 
the homogeneity of the substance analysed was lacking. We have 
now subjected the alkali-soluble fraction of this oil to a detailed 
investigation and have found that, depending upon conditions which 
remain to be determined, the substance is homogeneous and con- 
sists of either one or the other of two closely related ketones, which 
we have designated angustione and dehydroangustione. The con- 
stitution of the former has been rigidly established and we are able 
to suggest one for the latter which we regard as probably correct. 

Angustione,* identical with the substance originally analysed, 
has now been found to have the composition C,,H,,0, and not 
C,9H,,0, and this has been substantiated by the preparation and 
analysis of a number of derivatives. The most characteristic of 
these is formed by the action of ammonia on angustione; this sub- 
stance, m. p. 130—131°, for which we suggest the name amino- 
angustione, is not an ammonium salt but has the composition 
C,,H,;0,.N. The formation of a substance of this composition, 
together with the fact that a crystalline copper derivative, 
CygH90,Cu, m. p. 192—193°, can also be prepared, suggested that 
angustione was a $-diketone (compare Haas, J., 1906, 89, 187). 
The existence of this structure in angustione was supported by the 
preparation of a piperonylidene derivative and by the properties of 
the products formed on interaction with hydroxylamine, pheny]- 
hydrazine, and p-bromophenylhydrazine, whereby an anhydro-oxime, 
anhydrophenylhydrazone, and anhydro-p-bromophenylhydrazone re- 
sulted. The presence of a pyrazole ring structure in the last deriv- 
ative was proved by its reduction to a pyrazoline giving the well- 
known Knorr reaction. With semicarbazide an anhydro-semicarb- 
azone was obtained, which, for reasons to be discussed later, we 
consider probably differs in constitution from the anhydro-phenyl- 
hydrazones. 

In the course of his preliminary experiments Penfold (loc. cit., 
p. 311) had observed that the ketone underwent extensive degrad- 
ation when oxidised with potassium permanganate. We therefore 
examined the action of milder reagents. On digestion with ferric 
chloride in acetic acid—water solution an unsaturated crystalline 
substance, C,H,,0,, m. p. 159—160°, was obtained, which was 


* Angustione probably occurs also in the essential oil from Boronia thujona, 
var. “A” (compare Penfold, J. Proc. Roy. Soc. New South Wales, 1929, 
62, 231). 
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soluble in sodium bicarbonate solution and gave with ferric chloride 
an amethyst coloration. Oxidation of this substance with potassium 
permanganate gave dimethylmalonic acid, and on reduction with 
sodium amalgam addition of two hydrogen atoms occurred with the 
formation of a substance, C,H ,,0,, m. p. 130—131°. This reduction 
product also gave an amethyst coloration with ferric chloride and 
was readily oxidised by potassium permanganate in alkaline solution, 
yielding ««y-trimethylglutaric acid (III). The formation of this acid 
left no doubt that the substance, m. p. 130—131°, was the 8-diketone, 
1 : 1 : 3-trimethylcyclohexane-4 : 6-dione (I), and this view was con- 
firmed by its oxidation with potassium hypobromite to the above- 
mentioned substituted glutaric acid. It followed from this that the 
substance, m. p. 159—160°, which can also be prepared by the 
oxidation of 1:1 : 3-trimethyleyclohexane-4 : 6-dione with ferric 
chloride, must be the corresponding unsaturated (-diketone, 
1: 1 : 3-trimethyl-A®?-cyclohexene-4 : 6-dione (II), which would on 
oxidation give dimethylmalonic acid (IV). Confirmation of this 
structure was obtained by the conversion of the unsaturated dione 
into 4: 6-dichloro-1 : 2 : 3-trimethylbenzene (V) by the action of 
phosphorus trichloride, a reaction analogous to the preparation of 
this dichlorotrimethylbenzene by the action of phosphorus penta- 
chloride on 1 : 1 : 2-trimethylcyclohexane-3 : 5-dione (VI) (Crossley, 
J., 1901, 79, 144; Crossley and Hill, J., 1906, 89, 881). 


#6 Hse/ ec .COMe 








“ee (VII.) 
Prog ne, seat 
CO 
FeCl, 
H 9 Se —> HY Mes 0c. 00. 
H, oe oc CH  kmn0, ie ~ 
(Me, ; ‘Me, = 
(I) | sno, ra,| (HT) (IV.) 
CO,H Cl (OH 
\CHMe ° oc’ \co 
HO,C\. /CH, Cl e “pa, H,C\. /CHMe 
Me, Me Me, 
{IIT.) (V.) (VI.) 


With the proof of the constitution of the product formed by the 
oxidation of angustione with ferric chloride and the indirect evidence 
that the saturated dione (I) was the primary product of the reaction, 
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the relative positions of 9 out of the 11 carbon atoms were fixed 
together with those of 2 of the oxygen atoms. Although there was 
no direct evidence of the nature of the third oxygen, it appeared 
probable that the diketone contained the group Me—CO-, since if 
this were the case, the two remaining carbon atoms would also be 
accounted for. Angustione is not hydrolysed when boiled for some 
hours with aqueous potassium hydroxide (20%), but, when heated 
with an alcoholic solution of potassium hydroxide at 150° under 
pressure, it is degraded, yielding a mixture of 1 : 1 : 3-trimethyl- 
cyclohexane-4 : 6-dione (I) and acetic acid. This reaction proceeds 
very smoothly and the yield is almost quantitative; there can 
therefore be no doubt that angustione must be the triketone repre- 
sented by (VII). Unfortunately at this stage our material was 
exhausted and since later distillations have given only dehydro- 
angustione, we have been unable to examine its reactions with 
potassium hypobromite and potassium permanganate. It is desir- 
able here, before proceeding to consider the constitution of dehydro- 
angustione, to refer to the constitution of some of the derivatives 
of angustione mentioned above. 

The product which is obtained by the action of hydroxylamine 
on the ketone (p. 1193) is insoluble in alkali and gives no colour with 
ferric chloride; it dissolves, however, in strong mineral acids and 
is reprecipitated on dilution. It is probably therefore either 
Saran are (VIII) or anhydroangustione-6-oxime (1X). 





4 tsar * 
(VIII.) } “Hg at | HO \¢MeAc (IX.) 
CH, N—C 1H, * 
‘Me, Me, 
N=——C RN——C 
mx) || HY \GMeAc | a (XI) 
‘Me, (R = Phor p-C,H,Br) Sie, 


Similarly, two structures are possible for the products obtained by 
the action of phenylhydrazine and y-bromophenylhydrazine on 
angustione, namely, anhydroangustione-4-phenylhydrazone (X) or 
anhydroangtstione-6-phenylhydrazone (XI). We have not attempted 
to determine the structure of these substances. As was mentioned 
above, the reaction with semicarbazide probably proceeds in a 
different manner. By the action of this reagent under suitable 
conditions (p. 1192) a substance is obtained which from its analysis 
is clearly an anhydro-derivative. It differs, however, very markedly 
in its properties from the anhydro-oxime and anhydro-phenyl- 
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hydrazones. Although quite colourless when powdered, the 
crystals show a blue fluorescence and a solution of the substance in 
chloroform, from which it readily separates as a gel, has a marked 
blue colour. It is readily soluble in alkali and gives with ferric 
chloride an intense indigo-blue coloration. We would suggest that 
this derivative is either anhydroangustione-4-semicarbazone (X11) or 


N—N‘CO-NH, H,N-OC-N—N 
C C:CH, c ScMe 
‘ 4 AN ~ 
(xur.) H,Os Me HO* ‘CMe ¢xq.) 
OC\a ACH, sirte 0p, 
CMe, ‘Me, 


anhydroangustione-w-semicarbazone (XIII): the presence of the 
potential enolic group in position 6 would account for the solubility 
in alkali and for the coloration with ferric chloride. 

For aminoangustione, two formulze (XIV) and (XV) are possible 
and in this case also we have no evidence which is correct. 


C-NH, co 
ff ‘ w 
xiv, HO7 \oMede HO“ \oMeAc (xy, 
OC\ AH, H,NC\ CH, 
CMe, CMe, 


The reduction of angustione with sodium and alcohol (p. 1197) 
proceeds in a somewhat complex manner and we have only been 
able to identify two of the products: one is 1 : 1 : 3-trimethylcyclo- 
hexane-4 : 6-dione (I) resulting from the hydrolysis of the ketone, 
and the other, the main product of the reduction, is a bimolecular 
alcohol, Cy.H4.04, probably (XVI). 


Me. CH-OH HO-HC Me 
HOMeHC-0” \CH————H0” \¢CHMe-OH 


H,C\ /CH-OH HO-HC\. /CH, 
Yite, CMe, | 


With aluminium amalgam an amorphous pinacol, C,.H,,0., m. p. 
153°, is obtained, which has not been further studied. 

The ketone yielding the crystalline amino-derivative, m. p. 151°, 
was at first thought to be isomeric with angustione, but careful 
analyses of the ketone itself and of a large number of its derivatives 
have shown it to contain two hydrogens less, having the composition 
C,,H,,0;. Angustione and dehydroangustione are undoubtedly 
very closely related. Dehydroangustione is a 6-diketone yielding an 
anhydro-oxime, anhydro-semicarbazone, and anhydro-p-bromophenyl- 
hydrazone ; further, it contains a reactive CH,— group, since it forms 
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a piperonylidene derivative. Unlike angustione, dehydroangustione 
is very resistant to the action of alkali and at 150° only slight 
hydrolysis occurs with the formation of 1 : 1 : 3-trimethyl-A?-cyclo- 
hexene-4 : 6-dione (II): this substance is, however, obtained in 
excellent yield when the ketone is warmed on the water-bath with 
sulphuric acid (50%). Since the saturated dione (I) is not oxidised 
under these conditions, it is obviously not an intermediate product 
and it became probable, therefore, that the primary product in 
both reactions was a hydroxycyclohexanedione. A consideration of 
the various possibilities has led us to the conclusion that dehydro- 
angustione is the 6-oxide (XVII), in which case the degradation to 
1: 1 : 3-trimethyl-A?-cyclohexene-4 : 6-dione would proceed with the 
intermediate formation of (X VIII) and (XIX). 


CO Me CO Me CO 
HO” \i—o:cH, HO” \G-Ae _, HC” \GHMe __. se 
OC. /CH-O OC\ HOH” OC\ /CH-OH 

CMe, CMe, CMe, 

(XVIL.) é (XVIIL.) (XIX.) 


When dehydroangustione is oxidised with potassium permanganate, 
it yields a mixture of awy-trimethylgiutaric acid and dimethyl- 
malonic acid, the latter being formed in greater quantity. With 
potassium hypobromite l-a«y-trimethylglutaric acid is obtained 
together with a substance having the composition C,H, 90,. The 
constitution of this substance has not been determined, but it is 
derived apparently from 1 : 1 : 3-trimethyl-A?-cyclohexene-4 : 6-dione, 
since preliminary experiments have shown that it can be prepared 
by the action of potassium hypobromite on this. The fofmation of 
axy-trimethylglutaric acid by the oxidation of dehydroangustione 
can be explained only if we assume that during the oxidation 
hydration occurs to some extent in the reverse direction, yielding 
the hydroxy-ketone (XX). We recognise that this reaction is 
unusual and when further material becomes available we propose to 
attempt to establish rigidly the constitution of dehydroangustione. 








0—C:CH, 
CO _/Me [ CO 
ita H,C/ \SCO-CH;OH __, yy) Me 
OC\ CH, OC\._/CH, 
CMe, Me, 
(XX.) (XXI.) 


A substance having the alternative formula (X XI) would probably 
give a piperonylidene derivative and would undoubtedly yield 
aey-trimethylglutaric acid on oxidation, but its hydrolysis to the 
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unsaturated dione involves obvious difficulties. Furthermore it 
would be unlikely to yield a copper derivative. 

As is the case with angustione, two formulz are possible for all 
the derivatives of dehydroangustione which have been prepared. 
It is, however, unnecessary to consider these in detail, as we have 
been unable to distinguish between them. Attention may perhaps 
be directed to the properties of the anhydro-semicarbazone which 
resemble closely those of anhydroangustionesemicarbazone. It has, 
however, been prepared in two isomeric forms, m. p. 138—139° and 
173—175° (see p. 1199). On reduction with sodium and alcohol 
dehydroangustione yields the same products as angustione. 

Mention has been made already of the fact that angustione and 
dehydroangustione differ in their physical constants and this differ- 
ence is shown also in their molecular refractions, that of angustione 
being 54-09 and of dehydroangustione 54:5. If we accept formula 
(VII) for angustione, the molecular refraction calculated from the 
Eisenlohr 1910 values (Eisenlohr, ‘“‘ Spectrochemie Organischen 
Verbindungen,”’ p. 48) is 50-59 and the ketone therefore shows the 
large molecular exaltation of 3-5 units. It is difficult to find a 
substance of similar structure to determine how far such an exalt- 
ation is abnormal, since the cyclohexanediones are usually solids. A 
somewhat similar substance is 4-acetyl-l1-methylcyclohexan-3-one, 
which was prepared by Léser (Ann. Chim., 1902, 26, 239). The 
molecular refraction of this ketone is 44-07 and the calculated value 
is 41-38, giving an exaltation of 2-79. Since this substance contains 
only two carbonyl groups, the exaltation is evidently of the same 
order. With dehydroangustione the molecular exaltation is even 
more marked, since the calculated value in this case is 49-53 if no 
allowance is made for the oxide ring. A high value is perhaps to 
be anticipated owing to the presence of the extracyclic ethylenic 
linkage. Any theoretical deductions from these values would be 
premature, but it appears justifiable to assume that a large molecular 
exaltation is to be expected in all cyclohexanediones. 

In angustione and ‘dehydroangustione we have, so far as we are 
aware, the first instance of the occurrence in nature of $-diketones. 
Since they contain eleven carbon atoms, they are obviously not 
simple derivatives of isoprene, but the formule which have been 
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assigned to them are built up from two isoprene nuclei, as will 
be seen by reference to the partial formula (XXII). Whether the 
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ketones are formed by condensation with a molecule of formaldehyde 
or by the degradation of a substance containing fifteen carbon 
atoms, we have no means of determining. It is, however, of interest 
to note that they contain the “ ionone ”’ ring the presence of which 
has recently been shown to occur in carotin (Karrer and Helfenstein, 
Helv. Chim. Acta, 1929, 12, 1142). 

Although the two ketones described in this communication are 
the first natural 6-diketones to be investigated in detail, the presence 
of substances having similar reactions has been observed in other 
eucalyptus oils. Of these the most important and most readily 
available is leptospermol, which occurs in the oil derived from the 
leaves and terminal branches of Leptospermum flavescens (Penfold, 
J. Proc. Roy. Soc. New South Wales, 1921, 45, 51). This ketone 
is at present being studied by one of us (A. R. P.) and Dr. W. F. 
Short and it-has been found to be a 6-diketone. 


EXPERIMENTAL. 
Angustione. 


The ketone, which had been separated from the oil by the method 
described previously (loc. cit., p. 308), was purified either through 
its amino- or copper derivative. It was regenerated from the 
former by gentle warming with dilute aqueous alkali (10%), the 
temperature not being allowed to rise above 50° and the liberated 
ammonia being removed under diminished pressure. The solution 
was acidified with dilute sulphuric acid, and the ketone isolated by 
extraction with ether. From the copper derivative the ketone was 
obtained by the decomposition of an ethereal solution with dilute 
sulphuric acid. When purified by either of these methods angustione 
had b. p. 129°/15 mm., d3- 1-089, nf" 1-5137, [«]544, —5-56°, [Rz]p 
54:09 [Found *: (from amino-derivative) C, 67-2; H, 8-0; (from 
Cu derivative) C, 67-5; H, 8-1. C,,H,,0, requires C, 67-3; H, 
81%]. 

Angustione is a colourless viscid oil with a faint and somewhat 
unpleasant smell; when pure it can be kept in a loosely stoppered 
bottle for months without becoming discoloured. It does not yield 
a crystalline bromide or react with hydrogen bromide in acetic acid 
solution at 0°, but with hydrogen iodide it gives an unstable crystal- 
line derivative. It was recovered unchanged after digestion with 
acetic anhydride, and a benzoyl derivative could not be prepared. 
Its alcoholic solution gives with ferric chloride an intense orange- 
red coloration. 

Aminoangustione (XIV or XV).—When angustione in light 


* The majority of the analyses recorded in this paper are microanalyses 
and where two analyses are given they were made with different preparations. 
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petroleum solution was treated with dry ammonia, an amorphous 
white solid, probably an ammonium salt, separated. This was 
readily soluble in water and when the aqueous solution was warmed 
the sparingly soluble amino-derivative was precipitated. This can 
however, be prepared more conveniently by the method described 
previously (loc. cit., p. 309). It is best purified by crystallisation 
from cyclohexane, in which it is somewhat sparingly soluble, and 
from which it separates in well-formed massive prisms, m. p. 130— 
131°. In absolute alcohol solution (c = 0-9163, 1 = 4), %54, — 0-31° 
was observed, whence [«]54g; = — 8-6° (Found: C, 68-0, 67-9; H, 
8-6, 88; N, 7-2. C,,H,,0,N requires C, 67-7; H, 8-7; N, 7-:2%). 
Aminoangustione is readily soluble in all the ordinary organic 
solvents with the exception of light petroleum, but it is very spar- 
ingly soluble in water, melting under this solvent when heated. It 
' gives with ferric chloride the same coloration as the parent ketone. 
It is stable to mineral acids, but it is readily decomposed by hot 
alkalis with liberation of ammonia. It cannot apparently be 
acetylated by digestion with acetic anhydride. When it is treated 
in chloroform solution with bromine, a sparingly soluble oil separates, 
which crystallises rapidly in leaflets melting below 0°. This sub- 
stance is probably a perbromide, since, on removal of the soivent 
under diminished pressure, a red gum remains from which amino- 
angustione can be recovered on trituration with ammonia. 
Thecopper derivative of angustione was prepared most conveniently 
by the treatment of a light petroleum solution of the ketone with 
copper acetate, ammonia being added to neutralise the acetic acid 
liberated. The derivative, which was very readily soluble in ether 
and alcohol, crystallised from either benzene or dilute alcohol in 
blue prisms, m. p. 192—193° (Found: C, 58-5, 58-2; H, 6-5, 6-9; 
Cu, 14-0. CygH 90,Cu requires C, 58-2; H, 6-6; Cu, 14.0%). It 
does not react with methy] iodide in benzene solution. 
Anhydroangustione-4(or w)-semicarbazone (XII or XIII).—When 
a mixture of angustione (4 g.), semicarbazide hydrochloride (3-75 g.), 
dissolved in the minimum quantity of water, and sodium bicarbonate 
(2-8 g.) was kept for 3 days with occasional shaking, a viscid oil 
formed. The solution was cleared by the addition of alcohol and 
after 2 days the crystalline solid which had separated was collected ; 
a further quantity was obtained by addition of water to the filtrate 
(yield, 3-2 g.). After trituration with ether, which removed a 
small quantity of a yellow impurity, the semicarbazone was recrys- 
tallised by solution in hot chloroform and addition of an equal 
volume of hot benzene. If allowed to cool slowly, the semicarbazone 
crystallised in soft serrated needles, m. p. 145° (decomp.), but if the 
solution was rapidly cooled, a gel was obtained : the same pheno- 
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menon was observed when a hot concentrated chloroform solution 
was rapidly cooled. The solution showed a marked blue fluorescence 
(Found : C, 61-6; H, 7-4. C,,H,,0,N, requires C, 61-3; H, 7-2%). 
The semicarbazone is readily soluble in water, giving a colourless 
solution, which on boiling clouds with the separation of an oil; it 
is soluble in alkali and its alcoholic solution gives with ferric chloride 
an intense indigo-blue coloration. In aqueous solution it reduces 
an ammoniacal solution of silver oxide with the formation of a 
silver mirror. 

Anhydroangustione-4(or 6)-phenylhydrazone (X or XI).—This de- 
rivative was obtained in a somewhat poor yield when an alcoholic 
solution of the ketone was kept for some days with an excess of 
phenylhydrazine acetate. It crystallised from alcohol, in which it 
was readily soluble, in small plates, m. p. 119—120° (Found: C, 
76:0; H, 7-4. C,,H, ON, requires C, 76-1; H, 7-5%). 

Anhydroangustione-4(or 6)-p-bromophenylhydrazone (X or XI) 
erystallised from alcohol, in which it was somewhat sparingly 
soluble, in faintly brown prisms, m. p. 191° (Found: C, 58-5; H, 
53; Br, 23-1. C,,H,,ON,Br requires C, 58-8; H, 5-5; Br, 23-0%). 
The p-bromophenylhydrazone was insoluble in alkali and gave no 
colour with ferric chloride in alcoholic solution. When it was 
reduced with sodium and alcohol, a substance was obtained which 
gave Knorr’s pyrazoline reaction. 

Anhydroangustione-4(or 6)-oxime (VIII or I1X).—A mixture of 
angustione (9 g.), hydroxylamine hydrochloride (3-5 g.), and sodium 
acetate (4-1 g.) in alcohol (35 c.c.) was heated on the water-bath for 
2 hours. After about 15 minutes a blue colour developed which 
disappeared on further heating. The reaction mixture was distilled 
in steam, the volatile oil extracted with ether, the ether dried and 
evaporated, and the residual oil distilled under diminished pressure 
(22 mm.): the whole boiled at 150—152°. The colourless viscid 
oil, which had a strong basic smell, partly crystallised on keeping. 
The solid was collected, drained on porous porcelain, and recrystal- 
lised from dilute methyl alcohol; it was then obtained in needles 
melting not quite sharply at 41—43° (Found: C, 68-0; H, 7-6. 
C,,H,,O,N requires C, 68-4; H, 7-8%). The anhydro-oxime was 
insoluble in aikali but readily soluble in concentrated hydrochloric 
acid, being reprecipitated on dilution. It did not give a crystalline 
picrate or chloroplatinate. 

Piperonylideneangustione.—To a mixture of equimolecular pro- 
portions of angustione and piperonal dissolved in alcohol, piperidine 
(one drop) was added, and the solution heated to boiling. After 
some days a yellow crystalline solid had been deposited ; it crystal- 
lised from alcohol, in which it was very sparingly soluble, in bright 
Ss 
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sulphur-yellow, soft needles, m. p. 166—167° (Found: C, 69-6; 
H, 5-9. C,H, 90, requires C, 69-5; H, 60%). 

Oxidation of Angustione.—(A) With ferric chloride: 1:1:3-Tri- 
methyl-A?-cyclohexene-4 : 6-dione (II). A mixture of the ketone 
(15 g.), ferric chloride (40 g.), acetic acid (60 c.c.), and water (130 c.c.) 
was boiled for 8 hours and, after remaining over-night, distilled in 
steam until the aqueous distillate no longer deposited a solid on 
saturation with ammonium sulphate. A red resinous solid remained 
in the distillation flask. The distillate, after saturation with 
ammonium sulphate, was extracted with ether, the extract dried 
over sodium sulphate, and the solvent evaporated; the residual 
red oil was warmed under diminished pressure until free from 
acetic acid and the crystalline solid which separated was mixed 
with light petroleum (b. p. 40—60°) and collected. The filtrate on 
distillation under diminished pressure (11 mm.) boiled at 125—135° 
and gave an oil from which, on cooling, a further quantity of solid 
could be obtained, but which consisted mainly of unchanged 
angustione. 

1:1: 3-Lrimethyl-A?-cyclohexene-4 : 6-dione crystallised from 
dilute alcohol in long needles or from light petroleum—benzene in 
soft needles, m. p. 159—160° (Found: C, 71-0; H, 7-8. C,H,,0, 
requires C, 71-1; H,7-9%%). It was readily soluble in the ordinary 
organic solvents with the exception of ether, in which it was some- 
what sparingly soluble, and of light petroleum, in which it was very 
sparingly soluble. It was somewhat soluble in hot water and the 
solution gave with ferric chloride an amethyst coloration. It was 
not readily attacked by concentrated sulphuric acid and could be 
heated with this reagent to 110° without marked discoloration. In 
chloroform solution the dione rapidly absorbed bromine with the 
liberation of hydrogen bromide and on evaporation of the solvent 
5-bromo-1 : 1 : 3-trimethyl-A?-cyclohexene-4 : 6-dione remained, which 
crystallised from dilute alcohol in iridescent prisms, m. P. 126—127° 
(Found: C, 46-9; H, 48; Br, 34:3. C,H,,0,Br peer C, 46-7; 
H, 4-7; Br, 34-6%). 

When the dione was at with phosphorus tzichloride, evolution 
of hydrogen chloride occurred, and a pasty solid separated on 
cooling. This was dissolved in benzene, and the solution decanted 
from phosphorous acid, washed with alkali, and evaporated. The 
residual solid crystallised from dilute acetone in glistening leaflets, 
m. p. 77—78° (Crossley and Hills, loc. cit., give 76-5°), and was 
evidently 4 : 6-dichloro-1 : 2 : 3-trimethylbenzene (V) (Found: C, 
57-3; H, 5-4. Calce.: C, 57-1; H, 53%). 

When an alcoholic solution of equimolecular proportions of the 
dione and piperonal was treated with a drop of piperidine and 














35° 
lid 
sed 


om 
in 


ary 
ne- 
ery 
the 
vas 

be 


the 
ent 
‘ich 
27° 
7; 


ion 
on 


The 
ets, 
was 

C, 


the 
and 








ESSENTIAL OIL OF BACKHOUSIA ANGUSTIFOLIA, PART tH. 1195 


warmed for a few minutes, a crystalline solid was obtained. This 
separated from alcohol in prisms, decomp. 208—210°. Although 
the substance itself was quite colourless, it dissolved in hot alcohol 
to yield a bright yellow solution, the colour disappearing on cooling. 
The constitution of this substance was not determined, but it con- 
sists apparently of two molecules of the dione combined with one 
of piperonal and analysis indicates that it is a reduction product 
(compare p. 1196) (Found: C, 70-9; H, 7-5. C,H 0, requires C, 
70-9; H, 7-3%). 

(B) With potassium ferricyanide. A mixture of the ketone (13 g.), 
potassium ferricyanide (176 g.), water (400 c.c.), and potassium 
hydroxide solution (10%; 600 c.c.) was gently boiled for 3 hours. 
The cooled solution was acidified, saturated with ammonium 
sulphate, and extracted with ether. After removal of the solvent 
the residual oil was distilled in steam; a crystalline solid passed 
over, leaving a red resinous residue (3-7 g.). The distillate, after 
saturation with ammonium sulphate, was extracted with ether, and 
the extract dried and evaporated. The residue, which crystallised, 
was drained on porous. porcelain to remove some adhering oil and 
recrystallised from dilute alcohol; it was then obtained in soft 
needles which were apparently homogeneous and melted sharply 
at 141°. Specimens from two distinct preparations were analysed 
and showed the substance to be a mixture of 1 : 1 : 3-trimethyl- 
cyclohexane-4 : 6-dione and | : 1 : 3-trimethyl-A?-cyclohexene-4 : 6- 
dione (Found: C, 70-4, 70-5; H, 8-4, 8-7%). This was confirmed 
by bromination of the mixture, the bromide, m. p. 126—127° (p. 1194), 
being readily obtained, and by reduction with sodium amalgam, 
whereby it was converted quantitatively into the saturated dione, 
m. p. 130—131° (compare p. 1196). The 1:1 : 3-trimethylceyclo- 
hexane-4 : 6-dione present in the mixture was optically active; in 
alcoholic solution, c = 5-453, 1 = 2, 546, + 0-12°, [a]5ag, + 104°. 

Oxidation of 1:1:3-Trimethyl-A?-cyclohexene-4 : 6-dione.—The 
dione (2 g.), dissolved in sodium carbonate solution, was oxidised 
with potassium permanganate (2-5%) at 0°, a current of carbon 
dioxide being passed through the solution. On completion of the 
oxidation (250 c.c. KMnO,) the manganese dioxide sludge was 
separated, and the liquid evaporated to a small bulk in a current 
of carbon dioxide. The acidified solution was repeatedly extracted 
with ether, the solvent dried and evaporated, and the residue, 
which immediately solidified, crystallised from hot water; it 
separated in glistening tablets, decomp. 185—186°. This decom- 
position point was not depressed on admixture with an authentic 
specimen of dimethylmalonic acid (Found : C, 45-7; H, 5-8. Cale. : 
C, 45-4; H, 6-1%). 
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Reduction of 1 : 1 :3-Trimethyl-A®-cyclohexene-4 : 6-dione. 1:1:3- | 


T'rimethylcyclohexane-4 : 6-dione (I1).—The unsaturated dione (0-5 g.), 
dissolved in sodium carbonate solution, was reduced with sodium 
amalgam (2-5%; 80 g.), a current of carbon dioxide being passed 
through the solution during the reaction. After completion the 
aqueous solution was concentrated and acidified with dilute sulphuric 
acid and the solid (0-35 g.) which separated was collected and 
recrystallised from light petroleum (b. p. 60—80°); it was then 
obtained in glistening prisms, m. p. 130—131° (Found: C, 70-2; 
H, 89. C,H,,0, requires C, 70-1; H, 9:1%). 1:1: 3-Trimethyl- 
cyclohexane-4 : 6-dione is readily soluble in all the ordinary organic 
solvents with the exception of light petroleum; it is somewhat 
sparingly soluble in water and its solution gives with ferric chloride 
an amethyst coloration. In chloroform solution it readily absorbs 
bromine with evolution of hydrogen bromide and on removal of the 
solvent a gum remains which cannot be induced to crystallise. 

With piperonal the saturated dione reacts in an exactly analogous 
manner to the unsaturated dione (p. 1195) to yield a substance 
erystallising from alcohol in soft glistening prisms, m. p. 192—193°. 
Its solution in hot alcohol is bright yellow, although the substance 
itself is colourless. Analysis appears to show that it is formed by 
the interaction of two molecules of the dione with one of piperonal 
with loss of water and addition of four atoms of hydrogen (Found : 
C, 70-6; H, 8-3. C,g,H,,0, requires C, 70-3; H, 8-1%). 

Oxidation of 1:1: 3-Trimethylcyclohexane-4 : 6-dione.—(A) With 
ferric chloride. A mixture of the dione (1 g.), ferric chloride (4 g.), 
water (15 c.c.), and acetic acid (3 c.c.) was boiled for 4 hours and 
then distilled in steam; an oil passed over, which crystallised, and 
a red resin remained in the distillation flask. After saturation of 
the distillate with ammonium sulphate the solid which separated 
was collected and recrystallised from dilute alcohol, forming needles, 
m. p. 158—159°. It was identified as 1: 1 : 3-trimethyl-A?-cyclo- 
hexene-4 : 6-dione by the method of mixed melting point and by 
the preparation of the bromide, m. p. 126—127°. 

(B) With potassium permanganate. The dione (4 g.), dissolved in 
sodium carbonate solution, was treated at 0° with potassium per- 
manganate (2-5%), a current of carbon dioxide being passed through 
the solution during the oxidation. On completion of the reaction 
(370 c.c. KMnO,) the manganese dioxide sludge was removed, and 
the filtrate evaporated to a small bulk, acidified, and extracted with 
ether. On removal of the solvent an oil was obtained which partly 
crystallised. The solid was separated by solution in hot light 
petroleum (b. p. 40—60°), in which the oil was insoluble, and it 
was finally crystallised from water, from which it was obtained in 
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leaflets, m. p. 97° (Found: C, 55-0; H, 8-1. Cale.: C, 55-1; H, 
80%). This acid was identical (mixed m. p.) with the acid prepared 
by oxidation of the dione with potassium hypobromite (see below) 
and consisted of «wy-trimethylglutaric acid. 

(C) With potassiwm hypobromite. A solution of the dione (2 g.) 
in potassium hydroxide solution (10 c.c.; KOH, 1 g.) was added 
all at once to a potassium hypobromite solution (Br,, 6-5 g.; KOH, 
6 g.; H,O, 30 c.c.); bromoform separated immediately and the 
temperature rose to about 30°. After 1 hour, the bromoform was 
drawn off, the excess of hypobromite removed with sulphur dioxide, 
and the solution concentrated, acidified, and extracted with ether. 
On removal of the solvent a crystalline solid (2-2 g.) remained, m. p. 
95—97°. It crystallised from water in leaflets, m. p. 97° (not 
depressed by admixture with acid from B). The identity of this 
acid with a«y-trimethylglutaric acid was confirmed by the prepar- 
ation of the anhydride, needles, m. p. 95°, and the anilide, needles, 
m. p. 165° (Auwers and Meyer, Ber., 1890, 23, 305; Auwers, 
Annalen, 1896, 292, 224, give 95—96° and 165° respectively). 
The anilide was analysed (Found: N, 5-6. Calc.: N, 5-6%). 

Action of Potassium Hydroxide on Angustione.—A mixture of the 
ketone (11-7 g.), potassium hydroxide (7 g.), water (6 c.c.), and 
alcohol (14 ¢.c.) was heated at 150° in a sealed tube for 3 hours. 
The liquid, which contained a crystalline potassium salt in suspen- 
sion, was diluted with water, the aleohol removed on the water-bath, 
and the cold solution acidified; a crystalline solid mixed with some 
oil then separated. The solid (4-1 g.) was collected and washed 
with light petroleum (b. p. 40—60°) to remove the oil; when 
recrystallised from petroleum (b. p. 60—80°), it separated in glisten- 
ing prismatic needles, m. p. 131—132° (Found: C, 70-4; H, 8-8. 
C,H,,0, requires C, 70-1; H, 9-1%). This substance was identified 
as 1:1 : 3-trimethyleyclohexane-4 : 6-dione by the preparation of 
the piperonal derivative, m. p. 192—193°. 

The filtrate from which the dione had been separated was extracted 
with ether and, after being made alkaline with sodium carbonate 
solution, evaporated to dryness on the water-bath. The residual 
salts were extracted with absolute alcohol, and the alcohol evapor- 
ated after filtration. The crystalline residue consisted essentially 
of sodium acetate, since on admixture with alcohol and sulphuric 
acid ethyl acetate was formed, whilst on the addition of silver 
nitrate to an aqueous solution silver acetate was precipitated. After 
recrystallisation from hot water the silver salt was analysed (Found : 
Ag, 64:9. Calc.: Ag, 64-7%). 

Reduction of Angustione with Sodium and Alcohol.—To a solution 
of the ketone (20 g.) in gently boiling alcohol (300 c.c.), sodium 
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(30 g.) was gradually added. After all the sodium had dissolved, 
steam was passed through the solution; after removal of the 
alcohol, a very pungent-smelling oil (A) distilled. The residue in 
the flask consisted of a viscid oil (B), which partly solidified. 

The oil (A) was dissolved in ether, dried, recovered (6 g.), and dis- 
tilled under diminished pressure (12 mm.). The first fraction, a 
mobile pungent oil, distilled mainly at about 90°, and the remainder, 
which was very viscid, at 140—150°. All attempts to prepare 
crystalline derivatives of these substances have been unsuccessful 
and they have not been identified. 

The residue (B) was shaken with a little ether, and the solid (4-1 g.) 
collected and recrystallised from ethyl acetate, in which it was 
somewhat sparingly soluble. The alcohol crystallised in soft needles, 
m. p. 196—197°, which were levorotatory in alcohol, c = 0-4467, 
1 = 2, a6, — 0-09°, [a]54¢, — 10-23° [Found: C, 65-3; H, 10-7; 
M (Rast), 406. C,.H,.O, requires C, 65-6; H, 10-4%; M, 404}. 

The alkaline solution from which the alcohol had been separated 
was acidified; the oil deposited partly crystallised. After draining 
on porous porcelain, the solid was recrystallised from light petroleum 
(b. p. 60—80°), separating in prismatic needles, m. p. 130—131°, 
and was identified as 1:1: 3-trimethyleyclohexane-4 : 6-dione 
(Found: C, 70-3; H, 9-1. Cale.: C, 70-1; H, 87%). 


Dehydroangustione (XVII). 

Dehydroangustione, after purification through its copper deriv- 
ative, had b. p. 126—127°/11 mm., df" 1-103, n®* 1-5255, 
[%]s461 — 2°03°, [Rr]p 54:5 (Found: C, 67-9; H, 7-5. C,,H,,0, 
requires C, 68-0; H, 7:2%). It gives in alcoholic solution with 
ferric chloride the same orange-red coloration as angustione. The 
following derivatives were prepared by methods identical with those 
used for the preparation of the analogous derivatives of angustione. 

Aminodehydroangustione crystallised from cyclohexane in glistening 
prismatic needles or from much hot water in leaflets, m. p. 151°. It 
was levorotatory in alcoholic solution, c = 3-98, 1 = 2, «544, — 0-41°, 
[~]sae, — 176° (Found: C, 68-3, 68:2; H, 8-0, 7°8. C,,H,,O,N 
requires C, 68-4; H, 7-8%). 

Aminodehydroangustione cannot be acetylated, being recovered 
unchanged after prolonged digestion with acetic anhydride. When 
kept for some days in alcoholic solution with semicarbazide acetate, 
it is converted into anhydrodehydroangustionesemicarbazone. 

The copper derivative crystallised from benzene, in which it was 
somewhat more soluble than the corresponding derivative of 
angustione, in blue needles, m. p. 188—190° (Found: 58-8, 58-5; 
H, 6-0, 6-0. C,,H,g0,Cu requires C, 58-7; H, 5-8%). 
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Anhydrodehydroangustione-4(or 6)-semicarbazone was obtained in 
two forms. The «-semicarbazone crystallised from chloroform-— 
benzene in prismatic needles, decomp. 188—139° (Found: N, 17:7. 
C,.H,,0O,N, requires N, 18:0%). When a hot concentrated solution 
of the a-semicarbazone was rapidly cooled, a gel was obtained which 
crystallised on gentle warming. The solid, m. p. 164°, obtained was 
now very sparingly soluble in chloroform and quite colourless, no 
longer showing the blue fluorescence of the «-semicarbazone. The 
-semicarbazone crystallised from dilute alcohol in small prisms, 
decomp. 173—175° (Found: C, 57:8; H, 6-9. C,.H,,0,N;,H,O * 
requires C, 57-4; H, 68%). Both semicarbazones gave the same 
deep blue colour with ferric chloride. 

Anhydrodehydroangustione-4(or 6)-p-bromophenylhydrazone crys- 
tallised from alcohol in almost colourless prisms, m. p. 247—248° 
(Found: C, 59-1; H, 5-0. ©,,H,,ON,Br requires C, 59-1; H, 
49%). 

Anhydrodehydroangustione-4(or 6)-oxime. A mixture of the 
ketone (2-1 g.), hydroxylamine hydrochloride (2-5 g.), and sodium 
hydroxide (1-5 g. in water, 5 c.c.) with sufficient alcohol to give a 
clear solution was kept for 3 hours and then diluted with water. The 
anhydro-oxime thus precipitated crystallised from dilute alcohol in 
glistening needles, m. p. 79—80°. It was dextrorotatory in alcoholic 
solution: c = 3-09, 1 = 2, a54¢; + 0°15°, [a]s4¢, + 495° (Found : 
C, 69-1; H, 7-0. C,,H,,0,N requires C, 69-1; H, 6-8%). 

Piperonylidenedehydroangustione separated from alcohol in yellow 
needles, m. p. 169—170°. (Found: C, 70-0; H, 5-8. C,.H,,0, 
requires C, 69-6; H, 5-5%). 

Oxidation of Dehydroangustione.—(A) With potassium permangan- 
ate. A mixture of the ketone (5 c.c.) and acetone (200 c.c.) was 
cooled to 0°, and finely powdered potassium permanganate gradually 
added. After the addition of 6 g. the oxidation became very slow ; 
water (20 c.c.) was added and a further quantity of permanganate 
(10 g.). After the whole had remained over-night in the ice-box, 
the manganese dioxide sludge was separated and thoroughly washed 
with boiling water and the aqueous extract was evaporated to a 
small bulk in a current of carbon dioxide. The acetone on evapor- 
ation left a brown liquid, which was added to the main extract. 
The aqueous solution was acidified and extracted with ether (10 
times), the extract dried, and the solvent evaporated. The residual 
oil; which had a strong odour of acetic acid, slowly crystallised 
when kept in a vacuum over potassium hydroxide. The solid was 
mixed with acetyl chloride and warmed on the water-bath for 2 


* Sufficient material was not available to determine whether this addition 
of water was constitutional. 
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hours, and the excess of acetyl chloride removed. When the 
residual solid was triturated with ice-cold sodium bicarbonate solu- 
tion, a portion dissolved. The residue, axy-trimethylglutaric 
anhydride, m. p. 95°, was dissolved in boiling water; on cooling, 
axy-trimethylglutaric acid crystallised in leaflets, m. p. 97° (Found : 
C, 55-3; H, 8-0. Cale.: C, 55-1; H, 8-0%). 

The sodium bicarbonate solution was acidified and extracted with 
ether; the solid which remained after removal of the solvent 
crystallised from water in tablets, decomp. 185—186°, and was 
identified as dimethylmalonic acid by the method of mixed melting 
point. 

(B) With potassium hypobromite. Dehydroangustione (9-8 g.) in 
potassium hydroxide solution (40 c.c.; KOH, 3-7 g.) was added to a 
solution of potassium hypobromite (KOH, 17 g.; Br,, 24 g.; H,0, 
100 c.c.); bromoform was immediately deposited with considerable 
rise in temperature. After 1 hour, the excess of the hypobromite 
was removed with sulphur dioxide and the bromoform (4—5 g.) 
separated. The solution was acidified, saturated with ammonium 
sulphate, and extracted with ether (10 times) and the ether was 
dried and evaporated. The residual oil was distilled in steam and 
the distillate, which contained a heavy oil, was saturated with 
ammonium sulphate and extracted with ether. The oil (5 g.) left 
on removal of the solvent was distilled under diminished pressure 
(11 mm.); it boiled at 125—130° and partly crystallised on keeping. 
The solid was collected, washed with light petroleum, and recrys- 
tallised from this solvent, separating in long prismatic needles, 
m. p. 88-5° (Found: C, 62-3; H, 6-6. C,H, 90, requires C, 62-3; 
H, 65%). This substance, which, as has already been mentioned, 
has not been identified, gives no colour with ferric chloride in 
aqueous solution. 

The filtrate from which the substance, m. p. 88-5°, had been 
removed did not crystallise on keeping and was found to consist 
essentially of unchanged dehydroangustione. 

The aqueous residue from the steam distillation was made 
alkaline, concentrated, acidified, and extracted with ether. On 
evaporation of the solvent an oil was obtained which partly crystal- 
lised. On trituration with hot light petroleum the greater part 
dissolved, leaving a red resinous residue; evaporation of the light 
petroleum left colourless crystals which separated from hot water 
in glistening leaflets, m. p. 91—92°. There can be no doubt that 
this acid was l-aay-trimethylglutaric acid; in water, ¢ = 1-123, 
1 = 2, 54g; —90-19°, [«]544, — 16-9° (Found: C, 55-2; H, 8-0. 
C,H,,0, requires C, 55-1; H, 8-0%). 

Action of Potassium Hydroxide on Dehydroangustione.—Dehydro- 
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angustione was heated with an alcoholic solution of potassium 
hydroxide under the same conditions as those used for the hydrolysis 
of angustione. On completion of the reaction the tube contained a 
sparingly soluble potassium salt which crystallised in prisms. The 
reaction product, which was an oil, was dissolved in light petroleum 
(b. p. 40—60°) and kept for some days in the ice-box ; the crystalline 
solid (yield, 0-3 g. from 10 g.) that had separated was recrystallised 
from light petroleum—benzene ; it separated in felted needles, m. p. 
159—160°, and was identified as 1 : 1 : 3-trimethyl-A?-cyclohexene- 
4: 6-dione by the method of mixed melting point and by analysis 
(Found: C, 71-2; H, 8-0. Cale.: C, 71:1; H, 7-9%). 

Action of Sulphuric Acid on Dehydroangustione.—A mixture of the 
ketone (5 c.c.), sulphuric acid (10 c.c.), and water (10 c.c.) was 
heated. on the water-bath for 8 hours. The oil slowly dissolved and 
a deep red colour developed, some sulphur dioxide being liberated. 
The cooled solution was diluted with water and the solid which 
separated (3-4 g.) was recrystallised from dilute alcohol; it was 
obtained in needles, m. p. 159—160°, and was identified as 1 : 1 : 3- 
trimethyl-A?-cyclohexene-4 : 6-dione. The hydrolysis can also be 
effected with dilute sulphuric acid (10%), but owing to the sparing 
solubility of the ketone the time required is very much longer. 

Reduction of Dehydroangustione.—Dehydroangustione was reduced 
with sodium and alcohol in the same manner as angustione (p. 1197). 
The products obtained were identical, but in this case a considerable 
quantity of a viscid red oil was also formed. The yields of the 
various products from 20 g. of ketone were : dione, 2 g.; bimolecular 
alcohol, 3 g.; oil volatile in steam, 5 g. 


We have to express our thanks to Prof. Robinson for many 
valuable suggestions. We are indebted to the Government Grant 
Committee of the Royal Society for a grant which has defrayed part 
of the cost of this investigation. 
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CL.—The Effect of Gas Pressure on the Uolour of 
Halogen Vapours. 


By ALEXANDER SHEARER and ROBERT WRIGHT. 


Ir was recently shown (J., 1929, 1364) that the deeper colour of 
iodine vapour in the presence of a gas as compared with that in a 
vacuum was independent of the nature of the gas used, and took 
ss2 





1202 MCCOMBIE, MACMILLAN, AND SCARBOROUGH : 


place even when the iodine vapour was unsaturated. It was 
suggested that this “‘ Dewar ”’ effect might be attributed simply to 
the pressure of the inactive gas. 

A further series of absorption spectra photographs has now been 
made, in which the iodine vapour was submitted to different air 
pressures ranging from zero to about 2 atm. The iodine was con- 
tained in a Lilburn flask, as previously described, but in the present 
case the flask was connected to a manometer and a compression 
pump. Throughout the whole series a deepening of colour was 
produced step by step with increase of pressure (see Fig. 1). 

Bromine vapour was examined under its own vapour pressure and 
when mixed with air at atmospheric pressure. The presence of the 
air produced a very slight increase in absorption (see Fig. 2). The 
ultraviolet absorption spectrum of chlorine was also examined, in a 
tube of about 20 cm. length with quartz ends. The pressure of the 
chlorine was reduced to about 0-5 atm., and its absorption spectrum 
photographed; air was then admitted and a second photograph 
taken. The pressure of the air produced no change in the absorptive 
power of the chlorine (see Fig. 3). 


Guascow UNIVERSITY. [Received, March 12th, 1930.] 





CLI.—The Bromination of 2-Nitro- and 2-Acetamido- 
diphenyl Ether. 


By Hamizton McComsiz, WiLL1AM GEORGE MAOMILLAN, and 
HaRroLpD ARCHIBALD SCARBOROUGH. 


THE bromination of 2-nitrodiphenyl ether proceeded in three stages : 
4-bromo-2'-nitrodiphenyl ether was formed in acetic acid solution, 
2 : 4-dibromo-2’-nitrodiphenyl ether by the action of dry bromine in 
diffused light, and 2 : 4 : 4’-tribromo-2’-nitrodiphenyl ether (1) by the 
action of dry bromine in bright sunlight. Similarly, 2-bromo-2’- 
nitro-, 4-bromo-2-nitro-, and 5-bromo-2-nitro-diphenyl ethers when 
brominated in acetic acid solution yielded dibromo-derivatives in 
which the entering bromine atom occupies the 4-position in the 
non-nitrated nucleus. The action of dry bromine on 2 : 4-dibromo- 
and 4: 4’-dibromo-2’-nitrodiphenyl ethers was to yield 2:4: 4’-tri- 
bromo-2’-nitrodiphenyl ether; and 4: 5'-dibromo-2'-nitrodiphenyl 
ether yielded 2 : 4: 4’ : 5’-tetrabromo-2’-nitrodiphenyl ether. 

The bromination of 2-acetamidodiphenyl ether in acetic acid 
solution gave 5-bromo-2-acetamidodiphenyl ether as the sole product; 
a second bromine atom could, however, be introduced under the 
same conditions to give 4: 5’-dibromo-2'-acetamidodiphenyl ether. 
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The direct introduction of a third bromine atom into the molecule 
was not attempted. Further it was found that 2-, 4-, and 4’-bromo- 
2’-acetamidodiphenyl ethers were also brominated in the 5’-position ; 
4: 4'-dibromo- and 2: 4 : 4'-tribromo-2’-acetamidodiphenyl ethers be- 
haved in the same manner. Under similar conditions it was found 
that 2: 5'-dibromo-2'-acetamidodiphenyl ether was converted into 
2:4: 5'-tribromo-2'-acetamidodiphenyl ether (11). 


(I) we ey Br€ > Oo (I1.) 
r NO, 


The structures of the monobromo-2-nitro- and 2 : 4-dibromo- and 
4 : 4'-dibromo-2’-nitro-diphenyl ethers were established by the 
condensation of appropriately substituted o-halogenonitrobenzenes 
with sodium or potassium halogenophenoxide. The reduction of 
the nitro-compound to the base and subsequent acetylation also 
determines the structure of the corresponding bromoacetamido- 
diphenyl ethers. Since both 2;4- and 4: 4’-dibromo-2’-nitrodi- 
phenyl ethers yield the same tribromo-compound, it must have the 
constitution 2 : 4 : 4’-tribromo-2’-nitrodipheny] ether, and the struc- 
ture of the acetamido-derivative also follows. The further bromin- 
ation of 5-bromo-2-nitrodiphenyl ether, reduction and acetylation 
yielded a product identical with that obtained by the further 
bromination of 4-bromo-2’-acetamidodipheny] ether and thus estab- 
lished the structure of 4 : 5’-dibromo-2’-nitrodiphenyl ether and of 
the corresponding acetamido-derivative. The orientation of the 
bromine atoms in 2:4: 4’: 5’-tetrabromo-2’-nitrodiphenyl ether 
and of the acetyl derivative of the derived base was fixed by 
brominating 2 : 4 : 4’-tribromo-2’-acetamidodipheny] ether and prov- 
ing that the product was identical with that obtained by introducing 
three bromine atoms into the molecule of 5-bromo-2-nitrodipheny! 
ether and reducing and acetylating the product. 

The results show that the bromination of 2-nitro- or of a mono- 
bromo-2-nitro-diphenyl ether proceeds in stages until the 2: 4- 
positions in the non-nitrated and the 4-position in the nitrated 
nucleus are substituted; a definite sequence is followed and sub- 
stitution in the nitrated nucleus does not take place until the other 
two positions are substituted. The introduction of the third 
bromine atom into the 4-position in the nitrated nucleus as the 
sole product to be isolated was unexpected and thus in the case of 
both 2- and 4-nitrodiphenyl ethers there seems to be a marked 
steric factor which limits substitution in the positions adjacent to 
the oxygen linkage. A marked difference is shown between the 
behaviour of 2- and 4-acetamidodiphenyl ethers on bromination ; 
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whereas 2-acetamidodipheny] ether yielded as the sole product a 
compound substituted in the same nucleus as the acetamido-group, 
4-acetamidodiphenyl ether yielded a single product substituted in 
the opposite nucleus. Further, a dibromo-derivative of 4-acet- 
amidodiphenyl ether was obtained only with great difficulty, yet 
2-acetamidodiphenyl ether yielded a dibromo-derivative with the 
greatest ease. The loading of the 2-acetamidodiphenyl ether 
molecule with bromine atoms did not appear in any way to hinder 
substitution in the 5-position in the same nucleus as the acetamido- 
group. Two factors would seem to influence the positions taken 
by the bromine atoms; first, the strong directive effect of the 
acetamido-group, which exceeds that of any other group in the 
molecules considered, and secondly a strong steric factor, which 
would almost seem to inhibit substitution in the positions ortho to 
the acetamido-group. 

Certain substituted derivatives of 2-aminodiphenyl ether have 
been converted into the corresponding diphenylene oxides. It is 
proposed to extend the work along these lines. 


EXPERIMENTAL. 


2-Nitrodiphenyl ether was prepared by heating, at 160° for 12 
hours, a mixture of 2 parts of o-chloronitrobenzene and 1 part of 
sodium phenoxide in the presence of copper powder. The product 
was distilled in steam to remove excess o-chloronitrobenzene and the 
residue was taken up in ether, washed with dilute soda solution 
and water, dried, and distilled under diminished pressure. 

2-Bromo-2'-nitrodiphenyl ether was obtained when o-chloronitro- 
benzene was condensed with potassium o-bromophenoxide. It dis- 
tilled at 250°/20 mm., and separated from methyl alcohol in faintly 
yellow prisms, m. p. 54° (Found: Br, 27:35. C,,H,0,;NBr requires 
Br, 27:2%). 

4-Bromo-2-nitrodiphenyl ether was prepared by the condensation 
of 2:5-dibromonitrobenzene with potassium phenoxide. Excess 
2 : 5-dibromonitrobenzene was removed by prolonged distillation 
with steam. The product was a light yellow oil, b. p. 210°/15 mm. 
(Found: Br, 27-4. C,,H,O,NBr requires Br, 27-2%). 

4-Bromo-2'-nitrodiphenyl ether was obtained when 2-nitrodipheny| 
ether was treated, in carbon tetrachloride or acetic acid solution, 
with a slight excess of bromine as a 10% solution. The reaction 
was completed by warming the mixture on a water-bath for 30 
minutes and then pouring it into a dilute solution of sodium sulphite. 
It separated from methy] alcohol in faintly yellow needles, m. p. 72° 
(Found: Br, 27-05. C,,.H,O,NBr requires Br, 27:-2%). The same 
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product was obtained when o-chloronitrobenzene was condensed 
with potassium p-bromophenoxide. 

5-Bromo-2-nitrodiphenyl Ether—2:4-Dibromonitrobenzene (1-1 
mols.) was condensed with sodium phenoxide (1 mol.), in the 
presence of phenol and copper powder, at 150° for 18 hours. The 
compound, extracted in the usual manner, crystallised from methyl 
alcohol in yellow plates, m. p. 108° (Found: Br, 26-95. C,,H,O,NBr 
requires Br, 27-2%). 

2 : 4-Dibromo-2'-nitrodiphenyl ether was obtained when 2-nitro- 
or 4-bromo-2’-nitrodiphenyl ether was treated with an excess of 
dry bromine, and the solution kept until it solidified. The product 
was warmed with a dilute solution of sodium sulphite and crystallised 
from methylalcohol. 2: 4-Dibromo-2'-nitrodipheny] ether separated 
from light petroleum (b. p. 40—60°) in small yellow needles, m. p. 
80°. The condensation of o-chloronitrobenzene with potassium 
2: 4-dibromophenoxide, at 200° for 24 hours, yielded the same 
product (Found: Br, 43-0. C,.H,O,NBr, requires Br, 42-9%). 

4 : 4'-Dibromo-2-nitrodiphenyl ether was prepared by treating 
4-bromo-2-nitrodiphenyl ether with a slight excess of bromine in 
acetic acid solution. It separated from methyl alcohol in pale 
yellow needles, m. p. 94° (Found: Br, 42-9. C,,H,O,NBr, requires 
Br, 42-9%). The same product was obtained when 2 : 5-dibromo- 
nitrobenzene was condensed with potassium p-bromophenoxide. 

4 : 5’-Dibromo-2’-nitrodiphenyl ether was obtained when 5-bromo- 
2-nitrodiphenyl ether was treated with a slight excess of bromine 
in acetic acid solution. It crystallised from methyl alcohol in 
yellow plates, m. p. 99° (Found: Br, 42-8. C,,H,O,NBr, requires 
Br, 42-9%). ta) 

2:4:4'-Tribromo-2'-nitrodiphenyl ether was obtained when 2- 
nitro-, 4-bromo-2’-nitro-, 4-bromo-2-nitro-, or 2 : 4-dibromo-2’- 
nitro-dipheny] ether was dissolved in dry bromine, and the solution 
kept in sunlight until a solid mass was formed. Excess bromine 
was removed with dilute aqueous sodium sulphite, and the product 
crystallised from acetic acid. It separated from methyl alcohol in 
pale yellow prisms, m. p. 102° (Found: C, 31-65; H, 1-5; Br, 53-3. 
C,,.H,O,NBr, requires C, 31-85; H, 1-35; Br, 53-1%). 

2:4:4' : 5’-Tetrabromo-2'-nitrodiphenyl ether was prepared by 
dissolving 5-bromo-2-nitrodiphenyl ether in excess of dry bromine 
and keeping the solution in sunlight until a solid mass was obtained. 
It crystallised from ethyl alcohol or acetic acid in yellow needles, 
m. p. 170° (Found : Br, 59-95. C,,H;0,NBr, requires Br, 60-2%). 

2-Acetamidodiphenyl Ether.—2-Nitrodiphenyl ether was reduced 
with stannous chloride in ethereal hydrogen chloride solution by 
refluxing for 3 hours. The ether was removed and the base was 
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liberated with 30% sodium hydroxide solution, taken up in ether, 
and distilled under diminished pressure. 2-Aminodiphenyl ether 
was obtained as a light yellow oil, b. p. 173°/20 mm., m. p. 44°. 
It was acetylated with acetic acid (4 parts) and acetic anhydride 
(1 part) by refluxing for 20 hours. On pouring the solution into 
water an oil was obtained which solidified slowly. The acetyl 
derivative crystallised from dilute methyl alcohol or light petroleum 
(b. p. 60—80°) in prisms, m. p. 81°. 

2-Bromo-2'-acetamidodiphenyl Ether.—2-Bromo-2'-nitrodipheny] 
ether was reduced with stannous chloride in ethereal hydrogen 
chloride solution, and the base extracted in the usual manner. 
2-Bromo-2'-aminodiphenyl ether crystallised from light petroleum 
(b. p. 40—60°) in clustered needles, m. p. 60° (Found: Br, 30-3. 
C,,H,,ONBr requires Br, 30-:3%). The base was acetylated by 
refluxing it for 2 days with acetic anhydride (1 part) and acetic 
acid (10 parts); the product crystallised from methyl alcohol or 
light petroleum (b. p. 60—80°) in needles, m. p. 95° (Found: Br, 
26-3. C,,H,.O.NBr requires Br, 26-1%). 

2-Bromo-2'-diacetamidodiphenyl ether was obtained when 2-bromo- 
2’-aminodiphenyl ether was refluxed with a mixture of acetic 
anhydride (1 part) and acetic acid (3 parts) for 36 hours. It 
separated from methyl alcohol or light petroleum in heavy prisms, 
m. p. 105° (Found: Br, 23-1. C,gH,,O,NBr requires Br, 23-0%). 

4-Bromo-2-aminodiphenyl Ether.—4-Bromo-2-nitrodiphenyl ether 
was reduced in the usual manner. The base distilled at 222°/15 mm. 
and the light yellow oil slowly solidified; it separated from light 
petroleum in clustered needles, m. p. 54° (Found: Br, 30-3. 
C,.H,,ONBr requires Br, 30-3%). Acetylation of the base was 
attempted under various conditions, but the product was invariably 
a thick oil which would neither solidify nor crystallise from any of 
the usual solvents. 

4-Bromo-2’-aminodiphenyl ether was obtained, by the reduction 
of 4-bromo-2’-nitrodiphenyl ether in the usual manner, as a light 
yellow oil, b. p. 211°/15 mm, (Found: Br, 30-5. C,,H,jONBr 
requires Br, 30-39%). The acetyl derivative was obtained by reflux- 
ing the base with a mixture of acetic anhydride and acetic acid; it 
separated from methyl alcohol in prisms, m. p. 106° (Found: Br, 
25-95. C,,H,,O,NBr requires Br, 26-1%). 

5-Bromo-2-acetamidodiphenyl Ether.—2-Acetamidodiphenyl ether 
was brominated in acetic acid solution in the presence of fused 
sodium acetate, or 5-bromo-2-nitrodiphenyl ether was reduced and 
the base acetylated. The acetyl derivative separated from methyl 
alcohol in prisms, m. p. 146° (Found: Br, 25-95. C,,H,,O,NBr 
requires Br, 26:1%). 
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5-Bromo-2-aminodiphenyl ether was obtained by the reduction of 
the nitro-compound or by refluxing the acetyl derivative with 
ethyl-alcoholic hydrochloric acid for 4 hours. It separated from 
light petroleum (b. p. 40—60°) in plates, m. p. 46° (Found: Br, 
30°15. C,.H,,ONBr requires Br, 303%). The hydrochloride 
crystallised from a solution of the base in dilute hydrochloric acid 
in needles, m. p. 186° (Found: HCl, 12-15. C,,H,sONBr,HCl 
requires HCl, 12-15%). 

2 : 4-Dibromo-2’-aminodiphenyl ether was prepared by reducing 
the corresponding nitro-compound in the usual manner and was 
liberated as a thick yellow oil which did not solidify. It was 
purified by conversion into the hydrochloride, which separated from 
dilute hydrochloric acid solution in plates, m. p. 180° (Found : 
HCl, -9-5. C,,.H,ONBr,,HCl requires HCl, 9-6%). The base was 
acetylated with a mixture of acetic acid and anhydride; the acetyl 
derivative crystallised from light petroleum (b. p. 60—80°) in 
needles, m. p. 1E7° (Found: Br, 41-3. C,,H,,O,.NBr, requires Br, 
41-5%). 

2 : 5’-Dibromo-2’-acetamidodiphenyl Ether.—2-Bromo-2’-acet- 
amidodiphenyl ether was treated with a slight excess of bromine 
in acetic acid solution in the presence of fused sodium acetate. It 
separated from light petroleum (b. p. 80—100°) in clustered needles, 
m. p. 112° (Found: Br, 41:5. C,,H,,0,NBr, requires Br, 41-5%). 

4 : 4'-Dibromo-2'-aminodiphenyl ether was prepared by the reduc- 
tion of 4: 4’-dibromo-2'-nitrodiphenyl ether and obtained as an 
oil, b. p. 240°/15 mm., which slowly solidified and then crystallised 
from methyl alcohol in needles, m. p. 70° (Found: Br, 46-5. 
C,,H,ONBr, requires Br, 46-65%). The acetyl derivative, prepared 
in the usual manner, separated from methyl alcohol or benzene in 
needles, m. p. 142° (Found: Br, 41-35. C,,H,,O,NBr, requires 
Br, 41-55%). 

4 :.5’-Dibromo-2’-acetamidodiphenyl ether was obtained when 4 : 5’- 
dibromo-2’-nitrodipheny] ether was reduced and the base acetylated ; 
or when 4-bromo-2’-acetamidodiphenyl ether was brominated in 
acetic acid solution in the presence of fused sodium acetate. It 
crystallised from methyl alcohol in needles, m. p. 144° (Found : 
Br, 41:55. C,,H,,O,NBr, requires Br, 41-55%). 4: 5’-Dibromo- 
2’.aminodiphenyl ether was prepared by refluxing the acetyl deriv- 
ative with alcoholic hydrochloric acid for 3 hours; it separated 
from methyl alcohol in needles, m. p. 82° (Found: Br, 46-4. 
C,,H,ONBr, requires Br, 46-65%).. The hydrochloride separated 
from dilute hydrochloric acid solution in needles, m. p. 202° (Found : 


‘HCI, 9-65. C,.H,ONBr,,HCl requires HCl, 9-6%). 


2:4; 4'-Tribromo-2'-aminodiphenyl ether, obtained by the reduc- 
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tion of 2:4: 4'-tribromo-2’-nitrodiphenyl ether with stannous 
chloride in ethereal hydrogen chloride solution, separated from 
methyl alcohol or light petroleum in rosetted needles, m. p. 83° 
(Found: Br, 57-1. C,,H,ONBr, requires Br, 56-9%). It was 
acetylated in the usual manner and the acetyl derivative separated 
from methyl alcohol in needles, m, p. 127° (Found: Br, 51-65. 
C,,H,,90,NBr, requires Br, 51-7%). 

2:4: 5'-Tribromo-2'-acetamidodiphenyl ether was obtained when 
2: 4- or 2 : 5’-dibromo-2’-acetamidodiphenyl ether was treated with 
bromine in acetic acid solution in the presence of fused sodium 
acetate. It separated from methyl alcohol in needles, m. p. 147° 
(Found : Br, 51-7. C,,H,9O,NBr, requires Br, 51-7%). 

4:4’: 5'-Tribromo-2’-acetamidodiphenyl ether was obtained from 
4 : 4’-dibromo-2’-acetamidodiphenyl ether by bromination in the 
usual manner; and also from 5-bromo-2-acetamidodiphenyl ether 
by bromination in acetic acid solution on the water-bath. It 
crystallised from methyl alcohol in needles, m. p. 167° (Found : 
Br, 51-6. C,,H,pO,NBr, requires Br, 51-7%). 4: 4’ : 5'-Tribromo- 
2’-aminodiphenyl ether, obtained by deacetylation in alcoholic hydro- 
chloric acid solution, crystallised from methyl alcohol or light 
petroleum in needles, m. p. 120° (Found: Br, 56-7. (©,,H,ONBr, 
requires Br, 56-85%). The hydrochloride of the base separated 
from methyl-alcoholic hydrochloric acid solution in needles, m. p. 
222° (Found : HCl, 7-7. C,,H,ONBr,,HCl requires HCl, 7-9%). 

2:4:4' : 5'-Tetrabromo-2'-acetamidodiphenyl ether was prepared 
by treating 2:4: 4’-tribromo-2’-acetamidodiphenyl ether with 
excess of bromine in acetic acid solution in the presence of fused 
sodium acetate; after standing in the sunlight and warming to 
70°, a partly brominated product was obtained, from which the 
unchanged tribromo-compound was separated by refluxing with 
light petroleum. The residue crystallised from ethyl alcohol in 
needles, m. p. 210° (Found: Br, 58-9. C,,H,O,NBr, requires Br, 
58-99%). The same product was obtained when 2 : 4: 4’ : 5’-tetra- 
bromo-2’-nitrodiphenyl ether was reduced and the base acetylated 
in the usual manner. 


One of the authors (W. G. M.) begs to thank the Carnegie Trustees 
for a Fellowship which has enabled him to collaborate in this work. 


THE UNIVERSITY CHEMICAL LABORATORIES, 
CAMBRIDGE. (Received, March 20th, 1930.]} 
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CLIT.—Quinoline Compounds containing Arsenic. 
Part I. Synthesis of 6-Methoxyquinoline Deriv- 
atives of Aminophenylarsinic Acids. 


By Ropert HENRY SLATER. 


THE chemotherapeutic activity in malaria of certain 6-methoxy- 
quinoline compounds, such as quinine and plasmoquine (compare 
Barger and Robinson, J., 1929, 2947), and of arsenic (particularly 
in chronic cases where quinine has only a slight curative action) 
would seem to indicate that a highly efficient anti-malarial might 
be produced by the combination of a 6-methoxyquinoline derivative 
with an arsenic compound. 

For the synthesis of compounds of this type, 4-chloro-6-methoxy- 
2-methylquinoline, easily accessible (Conrad and Limpach, Ber., 
1888, 21, 1651) and containing labile halogen, appeared to be a 
suitable initial material. The first method investigated, namely, 
direct condensation with o- or p-aminophenylarsinic acid, was 
unsuccessful, whether the two substances were heated together 
(a) in the dry state, (b) in presence of quinoline, or (c) in boiling 
amyl alcohol to which anhydrous potassium carbonate and a trace 
of copper powder and cuprous iodide had been added (compare 
Burton and Gibson, J., 1926, 459; Wintersteiner and Lieb, Ber., 
1928, 61, 1126). 

When, however, 4-chloro-6-methoxy-2-methylquinoline was 
heated with an excess of p-phenylenediamine, 4-p-aminoanilino- 
6-methoxy-2-methylquinoline (1) was produced. This base was 
converted into p-6'-methoxy-2’-methyl-4'-quinolylaminophenylarsinic 
acid (II) by means of the Bart reaction, uniform yields being obtained 
when the solid diazo-compound was employed. 


NH{ NH, NH{ >AsO(OH), 
MeO MeO 
Me (I.) o » 


N N 


By a similar series of reactions 4-m-aminoanilino-6-methoxy- 
2-methylquinoline and m-6'-methoaxy-2'-methyl-4'-quinolylamino- 
phenylarsinic acid were obtained. 

4-Chloro-6-methoxy-2-methylquinoline and benzidine condensed 
readily when heated together, with formation of 4-benzidino-6- 
methoxy-2-methylquinoline (III). This base was readily converted 
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into 4'-6’’-methoxy-2"' -methyl-4"'-quinolylaminodiphenylylarsinic acid 
(IV) by means of the Bart reaction. 


NH NH, NH 
Me MeO, 
e (III.) Me _(IV.) 
N N 


pp'-Diaminodiphenylmethane and 4-chloro-6-methoxy-2-methy]l- 
quinoline condensed slowly when heated together. pp’-Di-6’- 
methoxy -2' -methyl-4’-quinolyldiaminodiphenylmethane (V) was the 
only product even when a large excess of pp’-diaminodipheny]l- 
methane was present. 


NHC CH, HN 
(V-) Me OMe 
Me M 


N N 


Monoquinolyl derivatives also have not yet been obtained from 
o-tolidine or o-dianisidine and 4-chloro-6-methoxy-2-methyl- 
quinoline. Attempts are being made to condense these bases and 
various aminophenylarsinic acids with 4-bromo-6-methoxy-2- 
methylquinoline (which contains a more reactive halogen atom). 

Several of the substances now described exhibit a remarkable 
tendency to form gels when warm dilute aqueous solutions of their 
salts are cooled, and most of them give brilliant colorations, ranging 
from red to purple, when they are added under suitable conditions 
to a dilute aqueous solution of iodine in potassium iodide. These 
reactions will be more fully described elsewhere. 

The above quinolylarsinic acids and some of the intermediate 
compounds are being tested by the Joint Committee on Chemo- 
therapy formed by the Medical Research Council and the Depart- 
ment of Scientific and Industrial Research in respect of their chemo- 
therapeutic actions. The results of these tests will be published 
later. 


AsO(OH), 


ExPERIMENTAL. 


4-p-Aminoanilino-6-methoxy-2-methylquinoline (I)—A mixture of 
4-chloro-6-methoxy-2-methylquinoline (10-4 g.) and p-phenylenedi- 
amine (9 g.), heated at 130—140°/15 mm. during 20 minutes, be- 
came dark brown and almost completely solid. A solution of the 
product in the minimum amount of hot dilute hydrochloric acid 
(5%) was filtered, cooled, and added to twice its volume of con- 
centrated hydrochloric acid (4d 1-19). From the pale green, crystal- 
line hydrochloride (13-5 g.) which separated, the free base was 
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liberated by aqueous ammonia. It crystallised from aqueous 
alcohol (50%) in large, thick, light brown, rectangular plates, 
melting with loss of water at 215° (Found: C, 68:5; H, 6-2. 
C,,H,,0N;,H,O requires C, 68-7; H, 64%). The base is soluble 
in ethyl alcohol, methyl alcohol, and acetic acid, but much less 
soluble in benzene and light petroleum. A dilute alcoholic or acetic 
acid solution does not give a coloration with N/1000-iodine. The 
hydrochloride separates in fine, white, prismatic needles when 
hydrochloric acid is added to an alcoholic solution of the base. 

The acetyl derivative, prepared by means of boiling acetic 
anhydride, crystallised from aqueous alcohol (20% alcohol) in 
large, pale yellow rhombohedra which contained water of crystal- 
lisation. After dehydration at 150° the compound has m. p. 240° 
(Found: C, 71-2; H, 5-7; N, 12-8. C,,H,,0,N, requires C, 71-0; 
H, 6-0; N, 13-1%). It is soluble in alcohol and acetic acid, but 
practically insoluble in benzene and light petroleum. A warm 
dilute acetic acid solution (2%) sets to a firm jelly on cooling. A 
dilute acetic acid solution gives with N /1000-iodine a brilliant blue 
coloration, which disappears on warming and reappears on cooling. 
A dilute alcoholic solution behaves similarly, but fresh iodine 
solution has to be added to the cooled solution in order to restore 
the blue colour. A blue coloration is also produced when a dilute 
aqueous solution of potassium iodide is added to a mixture of an 
acetic acid solution of the acetyl compound and bromine water. 
Hydrochloric acid precipitates the hydrochloride from an alcoholic 
solution in yellow feathery needles which are sparingly soluble in 
water. 

p-6'- Methoxy-2'-methyl-4'-quinolylaminophenylarsinic Acid (I1).— 
A mixture of 4-p-aminoanilino-6-methoxy-2-methylquinoline 
(5-6 g.) and hydrochloric acid (9 ¢.c.; d 1:19) was cooled to — 5° 
and diazotised (sodium nitrite, 1-6 g.; water, 7 c.c.) below 0°. 
After an hour, the mixture was neutralised at 0° with 5N-sodium 
hydroxide, and sodium arsenite solution (a mixture of arsenious 
oxide, 3 g., in 5N-sodium hydroxide solution, 6 ¢.c.; sodium 
carbonate, 6 g., in water, 18 c.c.; and 10% copper sulphate solution, 
0-6 c.c., to which was added sufficient aqueous ammonia to give the 
soluble complex salt) added. The whole was kept at room temper- 
ature for 16 hours and then warmed gently on the water-bath until 
evolution of nitrogen ceased. After filtration, the solid residue 
was extracted thrice with small quantities of aqueous sodium 
hydroxide (5%). The hydrogen-ion concentration of the combined 
filtrates was adjusted with hydrochloric acid to py 7:5; the arsinic 
aid was then quantitatively precipitated as a white gelatinous 
solid. This was collected and repeatedly dissolved in dilute sodium 
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hydroxide solution and reprecipitated at its isoelectric point (py 7-5) 
with nitric acid ; the stellate clusters of fine, white, prismatic needles 
obtained were washed with water (yield, 0-5—3-2 g.). The acid 
was unmelted at 307° (Found: N, 7:6; As, 19-4. C,,H,,0,N,As 
requires N, 7-2; As 19-3%). 

A more uniform yield was obtained by the following method. 
A well-stirred mixture of 4-p-aminoanilino-6-methoxy-2-methyl- 
quinoline (5-6 g.) and glacial acetic acid (30 c.c.) was cooled to 10°, 
sodium nitrite (1-6 g.) added gradually, and the clear reddish-brown 
solution poured into dry ether (150 c.c.). The solid orange 
diazonium compound, which separated, was collected, washed with 
dry ether, and added to the sodium arsenite mixture (as used above). 
After standing over-night, the reaction product was worked up and 
the arsinic acid isolated as in the last experiment (yield, 2-6 g.). 

The arsinic acid is practically insoluble in water and the usual 
organic solvents. It dissolves readily in dilute sodium and 
ammonium hydroxide solutions and in moderately concentrated 
hydrochloric acid. No satisfactory explanation can be advanced 
of the curious phenomenon that the acid is precipitated from a 
solution of its sodium salt in a crystalline form by nitric acid (vide 
supra) and, under exactly similar conditions, in a gelatinous form 
by hydrochloric acid. A colloidal solution of the arsinic acid in 
dilute acetic acid gives a purple coloration with N /1000-iodine. 

The sodium salt is precipitated in colourless plates when con- 
centrated sodium hydroxide solution is added to a solution of the 
arsinic acid in dilute alkali. The following salts are precipitable 
from an aqueous solution of the ammonium salt : magnesium salt, 
white, gelatinous, insoluble in hot water; barium salt, white, 
gelatinous, soluble in hot water, crystallises on cooling in fine 
slender needles; calcium salt, white, gelatinous, less soluble in hot 
water; silver salt, pale yellow, curdy, insoluble in hot water; 
mercuric salt, white, curdy, insoluble in hot water. 

4-m-Aminoanilino-6-methoxy-2-methylquinoline—A mixture of 
4-chloro-6-methoxy-2-methylquinoline (10-4 g.) and m-phenylene- 
diamine (10 g.) was heated at 140°/20 mm. for 14 hours, the almost 
solid product dissolved in hot dilute hydrochloric acid (5%), and 
the filtered solution rendered alkaline with aqueous ammonia. 
The base obtained crystallised from aqueous alcohol (20% alcohol) 
in long, pale brown, rectangular, prismatic needles (10 g.), m. p. 
230—231° (Found : C, 73-4; H, 62; N, 14:7. C,,H,,ON, requires 
C, 73-1; H, 6-1; N, 15-0%). 

4-m-Aminoanilino-6-methoxy-2-methylquinoline is readily soluble 
in ethyl alcohol, methyl alcohol, and acetic acid, but sparingly 
soluble in benzene and light petroleum. A dilute alcoholic or acetic 
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acid solution gives with N /1000-iodine a faint red coloration, which 
slowly deepens. The addition of hydrochloric acid to an alcoholic 
solution of the base gives a white gelatinous precipitate of the 
hydrochloride. 

The acetyl derivative crystallises from aqueous alcohol (10% 
alcohol) in stout, pale yellow, prismatic needles, m. p. 269° (Found : 
C, 71:0; H, 6-1; N, 12-7. C,,H,,0O,N, requires C, 71:0; H, 6-0; 
N, 13-1%). It is slightly soluble in ethyl alcohol and acetic acid, 
but practically insoluble in benzene and light petroleum. A dilute 
alcoholic solution gives a deep blue coloration with N /1000-iodine 
and a dilute acetic acid solution gradually gives a brilliant purple 
coloration; these colours disappear on warming but reappear on 
cooling. The addition of water to a solution of the acetyl compound 
in concentrated hydrochloric acid produces a white gelatinous pre- 
cipitate of the hydrochloride. 

m-6'-Methoxy-2'-methyl-4'-quinolylaminophenylarsinic Acid.—This 
acid was obtained from 4-m-aminoanilino-6-methoxy-2-methyl- 
quinoline by the Bart reaction under practically the same conditions 
which were used in the first method of preparation of its p-iso- 
meride (base, 5-6 g.; hydrochloric acid, 15 c.c. of d 1-14; sodium 
nitrite, 1-6 g., in water, 7 c.c.), but a slightly higher temperature 
(0—5°) was permitted. The reaction of the alkaline filtrate was 
adjusted with hydrochloric acid to py 5 and the arsinic acid, then 
quantitatively precipitated as a white gelatinous solid, was purified 
by several reprecipitations from solution in dilute aqueous sodium 
hydroxide at the above isoelectric point (py 5), washed with water, 
and dried (yield, 1-5 g.). It darkened at 280° but was unmelted 
at 300° (Found: As, 19-5. C,,H,,0,N,As requires As, 19-3%). 

This arsinic acid resembles the p-isomeride in solubility, but it 
is not precipitated in a crystalline form when nitric acid is added 
to an aqueous solution of its sodium salt; also, the colloidal solution 
in dilute acetic acid does not give a coloration with N /1000-iodine. 

The sodium salt of the arsinic acid is readily precipitated as a 
crystalline mass when concentrated sodium hydroxide solution is 
added to its dilute alkali solution. The following salts are insoluble 
in cold water: magnesium salt, white, gelatinous, slightly soluble 
in hot water; calcium salt, pale yellow, gelatinous, less soluble in 
hot water; barium salt, white, gelatinous, soluble in hot water, 
gelatinous precipitate on cooling; silver salt and mercuric salt, 
pale yellow, curdy, insoluble in hot water. 

4-Benzidino-6-methoxy-2-methylquinoline (II1)—A mixture of 
4-chloro-6-methoxy-2-methylquinoline (5-2 g.) and benzidine (7 g.) 
was heated at 160° during 15 minutes and the almost solid product 
was digested with excess of hot dilute hydrochloric acid (5%), 
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which readily converted it into an insoluble yellow hydrochloride. 
This was extracted several times with small quantities of boiling 
dilute hydrochloric acid and then warmed with sodium hydroxide 
solution. The base (7-2 g.) liberated crystallised from toluene in 
fine, pale yellow, microscopic, rectangular prisms, m. p. 245° 
(Found: C, 77:8; H, 6-1; N, 11-5. C,,H,,ON, requires C, 77-7; 
H, 6:0; N, 11-8%). 

4-Benzidino-6-methoxy-2-methylquinoline is soluble in acetic acid 
and boiling toluene, but sparingly soluble in ethyl and methyl 
alcohols, benzene and light petroleum. Its solution in warm dilute 
acetic acid sets to a gel on cooling. A dilute acetic acid solution of 
this base gives with N/1000-iodine a deep purple coloration; this 
disappears on warming but does not reappear on cooling. 

The acetyl derivative crystallises from aqueous alcohol in stellate 
clusters of fine, yellow, rectangular, prismatic needles, m. p. 159— 
160° (Found: N, 9-7. C,;H,,0,N;,2H,O requires N, 9-7%). It 
is readily soluble in ethyl and methyl alcohols and in acetic acid, 
but it is only slightly soluble in benzene and practically insoluble in 
light petroleum. A solution in warm dilute acetic acid sets to a 
gel on cooling. A dilute alcoholic or acetic acid solution gives with 
N/1000-iodine a brilliant purple coloration which disappears on 
warming and reappears on cooling. This coloration is also produced 
when a dilute potassium iodide solution is added to a mixture of the 
acetic acid solution of the acetyl compound and bromine water. 
The addition of hydrochloric acid to an alcoholic solution of the base 
precipitates a crystalline hydrochloride sparingly soluble in water. 

4’-6'’-Methoxy-2"-methyl-4''-quinolylaminodiphenylylarsinie Acid 
(IV).—A well-stirred mixture of the preceding benzidino-compound 
(3-5 g.), hydrochloric acid (5-7 c.c. of d 1-19), and water (15 c.c.) 
was cooled to 5°, and a saturated solution of sodium nitrite (0-8 g.) 
added gradually below 8°. After 1 hour, the diazo-mixture was 
carefully neutralised at 5° with aqueous sodium hydroxide (5J), 
and sodium arsenite solution (a mixture of arsenious oxide, 2 g., in 
5N-sodium hydroxide solution, 4 c.c.; sodium carbonate, 4 g., in 
water, 12 c.c.; and 10% copper sulphate solution, 0-4 c.c., to which 
was added sufficient aqueous ammonia to give the soluble complex 
salt) added. After remaining at room temperature over-night, the 
mixture was warmed gently on the water-bath until evolution of 
nitrogen ceased. After the addition of N-sodium hydroxide 
(10 c.c.) the liquid was filtered, and the residue extracted thrice 
with warm dilute sodium hydroxide solution. The reaction of the 
combined filtrates was adjusted with hydrochloric acid in the cold 
to pu 7; the arsinic acid then completely precipitated was purified by 
several precipitations (at px 7) from its solution in dilute alkali 
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with hydrochloric acid and obtained in pale yellow needles (radially 
arranged) which, when washed free from sodium chloride, were 
converted into a gelatinous solid (yield, 2-2 g.). The acid darkened 
at 290° but was unmelted at 300° (Found: As, 16-0. C,,H,,0,N,As 
requires As, 16-15%). 

This arsinic acid is practically insoluble in water and in the usual 
organic solvents, readily soluble in dilute sodium and ammonium 
hydroxide solutions, but only slightly soluble in hydrochloric acid. 
A colloidal solution in dilute acetic acid gives with N/1000-iodine 
a dark red coloration which changes to purple on the addition of 
hydrochloric acid. The crystalline sodium salt is readily produced 
in the usual way. The magnesium, calcium, and barium salts are 
white and gelatinous, the silver salt is pale yellow and gelatinous, 
and the mercuric salt pale yellow and curdy: all are insoluble in 
water. 

pp’- Di-6’ - methoxy - 2'- methyl - 4’ - quinolyldiaminodiphenylmethane 
(V).—pp’-Diaminodiphenylmethane (7-5 g.) was heated to 130°, 
and to the melt were added 4-chloro-6-methoxy-2-methylquinoline 
(5-2 g.) and a trace of finely divided copper-bronze. After 3 hours’ 
heating, the mixture, which had almost completely solidified, was 
digested with hot dilute hydrochloric acid (5%) and the residual, 
sparingly soluble, pale yellow hydrochloride (4-5 g.) was treated with 
warm aqueous sodium hydroxide solution. The base thus liberated 
crystallised from hot alcohol in small, pale brown, rectangular, 
prismatic needles, m. p. 144° (decomp.) (Found: C, 77-3; H, 6-0; 
N, 10-2. C,;H,,0,N, requires C, 77-7; H, 6-0; N, 10-4%). It is 
soluble in ethyl alcohol and acetic acid, but only sparingly soluble 
in benzene and light petroleum. A dilute alcoholic or acetic acid 
solution gives with N/1000-iodine a deep purple coloration, which 
disappears on warming but reappears on cooling. The addition 
of hydrochloric acid to an alcoholic solution of the base precipitates 
the hydrochloride in fine, yellow, rectangular, prismatic needles. 


The author desires to express his thanks to the Trustees of the 
Carnegie Trust for the Universities of Scotland and to the Court of 
the Grocers’ Company for a Fellowship and a Scholarship, respect- 
ively, which have enabled this work to be carried out. He is also 
indebted to Dr. W. O. Kermack for his interest in the investigation. 


Royat CoLLecGe or Puysicirans’ LABORATORY, 
EDINBURGH, [Received, February 27th, 1930.] 
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CLIII.—Some Derivatives of m-X ylene. 


By Ernest G. Boycr, Witut1am P. Rankine, and ALEXANDER 
ROBERTSON. 


m-Xylorcinolcarboxylic Acid.—The procedure adopted by one of 
us (A. R.) and Robinson (J., 1927, 2196) for the preparation of 
p-orsellinic acid has proved suitable for the preparation of m-xylor- 
cinolearboxylic acid (compare Kostanecki, Ber., 1886, 19, 2323). 
A mixture of m-xylorcinol (Robertson and Robinson, Joc. cit.) (5 g.), 
potassium carbonate (10 g.), and glycerol (10 g.) was heated (oil- 
bath at 130°) for 5 hours in an atmosphere of carbon dioxide. 
Addition of 15% hydrochloric acid to the cooled reaction mixture 
precipitated m-xylorcinolcarboxylic acid (4 g.), which crystallised 
from dilute alcohol in colourless prismatic needles, m. p. 199—200° 
(decomp.) (Kostanecki, loc. cit., gives m. p. 196°) (Found: C, 59-5; 
H, 5-7. Cale. for CjH,90,: C, 59-4; H, 5-5%). The acid quickly 
decomposes in boiling water into m-xylorcinol and carbon dioxide. 
The ferric chloride reaction is green in alcohol and pure blue in 
water. This acid, unlike $-orcinolcarboxylic acid (Robertson and 
Stephenson, this vol., p. 313), is not esterified in boiling methyl or 
ethyl alcohol. If sodium bicarbonate is used in the preparation, 
the yield is halved. 

6-M ethoxy-m-4-xylidine—4-Nitro-m-6-xylenol (1 mol.) was 
methylated with methyl sulphate (2 mols.) and 20° aqueous sodium 
hydroxide (2-5 mols.) (compare Pfaff, Ber., 1883, 16, 1136). The 
alkali-insoluble ether crystallised from alcohol in pale yellow 
needles, m. p. 56—57°. Iron powder (80 g.) was added in portions 
of 10 g. at intervals of 3 minutes to a boiling solution of the nitro- 
ether (60 g.) in alcohol (300 c.c.) and concentrated hydrochloric acid 
(20 c.c.), and the mixture was refluxed for 5 hours, a test then show- 
ing that reduction was complete. The filtered solution was con- 
centrated to 100 c.c., cooled, saturated with hydrogen chloride, 
and kept in an ice-chest. After some hours, the hydrochloride was 
collected, and a further quantity was isolated from the mother- 
liquor by concentration to 50 c.c. and renewed saturation with 
hydrogen chloride. The salt crystallised in glistening prisms; 
total yield, 50 g. Agitation of a suspension of the salt in excess 
of bicarbonate solution gave the amine, m. p. 83° after crystallis- 
ation from benzene-ligroin and then from dilute alcohol (colourless 
needles). The acetyl derivative crystallised from water in needles, 
m. p. 160° (Found : C, 68-6; H, 7-5. C,,H,,;O,N requires C, 68-7; 
H, 7-4%). 

6-Methoxy-m-4-xylenol_—The foregoing hydrochloride (17 g.) was 
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dissolved in 10% sulphuric acid (200 c.c.) and crushed ice (200 g.) 
was added after sudden cooling and shaking to ensure the separation 
of small crystals. Sodium nitrite (6 g.), dissolved in water (50 c.c.), 
was then introduced, and the mixture stirred for 15 minutes. The 
filtered diazo-solution was gradually added to boiling 10°% sulphuric 
acid (600 c.c.). On cooling, 6-methoxy-m-4-xylenol separated in 
pale yellow crystals. Recrystallisation from ligroin gave the 
substance in colourless needles, m. p. 80° (Found : C, 70-9; H, 7-8. 
C,H ,.0, requires C, 71-0; H,8-0%). It is readily soluble in alcohol, 
ether, and benzene. The phenol does not give a ferric chloride 
reaction. 

2-Hydroxy-6-methoxy-3 : 5-dimethylbenzaldehyde.—Condensation of 
the monomethyl! ether of xylorcinol and hydrogen cyanide in the 
presence of hydrogen chloride and zinc chloride after the method 
of Gattermann gave a compound which on solution in water reverted 
to the original ether. The aldehyde was subsequently obtained by 
partial methylation of m-xylorcylaldehyde (1 mol.) (Robertson and 
Robinson, loc. cit.) with methyl iodide (1-5 mols.) and excess of 
potassium carbonate in acetone under reflux on the steam-bath for 
2 hours. After removal of the potassium salts the acetone was 
distilled under diminished pressure, and the alkali-soluble residue 
crystallised from dilute methyl alcohol. The aldehyde formed 
slender colourless needles, m. p. 52° (Found: C, 66-4; H, 6-3. 
CoH,,0, requires C, 66-7; H, 6-3%). The substance gives a dark 
green ferric chloride reaction almost identical with that given by 
m-xylorcylaldehyde. It is insoluble in water and readily soluble 
in aleohol, acetone, or ethyl acetate. Condensation of the aldehyde 
with »-methoxyacetoveratrone (Pratt and Robinson, J., 1923, 423, 
745) with hydrogen chloride in dry ethyl acetate by the method 
of Robinson gave 3 : 5: 3’ : 4’-tetramethoxy-6 : 8-dimethylflavylium 
chloride in red-brown prisms; the ferrichloride crystallised from 
acetic acid in elongated red-brown prisms, m. p. 177—178° (Found : 
0, 45-6; H, 4:3. C,,H,,0;,FeCl, requires C, 45-6; H, 4:2%). 

m-Xylorcinol does not condense with acetonitrile by the method 
of Hoesch. 


We are indebted to the Chemical Society for a grant which has 
in part defrayed the cost of this investigation. 


East LONDON COLLEGE, 
UNIVERSITY OF LONDON. [Received, March 25th, 1930.] 
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CLIV.—The Formation of Phenoxazines. 
By Oscar L. Brapy and Crom. WALLER. 


CERTAIN substituted 2-nitro-2’-hydroxydiphenylamines on treat- 
ment with alkali readily lose nitrous acid to give phenoxazines : 


NH \ /NHV A 
6 8 10 2 
1 of > 7 3 
€ OH xo} 6 5 4 


The reaction has been investigated by Turpin (J., 1891, 59, 720), 
Ullmann (Annalen, 1908, 366, 79), and Ullmann and Sané (Ber., 
1911, 44, 3730), but no satisfactory explanation has been suggested 
for the influence of other groups present in the molecule upon the 
reaction. 

It was found by these workers that the phenoxazines are formed 
when the following compounds are treated with alkali: 2 : 4: 6-tri- 
nitro-, 2 : 6-dinitro-, 2 : 4-dinitro-6-carboxy-, 2 : 6-dinitro-4-carboxy-, 
2 : 6-dinitro-4-benzoyl-, 2 : 4-dinitro-6-sulpho-, 2: 6-dinitro-4-sulpho., 
2: 4-dinitro-6-methyl-, and 2: 6-dinitro-4-chloro-2’-hydroxydi- 
phenylamines. No reaction occurred, however, with 2 : 4-dinitro- 
2’-hydroxydiphenylamine. Thus in all cases where the phenoxazine 
was formed the 6-position was occupied, and Ullmann concluded 
that this was a necessary condition for the reaction to occur. In 
order to test this view more fully, a number of similar compounds 
have been investigated. In all the cases previously studied, with the 
exception of 2: 4-dinitro-2’-hydroxy-6-methyldiphenylamine, a 
‘* negative’ group occupied the 6-position. It did not seem likely 
that groups of such different character as NO, and CH, would 
activate the 2-nitro-group, but in order to test this point a group 
at the other end of the scale, namely, methoxyl, was tried and it was 
found that 2: 4-dinitro-2’-hydroxy-3 : 6-dimethoxydiphenylamine 
readily gave the phenoxazine. 

The presence of a methyl group in another position in the nitrated 
ring had no influence; 2 : 6-dinitro-5-methyl- and 2 : 6-dinitro-4- 
methyl-2' -hydroxydiphenylamines readily gave phenoxazines, but 
2 : 4-dinitro-5-methyl-2'-hydroxydiphenylamine did not do so. A 
methyl group in the 6’-position was also without effect, 2 : 6-dinitro- 
2’ -hydroxy-3 : 6’-dimethyldiphenylamine giving the phenoxazine 
and 2 : 4-dinitro-2’-hydroxy-6'-methyl- and 2 : 4-dinitro-2'-hydrozy- 
5 : 6’-dimethyl-diphenylamines failing to do so. 

The lack of reactivity of, for example, 2 : 4-dinitro-2’-hydroxy- 
diphenylamine might be due to chelation of the 2-nitro-group with 
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the imino-group (I) preventing its access to the hydroxyl group; 
the presence of another group in the 6-position which could itself 


sik O pos OH 


(II.) 
NO, on NOX JNO, 


chelate (II) would negative this effect and most of the compounds 
investigated have such a group, but it is difficult to suppose that the 
methyl group would be effective in this respect. Attempts to 
prepare N-methyl derivatives in order to eliminate the possibility of 
chelation as in (I) were, however, unsuccessful. 

The’only explanation that can be suggested is a purely steric one : 
if the 6-position is free, for steric reasons the large nitro-group takes 
up a Te remote from the hydroxyl group, thus inte the 


Cmeneeeneanen 


(III.) (IV.) (V.) 


6-position near it (III). If there is a group in the 6-position, 
there is less reason for the compound to be oriented as (IV) than 


-as (V). Experiments are in hand with the object of obtaining 


evidence of such orientation in compounds of this type. 


EXPERIMENTAL, 


2 : 6-Dinitro-3-methyl-, 2: 4-Dinitro-5-methyl-, and 2 : 6-Dinitro- 
4-methyl-2’ -hydroxydiphenylamines,—2 :3:4-, 3:4:6-, or 3:4: 5- 
Trinitrotoluene (4 g.), o-aminophenol (4 g.; 2 equivs.), and benzene 
(240 c.c.) were boiled for 4 hours under reflux, nitrous fumes being 
evolved; the mixture was then cooled and filtered. In the case of 
2:3: 4-trinitrotoluene the filtrate was evaporated to dryness, and 
the residue crystallised four times from dilute alcohol; 2 : 6-dinitro- 
2’ -hydroxy-3-methyldiphenylamine was then obtained in reddish- 
purple needles (3 g.), m. p. 148° (Found: N, 14-7. C,,H,,0;N, 
requires N, 14-5%). 

In the second case the filtrate was evaporated to small bulk and, 
while it was still hot, boiling light petroleum was added _ until 
precipitation commenced. On cooling, a brown solid separated 
which, crystallised from benzene and light petroleum, gave 2 : 4-di- 
nitro-2' -hydroxy-5-methyldiphenylamine as a deep purple-brown, 
micro-crystalline powder (2-7 g.), m. p. 203° (Found: N, 148%). 
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Crystallised from methyl alcohol or from somewhat diluted acetic 
acid, this compound separated as an orange-red solid of the same 
m. p. 

In the third case the tarry solid obtained on evaporation of the 
benzene was crystallised repeatedly from dilute aclohol; 2 : 6-di- 
nitro-2' -hydroxy-4-methyldiphenylamine was then obtained in lustrous 
purple-brown needles, m. p. 152° (Found: N, 14-4%). 

2-Chloro-6-nitro-2' -hydroxy-3-methyldiphenylamine.—A solution of 
3 : 4-dinitro-o-chlorotoluene (2-3 g.) and o-aminophenol (5 g.) in 
alcohol (150 c.c.) was boiled under reflux for 20 hours, and cooled. 
Water and a little hydrochloric acid were then added and the 
precipitated tarry mass was extracted with boiling light petroleum; 
the precipitate obtained from the cooled extract was crystallised 
from the same solvent, 2-chloro-6-nitro-2’ -hydroxy-3-methyldiphenyl- 
amine being obtained in purple-red needles (1 g.), m. p. 106° (Found : 
N, 10-2. C,3H,,0,N,Cl requires N, 10-0%). 

2 : 4-Dinitro-2'-hydroxy-3 : 6-dimethoxydiphenylamine.—This was 
prepared from trinitroquinol dimethyl ether (2-6 g.) and o-amino- 
phenol (2-1 g.) in benzene (100 c.c.) as before. The reaction mixture 
was cooled, the liquid filtered and heated to boiling, and boiling light 
petroleum (200 c.c.) added. The precipitate produced on cooling 
was crystallised from benzene and light petroleum, 2 : 4-dinitro- 
2’ -hydroxy-3 : 6-dimethoxydiphenylamine being obtained in brown 
prisms (1-5 g.), m. p. 186° (Found: N, 12-6. C,,H,,0,N, requires 
N, 12:5%). 

2 : 4-Dinitro-2’ -hydroxy-5 : 6'-dimethyl-, 2 : 6-Dinitro-2’-hydroxy- 
4: 6’-dimethyl-, and 2:4: 6-T'rinitro-2'-hydroxy-6'-methyldiphenyl- 
amines.—3 : 4: 6- and 3:4: 5-Trinitrotoluenes and picryl chloride 
were each heated with 2 equivalents of 2-amino-m-cresol in benzene 
under reflux for 4 hours, and the solutions cooled and filtered. In 
the first and second cases the filtrates were evaporated to dryness, 
and the residues crystallised repeatedly from dilute alcohol; there 
were then obtained 2 : 4-dinitro-2’-hydroxy-5 : 6'-dimethyldipheny- 
amine as brick-red prisms, m. p. 173° (Found: N, 141. 
C,,H,,;0;N, requires N, 139%), and 2 : 6-dinitro-2'-hydroxy- 
4 : 6’-dimethyldiphenylamine as purple plates, m. p. 198° (decomp.) 
(Found: N, 14-0%). In the third case light petroleum was added 
to the filtered solution, and the precipitate crystallised from benzene 
and light petroleum; 2 : 4: 6-trinitro-2'-hydroxy-6’-methyldipheny- 
amine was then obtained as a bright crimson, microcrystalline 
powder, m. p. 176° (Found: N, 16-7. C,,H,)0,N, requires N, 
16-8%). 

Formation of Phenoxazines.—The general method adopted was to 
dissolve the diphenylamine compound (1 g.) in 1% aqueous sodium 
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hydroxide (25 c.c.) and heat the solution on the water-bath for a 
time varying from a few minutes to 2 hours according to the nature 
of the compound undergoing reaction. The phenoxazine, if formed, 
was precipitated and the time necessary for reaction was indicated 
by the amount of precipitate. Nitrite, or in one case chloride, was 
detected in the solution after reaction. The yields were excellent. 
2 : 6-Dinitro-2’-hydroxy-3-methyldiphenylamine gave 1-nitro-4- 
methylphenoxazine, which separated from somewhat diluted acetic 
acid as a dark violet powder, m. p. 169° (Found: N, 11-9. 
C13H90,N, requires N, 11-6%). The same compound was obtained 
from 2- chloro-6-nitro-2’-hydroxy-3-methyldiphenylamine, this 
result showing which of the two nitro-groups in 2 : 6-dinitro- 
“geen aes is the reactive one : 


NO, 
N HA pac NH 
HN : OH Cl 
Me 


2 : 6-Dinitro-2’-hydroxy-4-methyldiphenylamine gave  1-nitro- 
3-methylphenoxazine, almost black needles, m. p. 165°, from light 
petroleum (Found: N, 11-8%). 2: 4-Dinitro-2’-hydroxy-3 : 6-di- 
methoxydiphenylamine gave 3-nitro-1 : 4-dimethoxyphenoxazine, 
crimson needles, m. p. 173°, from benzene and light petroleum 
(Found: N, 9-5. C,,H,.0,N, requires N, 9:7%). 2:4: 6-Tri- 
nitro-2'-hydroxy-6’-methyldiphenylamine gave 1 : 3-dinitro-9-methyl- 
phenoxazine, deep purple prisms, m. p. 224°, from benzene (Found : 
N, 14-7. C,,H,O,N, requires N, 146%). 2 : 6-Dinitro-2’-hydroxy- 
4: 6’-dimethyldiphenylamine gave 1-nitro-3 : 9-dimethylphenoxazine, 
a violet powder, m. p. 162°, from benzene (Found: N, 11-6. 
C\4H,.0,N, requires N, 114%). 2: 4-Dinitro-2’-hydroxy-5 
methyl-, 2: 4-dinitro-2’-hydroxy-6’-methyl-, and 2: 4-dinitro- 
2’-hydroxy-5 : 6’-dimethyl-diphenylamines were not converted into 
phenoxazines under the above conditions, no precipitate formed, 
and no nitrite was produced. 

3-Bromo-4 : 6-dinitrotolwene.—A hot alcoholic solution of 4 : 6-di- 
nitro-m-tolylhydrazine (5 g.) (Brady and Bowman, J., 1921, 119, 
894) was treated with successive small quantities of cupric bromide 
(30 g.), the mixture was cooled, and the liquid filtered. The filtrate 
was heated with a little concentrated hydrochloric acid and hydrogen 
peroxide.to oxidise any cuprous bromide and poured into water. The 
precipitate obtained, after crystallising from alcohol, gave 3-bromo- 
4:6-dinitrotoluene in pale yellow needles, m. p. 101° (Found : 
N, 10-5. C,H,0,N,Br requires N, 10-7%). 
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2 : 4-Dinitro-2'-methory-N-methyldiphenylamine.—This was pre- 
pared by heating N-methyl-o-anisidine (3 g.) and 2 : 4-dinitrochloro- 
benzene (5 g.) together with a little anhydrous zinc chloride for 6 
hours in an oil-bath at 130—140°. The product was distilled in 
steam to remove unchanged dinitrochlorobenzene, the solid residue 
extracted with boiling dilute hydrochloric acid, and the insoluble 
matter crystallised from alcohol; 2 : 4-dinitro-2’-methory-N- 
methyldiphenylamine was then obtained in yellow needles, m. p. 
169° (Found: N, 14:3. C,,H,,0;N, requires N, 13-9%). The 
methoxyl group could not be demethylated by treatment with an 
aqueous or glacial acetic acid solution of hydrogen bromide. 

N-Methyl-o-aminophenol decomposes when heated above 80°. 
No reaction occurred when it was boiled for many hours in benzene 
with 2 : 4-dinitrochlorobenzene or 3-bromo-é4 : 6-dinitrotoluene. 


Tue Rates Forster LABORATORIES OF ORGANIC CHEMISTRY, 
UnNIvERsITyY COLLEGE, LONDON. (Received, March 25th, 1930.] 





CLV.—The Preparation of Diphenyl Ethers. 
By (Miss) Rosatinp VENETIA HENLEY. 


Ir has been shown by Groves, Turner, and Sharp (J., 1929, 512) that 
the use of copper-bronze in the preparation of 2-nitrodipheny] ethers 
is unnecessary, since it does not increase the yield, and hampers 
manipulation. The following experiments have been done in order 
to try to determine the most favourable conditions for the prepar- 
ation of such ethers, and if possible to eliminate the necessity of 
extensive purification, owing to the presence of much unchanged 
material. The effects of different proportions of halogenonitro- 
compound, phenol, and potassium hydroxide were studied, also the 
variation of time and temperature, and the use of copper, and the 
elimination of water, 'in the operations. 

The method used in the condensations was as follows: the water 
was added to the potassium hydroxide, which was then fused. The 
phenol was added to the potassium hydroxide, and the two were 
heated until all the solid had dissolved. The halogenonitro-com- 
pound was then added, and the mixture was heated in a metal-bath, 
in a flask fitted with a short air-condenser. The mixture was then 
diluted with water, alkali was added, and the oil was extracted with 
carbon tetrachloride, washed with water, dried over sodium sulphate, 
and distilled in a vacuum, the purity of the product being determined 
by its constant boiling point. 











hyd 


o-Chi 
Phen 
Pota 
Wate 
Yielc 

Th 


Se 
E; 


were 
the 1 
since 


4 hor 
obta 


Se 


Ex 
were 
heate 
obtai 


denss 
obtai 

hx 
mixti 
no in 

Th 
ITI, s 


was C 


coppe 
is der 
of phi 

Ser 
descri 
diphe 
phenc 
A cor 


portic 





ne 


ler 


en 











HENLEY : THE PREPARATION OF DIPHENYL ETHERS. 1223 


Series A.—Variation of the proportion of phenol and potassium 
hydroxide. 


I. II. ITI. IV. 
o-Chloronitrobenzene ... 1 mol. 1 mol. 1 mol. 1 mol, 
TS tees preiareten 1 mol. 1-5 mols. 1-75 mols. 3 mols. 
Potassium hydroxide ... 1 mol. 1-25 mols. 1-33 mols. 2 mols. 
Weeeee:oidisckicdse acces. cveds 0-1 mol. 0-1 mol. 0-1 mol. 0-1 mol. 
Se A eee 68 70 72-4 60-5 


The condensation was effected at 160—180°, for 2 hours. 


The most favourable conditions are those given in experiment ITT. 


Series B.—Variation of the time of condensation. 


Experiment I. The conditions used in experiment III of series A 
were repeated, the time of the experiment being varied. When 
the mixture was heated for } hour only, the reaction was incomplete, 
since the yield of 2-nitrodiphenyl ether was only 57%. 

Experiment II. .When the condensation was prolonged for 
4 hours, the yield was 73%, showing that no improvement had been 
obtained. 


Series C._—Variation of the temperature of condensation, 


Experiment I. The conditions used in Experiment III, series A 
were repeated in the following experiments : When the mixture was 
heated at 200—-210° for 1 hour, a yield of 95-5% of ether was 
obtained, 

Experiment II, The same experiment was repeated, the con- 
densation being allowed to oceur for only 4 hour; an 84% yield was 
obtained, showing that the reaction was less complete. 

Experiment III. A further experiment was done by heating the 
mixture at 240° for 1 hour, but the yield was only 90%, showing that 
no improvement had occurred. 

The condensation was effected under the conditions of experiment 
III, series A, but with omission of the water (0-1 mol.); the yield 
was only 63%. 

When experiment III, series A, was repeated in the presence of 
copper-bronze, the yield obtained was 72%, showing that no benefit 
is derived from its use, even when the more favourable proportions 
of phenol and potassium hydroxide are taken. 

Series D (a).—In order to determine whether the conditions 
described in the previous experiments were generally applicable to 
diphenyl ethers, a series of experiments was performed with different 
phenols, o-chloronitrobenzene being the halogenonitro-compound. 
A control set of experiments was performed; equimolecular pro- 
portions of halogenonitro-compound, phenol, and potassium 
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hydroxide were used, the condensation being effected at 200—210° 
for 1 hour. The amount of water used was 0-1 mol. 


Phenol .... o-Chlorophenol p-Chlorophenol o-Cresol m-Cresol p-Cresol 
Yield of 
ether, % 80 66 72 70 73 


Series D (b).—The series was repeated under the conditions of 
experiment I, series C. 

Phenol ... 0-Chlorophenol p-Chlorophenol o-Cresol m-Cresol p-Cresol 
Yield of 

ether, % 91 86 85 87 87 

Comparison of the two series shows that the yields are increased 
between 10—20% by using the increased proportions of phenol and 
potassium hydroxide. 

The fifth experiment in series D (b) was repeated, 95 g. of o-chloro- 
nitrobenzene, 114 g. of p-cresol, and 45 g. of potassium hydroxide 
being used. At the end of the reaction, the condensation mixture 
was shaken with very dilute alkali solution until cold; a crystalline 
meal then separated. After being dried in the air, this weighed 
129 g. (94% yield). As a result of the improved conditions worked 
out, it is possible to prepare ethers similar to the above, without 
extraction with a solvent, and subsequent vacuum distillation. 

Series H.—The comparison of yields obtained by using different 
halogenonitro-compounds was also made. 

Experiment I. 2:5-Dichloronitrobenzene was condensed with 
phenol, under the conditions described in the series of experiments 
D (a), and the yield of ether obtained was 74%. When the experi- 
ment was repeated under the conditions of experiments D (b), the 
yield was increased to 85%. 

Experiment II. According to Fox and Turner (this vol., p. 1115), 
when 2 : 5-dibromonitrobenzene is condensed with phenol at 160— 
180° for 6 hours, 1 mol. of halogenonitro-compound, 1 mol. of 
phenol, 1 mol. of potassium hydroxide, and 0-1 mol. of water being 
used, the yield of 4-bromo-2-nitrodiphenyl ether is 48% of the 
theoretical. When the condensation was effected under the con- 
ditions of experiments D (b), the yield was increased to 85%. 

It appears, therefore, that the best conditions for the preparation 
of substituted diphenyl ethers consist in having increased pro- 
portions of phenol and potassium hydroxide, and in working at 4 
temperature not below 200°. 


: My thanks are due to Dr. E, E. Turner for much helpful advice 


during this work. 


BEDFORD COLLEGE, 
UNIVERSITY oF LONDON. [ Received, March 31st, 1930.] 
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CLVI.—The Preparation of Compounds analogous in 
Structure to Sulphinic Acids but containing 
p-T'oluenesulphonimido-growps in Place of Oxygen 
Atoms. Phenyl-and Methyl-p-toluenesulphonimido- 
sulphine-p-toluenesulphonylimines. 


By Sypyzy GEORGE CLARKE, JOSEPH Kenyon, and Henry 
PHILLIPS. 


THE resolution of dl-m-carboxyphenylmethylsulphine-p-toluene- 
sulphonylimine (I) (Clarke, Kenyon, and Phillips, J., 1927, 188), 
corresponding to the di-sulphoxide (II) resolved by Harrison, 
Kenyon, and Phillips (J., 1926, 2079), provided experimental 
evidence that the p-toluenesulphonimido-group could become linked 


CO,H CO,H 


I.) Pe Ps ‘ 
) Os Oia, m7 


with sulphur in the same manner as the oxygen atom of a sulphoxide. 
It has now been found that compounds can be prepared analogous 
in structure to sulphinic acids but containing two p-toluenesulphon- 
imido-groups in place of the two oxygen atoms of the sulphinic acid 
group. Two examples of this new class of compound have been 


R-S-OH R-S‘NH‘S0,°C,H, 
0 N-SO,°C,H, 


(III; R = C,H, and C,H;) 


prepared in which R = C,H, and C,H; respectively. They can be 
obtained readily by the action of chloramine-T on solutions of 
sodium phenyl and ethyl mercaptides. The formation of these 
compounds, under the experimental conditions employed, provides 
evidence that in aqueous solution chloramine-T not only undergoes 
hydrolysis as in equation (a) but also dissociates to give a neutral 
p-toluenesulphonimido-radical as indicated in equation (b). 


(a) C,H,SO,NCINa + H,O = C,H,SO,-NH, + NaOCl 
(b) C,H, SO,NCINa =C,H,S0,N + NaCl 


From a consideration of these equations it would be anticipated 

that, by the use of a suitable anhydrous solvent in which sodium 

chloride is insoluble, the production of the p-toluenesulphonimido- 

radical would -be favoured and the hydrolysis of chloramine-T 

suppressed. This deduction receives support from the fact that 
TT 
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a greater yield of the phenyl compound is obtained from solutions 
of phenyl mercaptan in acetic acid or in pyridine than from solutions 
of the mercaptan (as sodium salt) in water. Even when a large 
excess of chloramine-T is employed in these reactions, the same two 
compounds are obtained, indicating that the sulphur atoms of the 
mercaptans show little or no tendency to combine with three 
p-toluenesulphonimido-groups to produce compounds analogous 
to sulphonic acids. The chemical properties of phenyl- and ethyl- 
p-tolwenesulphonimidosulphine-p-toluenesulphonylimines are also in 
agreement with the view that the large p-toluenesulphonimido-groups 
exert a protective influence on the central sulphur atoms and cause 
them to be far less reactive than the corresponding sulphur atoms of 
sulphinic acids. For example, sulphinic acids react readily with 
bromine to yield sulphonyl bromides and condense with formalde- 
hyde, benzoquinone (Hinsberg, Ber., 1884, 27, 3359) and azobenzene 
(Hantzsch and Glogauer, Ber., 1897, 30, 2565), but, under the same 
experimental conditions, ethyl- and phenyl-p-toluenesulphonimido- 
sulphine-p-toluenesulphonylimines do not react with these reagents. 
A similar difference in behaviour exists between sulphilimines and 
sulphoxides; m-carboxyphenylmethylsulphine-p-toluenesulphonyl- 
imine (I) cannot be converted into a derivative of sexavalent 
sulphur, whereas the corresponding sulphoxide (II) readily forms a 
sulphone. When heated with concentrated hydrochloric acid, the 
new sulphonylimines slowly decompose, producing the corresponding 
disulphides, sulphonic acids, and p-toluenesulphonamide. The 
quantities of p-toluenesulphonamide obtained are in harmony with 
the view that two p-toluenesulphonimido-groups are present in each 
molecule. 

It was not found possible to replace the imido hydrogen atoms in 
these compounds by methyl groups by the agency of either methy! 
sulphate or methyl iodide under various experimental conditions. 
During such attempted methylations, the compounds decomposed, 
p-toluenesulphon-monomethy]- and -dimethyl-amides being the chief 
products. From the decomposition products of the methylation 
of ethyl-p-toluenesulphonimidosulphine-p-toluenesulphonylimine, 
ethyl-p-toluenesulphonylsulphinamide (IV) was isolated. 


+ 
C,H, -8‘NH-SO,-C,H t+ -NH-SO,'C,H,CO,H ,y 
qaiv.) V2tts*? 2°77, S 2°VeltgU2H iy) 
0 > <y-80,-C,H,-CO,H 


The sulphonylimines undergo oxidation much less readily than do 
the corresponding sulphinic acids. They are unaffected by per- 
hydrol, but, in alkaline solution, they are converted by potassium 
permanganate into tribasic acids (V). These new acids yield 
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p-sulphonamidobenzoic acid on hydrolysis with concentrated acids, 
but the experimental evidence that they contain oxygen atoms 
linked to the central sulphur atoms is not conclusive. 

Ethyl- and phenyl-p-toluenesulphonimidosulphine-p-toluenesul- 
phonylimines were also isolated from the products of the interaction 
of ethyl- and phenyl-thiolacetates with chloramine-T. The failure 
to obtain the sulphilimines of these salts by this means can be 
attributed either to the instability of these sulphilimines in the 
presence of water, or, alternatively, to the preferential formation 


RS-CHy0O,H #2 pie 1 ogg. H-SO," 
h6070.4, SH + OCH-CO,H + NH,’S0,-C;H, 


of the corresponding sulphoxides, which decompose in a similar 
mannér (Pummerer, Ber., 1909, 42, 2282; 1910, 43, 1404) : 


7 
R-S-CH,-CO,H 
O 


—> RSH + OCH-CO,H 


The ethyl- and phenyl-p-toluenesulphonimidosulphine-p-toluene- 
sulphonylimines isolated from these reactions doubtless arise from 
the interaction of the chloramine-T with the mercaptans produced 
during the decomposition of either the sulphilimine or the sulphoxide 
or both these compounds, as indicated in the above equations. 


EXPERIMENTAL. 


Ethyl-p-toluenesulphonimidosulphine-p-toluenesulphonylimine (III ; 
R = Et).—(a) From ethyl mercaptan. Chloramine-T (58 g., 2 mols.) 
in warm water (150 c.c.) was added to a solution of ethyl mercaptan 
(6-2 ‘g.) in sodium hydroxide (3N, 33 c.c.), and after an hour the 
solution was acidified with dilute sulphuric acid. The ethyl- 
p-toluenesulphonimidosulphine-p-toluenesulphonylimine (20 g.) pro- 
duced was extracted from the precipitate obtained by means of 
dilute sodium carbonate solution, in which the p-toluenesulphon- 
amide (12-8 g.) simultaneously precipitated was insoluble. By 
acidification of the sodium carbonate extract, the new compound 
was precipitated. After crystallisation from ethyl alcohol, it had 
m. p. 189° (decomp.), either alone or when mixed with the ethyl- 
p-toluenesulphonimidosulphine-p-toluenesulphonylimine prepared 
from ethylthiolacetic acid as described below. 

(b) From ethylthiolacetic acid. A warm solution of chloramine-T 
(240 g.) in water (1000 c.c.) was added to an alkaline solution of 
ethylthiolacetic acid (48 g.) in sodium hydroxide (8N, 200 c.c.) 
After 3 days, the solid which had separated was removed by filtra- 
tion, and, on acidification of the alkaline filtrate, ethyl-p-toluene- 
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sulphonimidosulphine-p-toluenesulphonylimine was precipitated. 
It was purified as described above and then weighed 20-4 g. and had 
m. p. 189° (decomp.) [Found: C, 47-8; H, 5-0; N, 7-0; 8, 23-7. 
C1 ¢H. 90,N.S, requires C, 48-0; H, 5-0; N, 7-0; 5, 240%. 0-4000G. 
required 0-0400 g. of sodium hydroxide for neutralisation to phenol- 
phthalein: equiv., 400. (C,,H,,0,N,S,)H requires equiv., 400. 
Found for the silver salt, after drying at 120—130°: Ag, 21-6. 
Ci ¢Hy,0,N.S,Ag requires Ag, 21-3%]. 

The solid which was removed by filtration was triturated with 
chloroform (150 c.c.); p-toluenesulphonamide (83 g., m. p. 138°) 
remained undissolved. From the chloroform extract a neutral 
substance (3-1 g.) was isolated which, after crystallisation from ethyl 
alcohol, had m. p. 128° (decomp.). This neutral compound decom- 
posed at its m. p., yielding an inflammable vapour, and left a 
residue (97%, of the original) which, after crystallisation from ether 
and light petroleum, had m. p. 108—112°. On hydrolysis with hot 
concentrated hydrochloric acid, the neutral compound gave 15% 
of its weight of p-toluenesulphonamide (Found: C, 34:4; H, 3-7; 
N, 4:1; S, 18:2; Cl, 20-:9%, corresponding fairly closely with the 
empirical composition C,)»H,,0,NCLS,). 

The Chemical Properties and Reactions of Ethyl-p-toluenesulphon- 
imidosulphine-p-toluenesulphonylimine.—Hydrolysis. Dilute  sul- 
phuric acid was without action on the compound, but the clear 
solution obtained by heating it (1-0 g.) with 50% sulphuric acid 
deposited p-toluenesulphonamide (0-82 g.) on cooling [Theoretical 
quantity for C,H,S(C,H,O,SN),, 0-86 g.]. A similar result was 
obtained by the use of concentrated hydrochloric acid. 

Oxidation. Formation of 10> 8 <Ns0,048 Coat To 
ethyl-p-toluenesulphonimidosulphine-p-toluenesulphonylimine (8 g.) 
dissolved in dilute aqueous sodium hydroxide, smal] quantities 
of a saturated solution of potassium permanganate (in all, 13-6 g.) 
were added during 3 hours. After the passage of sulphur dioxide 
to dissolve the manganese dioxide, the resulting solution was 
acidified with dilute sulphuric acid; the new compound (8-2 ¢,, 
m. p. 260—262°) was then precipitated. After three recrystallis- 
ations from alcohol, it had m. p. 275—276° (decomp.), which was 
unchanged by reprecipitation of the compound from its solution in 
sodium hydroxide solution and further recrystallisation from 
alcohol [Found: 8, 20-6%. 0-5000 G. neutralised 0-1204 g. of 
sodium hydroxide: equiv., 166. (C,,H,,0,N,S;)H; requires §, 
20-2%; equiv., 159. (C,,H,,;0,N.S,)H, requires 8, 20-8%; 
equiv., 154]. This acid (1-0 g.) was heated under reflux with con 
centrated hydrochloric acid (25 o.c.) for 1-5 hours. p-Sulphon- 
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amidobenzoic acid (0-68 g.), m. p. 284—285°, either alone or when 
mixed with an authentic specimen of that compound, was filtered 
from the cold reaction mixture (Found: 8S, 16-1. Cale. for 
C,H,0,NS : 8, 15-9%). 

Action of methylating agents. Formation of ethyl-p-toluene- 
sulphonylsulphinamide, Et‘SO-NH-SO,°C,H,. The sulphonylimine 
(8 g.), dissolved in N-sodium hydroxide (40 c.c.), was treated with 
methyl sulphate and sufficient sodium hydroxide to maintain the 
solution alkaline, until the oily precipitate which separated from the 
hot reaction mixture ceased to increase in amount. On cooling, 
this oily precipitate solidified ; after crystallisation from alcohol, it 
was obtained (1-8 g.) with m. p. 78—79°, either alone or when mixed 
with p-toluenesulphondimethylamide prepared by the action of 
methyl sulphate on an alkaline solution of p-toluenesulphonamide 
(Found: S, 16-1. C,H,,0,NS requires S, 16:1%). The filtrate 
from this p-toluenesulphondimethylamide was concentrated, and, 
after several days, it deposited a crystalline sodium salt. On 
acidification of an aqueous solution of this salt, ethyl-p-toluenesul- 
phonylsulphinamide (3-5 g.) was precipitated, and this, after crystal- 
lisation from alcohol, had m. p. 120° (Found: S, 25-6; N, 5-6. 
C,H,,0,NS, requires 8, 25-9; N, 5-6%). 

By treatment of ethyl-p-toluenesulphonimidosulphine-p-toluene- 
sulphonylimine in boiling toluene containing anhydrous potassium 
carbonate with methyl sulphate, only a mixture of p-toluenesulphon- 
monomethyl- and -dimethyl-amides was obtained. Similarly, the 
silver salt of the sulphonylimine, when heated under reflux with 
methyl iodide, gave -toluenesulphondimethylamide. Each of 
these methylation reactions yielded small quantities of other 
products which were not identified. 

Phenyl - p - toluenesulphonimidosulphine - p - toluenesulphonylimine 
(iI; R = Ph).—(a) From thiophenol. (i) In water. To thiophenol 
(55 g., 1 mol.), dissolved in dilute aqueous sodium hydroxide, a 
warm aqueous solution of chloramine-T (28-3 g., 2 mols.) in water 
(100 c.c.) was added. The granular precipitate which was thrown 
down consisted mainly of p-toluenesulphonamide, but gave some 
diphenyl disulphide (5 g.), m. p. 61—62°, when extracted with 
benzene. The warm filtrate, on cooling, deposited the crystalline 
sodium salt of phenyl-p-toluenesulphonimidosulphine-p-toluene- 
sulphonylimine, m. p. 226° (Found: Na, 4:8. C,..H,,0,N,S8,Na 
requires Na, 49%). A warm aqueous solution of this salt gave, 
on acidification, phenyl-p-toluenesulphonimidosulphine-p-toluenesul- 
phonylimine which, after crystallisation from alcohol, had m. p. 
152—153° [Found : C, 52-9; H, 4-6; N, 6-5; S, 21-3. C,)H,90,N,S, 
requires C, 53-1; H, 4-5; N, 6-3; 8, 21-4%. 0-2000 G. neutralised 
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0-0176 g. of sodium hydroxide: equiv., 455. (C.9H,0,N.S3)H 
requires equiv., 448]. The silver salt was a white curdy precipitate 
obtained by vigorously stirring a solution of the sodium salt to which 
silver nitrate had been added [Found (after drying at 110°): Ag, 
19-9. Cy9H,0,N,S,Ag requires Ag, 19-5% ]. 

(ii) In acetic acid. Chloramine-T (280 g.) was shaken with a hot 
solution of thiophenol (55 g.) in glacial acetic acid (300 ¢.c.). After 
being heated on a steam-bath for 15 minutes, the mixture was 
poured into water. The solid material which separated was 
extracted with benzene to remove diphenyl disulphide, and then 
digested with hot dilute sulphuric acid. A heavy viscous oil 
remained which crystallised on cooling and, after recrystallisation, 
gave phenyl-p-toluenesulphonimidosulphine-p-toluenesulphonyl- 
imine (40 g.), m. p. 152—153°. A further quantity of this compound 
(20 g.) was obtained by acidification of the filtrate from the solid 
material which separated when the reaction mixture was poured 
into water. 

(iii) In pyridine. The reaction was carried out as described in (ii). 
When the reaction mixture was poured into water, only diphenyl 
disulphide separated. The sulphonylimine was precipitated by the 
addition of acid to the aqueous pyridine. Thiophenol (5 g.) gave 
5 g. of the sulphonylimine. 

(b) From phenylthiolacetic acid. Chloramine-T (85 g.) was shaken 
with a solution of the sodium salt of phenylthiolacetic acid (23-5 g.) 
in hot water. After being heated for 30 minutes on the steam-bath, 
the mixture was cooled and the water together with some crystalline 
material was decanted from the compact solid mass which had 
formed on the bottom of the flask. Diphenyl disulphide (12 g.), 
m. p. 60—61°, was extracted from this mass with benzene. The 
residual solid was recrystallised from alcohol and proved to be the 
sodium salt of phenyl-p-toluenesulphonimidosulphine-p-toluene- 
sulphonylimine (4 g.), m. p. 227—228°, either alone or when mixed 
with the sodium salt, prepared directly from sodium thiophenoxide. 
The crystalline material, mentioned above, was dissolved in hot 
water and reprecipitated as an oil by the addition of acid. This oil 
solidified on cooling and proved to be the sulphonylimine, m. p. 
153°, either alone or when mixed with the sulphonylimine prepared 
from sodium thiophenoxide. 

The Chemical Properties and Reactions of Phenyl-p-toluenesulphon- 
imidosulphine-p-toluenesulphonylimine.—H ydrolysis. When heated 
on a steam-bath for 30 minutes with concentrated hydrochloric acid 
(100 c.c.), the sulphonylimine (3 g.) gradually lost its crystalline 
character and gave place to an oil. The hot acid, decanted from the 
oil, deposited p-toluenesulphonamide (1-4 g.) on cooling : on con- 
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centration, the filtrate from this sulphonamide deposited a further 
quantity (0-3 g.) of this substance. The filtrate from this second 
crop of sulphonamide was taken to dryness in a vacuum; the 
residue (benzenesulphonic acid) gave benzenesulphonamide, after 
successive treatment with phosphorus pentachloride and ammonium 
carbonate. 

The oil, obtained as described above, solidified on cooling. After 
being freed from p-toluenesulphonamide by extraction with sodium 
hydroxide solution and recrystallised from light petroleum, it gave 
diphenyl] disulphide (0-7 g.), m. p. and mixed m. p. 60—61°. 
NH-SO,°C,H,°CO,H 


Oxidation. The preparation of ‘OS: 80,°CgHyCO,H 
6 


Perhydrol was without action on hot aqueous solutions of either 
phenyi-p-toluenesulphonimidosulphine-p-toluenesulphonylimine or 
its sodium salt. The latter compound was, however, successfully 
oxidised with potassium permanganate. To a solution of the 
sodium salt (4-4 g.) in water (50 c.c.), heated on a steam-bath, a 
saturated aqueous solution of potassium permanganate was added 
during 3 hours. In all, 6-6 g. of permanganate (about 3 mols. 
oxygen) were added : a further small addition was not decolorised. 
After passage of sulphur dioxide to dissolve the manganese mud, 
hydrochloric acid was added; a colourless crystalline solid then 
separated. After three recrystallisations from alcohol, it (1-2 g.) 
was obtained with m. p. 201° (decomp.) (Found: N, 5-4; 8, 17-9. 
CyoH,,0,N.S, requires N, 5-3; S, 18:3%. C,9H,,0,N.8, requires 
N, 5-5; S, 190%). 

When a suspension of this compound (1-0 g.) in concentrated 
hydrochloric acid was heated under reflux for 1 hour, a silky 
crystalline compound was produced, m. p. 284—285°, either alone 
or when mixed with p-sulphonamidobenzoic acid. 

Action of methylating agents. To a solution of the sulphonylimine 
(9 g.) in dilute aqueous sodium hydroxide heated to 90—95°, methyl 
sulphate (21 g., 9 mols.) was added gradually with vigorous shaking. 
During the addition an oil separated which selidified on cooling; 
after recrystallisation from alcohol, it had m. p. 79—80°, either alone 
or when mixed with p-toluenesulphondimethylamide. The aqueous 
filtrate from this sulphonamide gave, on evaporation, a small 
quantity of a basic oil which was not identified. 

The finely divided sulphonylimine (4-5 g.) and potassium carbon- 
ate (4-0 g.) were heated under reflux in toluene containing methyl 
sulphate (2 g.) for 7 hours. The toluene was removed and the 
portion of the residue insoluble in water was proved to consist of a 
mixture of p-toluenesulphon-monomethyl- and -dimethyl-amides, 
together with some diphenyl disulphide and unchanged sulphonyl- 
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imine. The only product which could be isolated from the products 
of the interaction of the silver salt of the sulphonylimine with 
methyl iodide was diphenyl disulphide. 


The authors wish to thank the Government Grant Committee of 
the Royal Society and also Imperial Chemical Industries, Ltd., for 
grants which have defrayed much of the cost of this investigation. 


BatrTersea Potytecunic, 8.W.11. [Received, April 3rd, 1930.] 





CLVII.—Nor-dl-ephedrine and Nor-dl--ephedrine. 


By Donatp Hotroype Hey. 


As previous attempts (this vol., p. 18) to obtain nor-dl-ephedrine 
and nor-dl-j-ephedrine (IV) from isonitrosopropiophenone (I) by 
direct reduction had proved unsatisfactory, attention was directed 
to the oxime of phenylacetylearbinol (III): this on reduction with 
sodium amalgam in dilute acetic acid solution readily gave a viscous 
oil, which on treatment with hydrochloric acid gave nor-dl-ephedrine 
hydrochloride together with a small quantity of nor-dl-y-ephedrine 
hydrochloride. By introducing suitable modifications of the 
methods of obtaining phenylacetylearbinol described in the liter- 
ature the yield of this compound has been more than doubled, which 
therefore greatly improves the efficiency of this method of synthesis. 
A similar method, depending on the reduction of the oximes of 
ketonic alcohols of the type OH-CHPh-COR, has been recorded by 
Tiffeneau and Lévy (Compt. rend., 1926, 183, 969). 

re ire PhO——(CMe 


(T-) NOH OH NH-0OH “!) 


(IV.) H NOH MT) 


In the reduction, of isonitrosopropiophenone (I), as carried out 
by Rabe (Ber., 1912, 45, 2166), in addition to a small quantity of 
the amino-alcohol (IV), a second compound was obtained, melting 
at 112°, which was described as the oxime of phenylacetylcarbinol 
(III). Hartung and Munch (J. Amer. Chem. Soc., 1929, 54, 2262) 
also observed the formation of a second compound, but only when 
tsonitrosopropiophenone was reduced catalytically in the absence 
of hydrochloric acid. This compound melted at 108—110° and was 
not identified. The results of the present investigation give further 
support to Rabe’s contention that the compound isolated by him 
was the oxime of phenylacetylcarbinol, which agrees in.all its 


PhCH——CHMe PhCH——CMe 
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properties with ‘those of the oxime here described. The compound 
isolated by Hartung and Munch has also now been identified :as the 
oxime of phenylacetylcarbinol. A -specimenti; kindly submitted by 
Dr. Hartung, produced no depression of melting point when mixed 
with the oxime described in this communication, and further ° 
observations by Dr. Hartung confirm this view. While there are 
many examples of the reduction of «-oximino-ketones to amino- 
ketones, their reduction to oximino-alechols is apparently very rare. 
However, the formation of ‘this oxime in the reduction of isonitroso- 
propiophenone, though unusual, would -not necessarily signify that 
the oximino-group is less susceptible to the action .of the reducing 
agent than the carbonyl group (compare Hartung and Munch, 
loc. cit.), since it is not improbable that, under ‘the conditions 
employed, the oxime is formed ‘by molecular rearrangement of an 
intermediate hydroxylamino-alcohol (II). 


EXPERIMENTAL. 


_dl-Mandelamide was prepared in excellent yield by the method 
of McKenzie and Wren (J., 1908, 93, 310). 

Preparation of Phenylacetylcarbinol.—By ‘observing the following 
modifications in the ‘methods of ‘Wren (J., 1909, 95, 1592) and of 
Tiffeneau and Lévy (Bull. Soc. chim., 1925, 37, 1247) the yields 
of phenylacetylearbinol were increased ‘to about 50°, of the theo- 
retical yield. Well-powdered dl-mandelamide (20 g.) was added very 
slowly to an excess of the Grignard reagent (7 mols.), well.cooled in 
ice. The latter was prepared from 22 g. of magnesium, 140 g. of 
methyl iodide, and 250 c.c. of dry ether. When all the amide had 
been added, the mixture was kept at room temperature for 1 hour 
and then gently boiled under .reflux, for 12 hours. The solution, 
well cooled in ice, was decomposed by the gradual addition of ice and 
dilute sulphuric acid. No unchanged amide separated and the 
liberated phenylacetylcarbinol was extracted with ether and dried. 
Tt distilled as a pale yellow oil (9°5 g.) at 135—137°/24 mm. (Found : 
C, 718; H, 66. Calc. for C,H,,0,: C,'72-0; H, 67%). The 
semicarbazone, from boiling toluene, melted at 194°. 

The ‘2 : 4-dinitrophenylhydrazone was prepared ‘by warming an 
alcoholic solution of 2 : 4-dinitrophenylhydrazine and phenylacetyl- 
carbinol. Orange needles separated on cooling, which after 
recrystallisation from alcohol melted at 170° (Found: N, 17-1. 


C,;H,,0,N, requires N, 17:0%). 


‘The oxime of phenylacetylearbinol was prepared ‘by boiling under 
reflux for 2 hours a solution of 5 g. of the ketone, 2-6 g. of‘hydroxy]l- 
amine hydrochloride, and 1‘5 g. of sodium hydroxide ‘in -water-with 
the addition of sufficient alcohol ‘to make the solution homogeneous 
tTT2 
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at the temperature of boiling. When cold, the solution was acidified 
and the oxime was extracted repeatedly with ether and dried. 
Evaporation of the ether left an oily residue, which when kept in a 
vacuum deposited a crystalline solid (4 g.). Recrystallisation from 
hot water gave the oxime in white needles, m. p. 112-5° (Found: 
C, 65-55; H, 6-3; N, 8-4. C,H,,0,N requires C, 65-45; H, 6-7; 
N, 85%). A small quantity of a less soluble compound was also 
formed, which crystallised from alcohol in small white needles, 
m. p. 231°. This was in all probability phenylmethylglyoxime 
(Borsche, Ber., 1907, 40, 740) (Found: N, 15-8. Cale. for 
C,H, 90.N,: N, 15:7%). 

Reduction of Phenylacetylcarbinol Oxime.—60 G. of 3% sodium 
amalgam were gradually added toasolution of the oxime (2 g.) indilute 
acetic acid. After 6 hours, the mixture was made alkaline and 
extracted several times with ether. After drying over solid caustic 
potash, evaporation of the ether left a colourless viscous oil, which was 
dissolved in warm hydrochloric acid. The solid which separated on 
standing was recrystallised from absolute alcohol, nor-dl-ephedrine 
hydrochloride being obtained, m. p. 192° after a second recrystal- 
lisation (Found: Cl, 18-7. Calc. for C,H,,ON,HCl1: Cl, 18-99%). 
From the mother-liquor a small quantity of nor-dl-/-ephedrine 
hydrochloride was obtained, which after several recrystallisations 
from absolute alcohol melted at 169° (Found : Cl, 18-9°%%) (compare 
Nagai and Kanao, Annalen, 1929, 470, 157). 


THe UNIVERSITY, MANCHESTER. [Received, April 7th, 1930.] 





CLVIII.—The Constitution of Sinactine (1-Tetrahydro- 
epiberberine). 
By Kakvugsi Goto and ZENJrIRo Kitasato. 


SINACTINE, the natural occurrence of which was prophesied by 
W. H. Perkin and his co-workers (Perkin, J., 1918, 113, 494; 
Haworth, Koepfli, and Perkin, J., 1927, 2261), is present in Sino- 
menium acutum, Reht and Wills, in minute quantities and has 
been isolated from the root as a sub-alkaloid of sinomenine by 
Goto and Sudzuki (Bull. Chem. Soc. Japan, 1929, 4, 220). These 
authors assigned to it the formula C,,H,,0,N and suggested that 
it might contain the tetrahydropapaverine skeleton. We have 
now found that its formula is C,,H,,0,N and that it contains the 
tetrahydroberberine skeleton. 

Sinactine contains two methoxy-groups and one methylenedioxy- 
group. Its absorption spectra resemble closely those of tetra 
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hydroberberine and tetrahydropapaverine (loc. cit.), an M/1000- 
alcoholic solution producing an absorption band at a frequency of 
about 3500: this similarity suggests a very close structural relation 
between these compounds (compare Dobbie and Lauder, J., 1903, 
83, 614; Kitasato, Acta Phytochim., 1927, 3, 229). 

By the action of mild oxidising agents, such as iodine in alcoholic 
solution, on sinactine a base is produced which forms an intensely 
orange chloride, C,)H,,0,NCl, corresponding to the berberinium 
salt. From this base, by reduction, r-sinactine is obtained. This 
melts at 168° and has properties very similar to those of tetra- 
hydroepiberberine (III), m. p. 169—170° (Perkin, J., 1918, 113, 
512; Haworth and Perkin, J., 1926, 1777): direct comparison of 
r-sinactine with a specimen of synthetic tetrahydroepiberberine, 
kindly sent to us by Dr. R. D. Haworth, and the melting point of 
a mixture of the two substances definitely established their identity. 

From the foregoing, it appears that sinactine is /-tetrahydro- 
epiberberine (III), that is, the positions of the methylenedioxy- 
group and the two methoxy-groups in sinactine are the reverse 
of their positions in tetrahydroberberine (I). 

The relationship of the ten-membered ring alkaloids is still more 
clearly brought out when their formule are compared : 


O-CH, 0-CH, 
yn CH, o CH, ¥ 
\CH co 
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(r-canadine). (a-allocryptopine). 

OMe OMe 





CH, CH, sce 
/ SoH / N00" 
KAA, KAAK (ie 
H by CH, CH, H. Solan G Me CH, 
(IIT) Eelethendabinibdsbetien (IV) Cepntonids: 
(r-sinactine). 
O-CH, O-CH, 
O 
som CH, va 
CO 
H, O NY hg 
Sy a ag i ‘a, H,C-0 HC Me CH, 


(V) Seteshaiemcenticinn, (VI) Protopine. 





1236 GoTO AND KITASATO: THE CONSTITUTION OF SINACTINE. 


ExPERIMENTAL. 


The roots of Sinomenium acutum are digested three times with 
0-5°% hydrochloric acid at the ordinary temperature and the com- 
bined extracts are made alkaline with sodium carbonate and shaken 
thrice with chloroform. The chloroform solution is treated with 
dilute hydrochloric acid to remove alkaloids (sinomenine, etc.) 
other than sinactine. Sinactine hydrochloride accumulates in 
chloroform when this is repeatedly used in the extraction of the 
alkaloids without evaporation; it is so sparingly soluble in water 
(074%) that it can easily be purified from sinomenine. 

Sinactine, m. p. 175°, is obtained in needles from a solution of 
its hydrochloride by means of ammonia or in colourless slender 
prisms by crystallisation from alcohol. It is sparingly soluble in 
cold methyl or ethyl alcohol, almost insoluble in water, and readily 
soluble in chloroform. The solution of a crystal in a drop of acetic 
acid gives at first no coloration on the addition of sulphuric acid, but 
gradually a violet tint develops [Found by microanalysis: C, 71-0, 
70-5, 71-05; H, 6-4, 6-3, 6-3; N,4-4; OMe, 18-9. C,,H,,O,N(OMe), 
requires C, 70-8; H, 62; N, 42; OMe, 18:3%]. The alkaloid 
has [«]» — 312° in chloroform (c=1; /=1). It contains a 
methylenedioxy-group, as it gives a copious precipitate on treatment 
with phloroglucinol-sulphuric acid; it has no phenolic hydroxyl 
group, since it does not react with ferric chloride, potassium ferri- 
cyanide, or a diazo-solution; and it has no methylimino-group, 
since after being heated for 2 hours at about 300° with hydriodic 
acid and ammonium iodide it gives no precipitate with silver 
nitrate. 

The hydrochloride separates from water in colourless needles, 
m. p. about 272° (decomp.). The chloroplatinate forms crystals 
which begin to darken at 240° and melt at 245—247°. 

r-Sinactine.—Sinactine (0-5 g.) is dissolved in boiling alcohol, 
and a 2% alcoholic solution of iodine added in portions. The colour 
of the iodine disappears rapidly and an orange crystalline precipitate 
separates (compare Perkin, J., 1918, 113, 514). After } hour’s 
boiling, the precipitate is collected, treated with sulphurous acid 
to remove a trace of iodine, and recrystallised from boiling water; 
orange-yellow needles are obtained which darken at 275° and de- 
compose at about 300°. This iodide is suspended in water and 
digested with freshly precipitated silver chloride for an hour. 
After removal of silver compounds, the filtrate and washings are 
concentrated considerably and treated with hydrochloric acid. 
The dehydrosinactine chloride that separates after a few hours is 
recrystallised from hot water by addition of hydrochloric acid: 
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the orange needles obtained have all the properties of epiberberin- 
ium chloride described by Perkin (loc. cit., p. 516). 

Dehydrosinactine chloride (1 g.) is reduced for 5 hours with 
glacial acetic acid (10 c.c.), 15% sulphuric acid (100 c.c.), and 
zinc dust. When sodium chloride is added to the filtered solution, 
a pale yellow precipitate separates: this is collected, washed with 
dilute sodium chloride solution, dissolved in boiling alcohol, and 
decomposed by very dilute aqueous ammonia. The base obtained 
is optically inactive and crystallises from much alcohol in colourless 
needles, m. p. 168° (Found: C, 71:0; H, 6-2. Cale.: C, 70-8; 
H, 6-2%). Mixed with synthetic tetrahydroepiberberine (m. p. 
166—167°), it melts at 166°. Moreover, a solution of the base in 
glacial acetic acid, on addition of concentrated sulphuric acid, 
gives 2 colourless solution which gradually turns deep violet: tetra- 
hydroepiberberine shows the same reaction. The hydrochloride 
of r-sinactine separates from much water in fine needles, which 
decompose at about 286°. The methosulphate, prepared in the 
same way as tetrahydroepiberberine methosulphate (Perkin, loc. 
cit.), crystallises from methyl alcohol in large colourless prisms, 
m. p. 257° (decomp.). The iodide melts at 275°. 


KiTrasAto INSTITUTE, ToKyo. [Received, April 7th, 1930.] 





CLIX.—Studies of Electrolytic Polarisation. Part IX. 
Complex Cyanides: (c) Zine, Cadmium, and 
Mercury. 

By SAMUEL GLASSTONE. 

From previous studies (J., 1929, 690, 702) it was concluded, in 

contrast to the views of Le Blane and Schick (Z. Hlekirochem., 

1903, 9, 636; Z. physikal. Chem., 1903, 46, 213) and of Foerster 

(Z. Elektrochem., 1907, 13, 561), that the cathode potential-C.D. 

curves and the current efficiency for metal deposition in the elec- 

trolysis of complex cyanides depend on (a) the variation of electrode 
potential with increasing ratio of cyanide to metal in the solution, 
and (b) the relation of the potential in the presence of excess of 
cyanide to that at which hydrogen evolution occurs. If the solution 
under examination is one in which an increase of the cyanide con- 
centration causes an appreciable alteration of potential, 7.e., if it 
corresponds with a position on the metal ion-cyanide titration 
curve where there is a marked inflexion, polarisation should be 
appreciable. On the other hand, very little polarisation should 
result when the addition of cyanide has only a small influence on 
the electrode potential; this occurs when the solution already 
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contains an excess of cyanide. If the cathode potential remains 
below that requisite for the evolution of hydrogen, the efficiency for 
metal deposition is 100%; but if the C.D. exceeds a value at which 
the rate of deposition of metal is greater than the rate of diffusion of 
the appropriate ions to the electrode, the cathode potential rises 
rapidly, the efficiency for metal deposition falls off, and hydrogen 
evolution commences. If the hydrogen potential is attained before 
the limiting C.D. is reached, the current efficiency decreases at this 
point, but there is no rapid increase of cathode potential. Since all 
the polarisation observed in the electrolysis of complex cyanides is 
due ultimately to concentration changes, and not to the slowness of 
any chemical reaction, it can be decreasd by vigorous stirring of the 
electrolyte. 

The above views, based on observations on complex silver and 
copper cyanides, have now been tested and confirmed by similar 
experiments involving electrometric titrations of salts of zine, 
cadmium, and mercury with sodium cyanide solutions, together with 
cathode-potential and current-efficiency measurements at various 
C.D.’s. 

Zine dissolves spontaneously in alkali cyanide solutions with the 
evolution of hydrogen, since the electrode potential Zn|KCN is 
about —1-25 volts; hence the electrolytic behaviour of complex 
zinc cyanide solutions was expected to be similar to that of the 
cuprocyanides (J., 1929, 702). Cadmium and mercury are not 
attacked by potassium cyanide solution in the absence of air; on 
electrolysis their complex cyanides were, therefore, expected to give 
results similar to those obtained with argentocyanide solutions 
(J., 1929, 690). The limited observations made by Spitzer (Z. 
Elektrochem., 1905, 11, 345) and by Héing (ibid., 1916, 22, 286) on 
zinc, and by Efremov (Ann. Inst. Polyt. Ural, 1927, 6, 111) on 
cadmium, were seen to support these conclusions. 


EXPERIMENTAL. 


The experimental methods were similar to those already used for 
the study of silver and copper complex cyanides. With zine and 
cadmium the electrometric titrations were performed on the corre- 
sponding sulphates in NV /5-solutions; the electrolysis solutions were 
made from the same salts by the addition of appropriate amounts of 
cyanide. Sodium cyanide was used almost exclusively throughout 
this work; independent experiments showed that potassium 
cyanide gave exactly similar results. For the observations with 
the mercury cathode, a pure specimen of mercuric cyanide was used ; 
as this substance is almost a non-electrolyte, a small amount of 
sodium sulphate was added to the solution. 
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It is noteworthy that mercuric cyanide is stable in contact with 
metallic mercury, whereas under these conditions most other 
mercuric salts are unstable and tend to form mercurous salts. 
Mercurous cyanide, however, is unstable and decomposes immedi- 
ately into mercuric cyanide and mercury (Abel, Z. anorg. Chem., 
1901, 26, 379). The explanation of this behaviour lies in the fact 
that mercuric cyanide yields only a very small concentration of 
mercuric ions in solution; from observations made in the course of 
the present work the mercuric-ion concentration (assumed equal 
to the activity) is about 10-*! g.-ion per litre in N/5-solutions of 
the cyanide. According to Abel (loc. cit., p. 375), [Hg.""]/[Hg*’] is 
equal to 120 when mercuric and mercurous ions are in equilibrium 
with metallic mercury; hence the concentration of mercurous ions 
in the. mercury—mercuric cyanide system is about 10-!® g.-ion per 
litre. Mercurous salts are generally more highly ionised than 
corresponding mercuric salts (compare Lowry, T'rans. Faraday Soc., 
1928, 24, 1), and so only an extremely small concentration of 
mercurous cyanide can co-exist with mercuric cyanide and mercury. 
The latter salt is, therefore, stable and the former unstable. 

Cathode-potential measurements were made by the methods 
described in previous papers of this series. Attempts were made to 
determine the current efficiencies for metal deposition, but only with 
cadmium was a systematic study possible. Zinc dissolves so readily 
in solutions containing the slightest excess of free cyanide that even 
at high C.D.’s there was a net loss in weight of the cathode. A 
rough indication of the efficiencies can, however, be obtained from the 
cathode-potential measurements. A satisfactory investigation of 
the current efficiency with a mercury cathode was prevented by 
experimental difficulties, but approximate determinations were 
made with an amalgamated copper electrode as well as with one of 
liquid mercury ; the results indicated that the metal was discharged 
almost entirely as bivalent ions. 

Unless otherwise stated, experiments were carried out at room 
temperature (15°). All electrode-potential measurements are 
expressed on the normal hydrogen scale. 


Results. 


Zinc.—The electrometric titration curve of zinc sulphate solution 
with sodium cyanide, a zine electrode being used as indicator, is 
shown in Fig. 1. The precipitate of zinc cyanide dissolves completely 
when the ratio Zn: CN = 1:4, in approximately N /10-solutions (see 
Treadwell, Chem.-Ztg., 1914, 38, 1230; Corbet, J., 1926, 3190); 
this fact, together with the shape of the titration curve, suggests 
that Zn(CN),’’ is the chief complex ion present in solution. The 
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Px Of the Na,Zn(CN), solution is about 10, and the reversible potentiali 
of a hydrogen electrode in it'is —0-57; the reversible zine potential! 
is’ —0-99 volt. In the electrolysis’ of such a solution, therefore, 
hydrogen may be expected to be liberated at the cathode instead 
of métal, but’ the high overvoltage of hydrogen at a zine cathode 
prevents this happening. Actually, it has been observed that 
hydrogen bubbles appear at a ‘zinc ‘electrode in a complex cyanide 
solution at a potential of —1-18 volts; even'at less negative poten- 
tials, however, some of the current will be utilised in the discharge 
of hydrogen ions, since the resulting‘atoms are removed by diffusion 
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or by dépolarisation with air. It is clear, therefore, that 100%, 
efficiency for zinc deposition is not to be expected from solutions 
containing cyanides. | 

The titration curve shows that cathodic polarisation cannot be as 
marked as with silver and copper, since the sudden rise of potential 
occurring when the ratio CN : Zn exceeds 4:1 is only from —0-99 to 
—1-14; beyond this, the zinc electrode potential rises gradually to 
—1-24 volts, which is the value in a 0-5N-sodium cyanide solution. 
Sinée the free evolution of hydrogen commences at —1-18 volts, 
the subsequent change of potential of the zine cathode should be 
similar to that in a simple cyanide solution in which hydrogen dis- 
charge is the only cathodic process (Table I, last column). 

The actual cathode potentials (C.P.) and current efficiencies 
(C.#.) tecorded in Table I are in agreement with the predictions 
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made from @ study of the titration curve. Solution I was M/10 
with respect to Na,Zn(CN),, and Solution Il contained in addition 
N/5-sodium eyanide. The current efficiencies, which are in any 
ease very rough, could not be determined for Solution HI for the 
reason given on p. 1239. Experiments were also made with Solution 
I stirred (500 r.p.m.) at 15°, and unstirred at 70°. 


TABLE I. 
Cathode potentials and current efficiencies. 


Solution I. 


, wae oa eel 


C.D. Unstirred at Stirred at Unstirred at 





x 104 15°. 15°. 70°. Solu- N/5- 
(amps. } tion IT. NaCN. 
em.?), C.P. C.E. OP; -O. COP. OM. O.P. OP. 

—: —0-99 — —0-99 — —099 — —1-:22 —1-24 

1-0 —104 — — — —101 — —124 —1-26 
2-0 —106 — —100 — —102 — —1-26 —1-27 
4-0 —109 — —101 — —106 — —129 —1-31 
8-0 —1:16 62 —103 — —108 — —1:33 —1-34 
12 —1:27 33 —1-07 48 —1-14 61 —140 —1-41 
20 —1-34 30 —1-14 40 —1-:20 41 —144 —1-45 
40 —1:39 26 —1-:24 36 —1-28 36 —147 —1-50 


It is to be noted that stirring the electrolyte and raising the 
temperature have not the same marked influence on the current 
efficiency for zinc deposition as for copper (loc. cit.); this is because 
the polarisation in the former case is smaller, and so stirring and 
raising the temperature, which tend to decrease polarisation, cannot 
be relatively so effective. Further, since the cathode potential for 
zinc deposition from cyanide solutions is always more negative than 
that required for the reversible discharge of hydrogen ions, the 
removal of accumulated hydrogen as a result of stirring will increase 
the proportion of current devoted to the discharge of these ions, and 
the efficiency of zinc deposition must decrease in consequence. 
Similarly, at high temperatures the overvoltage for hydrogen 
evolution is decreased, and a larger proportion.of the current will be 
utilised in liberating hydrogen than for the same cathode potential 
at lower temperatures. All the observed results may, therefore, 
be explained without the necessity of assuming that the complex 
zincicyanide ion dissociates slowly into its constituents. 

During the course of this work, it was noted that zinc sulphate 
solution dissolves appreciable amounts of zinc cyanide: 1 1. of 
M-solution dissolves about 0-003 g.-mol. at 15°, and 0-01 g.-mol. at 
70°. This suggests, as in the case of silver (see Hellwig, Z. anorg. 
Chem., 1901, 25, 157), that a complex zine cyanide kation, possibly 
[Zn,(CN),]°, is formed; these complex ions, rather than simple 
zinc ions, may be actually discharged at the cathode during the 
electrolysis of eyanide solutions (compare J., 1929, 700, 712). 
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Cadmium.—The electrode potential—titration curve for M/5- | and - 
cadmium sulphate solution with sodium cyanide and a cadmium elec- | about 
trode, is shown in Fig. 2; the slight inflexion corresponding with the | goluti 
formation of Cd(CN), indicates that this substance is comparatively | cadm 
soluble. The electrode potential of cadmium in the system containing | that 
cadmium and cyanide in the ratio 1:2 is —0-49 volt; hence the |jn so 
solubility of cadmium cyanide in water is of the order of 10 g.-mol. | value 
per litre. This is of a similar order to the solubility of zine cyanide, | soluti 
but is appreciably greater than that of silver and copper cyanides. | comp 
It is of interest that at least 1 c.c. of N-sodium cyanide solution | almos 
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must be added to 10 c.c. of N-cadmium sulphate solution before a | As in 
permanent precipitate of cadmium cyanide is formed; the latter is | or of 
thus appreciably soluble in the sulphate solution, possibly as a result | ¢.D.: 
of the formation of a complex kation of the type [Cd,(CN),]". The | the li 
shape of the titration curve when the ratio CN: Cd exceeds 2:1, and | M/10 
the fact that the precipitate of cadmium cyanide dissolves com- | indica 
pletely when the ratio is ca. 3-5 :1 (see also Corbet, loc. cit.), suggests | and t 
that at least two complex ions, Cd(CN),’, or perhaps [Cd(CN),(H,0)]’, | The | 
and Cd(CN),’" are present in solution (see also Pines, J. Czech, | tatio 
Chem. Comm., 1929, 1, 387). conce: 

During electrolysis, the cathodic polarisation of cadmium in 4 ‘tr 
solution containing Cd : CN = 1: 4 should be of the same order a8 | jy sor 
with zinc; a rapid rise of potential can occur only between —0-67 | gas rer 
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M /5- | and —0-82 volt, and this will be followed by a more gradual rise to 
elec- | about —0-95 volt, the potential of cadmium in N/2-sodium cyanide 
ithe |golution. There is, however, an important difference between 
ively | cadmium and zinc as regards hydrogen evolution; it has been found 
ning | that the gas commences to be evolved freely from a cadmium cathode 
| the Jin sodium cyanide solution at a potential of about —1-1 volts, a 
mol. | value distinctly more negative than that of cadmium in the same 
1ide, |solution. It is clear, therefore, that during the electrolysis of 
des. | complex cadmicyanide solutions the metal should be deposited at 
tion | almost 100% efficiency, unless the C.D. is such that the rate of 
deposition exceeds the rate of diffusion of cadmium compounds to 
the cathode. At this limiting C.D. the potential will rise and the 
current efficiency for metal deposition fall. It may be calculated 
by the method described in a previous paper (J., 1929, 697) that for 
an M/10-solution of a cadmium salt the limiting C.D. at which the 
tates of deposition and diffusion are equal is about 0-0055 amp. /cm.2. 
‘| This value, as in the case of argentocyanide solutions, should be 
independent of the amount of free cyanide present,* but should 
depend on (a) the concentration of the cadmium salt, (6) the 
temperature of the solution, and (c) whether the solution is stirred 
or not. Raising the temperature or stirring the electrolyte should 
raise the limiting C.D. for 100% deposition, but dilution should 
bring about a decrease. 

The results obtained in the investigations on the electrolysis of 
cadmium cyanide solutions are given in Table II. Solution I con- 
' tained Cd and CN in the ratio of 1 to 4, and in Solution II the ratio 
was 1 to 6; the concentration of cadmium salt was M/10 in each 
original electrolyte. ‘ 

These results are in agreement with the views already expressed ; 
the limiting C.D. for 100% efficiency of metal deposition is about 
0-006 amp./cm.? in the M/10- and 0-00055 in the M/100-solutions. 
ea | As in the work on silver, the effect of stirring at 500 r.p.m., 
-is | or of raising the temperature to 70°, is to increase the limiting 
ult | ¢.D. in the dilute solution four- or five-fold. It is of interest that « 
‘he | the limiting C.D. for 100% efficiency of metal deposition in an 
nd | M/10-cadmium sulphate solution is 0-006 amp./cm.?; this result 
m- | indicates, in agreement with expectation, that the simple Cd” 
sts | and the coniplex Cd(CN),” ions diffuse at almost the same rate. 
\!, | The limiting C.D. is thus independent of the actual concen- 
ch, | tration of Cd" ions, but depends primarily on the total cadmium 
concentration. 





* If the solution contains a large excess of free cyanide the efficiency may 
48 | be somewhat lowered, since hydrogen ions may be discharged to replace the 
67 | gas removed by diffusion and depolarisation. 
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TaBLe II. 
Solution I, 
€.D. Diluted Diluted and Dilated, at 
x 10* Unstirred. Stirred. 10-fold. stirred. r,t 
(amps./ ee, oe 
em,*), CP. CZ£. CP. Cs CP. CE. CP. CE. CP. GR. 
— -067 — -067 — -065 — —-065 — -—065 — 
1-0 -072 — — -- -069 — — — _- _ 
2-0 —0-75 —_ _— -—— —0-76 —_ — 0-69 —- —0-70 _ 
3-0 -077 — —- == -084 — — _ _ _ 
4-0 -078 — -073 — —0°89 100 -0-71 — -0-74 — 
5-0 — _ — aa -093 — -- a -- _ 
60 —_ — _— - -—1-:19 54 —0-74 == —0-78 _ 
10 -~o8z — -676 — —137 22 -079 — -08i — 
20 -036 — -0o7s — —1-46 18 —0-83 100 —0-85 100 
30 -0389 — oo — —1:15 82 —120 80 
50 —0-91 100 -0380 — —136 657 —1:28 65 
60 —1-00 -- —_ _— —1-44 30 —1-35 38 
70 —130 90 — — 
100 —140 838 —0-84 100 
170 Jee 
200 —1-26 92 
Solution IT, 
Diluted Diluted and 
Unstirred. 10-fold. stirred. Diluted, at 70°. 
C.D. x 108 —— —a———. po ananr its ae posse ts ahead 
(amps./cem.*). C.P. C.E. C.P. C.E. C.P. C.E. CP. C.E. 
— —0°84 _- —0-80 — —0-80 — —0-80 _ 
10 —- -— —0-85 + —0-81 mo — —_ 
2-0 -- -- —0-89 ao _ —_— — -- 
3-0 a — —0-92 oo _ -_- -- —_ 
40 —0-90 _ —0-96 _- —0-85 _ _— —_ 
5-0 oe = —0:99 100 — a oo _ 
6-0 — oa —1-27 73 —0-90 -- _- -- 
10 —0-92 = —1-35 48 —0-93 _- -—0-91 -- 
20 —0-94 — —1-45 30 —-098 100 —099 100 
30 —0-95 _- —1-30 74 —1-28 70 
50 —0-98 100 —1-45 35 
70 —1-32 91 
100 —1-41 84 


Mercury.—Since mercuric salts, other than the cyanide, are 
unstable in the presence of mercury, an M/10-solution of the latter 
salt was used for the electrometric titration with sodium cyanide 
and a mercury indicator electrode; the variation of mercury elec- 
trode potential with varying Hg: CN ratios is shown in Fig. 3. The 
shape of the curve indicates that Hg(CN),”’ is the main ion formed 
when alkali cyanide is added to mercuric cyanide, but the absence 
of any marked horizontal portion between the Hg:CN ratios 1:2 
and 1 : 4 (i.e., between 0 and 2 added equivs.) suggests that the ion 
' Hg(CN),’ is also formed to some extent. Since mercuric cyanide 
is soluble in water, it is not possible to verify this conclusion by 
observations on the solubility in the presence of alkali cyanide. 
From the titration curve, it may be seen also that on electrolysis 
the cathode potential of mercury in a solution of mercuric cyanide 
should alter with increasing polarising C.D. at first rapidly 
from 0-18 to 0-03, more slowly to —0-15, rapidly again to —0-25, 
and finally more gradually to about —0-35 volt. In a solution of 
Na,Hg(CN),, the polarisation should be marked at low C.D.’s, since 
the mercury potential rises from —0-15 to —0-25 for quite small 
changes in the Hg: CN ratio, If the electrolyte contains excess of 
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free cyanide there should be very little polarisation even at appre- 
ciable C.D.’s. ‘ 

As the rate of diffusion of the mercuricyanide ion is probably 
similar to that of other ions (diffusion coefficient, 1-2 approx.), the 
limiting C.D. for 100% efficiency of mercury deposition should 
be about 0-006 amp. /cm.? ; above this C.D. some of the current must 
be utilised in the discharge of hydrogen ions. Since the overvoltage 
for hydrogen evolution at a mercury electrode is more than 0-7, 
the cathode potential for the liberation of this gas from cyanide 
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solutions will be about —1-3 volts. Hence, in the electrolysis of 
mercuricyanide solutions, the potential beyond the limiting C.D. 
must rise rapidly from —0-35 to —1-3 volts, and at the same time 
the current efficiency should fall. The actual results obtained were 
in agreement with these anticipations. Cathode-potential measure- 
ments made by means of the commutator were trustworthy only 
up to the limiting C.D., for above this point the rate of fall of 
potential on switching off the current—as might be anticipated from 
the factors already mentioned—was too great to allow of accurate 
extrapolation being made. The potentials in Table III are there- 
fore only for C.D.’s at which there is no tendency for hydrogen 








1246 STUDIES OF ELECTROLYTIC POLARISATION. PART IX. 


evolution to occur; the highest C.D. quoted for any particular 
electrolyte may be regarded as the limiting value for 100% 
efficiency of mercury deposition in that solution. On account of 
the difficulties of working with a mercury cathode, only a limited 
number of current-efficiency measurements were made; these, as 
well as others with an amalgamated copper electrode, indicated 
that at all C.D.’s given in Table III the metal-deposition efficiency 
was about 100%. Solution I was M/10-mercuric cyanide contain- 
ing some sodium sulphate to increase the conductance ; Solution II 
was M/10-Na,Hg(CN),, and Solution III contained in addition 
0-4N-sodium cyanide solution. 





TaBLeE III. 
Cathode potentials. 
Solution I. Solution II. 
on 2 ~ ——_— _r~ 
C.D. x 104 Diluted Diluted, Diluted Solution 
(amps. /em.?). I. 5-fold. at 70°. IT. 10-fold. TI. 
_— 0-18 0-18 0-19 —0-15 —0-13 — 0-33 
2-0 0-08 0-02 0-09 —0-21 —0-19 — 0-36 
4-0 —- —0-03 0-04 —0-24  —0-24 — 0°37 
5-0 -- —0-05 — — —0°27 _ 
6-0 0-01 —0-07 — —0:27 —0-29 —0°39 
8-0 -—— —0°15 —- —0-28 —_— 
12 — 0-02 —0°31 —0-03 — atid 
20 —0-04 — 0-06 —0-30 —0-41 
30 — 0-06 — 0-16 —0-°33 — 0-42 
50 —0-19 —0-21 — 0°34 — 
60 —0-32 — 0°32 — 0°35 — 0-43 


These results are in harmony with the anticipations based on the 
general principles applicable to the electrolysis of complex cyanide 
solutions. As in previous cases, dilution decreases the limiting C.D. 
to an extent proportional to the reduction of concentration, whereas 
raising the temperature (and stirring) increases this C.D. The 
extent of cathodic polarisation is a function of the variation of the 
mercury potential with changes in the Hg: CN ratio; although 
the mercuricyanide ion probably dissociates rapidly into its con- 
stituents, there must be some polarisation in Solution IT, but less in 
Solution ITI. 

Summary. 

(1) Cathode-potential and current-efficiency measurements have 
been made in solutions containing complex cyanides of zine, cadmium, 
and mercury. 

(2) The main factors influencing the results are (a) the variation 
of electrode potential with increasing ratio of cyanide to metal, 
(6) the potential for hydrogen evolution at the given metal, and (¢) 
the concentration of the electrolyte. 
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(3) There is no reason to believe that any of the complex cyanides 
studied hitherto dissociate slowly. 

(4) Electrometric-titration curves indicate the presence of 
Zn(CN),” ions in zinc solutions, Cd(CN),’ and Cd(CN),’’ ions in 
cadmium solutions, and Hg(CN),’ and Hg(CN),” ions in mercuric 
solutions. 


THe UNIVERSITY, SHEFFIELD. [Received, April 3rd, 1930.] 





CLX.—The Acetates of Ruthenium. 
By (the late) ALFRED Wi~1t1am Monp. 


THE ruthenium salts of the acids of the acetic series appear to be 
unknown. In this paper the preparation of several of the acetates is 
described. They are all of the complex basic type, as is to be ex- 
pected from the position of the metal in the periodic table (compare 
chromium and especially iron). Though the great solubility of 
most of these compounds makes their purification very difficult, the 
analytical results indicate that definite chemical individuals were 
obtained. 

They were made by the action of the acid on the hydroxide formed 
by treating ruthenium trichloride, RuCl, with alkali. This is 
generally regarded as the hydrated trioxide Ru,O,,7H,O; but 
Howe (J. Amer. Chem. Soc., 1927, 49, 2381) maintains that it 
contains quadrivalent ruthenium, and that its formula should be 
written RuOQ,,xH,O, whilst Crowell and Yost (ibid., 1928, 50, 374) 
and Remy and Liihrs (Ber., 1928, 61, 917; 1929, 62, 200) consider 
that in the hydroxide, and in the more or less hydrolysed solutions 
of the chloride in water, the metal is partly tervalent and partly 
quadrivalent. This leads to a difficulty in formulating some of 
the acetates. Most of them are derived from a complex salt which 
should be written Ru,(C,H,0,),(OH), if the metal is quadrivalent, 
and Ru,(C,H,0,),(OH),(OH,), if it is tervalent. The difference in 
composition for the metal and the carbon lies within the errors of 
analysis ; but the values for the hydrogen, though rather uncertain 
owing to the difficulty of ensuring complete removal of the water 
without decomposition, agree best with the assumption that the 
metal is tervalent. Two of the acetates must contain tervalent 
ruthenium. 

The first product (A) of the action of glacial acetic acid on the 
trioxide is Ru,(C,H,0,),(OH),(OH,),. This on hydrolysis. yields 
(B) Ru,(C,H30,),(0H)3(OH,), and (C) Ru,(C,H,0,)(OH);(OH,),. 
(It seems simpler to distinguish the compounds by letters, rather 
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tham by lengthy systematic names.) ‘These three obviously belong 
to one type. Two others of a different type were obtained: (D) 
Ru,(C,H,0,),(OH),, formed along with (B) in the hydrolysis of (A), 
and (E) Ru,(C,H,0,),(OH). These differed in properties from the 
first three, being excessively hygroscopic, and less easily reduced to 
the metal on ignition. 


ExPERIMENTAL,. 


Pure ruthenium sponge, kindly lent by the Mond Nickel Company, 
was converted through the tetroxide into the trichloride, and thence 
by precipitation in aqueous solution with alkali into the hydroxide, 
which was washed, dried, and used in the subsequent work. 

Methods of Analysis.—For the estimation of ruthenium, a weighed 
quantity of the compound was heated in a porcelain crucible, and 
then ignited strongly in a stream of hydrogen (introduced by a silica 
tube passing through the lid) until the weight was constant. For 
the two compounds (D) and (E) it was necessary, in order to prevent 
reaction with the crucible in the earlier stages, to wrap the sample 
in filter paper and heat it at first gently and then more strongly 
until the paper was burnt away; the subsequent reduction in 
hydrogen was then carried out as before. 

The carbon and hydrogen were determined by combustion. 

(A). Ru,(C,H,0,),(OH),(OH,),.—Freshly prepared hydroxide was 
boiled for 2 hours with glacial acetic acid. The dark green, almost 
black, solution was filtered and concentrated on a water-bath. On 
cooling, a solid separated, which was filtered off and, after removal 
of as much as possible of the mother-liquor by pressing between 
filter papers, was dried in a desiccator over sulphuric acid. It formed 
@ black crystalline powder, readily and completely soluble in water 
or aleohol to a deep green solution (Found: Ru, 40-0; C, 18-71; 
H, 3-18. C,H,,0,.Ru, requires Ru, 39-93; C, 18-85; H, 3-53%). 
A further but less pure yield was obtained from the mother-liquor. 

(B). Ru,(C,H,0,)3(0H)3(OH,),.—A strong solution of the previous 
eompound in water was boiled for about 20 minutes. It became acid, 
turned brown, and deposited a black precipitate. This was filtered 
off and dried at 80°. It was insoluble in water (Found: Ru, 439; 
C, 15-45; H, 332. C,H,,0,,Ru, requires Ru, 43-51; C, 15-40; 
H, 342%). 

(D). Ru,(C,H,0,),(0H),—The brownish filtrate from (B) was 
evaporated on a water-bath. It gave no signs of crystallising, but 
left a black powder, very hygroscopic and readily soluble in aleohol, 
from which it was precipitated unchanged by ether. A drop of the 
eoneentrated aqueous solution, when evaporated on a warmed 
microscope slide, formed a network of brownish-black crystals 
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(Found: Ru, 43-08; C, 19-62; H, 3:34. C,H,,0,)Ru, requires 
Ru, 42-96; C, 20-28; H, 2-96%). 

(C). Ru,(C,H,0,)(OH);(OH,).—On prolonged treatment with 
water, the tetra-acetate (A) undergoes further hydrolysis; -after 
24 hours’ treatment with dilute acetic acid at 100°, the solution 
on evaporation left a residue of a black powder, completely soluble 
in water or alcohol to a brownish-green solution, and approximating 
in composition to Ru,(C,H,0,),(OH),(OH,;),. When this ‘was 
boiled with water, nearly all the ruthenium was precipitated ‘as a 
black powder of the composition of (C) (Found : Ru, 53-30; C, 6-10; 
H, 301. C,H,,0,Ru, requires Ru, 53-05; C, 6-26; H, 3-13%). 

(E). Ru,(C,H,0,);0H.—Freshly prepared ruthenium hydroxide 
was dissolved in 50% acetic acid, and the deep green solution 
filtered and evaporated to dryness. A black, very hygroscopic 
residue remained, which gave a deep green solution in water or 


‘alcohol, and was precipitated from the latter as a black powder 


(Found: Ru, 395; C, 23-41; H, 3-5. C,9H,g0,,Ru, requires 
Ru, 39-47; C, 23-28; H, 3-10%). 

Ruthenium Formates.—Ruthenium hydroxide dissolves readily in 
50% formic acid, and the deep green solution on evaporation leaves 
a black crystalline residue very soluble in water, but, unlike the 
acetates, insoluble in aleohol. The composition of this approximates 
to the formula Ru,(HCO,),(OH),,5H,O (Found : Ru, 41-0; C, 11-2; 
H, 1-96. C,H,,0,,Ru, requires Ru, 41-00; C, 11-29; H, 2-55%). 
Belloni (Arch. Pharm., 1909, 247, 123) obtained in the same 
way from ferric hydroxide a formate of the similar formula 
Fe,(HCO,),(OH),,7H,O. . 

On prolonged heating with water, the ruthenium formate is 
partially hydrolysed, with the production of a series of yellow, 
brown, and black products, some soluble in water and some in 
alcohol, which were not further examined. 


THe Dyson Perrtns LABORATORY, 
OXFORD. (Received, March 28th, 1930.] 


CLXI.—Physicochemical Studies of Complex Acids. 
Part I. Tungstic Acid. 
By Huspert Tuomas Stantey Britton and WiLiiAM LESLIE 
GERMAN. 
Ix a previous communication (Britton, J., 1927, 147) it was shown 
that in solution tungstic acid reacts with sodium hydroxide as a 
dibasic acid, but that in all other respects its behaviour is abnormal. 
The present paper deals with potentiometric and conductometric 
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experiments which have been carried out to gain some insight into 
its nature. For this purpose, it was possible to use the quinhydrone 
electrode successfully in acid solutions. 

When a concentrated solution of sodium tungstate is treated with 
an excess of hydrochloric acid, tungstic acid is usually precipitated, 
If, however, dilute solutions are employed, no separation occurs, 
the solution remaining perfectly clear, This is a surprising fact in 
view of the insolubility of tungstic acid in dilute acid solutions, 
though the freshly precipitated oxide may often be peptised by 
concentrated acid solutions. It might be inferred, from the approxi- 
mate pp” curve given in the 
earlier paper, that the com- 
paratively high concentration 
Y of hydrogen ions set up in the 
solution immediately after the 
amount of added hydrochloric 
acid exceeded 1-5 mols. per 
mol. of sodium tungstate, was 
caused by the liberation of 
tungstic acid in an ionised form, 
the tungstic acid hitherto pro- 
duced having combined with 
the undecomposed sodium 
tungstate in the form of poly- 
tungstates. Contrary to ex- 
pectation, the following work 
indicates that the enhanced 

: <— hydrogen-ion concentration is 

. : due to free hydrochloric acid, 

- y SEET ATR, “py - which, on the basis of the 

> eae FY, equation Na,WO, -+ 2HCl —> 

2NaCl + W0O,,H,O, would not 

be expected to exist until 2 mols. are added, unless an inert sodium 

polytungstate (which could resist the attack of hydrochloric acid) 
were produced iff the course of the reaction. 


Fie. 1. 
























































EXPERIMENTAL. 


Quinhydrone yielded reproducible #.M.F.’s in all solutions of 
tungstates, the contact electrode being bright platinum foil 
attached to a platinum wire fused into the end of a glass tube 
containing mercury. The solutions undergoing examination were 
placed in beakers, to which about 0-05 g. of quinhydrone had been 
added. They were connected, through a salt bridge containing 4 
saturated solution of potassium chloride, the ends of which were 
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plugged loosely with filter paper, to a normal calomel electrode. 
Before any potentials were measured, the solution was vigorously 
shaken mechanically. These measurements were made at room 
temperature, and the p,; values were calculated by using the 
appropriate normal reduction potential of quinone—quinol obtained 
from Biilmann and Krarup’s formula (J., 1924, 125, 1954). 

The conductometric titrations were performed in a thermostat, 
carefully regulated to 25-0° + 0-05°, a specially designed cell being 
used in which efficient mechanical stirring was possible without 
moving the cell or disturbing the electrodes (see Fig. 1) The cell 
has a capacity of 150 cc.; it is provided with a tightly fitting 
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ebonite cap, through which pass two glass tubes supporting the 
square platinum electrodes and, in the centre, a short copper tube 
in which the rod of the glass paddle rotates. The latter, which 
operates below the electrodes, is prevented from coming into contact 
with them by means of the rubber band placed just below the copper 
tube. The paddle rod is supported in the aluminium pulley wheel 
by means of a tightly fitting rubber bung in which it is fitted. 
The electrodes were platinised in the usual manner. The water 
used in the solutions had a specific conductivity of 4 x 10 mho. 
Reaction between Sodium Tungstate and Hydrochloric Acid.— 
(a) Potentiometric method. This reaction has been investigated 
electrometrically in solutions of various concentrations, but as the 
type of curve obtained in all cases is the same, reference will be 
made only to those relating to the more dilute solutions. In Fig. 2 
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are given the quinhydrone curves illustrating the course taken by 
the hydrogen-ion concentration when 50 c.c. of 0-05M-sodium 
tungstate were titrated with 0-1095M-hydrochloric acid. Curve A 
represents the change occurring during a titration in which about 3 
minutes elapsed between each addition of acid. Curve B was 
constructed from p, measurements made on solutions corresponding 
with various stages of the titration after they had been allowed to 
stand for one week. Curve C refers to data obtained from solutions 
corresponding with different stages of the titration after 5 minutes’ 
boiling followed by immediate cooling to room temperature. The 
Pu Values at different stages of the titration under these conditions 
are recorded in Table I. Two inflexions appear in Curve A, one of 
which was obscured in the curve given in the earlier paper on account 
of difficulties introduced by the electrodes then used. The first 
occurs between p, 6-3 and 3-8, the corresponding polytungstate 
formed varying from about 2-3 to 4-0 mols. of WO, per mol. of 
Na,O. These limits happen to be those associated with the so-called 
paratungstate and the metatungstate respectively. This inflexion 
disappears (as shown Curves B and C) when the solutions concerned 
are boiled or allowed to stand. The second inflexion indicates that 
after the metatungstate has been formed the solution rapidly 
acquires an acid reaction of a magnitude similar to that which 
would be caused by free hydrochloric acid. Curve D represents the 
course which would have been taken by the hydrogen-ion concen- 
tration if the hydrochloric acid had reacted with the sodium tungstate 
in accordance with the equation Na,WO, -+- 2HCl —> 2NaCl + 
WO,,H,0, on the assumptions (1) that, after the stoicheiometrical 


Taste I. 
pu- 
0-1095N- Na,O: WO,, EO — 
HCI, c.c. mols. Curve A. Curve B. Curve C, 
0 1 7-90 8-00 8-00 
11-4 0-75 7-30 7°30 7-28 
22-8 0-50 6-65 6°84 6-62 
34-2 0-25 3°86 5-0 5-0 
39-9 0-125 2-49 2-48 2-58 
45-6 0-0 2-14 2°12 2-12 
60-0 Excess HCl 2-00 2-00* 1-93* 
60-0 os 1-77 1-81* 1-74* 
. 75-0 se 1-61 1-61* 1-60* 


* Some precipitation had taken place. 


amount of acid has been added, the hydrogen ions are due only to 
the excess of hydrochloric acid, and (2) that the tungstic acid 
liberated has no effect. Such an assumption seemed justifiable 
in view of the observations of Kargin (Kolloid-Z., 1929, 49, 281), 
who found that tungstic acid sols had py values of 3-69—3-68. 
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Curve D was obtained with the quinhydrone electrode, and relates 
to the addition of 0-1095N-hydrochloric acid to a volume (viz., 
95:6 c.c.) of solution equal to that of the solution in the original 
titration when exactly 2 mols. (45-6 c.c.) of hydrochloric acid had 
been added, and which contained the exact weight of sodium 
chloride that would have been formed if the reaction shown above 
had at that point been just completed. Typical data are given in 
Table II. Ageing and boiling had no great effect on the pq values 
of the very acid solutions, in spite of the fact that the solutions to 
which more than 50 c.c. of hydrochloric acid had been added under- 
went partial precipitation of tungstic oxide. 


TaBxeE II, 
Corresponding pu: 

vol. of HCl for ——__——— ———~ Difference, 

HCl, c.c. Curve A,c.c. NaCl-+ HCl. Curve A. 100 [H’]. 
4-4 50 2-44 2-00 0-64 
14-4 60 2-00 1-77 0-70 
24-4 70 1-77 1-67 0-44 
34-4 80 1-67 1-58 0-49 


Increasing the concentrations of the reactants had little effect on 
the reaction as indicated by pa data. One significant difference, 
however, occurred in the appearance of solutions containing more 
than 1-5 mols. of hydrochloric acid on boiling or ageing. Thus, 
when 0-55N-hydrochloric acid and 0-250M-sodium tungstate were 
used, the solution became opalescent with 1-5 mols. and increased 
with more acid until coagulation ensued at py 1-9 on ageing and at 
Pu 1-3 after boiling. The tungstic acid formed in these experiments, 
therefore, first exists in a perfectly clear solution, but on being 
boiled or kept, it undergoes very gradual precipitation. The 
surprising facts are that this precipitation has very little influence 
on the hydrogen-ion concentration, and further, that this concen- 
tration is greater than that which can be attributed to the excess of 
hydrochloric acid. It was suggested in the previous paper that the 
tungstic acid might possibly exist in the clear acid solution in a 
sub-colloidal form peptised by the hydrochloric acid. Were this 
the case, it would appear that a little hydrochloric acid would be 
either adsorbed by or chemically combined with the tungstie acid, 
and consequently the hydrogen-ion concentration of the acid 
solution would be slightly reduced. This is contrary to the facts. 
Nevertheless, the precipitation of the tungstic acid on standing 
suggests that it is colloidal; so also does the fact that if an electro- 
lyte, such as potassium chloride, be included in the sodium tungstate 
solution, precipitation occurs much more readily on .addition of 
hydrochloric acid. 
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A series of electrometric titrations was made of solutions to 
which 25 c.c. of N-potassium chloride had been added. The curves 
obtained were identical with A in Fig. 2, but the solutions began to 
become cloudy at the stage corresponding approximately with the 
formation of sodium metatungstate. Table III (col. 2) shows the 
Pa Values relating to various additions of 0-535N-hydrochloric acid 
to a mixture of 50 c.c. of 0-1M-sodium tungstate and 25 c.c. of 
N-potassium chloride : since the amount of acid required for double 
decomposition is 18-7 c.c., the acid is in excess in every case. The 
third column, referring to the py values of solutions containing the 


TaBeE III. 


pu, obs. for pu, calc. for 


HCl, c.c. pu, obs. NaCl + HCl + KCl. Na,O,5WO, formation. 
20 1-58 2-25 1-56 
30 1-23 1-37 1-12 
40 1-00 1-14 0-94 
50 0-79 0-98 0-83 


same amounts of potassium chloride, sodium chloride, and hydro- 
chloric acid, again shows that the tungstic acid solutions possessed 
enhanced hydrogen-ion concentrations. It should be emphasised 
that any possible influence caused by the potassium chloride was 
eliminated by the inclusion of this salt in all these solutions. 

(b) Conductometric method. The two conductometric titrations 
detailed in Tables IV and V illustrate the nature of the reaction 
taking place between sodium tungstate and hydrochloric acid in 
solutions of different concentrations. 


TABLE IV. 
100 C.c. of 0-005M-Na,WO, + 5c.c. of 0:125M-NaOH titrated 
by 0-3247M-HCl. 





Specific conductivities (> 


10*) of 


« x 104 solutes. x x 104 
HCl, (obs.), , —_~______---- (cale.), 
C.c. mhos. Na,WQ,. NaCl. HCl. mhos. 
0 24-4 10°0 0 — 
0°5 22-5 9-9 1-9 — 
1-0 20-5 9-8 3°8 rie 
15 18-7 9-7 5:5 — 
2-0 17-3 9-6 7:3 16-9 
2°5 17-3 8-0 7:4 15-4 
3-0 17-3 6-3 10-8 17-1 
3°5 17-3 4-9 12-4 17-3 
4-0 17-7 3-0 14-1 17:1 
4-5 19-6 1-7 15:7 17-4 
5-0 25-1 0-04 17-3 a 17°3 
5:5 30-8 -—- 17-2 5:4 22-6 
6-0 Se 36-1 17-1 10-8 27-8 
6:5 42-2 -- 17-1 16-0 33:1 
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TABLE V. 
100 C.c. of 0-05M-Na,WO, titrated by 3-247M-HCI. 
WEA, 6.6:,..0555 / 0 0-4 0°8 1-2 1-6 2-0 2-5 
x X 108, obs. 8-77 8°77 8-76 8°75 8-75 9-13 10-0 
x X 108, cale. 8-60 9-96 9-50 9-80 9-10 9-10 8-9 
HCl, c.c....... 30 3°2 3°4 3°6 3-8 4-9 4-4 
x X 10%, obs. 13-66 15-82 20-00 22-42 24°34 26-52 31-15 
x X 10%, cale. 8-95 9-60 12-00 14-30 16-60 18-90 23°3 


The curve illustrating Table IV is given in Fig. 3, and is seen to 
be in harmony with the potentiometric curves given in the previous 
paper and in Fig. 2 of the present paper. The sharp break at 1-93 
¢.c. corresponds with the neutralisation of the free alkali. After- 
wards the conductivity does not begin to change appreciably until 
sufficient acid has been added to form the paratungstate in solution, 
whereupon a somewhat gradual increase occurs until 4-35 c.c. of 
acid have been added. At this point a sharp rectilinear increase in 
conductivity begins, and passes through the theoretical end-point 
at 5-01 c.c., i.e., when the additional 3-08 c.c. calculated for the 
conversion of the sodium tungstate into sodium chloride have been 
added. The data in Table V give a similar curve. 

An attempt has been made to analyse these conductometric- 
titration curves on the assumption that the observed specific con- 
ductivity of a solution at any point in a titration is equal to the 
sum of the specific conductivities of the solutes at the dilutions in 
which they are present. For the purpose of calculation, the reaction 
between sodium tungstate and hydrochloric acid was regarded as 
taking place according to the equation on p. 1250, and the liberated 
tungstic oxide was assumed to contribute no conductivity to the 
solution. The data for sodium tungstate were extrapolated from 
the records of Walden (Z. physikal. Chem., 1887, 1, 529), and those 
for sodium chloride and hydrochloric acid from the data given in 
Landolt—Bornstein’s ‘‘ Tabellen.””’ Tables IV and V give the cal- 
culated values of the specific conductivities so obtained. Table IV 
shows a satisfactory agreement between the calculated and observed 
values over the range of 2—4 c.c. of added acid; thereafter the 
observed values are considerably higher than those calculated on 
the assumption that free hydrochloric acid was present in the 
solution only after 5-01 c.c. had reacted. The character of the curve 
in Fig. 3 indicates that the free acid must have existed before that 
point, actually from 4:35 c.c. If this were so, it would appear that 
the sodium polytungstate formed at this stage behaved as if it were 
the salt of a strong acid and therefore was not decomposed by hydro- 
chloric acid. Such a possibility is not easily reconciled with the py 
values of tungstic acid sols. Similar conclusions may be drawn from 
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Table V, although it will be observed that, corresponding with 
additions of acid up to 2-0 c.c., the differences between the observed 
and calculated specific conductivities of these more concentrated 
solutions are somewhat greater than in Table IV. Although the 
theoretical end-point in this case is at 3-08 c.c., the considerable 
discrepancies appeared at 2-5 c.c. 

It may be argued, that, in the first stages of these titrations, the 
tungstic acid immediately combines with the undecomposed sodium 
tungstate to form a polytungstate. This appears to be the case, at 


Fie. 3. 
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any rate until the solute has acquired the composition of sodium 
metatungstate (Na,0,4WO,), as may be seen from Table VI. This 
table gives the spécifie conductivities (« x 10°) of solutions of 
sodium ‘tungstate, paratungstate, and metatungstate at various 
dilutions as caleulated from the data of Walden (loc. cit.), Rosen- 
heim (Z. anorg. Chem., 1916, 96, 139), and Soboleff (sbid., 1896, 
42, 16) respectively. The dilutions refer to the volumes in litres 
containing 1 g.-atom of sodium. 


TaBLeE VI. 

Dilution. 82. 64. 128. 256. 512. 1024. 
Normal tungstate ...... 2-80 1-49 0-78 0-40 0-21 0-11 
Paratungstate ......... 2-14 1-25 0-70 0-39 0°21 0-12 
Metatungstate ......... 2-80 1-64 0-84 0-46 0-24 0-13 











com] 


Titr 





ith 
red 
ted 
the 
ble 


the 
um 
at 


[ his 
; of 
jous 
sen- 
896, 











OF COMPLEX ACIDS. PART I. TUNGSTIC AOID. 1257 


These figures reveal that the introduction of tungstic acid into a 
solution of sodium tungstate results in a comparatively small 
change in conductivity, probably owing to the ionisation of the 
polytungstates being similar to that of the normal tungstate, thus : 
Na,[O(WO,),] == 2Na’° + [O(WO,),]. It appears probable, in 
view of inflexions in the potentiometric and conductometric curves 
occurring when approximately 1-5 mols. of hydrochloric acid have 
been added to 1 mol. of sodium tungstate, in which case x = 4, that 
a polytungstate is formed very soon afterwards which behaves as a 
salt of a strong acid, and therefore resists reaction with further 
hydrochloric acid and thus remains in solution as such, imparting 
increased hydrogen-ion concentration and specific conductivity to 
the solution. Such a view seems feasible when it is remembered 
that tangstic acid sols, prepared by the prolonged dialysis of solu- 
tions of sodium tungstate to which an excess of hydrochloric acid 
has been added, contain an appreciable amount of sodium oxide 
(compare Graham, Proc. Roy. Soc., 1864, 13, 340; Sabanéeff, Z. 
anorg. Chem., 1897, 14, 354; Biltz and Vegesack, Z. physikal. Chem., 
1910, 68, 376). If it be assumed that such a sodium polytungstate 
is formed in these conductometric titrations at the points at which 
the sudden increases in conductivity begin, viz., at 4-35. c.c. in the 
first titration and 2-42 c.c. in the second, and that the conductivities 
then prevailing remain constant as far as the complex tungstate 
and sodium chloride in the solution are concerned, then the increases 
in conductivity caused by subsequent additions of hydrochloric 
acid will be due entirely to the added acid. It happens that in 
both cases the complex tungstate formed at this stage corresponds 
with Na,O,5WO,. It will be seen from Fig. 3 that the specific 
conductivity due to it and the sodium chloride is 17-4 x 10 mho. 
To test this view, the specific conductivities of the supposed excesses 
of hydrochloric acid in the various dilutions were calculated and 
added to the observed conductivity at the point when the limiting 
complex tungstate was considered to be formed. Table VII, giving 


TaB.E VII. 
Dilution of Specific conductivity x 10%, 
Titration. HCl, c.e. HCI (litres). obs. cale. 
I n 5-0 521 2-51 2-61 
5:5 296 3-07 3-20 
6-0 207 3-61 3-78 
6-5 160 4-22 4-35 
1-5 110 5-09 5-48 
3-4 35-4 20-0 20-5 
3°8 24-6 24-3 25-0 
4-2 18-9 28-6 29-4 
4:4 16-9 31-2 31-5 
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the observed and calculated conductivities of the acid solutions in 
the two titrations, supports this hypothesis. 

It was decided to test whether this idea would account for the 
increased acidity of solutions of sodium tungstate to which an excess 
of hydrochloric acid had been added. If the complex Na,O,5WO, 
were formed in the course of the potentiometric titration (Fig. 2), 
then the amount of acid added in excess of 36-5 c.c. would determine 
the hydrogen-ion concentration. The following table has been 
compiled on this basis, it being assumed that the hydrochloric was 
completely ionised. 


PER y Gil) veccgeconnckves 40-0 50-0 60-0 70-0 80-0 
Diss DUB. Naisssiives ees 2-49 2-00 1-77 1-67 1-58 
ane BOs. creaers sip oseps 2-37 1-83 1-63 1-51 1-44 


The agreement is not entirely satisfactory, although comparison 
with the data given in the third column of Table II shows that 
the hypothesis accounts for much of the increased hydrogen-ion 
concentration. It also explains the difference in p, found in the 
potassium chloride experiments (see Table IIT). 

Boiling and ageing of acid tungstate solutions had no effect on 
their specific conductivity, but had slight effects on those solutions 
in which insufficient acid had been added to form the complex. 
This is in accordance with the py, observations. 

Reaction between Sodium Tungstate and Weak Acids.—As typical 
acids, phenylacetic and acetic were chosen, but since the published 
values of the dissociation constant of the former acid had been 
obtained from conductivity data, it was considered advisable to 
redetermine its value at 18° by means of the hydrogen electrode. 


NaOH, c.c. ... 7:5 12-5 15-0 20-0 23-0 25-0 27-5 
Ge pevanehotneases 3°73 4-04 4-18 4-45 4-68 4-78 4-95 
Bg OO cesses 5-51 5-48 5-44 5-34 5-38 5-54 5-30 


Mean K, = 5:4 x 10°55. 


The following p, values of various points on the titration curve of 
50 c.c. of 0-0667N-phenylacetic acid with 0-0980N-sodium hydroxide 
were confirmed by the #.M.F. obtained with the quinhydrone 
electrode. Previous values at 25° range from 5-0—5-45 x 10° 
(Ostwald, Z. physikal. Chem., 1889, 3, 369; Dittrich, J. pr. Chem., 
1896, 53, 368; White and Jones, J. Amer. Chem. Soc., 1910, 44, 
197). 

Fig. 4 gives the titration curves of 50 c.c. of 0-05M-sodium 
tungstate solution with 0-0667N-phenylacetic acid and _ with 
0-0936N-acetic acid solution. The upper curves represent the pz 
values which would have been established if the sodium tungstate 
had been entirely converted into the sodium salts of the weak acids 
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when the stoicheiometric amount of the respective acids had been 
added, and if, thereafter, the curves represented the py values of 
weak acid solutions buffered by the sodium salts, it being assumed as 
before that the tungstic acid set free had no effect on their hydrogen- 
ion concentrations. It is seen that the initial parts of the curves 
indicate a buffered action in the same p, zone as when hydrochloric 
acid was used. The lower p, values assumed by the two solutions 
soon after 1 equiv. of acid had reacted prove that, some time before 
the 2 mols. of weak acid had been added, a sodium polytungstate 
must have been formed which behaved as the salt of strong acid 
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and was in consequence undecomposable by weak acids. If it be 
considered that this particular sodium polytungstate is formed very 
soon after the inflexions have occurred, say at 50 c.c. (=1-33 
equivs.) of phenylacetic acid, and 35-6 c.c. (= 1-33 equivs.) of acetic 
acid, then it is easy to calculate what pq values would be set up by 
the added acids in the presence of the amounts of salts of the 
respective weak acids formed in the production of the complex 
tungstate. Tables VIII and IX give (1) the p,q values of the acid 
solutions in the two titrations, (2) those which would have been set 
up if the sodium tungstate had been completely decomposed, 
liberating tungstic oxide, and (3) those calculated on the basis that 
the polytungstate formed which resisted the attack of these acids 
was Na,0,3W0O. 
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TaBLeE VIII. TaBLE IX. 
Phenylacetic acid ; K,=5-4 x 10°. Acetic acid; K,=1-8x 10-. 
Acid, Pu Pu Pr Acid, Pu Pr Pa 
c.c. (1). (2). (3). c.c. (1). (2). (3). 
60 4-81 _ 4-97 50 5-11 5-14 
70 4-59 det 4-67 60 4-91 5-65 4-91 
80 4-46 5-49 4-49 70 4-79 5°25 4-76 
90 4:35 4-97 4-36 80 4-68 5-05 4-65 
100 4:26 4-74 4:27 90 4-65 4-91 4-56 
110 4:20 4-59 4-19 100 4-56 4-80 4-49 
120 4-11 4:48 4-12 


In both tables the figures given in the second and fourth columns 
are in remarkably good agreement. It is fairly certain, therefore, 
that the cause of the non-precipitation of tungstic oxide from dilute 
acid solutions is to be traced to the existence of sodium poly- 
tungstate, probably in the form of a colloidal electrolyte, ¢.., 
2Na’* + [0(WO,),]”’, in which the anion contains much tungstic 
oxide that is perhaps in a molecularly polymerised form, or, more 
probably, in a negatively charged colloidal micelle. One difference 
between the action of a strong and a weak acid lies in the extent to 
which the normal tungstate is decomposed before it can exist in a 
solution containing an excess of an acid. When hydrochloric acid 
was used, the polytungstate shown to be present in acid solution 
had approximately the composition Na,O,5WO,, whereas that 
present in solutions of the weak acids corresponded to Na,O,3W0Q,. 
Much less decomposition had thus occurred. 

These observations throw -much light on the methods which 
have been adopted to prepare various polytungstates. Thus, Lefort 
(Compt. rend., 1876, 82, 1182; Ann. Chim. Phys., 1876, 9, 98) 
prepared Na,O,3WO,,4H,O by crystallising an aqueous solution of 
the precipitate obtained by pouring a solution of sodium tungstate 
into one of boiling acetic acid. Wells (J. Amer. Chem. Soc., 1907, 
29, 112) and Gibbs (Proc. Amer. Acad., 1880, 15, 1) both obtained 
Na,O,2-5WO, from cold acetic acid solutions of sodium tungstate. 
By the use of solutions of strong acids (hydrochloric and nitric), 
substances considerably richer in tungstic oxide have been pre- 
pared. According to Ullik (Sitzwngsber. Wien Akad., 1867, 56, 
157; J. pr. Chem., 1868, 103, 147) and Leontowitsch (J. Russ. Phys. 
Chem. Soc., 1905, 37, 130) respectively, Na,O,8WO,,12H,O and 
Na,O,6WO,,15H,O may thus be prepared. The fact that these poly- 
tungstates may be obtained from acid solutions furnishes remarkable 
support to the conclusions drawn from the foregoing experiments. 

It was suggested on p. 1257 that the sodium polytungstates con- 
taining more tungstic oxide than the metatungstate behaved 4s 
if they were the salts of a strong acid, in that they were not easily 
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an acid cannot be confirmed by direct experiment on account of 
the insolubility of tungstic oxide. Dumanski, Buntin, Dijatsch- 
kovski, and Kniga (Kolloid-Z., 1926, 38, 208) studied the reaction 
between sodium tungstate and hydrochloric acid by means of 
conductivity and cryoscopic measurements. They considered that 
the rapid increase in conductivity and the abnormal depression of 
the freezing points (greater than would have been expected if 
colloidal tungstic acid had been liberated), which occurred after 
approximately 1-4 equivs. of hydrochloric acid had been added, 
indicated that tungstic acid was being set free as an ionised semi- 
colloid. Although this interpretation at first sight may appear to 
be convincing, it is felt that the hypothesis now advanced is the 
true one, especially as it affords an explanation of the methods 
adopted to prepare various polytungstates having high acid content. 

The py values of Kargin’s (loc. cit.) tungstic acid hydrosols do not 
give any indication of dissociation of the order that would be 
necessary to impart to the solution the conductivity observed. It 
appears probable, on the basis of observations described in this 
paper, coupled with those of Sabanéeff (Joc. cit.) and Biltz and Vege- 
sack (loc. cit.), that dialysis, even when prolonged, does not cause all 
the sodium to be removed from the colloidal solution, that Kargin’s 
tungstic acid hydrosols contained a little sodium, and that this 
sodium was positively charged and the tungstic acid was present as 
a negatively charged micelle. If the structure and stability of 
tungstic acid sols, prepared by dialysis of acidified solutions of sodium 
tungstate, can thus be accounted for, then it appears that the py 
values of such sols are caused by the hydrogen-ion concentration of 
the sodium polytungstate they contain. . 


The authors take this opportunity to thank the Chemical Society 
for a grant from its Research Fund, and one of us (W. L. G.) thanks 
the Devon County Education Committee for a Major Exhibition 
and the Department of Scientific and Industria] Research for a grant 
which made this collaboration possible. 

UNIVERSITY COLLEGE, EXETER. [Received, April 16th, 1930.] 





CLXII.—Physicochemical Studies of Complex Acids. 
Part II. Vanadic Acid. 
By Husert THomas Stantey Brirron and Ropert ANTHONY 
RoBINson. 


A NuMBER of alkali-metal vanadates lave been described and have 
generally been prepared either by fusion of carbonates with vanadium 
pentoxide or by crystallisation of solutions containing various 
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amounts of acid or alkali. Vanadates are said to exist having the 
general formula nNa,O,V,O0,,xH,O, where » = 3, 2, 1, 8, $, 3, #, 3, 4, 
ete. Nevertheless, little work has been done on the constitution 
of alkali vanadates in solution, the most comprehensive investig- 
ation being that of Diillberg (Z. physikal. Chem., 1903, 45, 129), 
who studied the conductometric titration of sodium orthovanadate 
solutions with hydrochloric acid under various conditions, deter- 
mined the freezing-point depressions of different vanadate solutions, 
and postulated the existence in solution of a hexavanadic acid, 
H,V,0,>. 

Since the addition of the slightest quantity of acid to a sodium 
orthovanadate solution produces a yellow coloration, it is inter- 
esting to note that while the ortho-, pyro-, and meta-salts are white 
or a faint yellow, the higher vanadates are orange or red. Thus, 
Na,0,2V,0;,9H,O has been obtained in orange-red crystals (von 
Hauer, Sitzwngsber. Akad. Wien, 1856, 21, 337; 1860, 39, 455), 
and on being heated on the water-bath gives the metavanadate 
and Na,O,3V,0, (Norblad, Acta Lund Univ., 1874, 2,1). Norblad 
also isolated orange-red crystals of 2Na,0,3V,0,,10H,O, which 
Rammelsberg (Wied. Ann., 1883, 20, 938) obtained with 16H,0. 

Conductometric and potentiometric titrations of sodium vanadates 
and vanadic acid are now described, and the results are explained 
on the hypothesis that vanadium tends to form a heavy molecule, 
on the border-line between a true solute and a colloidal micelle, 
and corresponding to Na,O,2V,0, or Na,O,3V,0;. 


EXPERIMENTAL. 


Nomenclature.—There is considerable confusion as to a suitable 
nomenclature for the large number of compounds of the alkali 
oxides with vanadium pentoxide. The use of the prefixes “ ortho,” 
‘ pyro,” and ‘“‘ meta” for three of the vanadates stresses a false 
analogy between them and the phosphates and, moreover, tends 
to single out three of the vanadates from others of equal or greater 
importance. We therefore propose in this and succeeding com- 
munications to designate an alkali vanadate by a prefix denoting 
the ratio of M,O to V,O,; (M = alkali metal); thus sodium ortho- 
vanadate becomes the 3: 1-vanadate, the pyro-salt becomes the 
2: 1-vanadate, and the compound Na,O,2V,0, will be called the 


1 : 2-vanadate. 
A. Conductometric Titrations. 


1. Direct Titration of Sodium 3 : 1-Vanadate.—Vanadium pent- 
oxide dissolves slowly in cold sodium hydroxide solution giving 4 
clear yellow solution, whose colour disappears on standing for some 
time. If, however, the pentoxide be dissolved in boiling sodium 
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hydroxide solution, a clear colourless solution is immediately 
obtained. Such a solution may also be prepared by treating ammon- 
ium metavanadate with hot sodium hydroxide solution. In view 
of the different appearance of the solutions obtained by various 
methods of preparation, it was of interest to see if the behaviour of 
the vanadate solutions towards hydrochloric acid could be in any 
way correlated with their method of preparation. 

For this purpose solutions of the sodium 3: 1-vanadate were 
prepared in the following ways and titrated conductometrically 
with hydrochloric acid at 25°: (1) Ammonium metavanadate, 
NH,VO,, was boiled with the stoicheiometrical quantity of sodium 
hydroxide solution, a current of carbon dioxide-free air being 
drawn through the solution. (2) Vanadium pentoxide was boiled 
with the calculated amount of sodium hydroxide solution. Both 
these solutions were colourless. (3) Vanadium pentoxide was 
dissolved in the same amount of cold sodium hydroxide solution ; 
this solution was yellow. (4) Solution (3) was kept for 48 hours, 
and had then become colourless. In all cases, the solutions were 
0-005M with respect to Na,VO,. Solutions (1) and (2) were titrated 
directly with 0-1N-, and (3) and (4) with 0-0933N-hydrochloric acid, 
the liberation of the vanadic acid according to the equation 
2Na,VO, + 6HCl —> V,0;,3H,O + 6NaCl corresponding to 15-0 
c.c. in the first two cases and to 16-1 c.c. in the last two. The 
specific conductivities, x, at different titres are given in Table I. 


TABLE I. 
Specific conductivities (x x 10%) of 100 c.c. of 0-005M-Na,VO, 
prepared in different ways and titrated directly with HCl. 
ma: V0, = 3: 21°. 26s bee k’ 2628 th OOS Ose: 1 Or) 


BES Bi Sésegeeceders 2:14 192 1-72 1-58 1-54 1-58 1:73 1-98 
pis) ( D> ewequcesoens 2:13 1-92 1-73 = 1-57 1:53 = 1-58 1:73 2-01 
“ee Se eer 2:14 1:93 1:74 1-56 1-52 = 1-61 1-78 2-06 
he Se 2:09 1:88 1-68 1-53 1:49 1-54 1-75 2-00 


Continuation of titration of Solution 2 beyond liberation of vanadic 
acid at 15 c.c. of HCl: 


m.¢e .. 15 1 197 1.9% BD 2 2 BS we SS 
ox’ 20* ui... “2-01 2-20 2-46 2-74 2-97 3-19 3-45 3-68 3-91 4:14 4:34 


Table I indicates that all the vanadate solutions reacted with 
hydrochloric acid in the same way, irrespective of the manner in 
which they were prepared. The small differences between the 
conductivities of Solutions 3 and 4 may perhaps be ascribed to the 
disappearance of the yellow colour on ageing. When the results 
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are plotted, curves are obtained very similar to Curve C (Fig. 1), 
which will be discussed later. 

2. Effects of Ageing and Boiling—In view of the remarkable 
observation of Diillberg (loc. cit.), that the conductivity of solutions 
of sodium 3: 1-vanadate, to which varying quantities of hydro- 
chloric acid had been added, underwent a change on standing, we 
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have repeated and confirmed his experiments. In addition, we 
have investigated the effect of boiling such solutions. Three series 
of experiments were performed; a series of solutions, 100 c.c. in 
volume and 0-005M with respect to Na,VO,, were prepared con- 
taining 0-1 N-hydrochloric acid in various quantities from 0 to 15 ¢.c., 
and their conductivities were measured (a) immediately, and 
(6) after they had stood for six days; a similar series of solutions 
was boiled and the conductivity then measured (c) at 25°. 
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In all cases, the addition of even the slightest amount of acid to 
a colourless vanadate solution produced a yellow coloration, which 
increased in intensity with addition of hydrochloric acid until about 
half the amount required to liberate H,VO, had been added, i.e., 
7 or 8 c.c. Boiling the coloured solutions decolorised those con- 
taining 10 c.c. of hydrochloric acid or less, and ageing decolorised 
those containing 8 c.c. or less. The results of these experiments 
are given in Table II and shown graphically in Fig. 1. 


TaBe II. 
Specific conductivities of 100 c.c. of 0-005M-Na,VO, containing 
x c.c. of O-IN-HCI, (a) immediately, (b) after standing for 
6 days, (c) boiling, after addition of acid. 


ie ates stnestanialertieial 0 1 2 3 4 5 6 7 
TERN wncsecoparts 3 28 26 24 22 2 18 16 
KX 10? (a) ....cccc0ee 2:15 208 1:97 1-87 1:79 1-70 1-62 1-58 
abies: 2-15 2-03 1:93 183 — 165 1-65 1-65 
SU dehentovesina ase. - Ss... 
gs seoete Mace bell 8 cM Tes. ee ee 
Na,0/V,0, ..eeceeeeeee 4 22 1 08 06 04 O2 0 
KX 108 (a) v.csecdseeee 160 161 162 167 171 — 1:91 2-23 
OP Shih stints 168 1:70 1-71 1:73 1-78 1:80 2-01 2-31 
BRR tS ae Sg Pag! a: ag gO CULL See 


The results of the first experiment (Curve C) are almost identical 
with the direct titrations described above, the small difference being 
due to the dilution of the solution in the course of the former titration. 
No break appears in the curve corresponding to a 2: 1- or a 1: 1- 
vanadate. The effect of ageing is shown in Curve D. The effect 
of boiling is almost identical, as will be seen from the data in Table II. 
A break occurs at a point corresponding with the 2 : 1-vanadate, 
and another which approximates to the 1:3-vanadate. These 
breaks are shown more clearly by Curve G, constructed by sub- 
tracting from the total conductivity of the solution that due to the 
sodium chloride formed. Thus, Curve G represents the conduc- 
tivity of the solution due to the vanadate at different points. 
For comparison, the titration curves of a potassium chromate (A) 
and a sodium phosphate (B) solution are shown on the same graph, 
but the scale of the conductivity axis has been moved. Breaks 
are found in these curves corresponding with KHCrO,, Na,HPO,, 
and NaH,PO,, and it is evident that the vanadate curves are 
anomalous. 

3. Titration of the Sodium 1 : 1-Vanadate-——Curves C and D of 
Fig. 1 show that the variation of conductivity during titration with 
hydrochloric acid of a solution corresponding in composition with 
the 3: 1-vanadate depends on whether the measurement is made 
immediately, or after boiling or ageing, after each addition of acid. 
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In order to study this matter further, a solution was prepared of 
the 1: l-vanadate by boiling the pentoxide with the calculated 
amount of sodium hydroxide solution. The vanadium content was 
the same as in the previous experiments. 100 C.c. of the solution 
were then titrated directly with 0-1N-hydrochloric acid; the 
conductivities found were as follows, the corresponding curve being 
F (Fig. 1), which starts at 10 c.c. : 

TOO, 6.6. sosesetissztah. 0 1 2 3 4 5 6 7 

0 KID cecccccscccescs 0-544 0-550 0-562 0-573 0-657 0-935 1:38 1-61 

Since the initial conductivity of this solution is due entirely to 
the 1 : 1-vanadate, we should expect it to agree with the conductivity 
of the corresponding solution in Curve D, after correction has been 
made for the sodium chloride in the latter. Satisfactory agreement 
is obtained. Moreover, if from Curve F we subtract the conduc. 
tivity of the sodium chloride formed during the reaction, a curve 
is obtained identical with the latter part of Curve G. 

4, Titration of the Sodium 2 : 1-Vanadate.—In a similar manner, 
100 c.c. of a 0-005M-solution corresponding in composition with 
the 2:1-vanadate (Na,HVO,) were prepared and titrated with 
0-1N-hydrochloric acid (see Curve E, Fig. 1, starting at 5 c.c.): 
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Again, satisfactory agreement was obtained between the initial 
conductivity of this solution and that of the solution in Curve D 
corresponding with 5 c.c. of hydrochloric acid when corrected for 
the conductivity of its sodium chloride. Also, if correction is made 
in Curve E for the sodium chloride formed, giving Curve H, the 
resulting conductivities are only slightly lower than those in 
Curve G, 

Since Curves E and F relate to a direct titration of the 2: 1- and 
1: 1-vanadate solutions respectively, it would appear that no 
influence of boiling or ageing on the solutions of Curves D and C 
should appear beyond the point relating to 5 c.c. of hydrochloric acid. 
To check this deduction, a solution of 100 c.c. of 0-005M-Na,VO, 
was treated with sufficient hydrochloric acid to form the 2: 1- 
vanadate, and boiled. It was then titrated directly with 0-0933- 
acid without further boiling on addition of acid. A curve was 
obtained almost identical with that portion of Curve D beyond 
5 c.c. of added acid. 

We also showed that a solution of the 2 : 1-vanadate, prepared by 
dissolving the pentoxide in cold sodium hydroxide solution, and 
titrated directly with hydrochloric acid, gave a curve only slightly 
lower than Curve E in Fig. 1 and identical with it in form, although, 
unlike the above, this solution was yellow in colour. 

It is therefore concluded that boiling or ageing effects are only to 
be obtained with solutions less acid than the 2 : 1-vanadate, although 
the effect of omitting the boiling or ageing operation with such 
solutions may be apparent in the subsequent titration after the 
2: 1-vanadate stage is passed. 

5. Effects of Boiling on Solutions between the 3:1- and ‘the 2: 1- 
Vanadate.—Since boiling or ageing has little or no influence on 
solutions of the 2: 1-vanadate, but considerable effect on the 
3: l-vanadate, an experiment was carried out with solutions 
intermediate between these two vanadates. To four portions of a 
solution of the 3: l-vanadate, x c.c. of 0-0933N-hydrochloric acid 
were added, where x = 0, 1, 3-25, and 5-40 c.c. respectively. Each 
solution was boiled, diluted to 100 c.c. and 0-005M with respect to 


’ the vanadium content, and titrated directly, without any subsequent 


boiling, with acid of the same concentration. 

The conductivities found are shown in Table LII and plotted in 
Fig. 2. The initial broken-line curve corresponds to the boiling 
effect shown in Curve D in Fig. 1. This experiment shows that 
initial boiling of solutions between the 3 : 1- and the 2 : 1-vanadate 
lowers their conductivity, but on direct titration they tend to revert 
toa curve of the type C of Fig. 1. Initial boiling of a solution corre- 
sponding with the 2: l-vanadate leads, however, on titration with 
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Taste III. 
Specific conductivities of 100 c.c. of (a) 3: 1-, (b) 2-8: 1-, (c) 2-35: 1-, 
(d) 2: 1-vanadate, boiled initially and titrated directly with 
0-0933N-HCl. 


Na,O: V,0,... 3:1 28:1 2:35:1 2:1 16:1 1:1 O65:1 @:1 

we % IP (@). ovvcas 2:17 2-10 1:89 1-73 1:55 1:54 1-60 2-21 
oe foe — 202° 1:86 1:71 1:56 1:54 1:60 2-21 

(if) idi.b.i ~- -- 1-78 164 1:57 156 162 2-21 

EE. saanes — -— — 161 1-62 1:64 1-66 2-30 


acid, to a different type of curve, identical in form with Curve D 
of Fig. 1, which was obtained by boiling the solution after each 
addition of acid. 
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6. Titration of Vanadic Acid with Alkalis.—The effect of hydro- 
chloric acid on vanadate solutions having been determined, the 
reverse titration of vanadic acid with alkalis was investigated. 
0-005M-Vanadic acid (H,VO,) was formed by the addition of hydro- 
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chloric acid to the 3 : 1-vanadate and 100 c.c. were titrated with (a) 
0-1N-sodium hydroxide, (6) 0-1023N-ammonia, and (c) 0-0487 
N-baryta. Also (d) 100 c.c. of a solution corresponding with the 
minimum conductivity in Curve G of Fig. 1 (¢.e., prepared by 
diluting a mixture of 13 c.c. of 0-1N-hydrochloric acid and 25 c.c. 
of 0:02M-Na,VO,) were titrated with 0-1N-sodium hydroxide. 
The conductivities are given above and are plotted in Fig. 3, the 
Curve D starting from 2 c.c., because 13 c.c. of 0-1N-acid were used 
in making up this solution, whereas 15 c.c. would have been required 
to give H,VO, (see Fig. 1). 

The first part of the curve, in all three cases, consists of a sharp 
drop, corresponding with the neutralisation of some excess acid ; 
in the sodium hydroxide titration, the curve then rises regularly, 
showing no break which could be attributed to the 1: 1-, 2: 1-, or 
3: 1-vanadates. 

The slow fall in the ammonium hydroxide curve is to be explained 
by the gradual dilution of the solution, which is more than sufficient 
to counterbalance the conductivity due to the ammonium hydroxide 
added; moreover, the ammonium chloride exerts a buffering effect. 
The baryta curve resembles that for sodium hydroxide, and a similar 
explanation applies, although here there is the added complication 
of a precipitation of a barium vanadate, which appears slowly 
during the course of the titration. 


B. Potentiometric Titrations. 


An attempt has been made to follow the course of the titration 
of sodium 3 : 1-vanadate with hydrochloric acid potentiometrically. 
In a 0-005M-Na,VO, solution, the hydrogen electrode was found to 
give steady, reproducible potentials, the Z.M.F. in eight deter- 
minations varying only between —0-948 and —0-950, measured 
against the normal calomel electrode. This corresponds to py 11-65 
and [OH’] = 0-0045N, indicating 30% hydrolysis. The cell used 
was H,(Pt)|0-005M-Na,VO,|sat.KCl|1-0N-KCl,Hg,Cl,|Hg. On 
titration of the solution with 0-1N-hydrochloric acid, the electrode 
ceased to give satisfactory results : it showed a slight but steady fall in 
potential up to 13 c.c., but then became very erratic, the #.M.F. 
falling rapidly. A typical titration is illustrated in Fig. 4. That 
reduction was proceeding, at any rate in the more acid solutions, 
was evident from their blue colour after hydrogen had been passing 
for a short time. 

Titration with the oxygen electrode also yielded unsatisfactory 
results. As is well known, this electrode does not give reproducible 
readings even under favourable conditions; it was therefore cali- 
brated against the value of —0-950 volt, obtained for the hydrogen 
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electrode in 0-005M-Na,VO, solution, and then afforded qualitative 
results, as may be seen from a typical curve in Fig. 4; in agreement 
with the hydrogen electrode, there is no sharp fall, but a consider- 
able lowering of the py of the solution in the region of the 1 : 2-, 
1 : 3-, and 1 : 4-vanadates. 

Attempts were made to use the quinhydrone electrode in the 
titration of vanadic acid solutions with alkali. Its behaviour was 
very erratic, however, a fact which is not surprising in view of the 
closeness of the normal reduction potential of quinone—quinoi to 
that of quinquevalent—quadrivalent vanadium. 
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Discussion. 


The foregoing experiments may be summarised as follows: The 
sodium 3: 1-vanadate, when titrated directly with hydrochloric 
acid, shows but little analogy with the formally similar phosphate 
(compare Curves B and C, Fig. 1): while the phosphate shows 
breaks corresponding with the primary and secondary salts, the 
vanadate has a continuously varying conductivity, although, when 
allowance is made for the conductivity due to the sodium chloride 
in the solution, a break appears at a point corresponding with 
13/15ths decomposition. If these solutions are boiled or aged 
after each addition of acid in the course of the titration, the nature 
of the curve changes, a break being obtained at the 2 : 1-vanadate 
and, according to Diillberg (loc. cit.), in the more concentrated 
solutions, at the 1: 1-vanadate. The main divergence from the 
phosphate analogy, however, lies in the break at 13/15ths decomposi- 
tion, which appears in all the titrations. These boiling (or ageing) 








son 


of 1 
anc 
tivi 
this 
at | 
casi 
sur 
i.e. 


is t 
rati 
con 





he 
ric 


ws 
he 
en 
de 
ith 


ute 


he 
si- 











OF COMPLEX ACIDS. PART If. VANADIC ACID. 1271 


effects are not operative in all vanadate solutions. Solutions of the 
3: 1-vanadate, when titrated directly with acid, follow what we 
may term the “‘ abnormal ”’ smooth curve, typified by C in Fig. 1. 
If these solutions are boiled after every addition of acid until the 
2: 1-vanadate is reached, another type of curve, exemplified by 
D in Fig. 1, which we will call the “‘ normal” type, is obtained. 
Boiling a solution corresponding to the 2: l-vanadate, or a more 
acid vanadate, produces no change in its titration with hydro- 
chloric acid. Omission of the boiling operation at any stage previous 
to the 2: 1-vanadate, however, results in the solution reverting to 
the ‘abnormal ”’ curve on further titration. 

Direct titration by alkali of a solution corresponding with vanadic 
acid shows no evidence of salt formation corresponding to the 
1:1l-, 2: 1-, or 3: l-vanadates. 

Potentiometric titration of the 3; 1-vanadate with hydrochloric 
acid, using the hydrogen electrode, indicates that there is a steady 
fall in py from 11-65 in the 3: 1-vanadate solution to about 8-4 
when 13/15ths of the decomposition is complete, after which the solu- 
tion rapidly becomes acid. 

Diillberg explained his titration curves by postulating a hexa- 
vanadic acid, H,V,0,, (i.e., 3V,0;,2H,O). At the point corre- 
sponding to 12-5/15ths of the decomposition, he supposed that the 
monohydrogen salt of this acid was formed, viz., HNa,V,0,, or 
Na,O,2V,0;,4H,O, and that the ion HV,O,,’" did not readily dis- 
sociate. In this way he accounted for the decomposition apparently 
ceasing at 5/6ths of the expected titration. 

Against this hypothesis it must be urged that only a small number 
of vanadates can be derived by simple substitution of hexavanadic 
acid. Moreover, our figures tend to show that the break occurs 
somewhat beyond 5/6ths of the decomposition. 

By subtracting the conductivity of the sodium chloride from that 
of the sodium vanadate-sodium chloride mixtures, as in Curves G 
and H of Fig. 1, an estimate can be made of the minimum conduc- 
tivity ; averaging these values from eight experiments, we estimate 
this conductivity to be 0-00029 mho, the minimum value occurring 
at 12-83/15ths of the acid required to liberate vanadic acid; in all 
cases the solution was 0-005M with respect to vanadium. This is a 
surprisingly low conductivity, indicating a very heavy molecule, 
1.e., polymerisation. 

A more feasible, and at the same time a more fruitful, hypothesis 
is to postulate the existence of a complex with a high VO, : Na,O 
ratio, corresponding with 12-85 c.c. of hydrochloric acid. Such a 
complex would have the approximate composition Na,O,2V,0, or 
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Na,0,3V,0;, but as we shall show that this can only exist in a poly- 
merised form, it would appear to be on the border line between a 
true solute and a colloidal micelle, and consequently a simple ratio 
between Na,O and V,O, is not to be expected. 

Such a complex could easily give rise to a series of salts by addition 
of small amounts of acids and evaporation, especially as it is by no 
means certain that many of these more complex vanadates are of 
definite chemical composition. 

Now, Diillberg has shown that a solution, 0-1M with respect to 
vanadium, and corresponding with 12-5 ¢.c. of hydrochloric acid in 
our graph (Fig. 2), has a freezing point of —0-0751°. For a solution 
of 0-1M-}(Na,0,2V,0,) we should expect a depression of —0-186° 
if the solution were un-ionised ; for a doubly polymerised molecule 
we should expect —0-093°, and for a trebly polymerised molecule 
—0-0465°. The last figure would be somewhat higher if the 
molecule were ionised, and if it be assumed that our complex 
contains three atoms of vanadium, the freezing point would indicate 
about 21% dissociation. Moreover, Diillberg has demonstrated that 
the 1: 1-vanadate is probably trebly polymerised, showing that 
condensation of molecules is occurring even at this stage of the 
titration. 

In one case (Soln. 2 in Section 1), the conductometric titration of 
a 0-005M-3 : 1-vanadate solution with hydrochloric acid was carried 
beyond the liberation of vanadic acid at 15 ¢.c. of 0-1N-acid. The 
latter portion of this titration, from 15 to 25 c.c. of acid, is shown in 
Fig. 2, where it is contrasted with the calculated conductivity of 
the added hydrochloric acid, assumed present as free acid. The 
observed conductivities at titres of 15 and 25 c.c. were 0-00201 and 
0-00434 mho, respectively, a difference of 0-00233 mho. The con- 
ductivity due to the addition of 10 c.c. of 0-1N-acid is calculated as 
0-00320 mho, or, after allowing for the decrease in the conductivity 
of the sodium chloride on dilution from 115 to 125 c.c., which is 
approximately 0-00016 mho, the calculated difference becomes 
0-00304. The observed increase in conductivity is therefore about 
23% less than the calculated, showing that the complex is not 
entirely resistant to the action of acids, but that some replacement 
of sodium by hydrogen occurs. 

Similar conclusions are to be drawn from the alkali titration of 
vanadic acid. In Fig. 3 the titration of 0-005M-vanadic acid with 
0-1N-sodium hydroxide is contrasted with the calculated increase 
in conductivity due to the sodium hydroxide calculated as free 
alkali. Between the titres of 3 c.c. and 20 c.c. of caustic soda the 
conductivity increased by 6-00289 mho. The addition of 17 c.c. 
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of 0-1N-sodium hydroxide would give a calculated increase of 
0-00333 mho, or 0-00305 mho after 0-00028 mho is allowed for the 
decrease in conductivity owing to the dilution of the solution from 
103 to 120 c.c. The observed increase is, therefore, 5% less than 
the calculated increase in conductivity, showing that there is a 
small interaction between the complex and the sodium hydroxide. 

The decomposition of sodium 3 : 1-vanadate, when the solution is 
boiled or aged after each addition of acid, would appear to proceed 
as follows: The 3: 1-vanadate is hydrolysed almost completely 
into sodium’ hydroxide and the 2: l-vanadate; addition of hydro- 
chloric acid neutralises the hydroxide, and at one-third decom- 
position the solution consists, therefore, of sodium chloride and the 
2:1-vanadate. The first reaction may be represented as NaOH 
+ Na,HVO, —> NaCl + Na,HVO,. Now in Expt. B of Section 2 
we found that the conductivity at one-third decomposition was 
000165 mho, of which 0-000585 mho was due to sodium chloride. 
Thus the conductivity of the 2 : 1-vanadate is 0-001065 mho, and, 
adding to this the conductivity of an equimolecular amount of 
sodium hydroxide, viz., 0-001175 mho, we get 0-00224 mho for the 
calculated value of the conductivity of the 3 : 1-vanadate, compared 
with 0-00215 mho for the observed. The discrepancy is probably 
due in the first place to the hydrolysis of the 3 : 1-vanadate being 
not quite complete, and secondly, to the 2 : 1-vanadate being itself 
hydrolysed to some extent. 

The next stage, between one-third and two-thirds decomposition, 
consists of the formation of a condensed 1 : 1-vanadate : 3Na,HVO, 
+ 3HCl —> Na,V,0, + 3NaCl + 3H,O. Further addition of acid 
results in an abstraction of soda from this heavy 1: hvanadate 
molecule until a ratio of Na: V between 1:2 and 1 : 3 is reached, 
whereupon the molecule becomes sufficiently stable, and the residual 
soda is so closely bound in the complex that further addition of the 
acid causes no change, or only a very gradual and partial replace- 
ment. No break appears at two-thirds neutralisation, where the 
1: 1-vanadate begins to be converted into the complex, but this is 
marked by the fact that solutions containing the complex cannot be 
decolorised by boiling. 

In the case of direct titration of the 2: 1- or 1 : 1-vanadates, the 
same sequence of changes occurs. 

The potentiometric curves given in Fig. 4, though by no means 
satisfactory, explain why Rosenheim and Yang (Z. anorg. Chem., 
1923, 129, 181) found that, on titration of solutions of the 3: 1- 
vanadate with sulphuric acid, phenolphthalein became decolorised 
when approximately 2 equivs. of acid had been added. The curves 
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show that the solutions are buffered at this stage so that the change- 
point could not possibly be sharp. 

The same problem has been approached in another direction by 
Dumanski (J. Russ. Phys. Chem. Soc., 1924, 54,703), who prepared 
vanadium pentoxide sols by the method of Biltz (Ber., 1904, 37, 
1095), i.e., grinding ammonium metavanadate with hydrochloric 
acid, filtering off the residue, and shaking it with water. On dilution 
of the red solution, a yellow solution was obtained, having a higher 
electrical conductivity and having no particles visible in the ultra- 
microscope. On coagulation with barium chloride, a small amount 
of barium was absorbed, increasing to a constant value after several 
hours’ standing, whereupon the solid approximated to the com- 
position BaH,V,O,,. The conductivity of the solution increased 
at the same time, consistent with a replacement of barium ions 
by hydrogen ions. From the amount absorbed in the first stage, 
the formula [H,V,0,-(V,0;)¢]’" + 2H° was deduced. 


The authors wish to thank the Chemical Society for a grant from 
the Research Fund. 


University COLLEGE, EXETER. [Received, April 16th, 1930.] 





NOTES. 


The Supposed Mandeloisonitrile. By WiLSoN BakER and RANDAL 
GreorcE ARTHUR NEw. 


Woop and Litey (J., 1925, 127, 95) have described the spontaneous 
transformation of mandelonitrile to a “ yellow solid,” m. p. 196° 
(corr.), stated to be mandeloisonitrile. They claim to have confirmed 
the isonitrile structure by determinations of the molecular weight 
and of the percentage of nitrogen, by reduction to the base 
CHPh(OH)-NH-CH, (1) (yellowish-grey solid, m. p. 180° decomp.), 
and also by acid hydrolysis giving benzaldehyde, formic acid, tarry 
matter and mandelic acid. It is very unlikely that the change 
nitrile —> isonitrile should occur, and the high melting points of 
Wood and Lilley’s products are not consistent with the structures 
given. Further the base (I) spontaneously loses water, giving the 
Schiff’s base CHPh-°N-CH, (Zaunschirm, Annalen, 1888, 245, 281). 
We have found that the pure substance, crystallised twice from 
alcohol and twice from benzene, melts at 198° and has the formula 
Cs3H,,0,N, (Found : C, 77-7; H, 5:1; N,7-6; M, by Rast’s method, 
372. Cale.: C, 78-0; H, 5-1; N, 79%; M, 354), and that it is 
rapidly and completely hydrolysed by dilute acids, giving 
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benzaldehyde (1 mol.), mandelic acid (2 mols.), and ammonia 
(2 mols.). 

Examination of the literature showed that this substance, 
CygH,gO.No, was first obtained from bitter-almond oil and described 
by Laurent in 1835 under the name “ benzimide ’* (Ann. Chim. 
Phys., [2], 59, 398; see also Laurent, ibid., 1835, [2], 60, 218; 
Annalen, 1836, 17, 89; Ann. Chim. Phys., 1837, [2], 66, 194; 
Berzelius’ Jahresber., 1837, 16, 246). Zinin in 1840 (Annalen, 34, 
188; see also Berzelius’ Jahresber., 1842, 21, 356) and Gregory in 
1845 (Annalen, 54, 372) prepared it from bitter-almond oil and 
potassium cyanide, and both assigned to it the correct molecular 
formula. It is clear that Gregory prepared it as early as 1834, but 
did not examine it till later. Laurent and Gerhardt (Jahresber., 
1850, 488) realised the identity of “‘ benzimide”’ with Zinin and 
Gregory’s product. Later Zinin showed (J. Russ. Chem. Soc., 
1869, 1, 213; see Ber., 1869, 2, 509, 552) that the substance could 
be hydrolysed by acid to benzaldehyde, mandelic acid, and ammonia. 
The compound was first recognised as the acetal of benzaldehyde 
and mandelonitrile — di - (« - cyanobenzyloxy)phenylmethane, 
CHPh[{O-CH(CN)Ph],—by Schiff in 1870 (Annalen, 154, 346). 
The same conclusion was reached as the result of careful work and 
rational syntheses by Stollé (Ber., 1902, 35, 1590) and later by 
Savelsberg (J. pr. Chem., 1916, 93, 271), the latter having acknow- 
ledged Stollé’s priority (ibid., 1917, 96, 186). A correction of 
Wood and Lilley’s work (Stollé, Ber., 1925, 58, 975) appears to have 
been overlooked (see, for example, ‘‘ Organic Syntheses,’’ Vol. 6, 60) 
and we desire to record our complete agreement with the work of 
Stollé and Savelsberg.—THE Dyson Perrins LABORATORY, OXFORD. 
[Received, April 5th, 1930. ] 





Syntheses of 1-Methylanthraquinones. By ARTHUR FAIRBOURNE 
and GRAHAM EDWARD FOSTER. 


In an attempt to obtain a sample of 1 : 2-dimethylanthraquinone, 
by a process which should ensure its being free from the difficultly 
separable 2 : 3-isomeride (J., 1921, 119, 1573), 4-hydroxy-1 : 2-di- 
methylanthraquinone was prepared (J., 1923, 123, 1137). The inter- 
mediate 2-o-hydroxyxyloylbenzoic acid, with acetic anhydride and 
sodium acetate, has yielded colourless plates, m. p. 195° (Found : 
C, 67-5; H, 5-1; M, 360. C, 9H,,0, requires C, 67-8; H, 5-1%; 
M,354). Since it was stable towards hot water, this diacetate presum- 
ably has the structure (I) (compare Gleason and Dougherty, J. Amer, 
Chem. Soc., 1929, 54, 310). The hydroxyanthraquinone has similarly 
been acetylated to yield 4-acetoxry-1 : 2-dimethylanthraquinone, yellow 
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needles from alcohol, m. p. 154° (Found : C, 73-5; H,4-9. C,,gH,,0, 
requires C, 73-5; H, 48%), but could not successfully be reduced in 
either acid or alkaline media (compare Elbs, J. pr. Chem., 1890, 41, 
1; Braun and Bayer, Ber., 1926, 59, 914); distillation over zinc 
dust produced a colourless crystalline sublimate, m. p. 200°, which 
cannot have been the unknown | : 2-dimethylanthracene since it 
was oxidisable to a product melting at 280° (compare Birukoff, Ber., 
1887, 20, 2068; Fischer and Sapper, J. pr. Chem., 1911, 83, 201). 


OAc 


be SON (CHa)s 
Ae Me G 
. Me 


The proposed method of Pickles and Weizmann (P., 1904, 20, 201) 
for synthesising anthraquinones of proved structures from the 
corresponding Grignard reagents and phthalic anhydride is likely 
to be particularly applicable when 1-methylanthraquinones are 
required, but appears never to have been adopted for that purpose, 
owing to a fear that simultaneous formation of diarylphthalides 
(as II) would render it unsuitable. Opportunity for synthesising 
1 : 2-dimethylanthraquinone from magnesium o-3-xylyl bromide has 
not occurred, but the method has been tested in the similar case of 
magnesium o-toly] bromide, under conditions maintaining a con- 
tinuous excess of the anhydride to minimise further reaction of 
2-0-toluoylbenzoic acid. The latter crystallised from alcohol in 
colourless needles, m. p. above 120° (Found: equiv. by titration 
with N/10-baryta, 236. C,;H,,0, requires equiv., 240), and was 
converted into 1-methylanthraquinone, m. p. 173°, agreeing with the 
description of Fischer and Sapper (loc. cit.) of a specimen synthesised 
in a different manner (Found: C, 81-0; H, 4:4. Cale.: C, 81-1; H, 
45%). The method thus renders possible reaction (c) (J., 1921, 
119, 1574) which could not previously be realised. 


The authors are indebted to the Chemical Society for a grant which 
has partly met the expenses incurred in this work, and also to the 
Department of Scientific and Industrial Research for a maintenance 
grant to one of them—Kuine’s Contec, Lonpon. [Received, 


November 7th, 1929.) 
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CLXIII.—A Revision of the Atomic Weight of Tanta- 
lum. Determination of the Ratios TaBr,:5Ag:5AgBr 
and TaCl,: 5Ag: 5AgCl. 


By Kotak RAMAKRISHNAIYER KRISHNASWAMI. 


THE accepted value for the atomic weight of tantalum is based on 
results which are not in satisfactory agreement. Marignac (Arch. 
Sci. phys. nat., 1866, 26, 89), who was the first to employ purified 
materials, used the double fluorides of tantalum with potassium and 
with ammonium, R,TaF’,,, to determine the ratios 2K,TaF, : Ta,O;, 
K,TaF,: K,SO,, K,SO,:Ta,O;, and 2(NH,),TaF,:Ta,O;, and 
calculated therefrom values which ranged from 182-66 to 183-55, 
giving as a mean, Ta = 182-98. Hinrichson and Sahlbom (Ber., 
1906, 39, 2600) carried out five determinations of the ratio 2Ta : Ta,O; 
by observing the gain in weight of known amounts of the metal 
when heated in a stream of oxygen; values ranging from 180-60 
to 181-72 were obtained for Ta, the mean being 181-02 + 0-09. 
Van Haagen (Thesis, University of Pennsylvania, 1909) sought to 
fix the ratio 2TaBr, : Ta,O, by weighing the pentoxide formed from 
the hydrolysis of a known weight of the pentabromide; eight 
determinations gave values ranging from 183-10 to 183-42, the mean 
being 183-28 + 0-09. Chapin and Smith (J. Amer. Chem. Soc., 
1911, 33, 1497) redetermined the ratio 2TaBr, : Ta,O;, and caleu- 
lated Ta = 181-69—181-94; mean 181-82 + 0-04. Balke (ibid., 
1910, 32, 1127) conducted eight determinations of the ratio 
2TaCl,; : Ta,O,, finding Ta = 181-45—181-60; mean 181-52 + 0-02. 
Later, Sears and Balke (ibid., 1915, 37, 833) concluded that deter- 
minations of the ratio 2TaCl, : Ta,O; were untrustworthy owing to 
serious sources of error. They therefore attempted to find the ratio 
TaCl, : 5Ag, and from three series of determinations found Ta = 
181-77, 181-31, and 181-03, which gave on combination the general 
mean 181-29 + 0-20. The poor agreement between the three series 
of results was later explained by Balke (ibid., 1917, 39, 1852) as 
being due to uncertainty arising out of the analytical procedure 
employed, and he concluded that tantalum pentachloride was 
unsuitable for use in atomic-weight determinations (see p. 1289). 

All the figures given above are on the basis of the recalculated 
data published by F. W. Clarke (‘‘ A Recalculation of the Atomic 
Weights,’ 1920), who summarised the situation thus: “So far as 
present evidence goes it seems probable that the atomic weight of 
tantalum is somewhere near 181 with an uncertainty of at least 
half a unit.” This remark is equally applicable now, for no fresh 
xX 
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evidence has appeared. In 1912, the International Committee on 
Atomic Weights gave the value of tantalum as 181-5, which is still 
used by the German (Ber., 1930, 63, 1) and American (J. Amer. 
Chem. Soc., 1929, 54, 653) Chemical Societies, but in 1929 the 
Chemical Society (J., 216) changed it to 181-3, the value deduced by 
Clarke (op. cit.) from the results of Sears and Balke (loc. cit.). 


Purification of Materials. 

Water.—The distilled water of the laboratory was redistilled from 
a faintly alkaline, dilute permanganate solution and then redistilled 
in an all-silica still and condenser. The purified water was found 
by nephelometric test to be halogen-free and was collected and 
stored in stoppered Pyrex flasks. 

Nitric Acid.—Merck’s “ pure ”’ acid was redistilled in an all-silica 
still and condenser, and the middle fraction, which was found to be 
halogen-free, was collected and similarly stored. 

Oxalic Acid.—“ A.R.” Material supplied by the British Drug 
Houses, Ltd., was used directly, since it dissolved completely in 
water and was also free from iron as well as halogens. 

Chlorine.—The source of this gas was a cylinder of the liquid 
supplied by the Imperial Chemical Industries, Ltd., and stated to 
contain only a trace of bromine. The gas was passed through an 
all-glass apparatus in which it was first dried by sulphuric acid con- 
tained in four wash-bottles, then freed from possible traces of 
hydrogen chloride by passage through two tubes containing ignited 
lime, as recommended by Hénigschmid (Z. anorg. Chem., 1927, 
163, 315), and finally dried by passage through two tubes containing 
phosphoric oxide. 

Bromine.—This had been prepared free from chlorine and iodine 
by Willard and McAlpine’s method (J. Amer. Chem. Soc., 1921, 
43, 799) and was from a stock prepared for an earlier work. Re- 
moval of traces of hydrobromic acid was effected by keeping it 
over calcium oxide as recommended by Hénigschmid and Zintl 
(Annalen, 1923, 433, 217). 

Argon.—The gas from a steel cylinder of compressed argon was 
purified in an all-glass apparatus by bubbling through sulphuric 
acid and passing successively over soda-lime, hot copper and copper 
oxide, hot magnesium ribbon, and finally again over hot copper 
oxide and copper; it was then stored in galvanised-iron holders. 
As it was not considered necessary for this work to free it com- 
pletely from nitrogen, it was passed through the purification train 
only once. 

Sodium Chloride-—Kahlbaum’s “ pure” salt was reprecipitated 
twice from a filtered aqueous solution by passage of hydrogen 
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chloride, and the product was recrystallised from water and fused 
in a platinum basin. 

Potassium Bromide.—Kahlbaum’s “‘ pure ” salt was recrystallised 
twice from water, the crystals being drained centrifugally and fused 
in platinum. 

Silver.—This was obtained from a stock prepared for an earlier 
work by following the method of Richards and Wells (J. Amer. 
Chem. Soc., 1905, 27, 472), and fused on a magnesia support in a 
vacuum. 

Preparation of Tantalum.—Although tantalum of a high degree 
of purity is commercially available, no details are to be found in 
the literature regarding the conditions governing its preparation in 
a pure state. Von Bolton (Z. Elektrochem., 1905, 11, 45), who 
achieved a purity of 99°%, merely mentions that he used a ‘‘ modific- 
ation ’’ of the process by which Berzelius (Pogg. Annalen, 1825, 4, 
10) and Rose (ibid., 1856, 99, 60) had been unable to obtain metal 
of more than 58% purity; he effected further purification by fusing 
the compressed powdery material in a vacuum arc furnace. Spitzin 
and Kaschtanoff (Z. anorg. Chem., 1929, 182, 207) state that their 
attempts by an improved Berzelius-Rose method yielded metal of 
only 95% purity. Since it appears that very pure tantalum cannot 
be prepared by other methods of reduction (e.g., Moissan, Compt. 
rend., 1902, 134, 211; Goldschmidt, Z. angew. Chem., 1898, 11, 
823; Ruff and Thomas, Z. anorg. Chem., 1925, 148, 18; Muthmann, 
Weiss, and others, Annalen, 1904, 337, 387; 1907, 355, 62), and as 
it was not considered feasible to study electrolytic methods (e.g., 
Bouhard, French Patent, 1907, 377931; Weintraub, U.8.P. 1910, 
947983), it was decided to investigate the Berzelius-Rose method 
under improved conditions which included those indicated by 
Balke (Chem. Met. Eng., 1922, 27, 1272; 28, 560). Briefly, it con- 
sisted in the preparation of the metal by the fusion of potassium 
tantalifluoride with sodium under conditions which minimised the 
formation of oxides of tantalum and sodium tantalate. 

The starting material was the double fluoride obtained from 
Merck as well as Kahlbaum. Both the specimens contained nearly 
1% of silica and small traces of iron, manganese, titanium, and 
niobium. Removal of silica was effected by treatment with sul- 
phuric acid as described by Balke (J. Amer. Chem. Soc., 1905, 27, 
1142). The silica-free preparation was purified according to 
Meimberg and Winzer’s method (Z. angew. Chem., 1913, 26, 157), 
and finally recrystallised by cooling from its saturated solution at 
100° in 5°, hydrofluoric acid, all the crystallisations being done in 
platinum basins. The crystals were transferred to a stout gutta- 
percha suction funnel and freed as far as possible from mother- 
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liquor, after which they were centrifuged in a cylinder of platinum 
gauze. They were dried over caustic potash in a vacuum desiccator 

and preserved in small cardboard boxes lined with filter paper. 
The reduction process. This had to be carried out in the absence 
of air and moisture; otherwise, oxides of tantalum and sodium 
tantalate would be formed in considerable quantities, and the 
removal of even small traces of oxide from the metal can be accom- 
plished only by heating at a very high temperature—probably 
above 1500°—in a high vacuum. The bomb employed for the 
process is shown diagrammatically in Fig. 1. It consisted of a thick 
steel cylinder (A) open at the 





N Mp ts N top and having a recess at the 
A A bottom to take the solid steel 
piece (C), the top of which was 

— + turned to fit accurately a conical 








taper in the hollow steel vessel 
B (B). A trace of oil on the taper 
was enough to secure good fitting 
when the bolts (N, N) were 
tightened. The clearance be- 
tween A and B was about 1 mm., 
so that they could be welded 
together in case the tapering 
joint proved unsatisfactory. The 
- reaction vessel D, made from a 
ic sheet of the purest commercial 
molybdenum, seemed to resist 
\ attack during the reaction. 

The actual manipulation dur- 
ing an experiment was as follows. 
The shell A containing the block 
C and the reaction vessel D was 
dried by being heated whilst a stream of argon passed through it. 
Pure freshly dried potassium tantalifluoride (50 g.) and Merck’s 
sodium (18 g.), freshly cut into small pieces under dry benzene, 
were alternately transferred in small quantities to the reaction vessel 
while a stream of argon was circulating in the shell. The reaction 
vessel was then covered with its lid, the vessel B kept in position, 
and the bolts tightened. The bomb was now heated by burners 
and kept at a dull red heat for about an hour; its lower portion was 
then cooled quickly by a jet of water while two tubes were delivering 
argon near its top. After cooling to room temperature, the bomb 
was opened and the contents of the reaction vessel, which still 
contained some free sodium, were transferred in small quantities to 
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water (300 c.c.) contained in a large platinum basin, whereupon 
most of it disintegrated to a black powder, the few lumps remaining 
being crushed with a clean steel rod. 

Purification of the crude metal. The powdery material in the dish 
was washed five or six times by decantation with cold water and 
then several times with dilute alcohol (25%), as recommended by 
Rose (loc, cit.), until the removal of soluble salts was practically 
complete. It was then digested with three successive portions of 
hot nitric acid (d 1-20), well washed with water, digested twice with 
hot hydrochloric acid (1:1), again washed with water, and finally 
dried in a stream of argon at about 300°. The dried powdery 
material was found to contain 97-9% of free tantalum. The powder 
was compressed into pellets, each weighing nearly 5 g., in a nickel— 
steel die at pressures ranging from 20,000 to 30,000 lb. per sq. in. 
and the pellets were freed from gas by 10 hours’ heating at about 
1000° in a vacuum of 10-*—10-° mm. They were then heated 
inductively in a vacuum furnace in a crucible of pure thoria, a 
current of 180 amps. at 7000 volts and 490,000 cycles being used. 
The vacuum maintained was about 10° mm., and temperatures 
of 1700—1800° were reached. After this treatment the pellets 
were found to have sintered to a hard mass with a platinum-grey 
lustre, and oxidation experiments showed them to contain 99-2% 
of free tantalum. The remaining 0-8°% was deemed to be tantalum 
oxide, since a spectrographic study of the metal did not reveal the 
presence of foreign metals. 


The Method of the Determinations. 


The method consisted in the preparation of the chloride and the 
bromide of tantalum by direct union, their purification by distill- 
lation and sublimation in a vacuum, and collection in sampling 
bulbs which were evacuated and then sealed for analysis. The 
bulb containing the halide was weighed and then broken under a 
dilute solution of ammonia whereby all the halogen was converted 
into the ammonium halide, which could be transferred to another 
vessel for halogen estimation. The insoluble tantalic acid, formed 
by the hydrolysis of the sample, and the glass fragments resulting 
from the breaking of the bulb were then digested with a hot solution 
of oxalic acid, whereupon all the tantalic acid went into solution. 
The glass pieces that remained were weighed in order to obtain . 
the weight of the sample originally in the bulb. The estimation of 
halogen was carried out both nephelometrically and gravimetrically 
by the method of Richards as adopted by Hénigschmid. The 
ratios TaBr,:5Ag:5AgBr and TaCl,:5Ag:5AgCl so obtained 
enabled the calculation of the atomic weight of tantalum on the 
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assumption that the values for silver, bromine, and chlorine were 
107-880, 79-915, and 35-457 respectively. 

The analytical part of this work, including weighings, was carried 
out in special rooms which were free from acid fumes and were 
illuminated only by ruby light. 

Balance and Weighing.—The weights were standardised by the 
method of Richards (J. Amer. Chem. Soc., 1900, 22, 144), and the 
weighings performed in a room which was maintained by electrical 
heaters at a constant temperature of 20°-+-0-1°. The balance 
employed was of the special type made by Oertling with a beam of 
invar-steel which was protected by an aluminium partition and pro- 
vided with a prism and mirror device to enable movements of the 
beam to be noted with a lamp and scale fixed at a distanve of 2 m. 
from it. The weighings were done by the method of counterpoise and 
substitution, and the weights so obtained were corrected for errors due 
to inequality of weights and reduced to vacuum. Successive weigh- 
ings of the same object usually agreed to 0-01 mg. and never differed 
by more than 0-02 mg. 

The Distillation. Apparatus——This resembled the apparatus 
devised by Willard and McAlpine (loc. cit.) and is shown diagram- 
matically in Fig. 2. It consisted of a bubbler (A) into which 
bromine could be introduced through a side tube and separating 
funnel, a tube (B) in which powdered tantalum could be kept heated, 
the distillation bulbs (C and D), and the system of sampling bulbs 
(Z). The three-way tap 7’, served to introduce either argon or 
chlorine into the apparatus. Argon entered from a gas-holder 
through the tap 7',, and passed over copper gauze kept at 500—550° 
in X, through sulphuric acid in Y, and phosphoric oxide in Z; 
whereas chlorine entered through the tap 7’, and, after bubbling 
through a strong solution of potassium permanganate in P and 
sulphuric acid in Q, passed over ignited lime in R and phosphoric 
oxide in S. A continuous flow of either gas through the apparatus 
could be maintained by keeping open 7’, or 7, and also 7, 7';, and 
7T,, while the other taps were kept closed. With taps 7’, and 7, 
open and all the others closed, the apparatus could be evacuated 
by a mercury-vapour pump working in conjunction with a “ Hyvac” 
pump. The trap F, which was cooled in liquid air, served not only 
to freeze bromine or chlorine, which would otherwise pass into the 
pumps, but also to minimise diffusion of mercury vapour into the 
apparatus. All the taps in the apparatus were lubricated with 
metaphosphoric acid. 

The Preparation of Tantalum Bromide.—The parts A to EF of the 
apparatus were kept at 300—350° and thoroughly dried and freed 
from air by alternate evacuation and filling with argon, the process 
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being repeated 5 or 6 times. Then, with a stream of argon flowing 
through the apparatus, the tip of the side tube attached to B was 
broken to introduce 7—8 g. of finely powdered tantalum, which had 
been previously dried in a current of argon. The tube was now 
sealed off and the apparatus evacuated and refilled with argon, 
thus ensuring the total absence of air and moisture from the system. 
Through some phosphoric oxide, which was kept in the separating 
funnel, somewhat more than twice the quantity of bromine neces- 
sary to react with the tantalum taken was run into the bubbler A, 
entry of air being prevented by closing the tap of the funnel while 
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there was still about 1 c.c. of bromine in it. The constriction c, 
was then sealed. The furnace surrounding the tube B being kept 
at 650—700°, a beaker of water at about 55° was placed under the 
bubbler, and a slow stream of argon bubbled through, carrying 
bromine vapour to the hot tantalum in B. The initial formation 
of the bromide was immediate, although it continued slowly, much 
bromine escaping combination. By suitably warming the tube 
connecting B and C, and keeping C and D cool, most of the bromide 
was collected in 0; some of it, however, went into D, and a small 
quantity was carried still farther in a thin cloud by the gas stream. 
At the same time, some drops of bromine collected in C and D and 
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also in some parts of the system ZH. When enough of the bromide 
had been prepared, the argon supply was stopped and the prepar- 
ation tube B allowed to cool. The apparatus was then sealed at 
the constriction c,, heated at 100—110°, and evacuated so as to 
remove all free bromine. The constriction c, was now sealed and 
the tube B removed. With the pump in continuous operation, the 
bulb C was kept at about 300° in order to drive most of the bromide 
into the bulb D, which was kept cool. The constriction (not shown 
in the diagram) in the tube connecting C and D was then sealed. 
The sublimation of the bromide from D into the bulbs E was 
effected by suitable movement of the furnace, which was main- 
tained at about 300°. With the vacuum pump in continuous 
operation the bulbs were finally sealed for analysis. 

The bromide in the bulbs consisted of fine needles as well as 
some thin, lemon-yellow leaflets. 

Preparation of Tantalum Pentachloride.—The chloride was pre- 
pared in an apparatus which was exactly like the foregoing except 
that it had no bubbler, the tube B being directly joined to the three- 
way tap by a tube having a constriction. The subsequent pro- 
cedure was similar to that employed for the bromide, a slow stream 
of dry chlorine being passed over the powdered metal at 550—600°. 

The chloride was perfectly snow-white during the earlier stages 
of the distillation, but later acquired a pale creamy colour, probably 
owing to prolonged heating. 

Spectrographic Studies of the Purity of the Tantalum Preparations.— 
The instrument employed was a quartz Littrow spectrograph made 
by A. Hilger. The principle of the method consisted in the identi- 
fication of the impurity lines in the spectrum of the tantalum com- 
pounds examined, by measurement as well as by superposition on 
the spectra of the probable impurities. The first step was the 
preparation of photographs of the ultra-violet and visible are 
spectra of the tantalum compounds between copper poles, and also 
corresponding photographs of the copper arc. A series of photo- 
graphs was prepared of the spectra of silica, iron, manganese, 
niobium, titanium, and molybdenum in the copper arc, each on a 
separate plate. The persistent lines of these elements were identi- 
fied by measurement and suitably marked on the plates. By 
bringing each of these impurity spectra into juxtaposition with the 
tantalum spectrum, it was easy to note if any of the impurity lines | 
were present in the latter, but as none of these could be traced it | 
was decided to make an exhaustive examination for all the possible 
impurities by the R.U. (raies ultimes) powder method advocated 
by A. Hilger. Since the R.U. powder contains only small traces 
of nearly all the metals in a suitable diluent, its arc spectrum, although 
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consisting of only a limited number of lines, includes all the strongest 
lines of all the elements in it. Therefore, by photographing the 
R.U. spectrum in juxtaposition with that of the specimen to be 
examined, it is a relatively simple matter to ascertain the impurities 
present; moreover, it is possible, within certain limits, to estimate 
quantitatively the impurities according to the order of sensitivity 
of the lines observed. An examination of the spectrum photographs 
(Fig. 3) will make this matter clear. Niobium, for instance, is 
present in the R.U. powder to the extent of about 0-05%, but it 
gives about 15 lines, some of which are marked on the plate. Since 
not even one of these can be traced in the tantalum spectrum, it is 
concluded that niobium is absent. Similarly with most of the other 
elements. The results, however, are not so definite in the case of 
silica. It will be seen from the plate that the group of lines marked 
Si (2506-9—2528-5 A.U.), which are strong in the R.U., are present 
in the tantalum spectrum also, though with a smaller intensity. 
Since, however, this group of lines is present in the spectrum of 
the poles themselves and with an intensity approximately equal to 
that in the tantalum spectrum, it can be deduced that the tantalum 
is practically free from silica. The other metals regarding which 
there is similar uncertainty are calcium and magnesium. The 
quantity in which they are present must, however, be very small. 
Dr. J. W. Ryde and Mr. H. G. Jenkins, of the Research Laboratories 
of the General Electric Co., Ltd., who developed the R.U. method, 
kindly undertook a confirmatory examination of these specimens 
and reported that spectroscopically they were unable to find impuri- 
ties. There is, however, the possibility that silica, calcium, and 
magnesium may be present to a total extent of about 0-05%. 
Determination of the Ratios TaBr, : 5Ag : 5AgBr.—The bulb con- 
taining the bromide was cleaned and dried as usual (compare 
Baxter, Proc. Amer. Acad. Arts Sci., 1924—25, 60, 228), and its 
weight in air determined. It was then weighed in water by sus- 
pending it with a thin platinum wire, and from the observed loss of 
weight the vacuum correction was calculated in the usual manner. 
It was then placed on the bottom of a thick-walled conical Pyrex 
flask containing about 400 c.c. of a ca. 3% solution of ammonia, and 
broken by a blunt glass rod, which was quickly rinsed and removed. 
The flask was immediately stoppered, left for about 2 hours, and 
then rotated so as to disturb the flocculent precipitate which had 
settled, this operation being repeated 4 or 5 times at intervals of 
about an hour. After standing over-night, the clear supernatant 
liquid was poured through a Jena-glass Gooch crucible having a 
sintered-glass filter, and the filtrate caught directly in a large conical 
a flask, made of Pyrex glass and kept inside an evacuated 
xx 
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bell-jar. The material remaining in the original flask, viz., the 
precipitate of tantalic acid and the glass fragments of the bulb, 
was washed by decantation 10—12 times with 70—80 c.c. portions 
of a hot (60°) 1% aqueous solution of ammonium nitrate, as recom- 
mended by Biltz and Voigt (Z. anorg. Chem., 1922, 120, 171), with 
the modification that it contained nearly 2% of free nitric acid in 
addition. The clear wash-liquids were passed through the Gooch 
crucible in each case, and the filtrates added to the first filtrate, 
which thus increased to about 1200 ¢.c. and was preserved for 
halogen estimation. The washing process was effective because 
the tantalic acid settled easily in the wash-liquid and so facilitated 
the decantation. It is shown later (p. 1291) that the washed residue 
was halogen-free and that practically none of it (either tantalic acid 
or glass) was transferred from the flask during washing. 

To dissolve out the tantalic acid in order that the glass pieces 
might be weighed, the residue in the flask was digested on a boiling 
water-bath for about 2 hours with some 50 c.c. of a saturated solution 
of oxalic acid. The liquid in the flask was then diluted with about 
300 c.c. of water, whereupon the solution became quite clear and 
was free from any particles of tantalic acid. The glass fragments 
appeared quite clean and transparent. The clear liquid was poured 
through a weighed silica Gooch crucible with a sintered-silica filter. 
The glass pieces were washed by decantation 10—12 times with 
50 c.c. portions of warm water, then transferred with a jet of water 
to the crucible, dried, and weighed. (The washings from the above 
operations were discarded.) The glass pieces were dried slowly by 
being kept at 90—110° for about 2 hours and then at 400—420° for 
about 8 hours; and their weight was corrected to vacuum and sub- 
tracted from the corrected weight of the bromide bulb in order to 
obtain the weight of the bromide originally in the bulb. This was, 
however, corrected for a small error (0-03 mg.) which appeared to 
be incidental to the collection and weighing of the glass fragments 
(see p. 1291). 

The estimation of halogen in the bromide solution, which con- 
tained only nitric acid and ammonium bromide and nitrate, was 
carried out according to the Harvard methods as developed by 
Hoénigschmid. The standard solutions of silver nitrate and potass- 
ium bromide required to make up for the deficiency of either silver 
or bromide ions in the analytical solution, and for the generation of 
opalescence in the test mixtures, were all made up with the con- 
centrations recommended by the author mentioned above. On 
the assumption that Ta = 181-37, which was calculated from the 
mean of two gravimetric determinations of the ratio TaBr, : 5AgBr, 
@ quantity of silver was weighed out which was insufficient by about 
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0-1—0-2 mg. to precipitate quantitatively the bromide ion in the 
analytical solution. The silver was dissolved in about 50 c.c. of 
nitric acid (d 1-20) in-a conical Pyrex flask having a four-bulbed 
tube ground into its neck. After being gently boiled for a few 
minutes, the solution was diluted to about 0-1N and then transferred 
quantitatively to the flask containing the bromide solution, which 
was then stoppered, and shaken at frequent intervals.. After stand- 
ing for about 48 hours, the precipitate was found to have settled 
completely, leaving the supernatant liquid perfectly clear. Two 
25-c.c. portions of the clear liquid were withdrawn and tested for 
excess of bromide or silver by addition of 1 c.c. of silver solution 
(1 in 1000) to one and 1 c.c. of an equivalent bromide solution to 
the other. The test solutions were allowed to stand for 4 hours 
with frequent stirring with glass rods, and then examined in a 
nephelometer of the Kober type with a Klett top-reader. Accord- 
ing as the tests indicated excess of bromide or silver, standard 
solution of silver (0-1 in 1000) or equivalent bromide solution was 
added to the analytical solution until a nephelometric test indicated 
that the two ions were in exact equivalence as revealed by the 
equality of the intensity of opalescence developed when equal 
portions of the solution were treated with equivalent quantities of 
either silver or bromide test solution. After the end-point had 
been reached, excess of one of the standard solutions was added, 
and the end-point again obtained by back-titration in the nephelo- 
meter. The quantity of silver (in the standard solution) introduced 
in order to reach the point of equivalence was added to the weight 
of silver originally added in bulk to the analytical solution, and the 
ratio TaBr,;:5Ag calculated. The results of the determinations 
are given in Table I (a). 

After completion of the nephelometric titration, 25 c.c. of N/10- 
silver nitrate solution were added to the contents of the flask in 
order to precipitate all the dissolved silver bromide. The flask 
was stoppered and occasionally shaken during the next 24 hours, 
and the precipitate then allowed to settle. The clear liquid was 
poured through a weighed Jena-glass Gooch crucible with a sintered- 
glass filter. The silver bromide in the flask was washed ten times 
by decantation with about 60 c.c. portions of 0-5% nitric acid, 
transferred to the crucible, dried for about 18 hours at 300—320°, 
and weighed. Most of the silver bromide was transferred to a por- 
celain crucible and fused in an electric furnace maintained at 500— 
520°; it was then seen to be transparent and free from dark patches 
—a clear indication of its purity. In two experiments in which 
the silver bromide was weighed both before and after fusion, the 
loss (due to expulsion of the last traces of moisture) was not more 
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than 0-02 mg. Since this result is in agreement with the long 
experience of Hénigschmid that silver bromide dried at 300° does 
not retain an appreciable amount of moisture, no attempts were 
made to determine the loss on fusion in every experiment. Con- 
firmatory evidence regarding the purity of the silver bromide pre- 
cipitate was obtained from determinations of the ratio AgBr: AgCl 
(see p. 1292). 

The weight of the silver bromide obtained by weighing the dried 
precipitate was corrected for the quantity which escaped weighing 
owing to solution in the nitric acid washings, and also for the small 
amount which was retained by the walls of the precipitation flask. 
The estimation of these two sources of error was carried out jointly 
as recommended by Hénigschmid (Z. anorg. Chem., 1924, 136, 278; 
Annalen, 1923, 433, 201), i.e., by dissolving out the traces of the 
silver bromide in the precipitation flask by the addition of ammonia, 
adding this solution to the nitric acid washings * of the silver 
bromide, diluting the combined solution to a known volume, and 
comparing it nephelometrically with solutions containing known 
amounts of silver bromide. The quantity of silver bromide so 
estimated was added to the weight of the precipitate, and the 
ratio TaBr, : 5AgBr calculated. Table I (6) gives the results of the 
determinations. 

Determination of the Ratios TaCl;:5Ag:5AgCl.—The sealed 
bulbs containing the chloride were weighed in air and in water, and 
then broken under a solution of ammonia. The subsequent pro- 
cedure was exactly as in the case of the bromide, except that sodium 
chloride was substituted for potassium bromide in the solutions 
employed during the nephelometric determinations. The silver 
chloride precipitate was dried at 300—320° for about 18 hours 
before weighing. It always fused to a transparent, light amber- 
coloured mass, free from any dark patches : this was considered to 
be a definite indication of its purity. The results of the various 
determinations are given in Table II, all the weights being reduced 
to vacuum. The atomic weights of silver, bromine, and chlorine 
were assumed to be as on p. 1282. 

The individual values for the atomic weight given in Table I(a) 
show an extreme variation of 0-03 unit (1-7 parts per 10,000). Their 
mean variation is 0-008 unit (0-5 part per 10,000) from the mean 
value 181-36, the probable error of which is found to be + 0-003 
unit. 


* These washings were collected separately from the mother-liquor from 
which the precipitation was made. The mother-liquor was discarded, as the 
quantity of silver bromide in it must have been negligible owing to the excess 
of silver nitrate present. 
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TaBr,, 
g- 
3-07127 
3-72095 
3°81890 
3-59654 


Z 


WIRD or*® Choe Oo 


2-61163 
3-92094 
2-04583 
(a) Total 18-68455 
(b) + 


2-69071 | 


25-47677 | 


TABLE I, 
| (a) Ratio TaBr, : 5Ag. 
Ag, 
g. TaBr,:5Ag. Ta = 


181-34 
181-36 
181-37 
181-37 
181-35 


354594 1-07698 
| 3-33939 1-07700 
249831 1-07701 
| 2-42488 1-07702 
3-64064 1-07699 
1:89956 1-07700 181-36 
|17-34872 1-07700 181-36 
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|(b) Ratio TaBr;:5AgBr. 





AgBr, 

g- TaBr,:5AgBr. Ta= 
4-96415 0-61869 181-36 
601413 0-61870 181-37 
6-17267 0-61868 181-35 
5-81303 0-61870 181-37 
4-34926 0-61866 181-33 
4-22133 0-61868 181-35 
6-33750 0-61869 181-36 
3-30681 0-61867 181-34 

ft. endl os 
|41-17888 0-61868 181-35 


The corresponding variations in Table I (5) are 0-04 and 0-011 unit 
respectively, giving a mean of 181-35 with a probable error of 0-004. 


TaCl,, 
g. 


+ 
- 


3°15350 | 


ry) 
1 

2 2-96215 
3 4-08061 
+ 
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e 


3-21073 
3-49922 
Total 





16-90621 | ; 


TaBLeE II. 

| (a) Ratio TaCl, : 5Ag. 
a 

| g. TaCl,:5Ag. Ta = 
0-66488 181-35 
0-66483 181-33 
0-66486 181-34 
0-66479 181-30 
0-66490 181-36 
0-66485 181-34 


(b) Ratio TaCl,:5AgCl. 





AgCl, 

g. TaCl,:5AgCl. Ta = 
6-30152 0-50044 181-37 
5-91874 0-50047 181-40 
8-15438 0-50042 181-36 
6-41613 0-50042 181-36 
6-99201 0-50046 181-39 

33-78278 0-50044 181-37 


The individual values for the atomic weight given in Table II(a) 


show an extreme variation of 0-06 unit (3-3 parts per 10,000). 


Their 


mean variation is 0-019 unit (1-0 part per 10,000) from the mean 
value 181-34, the probable error of which is found to be + 0-007 unit. 

The corresponding data for Table II (6) are 0-04 and 0-015 unit, 
the mean atomic weight being 181-37 + 0-004. 

Summary of Results —The mean values obtained from the four 
series of determinations are collected in the following table, from 
which it will be seen that the most probable value for the atomic 
weight of tantalum is 181-36. 


Ratio. 


TaBr, : 5Ag 
TaBr, : 5AgBr™ 


TeCl, : GAg.........- 
TaCl, : 5AgCl ....... 


eeeeeee 


No. of Mean value for Probable 
expts. at. wt. of Ta. error. 
whadactchbs 6 181-36 --0-003 
aint watcaeil 8 181-35 0-004 
Sie Seusaiasan 5 181-34 0-007 
iceseetee 5 181-37 0-004 
General mean 181-357 + 0-0002 


Investigation of Some Possible Sources of Error. 


Sears (loc. cit.) found that, although tantalum pentachloride exists 
as a stable compound in an atmosphere of dry nitrogen and does 


not occlude chlorine, it is unsuitable for use in work where a high 
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degree of accuracy in its analysis is desired. This conclusion was 
based on the following observations: (a) Broken glass cannot be 
filtered off from the hydrolysed tantalum chloride because of the 
insoluble tantalic acid formed; (6) tantalum pentachloride cannot 
be weighed accurately in a vessel with a ground joint owing to 
hydrolysis caused by moist air diffusing in through the joint; 
(c) volatility of glass during fusion prevents an accurate estimate of 
the weight of tantalum pentachloride contained in a sealed glass 
tube of known weight; (d) when tantalum chloride is sealed in a 
glass bulb, some of it gets melted into the glass at the point of 
sealing. 

The present work seems to be free from any of the above- 
mentioned sources of complication. The first did not arise because 
the tantalic acid could be completely dissolved out and so permitted 
the determination of the weight of the glass pieces. The second 
and third sources of error were avoided in the method employed for 
determining the weight of the sample: volatility of glass during 
fusion is a negligible factor, for Briscoe and Little (J., 1914, 105, 
1315) and Weatherill (J. Amer. Chem. Soc., 1924, 46, 2437) exper- 
ienced no difficulty from that source. The last objection seems to 
be due to the tantalum pentoxide formed by hydrolysis of the 
chloride owing to the presence of moisture in the system. The 
tantalum chloride and also the tantalum bromide bulbs prepared in 
the earlier experiments had the appearance of frosted glass close to 
the point of sealing. The bulbs prepared in the later experiments 
and used for analysis were; however, free from this defect. 

As spectrographic investigation afforded definite evidence that 
the tantalum halides prepared for analysis were almost entirely 
free from foreign metals, and as contamination from oxygenated 
compounds was obviated by carrying out the preparation and 
weighing in the absence of oxygen, air, and moisture, little uncer- 
tainty could be entertained regarding their purity. The method 
of analysis, however, involved several steps which demanded 
scrutiny. 

A study was made of the process employed for washing the 
tantalic acid and glass fragments in order to extract all the halide 
present. As in every experiment the clear liquid was filtered 
through a Gooch crucible, it was easy to test whether any solid 
material was conveyed to it, by weighing the crucible before and 
after the filtration. Three experiments were performed with two 
different crucibles and the observed variations in weight were 
+ 0-02, 0:00, and + 0-03 mg., respectively, giving an average 
increase in weight of 0-02 mg. If this increase is due solely to 
tantalic acid, it is of no significance, since the crucibles employed 
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for this process were never used for the collection of either glass 
fragments or silver bromide precipitate; if it is due entirely to fine 
particles of glass, this would be a source of error, for this amount 
of glass would escape weighing and the apparent weight of the 
tantalum halide would be too high to this extent. Since, however, 
0-02 mg. is within the limit of error of the determinations, the precise 
cause is immaterial. 

The next point tested was whether any portion of the glass frag- 
ments was lost owing to solution, either colloidal or otherwise, in 
the wash-liquid. Bulbs similar to those employed for collecting 
the tantalum halides were fused on to a vacuum line and then sealed 
after evacuation. They were weighed in air and in water so as to 
obtain their weight in vacuum. They were then broken under a 
solution of 3% ammonia contained in a conical Pyrex-glass flask, 
and subjected to exactly the same treatment as the glass fragments 
in the actual determinations, viz., washing with ammonium nitrate, 
decantation of the clear liquid, digestion with hot saturated solution 
of oxalic acid, and washing with water. They were then collected 
in a weighed Gooch crucible, dried as usual, and weighed. This 
weight was reduced to vacuum and compared with the weight of 
the bulb as determined at the beginning of the experiments; the 
results were as follows : 


DUE, Bo ncccsccacceccecceesccoscece 1-81427 1-70330 1-74959 1-68884 
Glass pieces, g. .........sccceceee 1-81425 170325 1-74958 1-68880 
Difference, mg. .......-..seeeeeee 0-02 0-05 0-01 0-04 


They indicate a definite average loss of 0-03 mg. This quantity 
was therefore added to the weight of glass as actually determined. 
The next point to be tested was whether the process of washing 
removed the bromide quantitatively and left the residue of tantalic 
acid and glass fragments bromide-free. Although aqueous extracts 
of the residue failed to give any test for halogen, it was feared that 
adsorption of bromide ions might have proceeded in such a way as 
to escape detection in this manner. The material was therefore 
heated with sulphuric acid and tested for formation of hydrogen 
bromide. This was done by introducing the tantalic acid (and glass 
pieces) into a bulb (50 c.c.) through a side tube with a ground joint 
to accommodate a separating funnel. The condensing tube, which 
was fused to the bulb, was bent at right angles. With the end of 
the condensing tube dipping in 25 c.c. of 0-1N-silver nitrate solution, 
10—15 c.c. of sulphuric acid (d 1-84) were introduced into the bulb 
through the separating funnel, the tap of which was afterwards 
closed. The bulb was then heated in a bath at 120—125°. The 
silver nitrate solution remained clear without developing any 
opalescence. The distilling bulb was then allowed to cool, 0-05 mg. 
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of ammonium bromide (0-5 c.c. of 0-1 in 1000 solution) introduced 
into it, and the bulb reheated. The silver nitrate solution became 
strongly opalescent in less than 5 minutes. As the above test is 
very delicate, and as three lots of washed tantalic acid did not 
respond to it, it was concluded that the extraction of the halide 
was quite satisfactory. 

The purity of the silver bromide precipitate was indicated by its 
appearance on fusion as already stated, and was confirmed by its 
conversion into silver chloride as follows. A portion of the dried 
silver bromide was transferred to a weighed porcelain crucible and 
fused in an electric furnace. The weight of the fused silver bromide 
was ascertained by reweighing the crucible. The crucible was then 
suitably supported in the centre of the furnace, which was main- 
tained at about 500° while a stream of chlorine passed through it. 
After 5—6 hours, the chlorine supply was replaced by argon for 
about 2 hours in order to expel all the free chlorine. The crucible 
was then taken out of the furnace, cooled, and weighed. The 
results of three such experiments were : 


AGB, Go scsccsopecsecccovcccsecsves 4-16021 6°30116 5-99453 
BBD, Bp ccccceccccsscesscecccosccce 3°17510 4-80924 4-57492 
RGQBCIAGD .* oiscicsccccvcdesccees's 1-31026 1-31022 1-31030 


The mean of the three determinations (AgBr/AgCl = 1-31026) is 
in tolerable agreement with the value obtained by Baxter (Proc. 
Amer. Acad. Arts Sci., 1905, 41, 82; 1906, 42, 201), viz., 1-31017, 
thereby showing that the silver bromide formed in these experiments 
was adequately pure. 

Summary. 

Pure tantalum, prepared by a modified Berzelius—Rose method, 
was employed for the preparation of its bromide and chloride by 
direct union with the elements in an inert atmosphere. The halides 
were purified by distillation and sublimation in a vacuum, and col- 
lected in sampling bulbs for analysis. Spectrographic examination 
gave satisfactory evidence regarding their purity. They were 
analysed both nephelometrically and gravimetrically by the Harvard 
method as developed by Hdénigschmid. Twenty-four closely- 
agreeing results pointed to the value 181-36 for the atomic weight 
of tantalum. 


In conclusion, I wish to express my gratitude to Professor F. G. 
Donnan, F.R.S., for having provided every facility and for kind 
encouragement throughout the course of this work. My best 
thanks are due to Messrs. S, Barratt, B.A., and J. M. Walter, B.Sc., 
for valuable suggestions relating to the spectroscopic methods 
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employed. My warmest thanks are also due to Dr. C. Sykes of the 
Research Laboratories of the Metropolitan Vickers Electrical Co., 
Ltd., Manchester, for assistance with the high-frequency furnace, 
and to Dr. J. W. Ryde and Mr. H. G. Jenkins of the Research 
Laboratories of the General Electric Co., Ltd., Wembley, for carry- 
ing out a confirmatory analysis of the tantalum specimens. My 
hearty thanks are due to Mr. Henry Terrey, M.Sc., for assistance 
in the preparation of this paper. 
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CLXIV.—4-Sulpho-3-hydroxybenzoic Acid. 
By MapHAVLAL SUKHLAL SHAH, 


Tue sulpho-m-hydroxybenzoic acid which is obtained by the 
sulphonation of m-hydroxybenzoic acid has now been prepared by 
a more convenient method than those described by Barth (Annalen, 
1868, 148, 38), Senhofer (ibid., 1869, 152, 102), and Remsen (Z. 
Chem., 1871, 295): it consists in heating a mixture of m-hydroxy- 
benzoic acid and sulphuric acid at 90° for 2 hours; the sulpho- 
m-hydroxybenzoic acid crystallises in large yield on cooling and 
there is no sign of any other product. The acid, when recrystallised 
from water, separates as C,H,O,8,24H,O, m. p. 206°. Barth and 
Senhofer describe the acid, m. p. 208°, crystallising with 14 molecules 
of water. 

The author has confirmed Barth’s observation (loc. cit.; Annalen, 
1871, 159, 230; contrast Remsen, Joc. cit.) that no organic acid 
other than protocatechuic acid, m. p. 199°, is produced by fusion 
of the sulpho-m-hydroxybenzoic acid with alkali. Hence the 
sulphonic acid appears to be 4-sulpho-3-hydroxybenzoic acid. 

In order to obtain further evidence the author studied the methy] 
ether of this acid, comparing it with the oxidation products of 
isomeric 3-methoxytoluenesulphonic acids described by Haworth 
and Lapworth. (J., 1923, 123, 2982; 1924, 125, 1299). The 
sulphonic acid methyl ether (I) crystallised as C,H,0,8,2H,O and 
gave characteristic barium and potassium hydrogen salts. The 
latter on trituration with phosphorus pentachloride produced a 


 chlorosulphonyl-3-methoxybenzoy] chloride, m. p. 87°, which gave 


on treatment (a) with water, a chlorosulphonyl-3-methoxybenzoic 
acid, m. p. 214°, and (6) with ammonia, a sulphonamido-3-methoxy- 
benzamide, m. p. 255°. The former when digested with ammonia 
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and the latter when hydrolysed with hydrochloric acid yielded the 
same sulphonamido-3-methoxybenzoic acid (II),m.p.290° (decomp), 

Haworth and Lapworth (loc. cit.) state that their potassium hydro. 
gen 4-sulpho-3-methoxybenzoate obtained from 3-methoxytoluene. 
4-sulphonic acid yielded 4-sulphonamido-3-methoxybenzoic acid, 
m. p. 255°, by the action of ammonia on the sulphonyl chloride, 
which was not isolated. From the author’s results the substance, 
m. p. 255°, which Haworth and Lapworth describe under the name 
of sulphonamido-3-methoxybenzoic acid appears to be 4-sulphon. 
amido-3-methoxybenzamide, m. p. 255°. In order to clear up this 
matter the experimental work of Haworth and Lapworth was 
repeated. 

3-Methoxytoluene-4-sulphinic acid (III), prepared from 4-nitro. 
m-cresol via 4-nitro- and 4-amino-3-methoxytoluenes, was oxidised 
and 3-methoxytoluene-4-sulphonic acid and 4-sulpho-3-methoxy. 
benzoic acid (I) were obtained. The latter gave, on treatment 
similar to that described above, 4-chlorosulphonyl-3-methoxybenzoyl 
chloride, m. p. 87°, 4-chlorosulphonyl-3-methoxybenzoic acid, m. p. 
214°, 4-sulphonamido-3-methoxybenzamide, m. p. 255°, and 4-sulphon- 
amido-3-methoxybenzoic acid (II), m. p. 290° (decomp.), identical 
with those obtained from the author’s sulpho-m-hydroxybenzoic 
acid methyl ether, the conclusions being confirmed in each case by 
the mixed melting point test. 

Haworth and Lapworth also state that their sulphonamido-3- 
methoxybenzoic acid, m. p. 255°, was produced when 3-methoxy- 
toluene-4-sulphonamide (IV) was oxidised with alkaline perman- 
ganate. The author, however, obtained only 4-sulphonamido-3- 
methoxybenzoic acid, m. p. 290° (decomp.). 

For full information the author converted (A) 4-sulpho-3-methoxy- 
benzoic acid (I) and (B) 3-methoxytoluene-4-sulphinic acid (Til), 
which yields 4-sulpho-3-methoxybenzoic acid as shown above, into 
3-methoxybenzoic acid 4-methylsulphone (V). 

(A) 4-Chlorosulphonyl-3-methoxybenzoic acid, m. p. 214°, pre 
pared from sulpho-m-hydroxybenzoic acid methyl ether (I), was 
reduced by Gattermann’s method (Ber., 1899, 32, 1136) and the 
4-thiol-3-methoxybenzoic acid (monothiovanillic acid), m. p. 180°, 
which was obtained was converted on methylation into 4-methyl- 
thiol-3-methoxybenzoic acid (monothioveratric acid), m. p. 193°. 
The latter on oxidation gave 3-methoxybenzoic acid 4-methylsulphom 
(V), m. p. 227°. 

(B) When 3-methoxytoluene-4-sulphinic acid (III) was similarly 
reduced, 4-thiol-3-methoxytoluene, b. p. 254°, was produced. This 
passed on methylation into 4-methylthiol-3-methoxytoluene, b. P. 
269—270°. When the latter was oxidised with alkaline perma 
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ganate, the same 3-methoxybenzoic acid 4-methylsulphone (V), 
m. p. 227°, as described in (A) was produced : a mixture of the two 
showed no depression in melting point. This proves that sulpho- 
m-methoxybenzoic acid (I) corresponds to 3-methoxytoluene-4- 
sulphinic acid (III) and that the sulpho-m-hydroxybenzoic acid is 
4-sulpho-3-hydroxybenzoic acid. 

The sulpho-m-hydroxybenzoic acid methyl ether (I) was also 
fused with sodium hydroxide and with potassium hydroxide with 
a view to get vanillic acid, but the product was protocatechuic acid. 
Partial fusion at a low temperature gave sulpho-m-hydroxybenzoic 
acid together with protocatechuic acid, which indicates that in 
alkali fusion 4-sulpho-3-methoxybenzoic acid (1) is first demethylated 
and then converted into 3 : 4-dihydroxybenzoic acid, i.e., proto- 
eatechuic acid. Vanillic, isovanillic, and veratric acids have been 
found to be similarly demethylated and to yield protocatechuic 


acid. 
OMe OMe OMe 


H.N-0,8” HO.S7 Me0,S 
Wie \ X08 . \_ 0,8 q Joos 


(II.) Pe (I.) a (V.) 
OMe OMe 


(IV.) H,N-0,8 HO,S (IIT.) 
rindocr Gelinas reac, Sur One 


EXPERIMENTAL. 

Sulpho-m-hydroxybenzoic Acid.—m-Hydroxybenzoic acid (40 g.) 
was mixed with sulphuric acid containing 3% of sulphur trioxide 
(60 c.c.) and heated at 90° for 2 hours. The brown solution obtained 
solidified on cooling to a hard crystalline mass; this was crushed, 
washed with dilute sulphuric acid, and pressed and dried on porous 
tile. The crude substance crystallised from water (charcoal) in 
greenish-yellow needles or truncated prisms containing 2}H,0, 
m. p. 206° (yield, 61 g.). The substance effloresced on exposure to 
air and developed an intense violet fluorescence in dilute alkaline 
solutions (Found: equiv., 264, 263. Calc. for C,H,O,S,2$H,0 : 
equiv., 263): Desiccation removed 14 molecules of water and left 
an opaque white mass, m. p. 213° (Found: equiv., 235-6. Calc. 
for C,H,0,8,H,O : equiv., 236). 

The acid sodium, potassium and ammonium salts were prepared 
(1) by neutralising one half of an aqueous solution of sulpho-m- 
hydroxybenzoic acid with alkali and then mixing it with the other 
half, (2) by acidifying the neutral solution with hydrochloric acid. 
Thesodium hydrogen salt separated in shining plates and was recrys- 
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tallised for analysis (Found: Na, 8-6; H,O, 10-1; equiv., 267-1. 
C,H,0,SNa,1}H,O requires Na, 8-6; H,O, 101%; equiv., 267). 
The potassium hydrogen salt crystallised in prismatic plates and is 
more soluble than the acid sodium salt (Found: K, 14-1; H,0, 
6-51; equiv., 274-3. C,;H,0,SK,H,O requires K, 14:2; H,0, 
66%; equiv., 274-1). The ammonium hydrogen salt separated in 
needles (Found: N, 6-1; equiv., 234-9. C,H,O,SN requires N, 
596%; equiv., 235-0). 

4-Sulpho-3-methoxybenzoic Acid (I).—The sulpho-m-hydroxy- 
benzoic acid (22 g. in 50 c.c. of water) was neutralised and treated 
alternately with 25° potassium hydroxide solution (500 c.c.) and 
methyl sulphate (80 c.c.) until the violet fluorescence disappeared ; 
the mixture was then heated with potassium hydroxide in excess 
to hydrolyse the ester formed, neutralised with sulphuric acid, con- 
centrated, and cooled. The filtered solution, when acidified with 
hydrochloric acid, gave potassium hydrogen sulpho-m-methoxy- 
benzoate in rhombic plates, which were washed and recrystallised 
from water for analysis (yield, 23 g.) (Found for the hydrated 
salt: K, 13-5; H,O, 6-5; equiv., 286-8, 288-2. C,H,O,SK,H,0 
requires K, 13-6; H,O, 63%; equiv., 288-1. Found for the 
anhydrous salt: K, 14-4. C,H,O,SK requires K, 144%). 

The sodium hydrogen salt, prepared by using sodium hydroxide, 
presented much difficulty in its separation, as it carried sodium 
chloride along with it and was not easily isolated by filtration. 
For analysis it was recrystallised several times from water, separating 
as a glossy microcrystalline mass (Found for the anhydrous salt: 
Na, 8-9. C,H,O,SNa requires Na, 9-05%). 

The barium salt : The above acid potassium salt was neutralised 
with ammonia, and the neutral solution treated with barium acetate 
solution. The precipitated barium salt, crystallised from water, 
formed transparent beady crystals containing 4H,O, of which 3H,0 
were easily removed at 120° (Found: Ba, 31-1; loss at 120°, 13-4. 
C,H,O,SBa,4H,0 requires Ba, 31-3; 3H,O, 12-3%). 

The barium salt, dissolved in water, was treated with the equiv- 
alent amount of sulphuric acid, and the filtered solution concentrated 
to a small bulk; 4-sulpho-3-methoxybenzoic acid crystallised in long 
shining plates containing 2H,O, m. p. 228° (Found: §, 11-85; 
equiv., 133-5. C,H,0,8,2H,O requires 8, 11-99%; equiv., 134). 

Fusion of 4-Sulpho-3-hydroxybenzoic Acid with Alkali.—Finely 
powdered acid potassium or sodium sulpho-m-hydroxybenzoate 
(7 g.) was added to fused potassium hydroxide or sodium hydroxide 
(22 g.) in a nickel crucible at 220° and the mass was well stirred. 
When the temperature was raised gradually, considerable frothing 
was observed; at 300° the mass became a clear liquid, which was 
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further heated at 310° for 4 hour. The fused mass was dissolved 
in water and neutralised with sulphuric acid, and the filtered solution 
acidified and extracted with ether. The extract on evaporation 
left a residue which crystallised from water in needles (3 g.), m. p. 
199° (Found: equiv., 153-8. Cale. for C,H,O,: equiv., 154). 
The acid gave all the characteristic reactions of protocatechuic 
acid, showed no depression in melting point in admixture with this 
acid, and gave veratric acid, m. p. 181°, on methylation. It formed 
a diacetyl derivative, m. p. 152° (compare Herzig, Monatsh., 1885, 
6, 872). 

Fusion of 4-Sulpho-3-methoxybenzoic Acid with Alkali—Acid 
potassium 4-sulpho-3-methoxybenzoate (15 g.) was similarly fused 
at 310°, and the fused mass examined as described above. The 
ethereal extract gave a product, m. p. 199°, identical with proto- 
catechuic acid (yield, 6 g.). 

In other fusions the temperature was maintained at 270° and 
280°, and the mass examined. The neutral solution after con- 
centration was acidified with hydrochloric acid; acid potassium 
sulpho-m-hydroxybenzoate then crystallised in prismatic plates, 
showing in alkaline solutions the violet fluorescence of sulpho-m- 
hydroxybenzoic acid (Found: K, 14:2; H,O, 6-5%; equiv., 274-0). 
The acid mother-liquor on extraction with ether gave some proto- 
eatechuic acid, which showed that in the fusion of sulpho-m- 
methoxybenzoic acid with alkali demethylation preceded the 
replacement of the sulpho-group by hydroxyl. 

4-Chlorosulphonyl-3-methoxybenzoyl Chloride.—The anhydrous acid 
potassium salt of 4-sulpho-3-methoxybenzoic acid (I) (15 g.) was 
triturated with phosphorus pentachloride (35 g.) and heated on a 
water-bath for 5 hours. The mixture became syrupy and hydrogen 
chloride was copiously evolved. The mixture was poured into 
ice-water and the insoluble portion was washed and dried (yield, 
14 g.). The substance gradually changed in cold water, and in 
boiling water was readily hydrolysed to 4-sulpho-3-methoxybenzoic 
acid. It dissolved freely in benzene and toluene and moderately 
readily in carbon tetrachloride. 4-Chlorosulphonyl-3-methoxybenzoyl 
chloride separated in rectangular plates, m. p. 87° (Found: §, 
11-8; Cl, 26-15. C,H,O,CI,S requires 8S, 11-9; Cl, 26-4%). 

4-Chlorosulphonyl-3-methoxybenzoic Acid.—Finely powdered 4- 
chlorosulphonyl-3-methoxybenzoyl chloride (8 g.) was shaken with 
cold water (800 c.c.), the course of the hydrolysis being followed by 
the rise observed in the melting point of the product. After 8 days, 
the residue, which consisted solely of 4-chlorosulphonyl-3-methoxy- 
benzoic acid, m. p. 214°, was collected, washed, and dried (yield, 
5 g.). The substance, which was sparingly soluble in all organic 
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solvents, crystallised from toluene in small plates [Found : 8, 12-7; 
Cl, 14:1; equiv. (excess of NaOH solution and back-titration), 
83-0. C,H,0,CIS requires S, 12-8; Cl, 14:2%; equiv. (if SO,Cl 
becomes —SO,H and HCl), 83-5]. 

4.Sulphonamido-3-methoxybenzamide was obtained in quantitative 
yield by heating finely powdered 4-chlorosulphonyl-3-methoxy. 
benzoyl chloride (5 g.) with ammonia (d 0-88; 50 c.c.) until the 
excess of ammonia was expelled. It crystallised from water in fine 
needles or plates, m. p. 255° (Found : 8, 13-8; N, 12-2. C,H,,0,N,8 
requires 8, 13-9; N, 12-2%). 

4-Sulphonamido-3-methoxybenzoic Acid (II).—(1) 4-Chlorosulph. 
onyl-3-methoxybenzoic acid (3 g.) was dissolved in concentrated 
aqueous ammonia (30 c.c.), and the excess of ammonia expelled by 
boiling. The solution on acidification gave 2-9 g. of 4-sulphonamido. 
3-methoxybenzoic acid (II), m. p. 290° (decomp.). 

(2) 4-Sulphonamido-3-methoxybenzamide (2 g.) was boiled under 
reflux with concentrated hydrochloric acid (20 c.c.) for 24 hours 
and the solid product after cooling was collected, washed, and dried 
(yield, 2 g.). It had m. p. 290° (decomp.) and was identical with 
that obtained in (1). 

(3) Another method of preparation is described on p. 1300. 

The sulphonamido-3-methoxybenzoic acid was readily soluble in 
methyl alcohol, ethyl alcohol and acetone, moderately readily 
soluble in hot water, and almost insoluble in benzene and toluene. 
It crystallised from 50% alcohol in small rhombic plates [Found: 
S, 13-8; N, 6-1; equiv. (excess of NaOH solution and _ back- 
titration), 115-2. C,H,O;NS requires 8S, 13-85; N, 6-1%; equiv. 
(if SO,“-NH, becomes SO,H and NH), 115-5]. 

4-Thiol-3-methoxybenzoic Acid (monothiovanillic acid).—4-Chloro- 
sulphonyl-3-methoxybenzoic acid (5 g.) was treated with tin (15 g,) 
and hydrochloric acid (40 c.c.) in the cold. After 2 hours the mix 
ture was heated on a water-bath until the tin had dissolved. Excess 
of hydrochloric acid was then added and, after cooling, the solid, 
which floated on the surface, was collected, washed with dilute 
hydrochloric acid, dried (yield, 4 g.), and purified by repeated 
dissolution in sodium hydroxide and precipitation with hydrochlori¢ 
acid. The acid dissolved readily in almost all organic solvents 
but with difficulty in water. It separated from dilute alcohol in 
microcrystalline form, m. p. 180° (Found: 8, 17-3. C,H,08 
requires S, 17-4%). 

3-Methoxybenzoic Acid 4-Disulphide—4-Chlorosulphonyl-3-meth- 
oxybenzoie acid (1 g.) was dissolved in alcohol and reduced with 
zine dust (1-5 g.) and hydrochloric acid (10 c.c.) in the cold. After 
removal of the excess of zinc dust the clear liquid was treated with 
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solid ferric chloride in presence of hydrochloric acid and kept. for 
l hour. The disulphide, which separated on dilution with water, 
was washed, dissolved in aqueous sodium carbonate, and repre- 
cipitated with hydrochloric acid; it then crystallised from dilute 
alcohol as a fine white powder (0-9 g.), m. p. 270°, to a dark red 
liquid after softening at 250° [Found : equiv., 181-8. (C,H,O,).8, 
requires equiv., 183]. 

4-Methylthiol-3-methoxybenzoic acid (monothioveratric acid) was 
prepared from the thiol acid (3 g.), 25°, sodium hydroxide solution 
(40 c.c.), and methyl sulphate (6 c.c.) in the usual way. A sodium 
salt which separated in short silky needles redissolved on addition 
of water. The solution on acidification gave a flocculent mass, 
which crystallised readily from all organic solvents, except chloro- 
form and carbon tetrachloride, in lustrous needles (3 g.), m. p. 193° 
(Found: 8, 16-1; equiv., 197-8. C,H,,0,8 requires 8, 16-2%; 
equiv., 198-0). 

3-Methoxybenzoic Acid 4-Methylsulphone (V).—4-Methylthiol-3- 
methoxybenzoic acid (2 g.) was dissolved in aqueous sodium hydr- 
oxide and treated with 5° potassium permanganate solution on a 
boiling water-bath until the purple colour persisted. After addition 
of a little alcohol and filtration, the solution was concentrated to a 
small bulk and acidified; 3-methoxybenzoic acid 4-methylsulphone 
then separated in well-defined plates (1-9 g.), m. p. 227°, which 
were recrystallised from dilute alcohol (Found: 8, 13-9; equiv., 
230-1. C,H,,0,S requires 8, 13-9%; equiv., 230-0). The sulphone 
is readily soluble in alcohol and acetone, moderately easily soluble 
in hot water, and almost insoluble in benzene, toluene, chloroform, 
and carbon tetrachloride. 

[With Mr. C. T. Buarr.] 3-Methoxytoluene-4-sulphinic Acid (III) 
and 3-Methoxytoluene-4-sulphonic Acid.—These were prepared by 
following the experimental work of Haworth and Lapworth (loc. 
cit.). m-Cresol was nitrated by Staedel’s method (Annalen, 1883, 
217, 49; 1890, 259, 208) and 4-nitro-m-cresol, m. p. 56°, was 
separated from its 6-isomeride by distillation with steam. 4-Nitro- 
m-cresol thus obtained was dissolved in xylene, treated with potass- 
ium carbonate and methyl sulphate and converted into 4-nitro-3- 
methoxytoluene (m. p. 61°) by heating under reflux for 20 hours. 
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The methyl ether on reduction with stannous chloride and hydro- 
chlorie acid produced 4-amino-3-methoxytoluene, which was dis- 
tilled with steam, diazotised, and treated with sulphur dioxide in 
presence of finely divided copper, all the necessary precautions 
ggested by Haworth and Lapworth in the conversion of diazo- 
bi into sulphinic acid being taken. 
3-Methoxytoluene-4-sulphinic acid (III), which crystallised in 
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long needles, m. p. 111°, was digested with barium carbonate, and 
its barium salt oxidised with 1% barium permanganate solution. 
The barium 3-methoxytoluene-4-sulphonate which was thus held 
in solution was recovered and treated with the equivalent of potass. 
ium carbonate to give the corresponding potassium salt. The 
anhydrous potassium salt when digested with phosphorus penta. 
chloride gave 3-methoxytoluene-4-sulphonyl chloride, m. p. 79, 
which on treatment with ammonia produced 3-methoxytoluene-4. 
sulphonamide (IV), m. p. 169°. Haworth and Lapworth give 79 
and 168° respectively. 

4-Sulpho-3-methoxybenzoic Acid (1) from 3-Methoxytoluene-. 
sulphinic Acid (III).—The above potassium 3-methoxytoluene-4 
sulphonate, prepared from 3-methoxytoluene-4-sulphinic acid (II) 
(5 g.), was oxidised with 5% permanganate solution. After the 
manganese dioxide had been removed, the filtrate was concentrated 
and acidified with hydrochloric acid; the characteristic acid potas. 
ium 4-sulpho-3-methoxybenzoate, then obtained in well-shaped 
rhombic plates (3 g.), was recrystallised from water (Found: K, 
13-5; H,O, 635%; equiv., 287-5). This salt was successively 
converted into 4-chlorosulphonyl-3-methoxybenzoyl chloride, m. p. 
87°, 4-chlorosulphonyl-3-methoxybenzoic acid, m. p. 214°, 4-sulphon. 
amido-3-methoxybenzamide, m. p. 255°, and 4-sulphonamido-3- 
methoxybenzoic acid, m. p. 290° (decomp.), which were identical 
with those prepared from sulpho-m-hydroxybenzoic acid methyl 
ether (I). 

4-Sulphonamido-3-methoxybenzoic Acid (Il) from 3-Methory- 
toluene-4-sulphonamide (IV).—3-Methoxytoluene -4- sulphonamide 
(IV) (2 g.) was oxidised with 5% potassium permanganate solution 
and the filtered liquid was concentrated and acidified with hydro 
chloric acid. 4-Sulphonamido-3-methoxybenzoic acid crystallise 
in small rhombic plates (1-8 g.) which, alone or mixed with specimen 
obtained by the two methods already described, melted and deco: 
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posed at 290° (Found : equiv., 115-4). 
4-Thiol -3 -methoxytoluene.—3-Methoxytoluene -4-sulphinic acil 
(III) (5 g.) was reduced with tin (15 g.) and hydrochloric acid (4 
c.c.) by the method described on p. 1298. 4-Thiol-3-methoxytoluem 
isolated by steam-distillation and extraction with ether, wWé 
obtained as a colourless oil (4 g.), b. p. 254°, readily soluble in organi 
solvents (Found: §S, 20-7. C,H,OS requires S, 20-8%). I 
alcoholic solution it gave with mercuric chloride a white mercaptit? 
and with lead acetate a canary-yellow mercaptide [Found : Pb, 40! 
(C,H,OS),Pb requires Pb, 40-4%]. The benzoyl derivative, pr 
pared by shaking an alkaline solution of 4-thiol-3-methoxytolueH 
with benzoyl chloride, crystallised from dilute methyl alcohol # 
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thin plates, m. p. 76°. The disulphide separated readily when a 
solution of iodine in potassium iodide was added to a solution of 
the mercaptan in sodium hydroxide; it crystallised from methyl 
alcohol in prismatic plates, m. p. 83°. 

4-Methylthiol-3-methoxytoluene.—The above mercaptan (3 g.), 
dissolved in 25% sodium hydroxide solution (30 c.c.), was heated 
with methyl sulphate (6 c.c.) on a water-bath for 2 hours. The 
methylthiol, which separated as an oil and was extracted with ether, 
had an aromatic odour and boiled at 269—270° (yield, 3 g.) (Found : 
8, 19-0. C,H,,OS requires S, 19-0%). When oxidised with hot 
alkaline 5°, potassium permanganate solution, it was converted into 
3-methoxybenzoic acid 4-methylsulphone, which, alone or mixed 
with the specimen described above, melted at 227° (Found: §, 
13-89%; equiv., 229-6). 

THE MADHAVLAL RANCHHODLAL SCIENCE INSTITUTE, 

GusJaRAtT COLLEGE, AHMEDABAD.  [Received, December 23rd, 1929.] 





CLXV.—The Action of Substituted Aromatic Amines 
on Camphoric Anhydride. Hydroxy-, Methoxy-, 
and Ethoxy-camphoranilic Acids and Camphoro- 
methoxy- and -ethoxy-phenylimides. 

By Manan Srncu and Ram SINGH. 

THE work on the effect of the substituents on the rotatory powers 

of substituted camphoranilic acids and camphorophenylimides 

(J., 1925, 127, 1966; 1927, 1944; 1928, 2410) has been extended 

to include 2’- and 4’-hydroxy-, -methoxy-, and -ethoxy-camphor- 

anilic acids and the corresponding phenylimides. 
Table I records the values of [M], for the 2’- and the 4’- substituted 
camphoranilic acids in the four solvents formulated. In every case 


TABLE I. 

2’-Substituent. MeOH. EtOH. Me,CO. MeEtCoO. 
th AS a ie a —37° —47° — 45° — 53° 
ME a ocncdbbbbevbosssdek +30 +28 —16 —10 
el ean va RR — 50 — 62 — 90 —89 

4’-Substituent. 
acpi saslinceclimat + 246° + 266° +154° + 203° 
Rh citadkccscursssikenes +163 +152 +122 + 99 
SRT aa +180 +154 +116 +104 


the 4’-substituted compound exceeds the 2’- in molecular rotatory 
power. The relative influence of the substituents on the rotatory 
power is in the order OEt > OH > OMe for the 2’- and OH > 
OEt > OMe for the 4’-substituted acids. Methoxyl, which in the 
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2’-position produces an exceptionally large depression (compare 
Bretscher, Rule, and Spence, J., 1928, 1493), stands at one end of 
the polar series, carboxyl being at the other. Ethoxyl, instead of 
occupying a position near methoxyl, follows iodine in the polar 
series; this position is also indicated by the values of the acid/ 
imide ratio (see J., 1928, 2411) for the phenetidines (see below). 

The rotatory powers of cyclic compounds are generally greater 
than those of the corresponding open-chain derivatives, but the 
camphoranilic acids and the camphorophenylimides are exceptions 
to the rule (Wootton, J., 1910, 97, 405; see also Singh and Puri, 
J., 1926, 504). Wootton has cited the cases of «-naphthyl and 
o-bromophenyl derivatives of camphoranilic acid, where the mole. 
cular rotatory powers of the imides are greater than those of the 
corresponding acids. It has, however, been shown (Singh, Ahuja, 
and Lal, J., 1928, 2410) that the o-bromo-acid prepared by Wootton 
was impure and that the pure acid has [M], = — 61° (in acetone) 
and not — 41°. Examples are now given in camphoro-o-methoxy- 
phenylimide and camphoro-o-ethoxyphenylimide (in methyl alcohol 
and in ethyl alcohol) which have greater rotatory powers than the 
corresponding acids. 


EXPERIMENTAL. 


Camphoric anhydride was condensed with the hydroxy-, methoxy., 
and ethoxy-anilines by the general method (J., 1928, 2410). The 
condensations were carried out at different temperatures to ascertain 
the effect of temperature on the acid/imide ratio. 

2’-Hydroxycamphoranilic Acid.—The condensation product, 
which had a repulsive odour, was dissolved in alcohol, water was 
added, and the precipitated oil was removed and extracted with 
dilute sodium bicarbonate solution. The reddish-brown extract 
on acidification with dilute acetic acid gave the camphoranilic 
acid as a gummy mass. A solution of this in aqueous ammonia 
was boiled with animal charcoal and filtered, and the acid repre- 
cipitated. 2’-Hydroxycamphoranilic acid finally separated from an 
alcoholic solution (charcoal), after addition of a little water, in 
minute prisms, m. p. 183° after shrinking at 159° (Found: N, 4%. 
C,,H,,0,N requires N, 4-8%). 

4’-Hydroxycamphoranilic acid crystallised from dilute alcohol in 
deep violet prisms, which gave a light grey mass when powdered; 
m. p. 241—242° (Wootton, loc. cit., gives m. p. 239°) (Found: J, 
4:9. Calc.: N, 48%). 

2’-Methoxycamphoranilic Acid and Camphoro-o-methoxyphenyl- 
imide.—The condensation was carried out at 125°, at 140°, and at 
150° : the yield of imide was 38—40% at 150°. 
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The acid crystallised from dilute alcohol in small plates, 
m. p. 152° after shrinking at 141° (Found : N, 4:8; equiv., 309. 
C,;H,,0,N requires N, 4-6% ; equiv., 305). The imide crystallised in 
needles, m. p. 136° (Found: N, 4-9. C,,H,,0,N requires N, 4:9%). 
The acid is more soluble than the imide in the usual organic solvents. 

4'-Methoxycamphoranilic acid formed colourless prismatic needles, 
m. p. 204° (Found : N, 4:7%; equiv., 303). 

Camphoro-p-methoxyphenylimide separated from alcohol in 
needles, m. p. 122—123° (Found: N, 50%). The following yields 
were obtained: at 120°, 0; at 140°, trace; at 150°, 33—34%; 
above 200°, 100%. 

2'-Ethoxycamphoranilic Acid and Camphoro-o-ethoxyphenylimide.— 
The acid crystallised in short prismatic needles, m. p. 146—147° 
(Found: N, 45; equiv., 319. C,gH,,0,N requires N, 4:4%; 
equiv., 319). 

The imide, obtained by heating the condensation mixture at 
220° for 14 hours or by Wootton’s method (loc. cit.), melted at 138° 
(Found: N, 4:7. C,,H,,O,N requires N, 465%). The yield of 
the imide was: at 125°,0; at 140°,0; at 150°, very small; above 
200°, 100%. 

4'-Ethoxycamphoranilic Acid and Camphoro-p-ethoxyphenylimide. 
—The acid crystallised in small thick prisms, m. p. 202—203° 
(Found: N, 45%; equiv., 316). 

The imide crystallised from alcohol in thin needles, m. p. 122° 
(Found: N, 4:7%). The yield was negligible at 125° and at 140° 
and 27°% at 150°. 

If anisidine and phenetidine compounds are heated tod rapidly 
in the combustion tube during analysis, methane is evolved (compare 
Forster, J., 1909, 95, 952). 

Taste II. 


Rotatory Powers of MHydroxy-, Methoxy-, and Ethoxy- 
camphoranilic Acids and of the Corresponding Imides (1 = 2). 


Camphoranilie Acids. 


Conc. Conc. Conc. 
(g./25 (g./25 (g./25 
Solvent. €.¢c.). [a]p. €.¢.). [a]p. c.c.). {a]p. 
; 2’-Hydroxy-. 4’-Hydroxy-. 2’-Methoxy-. 
Pe 0-1385 —12-6° 0-1242 +84-5° 0-2183 +9-7° 
IE catsapeantuviaun 0-1450 —16-2 0-1200 +91-6 0*2201 +9-0 
MOCO  .....00veeee 0:1427 —15-4 0-1251 +52-9 03268 —53 
MAEtOO .......c00es 0-1564 —18-5 0-1290 +69-8 0-4390 —3-1 
4’-Methoxy-. 2’-Ethoxy-. 4’-Ethoxy-. 
|) 0-2671 +533 0-4161 —15-6 0:2465 -+56-3 
pe lll 0:2570 +49-9 00-4220 —10-5 0-2504 +483 
MOCO ....cccesece 0-2491 +40-1 0-4498 —28-3 0-2559 +36-4 


MeEtCO .........4.- 0-2757 +32-7 0:4144 —28-0 0-2459 432-6 
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Camphorophenylimides. 


Cone. Conc. 
(g./25 c.c.). [a]p. [M]p. (g./25 c.c.). [a]p. [M]p. 
o-Methoxy-. p-Methoxy-. 
MeOH ... 02638 +17-1° 49° 0-2515 + 29-3° 84° 
EtOH ...... 0-2427 +14-9 43 0-3437 +21°8 63 
Me,CO ... 0:°2657 +14-1 40 0-2561 +17-0 49 
MeEtCO... 0:-2628 +153 44 0-2724 +11-9 34 
o-Ethoxy-. p-Ethoxy-. 
MeOH ... 01205 +38-1 115 0-2461 + 28-4 86 
EtOH ...... 0-1257 + 32-6 98 0-3429 +15-6 47 
Me,CO ... 060-1201 + 26-6 80 0-2461 +17-7 53 
MeEtCO... 0-1256 +25-4 77 0-2553 +13-0 39 


The readings were taken in a 2-dem. tube at 23° within 30 
minutes of making up the solution. There was no mutarotation. 


GOVERNMENT COLLEGE, PuNJAB UNIVERSITY, 
LAHORE (INDIA). [Received, December 16th, 1929.] 





CLXVI.—The Validity of the Interference Method for 
the Measurement of the Specific Area of a Copper 
Surface. 


By FREDERICK JAMES WILKINS. 


THe surfaces of all solids are rough, and possess irregularities of 
both microscopic and macroscopic dimensions: even optically 
plane surfaces probably contain roughnesses of a molecular order. 
In general, therefore, the specific area of a surface will be very 
different from its apparent area. Of the methods proposed for the 
measurement of the specific area, those due to Bowden and Rideal 
(Proc. Roy. Soc., 1928, A, 120, 80), Constable (ibid., 1927, A, 115, 
570), and Wilkins (Nature, 1930, 125, 236) are particularly suitable 
for use with metals. Bowden and Rideal calculate the specific 
area from the amount of hydrogen which must be deposited upon 
an electrode in order to bring about a given change of potential, as 
compared with the amount required to bring about the same change 
of potential at a liquid mercury electrode. Wilkins has pointed 
out that the specific area may be measured if the vapour pressure 
and rate of vaporisation of the surface are known. Constable’s 
method is entirely different, however; having shown that the colour 
of the oxide film formed on metals, such as nickel, copper, and iron, 
is due to interference and is consequently determined uniquely by 
its thickness, he calculates the volume of a film from its weight and 
the density of the oxide, and combines this with its thickness, as 
determined by its colour, to estimate the specific area of the surface. 
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It is difficult to compare results obtained by these three methods. 
Bowden and Rideal measure the area accessible to hydrated hydrogen 
ions, and Wilkins measures that accessible to condensing atoms of the 
vaporising solid ; thus these two methods should give similar results, 
and although the experimental evidence to which the latter method 
can be applied is at present scanty, yet the respective results are 
not contradictory. ‘The relation between the results obtained by 
these methods and that of Constable is much more complex. In the 
particular case of an activated nickel surface, the results obtained 
by Constable and by Bowden and Rideal are widely different. The 
former (Proc. Roy. Soc., 1928, A, 119, 196) finds that the ratio (A) 
of the specific to the apparent area is 1-3—4-5, depending upon the 
degree of activation of the surface, while the other workers obtain 
the much higher value of 46 for a recently activated surface, and 29 
for the same surface after it has been allowed to “age.” Bowden 
(Nature, 1928, 122, 647), discussing the difference between these 
figures, has pointed out that the interference method is unable to 
take account of irregularities which are of an order less than 10 cm. 
It would appear, therefore, that these minute irregularities are able 
to increase the specific area by a factor of at least 10. 

During the course of a study of the kinetics of the oxidation of 
copper, an opportunity arose for the application of the interference 
method to this metal. Constable, while providing the necessary 
optical data for this case, has studied only nickel in detail. It is 
clearly important that the values of A obtained for nickel should be 
confirmed (as far as order of magnitude is concerned) by experiments 
on another metal, so that the reality of the ten-fold factor‘may be 


substantiated. 
EXPERIMENTAL. 


The copper was used as pieces (1 sq. dm. in area) of pure electrolytic 
foil which had been carefully cleaned by abrasion first with emery 
paper of gradually increasing fineness and finally with Hubert 000. 
It was further cleaned by rubbing with cotton-wool dipped in 
alcohol and then with dry grease-free cotton-wool. The oxidations 
were carried out by heating either in air or in a closed system of 
known volume containing pure oxygen. In the first case, the 
amount of oxide formed was determined by weighing the copper 
before and after oxidation on a Sartorius microbalance; in the 
second, the weight of oxide was determined from the fall of pressure 
inthe system. The pressures were determined accurately by measur- 
ing the movement of a mercury column with a travelling microscope. 
Activation of the copper was brought about by reduction with 
hydrogen. A detailed account of the experimental technique will 
appear in a forthcoming paper. 
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Results. whi 


’ (1) Values of A for Copper Surfaces which have not been activated.— of g 
The first series of experiments refers to the oxidation of copper foil 
at 183°. The results are shown in Table I in the order of increasing 
film thickness. In all the tables, weights of oxide are given as 
mg. persq.dm. The figures of column 2 were determined from the 
colour of the oxide film, Constable’s data being used to correlate J y, 
this with the thickness (see Proc. Roy. Soc., 1928, A, 119, 196), 


at le 


Taste I. TaBLeE II. 

Wt. of Wt.ofoxide, Ratio, Temp. of Wt. of Wt.ofoxide, Ratio, 

oxide. from colour. A. oxidation. oxide. from colour. A, 
2-22 5-01 0-443 125° 0-843 2-47 0-341 E 
2-54 5-18 0-490 150 1-73 2-82 0-614 x 
3-64 5-76 0-632 175 3°37 5-41 0-623 oxidi 
3-82 5-88 0-65 200 5-68 7-41 0-767 ives 
4-56 7-23 0-63 gl 


obtai 

All the experiments give anomalous values of A,a value of less than | exper 
unity being physically impossible, since it suggests that the specific } actiy; 
area is less than the apparent area. Expt: 

In order to confirm the result, Vernon’s data (J., 1926, 2273) exper: 
were used for the calculation of A (see Table II). The figures of } js the 
Tables I and II are in complete agreement, showing that over the | ation, 
experimental range A is always less than unity, and increases as the } low te 
temperature of oxidation and the thickness of the oxide film increase. } in ares 
The thickness of the surface film containing oxide does not, therefore, f of an j 
determine uniquely the colour of the film. In an attempt to obtain Subsec 
further information, a few determinations of A were made with} 5 and 
activated copper surfaces, for all Constable’s work has been carried experir 
out on activated metaliic surfaces. 

(2) Values of A for Activated Copper Surfaces.—The first experi- 
ments were made with a sample of copper which had been oxidisei] The 
and reduced many times until it had reached a state of maximu® | copper 





activation. The results were : which a 
Temp. of oxidation ..........+. 183° 305° oxide fi. 
WH Os OE GED Sesicconscccocccseces 3-61 5-00 are gree 
pe >from colour .,.... 2-24 2-53 the te 
i csp patabaaneeunueenementiantees 1-62 1-98 a 
activati 


The change in the value of A given by the experiment at 305°8) 7), ; 
particularly interesting. The reduction after the first experimetl feta), . 
was carried out at 183°. Since the subsequent oxidation at 30547 j995 
required only a few minutes, the deactivation accompanying it mus Ind,, 19: 
have been slight. ‘The increase in A is therefore to be attribute lati, ae 






3 


solely to the increase in the temperature of oxidation. Thi fof oxiga 
phenomenon was confirmed in a second series of experiments Jit jg equ 
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Bit is equal to the quantity of oxide given by the colour of the film. 
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which A was determined for a specimen of copper during a period 
of gradually increasing activation (see Table III). The value of A 
seems to be dependent chiefly upon the temperature of oxidation— 
at least, to such an extent as to mask any changes due to activation. 


Tas_e III, 
Temp. of No.ofoxidns. Wt.of Wt. of oxide, 
No. of expt. oxidn. after reduction. oxide. from colour. y F 
1 305° 2 5°79 2-71 2°14 
2 305 3 5-39 2-53 2-13 
3 183 4 4:92 3-44 1-43 
4 183 6 4-01 2-94 1-37 
5 183 20 4°35 2-53 1-72 
6 183 21 4-47 2-53 1-76 


Expt. 1 was carried out on a piece of copper which had been already 
oxidised once and reduced at 305°. The activation of the surface 
gives a value of A greater than unity and of the order of those 
obtained by Constable in his work. The oxide film formed in this 
experiment was reduced at 305°. Notwithstanding the increase of 
activation (as measured by the increased rate of oxidation) between 
Expts 1. and 2, any change in the value of A was smaller than the 
experimental error, which is about 0-1 unit. Even more striking 
is the value of the ratio obtained from Expt. 3. Before this oxid- 
ation, the oxide film had been reduced at 183°, and reduction at this 
low temperature should be accompanied by a considerable increase 
in area owing to the decrease in the sintering of the surface. Instead 
of an increase in A, however, an unexpected decrease was obtained. 
Subsequent activation at 183° gave at the terminal state (see Expts. 
5 and 6) values in reasonable agreement with that of the first 
experiment in the previous series (p. 1306). 


Discussion. 


The experimental results may be summarised by saying that 
copper which has not been activated gives anomalous values for A, 
which are dependent upon the temperature and the thickness of the 
oxide film ; further, while the values of A given by activated copper 
are greater than unity, they are also very largely dependent upon 
the temperature of heating, and are scarcely affected by the 
activation of the surface. 

The interference theory of the colours of thin films of oxide on 
metals seems to be well established qualitatively (see, e.g., Evans, 
J., 1925, 127, 2484; Proc. Roy. Soc., 1925, A, 107, 228; Chem. and 
Ind., 1926, 45, 213). Constable’s work provides the chief quantit- 
ative evidence in its favour, in that he has shown that if the quantity 
of oxide determined directly is corrected by an area factor (A>1) 
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This work has shown, however, that in the case of copper, the nature 
of the correcting factor A is not so simple as Constable has supposed. 
In order to interpret the anomalies two courses are open, viz., (a) to 
reject the interference theory as an explanation of the colours; 
(6) to amend the calculations of Constable. In view of the qualitative 
evidence in favour of the interference theory, the second course 
would seem to be the more hopeful. 

Experiments on the kinetics of the low-temperature oxidation of 
copper (shortly to be published; compare also Wilkins, Z. Elektro. 
chem., 1929, 35, 500) have shown that oxygen diffuses through the 
oxide film to the underlying copper along the grain boundaries of 
the oxide. The oxidation of copper appears, therefore, to proceed 
grain by grain; and it is to be expected, in consequence of this 
granular oxidation, that the oxide film will contain appreciable 
quantities of unchanged copper. Further, one would expect the 
proportion of unchanged copper in the film to be the greater th 
larger the grain size of the copper and the thinner the film. Direet 
experimental evidence demonstrating the existence of this un- 
changed copper has been recently obtained by Evans and Stockdale 
(J., 1929, 2651), who heated a square sheet of copper along one 
edge, obtaining a film of oxide of thickness gradually decreasing as 
the distance from the hot edge is increased. They found that the 
thin oxide films formed at the low-temperature points contained 
“much residual metallic copper”; the proportion of metallic 
copper to oxide gradually diminished as the high-temperature edge 
was approached. 

An explanation of the experimental results is now possible on the 
basis that the colour of the oxide films is an interference phenomenon. 
Copper which has not been activated is made up of large grains. 
The film which gives rise to the colour will not, therefore, be pur 
oxide, but will contain large amounts of unchanged metal. The 
volume of the film as calculated by Constable’s method will con- 
sequently be much too great, and values of A will be obtained whieh 
are less than unity. The gradual increase in A with increasing film 
thickness is in perfect agreement with this interpretation. 

Activated copper, on the other hand, has a much smaller grai 
size, and the oxide films formed by it will contain less uncha 
copper. Further, the proportion of unchanged copper will, # 
before, be smaller the higher the temperature. 

We therefore conclude that, as far as copper is concerned, Cot 
stable’s interference method possesses very narrow limitations; 
for it is clear that, if results of accuracy are to be obtained, om 
must determine the optical properties and the density of each 
film. 
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This restriction will not apply to nickel, for Evans and Stockdale 
(loc. cit.) have shown that its oxide films are remarkably free from 
metallic occlusions. The values of A for this metal determined by 
the interference method are trustworthy, Further, although the 
values of A found in this work for activated copper are not a true 
indication of the specific area, they are of such a nature that they 
may be said to confirm, as far as order of magnitude is concerned, the 
results of Constable for activated nickel. The remarkable increase 
of A when determined with the hydrogen-ion method is therefore 
real; and the irregularities of dimensions less than 10° cm. would 
appear to increase the specific area by as much as ten times. 


Summary. 
It is shown that, when Constable’s interference method for the 


measurement of the specific area of a surface is applied to oxide 
films formed on copper which has not been activated, the values 


“Obtained for the ratio (A) of the specific to the apparent area are 


anomalous in that they are always less than unity. Further, A is 
not a constant for a given surface but increases with the thickness 
of the oxide film and the temperature of oxidation. Activation of 
the copper surface by oxidation and reduction gives values of A 
which are greater than unity but are still dependent upon the 
temperature of oxidation. The interference method, therefore, 
does not give trustworthy values for the specific area when applied 
to the measurement of copper surfaces. 

It is suggested that these results may be explained by assuming 
that the oxide film contains unchanged metallic occlusions, the 
proportion of unchanged metal to oxide varying with the conditions 
and extent of oxidation. Experimental evidence is cited in favour 
of this interpretation. 


My thanks are due to Dr. W. H. Mills for the use of his micro- 
balance, and to the British Non-Ferrous Metals Research Association 
for a grant. I should, further, like to express my indebtedness to 
Dr. E. K. Rideal for his constant interest and advice during the 
progress of this research. 
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CLXVII.—The Lower Trialkyl Orthophosphates. 
Part I. 


By Davip Pate Evans, WALTER CuLE Davisgs, and WILLIAM 
JACOB JONES. 


AutrHouGH fairly complete information respecting some of the 
physical properties of trimethyl and triethyl orthophosphates is 
available, little is known concerning those of the other lower alkyl 
orthophosphates. Boiling points and densities of tri-n-propyl, 
tritsopropyl, and tritsobutyl phosphates have been recorded, but 
tri-n-butyl and tri-n-amyl orthophosphates have not hitherto been 
prepared. The preparation and properties of several phosphoric 
esters have been recently described by Plimmer and Burch (J., 
1929, 279, 292). The present series of investigations is confined to 
the determination of certain physical constants of the lower trialkyl 
phosphates from methyl to amyl. In view of the paucity and the 
conflicting character of the results hitherto recorded concerning the 
physical properties of the phosphoric esters, it was considered 
advisable to carry out new measurements. 


EXPERIMENTAL. 


The phosphates were prepared by the action of phosphorus 
oxychloride on the sodium alkoxides. For instance, in the prepar- 
ation of tri-n-butyl orthophosphate, sodium n-butoxide was first made 
by adding gradually 46 g. of sodium to 600 c.c.of n-butyl alcohol and 
then distilling off the excess of alcohol under reduced pressure. 
To the butoxide, 200 c.c. of dry ether were added, and 60 c.c. of 
phosphorus oxychloride in 100 c.c. of ether were run in with ice- 
cooling. The mixture was then boiled gently for an hour, water 
added, and the ethereal layer separated and dried over anhydrous 
sodium sulphate. The ether having been expelled, the residual 
liquid was distilled under 50 mm. pressure, 70 g. of ester being thus 
obtained. It was purified by several redistillations [Found: 
P, 11-9. (C,H,)s,PO, requires P, 11:7%]. Tri-n-amyl ortho 
phosphate was prepared in a similar way [Found: P, 104. 
(C;H,,)3PO, requires P, 10-1%]. 

The determination of phosphorus in these esters -was effected 
gravimetrically by oxidation with a mixture of concentrated nitri¢ 
and sulphuric acids, neutralisation with ammonia, and precipitation 
with ammonium molybdate. 

On being distilled, even under 5 mm. pressure in the absence of 
air, tri-8-methylbutyl, tri-y-methylbutyl, and tri-n-hexyl ortho- 
phosphates decomposed, whilst the tri-n-amyl ester gave distinct 
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indications of decomposition on being distilled under 150 mm., and, 
similarly, tri-n-butyl phosphate under 760 mm. 

The lower trialkyl orthophosphates, with the exception of the 
methyl and ethyl members, are incompletely miscible with water at 
the ordinary temperature, but they mix in all proportions with 
alcohol, ether, or benzene. The methyl ester possesses a buttery 
smell, the ethyl a sharp apple-like one, whilst the propyl, butyl, and 
amyl esters have musty, but pleasant, odours. The n-butyl and 
n-amyl phosphates were very slightly yellowish, the colour apparently 
indicating incipient decomposition. 

The boiling points under 50 mm., 100 mm., and 150 mm. were 
determined in an apparatus which permitted of the constant main- 
tenance of any low pressure by means of a controllable air-leak into a 
reservoir in conjunction with a “ Hyvac” air-pump. Thermo- 
meters and barometers standardised at the National Physical 
Laboratory were employed, and all necessary corrections were 
applied. In the determinations of density, weighings were corrected 
for displacement of air. The coefficients of thermal expansion, «, 
have been calculated by means of the formula, 


a = (d3° — dit’) /(40d2" — 25d2"). 


TABLE I. 


Boiling Points, Densities, and Coefficients of Thermal Expansion of 
Trialkyl Orthophosphates. 


Phos- B.p. under given pressure (mm.Hg). 

phate. 10 50 100 150 760 dP. df. ax 105, 
Methyl 73° 110° 328° 142°. 106° 1-2052 1-1872° 104 
Ethyl 90 128 148 159 §=215 1-0637 1-0490 96 
n-Propyl 121 161 180 193 252 1-0023 0-9884 96 
n-Butyl 150 196 211 227 289 0-9727 0-9596 93 
isoButyl 138 177 196 209 264 0-9617 0-9483 96 
n-Amyl — 225 — — — 0-9497 0-9373 90 


When plotted against temperature, the present values of the 
density of the methyl ester agree with those of Weger (Annalen, 
1883, 221, 89) at 0° and of Cavalier (Bull. Soc. chim., 1898, 19, 887 ; 
Ann. Chim. Phys., 1899, 18, 460) at 15°, but not with the values 
given by Arbusov (J. Russ. Phys. Chem. Soc., 1907, 38, 161) and by 
Drushel (Amer. J. Sci., 1915, 40, 643). Similarly, in the case of the 
ethyl ester the present values are in fair agreement with those given 
by Zecchini (Gazzetta, 1894, 24, 34) for 28-1°, by Arbusov for 19°, by 
Arbusov and Ivanov (J. Russ. Phys. Chem. Soc., 1915, 47, 2015) for 
20°, and by Sugden, Reed, and Wilkins (J., 1925, 127, 1538) for 
15° and 38°, but not with those of Cavalier and of Limpricht 
(Annalen, 1865, 134, 347). The present results accord fairly well 
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with those of Arbusov and of Drushel for tri-n-propyl phosphate, 
and of Drushel for tritsobutyl phosphate at 22°. 

In the series of normal phosphates, the average increase in 
molecular volume from one member to its next homologue is 
17-4 c.c. per CH, group at 25°, and 17-7 c.c. at 40°. It is noteworthy 
that at 25° the average difference for a CH, group in the case of the 
lower fatty esters is also ca. 17-4 c.c., and at 40° ca. 17-5 c.c. 

Throughout the range of pressure, p, from 10 mm. to 760 mm., 
the value of the boiling point, ¢°, given by the following equations 
agrees within an average error of 0-6° with our direct observations : 


Methy] ester : 8-1440 — log,, p = 2468-4/(¢ + 273) 
Ethyl] ester : 8-3283 — logy, p = 2658-4/(é +- 273) 
n-Propylester: 98-5188 — logy, p = 2960-0/(t + 273) 
n-Buty]l ester : 8-5861 — logy, p = 3206-5/(¢ + 273) 


isoButy! ester : 8-9945 — log,, p = 3283-1/(¢ + 273) 


The boiling points under 10 mm. given in Table I have been 
calculated with these equations, and agree well with the direct 
measurements of Arbusov (Ber., 1905, 38, 1172) for trimethyl, 
tri-n-propy] and tritsobutyl phosphates under this pressure. Further, 
the data of Drushel for the last two esters at 15 mm., and of Sugden, 
Reed, and Wilkins for the triethyl compound at 25 mm., are con- 
firmed by the above equations, but all the boiling points given by 
Cavalier are too low. 

The corresponding values of the molar latent heat of vaporisation 
are as follows: Trimethyl phosphate, 11,300 cals.; triethyl, 
12,170 cals.; tri-n-propyl, 13,550 cals.; tri-n-butyl, 14,680 cals.; 
tritsobutyl, 15,030 cals. 

The refractive indices were measured with a Pulfrich refracto- 
meter, made by Wolz of Bonn,,and an Abbé refractometer, by Hilger 
of London. Both instruments were standardised by the use of 
water and of benzene. 


TaBLe IT. 
Refractive Indices of Trialkyl Orthophosphates. 
Phosphate. ne. ne. uit", 
WMNENDE * cEideviceeciseccteséctes 1-3990 1-3950 1-3934 
BUDE idiicds « eniets cb Tiki 000 bebe 1-4082 1-4039 1-4021 
SOT, <n eapepngesijesspengis 1-4182 1-4136 1-4118 
NIE avdenaesccodssmecseiees 1-4274 1-4224 1-4203 
CeO). ii. hii siG.... 1-4222 1-4173 1-4152 
UD 5 inno dentin seennsian ern’ 1-4332 1-4283 1-4262 


Previous investigators (Zecchini, loc. cit.; Arbusov and Ivanov, 
loc. cit.) have measured the refractive index of triethyl phosphate 
only; it is noteworthy that, on plotting their values for n, and the 
present one against temperature, the points obtained all lie on 4 
straightline. Further, the values of ns and mz, for triethyl phosphate 
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given by Arbusov and Ivanov agree excellently with those found in 
the present work. 

Owing to the circumstance that the values of the atomic refrac- 
tivities of oxygen bound to phosphorus are unknown, it is impossible 
to calculate the atomic refractivity of phosphorus from the values of 
the molecular refractivities of the phosphoric esters. If it could be 
assumed that oxygen in an alkyloxy-group possessed the same 
refractivity as in an ether, use could be made of Lorentz—Lorenz 
refractivities, e.g., those of Eisenlohr (Z. physikal. Chem., 1910, 75, 
585), to calculate the value of the refractivity of the orthophosphoryl 
group, OP:. However, it appears preferable to derive a value for 
the refractivity of the orthophosphoric group, OP(O-),, by deducting 
the values for carbon and hydrogen from the molecular refractivity 
of the ester. Values of the refractivity for this group so obtained 
are given in Table III, where they are denoted by the symbol [r;], 
values of molecular refractivity, (n? — 1)M/(n? + 2) d, being denoted 
by [R L ]. 


TaBLeE III. 
Molecular and Group Refractivities. 

Trialkyl 

phosphate. ([Rz]y. [Rz)p. [Rz]o- (rz). (rz]p- [rz]e. 
Methyl 28-119 27-869 27-769 10-770 10-715 10-702 
Ethyl 42-263 41-870 41-706 10-910 10-862 10-848 
n-Propyl 56-394 55-849 55-635 11-037 10-987 10-986 
n-Buty! 70-336 69-616 69-312 10-975 10-900 10-872 
isoButyl 70-383 69-666 69-358 11-022 10-950 10-918 
n-Amyl 84-401 83-567 83-209 11-036 10-997 10-978 


Mean for PQ, 10-958 10-902 10-884 


It is hoped that work, now in progress, on the optical properties 
of alkyl phosphites and of related compounds will help to elucidate 
the problem of the evaluation of the atomic refractivity of phosphorus 
when bound to oxygen. 


Tae Tatem LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. 
[Received, April 8th, 1930.] 





CLXVIII.—Studies in the Reactivity of Aromatic 
Hydroxyl Growps. Part I. 
By Harotp LLEWELYN BasseErr. 


Tuis work has been undertaken with a view to investigate the 
influences affecting the reactivity of hydroxyl groups in aromatic 
compounds. Many investigations with the same general object 
have been carried out, and those most closely connected with the 
work now described are the determinations of velocity coefficient 
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by Panoff (A., 1903, ii, 357) for the reaction between acetic anhydride 
and various phenols in benzene solution at 100°, and by Bernoulli 
and Goar (Helv. Chim. Acta, 1926, 9, 730) for the reaction between 
benzoyl chloride, or substituted benzoyl chlorides, and a number 
of phenols. 

In the present case the reaction between phenols and acety] 
bromide in ethyl acetate solution at 0° is used, and the half-periods 
of the reactions are obtained from a time-titration curve. The 
reciprocals of these half-periods are the comparative figures quoted. 

A previous attempt on similar lines, using ether as solvent, failed 
owing to the ether unexpectedly taking part in the reaction (Bassett 
and Taylor, J., 1929, 1568). 

The half-periods obtained for the compounds studied (in minutes) 
were as follows: Phenol, 14-5 (1); o-cresol, 25-25 (0-574); m-cresol, 
8-5 (1-71); p-cresol, 6-17 (2°35); thymol, 31 (0-468); carvacrol, 
20 (0-725). The reciprocals of these figures, against phenol as unity, 
are given in parentheses. Panoff, and Bernoulli and Goar (locc. cit.), 
obtained similar results in the reactions which they studied, except 
that they found m-cresol to react slightly more rapidly then p-cresol. 
In all cases they found ortho-substituted phenols to react slowly. 

The figures obtained in the present work do not depend upon the 
particular high concentrations chosen, since the ratio for phenol 
and thymol was found to be unchanged at half the concentration, 
although for some phenols the more dilute solution gives an incon- 
veniently slow reaction. 

While changes in the concentration of the phenol affect the rate 
of the reaction, material changes in the proportion of acetyl bromide 
(e.g., 0°75, 1, 1°25 equivs. per equiv. of phenol) have no effect. 
This suggests that the reaction measured is not the simple bi- 
molecular one, but that there is a preliminary rapid addition of the 
two reactants, followed by a slower unimolecular breakdown, which 
is the reaction actually measured. The point may be of importance, 
especially in connexion with the “ ortho effect.” 

The effect of adding a little water to the reacting mixture is 
interesting. The titrations fell as though no water were present, 
but before reaching the lowest point they began to rise again, finally 
reaching a point nearly equal to the initial titration. It is evident, 
therefore, that when only a little water is present the formation of 
phenyl acetate proceeds almost to completion and is followed by 4 
slower hydrolysis. This preferential reaction of acetyl bromide with 
phenol instead of with water is curious, since in the absence of 
phenol the reaction with water is very rapid. It may perhaps be 
connected with the above suggestion as to the rapid formation of al 
addition compound of phenol and acetyl bromide as the first stage 
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in the reaction. Such a course for the reaction had already been 
inferred from the work done with ethereal solutions (loc. cit.). 
It is proposed to carry out these determinations on a larger number 
of phenols, selected with a view to throw light on the problems 
involved. 

EXPERIMENTAL. 

The ethyl acetate was treated with acetyl chloride to remove 
final traces of alcohol, washed with sodium carbonate and water, 
dried, and distilled. The acetyl bromide was of A.R. quality, and 
was found to be of about 94°% purity, the remainder being acetic 
acid and hydrogen bromide. For the purpose of calculating 
equivalents, it was treated as the pure substance, since it was shown 
that comparatively large variations in the amount of acetyl bromide 
had no effect on the half-period of the reaction. The phenols used 
were carefully purified and dried. 

A determination was carried out by dissolving in ethyl acetate a 
weight of the phenol equivalent to 1 c.c. of acetyl bromide and making 
up the solution to 8c.c. To this solution 1 c.c. of acetyl bromide was 
added after both had been brought to 0°. The mixture was well 
shaken and quantities of 1 c.c. were withdrawn at suitable intervals 
(commencing at 1 min. from the time of mixing), added to about 
100 c.c. of water, and titrated with N/5-sodium hydroxide. The 
reaction was carried out in a small stoppered flask which was main- 
tained at 0° throughout with crushed ice. The small quantities 
of liquid used permitted of very efficient cooling, and the 1 c.c. of the 
mixture withdrawn for each titration dissolved quickly and almost 
completely in about 100 c.c. of water, thus permitting practically 
instantaneous quenching of the reaction. Frequent shaking of the 
flask was necessary in order to secure uniform results. The infinity 
reading was usually taken on the following day, and was shown to be 
unchanged in the course of a further 24 hours. It was found most 
satisfactory to derive the zero titration from that taken at one 
minute, and a typical example is given. The half-periods quoted 
are the means of two or three concordant determinations. 


Carvacrol. 


Titrations of 1 c.c. of the reaction mixture at stated intervals with 
0-1945N-sodium hydroxide. 


A) er a 1 4 7 10 +16 26 re) 
SRE Sree ian 15:3 14:5 13°95 13-35 12°55 11-55 8-65 
Zero titration derived from curve = 15°6 c.c. 
Half value = = 12-125 c.c. Half-period = 20 mins. 


THe Tatem Lanoratonts, UNIVERSITY CoLLEGE, CARDIFF. 
[Received, April 23rd, 1930.] 
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CLXIX.—The Critical Solution Temperature of the 
System Methyl Alcohol-cycloHexane as a Means of 
detecting and estimating Water in Methyl Alcohol. 


By Davip CHARLES JONES and Simon AMSTELL. 


THE sensitiveness to impurities of a critical solution temperature 
(C.S.T.), either binary or ternary, varies considerably with the 
impurity ;: in some cases the effects produced are very small, but 
in others they are so large as to constitute one of the most sensitive 
of the known criteria of liquid purity (J., 1923, 123, 1374, 1384). 

It is now shown that the C.S.7'.. in the system methyl alcohol- 
cyclohexane is very sensitive indeed to the presence of water in the 
alcohol. This is of interest because, in many investigations, it is this 
impurity in the alcohol which it is necessary to detect and estimate 
from time to time. Moreover, the other common impurities are 
removable by chemical means and do not reappear in the alcohol, 
cycloHexane was chosen as the second component because it is 
readily obtained, can be purified easily, and has, in its melting point, 
a very sensitive criterion of its own purity. 


EXPERIMENTAL. 

Preparation of Materials —Methyl alcohol. This was from two 
sources, commercial “‘ absolute ” and A.R. methyl alcohol (B.D.H.), 
Large quantities (2000 c.c. approx.) were fractionated through a 
ten-foot column of the type suggested by Clarke and Rahrs (J. Ind. 
Eng. Chem., 1923, 15, 349), and the intermediate fractions (1500 c.c. 
approx.) subjected to the treatment of Bates, Mullaby, and Hartley 
(J., 1923, 123, 401) to remove acetone, and again fractionated 
through the column. The result is shown in Table I. Throughout 
the process of purification the dryness of the alcohol was tested by 


a miscibility temperature (M.7'.) with pure cyclohexane, 69-15% of . 


the latter being present. For the dry alcohol the value is 45-52°, 
very close to the C.S.T. ; 0-01% of water in the alcohol produces 4 
rise of 0-15°. The details of the determination of the miscibility 
temperature are described later. 


TABLE I. 
Water content, %, Alcohol 
Fraction.  Vol., c.c. M.T. calc. (+0-01%). content, %. 
Original 2400 oo 42 (app.) 58 (app.) 
First 750 47-42° 0-12 99-88 
Second 300 49-90 0-29 99-71 
Third 200 §2-28 0-48 . 99-52 


These results show very clearly the efficiency of the ten-foot 
column. A 90% yield of the alcohol, containing less than 0-5% of 
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water, is obtained after one distillation from a solution originally 
containing 58° of alcohol. The acetone in the fractions was 
estimated as 0-002% by the method suggested by Bates, Mullaby, 
and Hartley (loc. cit.). The mercuric cyanide test for acetone 
(Hartley and Raikes, J., 1925, 127, 524) and Mayer’s test for 
pyridine gave negative results. 

In order to dry the alcohol, Fractions 2 and 3 (above) were mixed 
and treated with aluminium amalgam, following the procedure of 
Hartley and Raikes (loc. cit.). The alcohol was distilled off in an 
apparatus where every care was taken to exclude moisture, and 
the two middle fractions were collected. The miscibility tem- 
peratures of these were determined and the results are in Table II. 
Fraction 1, Table I, was fractionally distilled through the ten-foot 
column, with the results shown in Table III. It would appear that 
distillation through an efficient column gives a drier alcohol than the 
use of aluminium amalgam. 


TABLE II. TaBLeE III. 
Fraction. Vol., c.c. M.T. Fraction. Vol., c.c. M.T. 
Original 500 50-8° Original 750 47-42° 
First 200 48-22 First 40 46°55 
Second 200 52-96 Second 500 45°51 
Third 100 45°52 
Fourth 100 46-65 


Fractions 1 and 2, Table II, were mixed, distilled through the 
column, and examined, with the results shown in Table IV. Again 
the distillation method is effective. 


Taste IV. TABLE VY. 
Fraction. Vol., c.c. M.T. Fraction. Vol., c.c. M.T. 
Original 400 50-0° Original 620 47-02° 
First 30 46-2 First 20 46-85 
Second 100 45-72 Second 200 45°52 
Third 250 45-64 Third 50 45-56 
Fourth 200 45-60 


It has been shown by several workers (e.g., Noyes, J. Amer. Chem. 
Soc., 1923, 43, 857) that freshly burnt lime removes water very 
effectively from alcohol, although it is a wasteful process. A fairly 
dry specimen of our alcohol, that had been freed from other impuri- 
ties, was treated with lime. The alcohol was siphoned off from the 
lime and distilled through the column. The miscibility temperature 
results are in Table V. It will be noticed that 73% of the total 
distillate gives a miscibility temperature of approximately 45-5°. 
This was the value given by the one distillation alone through the 
column (see Table III, Fractions 2 and 3) and for 80% of the original 


material. Certainly, therefore, distillation alone produces quite as 
yy2 
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dry a product as the lime treatment followed by distillation, and the 
large loss of alcohol is avoided. In view of the known efficacy of the 
lime treatment, the result indicated that acetone-free, dry methyl 
alcohol gave a miscibility temperature with cyclohexane, when the 
concentration of the latter was 69-15% by weight, of 45-52°. 

A number of fractions of almost dry alcohol were mixed and twice 
redistilled through the column, every possible precaution being 
used to avoid the incursion of moisture. Table VI shows the 
miscibility temperature corresponding to the fractions collected in 
the second distillation. The results show that the alcohol is almost 
entirely water-free. The main fractions were siphoned over into a 
storage flask and used in the subsequent miscibility work. From 
time to time, redeterminations of the miscibility temperature were 
made to ensure that no moisture had entered the alcohol. The 
b. p. was 64-70°/760 mm., as determined in the apparatus described 
by Jones and Betts (J., 1928, 1177). 


TABLE VI. 
Fraction Original 1 2 3 4 5 6 
Vol., c.c. 2000 80 400 500 500 400 80 
.. 45-62° 45-56° 45°53° 45-52° 45°53° 45-54° 45-66° 


cycloHexane. This was from three sources: (a) cyclohexane 
“pur,” Poulenc Fréres, (b) cyclohexane “ pure,” Hopkin and 
Williams, and (c) synthetic material obtained by the catalytic 
method. The first two specimens had m. p. 2-6° and 1-0° respec- 
tively. Sabatier and Senderens give m. p. 6-5° for the pure material, 
whilst we have observed 6-48° both from the two purified com- 
mercial samples, and from the synthetic material obtained by us. 
Fractional freezing did not raise this m. p. 

The cyclohexane melting at 2-6° was subjected to the usual process 
of purification by fuming sulphuric acid, but after two repetitions of 
the process the m. p. of the product still remained low, 4-2°. More- 
over, there was considerable loss of material. The cyclohexane 
failed to decolorise potassium permanganate, and the impurity 
could not be removed by nitration. Fortunately, although distill- 
ation through a 12-bulb pear still-head produced no improvement, 
distillation through the ten-foot column, previously mentioned, 
gave good results, as the following record shows, 50°% of the material 


being obtained pure in one distillation : 

Fraction.  Vol., c.c. M. p. Fraction. Vol., c.c. M. 
Original 430 2-6° Fifth 40 5-8° 
First 20 — 50 Sixth 50 6-1 
Second 20 3-2 Seventh 30 6-3 
Third 20 4-4 Eighth 200 6-48 
Fourth 30 5-0 Residue 10 —6-0 
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A similar difficulty was experienced with the second commercial 
sample (m. p. 1°). Very slight purification resulted on continued 
sulphonation, but on distillation through the column, 50% of the 
original quantity was obtained with m. p. above 6-0°, and there was 
no difficulty in getting a pure specimen from this. 

Acetone. A.R. Acetone (B.D.H.) was purified as described by Reilly 
and Ralph (Sci. Proc. Roy. Dublin Soc., 1919, 15, 597), and distilled 
twice through a twelve-pear column. It had b. p. 56-35°/760 mm. 

Benzene. Kahlbaum’s benzene (for analysis) was fractionally 
crystallised several times, and a fraction of m. p. 5-45° was used 
throughout the work. 

Determination of the Solubility Curves.—The synthetic method of 
determining the solubility curves has been described by Jones and 
Betts (J., 1928, 1177). Owing to the hygroscopic nature of the 
alcohol, simple but quite effective precautions were taken to avoid 
contact with atmospheric moisture. The containers of the alcohol 
and cyclohexane were fixed in desiccators containing phosphoric 
oxide. The lid of each desiccator had a ground-in vacuum stopper 
to which was firmly attached the stopper of the container, so that 
the two vessels were opened simultaneously. Small pipettes, them- 
selves carefully protected against moisture, could be inserted into 
the liquid which yet remained in contact with the dry atmosphere. 
The lower stopper was of cork covered with tinfoil. The liquid was 
transferred to the experimental tubes, which were made of Pyrex 
glass and had been thoroughly dried by heating in the blowpipe 
and then kept in a desiccator. The filling of the tubes was effected 
inside a small box, 12” long, 54’’ wide, and 5}”’ deep, with a glass 
front and back, and containing a vessel filled with calcium chloride. 
In the top of the box was a small hole which allowed a pipette to be 
inserted, and directly below this was a larger hole fitted with a cork, 
in which the weighed experimental tubes could be placed. Air, 
dried by calcium chloride and phosphoric oxide, was blown through 
the box during the filling. The cyclohexane was first run into the 
tube, the. tube reweighed, reinserted in the cork, and the alcohol run 
in, forming the bottom layer. The tube was quickly taken out, 
sealed off, allowed to cool, and reweighed. That this simple pro- 
cedure was sufficient to prevent any incursion of moisture was 
proved by the constancy of the miscibility temperature of dry 
methyl alcohol throughout several months. In the case of the 
systems methyl alcohol-acetone-cyclohexane and methyl alcohol- 


-benzene—cyclohexane, solutions were made up in double stoppered 


bottles, the fillings being carried out as described above. 
The thermometers used had been standardised recently at the 
N.P.L. 
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Solubility Curve : Methyl Alcohol-cycloHexane.—The miscibility ob 
temperatures, ¢°, corresponding to various proportions (% by fo’ 
weight) are given in Table VII, and shown graphically in Fig. 1, 
Curve F. The critical phenomena are exceedingly clear, persistent alc 
emulsions are formed on shaking, and the intense blue colour ati 
us an 
Ia. 1, cri 
tra 
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10 | 
: 
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0 " ‘ 
0 10 30 40 50 60 70 4 
cycloHexane, % by weight. . 
Taste VII. 
C,H, t. C,H,, %. t. C,H, %. t. C,H», %: ™ 
32-23 17-1° 66-18 45-45° 72-81 $45-58° 86-93 42:8 
39-40 30-4 69-15 45-52 77-60 45-53 91-47 37° 
48-96 40-05 69-86 45-56 79-26 45-45 93-40 32: 
53-60 42-68 70-80 *45-58 80-64 45-32 95-50 30- 
9-49 44-62 72-00 745-60 81-25 45-10 97-30 


* Lower layer greater. 
t Critical solution point; volumes of layers equal. 
} Upper layer greater. 
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ility | observable when the solution is examined in reflected light persists 
by for several degrees above the C.S.7'. 
r. 1, The Effect of Water on the Solubility Curve.—Solutions of methyl 
tent alcohol-water were made up in the dry box, and the determin- 
lour ations were carried out as usual. The results are in Table VIII 
and are shown graphically in Fig. 1, Curves E, D, C, B, A. The 
critical phenomena were slightly diminished in the presence of a 
trace of water, but with larger amounts they were more intense in 
the region of the ternary critical point; this was not the maximum 
point on these curves. Significant points are annotated as follows : 


1 = Lower layer greater. 3 = Upper layer greater 
2 = Volumes equal. 4 = Maximum point. 


TaBLe VIII. 
C,H,., %. & C,H, %. 6. CoH, %. t. C,H, %. t. 
0-331% Water in the alcohol. 

29-00 17-50° 47-16 42-08° 71-11 50-31° 84-90 49-51° 
30-05 19-30 51-98 45-30 73-11 50-52 85-49 49-20 
: 31-57 21-80 52-83 46-10 75-09 50-53(4) 90-80 45-35 
34-10 26-75 55-84 47-78 78-90 50-40 93-50 42-09 











39:60 34-35 65-70 - 60-10 80-10 50°35 95-60 36-20 
40-10 35-06 66-73 50-26(1) 82-50 49-80 
0-800% Water in the alcohol. 
22-28 35° 56-15 51-57° 77-98 55-58° 92-07 49-55° 
30-45 22-95 62-84 54-11(1) 85-90 54-64 95-49 42-8 
43-82 43-20 71:25 55-64(3) 90-58 50-96 96-00 35-0 
44-95 44-45 72-97 55-81(4) 91-79 50-10 97-57 25-5 
53:09 = 50-61 
1-114% Water in the alcohol. 
24-30 12-5° 58-90 56-16° 81-84 59-43° (4) 
27°29 20-8 65-16 57-35 (1) 86-68 58°75 
29-17 24-35 70-76 58-23 (2) 89-82 56-47 
39-50 42-72 74-92 58-75 97-19 36-20 
47-17 50-20 78-04 59-04 
2-031% Water in the alcohol. 
21-83 13-05° 67-66 65-35° (1) 91-41 66-72° 
/ 29-77 34-72 72-30 65-61 (3) 92-09 63-95 
37-78 49-62 79-84 68-24 95-66 50-83 
00 49-80 60-50 83-55 69-16 97-70 34-0 
59-10 63-38 86-32 69-42 (4) 


3-900% Water in the alcohol. 
17-78 16-5° 45-55 70-50° 72-79  80-30° 93-45 75-03° 
22-41 31-30 52-95 73-67 75°80 81-75 93-68 74-39 
24-40 36-42 58°35 75-76 80-20 83-15 94:83 73-10 
25-52 39-20 65-84 77-65(1) 83-40 83-16(4) 94-43 59-25 
32-50 54-98 69-18 77-75(2) 86-25 82-75 99-22 16-6 
38-00 64-87 71-14 79°25 89°45 80-60 


The ternary critical solution points, K, to K;, Fig. 1, and the 
corresponding maximal points, M, to M,, show increasing divergence 
as the concentration of water is increased. It is clear from the 
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figure that, by choosing a concentration of cyclohexane greater than 
the critical concentration, a greater rise in miscibility temperature 
would be obtained for a given percentage of water present in the 
alcohol. But it is necessary to preserve the accuracy of the reading 
itself, therefore 75° by weight of cyclohexane has been chosen as 
the optimum concentration, and pipettes were calibrated to give 
these proportions by weight in the system cyclohexane—anhydrous 
methyl alcohol. Our pipettes, which were constructed as described 
by Orton and Jones (J., 1919, 115, 1065), had the following volumes 
at 15°: for cyclohexane, 0-7570 c.c.; for anhydrous and aqueous 
methyl alcohol, 0-2485 c.c. We have confirmed in this work the 
great accuracy which can be obtained with this kind of pipette. 
A further improvement was made by grinding the tip, and bending 
the capillary at right angles about 4 mm. from the end. Table IX 
gives the miscibility temperatures which are obtained by using the 
relative volumes of liquids given above. The results when plotted 
indicate that the method becomes more sensitive as the percentage 
of water in the alcohol decreases. It is possible to estimate water 
within -+ 0-002% if the miscibility temperature is read to 0-02, 
a degree of accuracy which is readily obtainable with a little practice. 
An estimation within + 0-01% could be made with ease. 


TABLE IX. 
Water content of alcohol, % ... 0-0 0-331 0-800 1-114 2-031 3-900 
Fe: resis thingreinarcevsigundeidesd 45-55° 50-52° 55-74° 58-75° 66-50° 81-56° 


The pipette volumes could be varied to give a percentage of 
cyclohexane within the limits 73—75% without appreciably affect- 
ing either the sensitiveness of the experimental reading or the 
quantitative figures given in Table IX, so long as the percentage of 
water in the alcohol was not greater than 1%. 

A similar method may be developed in the case of ethyl] alcohol, 
since this forms a C.S.7'. with cyclohexane at (very roughly) — 15°, 
and preliminary experiments show that traces of water affect the 
binary C.S.T7'. to a large extent. 

Effect of Benzene and Acetone on the System Methyl Alcohol- 
cycloHexane.—Solutions of benzene in cyclohexane and of acetone 
in methyl alcohol were prepared, and used for the determination of 
the miscibility temperatures. 

Benzene in cyclohexane. The miscibility results obtained when 
10-19% of benzene is present in the cyclohexane are in Table X. 
It was found that the C.S.7. was lowered by approximately 12:3’, 
i.e., 1% of benzene lowers the C.S.T. by 121°. A noteworthy 
point was that the critical phenomena which were so marked in the 
system methyl alcohol-cyclohexane were almost entirely absent at 
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the ternary critical point, but nevertheless the saturation points 
were very sharp and easily read to 0-02°. At the ternary critical 
point the percentage by weight of methy] alcohol was less than at the 
maximum saturation point. 


TABLE X. 
C,H. + C,H, - 
mixture, 

% (by wt.) 33-81 38-50 45-99 47:99 58-27 58-84 61:60 64-36 
M.T. ——- 11-6° 18-05° 26-55° 27-92° 32-96° 33-02° 33-32° *33-50° 
C,H,. + C,H, 

mixture, 


% (by wt.) 69-25 71-47 76-51 80-37 83-10 86-34 90-45 95-00 
MAT. veces 33-35° $32-85° 32-43° 31-42° 30-87° 29-50° 26-70° 18-1° 


. Critical point—volumes equal. + Maximum saturation point. 

Acetone in methyl alcohol. In Table XI are given similar results 
obtained when 9-18°% of acetone is present in the methyl alcohol. 
The C.S.7'. was lowered by 6-15°, i.e., 1% of acetone lowers the 
0.8.7. by 0-67°. The mixture at the maximum saturation point 
contained a greater percentage of cyclohexane than that at the 
ternary critical point. The critical phenomena were more pro- 
nounced than in the binary system. 


TABLE XI. 
a ., eee 27-50 33-86 42-60 46-74 54-61 62-51 69-62 
BEES sevbsnecsvincecees 75° 17-4° 28-75° 33-10° 36-35° 38-45° *39-45° 
OR, SEA 75-79 79-38 82-83 84-15 89-80 94-33 98-60 
Aree $40-15° 40-12° 39-85° 39-42° 37-25° 34-60° 25-0° 
* Critical point—volumes equal. + Maximum saturation point. 


The sensitiveness of the miscibility temperature to such impurities 
as acetone in the alcohol or benzene in the cyclohexane is of 
advantage when the purpose is to estimate the percentage of water 
present. Moreover, their effects on the miscibility temperature 
are but slightly altered by the presence of up to 0- 5% of water in 
the alcohol. 


East Lonpon COLLEGE, 
UNIVERSITY OF LONDON. [Received, April 23rd, 1930.] 





CLX¥X.—The System cycloHexanol and Water. 
By Neviz Vincent Sip@wick and LESLIE ERNEST SUTTON. 


Work on this system had previously been done by de Forcrand, 
who, after obtaining cyclohexanol in a purer condition than previous 
workers had done, measured several of its physical properties, 
including the freezing point and mutual solubility with water at 
11° (Compt. rend., 1912, 154, 1327, 1767) ; he then investigated the 
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binary system of the alcohol and water over a range of concentra- 
tions of cyclohexanol from 89-86 to 100% by weight, and coneluded 
from his results that a compound C,H,,0,}H,O existed (ibid., 1912, 
155, 118). 

The present work is an investigation of the greater part of the 
system, the range of concentration of cyclohexanol being 0O—93% by 
weight, which is sufficient to include the two-liquid-phase region and 
most of the ice line. 

EXPERIMENTAL. 

Purification of cycloHexanol.—The cyclohexanol was obtained 
from British Drug Houses, Ltd., and purified by fractional distill- 
ations at a pressure of about 10 mm. of mercury, the head and tail 
fractions being rejected. Schreiner and Frivold (Z. physikal. Chem., 
1926, 124, 1) claim to have obtained a product melting at 23-3— 
23-9° (de Forcrand gives 22-45°) by two fractionations at 2—3 mm., 
but in the present case no fraction melting higher than 20-6° could 
be obtained from successive fractionations (the m. p.’s being taken 
in the first receiver of the distillation apparatus itself). A solution 
of this cyclohexanol in water gave no trace of a precipitate with 
bromine water, nor did it immediately destroy the bromine colour, 
indicating that no appreciable amount of phenol was present and 
that the most probable remaining impurity was water. Since the 
eryoscopic constant of cyclohexanol is so large (382-8 according to 
de Forcrand), the m. p. of our specimen would correspond to a 
purity of 99-85% by weight, if 23-6° is taken as the true melting 
point; hence, as water was to be the other component and its 
concentration was not to be less than 7%, further purification was 
deemed unnecessary. 

Owing to the extremely hygroscopic nature of the alcohol, stock 
solutions containing about 95% of it were used, as these were not at 
all hygroscopic. 

Measurement of Points in the Binary System.—The points 
on the liquid-liquid curve were obtained by the usual synthetic 
method, sealed glass bulbs being used at the higher tem- 
peratures. When the proportion of cyclohexanol was large, the 
temperature at which turbidity appeared increased with successive 
heatings, and, as this was presumably due to decomposition, the 
first reading was taken in such cases. It was found impossible to 
obtain points on this curve from 87-9% onwards, for, owing to the 
steepness of the curve after this point, the turbidity was extremely 
faint and no accurate determination of the temperature at which it 
occurred could be made. 

The solid separation points over the range 88—93% of cyclo- 
hexanol were difficult to obtain, since considerable supercooling 
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was necessary before a solid would separate, and when this eventually 
occurred the temperature did not rise appreciably. However, by 
supercooling to produce the solid and then allowing the mixture to 
warm slowly, and noting at what temperature a trace of the solid 
could just be retained, approximate values (accurate probably. to 
within 0-5°) were obtained. This difficulty did not arise in tracing 
the ice line from 0 to 5% of cyclohexanol, for here, when super- 
cooling ceased, there was the usual quick rise to a steady temperature. 

The results obtained are given in the following tables and are 
plotted, together with those of de Forcrand, in Fig. 1. 


(1) The Ice Line. 


cycloHexanol, cycloHexanol, cycloHexanol, 

% by*wt. M. p. % by wt. M. p. % by wt. M. p. 
1-67 —0-3°, 0-32 88:3 —1-2° 90-45 — 49° 
3°33 —0-6 88°45 —1-1 91-2 — 176 
5-00 —0-9 89-0 —2-0 92-3 — 10-2 

90-08 —4:1 93-0 — 15-4 
(2) The Liquid—Liquid Curve. 

cyclo- cyclo- cyclo- 

Hexanol, Turbidity Hexanol, Turbidity Hexanol, Turbidity 

% by wt. temp. % by wt. temp. %bywt. temp. 
3-18 40°45° & 70-45° 4°29 15-2° 52-3 183-66° 
3-19 45°83 & 66:3 4:41 11-2 59-4 180-1 
3-26 40-4 4°55 12-0 68-0 169-7 
3°37 31.85 & 82-4 4°58 9-7 68-5 168-64 
3-41 33-6 4-78 9-4 70-1 163-03 
3°52 27-55 5-00 7-2 74:6 150-35 
3°57 28-7 5-14 121-95 80-2 130-9 
3°75 24-6 9-22 156-9 85°3 93-63 
3-82 20-8 15-00 174°3 85°95 72-75 
3°95 20-6 19-2 179-4 86°75 71-5 
4-09 16-3 32-4 184-72 87-9 51-55 
4-23 14-2 


Discussion of Results. 


The liquid-liquid system has been examined for water and the 
following alcohols: n-butyl (Orton and Jones, J., 1919, 115, 1194), 
isobutyl (Alexejew, Wied. Ann., 1886, 28, 305), sec.-butyl (idem, 
ibid. ; Dolgolenko, Z. physikal. Chem., 1908, 62, 499 ; Timmermanns, 
Thése, Bruxelles, 1911), and isoamyl (Fontein, Z. physikal. Chem., 
1910, 73, 212). All these resemble cyclohexanol in showing reversed 
solubility curves on the water side, and all except sec.-butyl alcohol 
in not showing this on the alcohol side. 

The existence of the solid hydrate described by de Forcrand 
(loc. cit.) was not confirmed. His solid curve resembles ours but is 
at a lower temperature, probably because supercooling was not 
sufficiently avoided. The rapid decrease of steepness of the slope 
of the curve YX’ as the two-liquid-phase region is approached is a 
consequence of the flattening out of the vapour pressure—concen- 
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tration curve prior to becoming a straight line parallel to the concen- 
tration axis in this region itself (Sidgwick and Turner, J., 1922, 121, 
2262). There is no sign of a maximum at the concentration corre- 
sponding to the composition C,H,,0,3H,O (91-74% cyclohexanol) 
or of a sharp discontinuity after it; moreover, since a mixture whose 
total composition lies between X and X’ can be in equilibrium with 


Fie. 1. 
The system cyclohexanol and water. 
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only one solid phase, the solid separating out along either OX or 
X’Y must be the same substance and, since there is no eutectic in 
OX, this substance must be ice. Its appearance agreed with that 
given by de Forcrand, viz., ‘‘ small opaque crystals.” The occur- 
rence of some combination in solution between the alcohol and the 
water may, however, be assumed to be probable from the existence 
of the reverse solubility curve. 


Our thanks are due to Imperial Chemical Industries, Ltd., for 4 
grant towards the cost of this work. 


Tue Dyson PEeRRINS LABORATORY, 
OxForRD. [Received, April 29th, 1930.] 
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CLX XI.—Dehydro-2-naphtholsulphone. 
By LeonarD ARTHUR WARREN and SAMUEL SMILES. 


HINSBERG has shown (J. pr. Chem., 1914, 90, 345; 1915, 91, 307; 
1916, 93, 277) that alkaline ferricyanide removes two hydrogen 
atoms from 2-naphtholsulphone (I), forming the dehydro-sulphone, 
and that the latter substance by alkaline reduction yields iso- 
2-naphtholsulphone, two hydrogen atoms being reabsorbed in the 
process. He regarded these isomerides as having identical struc- 
tures and as providing a further illustration of the valency isomerism 
advocated by him to explain the relations between 2-naphthol 
1-sulphide and iso-2-naphthol sulphide. The last-named substance 
has been shown (this vol., p. 956) to be the 2-hydroxy-1’-thiol 
derivative (II) of 1: 2’-dinaphthyl ether; moreover it evidently 
is closely related to the iso-sulphone, since Hinsberg (loc. cit.) has 
shown that it is formed from an anhydride of this by reduction. 

It is thus evident that the structures of is0-2-naphtholsulphone 
and of the dehydro-sulphone need reconsideration; experiments 
have now been made further to elucidate the nature of these deriv- 
atives of 2-naphtholsulphone and their relationship to the corre- 
sponding derivatives of 2-naphthol 1-sulphide (I, SO, being replaced 
byS). Of the many important facts bearing on these issues recorded 
by Hinsberg (loc. cit.), it is sufficient to mention the isolation of 
2-hydroxy-1 : 2’-dinaphthy] ether (III) from the reduction products 
of the dehydro-sulphone and the spontaneous formation of this 
ether and sulphur dioxide from the iso-sulphone. These facts 
appear to indicate the presence in these substances of the 1 : 2’-di- 
naphthyl ether structure which has been found (this vol., p. 956) in 
the dehydro- and the iso-sulphide. Hinsberg, indeed, discussed the 
question whether the iso-sulphone should be regarded as the sul- 
phinic acid derived from this ether, but rejected the suggestion for 
the following reasons: (a) both 2-naphthol-1-sulphone (I) and the 
i yield the dehydro-sulphone by oxidation, (b) the 


\ Yeu Cane ox 
OH HO. OH HS dU ( 


(I.) (II.) (III.) 


iso-sulphide by methylation and » O gives the dimethyl ether 
of the iso-sulphone, (c) the iso-sulphone can be converted into the 
180-sulphide by reduction of a substance regarded as its anhydride. 
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Since the iso-sulphide is now known to be (II), the relations (b) and 
(c), if confirmed, entirely lose their effectiveness in refuting the 
1 : 2’-oxide structure; on the contrary, they now appear strongly 
to support this structure for the iso-sulphone. The first of the 
three relations quoted has clearly little value unless the dehydro- 
sulphone is known or assumed not to contain the 1 : 2’-oxide struc- 
ture. Important evidence on this question is afforded by reduction 
of the dehydro-sulphone; with sodium amalgam or with zine and 
acetic acid (also Hinsberg, loc. cit.) the 2-hydroxy-1 : 2’-dinaphthyl 
ether (III) is formed, whilst with zinc and hydrochloric acid the 
iso-sulphide (II) is obtained. The dehydro-sulphone therefore 
contains the 1 : 2’-oxide structure and, since it is formed merely by 
removal of two hydrogen atoms from 2-naphthol-l-sulphone (I), 
the structure (IV) must be ascribed toit. As was shown by Hinsberg 
(loc. cit.), the crepe Je reacts slowly with p-nitrophenyl- 


me (x 280, \ fic 0) Oa "meager: eS v.) 
j Yo iy OMe MeO, s} X 


Meals 


hydrazine, fission of the substance occurring with formation of the 
hydrazone of @-naphthaquinone. This behaviour is analogous to 
that of dehydro-l-bromo-2-naphthol with aniline (Pummerer and 
Cherbuliez, Ber., 1919, 52, 1412), which yields the anilino-derivative 
of 6-naphthaquinone. 

The chief relations between the members of this group are sum- 
marised as follows; the substances are numbered to facilitate 
reference. 


Dehydro- lghide —~—> iso-Sulphide iil Methy] ether —-> Dimethyl ether 
(1) 


ae) of iso-sulphide of iso-sulphide 
(3) (5) 
| H40, 
| Methyl] sulphone H,0, 
4 


| Me,SO, 





Dehydro-sulphone ——> iso-Sulphone 
(6) (7) 
Previous experiments have shown (this vol., p. 956) that (1), (2), (3), 
and (4) yield the hydroxydinaphthyl ether (III) with suitable 
reducing agents; it is now shown that (6) and (7) also yield this 
substance with sodium amalgam, and (8) gives the methyl ether 
(III, OH being replaced by OMe). The 1: 2’-dinaphthyl ether 


~> Dimethy] ether of iso-sulphone 
a. (8) 
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structure has in fact been established for all these with the excep- 
tion of (5). The important relationships of (3), (4), and (5) to (8) 
indicated by Hinsberg (loc. cit.) have been confirmed, but the 
substance, m. p. 88°, described by him as the dimethyl ether of 
the iso-sulphone (8) has not been encountered. Moreover the 
conversion of (6) and (7) into the tso-sulphide (II) has been effected 
by suitable reduction. 

The nature of the iso-sulphone is clearly revealed by the formation 
of the mercaptan (II) from it by reduction and by the fact that its 
dimethyl ether has the structure (V), which is assigned to it because 
reduction yields the methoxydinaphthyl ether (III, OH being 
replaced by OMe) and the substance is formed by methylation of the 
methyl sulphone (II, SH being replaced by SO,Me) (this vol., p. 956) 
or by oxidation of the dimethyl ether of the tso-sulphide (II, OH 
and SH being replaced by OMe and SMe respectively). Hence the 
iso-sulphone itself is to be regarded as the sulphinic acid correspond- 
ing to the thiol (II, SH being replaced by SO,H), and its formation 
from the dehydro-sulphone (IV) by reduction as taking place by 
rupture of the 5-membered ring as indicated, the process being 
analogous to the formation of the 180-sulphide (II) from the dehydro- 
sulphide (IV, SO, being replaced by 8) (this vol., p. 956). Moreover, 
conversion of the 7so-sulphone and 2-naphthol-1-sulphone into the 

* dehydro-sulphone is thus seen to proceed similarly to the oxidation 
of iso-2-naphthol sulphide and 2-naphthol 1-sulphide to the dehydro- 
sulphide. 


EXPERIMENTAL. 


Dehydro-2-naphthol-1-sulphone (IV).—Details of the preparation 
of this substance were not described by Hinsberg. The following 
method gave the best results. An aqueous solution (150 c.c.) of 
potassium ferricyanide (10 g.) was gradually added to a shaken 
mixture of chloroform (100 c.c.) and water (125 c.c.) which contained 
2-naphthol-1-sulphone (5 g.) and sodium hydroxide (1-2 g.). After 
further agitation (1 hour) the chloroform solution was dried and 
concentrated. The dehydro-sulphone separated (yield, ca. 50%) 
in the crystalline state and after purification from acetic acid formed 
bright yellow prisms, m. p. 245° (Found: C, 68-9; H, 3-7, Cale. : 
C, 68-9; H, 3-4%). 

The Dimethyl Ether of the iso-Sulphone (V).—The iso-sulphone was 
obtained from the dehydro-sulphone by reduction with sodium 
sulphide as described by Hinsberg. The chief properties attributed 
by him to the substance and its solubility in aqueous sodium 
carbonate were confirmed. A solution of this material in excess of 
aqueous sodium hydroxide (2N) was treated in the usual way with 
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methyl sulphate. The viscous product was further treated with 
boiling 1% alkali solution. It solidified when cooled and was 
obtained from acetone—methyl alcohol (charcoal) in prisms, m. p. 
144° (Found: C, 69-8; H, 49; M, 385. C,.H,,0,S requires 
C, 69-8; H, 4:7%; M, 378). 

The same substance was obtained by the following methods: 
(a) A suspension of the sodium salt of the methyl sulphone (II, SH 
being replaced by SO,Me) derived (this vol., p. 956) from the iso. 
sulphide was treated in warm aqueous sodium hydroxide with 
methyl sulphate as usual. The semi-solid product was purified 
by the treatment already described; it then had the same m. p. 
as the product prepared from the iso-sulphone, whether taken alone 
or mixed with it. (b) A solution of the viscous dimethyl] ether of the 
iso-sulphide (II, OH and SH being replaced by OMe and SMe 
respectively) (1-7 g.) in acetic acid (15 c.c.) containing hydrogen 
peroxide (2 c.c., 30% sol.) was warmed (1 hour, 100°). When 
sodium chloride was added to the cooled and diluted liquid, the 
desired product separated in the crystalline state; this was purified 
from acetic acid and identified in the usual manner with the products 
from the two other methods described. 

iso-2-Naphthol Sulphide (I1).—(a) Dehydro-2-naphtholsulphone 
(IV; 1 g.) was suspended in boiling acetic acid (40 c.c.) containing 
concentrated hydrochloric acid (5 c.c.). Zine dust was gradually ’ 
added until the colour of the solution was discharged. The clear 
solution was mixed with a little concentrated hydrochloric acid, 
cooled, and stirred, and water (20 c.c.) slowly added. The crystalline 
precipitate obtained, after further purification (77% yield), was 
identified with an authentic sample of iso-naphthol sulphide (Found: 
C, 75-5; H, 44. Cale.: C, 75:5; H, 44%). This iso-sulphide 
responds to Rheinboldt’s test (Ber., 1927, 60, 184) for aromatic 
thiols. 

(b) Reduction of iso-2-naphtholsulphone (II, SH being replaced 
by SO,H) was effected by zinc and concentrated hydrochloric acid 
in boiling alcohol. Addition of water to the cooled liquid gave a 
crystalline precipitate. This was purified from alcohol and found 
to be identical with an authentic sample of iso-8-naphthol sulphide. 

2-Hydroxy-\ : 2'-dinaphthyl Ether (I11).—(a) Zinc dust was added 
to a hot solution of the dehydro-sulphone (IV; 1 g.) in acetic acid 
(30 c.c.) until the colour had faded. The cooled solution deposited 
the hydroxydinaphthyl ether (90% yield), m. p. 197° (Found: 
C, 83-6; H, 5-2. Cale.: C, 83-9; H, 49%), which was further 
identified by a close comparison of its methyl ether with synthetic 
material (this vol., p. 956). Reduction of the dehydro-sulphone 
with sodium amalgam in warm aqueous alcohol gave a poorer yield 
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of the same material. It was isolated from the product of reaction 
by addition of sulphuric acid after alcohol had been removed by 
evaporation (charcoal); it was purified from acetic acid and had 
m. p. 197°. 

(b) The tso-sulphone (II, SH being replaced by SO,H) also yielded 
the hydroxydinaphthyl ether by reduction with these reagents. 
Reduction with zinc and acetic acid was effected as described in the 
case of the dehydro-sulphone; the yield was poorer. A solution 
of the iso-sulphone (from 1 g. of dehydro-sulphone) in N-sodium 
hydroxide was stirred and treated with sodium amalgam (35 g. ; 
5%) for 3 hours. The clear aqueous liquid (charcoal) was rendered 
acid and set aside. The required substance separated and was 
purified (m. p. 197°) and identified in the usual manner. 

2-Methoxy-1 : 2’-dinaphthyl ether (III, OH being replaced by 
OMe) was obtained by alkaline methylation of the product of 
reduction of the dehydro-sulphone with zine and acetic acid. It 
was purified from acetic acid and had m. p. 161° (Found: C, 84-0; 
H, 5-7. Cale.: C, 840; H, 53%) and was identical with the 
product obtained by synthesis (this vol., p. 956). The same sub- 
stance was obtained by reduction of the dimethyl ether of the 
iso-sulphone (V). Sodium amalgam (5%) was gradually added 
(6 hours) to alcohol (40 c.c.) and water (20 c.c.) which contained this 
ether in suspension. The alkaline liquid was mixed with acetic acid 
and boiled (charcoal). When diluted and cooled, the solution 
yielded the required substance (0-2 g.), which was purified in the 
usual manner; m. p. 161° (Found: C, 83-7; H, 5-4. Cale.: 
C, 84-0; H, 5-3%). 


In conclusion we wish to thank Dr. A. Cohen for a quantity of 
the dehydronaphtholsulphone and for information concerning its 
preparation. 


Krna’s CoLLEGE, LONDON. [Received, April 8th, 1930.] 





CLXXII.—The Solubilities of Nitrophenols in Aqueous 
Ethyl-alcoholic Solutions. 
By James Cooper Durr and Epwin Joun Bis. 


Iv was shown by one of us (Duff, J., 1929, 2789) that p-nitrophenol 
in aqueous methyl-alcoholic solutions at 25° and 40° had solubility 
curves in which critical points occurred where the solvent was 
composed of methyl alcohol and water in simple molecular propor- 
tion. The positions of the critical points varied with the tem- 
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perature. o-Nitrophenol gave no indication of an alcohol hydrate 
at 25°, and only one (3CH,0,H,O) was indicated at 40°. 

The behaviour of o-, m-, and p-nitrophenols in aqueous ethyl. 
alcoholic solutions has now been examined. Solubilities for m-nitro. 
phenol were determined at 0°, 12-5°, and 25°; and these three 
temperatures and also 40° were used for p-nitrophenol, since this 
isomeride yielded the most characteristic results. o-Nitrophenol 
was considered only at 25°, this being sufficient for comparison with 
the results obtained from the other two isomerides. 

The solubilities of the three nitrophenols in water have been 
determined by Sidgwick, Spurrell, and Davies (J., 1915, 107, 1202); 
and those in absolute ethyl alcohol over a wide range of temperature 
by Carrick (J. Physical Chem., 1921, 25, 628). His method, syn. 
thetic in character, differs from ours, but our results for absolute 
alcohol agree with his. 

Solubilities are expressed as g. per 100 g. of solvent throughout. 


ExPERIMENTAL. 


Kahlbaum’s ethyl alcohol of 99-8°% purity was used. The nitro- 
phenols were recrystallised by the usual methods before use. The 
solubilities were determined for o- and p-nitrophenols in the same 
way as for aqueous methyl-alcoholic solutions (Duff, loc. cit.). The 
results for m-nitrophenol were obtained by the same synthetic 
method as that previously used for p-nitrophenol. 

o-Nitrophenol (Fig. 1).—The solubility was determined at 25° in 
aqueous-alcoholic solutions over the range 0—100°% alcohol. The 
results are given below, and the resulting curve (AB) presents no 
unusual features. During solution at 25° the o-nitrophenol did not 
form any oily liquid phase. 
EtOH, % ... 0 30 40 50 60 70 80 90 100 
& secscccescccecs 0-25 0-7 1-7 3-9 74 12:2 210 82:5 460 

m-Nitrophenol (Fig. 1).—(a) Solubilities at 0°. No oily phase 
was formed. The solubility curve (CDEF) is a straight line between 
D and E, points which correspond approximately to 33% and 90% 
of alcohol in the solvent. 


EtOH,% 0 20 30 = 40 50 60 70 80 90 100 
B scosacees 09 16 50 198 36-8 53-7 71-5 89-5 106-6 1155 


(b) Solubilities at 12-5°. The results for the curve CKHM are 
given in Table I. In solvents ranging from 24 to 46% of ethyl 
alcohol, m-nitrophenol produces two liquid phases, and saturation 
with this phenol ended with two liquid phases in contact with the 
solid. Determinations of these end points gave the straight line 
GLH, the results for which are in Table II. Since GLH is a straight 
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me line, the two saturated liquid phases are evidently the saturated 
aqueous solution for solvent containing 24% of alcohol and the 
< oily saturated solution for solvent of 46% alcohol. The area 
“a GLHKG is the field in which two liquid phases co-exist. 
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" G. of nitrophenol in 100g. of solvent. 
TaBe I. 4 
00 EtOH,%. S. EtOH,%. S. EtOH,%. 9S. EtOH, %. 9B. 1 
9 0 1-2 35 27-2 46 96-0 70 139-5 
} 20 2-5 40 41-0 50 106-2 80 143-5 : 
Se 25 6-8 42 52-1 60 126-2 90 146-0 ; 
en 27°5 8-9 45 74-4 63 131-0 100 148-0 
as 30 12-8 
/9 
TaBLeE II.* 
Ne 25 275 30 35 40 42 45 
, Teiipessecarsangpbecseventndienees 10-3. 179 30-5 51:0 715 80:5 92 
* Two liquid phases remain at end-point. 
re 


vl (c) Solubilities at 25°. The results for the curves CNO and 
y O’RS are given in Table III. In solvents ranging from 15 to 


we 42°, of ethyl alcohol, m-nitrophenol produces two liquid phases, ' 
- which co-exist in the area NOPQN. The results yielding the lines H 
Ht NP and PO are given as S, in Table IV. Along the line PO the P 


two liquid phases become one on addition of sufficient m-nitrophenol. 
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The minimum alcoholic content of solvent in which this occurs is 
36% (P) and the maximum is 42% (O). By saturation of the 
solutions which gave PO, the values S, (Table IV) and hence the 
curve PO’ were obtained. Along the line NP are two saturated 
liquid phases which, since NP is a straight line, are composed of 
the saturated aqueous solution for 15% alcoholic and the saturated 
oily solution for 36% alcoholic solvent. At 25° m-nitrophenol was 


TaB_e III. 
EtOH,%. S. EtOH,%. 9S. EtOH,%. 9S. EtOH,%. S. 
0 1-35 35 43-5 44 174-0 63 204-0 
10 1-7 37-5 52-2 45 179-0 70 202-0 
15 4-0 39 59-8 46 186-0 80 200-0 
20 6°5 40 65-9 50 189-0 90 197-5 
25 11-0 41 81-5 60 201-0 100 195-0 
30 25-0 42 171-0 
TABLE IV. 
EtOH, % 15 20 25 30 35 36 375 39 40 41 
| ene 5-9* 38-8* 76-5* 106-3* 147-0* 150 142¢ 140f 135¢ 122-5t 
| ners ee —_— — — — «— Oe WO 18 ms Oe 


* Two liquids remain at end-point. 
+ Two liquids became miscible at end-point. 


more soluble in 63% alcohol (R) than in absolute alcohol, whereas 
at the lower temperatures no maximum occurred. 

p-Nitrophenol (Fig. 2).—(a) Solubilities at 0°. The results are 
given in Tables V (curve ACG) and VI (straight line BED). The 
curve as a whole resembles that obtained for m-nitrophenol at 12-5’. 
The alcohol limits in the solvent for producing two liquid phases 
(co-existing in the area BCDEB) are 25% and 51%. Along the 
straight line BED two saturated liquids are in equilibrium with 
solid p-nitrophenol. These liquids are respectively aqueous satur- 
ated solution in 25% alcohol and oily saturated solution in 51% 
alcohol. 


TABLE V. 
EtOH,%. S. EtOH,%. S. EtOH,%. 9S. EtOH, %. S. 
0 0-5 35 12-5 51 82-0 70 120-0 
10 0-6 40 25-0 54 96-0 80 118-0 
25 1-4 45 41-0 56 101-0 90 117-0 
30 5-2 50 58-5 60 108-0 100 116-4 
TABLE VI.* 
27°5 30 35 40 45 50 


2 
eccessonccocoessccece 9-2 15-2 30-0 44:8 61-0 76-0 
* Two liquids remain at end-point. 


(b) Solubilities at 12-5°. The results are given in Tables VII 
(curves AHJ and J’MN) and VIII (S,, straight line HLK and 
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curve KJ; S,, curve KJ’). For solvents containing between 17-5 
and 45% of alcohol, it is possible to have two liquid phases co-existing 
(area HJKLH); 41% is the minimum alcoholic content to enable 
two liquid phases to become miscible (K) by saturation with 
f p-nitrophenol at 12-5°. 


—_— O OP & 


Fia. 2. 


— 


G. of ethyl alcohol in 100g. of solvent. 





S ae. ae 


A 60 120 80 
G. of p-nitrophenol in 100g. of solvent. 


Lal Sd Be 


TasieE VII. 
EtOH, %. <S. EtOH'%. S. EtOH,%. S. EtOH,%. S. 4 
0 1-1 35 33-5 45 135-5 72 169-0 
15 1-8 40 53-2 46 137-0 75 167-0 ¥ 
17-5 3-6 41 56-1 50 144-0 80 164-0 
20 5-8 42 63-5 60 156-0 90 157-0 
25 8-8 44 80-8 70 168-0 100 147-0 
30 17-4 
TaBLeE VIII. 
EtOH, %. 17-5 200 2 30 35 40 41 42 44 45 
tie 4-0* 18-0* 41-0* 68-6* 92-5* 127-0* 127-8t 124-0f 108-8f — 
sede — —_-_ — — — <— 187-8 190-3 1330 196-6 


* Two liquids remain at end-point. 
+ Two liquids become miscible at end-point. 


(c) Solubilities at 25°. The results are given in Tables IX (curves 
| AOP and P’ST) and X (S,, straight line ORQ and curve QP; S8,, 
| curve QP’). For solvents containing between 8 and 39% of ethyl 
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alcohol, two liquid phases can co-exist (area OPQRO) and they can 
become miscible if the alcoholic content of the solvent is not less 
than 27% (point Q). Along the line ORQ exist two saturated 
solutions which are aqueous saturated solution in 8% alcohol and 
oily saturated solution in 27% alcohol. 


TaBLeE IX. 
EtOH,%. 8S. EtOH,%. S. EtOH,%. 8S. EtOH,%. S. 
0 1-6 25 19-2 38-5 80-5 60 227-0 
10 3-4 27-5 26-2 39 220-0 70 220-0 
15 5-2 30 34-9 40 220-5 80 208-9 
17-5 6-0 32-5 45-7 46 223-0 90 199-0 
20 8-5 35 57-8 50 226-1 100 189-5 
22-5 13-7 37°5 70-1 56 230-4 
TABLE X. 
EtOH, %... 9 10 125 15 = 17-5 20 22-5 25 26-5 
ee 7-8* 17-5* 42-5* 65-6* 95-6* 118-7* 141-6* 169-1* 186-2* 
* Two liquids remain at end-point. 
EtOH, % 27 27-5 30 32-5 35 37-5 33:5 
Bs ceoth bane 192 191¢ 177-1¢ 160-5¢ 147-9f 132-7f 117-6t 
Bey cecedeses 192 194 198 206-1 2105 217-9 218-7 


+ Two liquids become miscible at end-point. 


(d) Solubilities at 40°. At this temperature two liquid phases 
can co-exist (area AVXA) in solvents containing between 0 and 
338% of ethyl alcohol. The two liquids can become miscible along 
the line XV on addition of sufficient p-nitrophenol. The results at 
40° are given in Tables XI (curves AV and V’YZ) and XII (S,, 
curve XV; S,, curve XV’). 


TaBLeE XI. 
EtOH, %. S. EtOH, %. S. EtOH, %. S. 
0 2-9 32-5 79-5 50 298 
10 5-5 33-3 95-0 60 289 
15 9-0 33-8 300-5 70 276 
20 19-0 35 303-0 80 265 
25 36°5 39 306-0 90 255 
30 55-1 40 305-0 100 250-0 
TABLE XII. 
EtOH, % ... 0 10 15 20 25 30 325 33:3 338 
Bgcocccaccesecses 246* 233* 220* 206* 190* 149* 114* 101* —_ 
a, naeasasesan 246 258 268 277 286 296 299 — 300°5 


* Two liquids become miscible at end-point. 


The above results show that in aqueous ethyl-alcoholic solutions 
p-nitrophenol has a maximum solubility at 0° and 12-5° in 72% 
alcohol, at 25° in 56%, alcohol, and at 40° in 39% alcohol. 
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Discussion of Results. 


The results obtained for the solubility of o-nitrophenol serve to 
emphasise the special features of the solubility curves of the m- and 
p-isomerides. The last two exhibit a marked tendency to form oily 
solutions at low temperatures, therein differing from o-nitrophenol, 
although this isomeride has a much lower m. p. (44° as against 
116° for p-nitrophenol) than the others. The greatest tendency to 
produce two liquids during solution in dilute alcoholic solutions is 
shown by p-nitrophenol : this is possibly connected with the greater 
ease with which this isomeride forms addition compounds with weak 
bases and with its own metallic derivatives; moreover, the salts of 
p-nitrophenol show the highest degree of hydration, whilst those of 
o-nitrophenol are, in general, the least hydrated. It seems probable, 
therefore, that the additive powers of m- and p-nitrophenol enable 
them to produce the oily liquid phases which characterise the looped 
portions of their solubility curves. The curves show that, as the 
temperature rises, there is a fall in the maximum alcohol concen- 
tration of the solvent determining the area in which two liquid 
phases co-exist. 

Some of the curves show as many as four significant points; 
¢g., in the curve (Fig. 2) for p-nitrophenol at 25°, the point § shows 
maximum solubility, points P and O are the upper and lower 
limits, respectively, for the co-existence of two liquids, and point Q 
indicates the minimum alcohol concentration of solvent in which 
two liquid phases can be made completely miscible. The occur- 
rence of maximum solubility for m- and p-nitrophenol at tem- 
peratures above 12° in aqueous ethyl-alcoholic solutions was unex- 
pected, since this was not the case for methyl alcohol (Duff, loc. cit.). 
In considering the direction changes of the curves in Figs. 1 and 2, 
itis noteworthy that McCombie and his co-workers (J., 1921,419, 970; 
1922, 121, 243, 2308), studying the rates of saponification of esters 
by potassium hydroxide in aqueous ethyl-alcoholic solutions, found 
significant points in the resultant curves at which the alcohol and 
water in the solvent were present in simple molecular proportions. 
These points, however, were not all evident at any one temperature. 
Dexter, McCombie, and Scarborough (J., 1923, 123, 1229) studied 
an example of isomeric change in aqueous ethyl-alcoholic solutions 
and obtained a curve changing in direction at three points corre- 
sponding to alcohol—water complexes. 

Since the significant points of the curves now recorded vary with 
temperature and differ for the two nitrophenols, there is no evidence 
for the existence of alcohol hydrates in the solutions. It is more 
probable that the points are of eutectic character. In view of the 
results obtained by McCombie and his co-workers (loc. cit.), it is 
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a remarkable coincidence that so many of the significant points in 
Figs. 1 and 2 occur where the alcohol and water in the solvent are 
in simple molecular proportion, as Table XIII shows. 


TaBLeE XIII. 
Fig 1. 
PONE ....cerccrceeee H J P Oo R 
BAO, % .cacecsene 46 72 36 42 63 
Ratio E tOH:H,O 1:3-00 1: 0-993 2: 9-08 2: 7-06 2: 3-00 
Fig. 2. 
: dunccanuaaaaans D F K J M 
EtOH, %  ..0..05.. 51 70 41 45 72 
Ratio EtOH : H,O 2:4-91 1: 1-09 2:7-23 1: 3-12 1 : 0-993 
BOO: gh ds cdaddssibles Q P NS] V Y 


BtOH, % . cosccecee 27 39 56 33°8 39-0 
Ratio EtOH : H,O 1: 6-91 1: 4:00 1: 2-00 1: 5-00 1: 4-00 


Although the presence of alcohol-water complexes in the solvent 
is improbable, it seems necessary to assume that m- and p-nitro- 
phenols are both capable of association with the solvent. This 
especially applies to the co-existence of two saturated liquids along, 
e g., the straight line NP for 25° in Fig. 1. In this case, if the solvent 
used is 24% in alcoholic content, it will be induced, by addition of 
m-nitrophenol, to act as an equilibrium mixture of 15% alcohol 
(point N) and of 36% alcohol (point P), and with the requisite 
amount of m-nitrophenol, it will produce the two saturated liquid 
phases. The results found for the line NP agree with those calcu- 
lated from the foregoing assumption, and this applies to the corre- 
sponding sections of the other curves. 


Tue TECHNICAL COLLEGE, BIRMINGHAM. [Received, April 3rd, 1930.] 





CLX XIII.—Glucosides. Part III. The Abnormal 
Replacement of Halogen in Glucosyl Halides: 
The Formation of B-Glucosides from B-Glucosyl 
Chlorides. 


By WILFRED JoHN HIcKINBOTTOM. 


In continuation of previous work on the formation of glucosides 
from §-glucosyl chlorides (J., 1929, 1676), the action of sodium 
alkoxides on 2-trichloroacetyl 3 : 4 : 6-triacetyl 8-glucosyl chloride 
(Il) and on 3:4: 6-triacetyl @-glucosyl chloride (I) has been 
examined. It would be expected, by analogy with the behaviour 
of 2:3:4: 6-tetra-acetyl «-glucosyl bromide (IV) towards similar 
reagents (compare Zemplén and Kunz, Ber., 1923, 56, 1710), that 
glucoside formation would occur with the normal change in con- 
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figuration. Indeed, Pictet and Castan (Helv. Chim. Acta, 1921, 
4, 319) have stated that the glucosyl chloride, prepared by the 
addition of hydrogen chloride to «-glucosan—and identified by 
them as @-glucosyl chloride, since its tetra-acetate has the same 
melting point as Fischer and Armstrong’s labile 2 : 3 : 4 : 6-tetra- 
acetyl §-glucosyl chloride—gives a-methylglucoside by reaction 
with a solution of sodium methoxide in methyl] alcohol. 


CHC! CHCl H-OMe CHBr 
| CHLOH | CH-0-CO-CCI, CH-OH | Gut one 
OCH-OAc OCH-OAc cai O CH-OAc ‘OAc 
| (H-OAe | (H-Ode | GH-Ose | (H-Oe 
CH H CH 
CH,OAc —- CH, OAc CH,OAc CH,"OAc 
(I.) (II.) (IIT.) (IV.) 


It was found, however, that §-glucosides were the principal 
products of the action of sodium alkoxides on 3 : 4: 6-triacetyl 
8-glucosyl chloride and on 2-trichloroacetyl 3 : 4: 6-triacetyl 
8-glucosyl chloride. These results are in direct contrast to the 
behaviour of the same §-glucosyl chlorides towards alcohols in 
presence of silver oxide or carbonate, or silver nitrate and pyridine. 
For comparison, the results are summarised in the following 
table : 


2-Trichloroacetyl 3 : 4 : 6-triacetyl B-glucosyl chloride. 


a- and £-Glucosides, 


Experimental %, in product. 
conditions. a. . 
( Brig] and Keppler (Ber., Methyl alcohol and Ag,O 70 30 
+ 1926, 59, 1588) or Ag,CO, 
Hickinbottom (loc. cit.) 
Hickinbottom (loc. cit.) Methyl alcohol, AgNO, 90 10 
and pyridine 
Methyl alcohol and 15 85 
NaOMe 
Ethyl alcohol and NaOEt 10 90 
3:4: 6-Triacetyl B-glucosyl chloride. 
Hickinbottom (loc. cit.) Methyl alcohol and Ag,O 70 30 
or Ag,CO, 
on Methyl alcohol, AgNO,, 80 20 
and pyridine 
Methyl alcohol and Approx. 160 
NaOMe 


It is possible, therefore, to obtain either the «- or the 8-glucoside 
from each of these glucosyl chlorides by selecting the appropriate 
conditions. On current conceptions, it is assumed that, in the 
usual replacement of halogen in glucosyl halides by the action of 
silver carbonate and alcohol, a change in configuration occurs 
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(VI and VIII). This applies both to the «- and to the f-series of to th 
glucosyl halides. It is then remarkable to find that both series of | obser 
glucosyl halides yield glucosides of the same configuration by obtai 
reaction with sodium alkoxides in alcohols. For instance, sodium that 
methoxide in methyl alcohol produces £-methylglucosides (VI) soluti 
from the 6-glucosyl chlorides (V) used in the present investigation mixir 
and also from 2 : 3: 4: 6-tetra-acetyl «-glucosyl bromide (VII). Arms: 
my. ‘ ee Peay CH,-0A “yea 
VLE | ex 
P D nt wae 174 —o.' ‘ NaOMe_ 19 JL ay bg Mattie Ht | -OF chlori 
Ke oA De MeOH re 4 OA Oy | orMeOH <i H/ I readil 
Ame OMe on! ” One 2nd, OAL kl solven 
H ba H OA H OA acetyl 
Wine ) (V.) (VI.) (VII.) additi 
[OA = OH or OAc] oxide 
These observations appear to find a parallel in the behaviour ]} 6-glucc 
of the a- and §-penta-acetyl glucoses, which normally give the | period 
same tetra-acetyl glucosyl halide by the action of hydrogen halides. | added 
It is certain, when hydrogen chloride is used, that the first products | change 
have different configurations, but under the experimental con- | temper 
ditions 2 : 3 : 4 : 6-tetra-acetyl 8-glucosyl chloride isomerises to the | may b 
more stable «-glucosyl chloride (Schlubach, Stadler, and Wolf, Ber, | sodium 
1928, 61, 293; compare Fischer and Armstrong, Ber., 1901, 3, for 20 } 
2894). any ser 
A somewhat similar explanation may account for the anomalous | part of 
formation of 8-glucosides from §-glucosyl chlorides, namely, that | Micheel 
by the action of the sodium alkoxides the §- glucosyl chlorides are | trimeth 
isomerised to «-glucosyl chlorides, which then react in the normal [ -glucos 
way to give $-glucosides. This explanation was advanced by | small ac 
Fischer and Armstrong (loc. cit.) to account for the non-formation The a 
of «-phenylglucoside from the unstable 2 : 3: 4 : 6-tetra-acetyl ation, si 
8-glucosyl chloride. Their view was supported by the observation slow con 
that the §-glucosyl chloride was converted completely into the bottom, 
a-glucosy] chloride in an ethereal solution in contact with powdered If the 
hydrated sodium carbonate, or the wet sodium compound of assigned 
glucose. Which is 
It appears at first sight that the extension of this hypothesis to alone, no 
account for the formation of §-glucosides from the 6- glucosyl An alt 
chlorides examined in the present work would be justifiable. 4 glucosyl | 
fuller consideration of the experimental facts, however, indicates of the cor 
that it can only be accepted if certain assumptions are made. distributi 
Although no accurate determinations of the velocity of the Telative e 
reaction between sodium methoxide or ethoxide and 2-trichlore | It is kn 
acetyl 3 : 4 : 6-triacetyl 8-glucosyl chloride have been made owing obtained | 
ZZ 
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to the occurrence of comparatively slow side reactions, qualitative 
observations of the density of the precipitate of sodium chloride 
obtained when the reaction is carried out in ethyl alcohol indicate 
that glucoside formation occurs very quickly, and for 0-5N- 
solutions it is practically complete within a few minutes after 
mixing. Evidently, if the isomerisation hypothesis of Fischer and 
Armstrong holds, isomerisation must be complete or almost so 
before any replacement occurs; the isomerisation must therefore 
be extremely rapid. 2-Trichloroacetyl 3 : 4 : 6-triacetyl 8-glucosyl 
chloride, however, is comparatively stable and does not isomerise 
readily. For instance, it does not change in non-hydroxylic 
solvents which bring about the conversion of 2:3: 4: 6-tetra- 
acetyl ®-glucosyl chloride into the «-isomeride. Further, the 
addition of a trace of a methyl-alcoholic solution of sodium meth- 
oxide to an acetone solution of 2-trichloroacetyl 3 : 4 : 6-triacetyl 
8-glucosyl chloride does not cause any change of rotation over a 
period of 25 minutes. A drop of 20% aqueous sodium hydroxide 
added to an acetone solution of the $-glucoside brings about a 
change of [«], only from +8° to +13° after 48 hours at room 
temperature. Further, a xylene solution of the 8-glucosyl chloride 
may be kept in contact with an excess of dry, finely powdered 
sodium methoxide (free from methyl alcohol) at room temperature 
for 20 hours without any marked change in the rotation or without 
any serious amount of glucoside formation; indeed the greater 
part of the §-glucosyl chloride may be recovered unchanged. 
Micheel and Micheel (Ber., 1930, 63, 392) have shown that anhydrous 
trimethylamine has no action on 2-trichloroacetyl] 3 : 4 : 6-triacetyl 
8-glucosyl chloride in benzene at room temperature, and only a 
small action after 4 hours” heating at 100°. 5; 

The alcohol does not appear to be responsible for the isomeris- 
ation, since the rate of change of rotation in methyl alcohol is 
slow compared with the rate of replacement of the halogen (Hickin- 
bottom, Joc. cit.). 

If the isomerisation hypothesis is to be retained, there must be 
assigned to the sodium alkoxide in the alcohol a catalytic power 
which is not possessed by the dry alkoxide, nor by the alcohol 
alone, nor by small quantities of the alcoholic methoxide in acetone. 

An alternative hypothesis is to assume that addition to the 
glucosyl chloride may occur, and that the subsequent behaviour 
of the compound formed is determined by such factors as electron 
distribution, polarity, and steric configuration as well as by the 
relative energies of the systems. 

It is known that the relative proportions of «- and §-glucosides 


obtained by the replacement of the halogen of the glucosyl halides 
ZZ 
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may be varied very considerably. For instance, although sodium 
alkoxides react with 2-trichloroacetyl 3 : 4 : 6-triacetyl 8-glucosyl 
chloride to give $-glucosides, sodium phenoxide gives a compar. 
atively high proportion of the «-phenylglucoside—approximately 
60%, of the total product. . 

When glucoside formation is effected from 2-trichloroacetyl 
3: 4: 6-triacetyl 6-glucosyl chloride or 3 : 4 : 6-triacetyl 6-glucosyl 
chloride in an alcoholic suspension of silver oxide or silver carb. 
onate, the product obtained is «-glucoside with about 30% of 6; 
the proportion of « can be increased if the silver carbonate is 
replaced by silver nitrate and pyridine. Further, it is possible 
to obtain some «-glucosides from 2 : 3 : 4 : 6-tetra-acetyl «-glucosyl 
bromide by reaction in presence of quinoline, the formation of 
a-glucoside being apparently determined by the nature of the 
hydroxy-compound reacting. 

These facts, together with observations on the opening of the 
ethylene-oxide ring in 3 : 4 : 6-triacetyl glucose anhydride, indicate 
that the reagents employed to effect glucoside formation determine, 
to some extent at least, the nature of the product. 

Although it would be possible to explain these results by assum- 
ing that each reagent has its own isomerising effect, it seems more 
probable that the effect is determined by some factor such as 
preliminary addition. 

In the reaction between sodium methoxide or ethoxide and 
2-trichloroacetyl 3:4: 6-triacetyl §-glucosyl chloride in equ. 
molecular proportion in alcoholic solution, the trichloroacetyl 
group is split off and a 3:4: 6-triacetyl 6-alkylglucoside (III) is 
produced. This reaction provides an alternative method of pre 
paring these compounds, which hitherto have only been obtained 
from 3:4: 6-triacetyl §-glucosyl chloride or by the reaction of 
3:4: 6-triacetyl glucose anhydride with alcohols. It is a 
additional example of the comparative instability of the trichloro 
acetyl group in position 2 (Brigl, Z. physiol. Chem., 1921, 116, |; 
Hickinbottom, loc. cit.). 


EXPERIMENTAL. 


Action of Sodium Methoxide in Methyl Alcohol on 2-Trichlor- 
acetyl 3 : 4 : 6-Triacetyl 8-Glucosyl Chloride.—Formation of 3 : 4:6 
triacetyl B-methylglucoside. The sodium methoxide used in thes 
experiments was prepared by dissolving sodium in freshly distilled, 
dry methyl alcohol to yield an approximately 0-5N-solution. The 
concentration was determined accurately by titration agains 
standard acid. 

A meagured volume of this solution, diluted with methy] alcohol 
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was added to 2-trichloroacetyl 3 : 4 : 6-triacetyl 6-glucosyl chloride 
so that the glucosyl chloride and sodium methoxide were present 
in equimolecular proportion. The changes in specific rotation 
(cale. on the glucosyl chloride) were as follows (c = 5-23; 1 = 2): 


t (mins. ) 2 3 4 8 Mm. @. @. @ 
[af +-+++++ +27-3° 28-8° 27-3° 26-8° 24-2° 20-7° 19-2° 20-0° (const.) 


A number of other determinations of the change of rotation, also 
made at room temperature, were in general agreement with those 
recorded above: [«]» +27—30° about 2 minutes after mixing, 
changing to a constant end value between + 14° and +-25°. 

The solutions obtained were clear and neutral to moist litmus. 
Evaporation under diminished pressure at room temperature, 
followed by repeated extraction of the residue with boiling chloro- 
form to eliminate inorganic salts, and subsequent evaporation of 
the chloroform, yielded the product of the reaction as a colourless 
transparent gum. It slowly solidified in a vacuum desiccator to 
a crystalline mass (A). 

The inorganic residue remaining after the extraction with 
chloroform was sodium chloride. In one or two experiments it 
contained a small quantity of acetate. 

The crystalline mass (A) was not entirely free from lower-melting 
compounds. The products from two typical experiments showed 
[a]p +32-7° (c = 1-65) and[«], +37-6° (c = 1-78) in ethyl alcohol. 
On deacetylation with alcoholic ammonia a mixture of «- and 
-glucosides resulted. From the two specimens for which the 
specific rotations are recorded above, methylglucosides were 
obtained which, after removal of amides and drying at 78°/12 mm.., 
had [«]p —6° (c = 1-38) and [a], +4° (c = 2-63) in water. These 
values correspond to mixtures of $-methylglucoside containing 
14% and 19% respectively of «-methylglucoside. Crystallisation 
of the crude glucoside from alcohol furnished pure $-methyl- 
glucoside, [x], —32° in water (c = 1-07), m. p. 107—108° (alone 
or mixed with a genuine specimen of $-methylglucoside). The 
presence of «-methylglucoside was established by adding ether to a 
concentrated alcoholic solution of the product of deacetylation of 
the crude product (A). Two forms of crystal, which could be 
separated mechanically, were deposited on keeping. The greater 
part consisted of stout transparent prisms of $-methylglucoside. 
A few aggregates of small needles were also present, and after 
further purification from absolute alcohol these were identified 
as a-methylglucoside by melting point and rotation. 

Isolation of 3 : 4 : 6-triacetyl B-methylglucoside (III). Extraction 
of the solid (A) with ether left a gummy residue which showed 
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little sign of crystallising. The ethereal solution on slow spon. 
taneous evaporation deposited aggregates of prismatic needles, 
which after crystallisation from carbon tetrachloride or alcohol 
were obtained pure; m. p. 93—94°, [«], +20° in ethyl alcohol 
(c = 4:5) (Found : C, 49-0; H,6-4; OMe, 9-6. Calc. for C,3H,90,: 
C, 48-6; H, 6-4; OMe, 96%). The analysis corresponds to tri- 
acetyl methylglucoside, and the constants are in good agreement 
with those recorded for 3: 4: 6-triacetyl $-methylglucoside pre. 
pared from 3:4: 6-triacetyl glucose anhydride (Hickinbottom, 
J., 1928, 3144). The substance did not depress the melting point 
of an authentic specimen of 3: 4: 6-triacetyl $-methylglucoside, 
and yielded 2:3: 4: 6-tetra-acetyl B-methylglucoside on acetyl. 
ation. 

Action of an Excess of Sodium Methoxide in Methyl Alcohol on 
2-Trichloroacetyl 3:4: 6-Triacetyl 8-Glucosyl Chloride—aA freshly 
prepared solution (0-404N) of sodium methoxide (1-154 mols.) in 
dry methyl alcohol was added to 2-trichloroacety] 3 : 4 : 6-triacetyl 
8-glucosyl chloride (0-5421 g.; 1 mol.). The solution was rapidly 
diluted with dry methyl alcohol to 25 c.c. The following changes 
in rotation at room temperature were observed (1 = 2-0; c = 2-17): 


t(mins.) ......cee0e 2 4 6 10 12 14 17 
iil abidincsaiventicheatee +0-94° 0-66° 0:45° 029° 0:25° 0-20° 0-13? 
t(mins.) .........-. 19 23 29 54 88 1080 

ih adunebewteabtininteae +0-10° 0-03° —0-10° —0-28° —0-35° —0-54° (const.) 


The solution was neutral after 24 hours. The final value, calcul- 
ated on the assumption that only $-methylglucoside is present, 
is [a]) —31-2°. 

The product obtained on evaporation, however, did not consist 
entirely of 6-methylglucoside. After solution of the glucosides in 
absolute alcohol and filtration to remove mineral matter, no appreci- 
able amount of $-methylglucoside could be separated, even after 
concentration of the alcoholic solution and nucleation with 6-methyl- 
glucoside. A determination of the acetyl content by hydrolysis 
with alcoholic potash showed that the product consisted largely of 
monoacetyl §-methylglucoside (Found: Ac, 13-2. Calc. for 
C,H,,0,Ac: Ac, 184%). It is evident that extensive deacetyl- 
ation is brought about even in the cold by the action of a slight 
excess of sodium methoxide. 

Action of a Solution of Sodium Ethoxide in Ethyl Alcohol on 
2-Trichloroacetyl 3:4: 6-Triacetyl 8-Glucosyl Chloride.—The form- 
ation of 3:4: 6-triacetyl 8-ethylglucoside. The $-glucosy! chloride 
(1-1393 g.) was mixed with sodium ethoxide (1 mol.) in ethyl alcohol 
at room temperature, and the solution diluted to 25 c.c. No 
readings of the change of rotation were taken owing to the precipit- 
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ation of sodium chloride. After 24 hours, the solution was neutra! 
to moist litmus, and after filtration had «, +0-21° (1 = 0-5); hence 
[a]p +9°, calculated on the glucosyl chloride, or [«]p +-11°, calculated 
on triacetyl ethylglucoside. 

Saturation of the solution with dry ammonia at room temperature, 
and subsequent evaporation after 20 hours, followed by extraction 
with ether to remove trichloroacetamide, and then drying at 78°/12 
mm., left a mixture of ethylglucosides, [«], —14° in water (c = 1-95; 
1=0-5). The solution was almost indifferent to Fehling’s solu- 
tion, and showed no detectable mutarotation after 24 hours. This 
value of the specific rotation corresponds to a mixture of 91% of 
$-ethylglucoside and 9% of «-ethylglucoside. The presence of 
6-ethylglucoside as the major constituent of the mixture was also 
demonstrated by acetylation, whereby 2:3: 4: 6-tetra-acetyl 
6-ethylglucoside was obtained which, after one crystallisation from 
alcohol, melted, alone or mixed with a genuine specimen, at 
103—104°. 

Isolation of 3 : 4 : 6-triacetyl B-ethylglucoside. The filtered solution 
resulting from the action of sodium ethoxide (1 mol.) on 2-trichloro- 
acetyl 3:4: 6-triacetyl @-glucosyl chloride in alcohol had [«], 
+4° (c = 4-78), calculated on the original glucosyl chloride, and 
[«]p +6°, calculated on triacetyl ethylglucoside. It was evaporated 
under reduced pressure, and the dry residue extracted with ether. 
The ethereal solution deposited, on spontaneous evaporation, 
needles, m. p. 105—110°, which were contaminated by a small 
quantity of a substance having the odour of an ester. After three 
crystallisations from ethyl alcohol, the solid melted at 119—120°, 
and was identified by its m. p., mixed m. p., and specific rotation as 
3:4: 6-triacetyl B-ethylglucoside (Hickinbottom, loc. cit.). 

Action of Sodium Phenoxide and Phenol on 2-Trichloroacetyl 
3:4:6-T'riacetyl 8-Glucosyl Chloride—Sodium phenoxide solution 
was prepared by the action of metallic sodium on an excess of 
molten phenol, precautions being taken to exclude moisture. The 
crystalline compound which separated on cooling, and probably con- 
sisted of the additive compound of phenol and sodium phenoxide 
(compare Gentsch, D.R.-P. 156761), was dissolved in sufficient dry 
acetone to give an approximately 0-5N-solution. The concentration 
of phenoxide was determined accurately by titration. 

2-Trichloroacetyl 3 : 4 : 6-triacetyl 6-glucosyl chloride (0-7816 g.) 
was treated with sodium phenoxide (1 mol.), and the solution made 
up to 25 c.c. with acetone. A precipitate of sodium chloride formed 
rapidly. After 2 hours the filtered solution had [«], +33°, calcul- 
ated on the basis of the glucosyl chloride, and this value did not 
alter during 48 hours. The filtered solution was evaporated, and 
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the residue heated at 100°/15 mm. to remove phenol. <A brownish 
gum was obtained, [«]p +106-5° in benzene (c = 2-16; 1 = 0-5). 
After deacetylation with alcoholic alkali, a mixture of phenyl. 
glucosides remained, [«]» +88° in water (c= 1-48; 1 = 0-5). 
Acetylation of the glucosides gave a brownish mixture of the tetra- 
acetyl phenylglucosides, [«], +95° in benzene (c = 1-35; 1 = 0-5), 
This value corresponds to a mixture containing approximately 
64% of tetra-acetyl «-phenylglucoside and 36% of the 8-isomeride. 
Crystallisation of the crude mixture from alcohol furnished pure 
2:3:4:6-tetra-acetyl «-phenylglucoside, m. p. 110—112° alone 
or mixed with an authentic specimen. [«]p +-168° in benzene. 

Action of a Solution of Sodium Methoxide in Methyl Alcohol on 
3:4: 6-Triacetyl 8-Glucosyl Chloride-——Sodium methoxide (1 mol.) 
in methyl-alcoholic solution (0-6683N) was diluted with methyl 
alcohol and added to 0-6655 g. of pure 3 : 4: 6-triacetyl $-glucosyl 
chloride (m. p. 154°). The solution was made up to 25 c.c. as 
rapidly as possible : 4 minutes after mixing, [«], (calc. on the glucosyl 
chloride) was —7-5°, and it fell to a constant value of [a], —22-5° 
on keeping over-night at room temperature. The solution then 
contained no free glucosyl chloride. It was evaporated under 
diminished pressure, and the residue extracted repeatedly with 
boiling ethyl acetate. Evaporation of the extract left a transparent 
colourless gum which was inactive towards boiling Fehling’s solution. 
Deacetylation of the gum with alcoholic ammonia at room temper- 
ature left a product which consisted very largely of (-methyl- 
glucoside, [«]) —32° in water (c = 1°57;1= 0-5). The identification 
as 8-methylglucoside was established by its m. p., mixed m. p., and 
specific rotation, after crystallisation from absolute alcohol. 

Action of Sodium Phenoxide on 3:4:6-Triacetyl (6-Glucosyl 
Chloride —A solution (0-4161N) of sodium phenoxide (1 mol.) in 
acetone containing free phenol was added to 3: 4: 6-triacetyl 
8-glucosyl chloride (0-5364 g.), and the solution diluted rapidly to 
25 c.c. The separation of sodium chloride commenced in less than 
a minute after mixing. Filtration after 18 hours gave a solution 
having [«]) +50°, calculated on the basis of the glucosyl chloride. 
In another experiment, with 0-5031 g. of @-glucosyl chloride in 
25 c.c. of acetone containing 1 mol. of sodium phenoxide, there 
resulted a solution which had [«], +49° after being kept for 
hours at room temperature. Both solutions were faintly alkaline 
to moist litmus. They were combined, and the acetone was removed 
under reduced pressure. The residue, after being heated at 
100°/15 mm. to remove phenol, was a light brown, transparent 
gum, [«]) +42° in alcohol (c = 1-62; 1 = 0-5). 

Acetylation of this residue in pyridine furnished a product having, 
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after the usual treatment to remove pyridine, [«], +40° in benzene 
(c= 2-1). This value corresponds to a mixture of approximately 
65% of the tetra-acetyl -phenylglucoside and 35% of the «-isomeride. 
Crystallisation from alcohol gave pure 2:3: 4: 6-tetra-acetyl 
$-phenylglucoside, m. p. 125—126°, [«]) —28° in benzene. 

Action of Sodium Methoxide in Methyl Alcohol on 2:3:4: 6- 
Tetra-acetyl «-Glucosyl Bromide.—In order to compare the behaviour 
of the 8-glucosyl halides towards sodium methoxide with that of the 
a-glucosyl halides the action of sodium methoxide in methyl] alcohol 
on 2:3:4:6-tetra-acetyl «-glucosyl bromide was followed 
polarimetrically. 

Sodium methoxide (1 mol.) in methyl-alcoholic solution (0-41) 
was added to 1-1969 g. of 2: 3: 4: 6-tetra-acetyl «-glucosyl bromide 
at room temperature, and methyl alcohol then added to make the 
volume up to 50 c.c. The changes in rotation were : 


t(mins.) ... 15 3 5 8 45 1135 
ap (1 = 0-5) —0-01° —0-05° —0-07° —0-09° —0-13° —0-15° (const.) 

The solution after acetylation yielded tetra-acetyl {$-methyl- 
glucoside. 

The Stability of 2-Trichloroacetyl 3:4: 6-Triacetyl 8-Glucosyl 
Chloride—Attempts were made to effect the isomerisation of 
2-trichloroacety] 3 : 4 : 6-triacetyl $-glucosyl chloride by the action 
of traces of alkali or sodium methoxide in acetone. 

A solution of the 8-glucosyl chloride in dry acetone ([«]) +8°; 
c=441; 1 = 0-5), treated with 2 drops of 0-5N-solution of sodium 
methoxide in methyl alcohol, showed no change in rotation after 
being kept at room temperature for 25 minutes. The subsequent 
addition of 1 drop of 5N-sodium hydroxide gave a solution which had 
[a]p +10-5° after 24-5 hours and [«]p +13-1° after 47-5 hours. The 
tube contained a small deposit, presumably sodium chloride. The 
solution, however, on evaporation gave unchanged f-glucosyl 
chloride. 

A suspension of an excess of sodium methoxide (e.g., 2 mols.) in 
dry xylene free from methyl alcohol had only a slow action on 
2-trichloroacetyl 3:4: 6-triacetyl @-glucosyl chloride. After 17 
hours, with intermittent shaking, the filtered solution had [«], +-17°, 
calculated on the basis of the glucosyl chloride. Evaporation 
under reduced pressure gave a residue which partly crystallised, 
and from which a large proportion of unchanged £-glucosyl chloride 
was isolated. 

The addition of 1 drop of concentrated hydrochloric acid to an 
acetone solution of 2-trichloroacetyl 3:4: 6-triacetyl $-glucosyl 
chloride (c = 4-4) brought about a change in specific rotation 
from +-7-2° to +9-6° after 92 hours. The solution had become 
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darker in colour. On evaporation it yielded a somewhat im. 
pure product, m. p. 120—125°, from which the pure {-glucosyl 
chloride, m. p. 135—136°, was obtained by one crystallisation from 
ethy] alcohol. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, April 3rd, 1930.] 





CLXXIV.—The Synthesis of meso-Alkyl and meso- 
Aryl Anthracene Derivatives. Part VII. 


By Epwarp DE Barry BaRNETT and NoRMAN FREDERICK 
Goopway. 


TuHE isolation of 3-chloro-9-anthrone (Barnett and Matthews, J., 
1923, 2549) from the mixture of 2- and 3-chloro-9-anthrone obtained 
by the reduction of 2-chloroanthraquinone with tin and hydrochloric 
acid or with aluminium powder and concentrated sulphuric acid 
can be readily effected by the method used by Barnett and Goodway 
(J., 1929, 1754) for the isolation of 3-methyl-9-anthrone, viz., 
acetylation and fractional crystallisation of the mixed anthranyl 
acetates. 

2- and 3-Chloro-9-anthrone condense readily with benzyl chloride 
in the presence of potassium hydroxide and yield, as would be 
expected, the chlorodibenzylanthrones. 

By interaction with magnesium alkyl halides (Barnett and 
Goodway, J., 1929, 20, 1745), 10-benzhydrylanthrone (I, X = C,H,) 
gives dihydroanthranols (II, X = C,H,) which undergo transannular 
loss of water to form the alkylbenzhydrylanthracenes (III), whereas 
1 : 5-dichloro-10-benzhydrylanthrone (I, X = C,H,Cl) gives dihydro- 
anthranols (II, X = C,H,Cl) which undergo transannular loss of 
poi to give the alkylanthracene (IV). 


HOR - OR 

Xx< Sx — X< C,H,<|>C,H, CoHCl< [> 1,H, Cl 

-CHPh, fI-CHPh, *CCHPh, a 
(II.) (IIT.) bane 


As it seemed possible that this difference in behaviour was due to 
the co-ordination of the hydrogen atom at 10 with the chlorine atom 
at 5 (compare Barnett and Wiltshire, Ber., 1929, 62, 3063; Barnett, 
Goodway, and Wiltshire, ibid., 1930, 63, 472), the behaviour of the 
dihydroanthranols obtained by the action of magnesium benzyl 
chloride on some other Bz.-chloro-10-benzhydrylanthrones has been 
examined. The results obtained, which are summarised below, 
show that co-ordination of the meso-hydrogen atom cannot possibly 
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be the factor determining the type of transannular loss suffered 
under the influence of hydrogen ions: for instance, 1-chloro-, 
2-chloro-, 4-chloro-, 1 : 4-dichloro-, and 4 : 5-dichloro-9-benzyl-10-benz- 
hydryl-9 : 10-dihydro-9-anthranol all underwent loss of benzhydrol 
and yielded the corresponding chlorinated 9-benzylanthracene ; 
1 ; 8-dichloro-9-benzyl-10-benzhydryl-9 : 10-dihydro-9-anthranol (V), 
on the other hand, lost water and passed into 1 : 8-dichloro-9-benzyl- 
10-benzhydrylanthracene (V1). 


HO CH,Ph 
Cl ci CICH.Ph Cl 
Ya n# \ 
ee. (VI.) 
i CHPh, 


1: 8- and 4 : 5-Dichloro-9-anthrone differ markedly from anthrone 
itself in their behaviour towards benzophenone chloride, for where- 
as anthrone yields diphenylmethyleneanthrone (anthrafuchsone) 
(Padova, Compt. rend., 1906, 143, 121; Ann. Chim., 1910, 19, 388), 
the two dichloroanthrones are merely oxidised to the dianthrones. 
Also, after boiling for 3 hours with phthaloyl chloride in xylene 
solution, they were largely recovered unchanged and, although 
some resinous matter was formed in each case, no compound 
corresponding to the phthalylidene derivative obtained by Padova 
(Compt. rend., 1909, 418, 290) from anthrone itself could be detected. 

As was foreseen, 1 : 4-dichloroanthrone condenses with benzyl 
chloride in the presence of sodium hydroxide to give 1 : 4-dichloro- 
10-benzylanthrone (VII), and the dihydroanthranol (VIII) obtained 
from this by the action of magnesium benzyl chloride undergoes loss 
of water to form the benzylidene derivative (IX). This behaviour 
isin harmony with the suggestion (Barnett, Goodway, and Wiltshire, 
loc. cit.) that a meso-hydrogen atom forms a chelate ring with 
the chlorine atom in the peri-position, as indicated in the formule 
below. 


PhH,C OH CHPh 
co Cl \/ Cl | cl 
, >" a_i . 
|— |—> 
/ \ / 4™\ nae 
PhH co H<C! PhH,C H<C1 PhH,C H<Cl 
(VIL. ) (VIII.) (IX.) 


The failure of 1: 4-dichloro-10-benzylanthrone to undergo 
enolisation when boiled with alcoholic sodium hydroxide furnishes 


further evidence of the immobilisation of the meso-hydrogen atom. 
ZZ2 
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EXPERIMENTAL. 


3-Chloro-9-anthrone.—The mixture of anthrones obtained by the 
reduction of 2-chloroanthraquinone by the tin-hydrochloric acid 
method was acetylated on the water-bath with pyridine and acetic 
anhydride and the resulting anthranyl acetates were recrystailised 
from benzene-light petroleum or toluene-light petroleum. 3-Chloro- 
9-anthranyl acetate (m. p. 146°; Barnett and Wiltshire, J., 1928, 
1822) was thus easily obtained in the pure state; it yielded the 
corresponding anthrone on hydrolysis with alcoholic alkali in an 
inert atmosphere (compare Barnett and Goodway, J., 1929, 1754). 

2-Chloro-10 : 10-dibenzylanthrone.—2-Chloro-9-anthrone (10 gg.) 
and benzyl chloride (10 c.c.) were boiled under reflux with a solution 
of potassium hydroxide (7 g.) in water (25 c.c.) for an hour. After 
being washed with water and with ice-cold ether, the product was 
recrystallised from glacial acetic acid and from benzene-light 
petroleum. It was then colourless and melted at 185° (Found: 
C, 82-0; H, 5-3. C,,H,,OCI requires C, 82-2; H, 5-1%). 

3-Chloro-10 : 10-dibenzylanthrone, prepared in exactly the same 
way as the above compound, formed colourless crystals, m. p. 174° 
(Found : C, 82-3; H, 5-4%). 

Bz.-Chloro-10-benzhydrylanthrones.—In all cases the anthrone 
(5—10 g.) was boiled with an excess of crude benzhydryl chloride 
(10—20 c.c.) and aqueous sodium hydroxide (75—100 c.c.; about 
12% strength) until the black tar at first formed vanished (10—30 
minutes). After cooling, the viscous product was washed with 
water, triturated with ice-cold ether to remove resinous by-products, 
and crystallised from acetic acid or acetone and then from benzene- 
light petroleum. The products were all colourless and, when 
boiled with alcoholic alkali, gave a distinct colour only when there 
was no chlorine atom in position 4 or 5. 

In the following table the figures under “ Analysis ”’ refer to carbon 
and hydrogen, the calculated figures being given in parentheses. 


Clat M.p. Analysis. Clat M. p. Analysis. 
1 204° 82-3; 5-0 (82-1; 4-8) <4 191° 75:4; 4-4 (75-5; 4-2) 
2 171 § 82:1; 50 ,, mm 1:8 242 176-4; 44 ,, 9» 
4 175 82:0;48 ,, 4 4:5 224 75:4;43 ,, 9» 


A crystalline product could not be isolated from the resin obtained 
when 3-chloro-9-anthrone was boiled with benzhydry] chloride and 
alkali. 

Bz. - Chloro -9- benzyl -10-benzhydryl -9 : 10-dihydro-9-anthranols.— 
In all cases the benzhydrylanthrone was added slowly to an ethereal 
solution of magnesium benzyl chloride (3 mols.) cooled in a freezing 
mixture, and after being kept over-night at the ordinary temperature 
the whole was poured on a mixture of ice and solid ammonium 
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chloride. Sparingly soluble dihydroanthranols were isolated. by 
filtration, and the more soluble dihydroanthranols by evaporation 
of the washed and dried (Na,SO,) ethereal solution. In the latter 
case the dihydroanthranol was sometimes left as an oil which 
became solid on treatment with aqueous acetone or light petroleum, 
but the dihydroanthranol obtained from 1-chloro-10-benzhydryl- 
anthrone refused to crystallise. Purification was effected by 
recrystallisation from aqueous acetone and then from benzene-light 
petroleum. The products were all colourless. 

Dehydration was brought about by means of acetic acid containing 
a little concentrated hydrochloric acid, either by keeping over-night 
at the ordinary temperature or by brief heating on the water-bath. 
The resulting Bz.-chloro-9-benzylanthracenes were identified by 
direct comparison with authentic specimens. 


Clat M. p. Analysis. Clat M.p. Analysis. 
2 166° 83-8; 5-7 (83-9; 5-6) 1:4 199° 78-2; 5-2 (78-3; 5-0) 
4 208 83-6; 5-8 ,, > 1:8 190 78-4; 53 ,, 9 
4:5 186 78-5; 51 ,, = 


1 : 8-Dichloro-9-benzyl-10-benzhydrylanthracene (V1) formed pale 
yellow crystals, m. p. 139°, from acetone (Found : C, 81-1; H, 4-8. 
C,,H,,Cl, requires C, 81-1; H, 4-8%). 

Action of Benzophenone Chloride on 1:8- and 4: 5-Dichloro- 
anthrones.—The anthrone (5-4 g.) was boiled for 3 hours with benzo- 
phenone chloride (5-5 g.) and xylene (50 c.c. in the case of 1 : 8-di- 
chloroanthrone; 15 c.c. in the case of 4: 5-dichloroanthrone). 
1:8: 1’ : 8’-Tetrachloro-10 : 10’-dianthrone separated from the 
boiling solution, and after being washed with xylene was recrystal- 
lised from nitrobenzene (Found: C, 64-0; H, 2-7. Cale.: C, 64-1; 
H, 2-7%). 4:5:4':5'-Tetrachloro-10:10’-dianthrone was 
isolated by the addition of light petroleum and subsequent recrystal- 
lisation from benzene-ethyl acetate. On heating, it darkened but 
did not melt below 315° (compare Barnett, Cook, and Matthews, 
Rec. trav. chim., 1926, 45, 75). 

Neither of the above dianthrones gave any colour on boiling with 
alcoholic alkali. The latter, however, was enolised by pyridine 
and after boiling for 3 minutes with this solvent gave an immediate 
red colour on the addition of a drop of sodium hydroxide. The 
former gave no colour after similar treatment, presumably owing to 
the immobilisation of the meso-hydrogen atoms by co-ordination 
with the chlorine atoms. 

1 : 4-Dichloro-10-benzyl-9-anthrone (VII).—1 : 4-Dichloroanthrone 
(10 g.) was boiled with benzyl chloride (10 c.c.) and a solution of 
potassium hydroxide (7 g.) in water (30 c.c.) for an hour. The 
product having been washed with water and freed from volatile 
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material by distillation with steam, the resinous residue was tri- 
turated with cold ether and crystallised from benzene-light 
petroleum. The resulting colourless crystals melted at 123° 
(Found: C, 71-3; H, 4-1. C,,H,,OCI, requires C, 71-4; H, 4-0%), 

1 : 4-Dichloro-9 : 10-dibenzyl-9 : 10-dihydroanthranol (VITI).— 
1 : 4-Dichloro-10-benzylanthrone (6 g.) was added slowly to an 
ethereal solution of magnesium benzyl chloride (3 mols.) cooled ina 
freezing mixture, and the whole kept over-night at the ordinary 
temperature and then poured on a mixture of ice and _ solid 
ammonium chloride. The oil obtained by evaporation of the washed 
ethereal solution became solid on cooling and was then recrystallised 
from aqueous acetone and from benzene-light petroleum. The 
resulting colourless crystals melted at 165° (Found: C, 75-5; H, 
5-1. CygH,.OCl, requires C, 75-5; H, 4-9%). 

1 : 4-Dichloro-10-benzylidene-9 : 10-dihydroanthracene (IX).—The 
above dihydroanthranol was kept over-night at the ordinary 
temperature in glacial acetic acid solution to which a little concen- 
trated hydrochloric acid had been added. The resulting solid 
separated from benzene-light petroleum in_ colourless non- 
fluorescent crystals, m. p. 186° (Found: C, 78-7; H, 49. 
CygH Cl, requires C, 78-7; H, 4-7%). 


One of the authors (E. de B. B.) desires to express his thanks to 
Imperial Chemical Industries, Ltd., for a gift of 1 : 8-dichloro. 
anthraquinone and for a grant out of which some of the expenses of 
this research have been paid. 


Sir Joun Cass TECHNICAL INSTITUTE, 
Lonpon, E.C. 3. [Received, April 10th, 1930.] 





CLXXV.—The Space Configuration of the Trithw- 
acetaldehydes. 


By FREDERICK DANIEL CHATTAWAY and EDWIN GEOFFREY 
KELLETT. 


Recent work (Fromm and Engler, Ber., 1925, 58, 1916; Bell, 
Bennett, and Mann, J., 1929, 1462) has supported the earlier view 
of Baumann and Fromm (Ber., 1889, 22, 2600) that trithioacet- 
aldehyde, (CH,°CH:S),, exists in two isomeric forms, the so-called 
a-trithioacetaldehyde, m. p. 101°, and _ §&-trithioacetaldehyde, 
m. p. 126°, and that the supposed y-form (Marckwald, Ber., 1886, 
19, 1826; Polack and Thummel, Ber., 1889, 22, 2871; Mann and 
Pope, J., 1923, 123, 1178) is a mixture of these two. Although it 
has been customary to regard the «-form as the cis-isomeride 
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(having all three methyl groups on the same side of the plane of the 
ht | ting), there is no direct chemical evidence for this view. Baumann 
90 and Fromm regarded the @-form as trans- (Ber., 1891, 24, 1428) 
i because it is the more stable isomeride, arguing by analogy with the 
hexahydrophthalic acids. Auwers and Ottens (Ber., 1924, 57, 
439) support this view from comparisons of physical data. 

The oxidation products of these two isomerides which have 

previously been described are anomalous in that both isomerides 
id | give one and the same trisulphone (Baumann and Fromm, Ber., 
oq | 1889, 22, 2606; Lomnitz, Ber., 1894, 27, 1667) and one and the 
.q | same disulphone (Baumann and Fromm, Ber., 1893, 26, 2074); 
he | While only one trisulphoxide of «-trithioacetaldehyde and one of the 
H, } $-form have been obtained (Fromm and Engler, loc. cit.), though the 
stereoisomeric possibilities, having regard to the possible dispositions 
he | Of the semipolar double bonds in relation to the plane of the ring 
ry (compare Bell and Bennett, J., 1927, 1798), are much more numerous 
yn. | than this (six trisulphoxides of the trans-form, and four of the 
id | cis-form, may be predicted). 
n- It is shown in the present paper that «-trithioacetaldehyde forms 
9, | two isomeric monosulphoxides, and $-trithioacetaldehyde one. The 
maximum number theoretically possible is two from the cis-form 
and four from the trans-form. Each of the three monosulphoxides 
to | actually obtained has, however, been further oxidised to a distinct 
0 | monosulphone. Hence, since «-trithioacetaldehyde yields two 
of | isomeric monosulphones, and the @-form only one, the «-form must 
have the trans-structure. 
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it Oxidation of 8-Trithioacetaldehyde to a Monosulphoxide.—l0 G. 
of finely powdered §-trithioacetaldehyde, m. p. 126°, were suspended 
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in 100 c.c. of glacial acetic acid, and 6 c.c. of ‘‘ perhydrol,”’ dissolved 
in 150 c.c. of acetic acid, added during 8 hours, with vigorons 
shaking. (The reaction is rapid, since 15 minutes after addition 
of the last drop of “ perhydrol ” solution no free hydrogen peroxide 
could be detected in the reaction mixture by the perchromic acid 
test.) The clear solution thus obtained was diluted to 1500 c.c, 
with cold water and 220 g. of anhydrous sodium carbonate were 
added ; it was then filtered, and the filtrate extracted with 400 c.c, 
of chloroform in eight portions. The extract was dried over calcium 
chloride and the chloroform evaporated, leaving 9-5 g. of crude 
product. On crystallisation from 20° aqueous alcohol (60 c.c.), 
this proved to be a single pure compound. 

8-T'rithioacetaldehyde monosulphoxide crystallises from alcohol, in 
which it is very readily soluble, in large, compact, colourless crystals 
of ill-defined shape, m. p. 118-5° (Found: 8S, 49-2. C,H,,08, 
requires S, 49-1%). It is moderately easily soluble in cold water, 
and readily soluble in all the usual organic solvents. On warming 
with zine dust in dilute hydrochloric acid, it is reduced to £-tri- 
thioacetaldehyde. 

Oxidation of 8-Trithioacetaldehyde Monosulphoxide to a Mono- 
sulphone.—3 G. of potassium permanganate, dissolved in 300 c.c. 
of water, were added during 6 hours to a stirred solution of 5-6 g. 
of §-trithioacetaldehyde monosulphoxide in 750 c.c. of water 
containing 10 g. of magnesium sulphate. Each drop of permangan- 
ate was decolorised almost instantaneously. When all had been 
added, the precipitated manganese dioxide was dissolved by passing 
sulphur dioxide through the mixture. The resulting liquor, con- 
taining the product partly in suspension and partly in solution, was 
extracted with 120 c.c. of chloroform in eight portions. The extract 
was dried and evaporated, and the residue recrystallised from 50% 
aqueous alcohol (yield, 4 g.). 

8-T'rithioacetaldehyde monosulphone crystallises from alcohol, in 
which it is moderately easily soluble, in slender colourless prisms, 
m. p. 190° (Found: 8, 45-6. C,H,,0,S, requires 8, 45-3%). Itis 
only sparingly soluble in cold water. It is not reduced by zine in 
hydrochloric acid, nor by tin in a mixture of hot hydrochloric and 
acetic acids, nor by hydriodic acid in the cold. On boiling for some 
time with fresh, constant-boiling hydriodic acid, it is to some extent 
decomposed, hydrogen sulphide being liberated and tarry products 
formed; any crystallisable product recovered from this reaction, 
however, is the unchanged sulphone. 

It may be noted (a) that §-trithioacetaldehyde is not oxidised by 
“ perhydrol ” in neutral acetone solution, (b) that, if it is attempted 
to oxidise £-trithioacetaldehyde directly to its lower oxidation 
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products with a limited amount of either neutral or acid permangan- 
ate, a complex mixture of products is formed, even though the 
process be protracted over several days, and (c) that, if it is attempted 
to oxidise §-trithioacetaldehyde monosulphoxide with a limited 
amount of acid permanganate, a complex mixture of products is 
again obtained. 

Oxidation of «-Trithioacetaldehyde to a Pair of Isomeric Mono- 
sulphoxides—10 G. of «-trithioacetaldehyde, m. p. 100°, were 
suspended in 75 c.c. of acetic acid and oxidised with “ perhydrol ” 
as above. Yield of crude product, 9-5 g. This was recrystallised 
from 20° aqueous alcohol (75 c.c. for the first operation) until it 
had a constant m. p. 136° (4-6 g.). The mother-liquors were 
concentrated on the water-bath and evaporated to dryness in a 
vacuum desiccator. The residue was extracted by rinsing it several 
times with quantities of 25 c.c. of water at 50°; these extracts were 
evaporated to dryness and the residue was recrystallised from 
10°, aqueous alcohol until it had m. p. 93° (1 g.). 

a-T'rithioacetaldehyde «-monosulphoxide crystallises from 20% 
alcohol, in which it is readily soluble, in large, colourless, rhombic 
plates, m. p. 136° (Found: 8S, 49-4%). It is moderately easily 
soluble in cold water and very readily in organic solvents. It is 
reduced to «-trithioacetaldehyde by warming with zinc dust and 
dilute hydrochloric acid. 

a-T'rithioacetaldehyde 8-monosulphoxide crystallises from 10% 
alcohol in slender colourless prisms, m. p. 93° (Found: 8S, 49-4%). 
Its solubilities are only slightly greater than those of the «-form, 
above. It is reduced by nascent hydrogen to «-trithioacetaldehyde. 

Each of the three isomeric monosulphoxides lowers the m. p. of 
either of the others. 

Oxidation of a-Trithioacetaldehyde to a Pair of Isomeric Mono- 
sulphones.—8-3 G. of «-trithioacetaldehyde were oxidised to the 
monosulphoxide stage, as above, with “perhydrol.” To the 
solution in acetic acid, aqueous caustic potash was added until the 
mixture was just alkaline to phenolphthalein ; the total volume of the 
solution was then about 1200c.c. 20 G. of magnesium sulphate were 
dissolved in this, and 4-9 g. of potassium permanganate, dissolved 
in 500 c.c. of water, added with mechanical stirring during 9 hours. 
The resulting reaction mixture was worked up as described for 
8-trithioacetaldehyde monosulphone. Yield of crude product, 
95 g. By fractional crystallisation from alcohol, two isomeric 
products were isolated. 

«-T'rithioacetaldehyde «-monosulphone is sparingly soluble in 
water, more readily in alcohol. It crystallises in two polymorphic 
forms. When a hot alcoholic solution is cooled, the labile form 
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separates as a felted mass of colourless needles. These, on standing 
in contact with the solvent for 24 hours at the ordinary temperature, 
dissolve, and the stable form separates as large, colourless, rhombic 
crystals. Both forms melt at 157-5°, transformation into the stable 
form occurring before melting (Found: 8, 45-3%). 

a-T'rithioacetaldehyde ®-monosulphone crystallises from alcohol, 
in which it is appreciably more soluble than the «-monosulphone, 
in slender colourless prisms, m. p. 115—116° (Found : 8, 45-1%). 

These two isomerides are stable towards reducing agents in the 
same way as is £-trithioacetaldehyde monosulphone. They do 
not undergo stereoisomeric inversion under the influence of hydrogen 
iodide, iodine or acetyl chloride. The «-monosulphone corresponds 
to the «-monosulphoxide, since if the latter compound is oxidised 
with the appropriate amount of neutral permanganate, the «-mono- 
sulphone is obtained alone in practically quantitative yield. 

THE QUEEN’s CoLLEGE LABORATORY, 

OXFORD. [Received, April 12th, 1930.] 





CLXXVI.—Attempts to find New Antimalarials. 
Part V. Some Piperidino- and Piperazino-deriv- 
atives of Quinoline. 


By WititaM OcILvie Kermack and James FEerGus SMITH. 


4-CHLORO-2-METHYLQUINOLINE and its derivatives, which are 
readily obtained by the treatment with phosphoryl chloride and 
phosphorus pentachloride, of the corresponding 4-hydroxy-2-methyl- 
quinolines, prepared according to the method of Conrad and Limpach 
(Ber., 1887, 20, 947) by the condensation of ethyl acetoacetate with 
the requisite derivatives of aniline, condense readily with various 
primary and secondary amines. For instance, 4-piperidino-2- 
methylquinoline and 4-piperidino-6-methoxy-2-methylquinoline were 
obtained from piperidine and 4-chloro-2-methylquinoline and 
4-chloro-6-methoxy-2-methylquinoline, respectively, at 180°. 
When 4-chloro-2-methylquinoline was heated at 140° with a 
considerable excess of piperazine hexahydrate for 2—3 hours, a white 
solid separated, = which 4-piperazino-2-methylquinoline was 


Me 


isolated, besides a small quantity of 1 : 4-di-2’-methyl-4’-quinolyl- 


piperazine (I). When relatively less piperazine was used, a corre- 
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spondingly larger quantity of (I) was formed. Under similar con- 
ditions 4-chloro-6-methoxy-2-methylquinoline condensed with piper- 


quinoline and 1 : 4-di-6’-methoxy-2'-methyl-4'-quinolyl piperazine. 

The preparation of mono-N-substituted derivatives of piperazine 
usually presents considerable difficulty, and, with the simpler 
reactive halides, the disubstituted compound is usually obtained 
exclusively, or in preponderating amount (compare Moore, Boyle, 
and horn, J., 1929, 39). p-Chloronitrobenzene is said to yield the 
monosubstituted derivative readily; it is therefore of some interest 
that 4-chloro-2-methylquinoline and its derivatives can without 
difficulty be made to react with piperazine so as to yield mono- 
substituted products. 

Certain of the above compounds have been tested in respect of 
their antimalarial action, and the results of these biological experi- 
ments will be published elsewhere. As in other papers of this series, 
the numbers, given in parentheses, after certain compounds are to 
facilitate reference to the biological tests. 


EXPERIMENTAL. 

4-Piperidino-2-methylquinoline(Km. 10).—Equimolecular quanti- 
ties of piperidine (2-5 g.) and 4-chloro-2-methylquinoline (5-3 g.) 
were heated together at 180° under reflux for 3—4 hours. The 
purple solid which separated was extracted with dilute hydrochloric 
acid (3%), and the solution made alkaline with caustic soda. The 
dark red oil which separated was subjected to steam distillation to 
remove any excess of piperidine or chloroquinaldine. The residue 
was dissolved in ether, dried over potassium carbonate, and re- 
covered as a dark oil. This, on distillation in a vacuum, gave a 
somewhat viscous, light yellow oil, b. p. 207°/12 mm., which would 
not crystallise. The picrate, obtained by means of a cold saturated 
solution of picric acid in benzene, crystallised from alcohol in yellow 
needles, m. p. 182° (Found : N, 15:4. C,;H,,N,,C,H,0,N; requires 
N, 15-4%). 

The chloroaurate, obtained by mixing a solution of the hydro- 
chloride, containing an excess of hydrochloric acid, with an aqueous 
solution of gold chloride, separated as a yellow-brown precipitate, 
insoluble in hot water, but easily soluble in alcohol, from which it 
crystallised in dark red, almost rectangular, rhombic plates, m. p. 
174° (Found : Cl, 24-9. C,;H,,N,AuCl, requires Cl, 25-1%). 

4-Piperidino-2-methylquinoline is fairly readily soluble in acids, 
although concentrated nitric acid, when added to a solution of the 
hydrochloride, precipitates yellow needles, m. p. 192° (decomp.), 
presumably the nitrate, which is sparingly soluble in cold, and rather 


ar 
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more soluble in hot water. The hydrochloride could not be obtained 
as a solid by passing dry hydrogen chloride into a benzene solution 
of the base. The base is somewhat soluble in most organic solvents, 
but is sparingly soluble in cold water. Its solution in concentrated 
sulphuric acid exhibits a very faint bluish fluorescence when illumin- 
ated by the arc lamp. Very little darkening of the solution is 
observed on warming (compare the behaviour of the methoxy- 
derivative). 

4- Piperidino-6-methoxy-2-methylquinoline(Km. 12).—When_ equi- 
molecular quantities of 4-chloro-6-methoxy-2-methylquinoline (6-2 
g.) and piperidine (2-5 g.) were heated together under the conditions 
adopted in the preparation of 4-piperidino-2-methylquinoline, and 
the purple solid formed was extracted and purified as above, a clear 
yellow, viscous oil was finally obtained, b. p.220°/12mm. The base, 
which could not be induced to crystallise, exhibited a strong greenish 
fluorescence, and in its properties closely resembled 4-piperidino- 
2-methylquinoline. With concentrated sulphuric acid, however, it 
gave a strong blue fluorescence which disappeared on dilution. On 
warming, the solution in concentrated acid developed an orange- 
brown colour, the blue fluorescence becoming less marked. The 
picrate, obtained as before, crystallised from alcohol in clusters of long 
yellow prisms, m. p. 191° (Found: N, 14:2. C,gHj.ON,,C,H,0,N, 
requires N, 14-4%). 

The chloroaurate, obtained as above, crystallised from alcohol, in 
which it was readily soluble, in red rhombic plates, m. p. 156° 
(Found: Cl, 24-1. C,,H,,ON,AuCl, requires Cl, 23-8%). 

4- Piperazino-2-methylquinoline(Km. 13).—4-Chloro-2-methylquin- 
oline and a large excess of piperazine hexahydrate (15 g.) were heated 
under reflux for 3—4 hours in an oil-bath at 140°. The white solid 
which separated was extracted with dilute hydrochloric acid (3%), 
and the solution filtered, leaving behind a small quantity of the white 
hydrochloride of the corresponding diquinolylpiperazine. The 
filtrate, when made alkaline with caustic soda, deposited a yellow oil, 
which slowly crystallised. On recrystallisation from hot water (in 
which solvent there is a marked tendency to supersaturation), large, 
yellow-brown, rhombic plates of the hydrate were obtained, m. p. 
60°. These, on drying in a desiccator, lost 24-4% of their weight, 
corresponding to four molecules of water of crystallisation (24-1%), 
and yielded the anhydrous base, m. p. 103° (Found: C, 74-2; H, 
7-5; N, 183. C,,H,,N; requires C, 74-0; H, 7-5; N, 18-5%). 

This compound is very soluble in alcohol, in dilute mineral, and 
acetic acids, soluble in ether, but very slightly soluble in benzene and 
in cold water; it dissolves quite readily, however, in hot water. 
When treated with concentrated sulphuric acid in the cold, the base 
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dissolves only with difficulty, yielding a clear solution; this exhibits 
in the arc lamp a very faint blue fluorescence which disappears on 
dilution. Neither the solution in concentrated sulphuric acid nor 
that in concentrated nitric acid exhibits any characteristic colour 
changes on warming (compare the methoxy-derivative). 

4- Piperazino-6 - methoxy -2-methylquinoline(Km. 9).—4-Chloro-6- 
methoxy-2-methylquinoline (5 g.) was treated with piperazine 
hydrate (15 g.) under the same conditions as recorded in the prepar- 
ation of 4-piperazino-2-methylquinoline. In this case, none of the 
corresponding diquinolylpiperazine was formed, the compound being 
obtained in a very pure form by diluting the condensation product 
with 3—4 times its volume of water and allowing the hot solution to 
stand; crystals of the hydrate soon separated as pink pyramids 
which, after recrystallisation from hot water, melted at 55°. These 
crystals, when dried in a desiccator, lost 17-9°% of their weight, 
corresponding to three molecules of water of crystallisation (17-4%), 
and yielded the anhydrous base, m. p. 113° (Found: C, 69-7; H, 
7-5; N, 16-0. C,;H,,ON, requires C, 70-0; H, 7-4; N, 16-3%). 

This compound resembles 4-piperazino-2-methylquinoline in 
solubility. Its solution in cold concentrated sulphuric acid, how- 
ever, exhibits a very strong greenish-blue fluorescence which dis- 
appears on dilution. When the concentrated acid solution is warmed, 
a reddish-brown colour develops and the fluorescenee, although less 
marked, is retained. When treated with hot concentrated nitric 
acid, this compound develops a red colour. 

4’- Acetyl-4-piperazino-2-methylquinoline.—4-Piperazino-2-methy]l- 
quinoline was heated with acetic anhydride for 2—3 hours on the 
water-bath, the product warmed with water, and the solution made 
alkaline with caustic soda. The oily base obtained, which solidified, 
crystallised from hot water in large, brown, rhombic plates of the 
hydrate, m. p. 70°. When dried in a desiccator, these crystals lost 
16-9°% of their weight, equivalent to three molecules of water of 
hydration (16-7°{), and yielded the anhydrous base, m. p. 122°. 

This acetyl derivative resembles the parent base in solubility and 
in exhibiting a very faint blue fluorescence in concentrated sulphuric 
acid solution, by the arc light. In addition, its alcoholic solution 
exhibits a slight greenish fluorescence. 

4’. Acetyl-4-piperazino-6-methoxy-2-methylquinoline(Km. 11).—This 
compound was prepared in a similar manner to the preceding one. 
The hydrate was obtained from hot water in light brown needles, m. p. 
86°, which, when dried in a desiccator, lost 10-9°% of their weight, 
equivalent to two molecules of water of crystallisation (10-7°%), and 
yielded the anhydrous base, m. p. 154°. 

Here again, the properties of this acetyl derivative resemble closely 
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those of the parent base. The distinctive colour reactions shown by 
4-piperazino-6-methoxy-2-methylquinoline when warmed with con- 
centrated nitric or sulphuric acid, as well as the fluorescences 
exhibited, were slightly more marked in this case. In addition, its 
solution in alcohol exhibits a slight greenish fluorescence. 

1 : 4-Di-2'-methyl-4’ -quinolylpiperazine(Km. 14).—4-Chloro-2- 
methylquinoline (3-5 g.) was condensed with piperazine hydrate (2 g.) 
under the same conditions as those adopted in the preparation of the 
monoquinolylpiperazines. The white solid which had separated 
after 2—3 hours was treated with cold hydrochloric acid (3%), 
which removed any unchanged materials, and was then dissolved in 
a large quantity of boiling water; when this solution was made 
alkaline with sodium hydroxide, the base was obtained as a volumin- 
ous white precipitate. It was practically insoluble in most organic 
solvents, but crystallised from hot pyridine in white rhombohedra, 
m. p. 314° (Found: C, 78-1; H, 6-7. C,,H,,N, requires C, 78-3; 
H, 6-5%). 

This compound is fairly readily soluble in acetic and lactic acids, 
but forms sparingly soluble salts with dilute hydrochloric, nitric and 
sulphuric acids. It dissolves, however, in concentrated nitric acid to 
give a light yellow solution, which darkens only slightly on warming 
(compare the methoxy-derivative). With concentrated sulphuric 
acid, it yields a clear solution which exhibits a very faint violet 
fluorescence in the are light. When warmed, this solution 
rapidly turns green, changing to greenish-brown and finally dirty 
brown. 

1 : 4-Di-6’-methoxy-2'-methyl-4'-quinolylpiperazine(Km. 15).—This 
compound was obtained when 4-piperazino-6-methoxy-2-methyl- 
quinoline (2-5 g.) and 4-chloro-6-methoxy-2-methylquinoline (2 g.) 
were heated together at 140° for 2—3 hours, or when 4-chloro-6- 
methoxy-2-methylquinoline (4 g.) and piperazine hydrate (2 g.) were 
heated under the same conditions as in the preparation of the last 
compound. In either case, the base was obtained as a white solid 
when a hot aqueous solution of the buff-coloured hydrochloride was 
made alkaline with caustic soda, the hydrochloride being readily 
isolated from the reaction mixture on account of its insolubility. 
The base crystallised from hot pyridine in pink rhombohedra, m. p. 
286° (Found: C, 72-5; H, 6-5. C,,H,,0,N, requires C, 72-9; 
H, 6-5%). 

In its sparing solubility in most solvents it resembles very closely 
1 ; 4-di-2’-methyl-4’-quinolylpiperazine, already described. When 
its solution in concentrated nitric acid is warmed, however, a dark 
red coloration quickly develops. Its pale yellow solution in con- 
centrated sulphuric acid exhibits a strong green fluorescence which 
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disappears on warming, the solution becoming successively pale 
violet, dark violet, and finally reddish-purple. 


The authors desire to express their thanks to the Advisory Council 
of the Department of Scientific and Industrial Research and to the 
Trustees of the Carnegie Trust for the Universities of Scotland for a 
grant and a Research Scholarship, respectively, to one of them 
(J. F. S.), which have enabled this research to be carried out. 


RESEARCH LABORATORY, RoOyAL COLLEGE OF PHYSICIANS, 
EDINBURGH. [Received, April 17th, 1930.] 





CLXXVII.—The Passivity of Metals. Part V. The 
Potential-Time Curves of Some Iron Alloys. 


By L. C. BANNISTER and ULick R. Evans. 


Previous work (Evans and Stockdale, J., 1929, 2651) having shown 
that those oxide films which give the best protection are the most 
difficult to remove, it seemed necessary to develop a method of 
studying the character of such films whilst they were still adhering 
to the metal. The most promising scheme was based on an examin- 
ation of time—potential curves similar to those obtained by May 
(J. Inst. Metals, 1928, 40, 141), by McAulay and Bastow (J., 1929, 
85), by W. J. Miller and Konopicky (Monatsh., 1929, 52, 463), and 
by Speller (private communication). Such curves have already 
been studied by one of us (Evans, J., 1929, 92), but the method 
employed allowed the liquid to have access to the cut edges of the 
vertical specimens, causing complications due to shearing stresses 
and exposure of the interior layers, which in rolled metals may differ 
physically and chemically from the face; furthermore, the incon- 
veniently rapid movement of the potential made it difficult to 
obtain early values. 

A new method has now been worked out in which specimens are 
placed horizontally and arranged so that their edges do not come into 
contact with the liquids. The potential movement is here com- 
paratively slow. An improved method of measuring the potential 
has also been adopted, and in this way a study has been made of the 
behaviour of different varieties of iron with or without carbon, copper, 
nickel, chromium, and molybdenum; a few experiments have also 
been carried out with aluminium. 


ExPERIMENTAL. 


Materials—The iron E 28 and steel H 28 were kindly presented by 
Dr. W. H. Hatfield and the steels K 1 and K 2 by Mr. Taylerson, of 
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Pittsburgh, Pa.; K 1 is a typical American copper steel. In con- 
sidering the analyses given below, it should be remembered that 
practically all commercial irons contain copper, and that amounts 
below 0-05% are usually recorded in routine analysis as “ traces.” 





E 28. H 28. K l. K 2. 
CIREIOIY) 00 cxpnnpoqgtoncaplepyenbopgenn 0-03 0-26 0-055 0-11 
ED sch capedccisdssensatiesstipies Trace 0-15 0-010 0-010 
PINE? Biase Asie 0-005 0-014 0-052 0-037 
OOS escniscsacnensscvewneses 0-020 0-018 0-078 0-060 
UND cicsutctccceasconcevecpeces 0-04 0-57 0-31 0-51 
CHRO wdc sit cacti oidseee Nil 0-045 0-187 0-052 
ep rrr 0-34 0-32 0-86 0-86 


In addition a sample of “ Staybrite ” steel, an austenitic alloy 
with 18% of chromium and 8% of nickel, was the gift of Dr. W. H. 
Hatfield, whilst Mr. J. H. G. Monypenny very kindly provided 
specimens of the following alloys : 





Cutlery - 
“stainless ‘Stainless ‘* Two- 
steel.”’ iron.”’ score.”’ ** Anka.’ “ B.B.4K.” 
Carbon ......... 0-27 0-09 0-12 0-12 0-13 
Seer 0-19 0-22 0-40 0-24 0-54 
Sulphur ...... 0-045 0-033 0-032 0-033 0-052 
Manganese ... 0°17 0-19 0-82 0-18 0-13 
Chromium ... 13-2 13-6 17-4 15-6 17-2 
ge aa 0-20 0-36 2-15 10°5 10-1 
Molybdenum _- — —- _ 3°42 
Tempering 
temperature 750° 700° 650° —- — 
Thickness 
"pee 2-21 1-66 1-66 2-18 1-19 


Of these, “‘ Anka ” and “ B.B.4K ” had been heated to 1000— 
1050° and air-cooled; the structure was wholly austenitic. The 
others were “ hardenable ” steels, softened, after rolling, by temper- 
ing at the temperature indicated ; these exhibited a duplex structure, 
with carbide as minute particles distributed in the ferrite. 

The aluminium was of two types: (a) electro-refined sheet (soft) 
with 0-013% of silicon, 0-012% of iron, 0-014% of copper, and 
0-004%, of titanium, kindly supplied by Mr. E. H. Dix of the Alumin- 
um Company of America, and (6) some soft sheet of British origin 
containing 0-33% of silicon and 0-40% of iron. 

Procedure.—The materials E 28 and H 28 were ground with French 
emery paper No.1. For the harder materials, grinding on a coarse 
wheel was necessary. In some cases, this was followed by grinding 
with successively finer grades of emery, ending with French No. 1; 
this will be called “ sequence-finish.” After abrasion they were 
degreased with carbon tetrachloride. A glass cylinder of 3-5 cm. 
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diameter and 3 cm. height (G, Fig. 1), ground flat at the bottom, was 
cemented on to the metal (M) by means of nitrocellulose solution, and 
the whole was exposed to air for a week, with protection from dust 
and moisture. The calomel electrode C and connecting tubes 7';, 
T,, and 7’, were then placed in position. The whole was introduced 
into an outer glass vessel surrounded with a water jacket, itself 
heavily lagged. This vessel contained a dish of 3N-sodium hydroxide 
—the concentration shown by Mitsukuri (Sci. Rep. Téhoku Imp. 
Univ., 1929, 18, 245) to be the most efficient in absorbing traces of 
acid fumes. In the potassium chloride experiments, all the tubes 
and vessels contained M/10-potassium chloride (that in C and 7, 
being saturated with calomel). In the potassium chromate experi- 
ments, 7',, 7',, and G contained M/10-potassium chromate, whilst 
saturated potassium chloride was used in V ; some care was necessary 
to exclude traces of chloride from G, or low values were obtained. 


Fia. 1. 





























SCOUT STSOAP ALS AAPS ISS, 
7, thy 

‘ 
VAAOOELAMOOPO ODDS SSSA 





All the tubes and the vessel V were filled before shutting up the 
outer vessel, but the liquid was only introduced into @ through a 
vertical tube at the start of the experiment proper; the depth of the 
liquid was 1-8 cm. and the bottom of the tubulus was about 1 cm. 
above the metal. 

The arrangement for measuring the potential is shown in Fig. 2. 
It depends on the principle employed by May (loc. cit.), modified to 
give increased sensitivity; the valve employed was Mullard No. 
PM 252. When the switch S is in position (a), the grid bias is 4-5 
volts, and a small current flows through the anode circuit and causes 
a fall of potential over the resistance R,, producing a deflexion to 
right or left on the detector G; the potentiometer resistance P, is 
adjusted until this deflexion vanishes. A movement of the switch S 
into position (6) brings the Z.M.F. to be measured into the grid 
circuit, and by altering the grid bias, causes again a deflexion on G. 
The potentiometer resistance P, is then moved until the deflexion on 
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G is again zero, which will clearly be the case when the potential drop 
on P, is exactly equal and opposite to the Z.M.F. to be measured ; 
this value can then be read directly on the voltmeter V. Practically 
no current passes through the experimental cell, even when the 
apparatus is out of adjustment. The use of the shunt resistance 
R, and the series resistance R, was necessary to obtain the required 


fine adjustment. 
Fig. 2. 
Unknown 3S v. 
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A list of experiments performed is shown in Table I, together with 
the general form of the curves, and the value of the (hydrogen scale) 
potential after 2 hours (it was usually fairly constant after this time) ; 
the temperature was 15°. Some of the curves are shown graphically 
in Figs.3and4. The time scale of the two diagrams is different, and 
on Fig. 4 it has been necessary to omit some of the early points, but 
these all lie on the curves. The potentials are expressed on the 
normal hydrogen scale, and the times measured from the moment of 
introduction of liquid. The measurements were usually continued 
for 3 hours. Table I shows that after 2 hours the values reached in 
duplicate experiments were generally much the same, but there was 
often rather more discrepancy between the earlier parts of the curves, 
where the potential was fluctuating in an irregular manner. 

The Significance of the Potential of Film-covered Metal_—The 
potential of a metal covered with a discontinuous oxide film will in 
general be intermediate between the values given by uncoated metal 
and by solid oxide; the more porous the film is, the nearer will the 
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potential be to the value for uncoated metal (W. J. Miiller, Monatsh., 
1929, 52, 221; Evans, J., 1929, 104). With a highly porous film, 
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the resistance of the short-circuited cell, metal | electrolyte | oxide, 
will generally be low, and the minute local currents that pass between 
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the oxide skin as cathode and any accessible metal as anode will be 
regulated by polarisation, and particularly by the amount of dissolved 
oxygen (depolariser) reaching the oxide skin. In general, we may 
expect the potential at the oxide (cathodic) surface to descend with 
current flowing until it nearly meets the anodic potential, as indicated 
in Fig. 5(a); the slight difference of potential remaining when the 
“rest-strom ”’ is passing is that needed to force this weak current 
through the small ohmic resistance of the circuit. In some cases the 
anode potential may rise to meet the cathodic potential, as in Fig. 
5(d). 
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In order to obtain some idea as to whether this is a true picture of 
the process, an experiment was performed in which, instead of a 
porous oxide film, a coat of a “ noble ” metal pierced by a hole was 
used. A sheet of iron was ground, and covered with a pierced sheet 
of copper, which was insulated from it with paraffin wax; the whole 
was covered with M/10-potassium chloride. The potentials were 
measured against two calomel electrodes, the tips of the two tubuli 
being almost in contact with the two metallic surfaces. Whilst 
electrically insulated, the two metals showed very different potentials 
(+ 0-083 volt for copper and — 0-102 volt for iron); but when put 
into electrical contact, the copper potential fell whilst the iron 
potential rose, so that the whole bi-metallic specimen became 
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practically equipotential, the value being + 0-048 volt at the copper 
surface and + 0-043 volt at the iron. Other experiments confirmed 
this; the time needed for the mutual approach of the two values 
varied considerably with the conditions. 

The value of the “ compromise ”’ potential reached by a bi-metallic 
system depends on the relative areas of the two metals. An iron 
sheet was inserted vertically in M/10-potassium chloride, and the tip 
of a narrow copper strip was allowed just to touch the liquid. The 
potential of the iron was — 0-317 volt and of the copper + 0-098 
volt; they were joined, and the copper potential at once fell to 
— 0-322 volt, the value then shown also by the iron. Here the 
anodic area is large compared with the cathodic area, and only the 
cathodic polarisation is important. The conditions were then 
reversed by using a copper sheet and the tip of a narrow iron strip. 
Here the potentials were — 0-217 volt for the iron and + 0-118 volt 
for the copper before the connexion; after short-circuiting, the 
values moved to — 0-092 volt for the iron and + 0-048 volt for the 
copper, whilst 6 minutes later the values were respectively — 0-057 
and — 0-037 volt—a difference of only 20 millivolts. 

It has often been assumed that the potential exhibited by a bi- 
metallic specimen is that of the more reactive metal present; but 
this is only true provided that, in the short-circuited cell produced, 
(a) the cathodic greatly exceeds the anodic polarisation, and (6) the 
resistance is negligible ; under such conditions, the cathodic potential 
will drop almost to the original anodic value. When the anodic area 
is very small, the rise in the anode potential, as measured, is quite 
considerable; it is uncertain whether this measured rise is due to a 
real anodic polarisation or to the fact that, when the anodic area is 
a mere point, a considerable fraction of the ohmic resistance of the 
circuit falls between the tubulus and the metal, thus causing an 
“* apparent anodic polarisation.” In either case the “ compromise ” 
potential is not equal to the unpolarised potential of the reactive 
constituent. 

Previous work (Evans, J. Inst. Metals, 1928, 40, 121) has shown 
that when the zine layer of zinc-covered iron is removed gradually 
with acid, the potential rises as the area of exposed iron increases; 
any value between the potential of zinc and the potential of iron is 
possible for the system. Similarly, when a metal is covered with a 
porous oxide film, it may show any value between the potentials of 
the clean metal and the solid oxide. If the oxide film is highly 
discontinuous, the potential measured will be practically that of 
film-free metal [Fig. 5(a)]. If the cracks in the skin are extremely 
small, the measured potential will be higher; this is pictured in 
Fig. 5(6) on the assumption that a true anodic polarisation contri- 
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butes to the rise in the compromise value, and in Fig. 5(c) on the 
assumption that the elevation in the measured potential is simply 
due to the high resistance imposed by the narrowness of the pores. 
If, when this stage has been reached, the breakdown extends from the 
original weak points, the potential will fall, first rapidly and then 
more slowly, as the conditions approach the limiting case pictured 
in Fig. 5(a); the shutting off of oxygen by secondary corrosion product 
(e.g., rust) will contribute to the fall. Conversely, if repairing 
influences prevail, causing the pores to become narrower or less 
frequent, or rendering the film thicker, the measured potential will 
rise. The limiting case where the pores vanish and the potential 
becomes equal to that of a “‘ solid ’ oxide electrode may not often be 
reached in practice; Fig. 5(d) suggests the state of affairs just before 
the pores vanish. 

The potential of the metal just after immersion is of special interest. 
It has been shown by independent methods (Freundlich, Patscheke, 
and Zocher, Z. physikal. Chem., 1927, 128, 321; 130, 289; Evans, 
J., 1927, 1029) that, in dry air, oxidation of iron commences very 
rapidly; but since interference colours never appear, even after 
months, it is evident that the film must quickly become impenetrable 
to oxygen molecules. If therefore the solution contains nothing 
more penetrating than oxygen molecules, it should show the oxygen 
potential, at least at the moment of immersion. Experiments | and 
3 (Fig. 3) show clearly that, on chromium-free iron, even the initial 
potential is a comparatively low one. Evidently, the solution con- 
tains some constituents more penetrating than oxygen molecules ; in 
the chloride solution, these are no doubt the chlorine ions, which will 
enter pores in the skin inaccessible to oxygen, and allow anodic 
attack on the metallic iron, generating ferrous chloride, the corre- 
sponding amount of potassium hydroxide being formed at the 
cathodic (oxide) surface outside. The ferrous chloride and potass- 
ium hydroxide will interact to give hydroxides of iron. If the pores 
are very small (approaching molecular size), the iron hydroxide will 
be produced at the mouth of the pores practically in contact with 
the iron, and may easily help to heal the defects in the original skin ; 
thus, in some of the iron alloys where the potential is high at first, 
the potential actually rises (see Fig. 4, Expt. 28). Where the cracks 
are considerable at first, however, the iron hydroxide will generally 
be precipitated at a sensible distance as a loose membrane, which will 
not be protective; indeed, it may actually stimulate the attack by 
excluding oxygen. Thus in most of the irons and steels which show 
low initial potentials, the potential drops with the time (see Fig. 3, 
Expts. 1 and 3). 
It will be noticed that chromium-free iron and steel, which show 
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falling potentials in chloride solution, show rising potentials in 
chromate solution (Expts. 8 and 9); here the most penetrating anion 
present will be the hydroxyl ion, and any anodic attack must lead to 
the production of ferrous hydroxide, which will be oxidised immedi- 
ately to ferric hydroxide. Thus a sparingly soluble substance is 
formed actually in contact with the metal, which will tend to repair 
the damage, however extensive it may be at the moment of immersion. 
This explains the rise of potential with time. If chlorides are 
present as well as chromates (Expts. 5 and 7), the initial potential is 
much the same as with chromate alone, but it falls with time, instead 
of rising, soon dropping to a value similar to that given by chloride 
solution free from chromate. But, whereas a second fall occurs after 
about an hour in pure chloride solution, this is prevented by the 
presence of chromates, so that a higher final value is obtained. 

It will be noticed that the rdle assigned to chromate, and also to 
dissolved oxygen, is not to act directly on the exposed metal; it is 
highly unlikely that either type of molecule could enter pores 
inaccessible to gaseous oxygen. Their function seems to be to act 
as cathodic depolarisers at the external surface of the film, thus 
maintaining the current and causing a flow of anions (Cl’ or OH’) 
into the pores, which will produce either repair or extension of the 
damage, according to circumstances. 

Comparison of the Curves given by Different Materials in M/10- 
Potassium Chloride.—The ferrous materials may be divided into 
three classes : 

I, Pure irons and carbon steels, with or without copper, which are 
rusted freely by “‘ordinary waters.” 

II. “ Stainless ” irons or steels, with about 13% of chromium, 
which are not rusted by ordinary waters. 

Ill. High-chromium alloys, which resist many chemicals that 
attack Class II. 

It is noteworthy that all the materials of Class I show rather low 
initial potentials, and the curves fall rapidly, finally reaching values 
below — 0-4 volt. Those of Class II show higher initial potentials, 
but fall to final values of about — 0-2 volt. The resistance alloys of 
Class III show distinctly higher values, and, in spite of some irre- 
gularities in the early stages—doubtless due to local breakdown and 
subsequent repair—maintain these well. It would seem that, on 
alloys rich in chromium, the skin formed by the direct action of air 
can protect the material from the moment it enters the liquid. A 
comparison between Expts. 26 and 27-28 seems to suggest that 
molybdenum further improves the quality of the skin, although the 
two alloys involved have not quite the same chromium content; 
this accords with measurements of corrosion velocity by Rohn 
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(Z. Metallk., 1926, 18, 387) and Endo (Sci. Rep. Téhoku Imp. Uniw., 
1928, 17, I, 1251). 

It was noticed that, in general, those steels which attained a final 
value above about 0-0 volt gave no rust at the end of 3 hours, 
whilst those which showed negative potentials produced rust; 
the “stainless”’ steels with potentials about — 0-2 volt yielded 
far less rust than the chromium-free steels with potentials about 
— 0-4 volt. 

Expts. 12 and 13 (Fig. 4) show that the copper steel (K 1) gives the 
same type of curve as the ordinary carbon steel low in copper, and 
although the values in the middle stages appear to be somewhat 
higher, the final values are about the same. Two comparative 
experiments with K 1 and K 2 steels (respectively high and low in 
copper) yielded the same potential after one week ; at this time, even 
removal of the rust and renewal of the liquid only produced a 
temporary rise in the potential, which at once began to fall again. 
This accords with the general belief that copper does not directly 
increase the resistance of steel towards chloride solutions under 
“immersed ” conditions. Copper steels do not belong to the same 
class as chromium steels, and are not to be regarded as non-rusting 
or even slow-rusting materials; it is probable that the difference of 
behaviour of high-copper and low-copper steels shown in atmospheric 
tests in America (Proc. Amer. Soc. Test. Mat., 1928, 28, I, 151) is due 
to secondary changes in the rust after its formation, or to rede- 
position of copper, as indicated by the work of Carius and Schulz 
(Mitt. aus dem Forschungs-Inst. der Vereinigte Stahlwerke A. G., 
1929, 1, 177). 

All the materials of Class I show (a) an initial rapid drop, followed 
by (6) an arrest, (c) a further drop to (d) a final constant value. The 
second drop (c), well shown in Expts. 1, 12, and 13 (Fig. 4), was per- 
haps due to the formation at this stage of a definite precipitate of 
ferric hydroxide which settles on the metal, and definitely shuts 
out oxygen from certain parts (in the early stages, there is only a 
colloidal suspension). 

The effect of a second phase in favouring a breakdown is well 
brought out. The curves for steel H 28 descend more rapidly than 
those for electrolytic iron E 28, although the final value is not very 
different ; this had been noticed for vertical specimens, and accords 
with the fact—established by laboratory and field tests—that the 
rusting of electrolytic iron develops less quickly than that of steel, 
although when once started it proceeds quite readily. Likewise, the 
curve for stainless iron with 0-09% of carbon stands above that for 
cutlery stainless steel with 0-27%; this agrees with the superior 
resistance to corrosion of the former material. Under comparable 
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surface conditions, the homogeneous (austenitic) alloys yield higher 
curves than the duplex (hardenable) materials. 

It is well known that a smooth or polished surface often remains 
passive where a rough surface is corroded. This is entirely in har- 
mony with the exceptionally high value given by polished “ Stay- 
brite ’”—as compared with other surface treatments. Similarly, the 
curves yielded by electrolytic iron when prepared by abrasion on the 
wheel show a far more rapid descent than when prepared with French 
emery No. 1, whilst ‘‘ Two-score ” also gives lower values when 
prepared on the wheel alone than when afterwards finished with 
French emery No. 1. A comparison of Expts. 29—32 with 33—36 
indicates that the latter finish develops a more resistant film than a 
wire-brushed surface. 

A comparison of the potentials obtained with ‘‘ Staybrite ”’ after 
various preliminary treatments (Expts. 29—37) has some interest. 
Owing to the difficulty of reproducing “abrasive conditions ” with 
this material, a 10 cm. square plate of the material was uniformly 
wire-brushed, and cut into four quarters, one being used in each of 
the four experiments 29—32; another sheet was subjected to the 
“* sequence ”’ of abrasive treatments, and its four quarters were used 
in Expts. 33—36. The curves obtained accorded generally with the 
known facts that (1) annealing at 500—900° lowers the resistance by 
causing the precipitation of a second phase, and possibly by pro- 
ducing a thick oxide film, which is visible, easily removed, and there- 
fore non-protective; (2) pre-treatment with nitric acid raises the 
resistance of alloys of this class (Hatfield, J. Iron Steel Inst., 1923, 
108, 123). It should be noticed, however, that the rise of potential 
after nitric acid treatment, although marked for “ Staybrite ”’ both 
on wire-brushed and “‘ sequence-finished ” specimens, is not obtained 
with stainless steel finished on the coarse wheel (Expts. 18—2]). 
The unexpectedly high value found in Expt. 35 was probably due to 
the fact that the thick oxide film was very easily removed from the 
specimen, and left a surface much smoother than the originally 
abraded surface. 

The curves obtained with aluminium all lie very close together, in 
spite of differences of purity andabrasion. Although there isa slight 
tendency to rise in the case of the less pure variety, all the curves are 
nearly horizontal, in contrast with those previously obtained with 
specimens placed vertically, which rose rapidly (J., 1929, 106). In 
the case of the latter specimens, the early attack was practically 
confined to the water-line and cut edges, and the aluminium hydr- 
oxide was evidently precipitated at the mouth of the pores in close 
contact with the metal, since it gave fine rings of interference colours; 
any hydroxide thus precipitated would tend to heal up the weak 
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spots in the skin, accounting for the marked rise in potential. In the 
new experiments, where the water-line and cut edges are excluded, 
this action is evidently much slower, especially with the highly pure 
variety, and the potential is nearly constant. 

Evidently the observed potential does not indicate the rate of 
corrosion ; steel and aluminium give almost the same final potentials, 
and yet the steel is far more quickly corroded. When the shape of 
the potential-time curve is considered along with the ‘“ normal 
electrode potential ”’ of the metal, however, the information obtained 
is consistent with the results of corrosion-velocity measurements and, 
indeed, more extensive. For steel shows at first a comparatively 
high value, which soon sinks to a value probably representing the 
potential of unprotected metal; but the potential measured for 
aluminium is always far above the theoretical value for this metal 
without a protective film, and tends to rise rather than fall with the 
time. 

Composition of the Protective Oxide Film.—In previous work 
(Evans, J., 1927, 1020; Evans and Stockdale, J., 1929, 2651) it was 
shown definitely that the protective oxide film, after separation from 
passive iron, consisted of ferric oxide (or perhaps, in part, hydroxide) 
with some metallic inclusions. Bancroft, however, has written 
(private communication, July 3rd, 1927) that “ electromotive-force 
measurements preclude the possibility of the film being Fe,0,. If 
one postulates that the film consists of an unstable, higher oxide, 
adsorbed by iron, the higher oxide would break down to Fe,O, as 
soon as you dissolve off the stabilizing iron backing.” He urges that 
the film, as analysed, has not the composition of the film as actually 
present on the passive iron. Similar views have been expressed by 
Hale (J. Physical Chem., 1929, 33, 1637). 

Undoubtedly, iron rendered passive by anodic treatment has at 
first a high potential, due to the oxygen supercharge, which may be 
present as an unstable higher oxide; but Smits (“ Theory of Allo- 
tropy,” p. 351, Longmans Green and Co., 1922) has found that, on 
standing, the potential sinks with a marked arrest at about + 0-54 
volt (hydrogen scale); presumably, if the original high value is due 
toa higher oxide, the arrest represents ferric oxide. Since the iron is 
still passive during the arrest, it would seem that a higher oxide is 
not necessary for passivity. ' 

However this may be, it is clear from Table I and Fig. 3 that iron 
rendered passive in potassium chromate never reaches the high 
potentials referred to by Bancroft. Indeed, higher values than this 
were obtained in some experiments where crystals of natural 
haematite or even magnetite were used instead of a metallic speci- 
men. Not too much importance should be attached to these measure- 
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ments, since the crystal could not be wholly immersed, and the 
measurements of the hematite varied from end to end, possibly$LXX' 
owing to the zonal variation of oxygen content described by Sosman Fa 
and Hostetter (Trans. Amer. Inst. Min. Met. Eng., 1917, 58, 409, Es 
434). Actually the work of these authors, and also that of Smits and Di 
Bijvoet (Proc. K. Akad. Wetensch. Amsterdam, 1919, 21, 386), | 
Pfeil (J. Iron and Steel Inst., 1929, 119, 501), and others has shown 
that ferric oxide is merely a member of a range of solid solutions. 
Numerous observations make it doubtful whether the electrode 
potential can be used—as claimed by Bancroft—to estimate the}. 
oxygen content of a solid phase, and the method is particularly 
unsatisfaetory when the phase is an oxide film backed by metal 
which is probably not inaccessible to the liquid. But if Bancrofj}. 
is justified in accepting the potential as evidence, it would seem that 
the oxide present on iron rendered passive by simple exposure to 
chromate or air has not a higher oxygen content than is represented 
by the formula Fe,O,. 











Summary. 


A new method has been worked out for obtaining potential-time 
curves, and has been applied in a study of the behaviour of iron, iron 
alloys and aluminium, after various abrasive, chemical and thermai 
treatments, in chloride and chromate solutions. The results given 
correspond to the behaviour of the film, a rising potential indicating 
that weak points are being repaired, and a falling potential that the jrcritical 
breakdown is extending. A high final potential indicates immunity |mt inevit 
from attack, a middle value slight rusting, and a low value profuse |justifiabl) 
rusting. Treatments known to increase the resistance to attack |arboxyli 
raise the potential, and those favouring corrosion lower the potential. | Any ge 
The character of the curves probably indicates the “liability to |hydrolysi: 
corrosion ” rather than the velocity of corrosion when fully developed, |(0) statist 
and gives information regarding the protective character of the skin, |ad (d) ef 
which velocity measurements cannot afford. (a) Stat 
requireme 
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blyfLX XVITI.—The Mechanism of, and Constitutional 
anf Factors controlling, the Hydrolysis of Carboxylic 
09,1 Esters. Part III. The Calculation of Molecular 


= Dimensions from Hydrolytic Stability Maxima. 
wn By CHRISTOPHER KELK INGOLD. 





















important consequence, implicit in the results of modern work 
homogeneous catalysis, is the removal, at least for catalysis by 
ids and bases, of the barrier between the conceptions which formerly 
re often applied on the one hand to catalysed reactions and on the 
her to reactions independent of catalysis : since the velocity of a 
#atalysed reaction is affected by the catalyst according to the same 
ws as those which would apply to an ordinary reactant, it is clearly 
vantageous to regard the catalyst as occupying the status of an 
inary reactant, for example, in Brensted’s theory of reaction- 
amics (Z. physikal. Chem., 1922, 102, 169). On this view, a 
tion becomes a catalysed reaction when, of the various ways in 
ich the critical complex might decompose, that in which it 
ually decomposes leads to the formation, as one product, of a 
bstance identical with one of the reactants. Having regard both 
modern views on the dynamics of reactions in solution, and to 
nt work on homogeneously catalysed reactions, the formation of 
icritical complex between an ester group and a catalyst may, with- 
mt inevitable commitment to any precise constitutional inference, 
se |justifiably be regarded as the initial process in the hydrolysis of a 
ck jarboxylic ester. 

il. | Any general discussion of the factors controlling the speed of 
to |lydrolysis of an ester by a catalyst must include consideration of 
d, |) statistical requirements, (b) polar influences, (c) steric factors, 
n, jad (d) effects due to the medium. 

(a) Statistical Requirements.—Count must be taken of statistical 
quirements when either the ester or the catalyst has alternative 
te |*ats of reaction, but discussion will here be restricted to cases in 
d |which the existence of alternative reactions is due solely to the 
1¢ |Constitution of the ester. 

The formulation of statistical effects on the relative rates of the 
siecessive stages in the hydrolysis of a polycarboxylic ester by a 
ingle catalyst at constant temperature may be effected by consider- 
ation of a compound with s ester groups so situated that the hydro- 
lysis of each proceeds independently of the others. In general, the 
ptobability that a catalyst molecule or ion will form a complex with 
aparticular ester group will, for constitutional reasons, be different 
for each ester group. Let v, be the catalytic coefficient for the 
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partial reaction consisting of the hydrolysis of the gth group in the 
first stage of hydrolysis, and let k, be the total catalytic coefficient 
for the nth stage. Then k, = Xv,, where the summation extends 
from 1 tos. In order to calculate k,, two points must be noted ; the 
first is that, since the fraction of the total quantity of ester which 
passes on to the second stage of hydrolysis through the gth first-stage 
product is v,/Xv,, the contribution to k, made by the hydrolysis of 
the Ath ester group in this product is v,v,/Xv,; the second is that 
the s first-stage products yield s(s — 1)/2 second-stage products, 
each of the latter being formed from two of the former. It follows 
that k, = 2Zv,,/Xv,, where the summations extend from 1 to ¢ as 
before, except that A is excluded from identity with g. Generalising, 
it is seen that each of the ,C,, products of the nth stage of hydrolysis 


8 8 & 
is formed in n ways, and that k, = n=v™/Xv"-», where Xv” is the 
sum of all the products of n different v’s, so that, in particular 


Sy) = xv, and Sv =}. The statistical relation between the 
velocities of any two stages is therefore 
. : (m) > (n-1) 
oe = me Fa Lonpogh gig 
n nXvw™ . Syi-) 
In the special case of a dicarboxylic ester, for which s = 2, m = 1, 
and n = 2, equation (1) becomes 
ky/ky = (vy + %y)?/2ry%,- - - + + 0) 
Furthermore, if the dicarboxylic ester is symmetrically constituted, 
so that v, = v, this equation reduces to 
Pere ee eS ee 
The application of equations (2) and (3) may be illustrated by 
reference to data by J. Meyer (Z. physikal. Chem., 1909, 66, 81) for 
the acid hydrolysis of five dicarboxylic esters (Table I).* In the 
case of methyl camphorate v, and v, were independently determined 
by direct observation on the isomeric methyl hydrogen camphorates. 





TABLE I. 
v; V, ky ky ky /ks 
Hydrolyte. Temp. x10 105. 10%. x 105. k,/k. (cale.). 
Methyl succinate ...... 25° -- = 2-40 121 1:98 2-00 
Ethyl succinate ...... rv -— — 2-30 121 1-90 2-00 
Methy] d-tartrate ...... os a a 1-24 62 2-00 2-00 
Ethyl d-tartrate ...... m a _— 1-40 68 2:06 2-00 
Methyl d-camphorate 45 1-54 3-1 1-50 6-1 24-6 25° 


Meyer was the first empirically to observe that the ratios k,/k 
for the two-stage acid hydrolysis of symmetrical dicarboxylic estet) 
* As to units, see footnote in Part I (this vol., p. 1032). 
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are often closely grouped about the value2. Wegscheider (Monatsh., 
1915, 36, 471) discussed the dynamical significance of this relation, 
noting especially that it is a peculiarity of the value 2 that the 
complete reaction may be represented by an integrated equation of 
one of the simple forms applicable to a single-stage process. Meyer’s 
result shows clearly that, when carbomethoxyl or carbethoxyl 
groups are separated by a saturated chain of at least two carbon 
atoms, the speed of hydrolysis of each group is very nearly inde- 
pendent of the state of hydrolysis of the other; but this approxim- 
ation would be expected to hold less exactly for malonic and oxalic 
esters and for completely conjugated unsaturated esters (e.g., 
fumaric, phthalic) owing to the intramolecular transmission of polar 
effects; and departures are also to be expected amongst esters of 
higher alcohols and compounds with endocyclic ester groups (e.g., 
adipodilactone) owing to spatial influences. Since later workers 
have usually side-stepped the accurate determination of the 
coefficients for the consecutive stages by regarding a more or less 
imperfect conformity with Wegscheider’s simplified formule as 
sufficient indication that k,/k, is in the neighbourhood of 2, it is not 
yet known to what degree of approximation Meyer’s result is 


applicable to the classes of esters mentioned. There are indications — 


(Palomaa, Ann. Acad. Scient. Fennicew, 1917, A, 10, No. 16; Skrabal, 
Monatsh., 1917, 38, 29) that it is at least approximately applicable 
to oxalic and malonic esters as well as to their higher normal 
homologues. 

Meyer noticed (Z. physikal. Chem., 1909, 67, 257) that equation (3) 
does not even roughly represent thealkaline hydrolysis of symmetrical 
dicarboxylic esters, and, indeed, this is apparent from the still earlier 
work of Knoblauch (ibid., 1898, 26, 96), whose coefficients for ethyl 
succinate bear the ratio 9-4, and of Goldschmidt and Scholz (Ber., 
1903, 26, 1333), whose values for ethyl malonate give the ratio 88. 
Meyer remarked that this notable difference between acid and 
alkaline hydrolysis is probably connected with the fact that in the 
latter case the ester which undergoes the second stage of the reaction 
is an ion. 

(b) Polar Effects.—Influences arising from the polar character- 
istics of the ester and catalyst may be propagated to the seat of 
reaction both externally (through the medium-filled space) or 
internally (through the linkings), and in both cases an ionic centre, 
if present, will dominate the situation. In the commonly employed 
ionic catalysts the pole itself is the reactive centre, but in esters 
Which are also ions the pole is necessarily separated from the seat 
of reaction, and it is for this case, therefore, that the propagation 
of the effect of the pole requires consideration. Furthermore, 





} 
i 
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internally propagated polar effects become very small after trans. 
mission through more than two single linkings (Gane and Ingold, 
J., 1929, 1692, and cited references); it is therefore evident that a 
large class of cases must exist in which the externally propagated 
polar effect is for practical purposes the sole polar influence. 

A basis for the calculation of the externally propagated effect is 
available in several well-known theoretical investigations—+.g., 
Langevin’s calculations relating to a paramagnetic gas, Debye and 
Hiickel’s treatment of the effect of interionic attraction on the 
activity of strong electrolytes, and especially Bjerrum’s investigation 
of the problem presented by the strengths of polybasic acids—the 
common feature of all of which is the employment of Boltzmann’s 
law. Consider two esters which are identical in all respects, except 
that, in some position X, the second ester has a univalent positive or 
negative charge not possessed by the first ester; and suppose that 
these esters are being hydrolysed at the same temperature by the 
same catalyst, which also possesses a univalent positive or negative 
charge. The catalytic coefficients, k’ and k’’, of the two reactions 
may for the present be assumed (see Section d, however) to be pro- 
portional to the mass-action rates of formation of the corresponding 
critical complexes : 


x... Cesta > =<... Cnemse. <. @ 
@X ...CO.R+Z@—> OX... CO,ZR®. .. (Il) 


The external molecular electric field of the first ester will render the 
local concentration of Z€ in the neighbourhood of the ester group 
different from its macrochemical concentration, and this will be one 
of the ways in which the effect exerted by polar influences on the 
rates of hydrolysis of esters (compare Part I, this vol., p. 1032) enters 
into the determination of the velocity coefficient. The external 
electric field of a molecule of the second ester may be regarded as 
equal to that due to an identically placed molecule of the first ester 
plus the radial field of a unit positive charge situated at X. This 
being so, Boltzmann’s theorem shows that the ratio of the local con- 
centration of Z@ in reaction (II) to its local concentration in re- 
action (I) is exp(— WN/JRT), where W is the work done against the 
radial field alone when Z@ is brought from a great distance to the 
focus of redction, N is Avogadro’s number, and J is the mechanical 
equivalent of heat. If r is the distance between the unit charge at 
X and the focus of reaction, W is equal to + e?/er, where e is the 
charge of an electron, ¢ is the dielectric constant of the medium, 
and the upper or lower sign is taken aceording as the signs of the 
charges on X and Z are like or unlike. With e = 4-774 x 10%, 
«= 80-0, N = 6-06 x 103, J= 4-19 x 10’, R = 1-985, and T= 
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298, the exponent has the value + 6-97 x 10-*/r; and since the 
ratio of the local concentrations is also the ratio of the rates of 
formation of the critical complexes,* 


k’ /k’’ = exp(+ 6-97 x 10°%/r) ~ exp(17/108r). . (4) 


If it is legitimate to assume that in the anion of a partly hydro- 
lysed polycarboxylic ester the external field of each carboxylate ion 
can, at all distances greater than that of the nearest unhydrolysed 
ester group, be represented as the vector sum of that of a similarly 
situated carboxylic ester group and that of a superposed electron, 
equation (4) may be used to take count of the effect, on each stage 
after the first in the alkaline hydrolysis of polycarboxylic esters, of 
externally propagated polar fields : in these reactions the catalyst is 
a negative ion, and each stage of hydrolysis introduces a new negative 
charge into the ester molecule. Introduction of the requisite modi- 
fication into equation (1) gives the relation 


km mE{v™ pao} . S{v"-DplnsCa)} 
ky, nE{vinoinCe . Z{v'™—Lplm-s00 


where ep is written for exp(— 6-97 x 10-8/r), ep is the product 
of the ,C’, values of p corresponding with the ,,C, distances, r, between 
nester groups taken in pairs, and brackets { } signify that the product 
of each group of v’s is to be multiplied by the corresponding p-product 
before summation. The equation for the ratio of the velocities of 
the stages of hydrolysis of a dicarboxylic ester is obtained from (5) by 
writing s = 2, m= 1, and n = 2, and remembering that if n < 2 
then p':), being the product of zero p’s, is unity : 


ky _ (vy + %)* _ (vy + %)? , (cs x 10*\ 
ky - 2001%% ser 201V2 P r * 





(5) 


(6) 


For the special case of a symmetrically constituted dicarboxylic ester, 
0; = v, and equation (6) reduces to 


k, [ky = 2/p = 2 exp(6-97 x 10-*/r) ~ 2 exp(7/108r). . (7) 


Table II contains all the recorded direct measurements of the 
coefficients characterising the catalysis by hydroxide ions of the 
consecutive stages of hydrolysis of esters of dicarboxylic acids (some 
measurements on hydrolysis in alkaline buffer solutions are also 
available and these are considered in Section d). The data here 
tabulated refer to eleven esters of seven normal dicarboxylic acids. 
The experimental values of k, and k, are given in cols. 3 and 4, and 
all relate to the temperature 25° except the two indicated by asterisks 
for which the temperature is 22-7°. Cols. 5 and 6 contain the values 


* The activity correction, which is here neglected, is considered in Section (d), 
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of k,/k,, which are seen to be nearly identical for methyl and ethyl 
esters of the same acid. Col. 7 shows the values of the distance, r, 
between the carboxyl groups (i.e., between the charge developed on 
one carboxyl group and the focus of reaction at the other) as calcul- 
ated from equation (7). It will be seen (a) that the distances are of 
the right order of magnitude (1—20 A.U.), (6) that they place the 
compounds in the order of the length of the carbon chain, (c) that, 
having regard to the difference of method, they are in fair general 
agreement with the distances obtained by Gane and Ingold for the 
corresponding free acids (J., 1928, 1594); these distances are given 
in the last column for comparison. 


TaB_eE II. 
rx 108 
k,/k,. rX10® (cm.), 
Hydrolyte. Ref. ky. Ks. ky/ke. — (cm.). G. & I. 
Oxalat methyl 4 ca.10® ca. 10? 104 } 10 1 a 
xalate  \ethyl 5 ca. 105° ca, 10*5 to 
methyl 3 170 1-84 
Malonate { f2 112 1-27 88 91 1-8 1-5 
ethyl 
3 136 1:46 93 
3 20-5 2-10 9-8) 
methyl f | 
r | 7" 16 26-0 2:30 94 , ' { 5-0 
Succinate Loin ah 7 13-8* 1-46* 9: Hl 9-7 4-4 4-9+ 
mm 1:3 16-5 1:59 10-4 
methyl 6 21-6 3-16 6-8) ' 6 
Glutarate { Stiel 6 10-0 1-63 6-1f 6-4 6-0 9-2 
Suberate methyl 6 1-53 0-49 3-1 3-1 15 14-5 
Azelate methyl 6 1-24 0-42 2:95 2:95 17:5 17 
Sebacate methyl 6 1-20 0-43 2-8 2°8 20 —_ 
References : (1) Knoblauch, loc. cit.; (2) Goldschmidt and Scholz, Loc. cit.; 


(3) J. Meyer, Z. physikal. Chem., 1909, 67, 257; (4) Skrabal, Monatsh., 1917, 
38, 29; (5) Skrabal and Matievic, ibid., 1918, 39, 765; (6) Skrabal and Singer, 
ibid., 1920, 41, 339. 

+ Calculated by Gane and Ingold from data by Auerbach and Smolezek. 

In explanation of the approximate values for the oxalic esters, it 
should be stated that the only directly determined value is k, for the 
methyl ester; for this the value 92 was found, but the time intervals 
were so short that the second figure is not significant. The same ester 
was also hydrolysed in carbonate buffers and from these experiments 
an apparent value of k, can be calculated and compared with the 
directly observed value. This comparison then affords the means 
of estimating the true value of k, for ethyl oxalate from the apparent 
values derived from similar measurements in buffers. Of the values 
of k, for methy] and for ethyl oxalate, all that can be said is that they 
are of the order of a million and that k, is about three times as great 
for the methy] as for the ethyl ester. All the other values of k, and 


k, recorded in the table represent direct determinations. 
The preceding calculations neglect the internally propagated effect 
of the carboxylate pole, and this is expected to make the calculated 
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distances for oxalic and malonic esters too small; a similar error 
would probably affect completely conjugated unsaturated esters, 
such as maleic, fumaric, phthalic, and terephthalic esters, although 
none of these has as yet been investigated by the direct method 
(compare Section d, however); internally propagated effects should 
be entirely negligible in esters higher than succinic esters (Gane and 
Ingold, J., 1928, 1691). Furthermore, the catalytic ion has been 
treated as a point-charge, whereas any actual ion must become 
dipolarised as it approaches the charged ester molecule; this effect 
is expected to render the calculated distances too large throughout 
the series considered, and solvation, including pole-dipole association, 
is a form of dipolarisation which it would be necessary to envisage in 
any complete discussion of this disturbance. It should also be 
pointed out that no account has explicitly been taken of the circum- 
stance that even in alkaline solution the electrically neutral alkyl 
hydrogen ester must exist as such to a minute extent, and that part 
of the second stage of alkaline hydrolysis of dicarboxylic esters must 
proceed through this form. The error due to this cause is very easy 
to evaluate, but it is entirely negligible in all the cases for which the 


writer has made the appropriate calculation; there is no point, 


therefore, in encumbering the equations with terms intended to 
eliminate this effect. 

(c) Steric Hindrance.—It is necessary now to give attention to the 
circumstance that the whole of the space in the neighbourhood of a 
reacting centre is not free space in the sense envisaged by the kinetic 
theory, on which Boltzmann’s theorem depends ; in short, the effect 
of steric hindrance must be considered. 

A basis for the discussion of this influence is furnished in Part I of 
this series (this vol., p. 1032) in which it was shown that velocities of 
hydrolysis can be represented as a simple function of polarity on the 
assumption that the effect of steric hindrance on the catalytic 
coefficients is expressible as the product of two factors C and S 
respectively dependent on the catalyst alone and the ester alone : if 
p is a catalytic coefficient (it was called k? in Part I), which is 
corrected in such a way as to be independent of the variability of the 
purely steric influences which affect in different degrees the hydro- 
lysis of each of a series of esters by each of a series of catalysts, then 
the uncorrected catalytic coefficient k is equal to CSp. Reverting 
to reactions (I) and (II), and introducing suffixes to indicate the sign 
of Z, the preceding relation shows that 

ki, = C,S8'p',, kif = C,8"p', hk. = C_S'pl, kU = C_S"p", 
and that, consequently, 

ki fk, — pt [p” 
ost Y Beka og pers . . . . . . (8) 
Foe kok. pp? 
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From the foregoing it will be clear that the k-ratio on the left hand 
side of equation (4) should really be a p-ratio, wherefore, having 
regard to equation (8), the equation which takes account of both 
polar and steric influences may be written 


INGOLD : 


Fe? = exp(F 13-94 x 10-8/r) = exp(F14/10%) . . (9) 
where the upper or lower sign of the exponent is taken according 
as the charge on X is positive or negative in reaction (II). 

In applying equation (9) to the stage-wise hydrolysis of a poly- 
carboxylic ester, the assumption must be made that the space 
occupied by a carboxylate ion is equal to that filled by an undissoci- 
ated carboxyl group, or at least, that it differs therefrom by a much 
smaller amount than that by which it differs from the space occupied 
by an esterified carboxyl group. Introduction of the appropriate 
modification into equation (5) gives the equation 








$s 8 s 8 
Kin [Ken _ L{VM pm}, T{y@-Np'n-19} , Lo . DoM-Y (10) 
k ee 8 8 8 2 
m+ [Kn T{oMp nC} , Tfy'-Np'm—sn)} Sol . LoP-b 


For a dicarboxylic ester equation (10) reduces to the simple form 
Key [Keg _ My4¥pe (Uy + MP (11) 
Bys[hy, — 0VyUp_(Vy + Ur)? : 
The equation for a symmetrically constituted dicarboxylic ester is 
obtained from (11) by equating v’s of like suffix-sign. For hydrolysis 
by hydrogen and hydroxy] ions the equation is 





pee me : = exp(6-97 x 10-8/r) © exp(7/108) . (12) 
This is the equation from which the values of r given in col. 7 of 
Table II were originally calculated ; but since, to the accuracy with 
which (k,)s/(k.)u is known for the esters of oxalic acid and its normal 
homologues, this ratio has the value 2-0 (Palomaa), the figures are 
identical with those obtained from the simpler, but less theoretically 
defensible, equation (7). 

It is not theoretically necessary that both the stages in the hydro- 
lysis of a dicarboxylic ester should be investigated in order that r may 
be calculated : a suitable study of the second stage of hydrolysis, 
that is, of the hydrolysis of the acid ester only, would enable equation 
(9) to be directly applied. The case of acid esters is strictly compar- 
able with that of amino-esters, and, since both forms represent the 
simplest types of ionogenic esters, they may be considered together. 
It can readily be shown that the curve connecting the velocity of 
hydrolysis of an acid ester with the hydrion concentration should, 
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after effects due to any buffers employed have been eliminated 
(Part II, this vol., p. 1039), correspond to the equation 








o= {ome (+ cay) + Koo" + Fi) } /20K. + OD) (18) 


Similarly the curve for the hydrolysis of a basic ester should be 
represented by the equation 


0= {Kou + py) + Rolie’ (Grr + fay) | 2K KD (14) 


In these equations K,and K, are the so-called affinity constants of the 
acid and base respectively, and K,, is the ionic product for water. 
The four quantities, H’, H’’, v’, and v’’, are constants which have to 
be determined from the velocity data themselves, and the signific- 
ance of the first two of these is that they are the hydrion concentra- 
tions at which the neutral and charged species respectively would 
show a velocity minimum if conversion into the other form could be 
prevented. Denoting the corresponding py’s by py’ and py”, and 
remembering the general relation log (kon/kn) = — 2pun* — log Ky, 
where p,* is the py of maximal hydrolytic stability, the appropriate 
application of equation (9) gives 


Pu’ — Pu” = + 3-03 x 108/r > 4 3/108. . (15) 


where the sign must be chosen to correspond with that of the charge 
developed on the ionogenic ester. 

Suitable data for the evaluation of both py’ and p,”’ by the applic- 
ation of equations (13) and (14) are not yet available, but in the case 
of ethyl aminoacetate data leading to an approximate value for py” 
are on record ; the figure thus obtained is not very accurate owing to 
the absence of data permitting the elimination of buffer effects. The 
value of py,’ cannot be similarly obtained, but, in accordance with 
the principles discussed in Part I (loc. cit.), it may be interpolated 
between the values of p,* for ethyl propionate and ethyl glycollate, 
both of which are accurately known; the probable uncertainty 
attending this procedure is unlikely to be much greater than that 
which relates to the directly measured value of p,’’ in the absence 
of a correction for buffer effects, and is of the order of 0-1 p, unit. 
There is a small difference in the temperatures to which py’ and py” 
apply, but it is negligible in the circumstances. These data are 
assembled in Table III, and it will be seen that the distance r for 


2 6 

NH,°CH,°CO,Et is practically the same as for CO,°CH,*CO,Et 
(18 x 10-8 cm.); owing to the structural similarity both values are 
probably subject to the same disturbances. 
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Taste III. 
Hydrolyte. Ref. Temp. pg*. Apy*. 7 (cm.). 
Ethyl aminoacetate ............ 1 25° 53 1 rs LT x lo 
Ethyl ammonium acetate ... 2 20 3-5 J Fas 


References: (1) Bolin, Z. anorg. Chem., 1925, 142, 201; (2) van Dijken, 
Rec. trav. chim., 1895, 14, 106; Findlay and Hickmans, J., 1909, 95, 1010; 
Denshel and Dean, Amer. J. Sci., 1912, 34, 293; 1913, 35, 486; Dean, ibid, 
1913, 35, 605; 1914, 37, 331; Taylor, Medd. K. Vetenskapsakad. Nobel-inst., 
1913, 2, No. 34; Palomaa, Ann. Acad. Scient. Fennicw, 1913, A, 4, No. 2 
1914, A, 5, No. 4; Lamble and Lewis, J., 1914, 105, 2330. 


(d) Effects due to the Medium.—Consideration has not yet been 
given to possible disturbances due to the medium. The expected 
disturbances are of two kinds. 

(1) The dielectric constant of water containing both electrolytes 
and non-electrolytes will only be approximately equal to that of pure 
water even at the considerable dilutions to which the measurements 
in Table II relate; the non-electrolytic solutes would tend to de- 
crease the constant, whilst the electrolytes might decrease it or 
increase it according to their concentration (Debye). The consider- 
ation of this effect involves no new principle and an appropriate 
correction could readily be introduced if the requisite data were 
available. 

(2) For solutions of considerable ionic strength, the relation, 
v = kC,Cx, hitherto used, requires a correction which, according to 
Bronsted (loc. cit.), is represented by f,fz/fs, in the equation 
v = kC.Csfifs/fsz. This equation shows that, whilst the simpler 
equation should be valid for the hydrolysis of neutral esters by ions, 
the velocity of ion-catalysed hydrolysis of ionic esters will increase or 
decrease with increasing ionic strength (u) according as the charges 
on the reactants are like or unlike in sign. In the second stage of the 
hydrolysis of a dicarboxylic ester the charges are of like sign, and 
hence the velocity should increase with increasing ionic strength. In 
order to show that this effect is not negligible, Table IV is appended, 
the data in which are taken from Skrabal and Singer’s published 
results. 


TaBie IV. 
Hydrolyte. Catalyst. Inert salt. p (initial). 
NaO,C-CO,Me Na,CO, — 0-40 1- = 
a = 0-40 N-NaCl 0-80 21s 
NaO,C-(CH,),-CO,Me NaOH — 0-004 2°8 
” ” — 0-032 3-4 
—_ 0-040 3-9 


%”? ” 


Now, assuming for the moment that only univalent anions are 
under consideration, the formule already developed for the ratio, 
k,_/k,_, obtaining in the two-stage hydrolysis of a dicarboxylic ester, 
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show that this ratio should be independent of the nature of the 
catalysing anion, provided that the concentration is so low that the 
ionic-strength disturbance is negligible. This condition is very 
approximately fulfilled in the hydrolysis with sodium hydroxide for 
which the ionic strength is 0-01 or less; but when buffer solutions are 
employed the ionic strength is usually of the order 0-1—1-0. In the 
complete hydrolysis of a dicarboxylic ester in alkaline buffers, the 
first stage escapes the ionic-strength effect, but the second stage is 
subject to it, and thus the values of k,_/k,_ obtained by the use of 
buffers are rendered too low. Against this must be set the circum- 
stance that some small part of the total hydrolysis will undoubtedly 
be effected, not by hydroxide ions, but by the buffer anions them- 
selves, and if these are more than univalent—and carbonate— 
bicarbonate buffers have usually been employed—the higher valency 
will create an effect tending to make k,_/k,_ too large. The general 
conclusion must, therefore, be that little reliance can be placed on 
anything but the order of magnitude of this ratio when it is deduced 
from experiments with buffers; nevertheless, in order to complete 
the survey of existing relevant data, the values of the ratio, which are 
deduced from measurements with carbonate-bicarbonate buffers, are 
given in Table V for those esters which have been studied in this way. 

The values of r calculated from equation (7) are in the last column. 

When data become available for the activity coefficients of the 

electrolytes and the catalytic coefficients of the buffer anions, it 

should be possible to correct these values ; in the meantime it is seen 

that, where comparison can be made with r-values based on direct 

determinations of the k-ratio, the agreement is poor to moderate. A 

clear illustration of the importance of the ionic-strength effect appears 
in the values for methyl d-tartrate and methyl racemate, for the 

hydrolysis of which carbonate-bicarbonate buffers of two concen- 

trations have been employed ; it will be noticed that when the ionic 

strength at the commencement of reaction is increased from about 
0-05 to about 0-5, the value of k,/k, falls by 30%. 

Finally it may be pointed out, first, that since the maleic and 
fumaric esters were hydrolysed by buffers of similar concentration, 
the error in r caused by ionic-strength effects is probably similar in 
both cases, and, secondly, that, although, as explained in Section (5), 
internally transmitted polar effects will make the r-values too small, 
the type of conjugation which gives rise to this result is the same for 
both esters, wherefore the disturbances will probably be nearly the 
same. Since a little further consideration readily shows that the 
necessary corrections, which although unknown are presumed to be 
nearly equal, would be represented by factors, and not differences, it 
follows that the ratio, riamaric/maleic, Should be subject, certainly to 
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TABLE V. 
Measurements in buffers. From 
ys . Table II 
rx 108 rx 10 
Hydrolyte. Ref. (initial). k,/k. (em.). (em.). 
Methyl malonate ...... 1 0-50 73 1-9 1-8 
Ethyl malonate ...... 1 0-50 67 2-0 1-8 
Methyl succinate ...... 1 0-45 4-7 8-2 4-4 
Methyl maleate ......... 3 0-07 67 2-0 _- 
Methyl fumarate ...... 3 0-05 22 2-9 — 
2 0-55 14-7 3°5 = 
Methyl d-tartrate ...... { 4 0-06 19-5 3.1 at 
Methyl l-tartrate ...... 4 0-06 20 3-0 — 
4 0-55 14 3°6 _— 
Methyl racemate ...... 4 0-06 20 3-0 = 
Methyl] mesotartrate ... 4 0-06 28 2-7 — 


References: (1) Skrabal and Singer (loc. cit.); (2) idem, Monatsh., 1919, 
40, 363; (3) Skrabal and Reith, ibid., 1921, 42, 245; (4) Skrabal and Her- 
mann, ibid., 1922, 43, 633. 


less error than are the separate r’s, and probably to a small error only. 
It is seen from the table that this ratio is 1-45. Now the same ratio 
can readily be calculated from the molecular model on the basis of 
certain assumptions. The assumptions which seem best to conform 
to existing knowledge of the structures and reactions involved are 
as follows: (1) The distance between the centres of singly linked 
carbon atoms is 1-52 A., that is, the value obtaining both for the 
diamond and for the distance between nuclear and side-chain carbon 
atoms in hexamethylbenzene. (2) The distance between the centres 
of doubly linked carbon atoms is 1-35 A.U., this value being adopted 
on the ground that the aromatic ortho-distance given by X-ray 
measurements on graphite and hexamethylbenzene probably 
approximates to the mean of the distances characteristic of singly 
and doubly linked atoms. (3) Since the carboxyl group is a sym- 
metrical prototropic system, the charge is symmetrically distributed 
in the carboxylate ion, and its centre of gravity is therefore at the 
bisection of the line joining the centres of the oxygen atoms, that is, 
about 0-7 A.U. from the carbon centre in line with the carbon-carbon 
bond. (4) In alkaline hydrolysis the attack is at the surface of the 
carbon atom, the mean focus being about 0-7 A.U. from the carbon 
centre in line with the carbon-carbon bond. (5) The angle between 
the directions of the single linkings of an ethenoid carbon atom is 120° 
(compare Beesley, Ingold, and Thorpe, J., 1915, 107, 1080). On the 
basis of these assumptions, the ratio rjaumaric/Tmaieic Should be 1-47, 
and almost any reasonable modification of them leads to values 
between 1-4 and 1:5. 


Tue University, LEEDs. (Received, April 24th, 1930.] 
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CLX XIX.—Conversion of Hydroaromatic into Aromatic 
Compounds. Part IV. The Influence of the Nitro- 
group in Nitrophenyldihydroresorcinols. 


By LeonarD Eric HINKEL and JoHN FREDERICK JAMES Dippy. 


5-m-Nitro- and 5-p-nitro-phenyldihydroresorcinols exhibit properties 
in common with all dihydroresorcinols, but show a marked difference 
in their action with the chlorides of phosphorus. 

Neither of the nitrophenyldihydroresorcinols reacts with phos- 
phorus trichloride in the usual manner, whereas alkyl- and aryl- 
substituted dihydroresorcinols yield the corresponding chloro- 
ketone derivatives with both phosphorus trichloride and phosphorus 
oxychloride (Crossley and Haas, J., 1903, 83, 494; Crossley and 
Le Sueur, ibid., p. 110; Crossley and Pratt, J., 1915, 107, 191; 
Boyd, Clifford, and Probert, J., 1920, 117, 1383). 

Phosphorus oxychloride is without action upon m-nitrophenyl- 
dihydroresorcinol, but yields with the p-nitro-compound a small 
amount of 3 : 5-dichloro-1-p-nitrophenyl-A2‘4-cyclohexadiene. 

Phosphorus pentachloride acts upon m-nitrophenyldihydro- 
resorcinol to give 3 : 5-dichloro-1-m-nitrophenyl-A?‘4-cyclohexadiene 
together with a small quantity of 3 : 5-dichloro-3'-nitrodiphenyl. 
In order to effect reaction four molecular proportions of the penta- 
chloride are required instead of the usual two. 

The low reactivity of the nitrophenyldihydroresorcinols towards 
the chlorides of phosphorus may be attributed to the recognised 
electron-affinity of the nitro-group, since, in any hydroxyl compound, 
intramolecular electron-attraction (a) must oppose the separation 
of hydroxyl (6), just as it assists the separation of hydrogen (c) : 

a (0) 
ho-3—n (Allan, Oxford, Robinson, and Smith, J., 1926, 405). 
Ke 

The i electron-affinity of the nitro-group is also shown 
by the great readiness with which the nitrobenzaldehydes condense 
with acetone: our preparative work has convinced us that the 
order of facility of the condensation of benzaldehydes with acetone 
ism- and p-nitro- >> methoxy- and chloro- > unsubstituted benzalde- 
hyde. The position of the nitro-compounds in this sequence is 
again attributable to the electron-affinity of the nitrophenyl group, 
since the accepted theory of the aldol reaction involves in its 
application to the present cases the addition of an anion to aromatic 
carbonyl carbon. 

The effect of the nitrophenyl group upon the properties of the 
dichlorohexadienes shows no very marked difference from that of 
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the phenyl group. The chlorination of 3 : 5-dichloro-1-m-nitro- 
phenyleyclohexadiene yields 3: 5-dichloro-3’-nitrodiphenyl and 
2: 3: 5( 2)-trichloro-3’-nitrodiphenyl (compare Hinkel and Hey, 
J., 1928, 2786). However, in contrast with the case of the phenyl 
compound, where trichlorodipheny] is formed with excess of chlorine 
in hot solution, the formation of the trichloro-3’-nitrodipheny] is 
favoured at low temperature. 

The constitution of 3: 5-dichloro-3’-nitrodiphenyl has been 
established by reduction to the amino-derivative and oxidation 
of this to 3 : 5-dichlorobenzoic acid. 


EXPERIMENTAL. 


m-Nitrobenzylideneacetone.—The method described by Baeyer 
and Becker (Ber., 1883, 16, 1969) has been so modified as to need 
redescription. 0-1N-Sodium hydroxide (150 c.c.) was added below 
0° to a solution of m-nitrobenzaldehyde (30 g.) in acetone (300 c.c.) 
and the mixture was shaken for 20 minutes, slightly acidified, and 
evaporated. The orange-coloured liquid residue (probably the 
aldol intermediate compound) was heated for } hour at 100° with 
concentrated hydrochloric acid (0-5 ¢.c.): from a hot alcoholic 
solution of the dehydrated product, on cooling, m-nitrobenzylidene- 
acetone separated in pale yellow needles (25 g.), m. p. 102° (Vor- 
lander, Annalen, 1897, 294, 291, records m. p. 96°) (Found: (, 
62-3; H, 4-7. Cale.: C, 62-8; H, 4:7%). 

5-m - Nitrophenyldihydroresorcinol—By condensing m-nitro- 
benzylideneacetone with ethyl malonate by Vorlinder’s method 
(loc. cit.), ethyl m-nitrophenyldihydroresorcylate was obtained, 
m. p. 169° (decomp.); Vorlinder records m. p. 163° (Found: ©, 
59-1; H, 5-15. Cale.: C, 58-8; H, 5-2%). 

A solution of the ester (20 g.) in 4% aqueous sodium hydroxide 
(400 c.c.) was boiled for 5 minutes and cooled, and dilute hydrochloric 
acid added until the solution became faintly acid; on stirring, 4 
dark brown impurity separated. The filtered solution was boiled 
with excess of hydrochloric acid until the liberation of carbon dioxide 
ceased. The brown solid which separated yielded, on crystal- 
lisation from aqueous acetone, 5-m-nitrophenyldihydroresorcinol in 
small plates (14 g.), m. p. 188° (decomp.) (Found : C, 61-8; H, 48. 
C,2H,,0,N requires C, 61-8; H, 4:7%). 

5-p-Nitrophenyldihydroresorcinol.—The condensation of p-nitro- 
benzylideneacetone with ethyl malonate was conducted in the 
usual manner and the hydrolysis of the dihydroresorcylate produced 
was as described above. The solid product when crystallised from 
aqueous acetone yielded 5-p-nitrophenyldihydroresorcinol in faintly 
brown plates, m. p. 190—191° (decomp.), containing 1H,O (Found: 
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C, 57-2; H, 5-2; H,O, 7-4. C,,H,,O,N,H,O requires C, 57:2; 
H, 5:2; H,O, 7-2%). 

Action of Phosphorus Oxychloride on p-Nitrophenyldthydroresor- 
cinol—A suspension of p-nitrophenyldihydroresorcinol (5 g.) in 
dry chloroform (13 c.c.) was mixed with 10 c.c. of phosphorus 
oxychloride and heated on a water-bath for 2 hours. The chloro- 
form was then removed, and the residue poured into water and 
extracted with ether. From the extract, washed with sodium 
hydroxide solution and with water and dried, a small quantity 
of 3 : 5-dichloro-1-p-nitrophenyl-A?‘ 4-cyclohexadiene was obtained, 
which crystallised from aqueous alcohol in colourless prisms, m. p. 
81° (Found: Cl, 26-1. C,,H,O,NCI, requires Cl, 263%). 

Action of Phosphorus Pentachloride on m-Nitrophenyldihydro- 
resorcinol.—m-Nitrophenyldihydroresorcinol (30 g.; 1 mol.) was 
suspended in dry chloroform (80 c.c.), phosphorus pentachloride 
(90 g.; 4 mols.) gradually added in the cold, and the mixture heated 
for 14 hours. The chloroform was removed under reduced pressure, 
and the residue poured on ice and extracted with ether. From the 
washed and dried extract, 3 : 5-dichloro-1-m-nitrophenyl-A2‘4-cyclo- 
hexadiene was obtained, which crystallised from aqueous alcohol 
in short colourless needles, m. p. 66—68° (Found: Cl, 26-3%), 
together with a small quantity of 3 : 5-dichloro-3’-nitrodiphenyl, 
m. p. 162° (Found: Cl, 26-35. C,,H,O,NCI, requires Cl, 26-4%). 
The separation of the two compounds was effected by fractional 
crystallisation from methyl alcohol, in which the latter is less 
soluble. 

3: 5-Dichloro - 3’ -acetamidodiphenyl.—3 : 5 - Dichloro-3’-nitrodi- 
phenyl (0-9 g.), dissolved in alcohol (10 c.c.), was reduced with 
stannous chloride (3-3 g.) in absolute alcohol (12 c.c.) saturated with 
hydrogen chloride. The mixture was heated for 1 hour and, after 
evaporation, excess of sodium hydroxide was added and the base 
was extracted with ether. It was obtained as a thick oil, from 
which, by warming with acetic anhydride, 3 : 5-dichloro-3'-acetamido- 
diphenyl was prepared; this crystallised from aqueous alcohol in 
colourless plates, m. p. 168° (Found: N, 5-0. C,,H,,ONCI, 
requires N, 5-0%). 

Oxidation of 3: 5-Dichloro-3’-aminodiphenyl—The oil obtained 
by the reduction of 3 : 5-dichloro-3’-nitrodiphenyl was dissolved 
in the minimum quantity of glacial acetic acid and heated under 
reflux with a solution of chromic anhydride in acetic acid. Further 
additions of chromic anhydride were made until oxidation was 
complete. On addition of water, 3 : 5-dichlorobenzoic acid, m. p. 
183—185° after crystallisation from aqueous methyl alcohol, 
separated. 
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Action of Chlorine on 3 : 5-Dichloro-1-m-nitrophenyl-A?* 4-cyclo- 
hexadiene.—(1) At a low temperature. Chlorine (1-6 g.; 1 mol.) 
was passed into a solution of 3 : 5-dichloro-1-m-nitrophenyl-A?‘+- 
cyclohexadiene (6 g.; 1 mol.) in dry chloroform (16 g.) below 0°. 
The residue obtained after rapid removal of the chloroform solidified 
in a vacuum over solid sodium hydroxide and was crystallised from 
alcohol, 3 : 5-dichloro-3’-nitrodiphenyl (2-5 g.) being obtained in 
fine colourless needles which, alone or mixed with the aromatic 
compound obtained from the phosphorus pentachloride reaction, 
melted at 162°. 

(2) In excess at a low temperature. Chlorine was slowly passed 
into a solution of 3 : 5-dichloro-1-m-nitrophenyl-A?‘*-cyclohexadiene 
(6 g.) in dry chloroform (25 c.c.) kept at — 10°. When chlorine 
was no longer absorbed, the chloroform was removed and the 
residue allowed to stand in a vacuum. The sticky mass obtained 
was dissolved in hot alcohol; on cooling, 2:3 : 5( ?)-trichloro- 
3’-nitrodiphenyl separated, and after crystallisation from alcohol 
was obtained as fine colourless needles, m. p. 116° (Found: Cl, 
32:0. C,,H,O,NCl, requires Cl, 35-2%). The low chlorine value 
is probably due to the presence of a small quantity of 3 : 5-dichloro- 
3’-nitrodiphenyl. 

(3) In excess at room temperature. Chlorine was passed into a 
solution of 3: 5-dichloro-1-m-nitrophenyl-A?‘*-cyclohexadiene (6 g.) 
in dry chloroform (16 c.c.) until the copious evolution of hydrogen 
chloride had ceased. After removal of chloroform and standing 
in a vacuum, the residue solidified. Crystallisation from alcohol 
yielded 3 : 5-dichloro-3’-nitrodiphenyl, m. p. 162°. 


The authors wish to express their indebtedness to Imperial 
Chemical Industries for a grant which partly defrayed the cost of 
this investigation. 

University COLLEGE, SWANSEA. [Received, April 2nd, 1930.] 





CLXXX.—The Alkaloids of Ergot. Part I. 


By Sypney Smita and Grorrrey MILLWARD TIMMIs. 


Ir is probably true that no drug of vegetable origin has been more 
often investigated than ergot and this is not surprising in view of 
the importance of the drug in medical practice. The earlier 
researches, which extend backward for more than a century, dealt 
with undoubtedly impure preparations and the first important 
advance was made by Tanret (Compt. rend., 1875, 81, 896), who 
isolated a pure crystalline alkaloid, ergotinine, which he regarded 
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as the physiologically active principle. This view of ergotinine was 
not generally accepted, and for knowledge of the physiologically 
active alkaloid of ergot we are indebted to the researches of Barger, 
Carr, and Dale, who at the British Association meeting in 1906 
announced the isolation of an amorphous alkaloid, ergotoxine, 
having the pharmacological effects characteristic of ergot, and to 
Kraft (Arch. Pharm., 1906, 244, 336), who independently and almost 
simultaneously described the same alkaloid under the name hydro- 
ergotinine. Barger and Carr (J., 1907, 91, 337) subsequently gave a 
detailed description of the chemical characteristics of ergotoxine and 
its salts, and the physiological effects of the alkaloid were fully 
described by Dale (Biochem. J., 1907, 2, 240 and elsewhere). 

It was shown by Kraft and by Barger and Carr that ergotoxine 
and ergotinine are interconvertible and by Dale that ergotoxine has 
an intense physiological activity whereas ergotinine is comparatively 
inactive. It therefore created considerable interest when Spiro and 
Stoll (Verh. Schweiz. Nat. Ges., 1920, abstracted in Ber. ges. Physiol., 
1921, 8, 349 and Chem. Zentr., 1921, ILI, 889—890) described two 
alkaloids, ergotamine and ergotaminine, which were also inter- 
convertible and one of which, ergotamine, had a much greater 
biological activity than the other. Moreover, the methods which 
effected the interconversion of ergotoxine and ergotinine were the 
same as those which caused the interconversion of ergotamine and 
ergotaminine. It seemed probable, therefore, that ergotoxine and 
ergotamine, if not identical, must be closely related, a view which 
received support when it was shown by Dale and Spiro (Arch. exp. 
Path. Pharmacol., 1922, 95, 377) that ergotoxine and ergotamine 
had the same physiological action not only qualitatively but quanti- 
tatively. The identity of pharmacological action was fully con- 
firmed by the subsequent work of Rothlin (ibid., 1928, 138, 115), 
Burn and Ellis (Pharm. J., 1927, 64, 384), and others. 

Similarly, some years ago we began an investigation with the 
object of establishing the chemical identity of ergotoxine and 
ergotamine or alternatively of more clearly distinguishing the two 
alkaloids, since the recorded differences were not striking and 
might possibly be due to variations in the purity of the material 
used by the respective workers, particularly as ergotoxine had 
hitherto been obtained only in an amorphous condition. 

Ergotoxine can now be obtained in beautifully crystalline form 
as an additive compound with benzene or its simple homologues 
(Wellcome Foundation Ltd., and G. M. Timmis, B.P. 286,400), or by 
crystallisation from carbon disulphide. Crystallisation from such 
solvents takes place very readily and affords an easy method of 
purification. The sharp definition of the crystals and the constant 
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specific rotation leave no doubt concerning the purity of the sub- 
stance. Ergotoxine cannot according to our experience be crystal- 
lised from other solvents and in this respect shows a pronounced 
difference from ergotamine, which crystallises with great ease from 
a number of solvents. For the purpose of comparison we have 
prepared all four alkaloids in a state of purity. The evidence 
afforded by the crystalline form, specific rotation, solubilities and 
melting points shows quite clearly that the four alkaloids are definite 
and distinct substances. 

Spiro and Stoll in their publications lay stress on the “ protec- 
tive’ methods of extraction devised by Stoll (D.R.-P. 257,272), 
who suggests (Naturwiss., 1923, 33, 705) that the failure of other 
workers to obtain ergotamine may have been due to the use of 
commercial ergots containing little or no ergotamine either because 
they were old and deteriorated or because they were originally 
poor therein, but that the chief cause appeared to have been the use 
of insufficiently protective methods of extraction. 

Our experience, on the contrary, has been that the isolation of 
the alkaloids may be effected satisfactorily by ordinary methods 
of alkaloid extraction such as that of Kraft (loc. cit.). Stoll’s 
process consists essentially in treating the drug with a solution of a 
weakly acidic substance such as aluminium sulphate, ferrous 
sulphate, ferric chloride or copper sulphate. The acid material is 
freed from extractive matter by treatment with a solvent such as 
benzene or ether. The alkaloid is then set free by treatment with 
an alkali and extracted with ether or benzene or similar solvent. 
It is difficult to agree that such a process is less likely to cause 
decomposition of the alkaloids than the process of Kraft, which 
consists in extracting the drug with ether, extracting the alkaloids 
from the ethereal solution with a weak acid such as citric acid, and 
precipitating the alkaloids from the slightly acid extract by means 
of a base. In our experience it is immaterial as far as the nature 
of the alkaloid is concerned whether the alkaloids are prepared by 
the method of Kraft or by the processes described by Stoll. 

During the past few years we have examined many commercial 
specimens of ergot from Spain, Portugal, Russia, Poland, Scandin- 
avia, Hungary, and Czecho-Slovakia, all of which gave ergotoxine 
and ergotinine and these alkaloids only. These ergots were all 
obtained from rye which is the variety used traditionally in medicine 
and is officially specified by the pharmacopexias. 

Ergot grows on other Graminec besides rye and we therefore 
examined some of the unofficial ergots. This part of the investig- 
ation is at present incomplete, as these varieties of ergot are difficult 
to procure. We have, however, been able to obtain three specimens 
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of the ergot growing on tall fescue (Festuca), which were collected 
in New Zealand in 1927, 1928 and 1929. Two of them gave excellent 
yields of ergotamine, but the third contained comparatively little 
alkaloid. These ergots were extracted by the method of Kraft. 

These results suggest that the isolation of ergotamine and ergot- 
aminine depends not on the special methods of extraction upon 
which Stoll lays so much stress but upon the nature of the ergot. 

In our experience ergot of rye gives ergotoxine and ergotinine 
only and in this we confirm the results of Tanret, who isolated 
ergotinine, and of Barger and Carr and of Kraft, who isolated both 
alkaloids. 

Barger and Carr suggested the formule C,,H,,O,N,; and 
C,;H3,0;N, for ergotoxine and ergotinine, and Spiro and Stoll 
assigned the formula C,,H,,0,N, to ergotamine and ergotaminine. 
Although we have made many analyses of these alkaloids and their 
salts, we have not succeeded in finding conditions which give com- 
pletely satisfactory results. Previous workers have experienced 
this difficulty also and we prefer to reserve a discussion of the 
composition and inter-relationship of the four alkaloids until these 
difficulties have been overcome or until we have been able to prepare 
degradation products which will throw light upon this question. 


EXPERIMENTAL. 


Isolation of Ergotoxine and Ergotinine.—The mixed crude alkaloids 
were prepared from ergot by the method of Kraft (loc. cit.), the 
average yield being 0-1 to0-15%. The crude alkaloid is treated with 
methyl alcohol, which dissolves ergotoxine and leaves most of the 
ergotinine undissolved. The solution of ergotoxine with some 
ergotinine may then be purified by taking advantage of the different 
solubilities of the sulphates (Kraft), or purification may be effected 
by preparing the phosphate (Barger and Carr, loc. cit.). The 
ergotinine residue is readily purified by crystallisation from dilute 
alcohol. 

Ergotoxine was usually prepared from the phosphate by triturat- 
ing the salt with water and sodium bicarbonate. The mixture was 
extracted with ether, and the extract evaporated to dryness. The 
solid residue was dissolved in hot benzene, from which it readily 
crystallised on cooling in six-sided prisms containing 21%, of benzene 
and having a specific rotation [«]};, = — 179° and [x]}i» = —156° 
(c= 1 in chloroform). Ergotoxine can be crystallised from toluene, 
the xylenes and mesitylene and separates in each case associated 
with the solvent, which can be removed by very prolonged drying 
at 90° ina vacuum. The solvent-free residue has a specific rotation 
[x] i = — 226° and [a], = — 197° (ce = 1 inchloroform). Ergot- 
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oxine is sparingly soluble in carbon disulphide and separates in stout 
prisms on the spontaneous evaporation of a solution in this solvent. 
It is insoluble in light petroleum, sparingly soluble in ether, and 
very soluble in methyl and ethyl alcohol, chloroform and acetone 
and ethyl acetate, but does not crystallise from these solvents. 
When an acetone solution is diluted with water, the base separates 
in an amorphous condition (distinction from ergotamine, which 
crystallises readily under these conditions). The amorphous base 
is hygroscopic. The dry substance when placed in a bath at 170° 
and slowly heated begins to soften at 180° (corr.) and melts very 
indefinitely between 190° and 200°. It is readily soluble in 1—3% 
aqueous sodium hydroxide solution but insoluble in sodium carbonate 
solution. 

Ergotinine was most readily purified by crystallisation from hot 
alcohol containing from 10—50%, of water. It crystallised in long, 
thin, glistening, colourless prisms, free from solvent. It has 
[x] = + 513°, [a] = + 435° (ec =1 in chloroform). It is 
insoluble in light petroleum, very sparingly soluble in pure ether, 
sparingly soluble in acetone and in methyl] and ethyl alcohols, easily 


soluble in benzene and chloroform. The dry substance when - 


placed in a bath at 200° and slowly heated melts and decomposes at 
239° (corr.) after preliminary darkening. Barger and Carr (loc. cit.) 
record decomposition points up to 229° (corr.), but, as pointed out by 
these authors, the decomposition point is not very characteristic. 
Ergotinine is insoluble in solutions of alkaline hydroxides or 
carbonates. 

Isolation of Ergotamine and Ergotaminine——The mixed crude 
alkaloids were prepared from Festuca ergot in the same manner as 
ergotoxine and ergotinine from ergot of rye. The crude alkaloid 
was treated with three parts of methyl alcohol, which dissolved 
ergotamine and left a residue of ergotaminine. The methyl- 
alcoholic extract was diluted with five volumes of ether, and the 
solution extracted with aqueous citric acid. The acid extracts on 
basification with sodium carbonate gave a precipitate of ergotamine. 

Ergotamine may be purified by preparing the phosphate. The 
base is dissolved in 10 parts of dry acetone and treated with a 
solution of phosphoric acid in acetone. The phosphate separates 
in a semi-crystalline condition and may be recrystallised or con- 
verted into the base by treatment with ether and sodium bicarbonate. 
Ergotamine crystallises readily from aqueous acetone in long 
rectangular plates containing solvent or less readily from benzene 
in small needles. It is insoluble in light petroleum, less soluble than 
ergotoxine in benzene, chloroform and ether, and easily soluble in 
nitrobenzene and pyridine. The dry substance has specific rotation 
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[a]i. = — 181° and [«]%, = — 159° (c = 1 in chloroform). When 
placed in a bath at 205° and slowly heated, the dry substance melts 
fairly sharply and decomposes at 213—214° (corr.) after softening 
and darkening. It is soluble in a dilute solution of sodium hydroxide 
but insoluble in aqueous sodium carbonate. Ergotamine isolated 
from commercial ergotamine tartrate crystallised in the same form 
as the alkaloid isolated from Festuca ergot and after recrystallisation 
had an identical specific rotation and m. p. 

Ergotaminine was prepared by the crystallisation of the crude 
residue obtained as above. It crystallises from alcohol, acetone, 
nitrobenzene and ether, pyridine and water, chloroform, and light 
petroleum. It separates from alcohol in the characteristic thin 
triangular plates free from solvent as described by Spiro and Stoll 
or in five-sided plates as illustrated. It is practically insoluble in 
light petroleum, sparingly soluble in benzene, toluene, methyl and 
ethyl alcohols, acetone and ethyl acetate, fairly readily soluble in 
chloroform and nitrobenzene, and easily soluble in pyridine. It 
has specific rotation [«]}%,, = + 450° and [«]}%, = + 385° (c = 0-5 
inchloroform). When placed in a bath at 240° and slowly heated, it 
melts and decomposes at 252° (corr.). It is insoluble in dilute 
solutions of alkaline hydroxides or carbonates. 


Our thanks are due to Mr. A. C. McDougall, B.Sc., and Mr. E. L. 
Kendrick for the preparation of the photomicrographs which 
illustrate this paper. 


WELLCOME CHEMICAL WORKS, 
DARTFORD. [Received, April 30th, 1930.] 





CLXXXI.—The Development of a Novel Form of Iso- 
merism in the Sugar Series. Part II. The Third 
Variety of Tetra-acetyl Methylmannoside. 


By Harotp GRAHAM Bott, WatteR Norman Hawortu, and 
EpmunD LANGLEY Hirst. 


Tue discussion opened in Part I of this series dealing with the third 
variety of triacetyl methylrhamnoside (Haworth, Hirst, and Miller, 
J., 1929, 2469) has now been extended to the anomalous or third 
variety of tetra-acetyl methylmannoside. The facts are that three 
forms of tetra-acetyl methylmannoside exist as crystalline sub- 
stances, and have the following properties (Dale, J. Amer. Chem. 
Soc., 1924, 46, 1046) : 

o-Form. fB-Form. ‘y’’-Form. 


M. Pe ccvrsercccecrsccsccrscsscsesescoscseons 65° 161° 105° 
[alp in chloroform .........s..eeeseeeeee +49-1° — 46-8° — 26-6° 
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In discussing the three corresponding triacetyl methylrhamnosides 
we were able to recognise all of them as six-atom ring forms of 
pyranosides. It will now be shown that the «-, 8-, and “y’’-forms 
of tetra-acetyl methylmannoside are also six-atom ring forms, and 
there arises the question of how the existence of these three modi- 
fications can be reconciled with existing views on stereoisomerism 
in the sugar group. The proof of the constitution of tetra-acety] 
«-methylmannoside was developed in an earlier communication 
(Goodyear and Haworth, J., 1927, 3136), and a similar proof of the 
pyranose structure of tetra-acetyl $-methylmannoside has been 
completed and will be published soon. 

The third or “y”-variety of tetra-acetyl methylmannoside 
possesses several unique features, the most important of which is 
that three of the acetyl groups are eliminated by contact with cold 
alkali but the fourth acetyl group is resistant to hydrolysis even with 
hot alkali. We have submitted the monoacetyl methylmannoside 
(prepared by an alternative procedure to that given by Levene and 
Sobotka, J. Biol. Chem., 1926, 67, 771) to a close investigation, and 
have found that it behaves in a similar manner to the monoacetyl 
methylrhamnoside which has already been discussed in Part I of 
this series. On re-acetylation it passes again to the “y’’-tetra-acetyl 
methylmannoside, so there can have been no profound change of 
structure during the partial de-acetylation process. The mono- 
acetyl methylmannoside (I) gave on methylation monoacetyl tri- 
methyl methylmannoside (II). The acetyl group in this substance 
also exhibits the same resistance towards alkaline reagents that was 
observed in the original tetra-acetate. It is evident that the 
monoacetyl trimethyl derivative retains the essential structure of 
the “‘y”-tetra-acetyl methylmannoside, a conclusion which is 
further supported by the ease of hydrolysis of the mannosidic methyl 
group in either compound with N/100-acid in the cold. The tr- 
methyl derivative (II) loses both the mannosidic methyl group and 
the acetyl group with 2% acid at 100° and yields a crystalline 
trimethyl mannose which we have designated 3: 4 : 6-trimethyl 
mannopyranose (III), a sugar which gives rise on oxidation to 
d-3:4:6-trimethyl &8-mannonolactone (IV), m. p. 96—97°, 
[x]p + 167-5° (in water) —-> 110°. The corresponding /-form (V) 
of this lactone has already been synthetically prepared by Haworth 
and Peat from I-trimethyl arabofuranose (VI) (J., 1929, 350), and 
has the same melting point, and the same magnitude of rotation but 
opposite in sign. From the d-lactone the phenylhydrazide of 
d-3 : 4: 6-trimethyl mannonic acid was prepared, and this again 
has the same m. p. as that of the phenylhydrazide of the l-acid 
obtained by Haworth and Peat. Since the constitution of the 
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|.3: 4 : 6-trimethyl 3-mannonolactone has been proved both by the 
method of synthesis and by its conversion into the tetramethyl 
§-mannonolactone, it will be clear that the d-isomeride which has 
now been isolated must be a six-atom ring form and recognisable 
under the nomenclature assigned to it in this discussion. 

A confirmation of the pyranose structure of the 3 : 4 : 6-trimethyl 
mannose was developed in the following way. By further methyl- 
ation the sugar was converted into the crystalline 2 : 3 : 4: 6-tetra- 
methy!] 8-methylmannoside (VII) which, in a subsequent publication, 
will be shown to be capable of hydrolysis to 2 : 3: 4 : 6-tetramethyl 
mannopyranose, yielding the characteristic crystalline anilide. 


H 

\ Es ‘OMe MeO-H,C 9 | OH 
Trimethy] Aaa 
\ one — 7; Mono-acetyl mono-acetyl Kx MeO 


methyl. -——> methyl. ——~> 











H . 1D mannoside mannoside Me if H 
(VI.) (I.) (II.) (IIT.) 

| see p. 1399. 

Y OMe 
Cco—o Cie ‘OMe | MeO- H, C o—co OH MeOH. ae, OMe 
OMe , | ie =) , Kes =) 
a Le cee F OMe Le Hl |i 

(V.) (IV.) (VII.) 


It may be added that the 3 : 4 : 6-trimethyl mannose was crystal- 
lied as an a-form mutarotating from [«], = + 21°-—> 82°. 
The rate of hydrolysis of the derived d-3 : 4: 6-trimethy] 3-mannono- 
lactone (IV) was studied and was in full agreement with the 
values observed by Haworth and Peat (loc. cit.) for the l-isomeride, 
but with the sign of rotation reversed. Not only so, but the 
rate of hydrolysis is comparable with that of d-tetramethyl 
8-mannonolactone (Drew, Goodyear, and Haworth, J., 1927, 
1237). 

From these experiments it is inferred that the monoacetyl methyl- 
mannoside (I) has the constitution of a six-atom ring form, and that 
the acetyl group is situated at position 2 of the mannose ring. It is 
therefore to be formulated as a 2-acetyl derivative of methyl manno- 
pyranoside, and not as a four-atom ring structure as represented by 
C. 8. Hudson (J. Amer. Chem. Soc., 1926, 48, 1434). The unique 
behaviour associated with this substance is, however, not explained 
by this simple formulation, since the tetra-acetyl mannoside from 
which it was derived differs widely in behaviour from the §-tetra- 
acetyl methylmannoside, in that from the latter the acetyl group at 
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position 2 is readily eliminated by hydrolysis along with the other 
three acetyl groups. There is, therefore, some special character 
associated with the acetyl group at position 2 in the third variety 
(“y”) of tetra-acetyl methylmannoside, and it is this remarkable 
feature which must now receive explanation. 

When the above “y’’- or third variety of tetra-acetyl methyl. 
mannoside was submitted to methylation with silver oxide and 
methyl iodide, containing also sodium hydroxide, the product 
obtained was mainly monoacetyl trimethyl methylmannoside (II) 
which, on hydrolysis with dilute acid, gave a high yield of crystalline 
d-3 : 4 : 6-trimethyl mannopyranose (IV). On the other hand, the 
use of excessive quantities of methyl sulphate and alkali effected 
the replacement of all the acetyl residues by methyl groups, and 
yielded a mixture of «- and $-forms of tetramethyl methylmanno- 
pyranoside from which tetramethyl mannopyranose was afterwards 
isolated by hydrolysis, and characterised as the crystalline anilide 
of the latter sugar. The behaviour of the “y’’- or third variety of 
tetra-acetyl methylmannoside during methylation with these 
reagents was characteristic. The solution became very dark during 
the final heating at 100°, and the yield of product was only 40%. 
Under similar conditions the «- and $-forms of tetra-acetyl methyl- 
mannoside give yields which are practically theoretical. 

It became evident that, although the replacement of all the four 
acetyl groups occurred when the “y’’-variety was submitted to this 
treatment, yet the darkening in colour of the solution was evidence 
of the intermediate formation of a free sugar, represented by the 
removal of the mannosidic methyl group simultaneously with the 
hydrolysis of the acetyl residues. This methyl residue appears 
to be labile also in contact with dimethylamine and methy] alcohol 
at 100°. 

Still another characteristic feature which clearly differentiates 
the third or “y”-variety of the tetra-acetyl or monoacetyl methyl- 
mannoside is the ease with which the mannosidic methyl group is 
hydrolysable with acids of extreme dilution. This property was 
also remarked upon in the earlier paper dealing with the correspond- 
ing rhamnoside. The conclusion there reached was that the 
resistant acetyl group, which is situated at carbon atom 2 of the 
pyranose ring, is obstructed by the 8-methyl group of the mannoside, 
and by the proximity of the acetyl group at position 3. It was 
stated, in the case of the rhamnoside, that this phenomenon might 
be explicable on the view of the co-ordination of one of the acetoxyl 
residues with the neighbouring group, and that it was clearly 
evident that there was restricted movement of the groups attached 
to carbon atoms, 1;2, and 3. We suggested as a tentative hypo- 
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thesis the existence of a strainless ring, which admitted of the 
interlocking of the groups at carbon atoms 1, 2, and 3. 
Simultaneously with the work on this problem we have also been 
conducting an investigation on the transposition or wandering of 
acetyl residues in the glucose series, and the following paper illus- 
trates the views which we have been led to adopt as an explanation 
of this phenomenon. The hypothesis introduced by Fischer that 
the wandering of acyl residues is accompanied by the intermediate 
formation of an ortho-carbonic ester type of grouping appears to 
receive confirmation in the case we have studied, and a similar 
conception of the existence of an ortho-carbonic ester linking seems 
to us to apply also to the examples of the third or “‘y”’-varieties of 
triacetyl methylrhamnoside and tetra-acetyl methylmannoside. 
The adoption of this view involves both a structural and a stereo- 
chemical explanation. The existence of these anomalous com- 
pounds, and also the special properties associated with the resistant 
acetyl group at position 2 in both the rhamnoside and the mannoside, 
appear to receive a complete explanation from the conclusion that 
the interlocking of groups at this point in the structure is occasioned 
by the superposition on the pyranoside structure of a five-atom ring 
associated through the linking of the groups at carbon atoms 1 and 2. 
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It must be clearly recognised that the formation of these obstructed 
forms of methyl-rhamnoside and -mannoside occurs, so far as is at 
present known, only when the triacetyl rhamnosidyl bromide or 
tetra-acetyl mannosidyl bromide is submitted to the action of an 
alcohol in the presence of a base. They do not appear to be formed 
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by more direct methods. The following scheme may therefore be 
suggested to explain the mode of formation of these compounds. 
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(Since it is known that «-glucosidyl bromides yield $-methyl- 
glucosides, a process involving a Walden inversion, the bromine atom 
is here formulated for the sake of clearness as a f-configuration.) 

The alternative view that the resistant acetyl residue is located at 
position 5 of the rhamnose or mannose chain, and that the sugar 
ring attaches at positions 1 and 2, has not escaped our consideration. 
But this alternative is rendered very improbable if only for the fact 
that a mere change of reagent from quinoline to silver carbonate, 
in the transformation from the bromide to the rhamnoside, produces 
a substantial yield of the ordinary unobstructed form of triacetyl 
6-methylrhamnoside to which has been allocated the pyranose 
structure. 

This formulation for the third varieties of the rhamnoside and 
mannoside as ortho-carbonic ester derivatives would seem also to 
provide a reason for the ease with which they undergo hydrolysis 
with dilute acid when compared with the much greater resistance 
of the «- and §-forms to these reagents. 

During the preparation of the present paper for the press 4 
communication was received from Professor Freudenberg informing 
us that he had reached, independently, the same conclusion as 
ourselves as to the structure herein assigned to the “ y”’-triacetyl 
methylrhamnoside, and that a preliminary note by Freudenberg 
and Braun on this subject was to appear in Natwrwissenschaften, 
May 1, 1930. 
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EXxPERIMENTAL. 


Preparation of “y”’-Monoacetyl Methylmannoside.—Penta-acetyl 
mannose was obtained as a liquid containing both the «- and the 
§-form by treating mannose with acetic anhydride and pyridine at 
0° for 4 days. The product was isolated by the method used by 
Haworth, Hirst, and Miller (loc. cit.) for rhamnose tetra-acetate. 
Tetra-acetyl mannosidyl bromide was then prepared from the 
liquid penta-acetyl mannose and was converted into “y”’-tetra- 
acetyl methylmannoside by Dale’s method (loc. cit.). The latter 
substance was repeatedly crystallised from ether until it had m. p. 
104°, and [«]#° — 27° in chloroform, in agreement with the constants 
recorded by Dale. 

The following method was found to be more convenient than the 
one given by Levene and Sobotka (loc. cit.) for the transformation 
of “‘y’’-tetra-acetyl methylmannoside into monoacetyl methyl- 
mannoside. A solution of the former substance in an excess of 
N/2-alcoholic sodium hydroxide was kept at 0° for 16 hours. After 
neutralisation by carbon dioxide the solution was filtered and then 
evaporated to dryness under diminished pressure at 40°. The 
residue was extracted several times with cold ethyl acetate. Removal 
of the solvent under diminished pressure at 40° left a viscid syrup, 
which was obtained as a hygroscopic powder after prolonged drying 
in a vacuum (yield, 72% of the theoretical). [«]# — 6° (c, 0-83 in 
water) (Found: C, 46-0; H, 7-1; OMe, 11-2. Cale. for C,H,,0, : 
C, 45-8; H, 6-8; OMe, 13-2%). 

Monoacetyl y-methylmannoside was non-reducing and the acetyl 
group resisted hydrolysis by 15° aqueous sodium hydroxide at 80°. 
The substance was, however, readily hydrolysed by dilute acids 
with loss of methyl and acetyl groups. 

- Acetylation of Monoacetyl Methylmannoside.—A solution of mono- 
acetyl methylmannoside (2 g.) in pyridine (15 c.c.) and acetic 
anhydride (21 ¢.c.) was kept at — 5° for 50 hours, and then poured 
into water. The product was extracted by chloroform, the chloro- 
form solution was neutralised by shaking with aqueous sodium 
bicarbonate and dried, and the solvent was then removed by 
distillation under diminished pressure at 35°. After removal of the 
pyridine by distillation in steam at 35°/11 mm., “y’’-tetra-acetyl 
methylmannoside was obtained as a colourless crystalline mass 
(3 g.), m. p. 100°. After recrystallisation from ether the m. p. 
was 102°. A mixed m. p. determination with an authentic 
specimen showed no depression. [a] — 26-9° (ec, 1-11 in chloroform) 
(Found : C, 49-5; H, 6-2; OMe, 8-3. Cale. for C,,H,.045 : C, 49-7 ; 
H, 6-1; OMe, 8-6%). 

Methylation of Monoacetyl Methylmamnoside.—(a) By means of 
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silver oxide and methyl iodide. A solution of monoacetyl methyl- 
mannoside (7 g.) in methyl alcohol (7 c.c.) and methy] iodide (70 c.c.) 
was heated at 30° with silver oxide (20 g.) until the reaction had 
commenced, and this proceeded for some time without further 
heating. Silver oxide was added from time to time (70 g. in all) 
and the temperature was gradually raised to 45°. At the end of 6 
hours the product was extracted by chloroform and after isolation 
was remethylated in the usual way with silver oxide (30 g.) and 
methyl iodide (30 c.c.). It was then distilled, giving monoacetyl 
trimethyl methylmannoside (6-3 g.) as a colourless liquid, b. p. about 
120°/0-1 mm.; nj} 1-4594; [«]%° — 20° (c, 1-24 in water); [«]=° — 11° 
(c, 1-0 in chloroform) (Found: C, 51-8; H, 8-1; OMe, 42-0, 
C,,H,.0, requires C, 51-8; H, 7-9; OMe, 44-7%). 

(b) By means of methyl sulphate. Monoacetyl methylmannoside 
(5 g.), dissolved in acetone (30 c.c.) and water (10 c.c.), was treated 
at 50° with methyl sulphate (50 c.c.) and 30% aqueous sodium 
hydroxide (150 c.c.), the solution being maintained strongly alkaline 
throughout. (During the methylation there is a tendency for the 
formation of coloured decomposition products, and it is desirable 
to omit the usual heating for one hour at 90—100° at the end of the 
reaction.) The product (2-5 g.), which was isolated in the usual way, 
had b. p. about 120°/0-1 mm., nj’ 1-4582, [«]>° — 23° (c, 1-0 in 
water). The identity of this material with the monoacety] tri- 
methyl methylmannoside described above was established by the 
conversion of both into the same crystalline trimethyl mannose, the 
yield in each case being over 90% of the theoretical. 

The acetyl group in monoacety] trimethyl “ y ”-methylmannoside 
resisted hydrolysis by aqueous sodium hydroxide, no measurable 
amount of acetic acid being liberated during 50 hours when a 
solution of the substance in 3°, aqueous alkali was kept at 15°. 
During this period the specific rotation remained unaltered. In hot 
aqueous alkali monoacetyl trimethyl “‘y”’-methylmannoside was 
slightly unstable, as was shown by the formation of coloured decom- 
position products. Fehling’s solution was reduced to a small extent 
after prolonged boiling. The amount of decomposition was, how- 
ever, minute even after treatment with 3% aqueous sodium hydr- 
oxide at 50° for 2 hours, since under these conditions 0-191 g. of 
substance accounted for only 0-2 c.c. of alkali. Further evidence of 
decomposition in the presence of alkali was provided by the marked 
development of colour during the simultaneous deacetylation and 
methylation of monoacetyl trimethyl “y”’-methylmannoside by 
means of methyl sulphate and strong alkali (see below). 

Monoacetyl trimethyl methylmannoside was extremely sensitive 
to dilute hydrochloric acid. The specific rotation in N/100-acid at 
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20° changed in 60 minutes from [«]}° — 25° to the constant value 
42°. The liquid then vigorously reduced warm Fehling’s solution. 
[aj@” — 20° (4 mins.); — 13° (10 mins.) ; — 6-4° (20 mins.); — 1-6° 
(30 mins.); -++ 0-4° (45 mins.); 2° (60 mins.; constant value). No 
acetic acid was liberated during this period, since a solution of 
01889 g. of substance in 26-8 c.c. of N/100-hydrochloric acid 
required for neutralisation after 60 minutes 27-0 c.c. of N/100-sodium 
hydroxide. Complete hydrolysis of the acetyl group would involve 
the liberation of acetic acid equivalent in this case to an additional 
68:2 c.c. of N/100-alkali. The removal of the acetyl group was 
effected by the use of N/2-sulphuric acid at 90° for 60 minutes 
(Found : CH,°CO, 14-0. Calc., 15-5%). 

3:4: 6-Trimethyl Mannopyranose.—The following series of experi- 
ments was carried out in duplicate with material obtained respec- 
tively by methods (a) and (b) of the preceding section. The products 
were identical, and it is only necessary, therefore, to describe one 
set of experiments. 

Monoacetyl trimethyl methylmannoside was dissolved in N/2- 
hydrochloric acid and heated on the water-bath for 90 minutes. 
The solution was neutralised with barium carbonate, filtered, and 
evaporated to dryness under diminished pressure. The product 
was extracted with chloroform and distilled, giving 3 : 4 : 6-trimethy] 
mannopyranose as a syrup, b. p. about 135°/0-04 mm., nj} 1-4734. 
This soon crystallised and, on recrystallisation from ether, d-3 : 4: 6- 
trimethyl «-mannopyranose was obtained, m. p. 101—102°, [«]# + 36° 
(c, 0-8 in methyl alcohol), [«]? +21° (c, 1-04 in water; initial value). 
Yield, 90° of the theoretical (Found: C, 48-7; H, 8:3; OMe, 
40-9. C,H,,0, requires C, 48-7; H, 8-1; OMe, 41-8%). 

The mutarotation of 3 : 4 : 6-trimethyl mannopyranose in aqueous 
solution at 22° was complete in about 90 minutes, the equilibrium 
value being [a]? + 82°: [«]# + 19° (3 mins.); 18-5° (5 mins.) ; 
115° (30 mins.); 10° (45 mins.); 8-2° (90 mins., constant value). 
From these figures the initial value was obtained by extrapolation. 

3:4: 6-Trimethyl mannopyranose (1-0 g.) was methylated by 
means of methyl iodide (30 c.c.) and silver oxide (10 g.), the addition 
of methyl alcohol (2 c.c.) being necessary to effect solution. The 
mixture was heated at 35° for 3 hours and then allowed to boil 
gently for an additional 4 hours. The product, after being re- 
methylated in the usual way, crystallised (yield, 0-95 g.). On 
distillation crystalline tetramethyl 8-methylmannopyranoside was 
obtained mixed with 12% of the «-isomeride, b. p. about 90°/0-04 
mm., nj) 1-4521 (supercooled liquid), [«]#° — 65° (c, 0-7 in water). 
Recrystallisation from light petroleum (b. p. 40—60°) gave pure 
tetramethyl §-methylmannopyranoside as long needles, m. p. 
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36—37°, alone or when mixed with an authentic specimen, [«]#’ — 78° 
(c, 0-4 in water). 

d-3 : 4: 6-Trimethyl 8-Mannonolactone.—3 : 4 : 6-Trimethyl manno- 
pyranose (3-7 g.) was dissolved in water (25 c.c.) and treated at 
35—40° with bromine (4-5 c.c.) for 2 days; the solution was then 
found to be non-reducing. After removal of the remaining bromine 
by aeration the solution was neutralised with silver oxide, the organic 
acid liberated from its silver salt by titration with hydrochloric acid, 
the water removed by distillation under diminished pressure, and 
the product dissolved in ether in order to remove a small quantity 
of inorganic matter. Evaporation of the ether left crystalline 
d-3 : 4: 6-trimethyl 3-mannonolactone (3-2 g.) which, after recrystal- 
lisation from ether, had m. p. 96—97°, [«]f + 167-5° (c, 0-7 in 
water). These constants are in excellent agreement with those 
recorded by Haworth and Peat for the corresponding 1-3 : 4 : 6-tri- 
methyl 3-mannonolactone (loc. cit.), which has m. p. 96—97° and 
[«]) — 167°. 

The phenylhydrazide of d-3: 4 : 6-trimethyl mannonic acid was 
prepared by heating the lactone (0-2 g.) with the calculated quantity 
of phenylhydrazine in benzene solution for 30 minutes on the 
water-bath. The product (0-3 g.) crystallised completely and had 
m. p. 137—139°, unaltered by recrystallisation from benzene. The 
m. p. of the l-isomeride is 137—-139°. 

The hydrolysis of the lactone in aqueous solution was followed 
polarimetrically : [«]?’ + 167-5° (5 mins.); 167° (30 mins.); 162° 
(1-5 hrs.); 154° (4-5 hrs.); 147° (8 hrs.); 125° (24-5 hrs.); 118° 
(32 hrs.); 110° (74 hrs., constant value). If the sign of rotation be 
reversed, these figures are in excellent agreement with those recorded 
by Haworth and Peat for the /-isomeride. 

The rotation of the acid in aqueous solution was measured in the 
manner described in previous papers: [a] + 31° (c, 0-7, calc. as 
lactone; initial value); 39° (1 hr.); 62° (4-5 hrs.); 103° (23 hrs.); 
107° (30 hrs.); 111° (48 hrs., constant value). The proportion of 
lactone present at equilibrium was therefore 58%. 

Attempted Simultaneous Deacetylation and Methylation of “y”- 
Tetra-acetyl Methylmannoside by Means of Methyl Iodide and Silver 
Oxide in the Presence of Solid Sodium Hydroxide.—Silver oxide 
(70 g.) and solid sodium hydroxide (6 g.) were added to a solution of 
“‘y”tetra-acetyl methylmannoside (10 g.) in methyl iodide (50 c.c.). 
The mixture was heated at 45° for 8 hours. The product (9 g.) was 
extracted by chloroform and subjected to a second treatment under 
similar conditions, and was then distilled, giving a colourless viscid 
syrup (6 g.), b. p. about 120°/0-1 mm., nis" 1-4601, [«]3”’ — 16° in 
chloroform (Found : C, 51-8; H, 8-5; OMe, 45-1%). ‘The material 
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was therefore mainly monoacetyl trimethyl methylmannoside, and 
the correctness of this view was proved by hydrolysis with N /5-hydro- 
chloric acid at 95°. During 2 hours the specific rotation altered from 
[aj — 7° to + 4°. The product, which was isolated in the usual 
way, was 3:4:6-trimethyl mannopyranose, m. p. 101° (yield, 
90%). 

Similar experiments with silver oxide and solid sodium hydroxide 
were carried out on monoacetyl trimethyl methylmannoside, but 
in no case could the acetyl group be removed, and the monoacetyl 
trimethyl methylmannoside was recovered unchanged. 

Simultaneous Deacetylation and Methylation by Means of Methyl 
Sulphate and Alkali.—‘‘ y”’-Tetra-acetyl methylmannoside (5-5 g.), 
dissolved in acetone (15 c.c.), was treated at 50° with a large excess 
of methyl sulphate (55 c.c.) and 30% aqueous sodium hydroxide 
(140 c.c.). During the final heating at 100° for 1 hour the solution 
became very dark. The product was methylated three times by 
Purdie’s reagents and distilled, giving a colourless liquid, b. p. about 
85°/0-03 mm., nj; 1-4530, [«]#’ — 15° (c, 0-9 in water), [«]>° — 7° 
(c, 0:7 in chloroform). Yield, 40% (Found: OMe, 58-2. Calc. for 
the tetramethyl methylmannoside, 62%). During hydrolysis with 
6% hydrochloric acid at 80° the specific rotation altered from 
[a]? — 15° to the constant value [«]’ + 14°. The product was a 
syrup which, when boiled with aniline in ethyl-alcoholic solution, 
gave tetramethyl mannopyranose anilide, m. p. 140—142°, alone 
or in admixture with an authentic specimen. The overall yield of 
syrupy tetramethyl mannopyranose from “y”’-tetra-acetyl methyl- 
mannoside was 25%, of the theoretical, and the minimum yield of 
crystalline anilide from the tetramethyl mannopyranose was 70%. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, May 19th, 1930.] 





CLXXXITI.—The Conversion of 1: 2:3: 4-Tetra-acetyl 
B-d-Glucose into 2:3:4:6-Tetra-acetyl B-Methyl- 
glucoside. 


By Watrer Norman Hawortu, Epmunp LANGLEY Hirst, and 
EtrHEL GERTRUDE TEECE. 


Various examples are known of the wandering of acyl groups 
linked with polyhydric alcohol residues. One of the first to observe 
this change was Fischer (Ber., 1920, 53, 1624), who suggested that 


the mechanism of the wandering of acyl groups might be explained 
3B 
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by the intermediate formation of an ortho-carbonic ester group of 
the type shown below : 


CH,OAc CH,-OAc CH,"OAc 
CH:‘OAc —+> (HO. CH — v H-OH 
CH,°OH CH,-O CH,"OAc 


This view may be expanded by including the assumption that the 
addition and elimination of water takes place in the following way ; 


CH,-OAc CH,-OAc CH,-OAc 


CH:O-C-CH, -——> CH-O—-C—CH, —~> CHO CH, 
XO | |HO/ oH eK 
CH,°OH CH,°O|}H! CH,-O OH 

Similar instances of acyl wandering are known in the glycerides 
of higher fatty acids (Griin, Ber., 1921, 54, 290; Fairbourne and 
Cowdrey, J., 1929, 129; Fairbourne, ibid., pp. 1151, 2232; Hibbert 
and Carter, J. Amer. Chem. Soc., 1929, 54, 1607) and also in the 
sugar group (Ohle, Ber., 1924, 57, 403; Ohle and Dickhauser, Ber., 
1925, 58, 2593). A benzoyl or acetyl residue at position 3 in 
glucose is shown to be capable of translation to position 6, especially 
under the influence of faintly alkaline solutions, and the conditions 
under which this change is effected have been studied (Josephson, 
Annalen, 1929, 472, 217). 

If the above mechanism be admitted, it would appear that the 
cases studied by the last author may be expressed as follows, 
where positions 1 and 2 are linked by an acetone group in gluco- 
furanose. 





oH 
CH o 0 
HO-CH, CH, me 
i — | HOH, 9 HOH 
Ac H 
Ki V6 | 7 RA ox — Ke 
Ee ae ee) Ke <2 
H \ ° | 9 w/o 
O—CMe, pode, O— CMe, 


The spatial proximity of the hydroxyls at positions 3 and 6 which 
are situated at the same side of the plane constituting the glucose 
ring apparently facilitates this interchange, and these stereochemical 
considerations are probably of importance also in other cases. In 
the course of our work on the properties of 1 : 2: 3 : 4-tetra-acetyl 
8-glucose (I) (Oldham, J., 1925, 127, 2840; Helferich and Klein, 
Annalen, 1926, 450, 219) we were impressed by the similar 
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melting points of this substance, of the 2:3: 4: 6-tetra-acetyl 
g-glucose (II) (Fischer and Delbriick, Ber., 1909, 42, 2778), and of 
the supposed | : 2 : 3: 6-tetra-acetyl glucose (III) of Helferich and 
Klein (Annalen, 1927, 455, 173), and by the statement that the 
pyridine derivative of the supposed 1 : 2 : 3 : 6-tetra-acetyl glucose 
(III) mutarotates in water from the value [«], — 22° to about 
that of d-glucose (++ 53°). Since the simple mutarotation of a 
compound acetylated in position 1 may be considered unusual, the 
possibility arose that this last-named compound (III) was struct- 
urally closely related to the 2:3: 4: 6-tetra-acetyl $-glucose (II), 
which mutarotates from a negative value, in ethyl alcohol, to + 81°, 
and has a melting point almost identical with that of Helferich’s 
supposed | : 2 : 3 : 6-tetra-acetyl glucose (III). We have confirmed, 
by mixed melting-point determinations, the statement that these 
two substances are not identical, and another explanation must 
therefore be provided for the properties of (III). It has been shown 
already that compound (III) passes by methylation into 2 : 3: 4: 6- 
tetra-acetyl $-methylglucoside (Helferich and Klein, loc. cit.) and 
that the acetylated sugar (III) exists in equilibrium with 1 : 2:3: 4- 
tetra-Acetyl 6-glucose (I) in very dilute alkali, and is prepared from 
the latter by this reaction. Helferich has tentatively suggested 
that the acetyl group which wanders is that at position 4 in the 
latter compound (I), but has recognised that a further transposition 
of acetyl residues must occur when (III) undergoes conversion, 
although in indifferent yield, into tetra-acetyl 6-methylglucoside. 

It is seen, however, that position 4 is remote from position 6 in 
that these hydroxyl groups are situated in different planes in the 
$-glucopyranose configuration given below. 

The possibility that the exchange of 

- CH: ‘OH acetyl groups may occur from position 

on ° ~ to 6 has been considered and rejected 

acs oy Helferich, since the p-toluene- 

(1) scaiialien derivative of (III) is different 

x \? &)— Or from that prepared by Freudenberg and 
(2) Ivers (Ber., 1922, 55, 929). 

XY Experiments which we have carried 

. out lead definitely to the view that, 

in the isomerisation of (I) to give (III), the hydroxyls involved 

are those at positions 1 and 6. We have submitted both 

1:2:3:4-tetra-acetyl $-glucose (I) and 2:3: 4: 6-tetra-acetyl 

6-glucose (II) to methylation with methyl iodide and silver oxide 

and have obtained in both cases 2:3: 4 : 6-tetra-acetyl 6-methyl- 

glucoside (IV) as our product. It is important to note that the 

migration is not in any way connected with the actual process of 
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methylation, but is an example of that type of isomerisation which 
has been referred to above as taking place in certain partially 
acylated substances under the influence of alkali. Our observations 
support the result recorded by Helferich, who has obtained the 
same product (IV) by methylation of the converted tetra-acety] 
glucose (III), and we are therefore of opinion that this evidence 
points to the formulation of (III) as a derivative of ortho-acetic acid 
originating from (I) in the following way. 


-_ vas - Ac oe ia 
phe ‘OH CH, 0% H, 
OAc H |_ O OMe ws 
Ke »| > Cb me} Ke ye a = 
ry oN 
H bse H so i bac Oke 
(I.) (IIL.) (IV.) mies 


Helferich has demonstrated that the pyranose ring remains undis- 
turbed during the change from (I) to (III), since both give rise on 
acetylation to the usual penta-acetyl glucose. 

At present the evidence of the p-toluenesulphony] derivatives 
of (I) and (III) throws little light on this view of the structure 
allocated to (III), although it is not inconsistent with it. Before 
the problem is finally decided, the toluenesulphonyl derivative of 
(III) will require further study. 


EXPERIMENTAL. 


1:2:3:4-Tetra-acetyl §-d-Glucose.—This substance was pre- 
pared by the action of hydrogen bromide, dissolved in glacial acetic 
acid, on 6-trityl 1 : 2:3: 4-tetra-acetyl §-d-glucose (Helferich and 
Klein, Annalen, 1926, 450, 219). Crystallisation from ether gave 
colourless needles, m. p. 127°, [«]f° + 13° (c, 2-95 in chloroform). 
These constants and the properties of the substance are in complete 
agreement with those given by Helferich and Klein, but the m. p. 
and rotation are very close also to those of 2 : 3: 4 : 6-tetra-acetyl 
§-d-glucose, which, when prepared from tetra-acetyl glucosidyl 
bromide by the method of Fischer and Delbriick (Ber., 1909, 42, 
2778), has m. p. 135°, [«]}?” + 16° (c, 0-87 in chloroform) ; [«]}}” —1°5° 
(in ethyl alcohol; c, 1-17) —-> + 81° in 10 days. The two sub- 
stances are not, however, identical, since the m. p. of a mixture 
showed a depression of 20—25°. A similar depression was observed 
when either 1 ; 2 : 3 : 4-tetra-acetyl 6-d-glucose or 2:3: 4: 6-tetra 
acetyl 6-d-glucose (m. p. 135°) was mixed with Helferich’s supposed 
1: 2:3: 6-tetra-acetyl 6-d-glucose, prepared from the 1:2:3:+ 
compound by the action of very dilute alkali. 
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diaminobenzene and 5-nitro-1 : 2: 4-triaminobenzene respectively. 
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Methylation of 1: 2:3: 4-Tetra-acetyl B-d-Glucose.—A solution of 
1:2:3: 4-tetra-acetyl 8-d-glucose (3 g.) in methyl iodide (8 c.c.) 
was boiled for 8 hours during the gradual addition of dry silver 
oxide (15 g.) which had been prepared from silver nitrate and 
barium hydroxide and very thoroughly washed. The product was 
extracted by boiling chloroform and, on removal of the solvent 
under diminished pressure, was obtained as a pale yellow viscid 
syrup (2°8 g.). After being kept for some weeks, this began to 
erystallise, the rate of crystallisation being increased when. the syrup 
was rubbed with alcohol. The solid was then recrystallised from 
absolute alcohol, giving colourless needles, m. p. 104—106° (yield, 
0-6 g.); [«]h — 18-5° (c, 1-62 in chloroform). The substance did 
not reduce boiling Fehling’s solution. It was identified by a mixed 
m. p. determination as tetra-acetyl 8-methylglucoside, which has 
m. p. 104—105°; [a] — 18-2° in chloroform (Found: C, 49-8; 
H, 65; OMe, 9-1. Cale. for C,;H,.0,): C, 49:7; H, 6-1; OMe, 
86%). 

The syrup left after removal of the tetra-acetyl @-methyl- 
glucoside gave OMe, 14-5%, from which it appeared that the 
methylation process had been accompanied by simultaneous de- 
acetylation. 

Methylation of 2:3:4:6-Tetra-acetyl 8-d-Glucose.—2 :3:4 : 6- 
Tetra-acetyl 8-d-glucose (4-2 g.) was dissolved by gentle heating in 
methyl iodide (15 c.c.). The solution was heated with silver oxide 
(10 g.) for 6 hours at 45°. The product (4:3 g.), which crystallised 
spontaneously, m. p. 96°, was mainly 2:3: 4: 6-tetra-acetyl 
6-methylglucoside. One crystallisation from alcohol gave pure 
material, m. p. 105° alone or when mixed with authentic 2 : 3: 4 : 6- 
tetra-acetyl @-methylglucoside which had been prepared by the 
acetylation of B-methylglucoside. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [ Received, May 19th, 1930.] 


CLXXXIII.—The Hydrolysis of Diacetyl-o-diamines. 


By Montague ALEXANDRA PHILLIPS. 


Tae view that o-diamines are produced as intermediates in the 
formation of benziminazoles by the hydrolysis of diacetyl-o-diamines 
(J., 1928, 2393) has now been shown to be only partly correct. The 
acid hydrolysis of 4-nitro-1 : 2-diacetamidobenzene and of 5-nitro- 
1:2: 4-triacetamidobenzene proceeds in two directions with the 
formation of the benziminazole and, to a less extent, of 4-nitro-1 : 2- 
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If the reaction is stopped when the acetyl compound is largely 
unchanged, a considerable quantity of the benziminazole, mixed 
with some diamine (or triamine) can be isolated; at the completion 
of the hydrolysis, the proportion of ring compound to amine is 
unchanged, although the amounts are greater. When the reaction 
is continued, the amount of amine decreases at a rate independent of 
the concentration of the mineral acid and corresponding with the 
rate of reaction between the o-diamine and acetic acid in the 
presence of mineral acid ; a corresponding increase in the amount of 
cyclic compound occurs. 

Although the rate of hydrolysis in the first stage depends on the 
concentration of mineral acid, the proportion of o-diamine to the 
ring compound is independent of this. It is possible that the first 
stage involves hydrolysis to the monoacetyl derivative, especially 
as it has been shown (Phillips, J., 1928, 172) that o-aminoacetanilide 
is formed together with 2-methylbenziminazole by acid hydrolysis of 
diacetyl-o-phenylenediamine. Although no monoacetyl derivative 
was isolated in the hydrolysis of 4-nitro-1 : 2-diacetamidobenzene, 
owing possibly to its lability, it was found that 4-nitro- and 5-nitro- 
2-aminoacetanilides behave with boiling hydrochloric acid as does 
4-nitro-1 : 2-diacetamidobenzene, i.e., 4-nitro-1 : 2-diaminobenzene 
and 5-nitro-2-methylbenziminazole are both produced and the latter 
increases in amount at the expense of the former as the reaction 
proceeds. 

When methyl-alcoholic hydrogen chloride is used as the hydro- 
lysing agent, acetic acid is removed as methy| acetate as it is formed, 
and the cyclic compound obtained must be produced from the 
diacetyl derivative (possibly, however, with the transient formation 
of monoacetyl derivatives). It is known that the ring compounds 
are stable to hot concentrated hydrochloric acid, hence the diamine 
also is formed from the diacetyl compound. At 80°, with 4-nitro- 
1 : 2-diacetamidobenzene, the proportion of 4-nitro-1 : 2-diamino- 
benzene to the benziminazole was greater than that found in 4 
similar hydrolysis with aqueous hydrochloric acid, and was unchanged 
after several hours; at 160°, the yield of the diamine was 96%, 
Analogous results were obtained with 5-nitro-1 : 2 : 4-triacetamido- 
benzene. 

The use of methyl alcohol and the formation of methyl acetate 
would account for the formation of amino-ketones from diacyl- 
diaminoethylenes (Windaus, Dorries, and Jensen, Ber., 1921, 54, 
2754); in the absence of the alcohol, it is probable that a glyoxaline 
would be formed. 

With diacetyl-o-phenylenediamine and hot hydrochloric acid, the 
reaction proceeds rapidly to give the benziminazole, no diamint 
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being found even with limited hydrolysis. However, by the use of 
methyl-alcoholic hydrogen chloride at 160°, NWN’-dimethyl-o- 
phenylenediamine was obtained, no ring compound being detected. 

Taking into consideration all these facts, it is probable that the 
hydrolysis of diacetyl-o-diamines follows the course 
R-C,H;(NH°CO-CH,), —> q 

a RCH OMe 
3% AHOAc 
R’C.H,(NH¢), 

The action of caustic alkali on the nitrodiacetyl-o-diamines 
proceeds in the same way, except that the proportion of nitro- 
diamine to cyclic compound is independent of the time of heating, 
since 4-nitro-1 : 2-diaminobenzene is unchanged by sodium acetate 
and sodium hydroxide at 100°. With diacetyl-o-phenylenediamine 
and 25% caustic alkali solution, the ring compound only was 
detected. 

The reduction of 2 : 4-dinitroacetanilide, giving 4-nitro-2-amino- 
acetanilide, was accompanied by the formation of 5-nitro-2-methyl- 
benziminazole; monoacetylation of 4-nitro-1 : 2-diaminobenzene 
yielded, in addition to 5-nitro-2-aminoacetanilide, the same cyclic 
compound. Since the solution was alkaline (ammonia) in the former 
case and acid (acetic acid only) in the latter, it seems that the ring 
compound in both cases is formed directly from the initial material. 

In the 1-methylbenziminazole series, similar principles probably 
apply. Treatment of 4-nitro-2-acetamidomethylaniline with methyl- 
alcoholic hydrogen chloride gave a mixture of 5-nitro-1 : 2-dimethyl- 
benziminazole and 4-nitro-2-aminomethylaniline; as before, both 
compounds must have been formed independently from the initial 
material. With hot aqueous hydrochloric acid, no estimation of the 
rate of disappearance of the methylaniline derivative was recorded ; 
the time after which the pure cyclic compound was obtained, how- 
ever, corresponded with the time after which the pure cyclic com- 
pound was formed from the methylaniline derivative and acetic acid 
in the presence of a mineral acid. Shorter periods of heating gave a 
mixture of the cyclic compound and 4-nitro-2-aminomethylaniline. 

The nitration of 5(or 6)-acetamido-2-methylbenziminazole gives 
6(or 5)-nitro-5(or 6)-acetamido-2-methylbenziminazole, which was 
oriented by deamination of the corresponding amino-compound, 
5(or 6)-nitro-2-methylbenziminazole being formed in good yield. 
1:2: 4-Triacetamidobenzene on nitration gives the 5-nitro-deriv- 
ative, which was oriented by conversion into 6(or 5)-nitro-5(or 6)- 
amino-2-methylbenziminazole. The orientation of 5-nitro-1 : 2: 4- 
triaminobenzene follows from this and also from its reduction to 
1:2:4:5-tetra-aminobenzene (compare Nietzki and Hagenbach, 


R-C,H,(NH,)*NH-CO-CH 
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Ber., 1887, 20, 329). Reduction of 5(or 6)-nitro-6(or 5)-acetamido. 
2-methylbenziminazole gives 5(or 6)-amino-6(or 5)-acetamido-2. 
methylbenziminazole; this compound and 45(or 6)-diacetamido-.2. 
methylbenziminazole on treatment with boiling dilute mineral acids 
pass rapidly into «-2 : 2’-dimethylbenzbisiminazole (compare Nietski 
and Hagenbach, loc. cit.), which is also obtained readily from 
1: 2:4: 5-tetra-aminobenzene or 5 : 6-diamino-2-methylbenzimin. 
azole (compare Kym and Ratner, Ber., 1912, 45, 3249) by treatment 
with acetic and hydrochloric acids. In the presence of formic and 
hydrochloric acids, «-2-methylbenzbisiminazole is obtained from 
5 : 6-diamino-2-methylbenziminazole, and «-benzbisiminazole from 
the tetra-aminobenzene. 

5(or 6)-Nitro-2-methylbenziminazole-6(or 5)-arsinic acid, prepared 
from 5(or 6)-nitro-6(or 5)-amino-2-methylbenziminazole by the Bart 
reaction, gives the amino-derivative on reduction. 


EXPERIMENTAL. 


4- Nitro-2-aminoacetanilide.—2 : 4-Dinitroacetanilide (10 g.) was 
boiled for 15 minutes with ammonium sulphide solution (6%, 
50 ¢.c.); on acidification to Congo-red with hydrochloric acid and 
addition of excess of sodium acetate to the filtered solution, 7 g. of 
mixed bases were obtained. By digestion with 2N-caustic soda 
solution, 5-nitro-2-methylbenziminazole (3-8 g., m. p. 221°, crystal- 
lised from alcohol. Found: N, 23-6. Calc.: N, 23-7%) was 
extracted ; it was precipitated from the alkaline solution with acetic 
acid. The residue, after crystallisation from alcohol (80°), melted 
at 205° and was shown to be 4-nitro-2-aminoacetanilide (1-8 g.). It 
was completely soluble in excess of dilute mineral acids, readily 
soluble in alcohol or acetic acid, and insoluble in water (Found : N, 
21-5. . CgH,O,N, requires N, 21-5%). 

5-Nitro-2-aminoacetanilide—4-Nitro-1 : 2-diaminobenzene (5-4 g.) 
was dissolved in 20 c.c. of water with 5 c.c. of hydrochloric acid 
(d 1-16). On addition of acetic anhydride (10 c.c.), followed rapidly 
by excess of solid sodium acetate (until acidity to Congo-red was 
removed), the nitro-diamine was reprecipitated as a red solid; this 
rapidly became yellow as it was acetylated. After 15 minutes, the 
solid was collected and digested with 2N-caustic soda solution; this 
removed 2-6 g. of 5-nitro-2-methylbenziminazole (m. p. 221° after 
crystallisation from alcohol. Found: N, 23-7%). The residue 
(1-6 g.) was crystallised from alcohol until it melted at 195°; it was 
shown to be 5-nitro-2-aminoacetanilide by the solubility in mineral 
acids (excess), insolubility in alkalis, and analysis (Found: N, 21-4%)- 
It is sparingly soluble in cold alcohol and insoluble in water or ether, 
and is a much weaker base than the isomeric 4-nitro-derivative. 
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5(or 6)-Nitro-6(or 5)-acetamido-2-methylbenziminazole.—5(or 6)- 
Acetamido-2-methylbenziminazole (9 g.), mixed with potassium 
nitrate (5 g.), was added at 0O—5° to sulphuric acid (60 c.c.); after 
1 hour, the mixture was poured into ice-water (1 1.) and basified at 
50° with 15% aqueous ammonia. The voluminous yellow mass was 
collected, washed with water, and crystallised from 50% alcohol 
(yield, 7°7 g. or 70%). No trace of isomerides was detected in the 
liquors. 5(or 6)-Nitro-6(or 5)-acetamido-2-methylbenziminazole forms 
orange-yellow needles, m. p. 235°, insoluble in boiling alcohol or cold 
water, soluble in about 10 parts of boiling 50° aqueous alcohol. It 
is readily soluble in caustic alkalis, mineral acids, and in dilute 
acetic acid, from which it is reprecipitated by bases (Found: N, 
23'7. Cy9H49O3N, requires N, 23-9%). 

5(or 6)-Amino-6(or 5)-acetamido-2-methylbenziminazole, obtained 
by reduction of the above nitro-compound with iron and boiling 
dilute acetic acid (see J., 1928, 174), consists of white needles, m. p. 
above 300°, moderately easily soluble in boiling water (Found: N, 
27-8. Cy oH,,ON, requires N, 27-4%). The dihydrochloride is 
sparingly soluble in cold water (Found: Cl, 25-2. Cy 9H,,ON,,2HCl 
requires Cl, 25-6%), and the triazole (Found: N, 33-0. C,)H,ON; 
requires N, 32-6%) forms prisms from boiling water, not molten at 
300°. 

5 : 6-Diacetamido-2-methylbenziminazole (compare Kym and 
Ratner, loc. cit.), obtained by the action of acetic anhydride on the 
above amino-compound, formed colourless needles, m. p. above 300°, 
from boiling water (Found: N, 22-7. Cale.: N, 22-8%). 

5-Nitro-1 : 2 : 4-triacetamidobenzene.—1 : 2 : 4-Triacetamidobenzene 
(15 g.) was mixed with potassium nitrate (6-6 g.) and added at 
5—10° to sulphuric acid (75 c.c.); after remaining for 1 hour at 10°, 
the mixture was poured on ice, and the nitro-compound collected and 
washed ; it crystallised from glacial acetic acid in yellow prisms (9 g.), 
m.p. 261°. The mother-liquor on concentration gave a further 2 g. 
of fairly pure nitro-compound, making the total yield 65%. This 
compound is sparingly soluble in hot alcohol and insoluble in water 
(Found: N, 19-1. C,,H,,0;N, requires N, 19-0%). 

5-Nitro-1 : 2 : 4-triaminobenzene, obtained, together with 5(or 6)- 
nitro-6(or 5)-amino-2-methylbenziminazole (see Table VI, p. 1417) 
by hydrolysis of the triacetyl derivative, crystallised in deep red 
needles, m. p. 210°, from aqueous alcohol. It is insoluble in alkalis 
and only slightly soluble in ether. 

5(or 6)-Nitro-6(or 5)-amino-2-methylbenziminazole, obtained by 
hydrolysis of its acetyl derivative, by the action of hydrochloric acid 
(Table VI) on 5-nitro-1 : 2 : 4-triacetamidobenzene, or by the action 


of acetic anhydride and boiling dilute mineral acids on 5-nitro- 
3B2 





i 
4 
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1 : 2: 4-triaminobenzene, crystallised in red prisms, m. p. 292°, from 
alcohol. It is soluble in excess of caustic alkalis and readily soluble 
in mineral acids (compare Biedermann and Ledoux, Ber., 1874, 7, 
1532; Nietzki and Hagenbach, loc. cit.) (Found: N, 28-8. Cale.: 
N, 29-2%). The hydrochloride consists of brown needles, sparingly 
soluble in water (Found: Cl, 15-3. C,H,O,N,,HCl requires Cl, 
15:5%). The amino-group in this compound is very stable to hot 
concentrated aqueous alkalis. 

5(or 6)-Nitro-2-methylbenziminazole (yield, 70%) was obtained 
from 5(or 6)-nitro-6(or 5)-amino-2-methylbenziminazole by treat- 
ment of its diazo-compound with excess of boiling alcohol. 

5 : 6-Diamino-2-methylbenziminazole (Kym and Ratner, loc. cit.) 
was obtained as its dihydrochloride (Found: Cl, 29-9; N, 23-9. 
C,H, N,,2HCl requires Cl, 30-2; N, 23-9%) by reduction of 5(6)- 
nitro-6(5)-amino-2-methylbenziminazole (3 g.) with boiling 5N -hydro- 
chloric acid (30 c.c.) and tin (8 g.). After removal of tin by hydrogen 
sulphide, the filtrate was evaporated to dryness under reduced 
pressure (yield, 70%). The triazole melted above 300° (Found : NV, 
40-5. C,H,N, requires N, 40-5%). 

5(6)-N itro-2-methylbenziminazole-6(5)-arsinic Acid.—5(6)-Nitro- 
6(5)-amino-2-methylbenziminazole (7-5 g.) in 30 c.c. of water and 
30 g. of ice with 12 c.c. of 10N-hydrochloric acid was diazotised at 
0° with 3 g. of sodium nitrite. The diazo-solution was added at 50° 
to a sodium arsenite mixture prepared from arsenious oxide (5-4 g.) 
and sodium hydroxide (8-0 g.) in water (15 c.c.) to which 7 c.c. of 
2N-copper sulphate solution had been added. After remaining for 
30 minutes at 60°, the reaction mixture was submitted to filtration 
and the filtrate was acidified to litmus, again filtered, and acidified 
faintly to Congo-red. The arsinic acid, obtained in 60% yield, 
formed pale yellow, hexagonal plates, not molten at 300°, from 
glacial acetic acid, in which it was sparingly soluble (Found: As, 
24-75; N, 13-7. C,H,O,;N,As requires As, 24-9; N, 13-9%). The 
calcium and magnesium salts are amorphous but the barium salt 
forms fine needles. The acid can be recovered unchanged after 
several hours’ boiling with 20° caustic alkali solution. 

On reduction of the nitro-acid by freshly precipitated ferrous 
hydroxide at 60°, a 65% yield of 5(6)-amino-2-methylbenziminazole- 
6(5)-arsinic acid is obtained. The acid forms white needles, is 
amphoteric, and is remarkably stable towards boiling 5N-hydro- 
chloric acid (Found: As, 27-8; N, 15-5. C,H,,0,N,As requires 
As, 27-6; N,15-5%). The acetyl derivative forms colourless prisms, 
readily soluble in alkalis and mineral acids (Found: As, 23-7; N, 
13-2. Cy9H, 90O,N,As requires As, 24-0; N, 13-4%). 

1:2:4:5-Tetra-aminobenzene  tetrahydrochloride (compare 
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Nietzki and Hagenbach, loc. cit.) was obtained by reduction of 
j-nitro-1 : 2: 4-triaminobenzene with tin and boiling 5N-hydro- 
chloric acid. It is sparingly soluble in cold water and on treatment 
of its aqueous solution with ammonia and acetic anhydride gives 
1:2:4: 5-tetra-acetamidobenzene (Found: N, 18-2. Cale.: N, 
183%). 
a-Benzbisiminazole was obtained as an amorphous white solid, 
not molten at 300°, when 1 :2:4:5-tetra-aminobenzene hydrochloride 
was treated with formic acid (lpart) and 5N-hydrochloric acid (5 
parts) for } hour at the boiling point, and the solution made alkaline 
with ammonia (Found: N, 35-0. C,H,N, requires N, 35-4%). 
a-2-Methylbenzbisiminazole.—5 : 6-Diamino-2-methylbenziminazole 
dihydrochloride (2 g.) was refluxed for 30 minutes with 6 c.c. of 
5N-hydrochloric acid and 2 c.c. of formic acid; on basification 
with ammonia the cyclic compound was precipitated. It is an 
amorphous solid, not molten at 300°, readily soluble in acids but 
not in caustic alkali (Found: N, 32-2. C,H,N, requires N, 32-6%). 
a-2:2’-Dimethylbenzbisiminazole was obtained (a) from 5: 6- 
diamino-2-methylbenziminazole by the action of acetic and 5N- 
hydrochloric acids, (b) by the action of boiling 5N-hydrochloric 
acid (5 parts) on 5:6-diacetamido-2-methyl- or 5(6)-amino-6(5)- 
acetamido-2-methyl-benziminazole, and (c) by the action of acetic 
anhydride (2 parts) and boiling 5N-hydrochloric acid (3 parts) 
on 1:2:4:5-tetra-aminobenzene hydrochloride. It is an amorphous 
white solid resembling its lower homologues in solubility, and is 
unmelted at 300° (Found: N, 30-3. Cale.: N, 30-1%). 
4-Nitro-2-aminomethylaniline was obtained in 60% yield by 
reduction of 2 :4-dinitromethylaniline with aqueous ammonium 
sulphide solution. By the action of acetic anhydride on the dry 
solid or of sodium acetate on an aqueous solution of its hydrochloride, 
was obtained 4-nitro-2-acetamidomethylaniline, which crystallised 
from acetone in yellowrhombs, m.p. 185° (Found: N, 20-1. CgH,,O,N, 
requires N, 20-1%); no trace of 4-nitro-2-acetamidomethylacet- 
anilide was formed even when a large excess of acetic anhydride 
was used. The difficulty of acetylating a methylamino-group in 
the o- or p-position with respect to a nitro-group is also shown in the 
case of 2 : 4-dinitromethylaniline, which cannot be acetylated with 
acetic anhydride even in the presence of fused sodium acetate. 
Formation of 5-Nitro-2-methylbenziminazole.—Before the quantit- 
ative work was undertaken, it was shown that the cyclic compound 
was stable to 10N-hydrochloric acid at 160° and to boiling 50% 
sodium hydroxide solution, the recovery of unchanged material 
after many hours being almost quantitative in both cases. 
General method of estimation. Aliquot portions of the reaction 
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mixture were withdrawn after various times, cooled rapidly, and 
treated with sodium acetate. The solids obtained were digested 
with excess of 2N-caustic soda, and the nitro-diamine collected, 
The filtrate was acidified with acetic acid, and the cyclic compound 
filtered off. The combined mother-liquors were evaporated to 
dryness, and the residual solids extracted with acetone. The 
substance obtained by evaporation of the acetone was redigested 
with caustic alkali and separated into the same two compounds, 


TaBLeE I.—Formation of 5-nitro-2-methylbenziminazole from 
4-nitro-1 : 2-diaminobenzene, acetic anhydride (1 part), and hydro- 
chloric acid (5 parts) at the boiling point. 


2N-HCIl. 4N-HCIl. 10N-HCI. 

Time % Nitro- % Ring %, Nitro- % Ring Y% Nitro- % Ring 

(mins.). diamine. compd. diamine. compd. diamine. compd, 
15 40 54 38 50 42 48 
30 24 67 20 62 27 60 
45 13 70 11 77 14 75 
60 5 75 5 82 5 80 
75 trace 85 trace 85 trace 86 
90 nil 86 nil 85 nil 85 


TaBLE II.—Formation of 5-nitro-2-methylbenziminazole from 
4-nitro-1 : 2-diacetamidobenzene and hydrochloric acid (5 parts) at the 
boiling point. The method of estimation was as before, except 
that in the cases marked (a) the unchanged material was removed 
by filtration after cooling and weighed and the estimation was 
performed on the filtrate. In the following tables, (a) has this 
significance and (b) indicates complete hydrolysis as shown by 
complete solution. 


2N-HCI. 4N-HCI. 10N-HCIl. 
Time %Nitro- % Ring % Nitro- % Ring % Nitro- % Ring 
(mins.). diamine. compd. diamine. compd. diamine. compd. 
5 _ a os ol 29 (b) 60 (b) 
7 ~- — + 6 (a) 14 (a) — _ 
10 — a= 119 (a) 30 (a) — — 
15 _ —_ 23(b) 64 (b) 19 70 
18 *11 (a) 22 (a) -- — _ 
30 27 (b) 67 (b) 11 80 8 80 
45 20 72 6 90 4 90 
60 10 80 1 92 nil 93 
75 5 87 nil 94 _— — 
90 nil 90 — = = _ 


Unchanged material: *55%, 75%, [42%. 


Taste III.—Formation of 5-nitro-2-methylbenziminazole from 
4-nitro-1 : 2-diacetamidobenzene and 25% caustic alkali solution. 
BO GRMIELD So cevccesccesccocccvecevece 5 30 60 180 


% Nitro-diamine ...............0ss00 4 5 6 4 
% Ring compound ...............66 82 85 78 83 








Ta 
5-natt 
boilin 
these 
amou 
acid 
hydre 


At 
a seals 
chlori 
with ¢ 
benze 
found 


Tat 
azole 


(5 pas 


Tim 
(mins 
9 


5 
‘ 
12 








PHILLIPS : THE HYDROLYSIS OF DIACETYL-O-DIAMINES. 1417 


TABLE LV.—Formation of 5-nitro-2-methylbenziminazole from 4- and 
5-nitro-2-aminoacetanilide and 4N-hydrochloric acid (5 parts) at the 
boiling point. Owing to the sparing solubility in cold mineral acids of 
these two bases, it was found possible approximately to estimate the 
amounts of unchanged material after limited action of the mineral 
acid (a) by a method analogous to that employed for the acid 
hydrolysis of 4-nitro-1 : 2-diacetamidobenzene. 


From 4-nitro-compound, From 5-nitro-compound. 
Time % Nitro- % Ring % Nitro- % Ring 
(mins.). diamine. compound, diamine. compound. 
1 *19 (a) 47 (a) $22 (a) 50 (a) 
5 32 (b) 51 (b) 30 (b) 60 (b) 
e 15 10 84 12 72 
30 — — 4 79 
60 nil 92 nil 83 


Unchanged material : *24%, 720%. 

TABLE V.—Formation of 5-nitro-2-methylbenziminazole and of 
4-nitro-1 : 2-diaminobenzene from 4-nitro-1 : 2-diacetamidobenzene and 
20% methyl-alcoholic hydrogen chloride (5 parts). The nitro-diamine 
and acetic acid do not react in the presence of methyl-alcoholic 
hydrogen chloride, methyl acetate being formed. 


At the boiling point (atmospheric pressure). 


Time (mins.). % Unchanged. % Nitro-diamine. % Ring compound. 
(a) 10 58 15 17 
(b) 30 — 38 47 
60 — 35 50 
180 — 40 52 


At 160°. 4-Nitro-1:2-diacetamidobenzene (2 g.) was heated in 
a sealed tube for 3 hours at 160° with 20% methyl-aicoholic hydrogen 
chloride (10 ¢.c.); on dilution with water (20 c.c.) and basification 
with dilute caustic soda solution, 1-2 g. (96%) of 4-nitro-1 : 2-diamino- 
benzene were obtained. No trace of the cyclic compound was 
found in the acidified filtrate. 


TaBsLeE VI.—Formation of 5(6)-nitro-6(5)-amino-2-methylbenzimin- 
azole from 5-nitro-1:2:4-triacetamidobenzene and hydrochloric acid 


(5 parts) at the boiling point. 
20% Methyl-alcoholic 


2N-HCI. 4N-HCI. hydrogen chloride. 
Time Y%Nitro- % Ring % Nitro- % Ring % Nitro- % Ring 
(mins.). diamine. compd. diamine. compd. diamine. compd., 
2 — —_ *10 (a) A2 (a) — —_ 
5 — = _- —- T12 (a) 52 (a) 
6 — — 23 (b) 67 (b) —_ — 
12 20 (b) 64 (b) -— — —_ — 
15 — — 8 83 15(b) 80 (b) 
30 8 79 trace 89 17 78 
60 (nil) 87 nil 91 15 80 


Unchanged material : *40%, 20%. 
Formation of Benziminazole and of 2-Methylbenziminazole from 
0-Phenylenediamine, Formic Acid (1 part) or Acetic An- 
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hydride (1 part), and 4N-Hydrochloric Acid (5 parts) at the Boiling 
Point.—Aliquot portions of the reaction mixture were periodically 
withdrawn, rapidly cooled, and treated with sodium nitrite; the 
triazole corresponding to the unchanged diamine was then pre. 
cipitated. The filtrate from the triazole on basification with dilute 
aqueous ammonia gave the cyclic compound ; a further quantity was 
obtained by concentration of the filtrate. 


TaBieE VII. 
Benziminazole. 2-Methylbenziminazole. 
Time % Ring % Ring 
(mins.). % Diamine. compound, % Diamine. compound, 
5 39 55 45 50+ 
15 12 80 20 70 
30 nil 95 nil 87 


Formation of 2-Methylbenziminazole from Diacetyl-o-phenylene- 
diamine and Hydrochloric Acid (5 parts) or Caustic Alkali at 
the Boiling Point.—When 2N- or 4N-acid had been used, examin- 
ation of the solution for diamine (or 0-aminoacetanilide) by means of 
nitrous acid gave, ever after short periods of treatment, traces 
only of the triazole and more than 80% yields of the ring compound. 
The use of 25% caustic alkali solution gave similar results. 

Formation of NN’-Dimethyl-o-phenylenediamine.—Diacety]-o- 
phenylenediamine (2 g.) was heated at 160° for 3 hours in a sealed 
tube with 20° methyl-alcoholic hydrogen chloride (10 c.c.). The 
blue solution was basified; extraction with ether and removal 
of the solvent gave 0-4 g. of N.N’-dimethyl-o-phenylenediamine, 
m. p. 34° after crystallisation from acetone. No cyclic compound 
could be isolated. 

Formation of 5-Nitro-1 : 2-dimethylbenziminazole.—The separation 
of amine from ring compound recorded below was done by fractional 
crystallisation from alcohol. 


TaBieE VIII. 
Formation from 4-nitro-2- 
aminomethylaniline, acetic Formation from 4-nitro-2- 
anhydride (1 part) and 4N- acetamidomethylaniline 
hydrochloric acid at the and 4N-hydrochloric acid 
boiling point. at the boiling point. 
Time % Ring % Ring 
(mins.). Amine. compound. Amine. compound. 
5 Present, not 71 — _ 
estimated 
15 — ~ Present, not 60 
estimated 
30 Present, not 60 * ” 64 
estimated 
45 Trace 70 Trace 78 


60 Nil 85 Nil 78 
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Formation of 5-Nitro-1:2-dimethylbenziminazole from 4-Nitro-2- 
acetamidomethylaniline and Methyl-alcoholic Hydrogen Chloride 
at the Boiling Point.—4-Nitro-2-acetamidomethylaniline (5 g.) and 
20% methyl-alcoholic hydrogen chloride (25 c.c.) were boiled under 
reflux for 1 hour and the mixture was evaporated to dryness. The 
residue, dissolved in water (10 c.c.) and filtered, was basified with 
ammonia and the bases (3-1 g.; 70%) were fractionated from 70% 
alcohol, giving 1-8 g. (40%) of 5-nitro-1 : 2-dimethylbenziminazole 
and 0-4 g. (12%) of 4-nitro-2-aminomethylaniline. 

RESEARCH LABORATORIES, Messrs. May & BAKER, LTD., 

WanpswortH, 8.W.18. [Received, March 26th, 1930.] 


CLXXXIV.—The Sulphonation of m-Chlorophenol and 
Some New Halogenophenols. 


By Hersert Henry Hopason and ARNOLD KERSHAW. 


THE monosulphonation of m-chlorophenol, whether hot or cold, gives 
almost entirely 3-chlorophenol-6-sulphonic acid. On the current 
electronic theory this result was to be anticipated, since the normally 
less intensely activated 4-position is deactivated by the general effect 
of the 3-chloro-substituent (compare Hodgson and Jenkinson, J., 
1929, 469). With the more powerful kationoid reagent, oleum, 
disulphonation takes place in the 4- and 6-positions. 

The solubilities of the salts of 3-chlorophenol-6-sulphonic acid 
resemble those of the corresponding sulphates, viz., Ca>Sr>Ba, 
and Na>K, and the calcium salt is unique in forming a hydrate. 

The tetrahydrated barium salts of the 4 : 6-disulphonic acid and 
of its 2-halogeno-derivatives are of interest from the co-ordination 
standpoint, and it is suggested that two of the molecules of water are 
co-ordinated with the barium atom by means of oxygen atoms and 
that each sulphonic acid group is co-ordinated by means of its 
negatively charged oxygen atoms with the hydrogen atoms of a 
molecule of water (compare Sidgwick, ‘‘ Electronic Theory of 
Valency,” 1927, pp. 192 and 195). 

3-Chloro-2 : 4-dibromo-6-nitrophenol is obtained in two crystalline 
forms according to the method of preparation, viz., elongated 
needles by the dibromination of 6-nitro-3-chlorophenol, and stout 
prisms by the nitration of 3-chloro-2 : 4-dibromophenol. Though 
interconvertible, each form could be recrystallised from alcohol 
without change of habit. It is tentatively suggested that the two 
forms are an example of Kekulé’s ortho-isomerism. 
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EXPERIMENTAL. 

Monosulphonation of 3-Chlorophenol at 100° and at the Ordinary 
Temperature.—3-Chlorophenol (12 g.) and concentrated sulphuric 
acid (20 g.) were heated together for 8 hours on the water-bath, the 
mixture was then poured into water (1000 c.c.), and the solution was 
heated on the water-bath while it was being made neutral to Congo- 
red by addition of barium carbonate. The residue after filtration 
was extracted several times with boiling water (1000 c.c. in all) and 
the solution obtained, combined with the filtrate above, was evapor- 
ated to dryness, leaving the barium salt (26 g.) of the sulphonic acid 
(yield, theoretical). The salt was decomposed by dilute sulphuric 
acid, the solution evaporated to small bulk, and the remainder of the 
water removed in a vacuum desiccator containing calcium chloride; 
colourless prisms of 3-chlorophenol-6-sulphonic acid were obtained 
containing a variable quantity of water of hydration. The con. 
stitution of the acid has already been deduced by the authors (J., 
1929, 2923). The same results were also obtained when the sul- 
phonation was conducted at room temperature. 

The following salts are prepared by adding the corresponding 
carbonates to solutions of the acid until these are neutral to Congo- 
red: The potassium salt forms anhydrous prisms (Found: (, 
28-9; H, 1-7; Cl, 144; K, 16-0. C,H,O,CISK requires C, 29-2; 
H, 1:7; Cl, 14-4; K, 15-9%). The sodium salt is much more soluble 
in water than the potassium salt, and separates from this solvent in 
anhydrous, minute, elongated prisms (Found: Cl, 15-6; Na, 10-2. 
C,H,0,CISNa requires Cl, 15-4; Na, 10-0%). The ammonium salt 
crystallises in large stout prisms (Found: Cl, 15-9; 8S, 145. 
C,H,O,CISNH, requires Cl, 15-7; S, 14-2%). The barium salt forms 
anhydrous, short, stout prisms which are sparingly soluble in water 
[Found: C, 26-2; H, 1-6; Ba, 24-6. (C,H,0,CIS),Ba requires (, 
26-1; H, 14; Ba, 24:8%]. The strontium salt separates from 
water, in which it is more soluble than the barium salt, in anhydrous 
flat prisms [Found : Sr, 17-1. (C,H,O,CIS),Sr requires Sr, 17-3%. 
0-2195 G. gave 0-3339 g. of mixed silver chloride and strontium 
sulphate; required, 0-3291 g.). The lead salt crystallises in anhydr- 
ous prisms which are easily soluble in water [0-2490 g. gave 0-2991 g. 
of mixed precipitates (see below); required, 0-3016 g.]. The 
monohydrated calcium salt separates from water, in which it is 
readily soluble, in flat rectangular prisms [Found: C, 30-0; H, 
2-4; Cl, 15-0; Ca, 8-6. (C,H,O,CIS),Ca,H,O requires C, 30-4; 
H, 2-1; Cl, 15-0; Ca, 8-5%]. 

Analytical Note-—The above salts were analysed for carbon and 
hydrogen by admixture with lead chromate and combustion in 4 
stream of oxygen in a tube packed with lead chromate. Very few 
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gave stoicheiometric results, but those obtained are recorded. In 
other cases the amounts of mixed silver halides and insoluble 
sulphates obtained by the Carius method are given, and also the 
percentage of metal estimated as sulphate. 

Halogenation of 3-Chlorophenol-6-sulphonic Acid.—(a) Dichlorin- 
ation. Barium 3-chlorophenol-6-sulphonate (14 g.) was dissolved in 
water (1000 c.c.), and the theoretical amount of a freshly prepared 
solution of barium hypochlorite added. After 12 hours, the mixture 
was neutralised with sulphuric acid, and the filtered liquid evaporated 
to small bulk; barium 2:3: 4-trichlorophenol-6-sulphonate then 
separated in good yield as flat rhombs sparingly soluble in water 
(Found: Ba, 20-1. (C,H,0,CI,8),Ba requires Ba, 20-2%]. The 
dihydrate of this salt separated on one occasion in very long prisms 
(Found: Ba, 19-25. (C,H,O,Cl,S),Ba,2H,O requires Ba, 19-0%. 
01225 G. gave 0-1849 g. of mixed precipitates (see above); required; 
0-1849 g.]. 

2:3:4-T'richlorophenol is obtained by heating the above salt in 
aqueous sulphuric acid (80%) during the passage of steam, in which 
itis volatile ; it crystallises from light petroleum in elongated needle- 
like prisms, m. p. 79° (Found: Cl, 53-7. CgH,OCI, requires Cl, 53-9%). 

2:3:4-T'richloroanisole, obtained from the phenol by the action 
of methyl sulphate and sodium hydroxide solution, crystallises from 
alcohol in long, flat, rectangular prisms, m. p. 69-5° (Found: Cl, 
50-3. C,H,OCI, requires Cl, 50-3%). 

(b) Dibromination. Barium 3-chloro-2 : 4-dibromo-6-sulphonate di- 
hydrate was obtained by the action of bromine (2-5 c.c.; 8 g.) on 
barium 3-chlorophenol-6-sulphonate (7 g.) dissolved in water 
(500 c.c.). The solution obtained was made neutral to Congo-red 
with barium carbonate, filtered, and evaporated to small bulk; 
the product then crystallised in very long prisms sparingly soluble 
in water [Found: Ba, 15-1. (C,H,O,CIBr,8),Ba,2H,O requires 
Ba, 15-2. 0-1225 G. gave 0-2260 g. of mixed precipitates ; required, 
02338 g.}. 

The potassium salt separates from water, in which it is sparingly 
soluble, in anhydrous, thin, flat plates (Found: C, 17:8. 
0,H,O,CIBr,SK requires C, 178%. 0-1116 G. gave 0-1430 g. of 
mixed silver halides; required, 0-1432 g.). 

The sodium salt was obtained in clusters of anhydrous flat plates 
(Found : Na, 6-0. C,H,0,CIBr,SNa requires Na, 5-9%. 0-2542 G. 
gave 03400 g. of mixed silver halides; required, 0-3320 g.). 

The above salts are extremely stable and very difficult to hydro- 
lyse, as they crystallise unchanged from hot concentrated sulphuric 
«id; the free acid, however, is easily hydrolysed under the same 
conditions. 
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3-Chloro-2 : 4-dibromophenol was prepared by heating for 8 hours 
on the water-bath a mixture of 3-chlorophenol (65 g.) and concen. 
trated sulphuric acid (12 g.), then pouring it on ice (30 g.) and adding 
bromine (16 g.). After 4 hours, a small quantity (less than 1 g.) of 
3-chloro-2 : 4 : 6-tribromophenol which had separated was removed 
and the filtrate was hydrolysed in steam ; the 3-chloro-2 : 4-dibromo. 
phenol (9-5 g.) which passed over crystallised from light petroleum in 
long colourless prisms, m. p. 88° (0-2228 g. gave 0-4062 g. of mixed 
silver halides; required, 0-4039 g.). Its constitution was established 
by nitration to 3-chloro-2 : 4-dibromo-6-nitrophenol as follows : the 


phenol (9 g.), dissolved in glacial acetic acid (20 c.c.), was treated | 


gradually, whilst ice-cold, with a solution of nitric acid (1-8 c.c.; 
d 1-5) in glacial acetic acid (7 c.c.). The mixture was kept over-night 
and the 3-chloro-2 : 4-dibromo-6-nitrophenol was then precipitated 
by the addition of water (500 c.c.), and crystallised from alcohol 
(yield, 8-0 g.; 76%); m. p. 90° (0-2143 g. gave 0-3470 g. of mixed 
silver halides; required, 0-3504 g.). The product was identical 
(m. p. and mixed m. p.) with that obtained by treating 3-chloro-6- 
nitrophenol (3 g.), dissolved in glacial acetic acid (15 c.c.), with 
bromine (2-4 g.). 

3-Chloro-2 : 4-dibromoanisole, prepared by the usual method, 
crystallises from alcohol in very long, flat prisms, m. p. 92° (0-2312 g. 
gave 0-4019 g. of mixed silver halides; required, 0-3996 g.). 

3-Chloro-2 : 4 : 6-tribromoanisole is obtained by bromination of the 
previous product in glacial acetic acid, and also by methylation of the 
corresponding phenol (see above). It crystallises from alcohol or 
acetic acid in long needles, m. p. 92° (0-1409 g. gave 0-2643 g. of 
mixed silver halides; required, 0-2620 g.). 

(c) Di-iodination. 3-Chloro-2 : 4-di-iodophenol-6-sulphonic acid 
trihydrate is obtained from the corresponding barium salt (see below) 
by treatment with dilute sulphuric acid, the solution being then 
evaporated to small bulk and the acid precipitated by means of 
concentrated hydrochloric acid ; it forms long flat prisms, m. p. 167° 
(slight decomp.) (Found: 8S, 6-7. C,H,0,CII,S,3H,0 requires 8, 6-2%. 
0-2328 G. gave 0-2764 g. of mixed silver halides; required, 0-2774 g.). 

The tetrahydrated barium salt was obtained when barium 3-chloro- 
phenol-6-sulphonate (10 g.), powdered iodine (20 g.), precipitated 
mercuric oxide (8 g.), alcohol (60 c.c.), and water (20 c.c.) were shaken 
together for 30 minutes. After removal of the excess iodine by the 
gradual addition of sodium bisulphite solution, the whole mixture was 
evaporated to dryness, the residue extracted with boiling wate 
(300 c.c.), and barium chloride (2 g.) added to the filtered extract; 
when this was then evaporated to 100 c.c., the sparingly soluble salt 
was obtained in long thin prisms. Any mercuric iodide which may 
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separate with the product may be removed by extraction with boiling 
alcohol [Found: Ba, 12-1. (C,H,O,CII,S),Ba,4H,O requires Ba, 
12:17%]. (Mercuric iodide is definitely soluble in hot water, and 
may be steam-distilled from hot sulphuric acid, passing over in the 
yellow form which subsequently becomes red.) 

3-Chloro-2 : 4-di-iodophenol, obtained from its 6-sulphonic acid 
(above) by hydrolysis, crystallises from light petroleum in long 
prisms, m. p. 111-5° (0-1329 g. gave 0-2161 g. of mixed silver halides ; 
required, 0-2144 g.). 

3-Chloro-2 : 4-di-iodoanisole, readily obtained in the usual way, 
crystallises from alcohol in somewhat stout prisms, m. p. 105° 
(0-1715 g. gave 0-2701 g. of mixed silver halides ; required, 0-2667 g.). 

Disulphonation of 3-Chlorophenol.—Barium 3-chlorophenol-4 : 6- 
disulphonate tetrahydrate is obtained when 3-chlorophenol (12-8 g.) 
is added gradually to oleum (75 g.; 27% SO,) with cooling, the 
mixture kept over-night, then heated for 2 hours on the water-bath, 
poured into water (1000 c.c.), rendered neutral to Congo-red by 
addition of barium carbonate (about 10 g.), and the filtered solution 
evaporated to dryness. It is a white powder, which, like the salts of 
the other sulphonic acids described later, is very soluble in water, in 
marked contrast to the sparing solubility of the barium salts of the 
6-monosulphonic acids described above. The product crystallises 
from water in clusters of minute short prisms (Found: Ba, 27-4. 
(,H,0,CIS,Ba,4H,O requires Ba, 27-7%). 

Halogenation of the above Barium Salt and Preparation of the 
2-Halogeno-3-chlorophenols.—(a) Chlorination. Barium 2: 3-di- 
chlorophenol-4 : 6-disulphonate tetrahydrate is obtained when the 
foregoing barium salt (24 g.), dissolved in water (500 c.c.), is treated 
with the theoretical quantity of freshly prepared barium hypochlorite 
solution, the mixture kept over-night and neutralised with sulphuric 
acid, and the solution filtered and evaporated to dryness. It 
erystallises from water in clusters of long prisms (Found: Ba, 26-2. 
(,H,0,Cl,S,Ba,4H,O requires Ba, 25-9%). 

2:3-Dichlorophenol, prepared from the above product in 70% 
yield by the usual procedure for the elimination of sulphonic acid 
groups, forms a mass of prisms on solidification after distillation, 
m. p. 58°, b. p. 206° (Found : Cl, 43-5. Cale.: Cl, 43-6%). 

2 : 3-Dichloro-4 : 6-dibromophenol is readily obtained by direct 
dibromination of the above phenol and separates from glacial acetic 
acid in colourless needles which rapidly become opaque; m. p. 90° 
(01581 g. gave 0-3230 g. of mixed silver halides ; required, 0-3266 g.). 

2 : 3-Dichloro-4 : 6-dibromoanisole crystallises from alcohol in long 
needle-like prisms, m. p. 82° (0-1324 g. gave 0-2623 g. of mixed silver 
halides; required, 0-2621 g.). 
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(b) Bromination. 3-Chlorophenol (12-8 g.) was disulphonated as 
above, the solution diluted with water (100 c.c.) and treated with 
bromine (16 g.), and the resulting solution hydrolysed to give the 
corresponding phenol or diluted to 1000 c.c. and neutralised with 
barium carbonate, etc., as above. 

Barium —3-chloro-2-bromophenol-4 : 6-disulphonate __ tetrahydrate 
crystallises from water in small prisms (Found: Ba, 24-0. 
C,H,0,CIBrS,Ba,4H,O requires Ba, 23-8%. 0-1615 G. gave 0-154] 
g. of mixed precipitates ; required, 0-1558 g.). 

3-Chloro-2-bromophenol is obtained in 75% yield as above and 
crystallises from light petroleum in large stout prisms, m. p. 555°, 
b. p. 225° (0-2438 g. gave 0-3892 g. of mixed silver halides; required, 
0-3910 g.). 

3-Chloro-2-bromoanisole, obtained by the action of methyl sulphate 
and sodium hydroxide on the above phenol, crystallises from alcohol 
in long colourless plates, m. p. and mixed m. p. with a specimen 
prepared from. 3-chloro-2-aminoanisole (Hodgson and Kershaw, 
loc. cit.), 50°. 

A solution of 3-chloro-2-bromophenol (7 g.) in ice-cold glacial 
acetic acid (7 c.c.) was treated with nitric acid (3-5 c.c.; d 1-5) in 
glacial acetic acid (4¢.c.). After 12 hours, steam distillation removed 
the volatile 3-chloro-2-bromo-6-nitrophenol, which crystallised from 
light petroleum in small yellow prisms, m. p. 98-5° (0-0755 g. gave 
0-0990 g. of mixed silver halides; required, 0-0991 g.), leaving 
behind the non-volatile 3-chloro-2-bromo-4-nitrophenol, which crystal- 
lised from dilute alcohol in fine, almost colourless, needles, m. p. 136° 
(0-1949 g. gave 0-2601 g. of mixed silver halides ; required, 0-2569 g.). 

(c) Iodination. Barium 3-chloro-2-iodophenol-4 : 6-disulphonate 
tetrahydrate was prepared by stirring for 1 hour a mixture of barium 
3-chlorophenol-4 : 6-disulphonate (13 g.), finely powdered iodine 
(7-6 g.), precipitated mercuric oxide (3-3 g.), alcohol (50 c.c.), and 
water (50 c.c.), during which period most of the iodine disappeared. 
The alcohol was then boiled off, and the residue extracted with 
boiling water (200 c.c.); the filtered extract on slow evaporation 
gave the product in small rectangular prisms (Found: Ba, 22-4. 
C,H,0,ClIS,Ba,4H,O requires Ba, 22-1%. 0-1814 G. gave 0-1745. 
of mixed precipitates; required, 0-1783 g.). 

3-Chloro-2-iodophenol was prepared by hydrolysis of the above 
disulphonate and also by the action of potassium iodide on diazotised 
3-chloro-2-aminophenol. It crystallises from light petroleum im 
colourless needles, m. p. 56° (Found: 0-1107 g. gave 0-1692 g. of 
mixed silver halides, required, 0-1646 g.). 

Colour Reactions of the Sulphonic Acids with Ferrie Chloride— 
An aqueous solution of 3-chlorophenol-6-sulphonic acid gives a violet 








co. 
col 


the 
eff 


the 


Ind 
Bri 
T: 


CL 


obta 
pote: 
react 
form 
(b) th 
eithe 


(wher 
terms 
equat 
titrat 
meth« 
both 

yields 
repres 


where 
ah 


and si 
be, not; 





ith 
he 
ith 


vial 


ved 
om 
We 


3S ES 


a} 
ine 
wnd 
ith 
jon 
)-4, 
) g. 


ove 


of 


— 
« 


olet 














A GENERAL (EXACT) EQUATION, ETO. 1425 


colour with ferric chloride, and the salts give similar but deeper 
colours. The colours are not produced in concentrated acid solutions. 

The halogeno-derivatives of the above acid give bluer colours than 
the parent acid, all the halogens having approximately the same 
effect : the nitro-derivatives give brownish-red colours. 

3-Chlorophenol-4 : 6-disulphonic acid and its salts give red colours : 
the halogeno- and nitro-derivatives have similar effects on the shades 
as in the case of the monosulphonic acids and salts. 


The authors desire to thank the Department of Scientific and 
Industrial Research for a grant to one of them (A. K.), and the 
British Dyestuffs Corporation for gifts of chemicals. 
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CLXXXV.—A General (Exact) Equation to the Potentio- 
metric-titration Curve. 


By BERNARD CAVANAGH. 


Section 1. 

In a previous paper (Part II; J., 1928, 855) an exact equation was 
obtained, on thermodynamic grounds, representing the whole 
potentiometric-titration curve in all cases where (a) the analytical 
reaction consists in the combination of two ions of like valency to 
form a substance of constant activity such as a precipitate, and 
(b) the indicator electrode behaves as a “‘ soluble electrode ” towards 
either of these ions. Essentially of the tractable form, 


X=emhU ...... (@ 


(where U and X represent distance from the equivalence point in 
terms of potential and of quantity of reagent, respectively), this 
equation was used in developing certain highly refined methods of 
titration. It will now be shown that both the equation and the 
methods arising out of it can be generalised. A system involving 
both analytical and electrode reactions of the most general type 
yields, under equilibrium conditions, a titration curve exactly 
represented by an equation of the form 


Am GG) sie wevteenan c tice @ 
aB 
where sinh U = i(e? — 67)... ..: «.o (fF 
a8 


je 


—8 ‘ 
* This equation could be written in the formsinh U =e 2 7 sinh ° +B U, 


af 
and similarly for other hyperbolic functions of U, but the formule would 
be, not only cumbersome, but less direct in their physicochemical significance. 
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and « and @ are two simple numbers characteristic of the system 
(see Section 3, and Fig. 1). 
Between the function defined in (3) and the corresponding cosine 
and other functions (see Section 4) many of the inter-relations of 
the ordinary hyperbolic functions hold good (for fixed values of 


a and 8), while others assume a more general form. These relations 


facilitate the derivation of methods of refined titration essentially 
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same methods also provide an accurate 


POTENTIOMETRIC-TITRATION CURVE. 


Incidentally the 
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By means of these methods, not only is the sensitivity, or absolute 
precision, obtainable from the accepted reactions very much in- 
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similar to those already described, but with the advantage of general 


applicability. 
creased, but also other reactions should become available for 


analytical purposes which otherwise would not be sufficiently 
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means of determining equivalence-point potentials and reaction 
constants (compare Part II, p. 870). 

The rigorous deduction of the general titration-curve equation 
appears to be especially useful in providing a sound basis for the 
quantitative study of all the various analytical and electrode 
reactions that are now available or may yet be discovered. In so 
far as such study is to be anything more than mere empiricism, it 
must rest upon the assumption and the attempted realisation of 
equilibrium conditions, and this is the only assumption on which 
the following deduction is based. 


Section 2. Deduction of the Equation. 


This deduction may be effected concisely and yet with strict 
generality by adopting the device of writing the chemical and 
thermodynamic equations in an algebraic manner, such that no 
formal distinction need be made between products of the reactions 
and reactants other than the two principal reactants. Four abstract 
or typical molecular symbols will then suffice to represent all 
possibilities, whereas otherwise eight at least would be necessary. 
The procedure at this stage may be illustrated by a concrete case. 

The reduction of iodate ion by (aqueous) sulphur dioxide in 
strongly acid solution has recently been studied potentiometrically 
(Hendrixson, J. Amer. Chem. Soc., 1925, 47, 1319; the author 
actually used a solution of sodium sulphite, but in effect this was 
the same as adding aqueous sulphur dioxide, since a large excess of 
acid was present), and shown to proceed in two clearly separated 
stages. Considering only the first of these, the analytical reaction 
is 

210,’ + 5SO, + 4H,O = I, + 580,” + 8H’. . (4) 
Iodate ion and sulphur dioxide are the two principal reactants; 
the latter, being the added substance, may conveniently be called 
the “‘ reagent,” and the former the “ titrated substance.” In 
order to avoid needless repetition, the word “ substance ”’ will be 
taken to include ionic or molecular species throughout this paper, 
and similarly the expression “ g.-mol.’’ will cover “ g.-ion.” 

Before the first addition of reagent, the only electrode reaction is 


100 + 210,’ + 12H°=1,+6H,O .. . (5) 


(where the symbol © represents one faraday of negative electricity), 
but when once the titration has commenced there is the alternative 
electrode reaction 


— 100 + 580, + 10H,O = 580,” + 20H" . . (6) 
obtained by subtracting (5) from (4). These equations must now 
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be re-written in the algebraic manner convenient for the present 
purpose by transferring the symbols of the “ subsidiary reactants,” 
iz., all save the two principal reactants, to the right-hand sides with 
change of sign, thus : 


106 + 210,’=1,—12H°+6H,O ... . (7) 
— 100 + 580, = 580,” + 20H’—10H,O . . . (8) 
210,’ + 580, = I, + 580,” + 8H’ — 4H,O . . (9) 


and the corresponding thermodynamic equations (for equilibrium) 
can be written logarithmically in an entirely parallel manner, the 
algebraic signs being retained. 

We now revert to the general treatment. Representing the mole- 
cular or ionic symbols (in the abstract) by capital letters, and taking 
A as the titrated substance, and B as the reagent, we express the 
alternative electrode reactions quite generally by the equations _ 

+vO+aA=UpP.... ~ (10) 

7yvOo+b0B=%XqQ.... . (iil) 
the small letters representing numerical coefficients, of which those 
on the right, typified by p and q, may be either positive or negative 
as in equations (7) and (8). From the latter it is also seen that the 
symbols represented by P, Q, etc., are not necessarily all different. 
The equation for the analytical reaction is obtained from (10) and 
(11) by addition, giving 

aA+bB=<=pP+%XqQ.. . . (12) 

and the three thermodynamic equations corresponding to (10), 
(11), (12), respectively, are then written in terms of the equivalent 
concentrations C,, Cs, etc., the activity coefficients y,, ys, etc., and 
the measured potential Z. It is convenient to adopt the convention 
that the direction in which E changes during titration is taken as the 
negative direction, thus avoiding alternative signs, and we have 


vF/RT .(Ey — E) + alog Cyys = Zp logCpyp . . « (13) 

— vF/RT .(E’, — Z) + 6 log Cayzs = XqlogCyyge . - « (I4) 
—log K + a log Cyy, + blog Cayz = 

<p log Cryr + XqlogCayg- + (15) 


in which logarithms (as throughout this paper) are to the base e; F, 
R, and 7 have their usual significance; and the three constants, 
E,, E’,, and K, are connected by the relation 


log K = vF/RT .(E’) — Eo). « «© « (16) 
These equations express the assumption of equilibrium conditions. 


Now suppose (as in Part I, J., 1928, 843, and Part II, loc. cit.) that 
at any given stage of the titration, M c.c. of the reagent solution are 
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still required in order to reach the exact equivalence point. Thus 
M may be positive or negative, but in any case, to know WM is, from 
the experimental point of view, to know the result of the titration. 
If n is the normality of the reagent solution (which may or may not 
be known) then the excess of the titrated substance at this stage is 
evidently Mn mg.-equivs.* 

In order to show how adsorption by precipitates (if any) would 
affect the titration curve, a coefficient, 9,, is now introduced, 
representing the ratio of the amount of A present in solution (i.., 
not adsorbed) to the total amount present (compare Part I, p. 848); 
a similar coefficient, 6,, relates to B. 

Then if V c.c. is the volume of the solution at this stage, the total 
amount (mg.-equivs.) of A in the vessel is VC,/§,, and similarly 
that of B is VC;/6s, and since the excess of A is Mn mg.-equivs., 


Mn = VC,/6,— VCs/og . . . . (217) 
The remaining steps, by which C, and Cy are eliminated and the 
result is reduced to a tractable form, will be plain if three constants 
a, 8, Hy, and two other quantities, H and G (not in general constant, 
but independent of C, and C3), are first defined by the equations 
ax = b8 = v 
(+ 6)H, ah, + BE’, . . . ~ (18) 
(« + 8)G = log (yn%p/y.9a) + aE log Crye — x} log Cyye. (19) 
(a + 5b) log (nH/2V) = log K — a log y,8, — 6 log yp + 
<p log Cryp + EqlogCyyg. - - ~ (20) 
Then, from equations (13), (14), (15), and (17), the general titration- 
curve equation connecting VM and E£ is obtained in the form 


M/H = sinh [(F/RT)\(E — BH) +@). . . (21) 
af 


and, since this is identical with equation (2), 
X = M/H ee (22 
U = (F/RT).(E—#H)+G@. . . . (23) 
From equations (19) and (20), G and H are seen to depend on the 
concentrations of the products and subsidiary reactants (if any), 
the adsorption and activity coefficients, and (in the case of H) the 


volume of the solution. Their complexity and probable variation 
might appear, at first sight, to render impracticable the general 


* Ordinary usages have been adhered to as far as possible, but it is plain 
that the reagent might be measured in other units—in g. of solution, or of 
the pure substance B, or of some compound of B, etc.—so long as n is defined 
as the number of mg.-equivs. of B per unit. 
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application of the equation and of the methods of titration based 
upon it, but this is not the case. In using these methods, variation 
in H and G can be accurately allowed for by applying a predeter- 
mined additive correction to the measured potentials (see Section 7), 
after which the procedure is exactly as if H and G@ were strictly 
constant during a titration. 

The volume H c.c. is, as it were, a “ natural” unit-quantity of 
the reagent solution, in terms of which X represents distance from 
the equivalence point. Since U vanishes with X (i.e., at the 
equivalence point), 


BE, = Bo — RPGR. esi ec + 
U = F(E — E.)/RT+(@—G) . ... (25) 


where HL, and G, are the equivalence-point values of H and G. But 
the difference (G — G,) is either negligible or is made so by the 
application of the corrections just mentioned, so that essentially U 
represents distance from the equivalence point in terms of the unit 
RT /F (== 25-00 millivolts at 17-0°). 


‘ 


Section 3. Characteristic Forms of the Titration Curve, 


The Electrode-valencies.—Some examples of the curves represented 
by the general equation (2), are exhibited in Fig. 1. The inter- 
section of the axes represents the point of exact equivalence, and the 
positive direction of X is towards the left, so that the progressive 
addition of the reagent is represented by moving from left to right, 
as is customary in titration diagrams. 

The forms of the curves will be better appreciated when considered 
in conjunction with the corresponding curves (Fig. 2), in which 
dU /dX is plotted against X. It is noticeable that the maxima in 
Fig. 2, and correspondingly the points of inflexion in Fig. 1, do not 
occur at the equivalence point except in the symmetrical cases where 
a=. Actually (see Section 4) they occur where (« + §)U = 2 log 
(f/x). Any one of the curves in Fig. 1, when rotated about the 
origin through 180°, coincides with the curve obtained by inter- 
changing « and 8. 

The parameters « and @, which characterise the curves, are by 
definition equal to the ratios v/a and v/b respectively, and from 
(13) and (14) it is seen that 1 g.-mol. of the titrated substance 
“reacts” with v/a faradays of electricity in one of the electrode 
reactions, while in the other, 1 g.-mol. of the reagent reacts with 
v/b faradays. 

For instance, in a precipitation reaction, with an indicator 
electrode behaving as a “ soluble ” electrode towards either of the 
precipitated ions, « and 8 would be the valencies of the two ions. 
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se 9? 


More generally, therefore, the term “ electrode-valency ” may be 
used to signify the number of faradays of electricity reacting with 
1 g.-mol. of a given substance in a particular electrode-reaction. 
Thus « and @ are the electrode-valencies of A and B in this system. 
In many cases, though not all, the electrode-valency is simply the 
ratio of the molecular weight to the equivalent weight ordinarily 
used in volumetric analysis. For instance, it is 5 for the permangan- 
ate ion and | for the ferrous ion, with a platinum electrode, the 
electrode reactions being 
50 + MnO,’ = Mn” + 4H,0 — 8H") 
— 50+ 5Fe" = 5Fe™ j 
Similarly, in the iodate titration (p. 1429), equations (7) and (8) show 
that the electrode-valencies of the two principal reactants, iodate 
ion and sulphur dioxide, are respectively 5 and 2. On the other hand 
in Greeff’s titration of fluoride ion by ferric ion, as applied potentio- 
metrically by Treadwell and Kohl (Helv. Chim. Acta, 1925, 8, 500), 
the electrode-valency would not be equal to the ratio of the mole- 
cular weight to the ordinarily accepted equivalent weight, for here 
the alternative electrode reactions are 
© + Fe'"= Fe" ) 
—©O-+ 6F’ = (FeF,)’” — Fe" 
whence the electrode-valencies of ferric and fluoride ions would be 
1 and 3, respectively. 


(26a) 


(260) 


Section 4. Some Mathematical Properties of the Curves. 
The curves in Fig. 1 are graphs of the function sinh U for various 


a8 
assigned values of the parameters « and 8. If the positive directions 
of both axes of co-ordinates are reversed, the curves then represent 


the complementary function sinh U, for 
Ba 


— sinh (— U) = }(8&4 —e*4)=sinhU . . (27) 
af Ba 


Correspondingly, there are two complementary cosine functions, 
cosh U = om (— U) = (e727 + €F7) . . (28) 
aB 
and the other functions are obtained from these according to the 
usual conventions, e.g., tanh U = sinh U/cosh U, and sech U = 
— U. - - = - 


if, now, the purely numerical constants, («@2)/@+* and 
1 


+6 log (¢ ), are represented by h and g respectively, the first 
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derivative of sinh U (or dX/dU) can be written in the form 
a8 
heosh (U +-g), and it is the reciprocal of this, i.e., dU/dX or 
oB 
he ry (U +g), which is plotted against X in Fig. 2. Similarly, 


the first derivative of ooh U ish _? (U + g), and it follows that 


the second derivative of sinh U is "ye sinh (U + 2g). Thus each 
aB 
curve in Fig. 1 has a poirt of inflexion where U = — 2g and 


X=—sinh 2g. This is the point of maximal slope and sensitivity 
Ba 
(see Section 9), the maximal value of dU/dX being h sechg. The 
Ba 


following table shows the values of these characteristic constants 
for several types of curve. In the last column the quantity 50g is 
tabulated, being the distance of the point of inflexion from the 
equivalence point in millivolts at 17° (7.e., RT'/F . 29). 


(5) (Sy) 

a. B. h. 9: — Xing. dU min. GX / wax. Ee — Fina. 
l 1 1 0 0 1 1 0 

2 1 1-26 0-231 0-59, 1-19, 0-83, 11-5, 
3 1 1-31, 0-274, 0-77 1-15; 0°86, 13-7, 
5 1 1-30, 0-268, 0-82, 1-02, 0-97; 13-4 
6 1 1-29, 0-256 0-81, 0-97; 1-02, 12-8 
2 2 2 0 0 2 0-5 0 

3 2 2-35, 0-081, 0-38, 2-30, 0-434 4-0, 
5 2 2-59, 0-131 0-70, 2-36 0-424 6-5, 
1 & 0-215, 1535, 0-81, 0-162, 616 16-7, 


Interchange of the values of « and @ in any case alters the sign 
of Xie, g, and of #,— Ey», but makes no other difference. 


It is noticeable that (Sr 


in value to the smaller of the two electrode-valencies. 


) min., or A cosh g, always approximates 


Section 5. General Application of Method I. 
Equation (2) has two limiting forms, 
ame ele. lan ee 
—~KmigP® . 2. we we 


valid respectively for large positive and large negative values of 
U. One or other of these will be accurate to 1% as regards X, 
unless U lies between the limits + (log 100)/(« + 8); and the 
region defined by these limits, some 230/(« + §) millivolts in extent, 
within which the incompleteness of the analytical reaction exceeds 
1%, may be referred to as the “equivalence region.” Outside 
this region Method I is applicable and the result of the titration 
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can be determined from a single change of the potential #, without 
knowledge of FE, Ey, G, or H, as follows. 
Fully written, equation (29) is equivalent to 


; RT, nM RT 
E = Ey + ~ log — yO, — ay EE log Cryr. + (31) 


which is therefore valid at all points or stages outside and before the 
equivalence region. Consider two such points, (7, M) and (£’, M’), 
separated by ¢« millivolts and m c.c. of reagent solution (compare 
Part I, Section 4). Suppose that at the earlier stage, (L’, M’), the 
amount of the (typical) subsidiary substance P in the titrated 
solution is nM, mg.-equivs. [all equivalents being reckoned accord. 
ing to the chemical equation (12)], then if the volume of the solution 
is V’ c.c., 
Y = E+ Hr Yo ——s boat ae xP Io og aor he - . (82) 


Now, on the addition of m c.c. of the reagent solution, not only is 
the amount of the titrated substance diminished to nM mg.-equivs., 
but the volume of the solution is increased to V c.c., and also the 
amount of the subsidiary substance, P, is either increased or de- 
creased by mn mg.-equivs., according as this substance is, on the 
whole, a product or a reactant in the analytical reaction (t.¢., not 
merely according as p is positive or negative). 

At the later stage, therefore, assuming for the present (see Part I, 
Sections 2 and 7) that change in the adsorption and activity co- 
efficients can be neglected, 


: RT, nM, RT, My + 
EB = Ey + — log og“ yaa <7 BE log n iF ye. (33) 


where E = (E’ —c), M=(M'—m), and V=(V’+m). Then, 
by subtraction, 


ce=t,+te (1 - xP) +i 2 ee ee + 8M) 
where 

ae, = RT/F.log(l+m/M) .. . . (35) 

ac, = RT'/F .log(1+ m/V’) = — RT/F. log ( 1a'ge/ FA . (36) 

asp = RT /F log (i +-m/M,) 2°. 1. we. 


The effect of the change in the amount of A is represented by én, 
while the effects of the simultaneous changes in the “ subsidiary 
conditions ” (the volume of the solution and the amounts of the 
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subsidiary substances) are represented by the remaining terms on 
the right of equation (34). In this sense ¢,, is the value of the 
measured potential change “corrected to constant subsidiary 
conditions,’ and the correction terms, ¢,, cp, etc., are to be found 
from the tables provided in Part I (loc. cit.). It is obvious that, as 
indicated in Part I, changes in the adsorption and activity coefficients 
(if not negligible, as assumed) could be corrected for in an entirely 
similar manner. The result of the titration then follows from the 


relation 
M =z min f (ata).6 08 cies 0 oie 8B) 


(see Part I, Table I and equations (22) and (26)]. 

In Part I, the use of the dilution term ¢, is fully demonstrated, 
aconvenient procedure being indicated in Section 12, and a type of 
case being discussed in Section 8, in which this correction is elimin- 
ated owing to the fact that X<p/a is equal to unity. The latter 
section includes an example of a correction of the ep type, P being a 
product of the reaction (ferric or titanic ion). In this case, on the 
assumption that P is absent at the commencement of the titration, 
My is accurately known, being simply the number of c.c. of reagent 
solution already added before the further addition of the m c.c. 

On the other hand, in many cases P will be a substance present in 
considerable excess, M> will be large in comparison with m, and there- 
fore only a rough estimate (if any) of its magnitude will be required 
in order to determine the very small correction, cp. An example of 
this would be hydrogen ion as a subsidiary substance in most 
oxidation—reduction titrations. In short, it is plain that in any 
particular case, under suitable conditions, the correction of the 
measured potential changes will readily be reduced to a simple 
routine. 

Qne special advantage of Method I is that it makes use of less than 
me half or side of the titration curve, being independent of the 
equivalence region as well as of all that part of the curve beyond 
it This is notably useful in the titration of mixed solutions (e.g., 
amixture of halides), where the curves corresponding to the suc- 
cessive reactions overlap and truncate one another. Nevertheless, 
ifthe second half of the curve happens to be available, it may be 
utilised in essentially the same way, the full form of equation (30), 
valid here, being 


RT — nM RT <q 


~f oe F. ae. aiid b y 4 
Ey + eF log V yp eF 4 log c eve (39) 


If (Z, M) and (E£’’, M’’) are the two successive stages, both beyond 
the equivalence region, and separated by e’ millivolts and m’ c.c, 
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of reagent solution, so that H’’ = (H — «’), M’’ = (M — m’), and 
M is negative, we find 





=e, —e,(l— te). 2... @ 

where Be’, = RT'/F .log(1+m’/V). . . . (41) 
oe m’ 

fe'n = RI/F .log (1+ -"),). sah ois 


and therefore — M=~m’.f(fe'm) . . «. «© «© «© «© (48) 


No correction term of the cp (or eg) type occurs here, because the 
chemical reaction has ceased and the quantities of the subsidiary 
substances are not changing. 

It has been assumed, so far, that B is the only significant substance 
(apart from the solvent) introduced by means of the reagent solution. 
If, however, the latter contains also appreciable quantities of any 
of the subsidiary substances, or of compounds capable of reacting 
with the latter (for examples, see Section 11), this merely involves 
obvious modifications in the form of the subsidiary-conditions 
correction, for it remains true, in general, that the changes in these 
conditions are proportional to the quantities of reagent solution 
added. 

In using Method I, should the stage (Z, M) be allowed to fall 
within the equivalence region, the result of the titration will be too 
high if obtained from the first half of the curve, and too low if from 
the second half. If M,,,. is the erroneous value of M so found, the 
error in the former case is approximately (H/2)!*4/«/M8/e, and the 
same with « and @ interchanged in the latter case. In either case, 
an alternative formulation of the error is M,,,, . f[(« + 8)(H ~ £,). 

Thus, approximate knowledge of either H or E, would permit the 
correction of this error if not too large. Such procedure, of course, 
would really constitute a crude form of Method II. 


Section 6. General Forms of Methods It and III. 


Apart from its special advantages, the absolute precision of Method 
I is higher than that attainable under the most favourable conditions 
by the customary potentiometric methods. Sometimes, however 
(as when dealing with unusually dilute solutions or with an analytical 
reaction of low inherent sensitivity), it may be desirable to seek the 
appreciable increase of precision which is, in general, to be obtained 
by making use of a stage nearer to the point of inflexion than is 
permissible in Method I. Of the two distinct methods of so doing, 
Method IT makes use of only one half or side of the titration curve, 
but requires some knowledge of the unit H, whereas Method III 
requires no knowledge of H but utilises both halves of the curve. 
Properly applied, either method yields the highest absolute precisio) 
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obtainable with a given experimental system. Potentiometric 
methods of the “absolute” type (see introductory remarks in 
Part I) should theoretically yield the same maximal precision, but 
in practice this is not realised because the absolute values of the 
measured potential are not nearly so accurately reproducible as 
are the differences or changes on which alone the differential methods 
depend. 

Method I1.—Consider, as in the last section, two successive 
stages (7’, M’) and (EH, M), separated by ¢ millivolts and m c.c. of 
reagent solution; but suppose, now, that the second stage lies within 
the equivalence region, so that the limiting form (31) is not valid 
at this stage. Applying, instead, the general equation, we may 
write 

IR = tah * «¢ © +» & oo 


where U is defined by equation (23). 

At the earlier stage the measured potential has the value EZ’, or 
(Z +-¢), but this is, in effect, ‘‘ corrected’ to a value (H + ¢,,), 
in the manner to be explained in the following section, whereupon 
both H and G may be treated as constants; hence, using the same 
value of H as in (44), 


ae eae OP! J JOT ae 
where i= PIRT eg. « « (@) 


Now the following identity can easily be verified, 
sinh (U +- w) — sinh U = sinh w.cosh (U + ¢4).sech¢ . (47) 
aB aB af aB aB 


where (x + 8)d = log ff do mit eotante 
or, for large values of ¢,», 

(x + B)p ~ aw + f(Bem) —f(wem) . . « (49) 

~ au sie s. Tatiew, Cae 


Thus, if equation (48) is written in the form 
sech (U + ¢) = (H/m)sinhu.sechd . . (51) 
af ap af 


and coupled with equation (44), it is apparent that when m and ¢ 
have been measured and H is known, M may be obtained by the 
we of a parallel table of the functions sinh and sech in a manner 


ap af 
sentially similar to that described in Part IT (pp. 862, 863). The 
corresponding curves shown in Figs. 1 and 2 would be a (less accurate) 
substitute for such tables since there is no objection to dividing both 
tides of equation (51) by h. Alternatively, of course, suitable 
30 


1438 


CAVANAGH : A GENERAL (EXAOT) EQUATION TO THE 


diagrams, after the manner of those shown in Part II (Figs. 1 and 
2), could be constructed. 

Method I11.—Introducing a third and later stage (Z’’, M’’) beyond 
the equivalence region and separated from the second stage by 
e’ millivolts and m’ c.c. of reagent solution, and supposing as before 
that the correction of Section 7 is applied, the measured potential 
(E — ¢’) being corrected to (HZ — e’,,), then we have 


(M — m’')/H = — (U —w’) (52) 
where wu’ = F/RT .e'm (53) 


Between the three equations (44), (46), and (53), both H and U can 
be eliminated, and the following exact equation obtained, 


m cosech u — m’ cosech wu’ 


oe. ne eae «EER es ' 3 
a= coth wu + coth u’ — cosech u — cosech u’ * (54) 
a3 af aB Ba 


For large values of wu and w’, such as will in practice be used, equation 
(54) can be reduced to the much more convenient approximate form 


May, = m . f(aem) — m’ . f(Be'm) (55) 


The error involved in this approximation is of the order of 
magnitude of 


(m — m! + 2Muy).flaem + Be’m) (56) 


and so is negligible when ¢,, and e’,, are both large. 


Equations (29) and (30) of Part II are complicated by the terms 
involving V which there represent (approximate) allowance for 
volume change, but on omitting these terms and (in compensation) 
altering ¢ and ¢’ to ¢, and c¢’,, we see that these equations represent 
the special case where « = 8 = 1 (see examples in Section 7). 


Section 7. Correction for Variation in H and G. 


It is essential to the increased precision of Methods II and III, 
as compared with Method I, that the stage (7, M) should lie within 
the equivalence region, so that equation (33), for example, no longer 
holds good. Nevertheless, the additive corrections (described in 
Section 5) for change in the subsidiary conditions are still essentially 
valid, being equivalent in effect to making H and G constant, 
with the values they attain at the stage (EZ, M). For, consider again 
the stage (E’, M’) which is outside and before the equivalence region, 
so that equation (32) still applies. If, now, without altering the 


amount (nM mg.-equivs.) of the titrated substance, we could alter 
the subsidiary conditions, the volume from V’ to V, and the amount 
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of the subsidiary substance P from nM, to n(Mp + m) mg.-equivs., 
etc., it is obvious that Z’ would be altered to 


E’ (corr.) = EH’ — «, (1 -- 22) = weep ews 


where c, and ep are defined by equations (36) and (37). Now, at 
the stage (Z, M) the subsidiary conditions actually are V, and, to 
a close approximation, n(M,-+ m), etc., the error of the latter 
approximation (due to the incompleteness of the analytical reaction) 
being only 4nHe*", which may be neglected in comparison with 
nM,. In other words, LH’ (corr.) is the value the potential would 
possess at the stage (H’, M’) if the subsidiary conditions (and therefore 
Hand G) had those values which they actually attain at the stage (E, M). 
Since H’ = (H + «), we may write 


E’(corr.) = (H +e). . . «. «© (58) 


where ¢,, is defined by equation (34). In an exactly similar manner, 
itcan be shown that if e’,, is defined by equations (40) and (41), the 
value which the potential would possess at the stage (H’’, M’’) 
(which is beyond the equivalence region), if H and @ still had those 
values which they actually attained at the stage (#, /), is 


E" (corr.) =(E—e'm). . . . « (59) 


In applying these corrections, it is usually convenient to adopt 
the procedure indicated in Part I, Section 12, correcting the 
measured potentials to some simple round value of each subsidiary 
wndition. It is true that such correction is artificial as applied to 
the stage (Z, M) because the latter is in the equivalence region, 
md the corrected value of H will not be the value it would attain 
ifthe subsidiary conditions were altered to the stated round values. 
Nevertheless, if # is corrected in the same manner as EZ’, the differ- 
ce between these corrected values will be ¢,, as defined above. 
And similarly, if Z is corrected in the same manner as EH”, i.c., as if 
it were beyond the equivalence region, then the difference between 
the corrected EZ and E”’ will be ¢’,,, as defined above. 

For example, take the simple case of the chloride titrations 
teorded in Part II (p. 868). As explained there, the #.M.F. of 
the silver chloride-quinhydrone cell used is doubly affected by di- 
ition when the chloride is in marked excess, and is unaffected by 
dilution when the silver ion is in excess. In this case, therefore, 
uations (34) and (40) assume the special forms 


em =e — (2RT/F) . log V/V" 


‘ 
c'4 =e 
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Now if Z’ is corrected to some convenient volume, such as 100 c.c., 
it becomes (say) Z’, by addition of a correction of the first form, 


Corr. (a) = (2R7'/F) . log V’/100 . (60) 
EB’, = E’ + (2RT/F) . log V’/100 (61) 
and if Z is “ corrected ” in the same manner, 
E, = E + (2RT/F) .log V/100 
then, by subtraction, 
EK’, — Bag =¢ — (2RT/F) . log V/V’ = em. 
On the other hand, H” is corrected to any convenient volume by 
the addition of a different form of correction, which in this particular 
case is zero, 
Corr.(b)=0 .. (62) 
BY, = E . (63) 
and, of course, on “ correcting ’ # in the same way and subtracting, 
E, — E”, = e’ == ©’ me 

For the sake of comparison, two of the titrations recorded in 
Part II (Examples 1 and 2, p. 868) are worked out below according 
to the newer and generally applicable procedure, which will be seen 
to be also much simpler arithmetically. In order to make the 
examples more generally illustrative, the second form of correction 
[Corr. (6)] is explicitly stated and applied, although in this special 
case it happens to be zero throughout. 

Example 1. 1000 C.c. of N/1000-KCl titrated by N/100-AgNO, 
(actually known to be equivalent to 98-5 c.c. of AgNO,, but titrated 
as if only known to be stronger than N/2000); temp. ~ 14-5°. 

The application of Method III begins at Stage II, when 85 c.. 
of silver nitrate have already been added in applying Method I. 
The latter method having shown that between 13 and 14 c.c. are 
still required to reach equivalence, two successive additions of 
13 c.c. and 12 c.c. respectively are made, and the potentials at 
Stages III and IV measured. The three measured potentials are 
corrected to 17°, and then the first and second are corrected to 
1000 c.c. volume in the manner (a) [see equations (60) and (6l)), 
and the second and third to any convenient volume in the manne 
(6) [see equations (62) and (63)], and ¢,, and e’,, are obtained by 
subtraction. 


im Corr. Corr. £ 
Stage. 1000° (a). (bo). (expt.). Biz. H,. Ey. 
II 1-085 4-0, 172-2 173-6, 177-7 
III 1-098 4-6, 0 118-1 119-1 123-7, 119-1 
IV 0 58-3 688 58:8 
By subtraction 53-9, 60-3 
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POTENTIOMETRIC-TITRATION CURVE. 


Then, to find M at Stage III, and hence UM, : 

m = 13 €m = 53-9, S(€m) = 0-130, m.flém) = 1-69, 
m’=12 é'm = 60°3 fle'm) = 0-098, m’ fem) = 118, 
By subtraction, M = 0-51 

and by addition of 98-0, M, = 98-51 

Example 2. 100 C.c. of N/1000-KCI titrated by N/1000-AgNO, 
(actually known to be equivalent to 98-5 c.c. of AgNO,, but titrated 
as if only known to be stronger than NV /4000); temp. — 20°. 

The procedure is essentially as in Example 1, except that two 
stages (III and IV) within the equivalence region are used, in turn, 
as the stage (ZH, M), so that two results are obtained which are 
then averaged. 

For the purpose of the dilution correction, 100 c.c. is taken as a 
convenient round value of the volume. 


V Corr. Corr. Ez 
Stage. 100° (a). (d). (expt.). Hy. Ey. Es. 
II 1-75 28-0 190-4 188-5 216-5 
Til 1-96 33-6; 0 139-8 138-4 172-0;, 138-4 
IV 2-00 34-6; 0 120-5 119-3 153-9; 119-3 
Vv 0 68-4 67-7 67-7 
44-4, 70-7 
By subtraction 62: 5; 51-6 
(i) To find M at Stage III, and hence MU, : 
m == 21 em = 44-4, fl€m) = 0-2034 m.flem) = 427, 
m=29 mn = 107 fle’m) = 0-0629 m’ . fle'm) = 1-82, 
By subtraction, M = 2-45 
By adding 96-0, M, = 98-45 
(ii) To find M at Stage 1V, and hence M, : 
m = 25 ém = 62:5, flem) = 0-0892, m . flém) == 2:23 
m’ = 25 <'m = 51-6 fle’m) = 0°1454 m’ . fle'm) = 3-63, 
By subtraction, M = —1- 40 
By adding 100-0, M, = 98-60 
Average of two results in Example 2,M, = 98-52,. 


In Example 2, the values of Corr. (a) are seen to be large, but this 
does not mean that it will be liable to introduce appreciable errors 
into the result of the titration, or that the subsidiary condition V 
weds to be very accurately known, for it is only the change in Corr. 
(}—amounting to 6-65 millivolts in all—which affects the corrected 
lifference ¢,,. 


Section 8. Complete Temperature Correction. 

If, as in the above examples, the measured potentials are 
nultiplied by (290/7'), this has the effect of multiplying the differ- 
mees ¢ and e’ by the same factor, which makes allowance for the 
tut that the unit (R7'/F) is proportional to the absolute temperature. 
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This is all that is required so long as the temperature does not vary 
much during a titration. 

In working at temperatures other than “room temperature,’ 
however, considerable fluctuations are not easily avoided undef 
practical conditions for titration. Even if a thermostat is used 
it is very troublesome to keep the reagent at the same temperature 
while, if it is not so kept, time is lost after each addition in waiting 
for temperature equilibrium. It is therefore quicker and simpler 
to make no attempt to maintain a fixed temperature, but to read 
the thermometer at each stage and apply a complete temperature 
correction in the following manner. 

For such variation as will occur during a titration both EH, an 
E’,, may be assumed to depend linearly on the temperature. This the errc 
means that if the temperature coefficient of the potential Z i: 
measured at any stage outside the equivalence region, the quantity 
(Z — T .dE’/dT) will be found to possess one or other of two values 
say Ey, and E’j—the former at any stage before the equivalenca where d 
region, the latter at any beyond it. Two such measurements will conditic 
therefore suffice to determine these two constants, which are alg this red 
that we require for the purpose of the complete temperature 
correction. 

If 7’, 7, and T” are the temperatures of the system at the : 
successive stages (H’, M’), (#, M), and (£”’, M’’) in Method III and it h 
it is easily shown that when the potential changes, < and ¢’, are to the si 
corrected for the variation of temperature during titration, as well} Sjimil: 


depend 
re-writt 


ce 


since th 
, 
€ 17° 


Writi 
A tanh 


and [ta 
at 


as for the value of the unit, R7'/F, they become the anal 
i that wu a 
€17° = 290(L’ — Eoo)/T” — 290(H — Ego)/T . . (4) for the e 

€'17- = 290(L — E'qo)/T — 290(L”" — E'g)/T” . (65) 


so that for differential purposes 290(Z’ — Ey9)/7" and 290(H"’— E'y)/ 
T’’ may be used as temperature-corrected values of HZ’ and 2" which is 
respectively, while Z has two such values—one 290(H — Ey)/T,) Under 
as if it were before the equivalence region, and the other} are large 
290(H — E’y)/T, as if it were beyond that region. There is here 
an obvious analogy in principle with the procedure discussed in 
the latter part of Section 7. If ¢,,. is re-written in the form 


290 E : showing 
ar = wi ie pe’ — Ew) + Exo} — | . «+ (66) Juand u 
magnitu 


its derivation will be obvious, and it will be seen that the accuracy} however 
of the correction depends on the assumption that (Z’ — Eo) is pro} H. Thu 
portional to the absolute temperature over some range includingj equal to 
T and T" but not necessarily including 290° Abs. That it does not} 8, i.c., it 
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‘aryadepend on accurate knowledge of Ho will be seen if ¢,,. is again 
re-written as 






290 ,,, 290 290 290\,, 
ey = Gr BE — E+ (Fr - 7’) Boo . . (67) 
since the coefficient of Hop is small. Similar considerations apply 
to e’y7°. 


Section 9. Precision of the Generalised Method. 


Writing U’ for (U + u), and using the abbreviations A sech and 
A tanh for the positive differences [sech (U +- g) — sech (U’ + g)] 
aB af 


and [tanh (U’ + g) — tanh (U +- g)] respectively, we may formulate 
a8 aB 
‘hig the error dM of a titration by Method II as follows : 


7 


, if 
_ mae A tanh 
titys —dM = 4 tock du +- a ros gdH . . (68) 


1€8 

neal Where du and dH represent (small) errors in uw and H. Under the 
will conditions of highest sensitivity, when U ~ — 2 g and wu is large, 
all this reduces to 


dM dH 
ure lb atethdetienhdee Tae paar’ 
Kcoakg SH de tS. te @) 
Ba 


‘= and it has been seen (Section 4) that h. —y g is approximately equal 
at® to the smaller of the two electrode-valencies. 

vel Similarly, writing U’’ for (U — u’), and A’ sech and A’ tanh for 
the analogous positive differences, due regard being paid to the fact 
that w and w’ have opposite signs, we derive the following equation 
) | for the error of a titration by Method ITI : 


iF sech 4 Aer | _ dw mM 

no) / Hh\Atanh ' A’tanh}~ A’tanh A tanh * 

E"} which is the generalised form of equation (37) of Part II. 

[T,) Under optimum conditions, when U ~ — 2 g and both w and w’ 

her} are large, equation (70) reduces to 

in tM sdu' — pau 

Hheoshg™” a+8 . 
Ba 


(70) 


(71) 





showing that (under these conditions) equal and opposite errors in 
) |uand w’ will have the same effect as a single error of the same 
magnitude as either in win Method II. The precision of Method IT, 
wy} however, depends also on the correctness of the value assigned to 
ro} 7, Thus from equation (69), — 0M/dH would be approximately 
ing} equal to either unity or «/8 according as « is greater or less than 
8, i.e., it would not be greater than unity and might be much less. 
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Of course, Method II, like Method I, can be applied to the second 
half of the curve if this is available. For this case equation (68) 
would be modified in an obvious manner, and instead of equation 
(69) we should have 

dM _ , , dH m0 
h =a," + Sa. | His ohh OUR (72) 
Ba 
showing that the maximal sensitivity is the same, but 0M/0H is 
now (approximately) equal to either unity or (/«. 


Section 10. An Alternative Geometrical Form of Method 1. 


The Straight-line Method.—If, as in Section 7, LH, represents the 
value of the measured potential when “ corrected ”’ in the manner 
proper to any stage before the equivalence region, then equation 
(31) is equivalent to H, = constant + RT'/«F.log M. The (un- 
known) constant may be written in the form — RT7'/«F. log k, and 
E, in the substituted form R7'/«F. log y, whereupon the equation 
reduces to ky = M = M,—(M,— M), where y is equal to 
eaF/RT)Eq, 

If, then, the corrected potential at each stage is plotted on a 
suitable exponential scale, against the number of c.c. of reagent 
present, the successive points will lie on a straight line, which cuts 
the axis at a point indicating the result of the titration. Thus 
two points or stages suffice to determine the result (the more 
accurately if they are well separated), but also, owing to the ex- 
ponential scale, it will be found that the determination becomes very 
much more certain as the final measurement more nearly approaches 
the equivalence point, provided always that it do not fall within the 
equivalence region. All this corresponds exactly with the conditions 
of precision in the ordinary or algebraic form of the method. 

The geometrical form, however, provides a useful general method 
for investigating new or uncertain systems, since if a number of 
points are plotted (instead of merely two) their adherence to a 
straight line is a strong indication, amounting almost to conclusive 
proof, that equilibrium conditions are being realised. 

A suitably graduated scale is easily constructed. The distances 
being proportional to ce”, the graduations are placed at convenient 
intervals of (RT'/aF)x [or, for 17°, (25/«)a] and numbered con- 
secutively in millivolts, commencing with any convenient number. 
The test and the certainty of the result can be improved if the second 
half of the titration curve is available, for, corresponding to this, a 
second straight line should be obtainable, passing through the same 
end-point, the equation being k’y’ = (M,— M)— My, where 
y’ = eXBF/RTNES, 
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Section 11. Importance of the Symmetrical Case. 

Application in Acidimetry and Alkalimetry.—It will be noticed 
that, even in the symmetrical case where « = 8, the titration-curve 
equation and the methods dependent on it are now much more 
general in application than those obtained in Part IT, since the latter 
took no account of subsidiary reactants and products. For example, 
with the new equation, and the general form of subsidiary-conditions 
correction described in Section 7, the following important cases can 
be dealt with in a simple manner. 

Case (1). In the titration of a weak base (such as ammonia) against 
a strong acid, the former being the added substance, the equation 
for the analytical reaction is properly written 

H’+NH,=NH, .3:. .. . (7) 
(K being ca. 5 x 10-19, 7.e., 10-14/2 x 10 or K,,/K,) and if a hydro- 
gen a or its equiv alent is used as indicator electrode, the 
alternative electrode reactions are 

© + H’ = 4H, 

—©-+ NH, = NH, — }H, } Ta 

The principal reactants are, in effect, hydrogen ion and the base, 
the amount of hydroxyl ion present being relatively quite negligible 
until far beyond the equivalence region, unless excessively dilute 
solutions are being used. 

Case (2). Exactly the same equations are applicable to the 
titration of a strong base against a strong acid in the presence of an 
appreciable amount of a salt of a weak base, for in that case, owing 
to the weakness of the base, the addition of hydroxyl ions (i.e., the 
strong base) is exactly the same in effect as adding an equivalent 
quantity of the weak base and, at the same time, withdrawing an 
equivalent quantity of the positive ion of its salt, thus 

OH’ = NH,+ H,O—NH, .. . (75) 
The additional molecule of water makes no difference, while the 
withdrawal of the positive ion only affects the form of the subsidiary- 
conditions correction. 

Case (3). The titration of a salt of a weak acid against a strong acid 
is really entirely analogous to Case (1), the negative ion of the salt 
behaving essentially like the weak base. For example, with borax 
(which in solution is essentially NaH,BO, mixed with an equimolar 
quantity of free boric acid) the analytical reaction is 


H’ + H,BO,’ = H,;BO,; . . . . (76) 
(K being ca. 10°°) and the electrode reactions are 
os (77) 


—O + H,BO,’ — H,BO, _ 4H, } 
3c2 
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The principal reactants are hydrogen ion and the dihydrogen-borate 
ion, and it is only an incidental matter affecting the form of the 
subsidiary-conditions correction that, in this particular case, an 
equivalent amount of free boric acid accompanies the added 
substance. 

Case 4. From the same analogy, it follows that the equations of 
Case (3) are applicable to the titration of a strong base against a 
strong acid in the presence of an appreciable amount of a weak acid. 
The addition of the hydroxyl ion is exactly the same in effect as 
adding an equivalent quantity of the negative ion of the weak acid, 
and at the same time withdrawing an equivalent quantity of the 
weak acid itself : 


OH’ = H,BO,’ + H,O—H,BO,. . . (78) 


and the latter withdrawal merely modifies the subsidiary-conditions 
correction. 

Finally, four cases analogous to the above are obtained on inter- 
changing the words “ acid ” and “ base,” making obvious equivalent 
alterations with regard to the ions, and adopting as indicator 
electrode either the hydrogen electrode or any other which behaves 
in alkaline solution as a “ hydroxyl electrode.”” Treated in this 
manner, the eight cases are seen to be essentially one and the same, 
and the equations of this section, taken in conjunction with the 
preceding general theory, show how these common titrations of 
acidimetry and alkalimetry may be made to yield the highest 
possible precision. 

Summary. 

It is shown that both the titration-curve equation and the new 
methods of titration given in two previous papers can be fully 
generalised, i.e., made applicable to a system involving both 
analytical and electrode reactions of the most general type. 

The characteristic forms of the curvesrepresented by the generalised 
equation, and of the derived curves, are indicated with the aid of 
diagrams, and some concrete examples cited. The more important 
mathematical properties of the curves are exhibited, the generalised 
methods of titration deduced, and their precision formulated, in 
terms of certain bin-exponential functions, regarded as generalised 
hyperbolic functions. Methods I and-III, however, still involve 
only the single function, f, tabulated in the first of this series of 
papers. 

A routine procedure previously indicated is now more fully 
developed, whereby, in connexion with all three methods, accurate 
allowance is made for unavoidable variations in the subsidiary 
conditions, i.e., the volume of the solution and the concentrations 
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of subsidiary reactants and products. A simple mode of correction 
js also provided for any unavoidable fluctuations of temperature. 

In Section 10, a geometrical form of Method I is outlined (a 
“straight-line method ”’), suitable for the investigation of new and 
uncertain systems, since it provides a stringent test as to the attain- 
ment of equilibrium in the system. 

Finally, the advantage of the more general form of the titration- 
curve equation, even in the symmetrical case, is pointed out and 
exemplified by its application to the titrations of acidimetry and 
alkalimetry involving weak acids, weak bases, and their salts. 


I have pleasure in thanking Messrs. F. H. Brooks and A. H. 
Richards for assistance in the construction of the diagrams which 
accompany this paper. 


UNIVERSITY OF MELBOURNE. [Received, Aprii 2nd, 1930.] 





(LXXXVI.—Colloidal Platinum. Part VII. The 
Effect of Electrolytes upon the Cataphoretic Velocity 
of Platinwm Particles, and its Bearing on Stability. 


By Stuart W. PENNYCUICK. 


TxE electric charge is being increasingly recognised as the con- 
trolling factor in the stability of hydrophobic sols. In this paper 
a comparative study is made of the effect of various electrolytes 
upon the cataphoretic velocity of platinum particles, and upon 
the corresponding changes in stability. Owing to the remarkable 
influence of traces of certain electrolytes, it is necessary to have 
trustworthy details regarding, first, the purity of the preparation, 
and secondly, the constitution of the surface ionogen whose 
ionisation confers the stabilising charge. From this point of view 
colloidal platinum is seen, from the author’s previous work, to be 
particularly suitable. As will be shown, the velocity measurements 
confirm the conclusions already drawn regarding the action of 
wids (J., 1929, 618) and of bases (ibid., p. 623) on this colloid. 

The methods of obtaining the colloid charge and the electro- 
kinetic potential are limited to observations of the electrokinetic 
phenomena. Of these, cataphoresis is outstanding, and accord- 
ingly considerable attention has been paid in recent years to the 
securate measurement of cataphoretic velocities (see reviews by 
Tuorila, Kolloid-Z., 1928, 44, 11, and by Pauli and Valké, ‘‘ Elek- 
ttochemie der Kolloide,’’ Wien, 1929, pp. 149 and 202). 

In this work, the author has utilised the macroscopic moving- 
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boundary method, as developed by Burton (Phil. Mag., 1906, 11, 
436) and improved by Landsteiner and Pauli (Verh. d. Kongr. f. 
innere Medizin, XXV Kongress, Wien, 1908) and by Mukherjee 
(Proc. Roy. Soc., 1923, A, 103, 102). The technical errors arising 
from this method have been discussed by Mukherjee and by Kruyt 
and van der Willigen (Kolloid-Z., 1928, 44, 22), who have shown 
that extreme precautions are necessary if trustworthy results are 
to be obtained, and that the common practice of using, as the 
overlying liquid, any electrolyte having the same conductivity 
as the sol, is by no means satisfactory. During migration, if the 
colloid particles move into a slightly different environment, im- 
portant changes occur which result in velocity fluctuations. It 
is obvious that the ideal overlying liquid would be the intermicellar 
fluid; Kruyt and van der Willigen (loc. cit.) have attempted to 
isolate such a liquid by subjecting portions of the sol to centrifuging 
and ultra-filtration, whereas Powis (J., 1916, 109, 734) used the 
clear solution obtained by filtering a coagulated sol. The majority 
of workers, however, have been satisfied to use comparable solutions 
of potassium chloride or of hydrochloric acid. The author has 
shown (J., 1928, 2108) that, in the case of colloidal platinum, the 
intermicellar liquid can be isolated by freezing out the colloid 
particles. If this liquid is used as the overlying fluid, therefore, 
these particles suffer no material change in environment during 
the whole of their movement, and it is believed that by this device 
and by the exercise of the precautions now outlined, the nearest 
approach yet recorded to the ideal conditions has been made. 

The moving boundary between the dark brown platinum sol 
and the clear overlying liquid is well defined, and can be followed 
with accuracy. 

EXPERIMENTAL. 

The mode of preparation of a sol has a direct influence on its 
charge and on its cataphoretic velocity. Accordingly, the various 
samples of colloidal platinum were prepared in exactly the same 
way (Australian J. Exp. Biol. Med. Sci., 1927, 4, 99), the following 
being the details: voltage 200, current 3-5 amps., sparking time 
(continuous) 18 minutes per 500 c.c. of water. After preparation, 
the sol was boiled for 25 minutes and stored for two days. The 
samples used had specific conductivities (x) ranging from 10 to 
15 gemmhos (see Table 1). 

For the measurement of cataphoretic velocities, a modified 
Landsteiner-Pauli apparatus was used throughout. It was 
thoroughly cleaned before each determination. As the results with 
sodium hydroxide are of great importance, and as measurements 
with bases are often avoided, the method of making cataphoretic 
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measurements in the absence of carbon dioxide is described. 
Samples of the platinum sol and of the intermicellar fluid (frozen 
sol) are brought into two conductivity cells of low cell constant. 
The intermicellar fluid, which has the higher conductivity (owing 
to previous boiling and evaporation), is diluted with conductivity 
water until it shows the same specific conductivity as the platinum 
gol. The required amount of sodium or barium hydroxide is 
introduced into each cell in the absence of carbon dioxide (J., 
1927, 2600), and the conductivities are brought to exactly the 
same values: as the platinum particles remove some of the base, 
the colloid solution requires more alkali than the sample of inter- 
micellar fluid, and hence it is not sufficiently accurate simply to 
add equal quantities of base to the two solutions. The solutions 
are then introduced into the cataphoresis 
tube shown in Fig. 1. To keep the solutions 
carbon-dioxide free, the air-tight connexions 
A, B, C, and D are fitted. The apparatus, 
previously washed with conductivity water, 
is dried by passing a warm carbon dioxide- 
free air stream in at EH and out through 
bubblers at F and G. The conductivity cells 
are fitted with tubes so that the solutions 
tan be blown into the cataphoresis apparatus 
uwder a small head of carbon dioxide-free 
tir. The platinum sol is introduced at G, 
until it rises 1 mm. or so above the taps, whilst the overlying 
wlution is introduced at Z. By careful manipulation the trans- 
ference may be accomplished without any contamination whatso- 
wer with carbon dioxide. 

When acids and salts are to be used, simplifying modifications 
at once suggest themselves. In preparing comparable solutions 
in the presence of salts, the knowledge of the surface actions as 
previously developed (J., 1929, 618) was always utilised with the 
tbject of providing a perfectly uniform environment for the 





TABLE I. 
Pure platinum sols at 25°. 

Sol. K. [H,Pt(OH),]. uw x 10°. a 
D(unboiled) ............... 5-7 16 x 10° 33-3 0-062 
D (boiled 25 mins.) ...... 14-2 41 ,, 32-0 0-060 

eT aii 15-0 ae 30-8 0-058 

- (unboiled) aliases enine 3-7 ll a 38°6 0-072 
E (boiled 25 mins.) ...... 11-2 SB * 37-0 0-069 
™=™ Spee re 9-7 38...» 30-7 0-057 
a se » (old) 11-4 os 27-8 0-052 
G (boiled 25 mins.) ...... 12-0 ea ‘yy 36-4 0-068 
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moving particles. In all cases the solutions were prepared in the 
conductivity cells, and then transferred to the apparatus. 
Results.—The distance between the electrodes was 74 cm., and 
the voltage 135 (less in a few cases). Each result is the average 
of several determinations. The error is of the order 6—7%, which 
is considered satisfactory for this type of measurement. Unless 





Fie. 2. 
/ Concentration (for NaOH, NaCl, KCN). 
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otherwise stated, all velocity values recorded are negative, this 
sign being omitted for the sake of convenience. 

The results for the pure platinum sols are set out in Table I, 
and curves for sols containing this and other electrolytes appear 
in Fig. 2. 

Interpretation of Results.—The criticisms of McBain (J. Physical 
Chem., 1924, 28, 706), Burton (Colloid Symposium Monographs, 
1926, 4, 132), and Kruyt and van der Willigen (Z. physikal. Chem., 
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1927, 130, 170) undoubtedly show that the theoretical relation 
between cataphoretic velocity and electrokinetic potential, which 
was developed some 30 years ago, rests upon very insecure grounds. 
Nevertheless, because of convenience and long usage, practically 
every investigator in this field prefers to interpret cataphoretic 
results in terms of electrokinetic potential ¢. 

In this paper the cataphoretic velocities (uw) themselves are 
recorded, and it is these which are stressed, but for the sake of 
comparison the ¢ values also are recorded. As colloidal platinum 
particles are spherical (Diesselhorst and Freundlich, Physikal. 
Z., 1916, 17, 117), the usual Helmholtz—Smoluchowski equation, 
¢ = 4rynu/DH, must be replaced by the corrected equation 
¢ = 6nyu/DH (Debye and Hiickel, ibid., 1924, 25, 49). For the 
dilute solutions of electrolytes used, 1 may be taken as the viscosity 
of water (0-00893 at 25°), and D as 81, the dielectric constant of 
water; ¢ and u/H then become proportional and the equation 
may be written ¢ = (6r/D) (u/H) = ku/H. In this paper u is 
always given as the velocity (cm. per sec.) for a potential gradient 
of 1 volt per cm., whence H = 1, and ¢ = ku. The value of the 
proportionality factor k is 187-1. The ¢ values so calculated are 
shown in Fig. 2 and in the table. 


Discussion of Results. 


The Pure Sols.—The cataphoretic velocities of the pure sols, as 
shown in Table I, exhibit variations in spite of the similarity of the 
method of preparation. For the boiled sols, u x 10° ranges from 
27-8 to 37-0 cm./sec./volt/em. The free acid content, as obtained 
from the specific conductivity [assumed all to be due to H,Pt(OH),], 
ranges from 28 x 10 to 43 x 10% equiv. The source of charge 
is undoubtedly the platinic acid, but it is evident from the irreg- 
ularity of the figures that no simple relationship holds between 
cataphoretic velocity and concentration of free acid. The unboiled 
sols have the smallest acid content but the greatest velocities ; 
and as the acid content increases (by boiling or ageing), the charge 
as revealed by cataphoretic velocity decreases. The absence of 
the simple relation between velocity and acid concentration 
which will be shown to hold for the surface-inactive acids, such 
as hydrochloric and nitric, is evidently due to the surface activity 
of the Pt(OH), anion. An increase in the H,Pt(OH), concen- 
tration then has a double effect: the hydrogen ion decreases the 
surface ionisation, whilst the Pt(OH), ion increases the number 
of surface ionogens and hence the charge. The total action is 
complicated by the changes in surface area, state of aggregation, 
ete., which must oceur when the sol is boiled or aged, 
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The results recorded for wu x 10° by other workers with pure 
platinum (Bredig) sols are 30 (Whitney and Blake, J. Amer. Chem. 
Soc., 1904, 26, 1339), 21 (Burton, Phil. Mag., 1906, 11, 425), 24 
(Svedberg, Nova Acta Upsala, 1907,*{IV, 2] 190), and 20—40 
(Cotton and Mouton, Compt. rend., 1904, 138, 1692). Although 
all the results are very roughly of the same order of magnitude, 
variations would be expected for the reasons outlined above. 
(For comparison with other sols, see Pauli and Valk6, op. cit.) 

The Critical Potential.—The idea that all coagulations occur at 
a critical potential (critical velocity) was developed by Powis 
(loc. cit.; Z. physikal. Chem., 1915, 89, 186), using oil drops and 
arsenious sulphide sols. The negative results of Mukherjee (Nature, 
1928, 122, 960), the confirmatory results of Kruyt and Briggs 
(Proc. K. Akad. Wetensch. Amsterdam, 1929, 32, 384) and of Ghosh 
(J., 1929, 2693), and the indefinite conclusions of Tuorila (Koll.- 
Chem. Beih., 1928, 27, 44) and of Kruyt and van der Willigen 
(loc. cit.) leave the question open as to whether the critical potential 
has any general significance. 

From the results now recorded, it is evident (i) that coagulation 
always occurs before the cataphoretic velocity has been depressed 
to zero, and (ii) that with hydrochloric acid, barium hydroxide, 
barium chloride, ferric chloride, and calcium chloride (not shown), 
coagulation occurs at a velocity between 10 x 10° and 15 x 10°. 
Hence with these electrolytes we may speak of a critical velocity 
(or potential). On the other hand, sodium chloride and hydroxide 
and potassium chloride (not shown) show coagulation velocities 
of quite a different order. These conclusions are in general accord 
with those of Powis and of Ghosh (loc. cit.) on arsenious sulphide, 
and of Freundlich and Zeh (Z. physikal. Chem., 1925, 114, 65) 
on both arsenious sulphide and ferric hydroxide sols. There 
appears to be strong evidence for the view that, with electrolytes 
which coagulate at low concentrations, a critical potential exists 
below which the sols are unstable, but that where a large con- 
centration of electrolyte is required, coagulation occurs at a much 
higher potential. 

Hydrochloric Acid.—It has been established that colloidal 
platinum is an acidoid sol, and that the ionisation of the surface 
hexahydroxyplatinic acid is the source of charge and of stability. 
Coagulation by surface-inactive acids, such as the common in- 
organic acids, is then interpreted as due to the repression of the 
surface ionisation or of the ionic double layer. The slope of the 
hydrochloric acid curve (Fig. 2) is in keeping with this view. 
Further confirmation is at hand, for, by the application of the 
Debye-Hiickel theory (Physikal. Z., 1923, 24, 185), it follows that 
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if no abnormalities occur, the addition of an electrolyte should 
cause a decrease in the velocity which is directly proportional 
to the square root of the concentration, and actually when these 
two variables are plotted against one another, the curve (Fig. 3) 
shows that the linear relationship holds. 

These conclusions are in agreement with the results obtained 
with the acidoid mastic sol, where it has been shown that coagul- 
ation by inorganic acids is a plain case of ionic repression (Michaelis, 
“The Effect of Ions in Colloidal Systems,” 1925, 67). 


Fie. 3. 
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Barium Chloride.—On the addition of this salt, the cataphoretic 
velocity decreases rapidly, and coagulation occurs at a relatively 
low concentration. Here the outstanding action, and the one 
which ultimately leads to coagulation, is the ionic exchange of 
hydrogen contra-ions for barium ions from solution. Because 
of this interfering action, the velocity—\/ concentration curve does 
not yield a straight line. 

The critical potential for this and comparable salts lies between 
—0-020 and —0-030 volt. The corresponding value of ¢ recorded 
by Powis for oil drops and arsenious sulphide is —0-025 volt. 

Sodium Hydroxide.—From a study of the reactions of colloidal 
platinum in basic solutions (J., 1929, 623), the author has concluded 
that univalent bases have the important property of reacting 
with surface non-ionogenic groups (probably oxides) to form 
further stabilising ionogens. It was, in fact, in order to test this 
conclusion that the present experiments were undertaken. The 
remarkable increase in the cataphoretic velocity on the addition 
of sodium hydroxide completely confirms the view that fresh 
surface ionogens are formed. From the curve in Fig. 2 (where, 
for convenience, the concentration is replaced by its square root), 

















1454 PENNYCUICK : COLLOIDAL PLATINUM. PART VII. 


it is seen that when 5-3 x 10 equiv. of base has been added (free 
sodium hydroxide = 33 x 10 equiv.), the cataphoretic velocity 
is more than doubled; on further addition of base, the velocity 
remains practically constant over a considerable range; and at 
higher concentrations it begins to decrease. ‘The important 
stabilising and peptising action of univalent bases is undoubtedly 
connected with this increase in charge. The flat maximum in 
the curve is probably related to the view (Hevesy, Kolloid-Z., 
1917, 21, 129) that the electrokinetic potential of colloid particles 
cannot exceed a certain maximum, viz., approx. 0-105 volt 
(0-070 x 3/2). At all events the very high value of ¢ here obtained, 
0-120 volt, is not exceeded by any other colloid system. 

The important charging action of the hydroxyl ion was first 
emphasised by Perrin (J. Chim. physique, 1904, 2, 601), and has 
since been demonstrated for various negative suspensions—for 
emulsions by Ellis (Z. physikal. Chem., 1912, 78, 321; 80, 597), 
and for kaolin by von Buzdgh (Kolloid-Z., 1929, 48, 33) and 
Dubrissay, Trillat, and Astier (Compt. rend., 1929, 189, 41). 
These workers all find an increase in ¢ on the addition of uni- 
valent bases. The explanation in terms of an increase in surface 
ionogens can be extended to include all the known observations. 
The streaming potential against ordinary glass shows no such 
maximum (Ellis, loc. cit.; Powis, Z. physikal. Chem., 1915, 89, 
91; Elissafoff, Z. physikal. Chem., 1912, 79, 385): the high initial 
¢ indicates that the sodium hydroxide from the hydrolysis of 
the sodium silicate has already given the glass its maximum 
charge. 

The cataphoretic velocity of the platinum particles at the 
coagulation point (in the case of sodium hydroxide) is remarkably 
high, viz., 36-8 x 10° (¢ = 0-069), i.e., higher than the initial 
velocity of the particles. Sodium hydroxide coagulation figures 
for other acidoid sols have not yet been recorded. 

Barium Hydroxide.—On the addition of barium hydroxide, the 
cataphoretic velocity shows an extremely small initial increase, 
in striking contrast to the results obtained with univalent bases. 
This small increase cannot be ascribed to the lack of formation 
of surface ionogens, for it has been shown that platinum sols take 
up 4 or 5 times as much barium hydroxide as sodium hydroxide. 
There is little doubt that both the low value of the maximum and 
the subsequent rapid decrease in the cataphoretic velocity are 
intimately connected with the strong inter-attractive forces 
between the colloid particle and the ion of higher valency. This, 
in fact, is the interpretation of the “ valency rule.” 

The shape and the position of the curve show that the charging 
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and stabilising action of the hydroxyl ion are here very soon out- 
weighed by the coagulating action of the bivalent barium ion. 
Barium hydroxide will therefore have no pronounced action as 
a peptising agent. 

The only example in the literature where a similar maximum 
for a bivalent base is recorded is that of Dubrissay, Trillat, and 
Astier (loc. cit.) for kaolin. 

Sodium Chloride.—Sodium chloride and also potassium chloride 
show two interesting features: a definite maximum in the velocity— 
concentration curve, and an abnormally high velocity at coagul- 
ation. Similar maxima for univalent salts are recorded by Ivan- 
itzkaja and Proskurnin for colloidal arsenious sulphide and vanadium 
pentoxide (Kolloid-Z., 1926, 39, 15), by Thiessen and Heumann 
for gold (Z. anorg. Chem., 1929, 181, 379), and by Powis for oil 
emulsions (loc. cit.). They are generally interpreted in terms of 
the charging action (adsorption) of the negative ion, usually the 
chlorine ion. In the case of colloidal platinum, the results with 
hydrochloric acid show that this ion is not surface-active, and 
there is no reason to believe that such activity would develop in 
the case of its salts. The author considers that the explanation 
of the initial increase in the cataphoretic velocity is to be found 
in the hydrolytic cleavage of the salt. The collective evidence 
for this view is shortly to be presented elsewhere. 

The high velocity at coagulation, viz., 25 x 10° (¢ = 0-050), 
is not unique. Similar high values for univalent salts have been 
recorded with colloidal arsenious sulphide (Freundlich and Zeh; 
Powis; Kruyt and van der Willigen; locc. cit.), and also for oil 
emulsions (Limburg, Dissertation, 1924). Owing to the low 
platinum content, the salting-out effect suggested by Powis has 
in this case little significance; and there is nothing in the records 
to indicate, as suggested by Kruyt and van der Willigen, that 
variations in the dielectric constant of such a weak electrolyte as 
0-005N-sodium chloride would play an interfering part. 

Potassium Cyanide.—The potassium cyanide curve corresponds 
very closely to that of a univalent base. Owing to the very high 
hydrolysis of this salt the result is not surprising. The hydrolysis 
is doubtless increased by the removal of some potassium hydr- 
oxide by the platinum surface, and here we have a rather obvious, 
but extreme case of hydrolytic cleavage. The well-known surface 
activity of the cyanide ion may also play some part. It will be 
noticed that the maximum electrokinetic potential for sodium 
hydroxide (0-120 volt) is not exceeded. 

Ferric Chloride.—Ferric chloride shows a first coagulating 
zone when the negative velocity is decreased to about —12 x 10° 
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cm. per sec., and the sol then remains unstable over a range of 
ferric chloride concentration, but when this reaches 0-00004¥, 
and the velocity becomes + 15 x 10°, the charge is reversed 
and the sol again becomes stable. For higher saline concentration, 
well above 0-004M, the sol behaves as a typical positive sol. The 
existence of an unstable zone and of a negative and a positive 
critical potential are clearly shown by the curve. 

Coagulation Zones.—The shaded portions of the various curves 
represent the coagulation zones, t.e., the concentrations between 
slow and rapid coagulation. It has been usual to distinguish 
between two critical potentials, one for slow and one for rapid 
coagulation, and to assume that, whilst the former may have a 
relatively large value, the latter is approximately zero. The slopes 
of the curves at and near coagulation show that this is not the 
case, but that the potential at rapid coagulation is only slightly 
less than that at slow. This is confirmed by the actual measure- 
ments. The velocity at slow coagulation is obtained in the normal 
manner, the experiment being completed before the particles have 
had time to coalesce; and that at rapid coagulation can also be 
directly measured if the necessary amount of salt, and no more, is 
added. For example, if a sol is made 101 x 10*M with respect 
to barium chloride, an extremely fine but quite definite precipitate 
can be noticed with a magnifying glass. This settles so very 
slowly that its cataphoretic velocity may be measured in the 
normal manner. The final point on the barium chloride curve 
was obtained with such a coagulated sol. The settling cannot 
altogether be neglected, and therefore such values are, if anything, 
a little too low. The fact that such points fall in the continuation 
of the curves brings out the interesting feature, viz., that the 
coagulated agglomerates move with the same velocity (and 
therefore have the same potential) as the individual pavrticles 
immediately before coalescence. 

The Cause of Coagulation.—The recognition of colloid particles 
as great multivalent ions was first emphasised by Billiter (Z. 
physikal. Chem., 1903, 45, 307) and Duclaux (J. Chim. physique, 
1907, 5, 29); but the practical demonstration that colloid systems 
are strong electrolytes is due to the work of Pauli and of Bjerrum 
(Z. physikal, Chem., 1924, 110, 656). In the light of this view, 
the condensed double layer of Helmholtz, Lamb, and Smolu- 
chowski has become replaced by the diffuse double layer or. ionic 
atmosphere of Gouy (J. Physique, 1910, 9, 457) and of Debye and 
Hiickel (loc. cit.). Accordingly, the source of colloid stability 
is the ionisation of the surface ionogens, whose contra-ions (“ gegen- 
ionen ’”’) extend into the solution as an ionic atmosphere. Any 
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increase in the ionic concentration, e.g., on addition of acids to 
acidoid sols, causes an attenuation of the ionic atmosphere, or 
a displacement of the “ electrical centre of gravity ’’ of the contra- 
ions towards the colloid surface. The cataphoretic velocity and 
the electrokinetic potential are accordingly decreased, and at 
some critical value coagulation ensues. If there be no interfering 
reactions, the Debye—Hiickel theory requires that the average 
density of the ionic atmosphere be proportional to the square root 
of the concentration of coagulating ion, and in the simplest cases 
this has been confirmed. With all salts, however, the kationic 
interchange is superimposed on the above relation, and the simple 
linear law does not hold. With univalent bases the production 
of fresh surface ionogens acts in the opposite direction to the effect 
due to the increase in concentration of the contra-ions; hence 
the maximum in the curve. For these cases the complete relation 
between cataphoretic velocity and electrolyte concentration is 
still lacking. The valency rule is also directly interpreted in terms 
of the theory. 

Any decrease in the cataphoretic velocity leading to coagul- 
ation has usually been explained in terms of the ‘‘ adsorption” of 
the oppositely charged ion, but, although this hypothesis has been 
of service, ultimately it will have to be abandoned, for it fails to 
explain even the simplest case, viz., the coagulation of an acidoid 
sol by an acid, the work with platinum (and also with mastic) 
having shown that the colloid particles do not remove (or adsorb) 
any of the coagulating acid. Where other ions, e.g., Ba“, Al”, 
are the active coagulating agents, the more definite explanation in 
terms of ionic interchange is to be preferred. 

In spite of numerous speculations, we have no complete answer 
to the question, ‘‘ Why does coagulation ensue before the colloid 
is completely discharged?” The work with colloidal platinum 
shows that there are no abrupt changes (beyond instability) at 
the coagulation point. This has also been emphasised by Ellis 
and by Powis with oil emulsions. We can only assume that, 
when the ionic atmosphere has been sufficiently attenuated, the 
repulsion which existed when the two particles approached under 
their Brownian movement is no longer sufficient to keep them 
from adhering. The latter effect is probably largely a capillary 
one, and is not solely due to changes in interfacial tension, as is 
often supposed. Perrin’s work with mastic and gamboge, and 
that of Ellis and of Powis with oil emulsions, shows that at coagul- 
ation the droplets do not run together but adhere in clusters. 
Peptisation experiments with platinum are in accord, for on 
addition of sodium hydroxide to a sol which has been coagulated 
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with sodium chloride, peptisation follows readily, and no severe 
treatment is necessary to draw the adhering particles apart. 


Conclusion and Summary. 


Colloidal platinum is a typical hydrophobic acidoid sol. In 
the presence of air, the surface appears to contain oxide and acid 
only. 

The changes in the cataphoretic velocity of the particles have 
been measured in the presence of certain electrolytes. 

The effect of inorganic acids is interpreted as a direct repression 
of the diffuse ionic atmosphere, and the linear relation of Debye 
and Hiickel is found to hold. 

Univalent bases react with the surface oxide to form fresh 
stabilising ionogens, and the cataphoretic velocity accordingly 
passes through a maximum. Bivalent bases show a very weak 
maximum. 

Hydrochloric acid, barium hydroxide, and barium, calcium, 
and ferric chlorides show a critical velocity and critical potential. 

Poor coagulants, such as univalent salts and univalent bases, 
show a maximum in the velocity-concentration curve, and an 
abnormally high velocity (and potential) at coagulation. 

Ferric chloride shows two critical velocities, one negative and 
the other positive. 

The coagulation process in the presence of electrolytes is dis- 
cussed in terms of the results obtained. 


The author wishes to record his indebtedness to the Trustees 
of the Endowment Fund of the Council for Scientific and Industrial 
Research of the Commonwealth of Australia for grants towards 
the purchase of platinum used in this series of investigations. 
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CLXXXVITI.—A Simple Electrically Controlled 
Thermostat. 


By JoHN ARNOLD CRANSTON. 


Tus thermostat is of a type that has been in use for a number of 
years in this laboratory, and as it has certain advantages in respect 
of compactness and economy in use of electric current, a description 
of it seems desirable. 

The vessel (Fig. 1) consists of a glass accumulator jar, 40 x 28 
x 22 cm., of 25 litres capacity; it is divided into two approxi- 
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mately equal portions by a glass plate, H, which is suspended from 
its sides and serves to improve the efficiency of stirring by directing 
the flow of the water from the stirrer into a one-way stream round 
the tank. Water is kept in the vessel to a level some 2 cm. above 
this plate. 

The rear portion of the vessel contains (i) a heating lamp D, 
of the Robertson radiator type consuming 1 amp. at 250 volts, 
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i) a stirrer B, consisting of a monel metal propeller mounted on 
ashaft which is connected to a bicycle hub and driven by an electric 
motor or hot-air engine A, (iii) a thermoregulator C, consisting 
of a bulb with a capillary stem. A piece of platinum wire, sealed 
into the bulb, enables electrical contact to be made with the 
mercury within. A piece of nichrome wire, W (Fig. 2), acts as 
the other terminal of the circuit and makes and breaks contact 
with the surface of the mercury M in the capillary tube. The 
Wire is soldered to the base of the screw S, which is in electrical 
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contact with the lead-in wire LZ. The screw is mounted in 4 
vulcanite cap V, supported by a glass tube G and rubber cork (, 
By means of this screw, contacts may be set to operate at any 
desired temperature. 

The thermoregulator circuit includes a coil of wire # (Fig. 3) 
of the electric-bell type, above which is suspended a piece of soft 
iron attached to the lever arm of a balance; when expansion of 
mercury in the capillary tube closes this circuit, the current flowing 
through the coil attracts the soft iron and so draws the other 
lever arm out of a trough of mercury G, thus breaking the main 
circuit of the heating lamp. The regulator circuit requires a low. 
voltage current, which is obtained by inserting a piece of nichrome 
wire of about 7 ohms resistance in the main circuit driving the 
motor stirrer, and by tapping the current from the ends of this 
wire. A convenient form of resistance is the wireless rheostat. 

If it is desired to maintain the temperature constant for an 
experiment lasting several weeks, and the circumstances are such 
that a single failure in the make-and-break system, with its con- 
sequent rise in temperature, would ruin the experiment, the follow- 
ing precaution can be adopted. A second thermoregulator can 
be inserted in parallel with the first, but set to operate at a 
slightly higher temperature than the desired one. 

Since a continuous flow of electric current is necessary to operate 
the thermoregulator, economy of current is effected by using it 
to drive the motor instead of having a lamp in circuit providing 
useless illumination. 

The electrical connexions are shown diagrammatically in Fig. 
3; an ordinary electrical wall block, 9” x 9’’, is used for mounting 
(i) ali the required terminals, (ii) the make-and-break of the heating 
circuit, (iii) the shunt for the low-voltage current supply, and 
(iv) two condensers of about 0-5 microfarad capacity each. ‘These 
are inserted to minimise the sparks in the two make-and-break 
circuits. 

A test with a Beckmann thermometer showed the variation of 
temperature at 25° to be 0-03°. 


Tate Royat TEcHNIcAL COLLEGE, 
GLasaow. [Received, April 29th, 1930.} 
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CLXXXVIII.—The Constitution of Some Organic 
Derivatives of Thalliwm. 


By Nevit VINCENT SIDGwicK and Lxesiiz Ernest SurTron. 


{HE majority of the -known metallic alcoholates are salt-like sub- 
stances; they are non-volatile, insoluble in organic solvents such as 
benzene, and they often combine with the parent alcohol. Examples 
of this type are the alcoholates of the alkali metals, the alkaline-earth 
metals (Chablay, Compt. rend., 1911, 153, 953; de Forcrand, ibid., 
1912, 154, 1441; Doby, Z. anorg. Chem., 1903, 35, 93), zinc, magnes- 
jum (Tolkatscheff, J. Russ. Phys. Chem. Soc., 1901, 33, 469; 
Szarvasy, Ber., 1897, 30, 806), and lead (Chablay, loc. cit.). Alumin- 
jum is exceptional in that, though its methoxide decomposes on 
heating, its ethoxide melts at 135° and boils at 234—235°/23 mm., 
the propoxide and the amyloxide being similar (Hillyer, Amer. Chem. 
J., 1897, 19, 597; Hillyer and Crooker, ibid., p. 37). With the 
exception of the methoxide these may be regarded as esters of 
aluminic acid and as being analogous to the esters of boric acid. 

Thallous ethoxide belongs to neither of these types; it is a 
colourless oil at room temperature (m. p. —3°) which is miscible 
with benzene, only partially with ethyl alcohol, but has no appreci- 
able vapour pressure at temperatures up to 80°, where it decomposes. 
It is readily decomposed by water or carbon dioxide. The n-prop- 
oxide, the n-butoxide, and the isobutoxide have also been made 
and appear to be of the same type (Lamy, Ann. Chim. Phys., 
1863, 67, 395; 1864, 3, 373; Kahlbaum, Roth, and Siedler, Z. 
anorg. Chem., 1902, 29, 177), but the methoxide and cyclohexanyl- 
oxide (Lamy, loc. cit.; de Forcrand, Compt. rend., 1923, 176, 20) 
are white microcrystalline solids which do not melt, but decompose 
above 110°. The phenoxide (de Forcrand, loc. cit.) and some of the 
substituted phenoxides (Christie and Menzies, J., 1925, 127, 2373) 
are stable white solids which can be recrystallised from water and 
have definite melting-points, but are soluble in benzene (see later), 
while the ethylene glycolate and glycerate (de Forcrand, loc. cit.) 
are yellow crystalline solids. It therefore seemed that some, at least, 
of these alcoholates were covalent, but, from their non-volatility, 
Were associated. 

In the present investigation, the molecular weights of the meth- 
oxide, the ethoxide, the cyclohexanyloxide and the benzyloxide in 
benzene solution were determined at the freezing point, those of the 
methoxide and the ethoxide also being determined in their parent 
alcohols at the boiling points. In addition, the molecular weights 
of several phenoxides and of ethyl thalloacetoacetate were measured 
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in boiling benzene, while finally the solubilities of the ethoxide in 
ethyl alcohol and of the methoxide in methyl alcohol and in 
benzene were determined. 


ExPERIMENTAL. 


Preparation of Materials.—Thallous ethoxide. This was the start. 
ing material for all the thallium derivatives used. Some of it was 
very kindly supplied to us by Dr. R. C. Menzies and more was made 
by Lamy’s method in an apparatus similar to one described to us by 
Dr. Menzies, wherein thallium, rolled into ribbon, was subjected 
to the combined action of boiling, dry ethyl alcohol and dry oxygen. 
The thallous ethoxide dropped into the ethyl alcohol as it was 
formed, being subsequently withdrawn and filtered through a 
plug of cotton-wool into a receptacle. It kept best if a layer of 
alcohol was allowed to remain over it but, in any case, it decomposed 
in time with the formation of a black colloidal precipitate which 
could not be removed by filtration. We found that it could then 
readily be purified by dissolving it in boiling, dry ethyl alcohol, 
filtering the solution and allowing it to cool, and separating the two 
liquid layers. Specimens so purified kept considerably better than 
the crude ones. Ethyl alcohol is soluble in the ethoxide, though 
only to a small extent (Lamy, loc. cit.), so the last traces of it were 
removed from small quantities of ethoxide, as required, by keeping 
them for 24 hours over metallic sodium in a vacuum desiccator. 

Thallous methoxide. This was prepared as described by de 
Forcrand (loc. cit.) by double decomposition between the ethoxide 
and an excess of dry acetone-free methyl alcohol (kindly supplied 
by the Balliol and Trinity College Laboratories). Owing to its 
instability, small quantities were made as required and purified 
by recrystallisation from dry benzene. The time during which 
the filtered solutions were exposed to the air was kept as short 
as possible, and, with care, specimens could be obtained which 
gave very clear benzene solutions in the molecular-weight deter- 
minations. When quite free from methyl alcohol, the methoxide 
was very unstable; these solutions would begin to deposit a black 
precipitate even at 25—30°. 

Thallous methoxide has no melting point; the solid begins to 
decompose above 120°. 

Thallous cyclohexanyloxide. This was prepared in a similar way, 
thallous ethoxide being added to an excess of a dry, ethereal solution 
of cyclohexanol which had twice been distilled in a vacuum to remove 
most of the water in it. It was washed with a small quantity of 
pure dry ether and recrystallised from benzene. It has no melting 
point, but begins to decompose above 110°. 
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Thallous benzyloxide was also prepared in this way, but, owing 
to its greater solubility in ether, the reaction mixture was well 
cooled in a freezing-bath. The product crystallised in colourless 
shining plates, which were filtered off, washed with a small quantity 
of well-cooled ether, and kept over potash. It was finally recrystal- 
lised from ligroin (b. p. 60—80°). The removal of the last traces 
of benzyl alcohol from small samples of this substance was difficult, 
owing to the limited solubility in ligroin of the alcohol and the 
relatively great solubility of the benzyloxide. 

This compound, m. p. 74—78°, has not been previously described. 
It decomposes slowly on keeping, is very sensitive to moisture, and 
is readily soluble in benzene or ether [Found: TI, estimated as 
iodide, (1) 65-9, (2) 65-1. C,H,OT! requires Tl, 65-6%]. 

Dr. T. V. Barker and Mr. R. C. Spiller kindly made a micro- 
crystallographic examination of this substance. The crystals were 
regular octagonal plates which, under crossed Nicols, exhibited 
straight extinction. Normal to the plate was the acute bisectrix 
of a positive biaxial figure with medium axial angle. The system 
was possibly orthorhombic, certainly not cubic, tetragonal, hexagonal 
or rhombohedral. 

Thallous phenoxide, m-tolyloxide, o-methoxyphenoxide, m-methoxy- 
phenoxide, thallous salicylaldehyde, and the thallous derivative of o- 
vanillin. These were all made by double decomposition of the 
ethoxide with an excess of an ethereal solution of the appropriate 
phenol. They were filtered off, washed with ether, and recrystallised 
by solution in either boiling benzene or pyridine and precipitation 
with ligroin (b. p. 60—80°). The m. p.’s of the first five substances 
were higher than those reported by Menzies and Wilkins (J., 1924, 
125, 1148) and Christie and Menzies (loc, cit.), who recrystallised 
them from alcohol or water. 


Thallous phenoxide .................064+ M. p. 233—235° (C. & M, 231—235°) 
na | ee 196° (187°) 
os o-methoxyphenoxide ...... 164° (160°) 
» m-methoxyphenoxide ...... 148° (146—148°) 
9 salicylaldehyde ............... 197° decomp. (186°) 
a GOMER. chibi. iResscvctdets 142° decomp. 


The last compound is new. After purification it was obtained as 
fine yellow crystals which kept well (Found: Tl, determined as 
iodide, 58-2. C,H,0,T! requires Tl, 57-59%); the crude product 
eventually turned brown or black. It was sufficiently soluble in 
boiling benzene for its molecular weight to be determined (thallous 
salicylaldehyde is not). 
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Determination of Molecular Weights in Benzene by the Beckmann 
Freezing-point Method. 

For these determinations the solvent had to be thoroughly dry 
and the solutions had to be protected against wet air during the 
course of the experiments, owing to the ease of hydrolysis of the 
solutes. 

The benzene was purified in the usual manner, by repeated frac- 
tional freezing and by shaking with sulphuric acid. It was dis- 
tilled, in a stream of dry air, into a reservoir from which, by the 
closing of an air by-pass tap, it could be blown direct into the 
Beckmann tube. Throughout the experiment a slow stream of dry 
air was passed. It left the apparatus through the stirrer sleeve, 
which was provided with the usual buffer space to prevent wet air 
being drawn in by the movement of the stirrer. The air appeared 
to be sufficiently saturated with benzene in passing through the 
distilling flask, for no drift of readings, which could be ascribed to 
evaporation of benzene from the Beckmann tube, was observed. 
The efficiency of the apparatus in this form was once tested by 
observing the freezing point of some benzene over a period of 
6 hours. The first and the last reading differed by 0-003°, the 
former being 0-001° above and the latter 0-002° below the mean of 
the whole series. In view of this and the fact that the alcoholates 
gave perfectly clear solutions, the drying was considered satis- 
factory. 

Since the methoxide and the cyclohexanyloxide gave maximum 
lowerings of only 0-08° and 0-05° respectively, considerable care 
was necessary in working with them. Whenever possible, freezing- 
point readings were taken until four successive values differing by 
not more than 0-005° had been obtained, and the mean value taken. 
If greater fluctuations persisted, the mean of six readings was taken. 

We confirmed the observation of Jones and Bury (J., 1925, 127, 
1947) that dry benzene is difficult to supercool, and, moreover, at 
first we experienced difficulty in avoiding caking of the fine benzene 
crystals on the walls of the tube. This occurred less in the case of 
the solutions than with the pure solvent, so the conditions under 
which the “ convergence temperatures ” (Wildermann, Proc. Roy. 
Soc., 1896, 59, 251) were reached were different in the two cases, 
and a zero error resulted. This difficulty was overcome by using 
an air space round the Beckmann tube of at least 8 mm. and by 
supercooling about 1° for all readings. 

The methoxide, ethoxide, or cyclohexanyloxide was introduced 
through the side tube of the Beckmann apparatus, and, after the 
readings had been taken, some of the solution was withdrawn 
through a curved tube which was passed through the side tube, 
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filtered through a plug of cotton-wool, weighed, and then shaken 
with a definite volume of water, which was shown to remove the 
whole of the thallium. The concentration of the solution in the 
Beckmann tube was altered by adding more benzene from the 
reservoir to make it up roughly to its original volume, and the 
cycle of operations repeated. The thallous hydroxide in the 
aqueous layers was titrated with N/50-hydrochloric acid (methyl- 
red indicator) and the concentration of the original benzene solution 
could then be calculated. The benzyloxide was weighed into the 
Beckmann tube. 

The degrees of association of the thallous compounds were cal- 
culated (the cryoscopic constant of the benzene being taken as 53-1 


Fie. 1. 
Association curves in freezing benzene. 
Molecular concentration. 
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from the results of calibration experiments with naphthalene as 
solute) and plotted against the “ simple molecular concentrations,” 
i.e., the quotient of the weight of solute per 100 g. of solvent divided 
by its simple molecular weight. The curves obtained are shown in 
Fig. 1 and the data from which they are constructed are tabulated 
below. The error in the associations of the sparingly soluble sub- 
stances could be expected to be 5%, allowing an error of 0-002° in the 
depression of freezing point and of 0-05 c.c. in the titrations. For 
most points it is actually less. 


Molecular Weights in Benzene, Ethyl and Methyl Alcohols by the 
Cottrell-Washburn Boiling-point Method. 


The apparatus used for the measurements with benzene and ethyl 
alcohol was an adaptation of that described by Cottrell (J. Amer. 
Chem. Soc., 1919, 41, 721; see also Washburn, ibid., p. 729) so designed 
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TaBLeE I. 
G. solute per Simple mol. 
aT, obs. 100 g. solvent. conc. M. Assocn. 
Thallous ethoxide. 
0-3095° 5-90 0-0237 1011 4-06 
0-160 2-92 0-0117 967 3°88 
0-070 1-105 0-00444 837 3-36 
0-379 7-14 0-0287 999 4-01 
0-165 2-905 0-0117 933 3-745 
0-048 0-628 0-00252 694 2-785 
0-924 19-32 0-0776 1108 4-45 
0-690 13-78 0-05535 1058 4-25 
0-396 7-41 : 0-02975 992 3-98 
Thallous methoxide. 
0-076 1-27 0-00540 887 3-775 
0-0385 0-603 0-002565 833 3-545 
0-078 1-335 0-00568 907 3-86 
0-038 0-550 0-00234 767 3-265 
Thallous cyclohexanyloxide. 
0-050 0-869 0-00287 921 3-04 
0-048 0-867 0-00286 957 3-16 
0-040 0-5055 0-00229 670 2-21 
0-050 0-8535 0-002815 905 2-985 
0-037 0-475 0-00157 681 2-245 
0-032 0-4175 0-00138 692 2-283 
0-054 0-872 0-00288 856 2-825 
Thallous benzyloxide. 
0-024 0-416 0-00138 918 2-95 
0-052 0-938 0-00302 956 3-075 
0-119 2-431 0-00782 1083 3-483 
0-043 0-862 0-00277 1062 3-415 
0-118 2-464 0-00793 1170 3°56 
0-235 5-243 0-0169 1183 3-805 
0-183 4-079 0-0131 1181 3-800 
0-379 8-018 0-0258 1121 3-604 
0-658 13-98 0-04495 1126 3-62 
0-142 3-39 0-0109 1265 4-06 
0-369 8-515 0-0274 1223 3-93 
0-538 12-45 0-0405 1226 3°94 


that the solutions could be kept dry. The dry solvent was distilled 
in a stream of dry air into a reservoir from which it could be elevated 
into a burette, as required, by suction, and it could be run out from 
this direct into the actual boiling-point apparatus. A side tube, 
from the outlet, was connected with this so that a positive pressure 
of dry air could be maintained within it, but no stream of air went 
through. The end space of the burette was calibrated in order that 
it could be completely emptied, and risk of solvent slowly leaking 
through the tap, which could not be greased, was thus avoided. 
The actual boiling-point apparatus is shown in Fig. 2. The outer 
Pyrex tube was 5 cm. in diameter at the top, but only 2-5 em. at the 
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There was also a hole through which 
solution could be withdrawn. An inner 
tube, F, 2-5 cm. in diameter, slightly 
constricted at the bottom, was held on 
to the thermometer by means of a cork, 
and the Y-tube G, through which the 
mixture of liquid and vapour rose, 
rested on this constriction and was held 
central by a loop of nickel wire encircling 
the thermometer. The dimensions are 
important, and the diagram is therefore 
drawn to scale. Radiation, etc., was 
prevented by the asbestos jacketing, 
and the burner was shielded from 
draughts by a mica chimney. 

The results of two trial runs with 
ethyl alcohol as solvent and benzil as 
solute are in Table II. The readings 
were steady to 0-001° and it will be 
xen that the method is satisfactory for 
elevations down to 0-02°. 

For the ethoxide, as in the freezing- 
point measurements, successive solu- 
tions were made up in the tube, their 
boiling points were determined, and 
they were then withdrawn and analysed. 
The more stable phenoxides could be 
weighed into measured volumes of 
benzene. 

The ethyl alcohol was first dried with 
quick-lime and then with calcium; the 
benzene was treated as before. 





TaB.e IT. 
dT, G. solute per Ebullioscopic ar, 
obs. 100 g. solvent. const. obs. 
0-021° 0-3805 11-59 0-041° 
0-052 0-9930 11-00 0-069 
0-101 1-920 11-05 0-104 
0-173 3-230 11-25 0-147 
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Fia. 2. 
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bottom, in order to use less liquid. The cork A carried a Beckmann 
thermometer, B, the end of the burette, C, the leads to the spiral 
composition-tubing condenser, D, and the pressure supply tube, E. 
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G. solvent per Ebullioscopic 
100 g. solvent. 


0-764 
1-261 
1-914 
2-735 


const. 
11-27 
11-50 
11-41 
11-29 


Methyl alcohol rapidly attacked the corks in the above simple 
ype of apparatus, so an all-glass apparatus, similar to that of 
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Washburn (loc. cit.), originally designed for use with pyridine, was 
adapted for use with this solvent. ‘The dimensions were essentially 
the same as in the other apparatus, the inner tube fitted into the 
outer one by means of a large ground joint, the thermometer was 
fixed in it by a small piece of rubber tube, and the Y-tube rested on 
two pairs of indentations and was kept central by a loop of wire, as 
before. It had a side tube with a condenser jacket, and the end 
of this was connected with the dry air supply, so that a small pres- 
sure could be maintained within the apparatus. 

The methyl alcohol was supplied by the Balliol and Trinity 
College Laboratories and was dried with aluminium methoxide 
(from aluminium amalgam); the thallous methoxide was freshly 
made, and not recrystallised from benzene. The general procedure 
was like that for the ethoxide, the solutions being poured out 
through a small side tube after the boiling point had been determined. 














Fie. 3. 

Association curve of ethyl thalloacetoacetate in boiling benzene. 
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Molecular concentration. 


The degrees of association are tabulated below, and those for 
ethyl thalloacetoacetate are shown, plotted against simple molecular 


concentration, in Fig. 3. 
TaBLE III. 


Molecular Weights in Ethyl Alcohol. 
G. solute per Simple mol. 


dT,obs. 100 g. solvent. conc. M. Assocn. 
Thallous ethoxide. 

0-140° 13-08 0-0526 1065 4-28 
0-066 515 06-0207 890 3-57 
0-040 2-65 0-0106 755 3-03 
0-113 9-09 0-0365 917 3-685 
0-116 9-79 0-0393 963 3-865 
0-079 6-14 0-0247 887 3°56 
0-039 2-86 0-0115 836 3°36 
0-156 13-69 0-0550 1000 4-02 
0-083 5-63 0-0226 774 3-11 
0-036 2-88 0-0116 912 3-66 
0-018 1-52 0-0061 966 3-88 


(Ebullioscopic constant taken as 11-4, mean value from Table II.) 
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Molecular Weights in Methyl Alcohol. 


Thallous methoxide. 


1-59 0-0068 186-5 
2-043 0-0087 206-5 
1-96 0-0083 281 

2-07 0-0088 230-5 
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0-79 
0-88 
1-20 
0-98 


) (Ebullioscopiec constant taken as 8-9, mean of values in “ Physikalische- 


0-029 
, 0-055 
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0-048 
0-060 


. 0-026 


0-045 
0-080 
0-135 
0-036 
0-055 
0-086 
0-123 


0-032 
0-084 
0-111 
0-053 
0-112 
0-138 


0-041 
ar 0-050 
0-085 


0-055 
0-080 
0-109 
0-254 
0-382 
0-058 
0-086 
0-129 
0-177 
0-209 


3D 








Chemische Tabellen,’’ Landolt-Bérnstein.) 


Molecular Weights in Benzene. 
Thallous phenoxide. 


1-124 0-:00378 1091 
2-226 0-00749 1139 
0-762 0-00257 858 
1-288 0-00434 755 
1-680 0-00566 787 
Thallous o-methoxyphenoxide. 
1-113 0-00340 1223 
1-900 0-00581 1188 
3-650 0-01116 1283 
5-910 0-01840 1232 
1-818 0-00555 1420 
2-672 0-00815 1367 
4-075 0-01243 1333 
5-490 0-01678 1256 
Thallous m-methoxyphenoxide. 
1-504 0-00460 1321 
3-952 0-0121 1321 
5-290 0-0162 1338 
2-400 0-00734 1279 
4:285 0-0131 1076 
5-430 0-0166 1105 
Thallous o-vanillin derivative. 
1-639 0-00463 1124 
2-385 0-00674 1340 
3-565 0-01007 1180 
Ethyl] thalloacetoacetate. 
0-864 0-00259 442 
1-335 0-00401 469 
2-028 0-00610 524 
5-680 0-01705 629 
8-990 0-0270 662 
0-815 0-:00245 395 
1-384 0-00416 451 
2-288 0-00687 498 
3-440 0-01033 546 
4-210 0-01263 566-5 


solute.) 


Solubility Measurements. 


3°67 
3-835 
2-89 
2-54 
2-65 


3-74 
3-63 
3-92 
3°77 
4-34 
4:17 
4-07 
3-84 


4-04 
4-04 
4-09 
3-90 
3-29 
3-375 1 


3°18 
3°78 
3°33 


1-37 
1-41 
1-57 
1-89 
1-99 
1-185 
1-356 
1-495 
1-64 
1-70 


(Ebullioscopic constant taken as 28-14, from calibration with benzil as 


These were made by the usual analytical method, the two phases 
being stirred together for various periods, after which the solutions 
vere withdrawn, filtered, and analysed. All outlets were protected 
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with sulphuric acid tubes, and a mercury-sealed stirrer was used, in 
order to prevent the ingress of moisture. 

The observed solubilities at 25° were : thallous ethoxide in ethyl 
alcohol, 9-108 g. /100 g.; thallous methoxide in methyl alcohol, 
1-703 g./100 g.; thallous methoxide in benzene, 3-16 g./100 g. 

These are the mean values of sets of readings which each included 
one result obtained by saturating for at least 11 hours. 


Discussion of Results. 

Both the aliphatic and the aromatic alcoholates of thallium 
behave in water as salts, and their differences in such properties as 
ease of hydrolysis can be explained by the differing acidities of the 
parent alcohols. They all dissolve in benzene, however, as much 
as covalent compounds could be expected to do, which shows that 
they are covalent in benzene and therefore, presumably, in the solid 
state. In these solutions they are highly associated, fourfold 
association being already complete when the actual concentrations 
(of the polymeride) are only about N/20 in the case of the four 
aliphatic compounds examined and the o- and m-methoxyphenoxides. 
The phenoxide and the o-vanillin derivative, at actual concentrations 
of N /100—N /50, are already associated about three times, but their 
sparing solubility prevents measurements at higher concentrations. 
The ethoxide (but not the benzyloxide) appears to undergo a slow 
further polymerisation in more concentrated solutions. Its complex 
is, moreover, stable in ethy] alcohol, but the methoxide is apparently 
unimolecular in methyl alcohol. Though both of these are more 
soluble in benzene than in their parent alcohols, the difference (at 
25°) is less for the methoxide (benzene, 3-16 g./100 g.; methyl 
alcohol, 1-7:g./100 g.) than for the ethoxide (completely miscible 
with benzene; ethyl alcohol, 9-1 g./100 g.), which is probably 
connected with the difference of molecular states in the alcohols. 
From this it is evident that a fourfold polymeride exists which has 
a very considerable degree of stability and must, therefore, have a 
structure which explains why the alcoholates associate readily up 
to four times, and no further. One possibility is a cubic structure 
(I) and another is an eight-membered ring structure (II) :— 
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In the former structure the thallium, having gained one electron 
from the normal covalency and two from each co-ordinate link, has 
a complete octet 2, 3, 3, this including the two electrons which are 
inert in the normal thallous compounds. The oxygen atoms have 
each formed two co-ordinate links and so have completely shared 
octets as in basic beryllium acetate (Morgan and Bragg, Proc. Roy. 
Soc., 1923, 104, 437; Sidgwick, Nature, 1923, 111, 808). The 
further polymerisation could be accounted for by assuming the 
formation of a co-ordinate link from a thallium atom in one mole- 
cule to one in another. In the ring structure each thallium atom 
has four shared electrons, having gained one by forming a covalency 
and two from the donor link, so it would probably have a shared 
quartet outside the core plus the “ inert pair ’’ (78) (2), 2,2. Each 
oxygen has two ordinary covalencies and one co-ordinate link, as 
in the majority of its co-ordination compounds. Further polymeris- 
ation could occur either by the formation of a double bond between 
one or more pairs of thallium atoms in different molecules, or by the 
formation of a co-ordinate link from oxygen to thallium. 

The main difficulty in the cubic structure is that it would cer- 
tainly be highly strained, though a compound, 


| yOH\ i 
(NH3),;Co<OH—Co(NHs)s | Xz, 
‘OH7 


the existence of which was established by Werner (Ber., 1907, 46, 
4834), would have approximately the same degree of strain per atom, 
if the metallic atoms in each be assumed to have their valencies 
normally at right angles, as is certainly the case for the cobalt and 
possibly for the thallium. If not, the strain would be about twice as 
great as in this other compound. There is, on the other hand, a 
strong @ priori objection to the ring structure inasmuch as no eight- 
membered chelate rings, in the strict sense of the word, are definitely 
known to exist (Sidgwick, ‘‘ Electronic Theory of Valency,” p. 251), 
whereas six-membered chelate rings are very common, and, there- 
fore, if a ring compound were to be formed by polymerisation, we 
should expect it to be a three-fold and not a four-fold complex. 
In both formule we postulated that the thallium should accept 
co-ordinate links, but it is remarkable that it does not appear to do 
this from pyridine or acetone; the thallous phenoxides can be pre- 
tipitated unchanged from pyridine solutions by ligroin, or recrys- 
tallised from acetone. Moreover, the one type of thallous ammine 
reported (Biltz and Stollenwerk, Z. anorg. Chem., 1921, 119, 97) is 
only formed in liquid ammonia. 

Ethyl thalloacetoacetate was found not to be a simple co-ordin- 
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ation compound, but to be completely polymerised to a two-mole- 
cular complex in a solution N/8 in actual concentration. This 
polymeride could be formed in either of two ways. First, by the 
formation of a double bond between the two thallium atoms, which 
was suggested as a way in which the eight-membered ring might 
polymerise; this would be analogous to the readiness of the inert 
pair of electrons to partake in the formation of a completely shared 
octet, which is so marked in lead. 


O—C.H5 , aes yas 
H O H H ¢ O CH, 


VAN V4 \ ff, 
2 2 ir oo ae 
l tox | Iga | 
i WA ‘a hb 4 Ma) Ny 
CH, © 6 cH, CH, 6 GO H 
O-C,H; 


Secondly, co-ordinate links from oxygen to thallium could be 
formed, so that the thallium would be given a mixed octet, as in the 
suggested cubic structure. In fact, the whole similarity of the two 
structures may be taken to support both. Thallous acetylacetonate 
was reported by Kurowski (Ber., 1910, 43, 1078) to be unimolecular 
in ethyl alcohol, but we could not confirm this ; we obtained irregular 
results suggestive, possibly, of alcoholysis. We should expect the 
thallous derivative of o-vanillin to behave in the same way, but 
actually, as previously stated, it appears to be associated largely to 
the four-fold polymeride. 

These results are of interest in their bearing on Sugden’s deduc- 
tions from the parachors of thallium compounds (J., 1929, 316). 
He there claims to have shown that the parachor of thallium in 
ethyl thalloacetoacetate is approximately the same as in dimethyl- 
thalliumbenzoylacetone, whether we assume singlet or duplet 
linkages, and the same as in thallous ethoxide, formate, and acetate, 
if we assume singlet linkages in the first two, and duplet linkages in 
the last three substances. If we assume that no allowance has to 
be made for the tervalency of the oxygen, the eight-membered ring 
structure gives parachor values for thallium practically identical with 
those derived from the unimolecular formula, on either the singlet 
or the duplet link hypothesis (ca. 62 for duplet links, and 85 for 
singlet links). The cubic structure involves parachors for thallium 
of about 48 for duplet links and less than 30 for singlet links. In 
order to derive a parachor value of about 62 from ethyl thallo- 
acetoacetate, which we now know to be bimolecular, we must assume 
that all the thallium linkages (including those uniting the two 
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simple molecules) are singlet links; all other assumptions give 
lower values. Thus, the difficulty of reconciling the various data 
for Py, is that we have to assume that the polymerisation arises from 
the formation of duplet links in the case of the ethoxide and singlet 
links in the case of the acetoacetic ester derivative. 

We should expect that, if the cubic structure were the correct 
one, crystals of the aleoholates would be cubic. From the previously 
mentioned crystallographic examination of the benzylexide (the 
only derivative which gave suitably large crystals) this obviously 
was not so, but the cubic structure is not definitely ruled out as a 
consequence; carbon tetrabromide is cubic above 46-68°, but 
monoclinic below this temperature (Zirngiebl; compare Groth, 
‘“Chemische Krystallographie,”’ Vol. I; [Leipzig, 1906], p. 229). 

Though the structure of the four-molecular complex cannot be 
settled from the available evidence, its stable existence is interesting, 
since it shows that mono-covalent thallium, which could have a 
partially shared quartet (78), 2, 7, 1, or a shared pair outside the 
core plus the inert pair (78) (2), 7, 1 (compare the mercurous ion), 
although it can exist, is very unstable, and this may be correlated 
with the fact that no monoalkyl derivative of thallium has yet 
been isolated. 


We should like to express our thanks to Dr. R. C. Menzies for his 
great kindness in supplying specimens of several thallous compounds 
and for his helpful advice regarding the preparations ; also to Imperial 
Chemical Industries Ltd. for a grant towards the expenses of the 
research. 


Tue Dyson PeRRINS LABORATORY, 
OxFoRD. [Received, May 13th, 1930.] 





CLXXXIX.—The Polysulphides of the Alkali Metals. 
Part I. Sodium (i). 


By Tuomas Gipson PEARSON and Percy Lucock 
ROBINSON. 


In spite of much research, little is definitely known of the poly- 
sulphides of the alkali metals, for none of the earlier work has 
escaped criticism, and, indeed, only the latest work, that of Rule and 
Thomas (J., 1914, 105, 177, 2819; 1917, 111, 1063), has remained 
unchallenged. Two anomalies, typical of many, are that one pub- 
lished equilibrium diagram shows eight and another four compounds ; 
also, that the existence of a series of disodium compounds, described 
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either by Schéne or by Béttger, was contradicted by Bloxam, whose 
tetrasodium enneasulphide, in turn, Rule and Thomas were unable to 
prepare. Moreover, certain standard treatises in English appear to 
have been misled by several mistranslations in abstracts. In 
view of the great diversity of opinion, and as we were interested in 
the individual polysulphides as a possible source of pure persulphides 
of hydrogen (compare Mills and Robinson, J., 1928, 2326), we decided 
that an extensive re-examination of this field was essential. 

The present paper describes a careful‘reinvestigation of all the 
previous work on the polysulphides of sodium, with the exception 
of that of Hugot (Compt. rend., 1899, 129, 388) in liquid ammonia, 
of Kiister and Heberlein on the electrochemistry of aqueous 
polysulphide solutions, and of Sabatier (Ann. Chim. Phys., 1881, 
22, 15) on thermochemical aspects. An endeavour to account for 
previous discrepancies has in great measure been successful. More- 
over, certain other methods of attack have been applied to these 
problems for the first time, particularly (1) the amplification of 
thermal analysis of the system sodium monosulphide-sulphur 
by microscopic methods; (2) the confirmation of the existence of 
di-, tetra-, and penta-sulphides in melts by measurement of the 
loss of sulphur at various temperatures; and (3) the partial study of 
the system sodium monosulphide-sulphur—water—alcohol. 

The conclusions reached are summarised on p. 1496. The 
peculiar stability of sodium tetrasulphide is significant. It appears 
to be readily obtained from solution in both anhydrous and hydrated 
forms and, furthermore, to be the only polysulphide obtainable 
from the hydrosulphide. Trisulphide, on the other hand, appears 
to be formed at 120° but to be completely decomposed into a 
mixture of di- and tetra-sulphides at temperatures far below its 
melting point. It would seem, however, that this stability is an 
inherent property of the molecular type Na,X,, rather than of the 
tetrasulphide itself, since dehydration of the highest hydrates at 
100° produces Na,§,3H,0, Na,S,,2H,O, Na,S;,H,O, and Na,S,, 
and leads to the hydrolysis of pentasulphide. 

Further work, designed to elucidate the structure of these poly- 
sulphides, is in progress. 


EXPERIMENTAL. 


Preparation of Materials Used.—The sodium from Imperial 
Chemical Industries, Ltd., was kept under dry liquid paraffin con- 
taining 1% of amyl alcohol, which is known to preserve a fresh 
metallic surface. Experience enabled the metal to be cut to within 
0-1 g. of the desired weight, thereby reducing oxidation to 4 
minimum. 
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The sulphur was twice recrystallised from carbon disulphide and 
dried for several hours at 100°. 

Absolute alcohol was dried by being twice refluxed. for 3 hours 
over freshly burnt quick-lime and then distilled from the same 
material, with rejection of small head and tail fractions. 

Toluene was dried by refluxing over metallic sodium, then over a 
polysulphide, and distillation from metallic sodium, small head and 
tail fractions being rejected. 

Analytical Methods.—The total sulphur content was determined 
by adding a weighed amount of the polysulphide in aqueous 
solution to 50 c.c. of 10% sodium hydroxide containing 7 c.c. of 
bromine. The solution was gently heated until of a light straw colour, 
whereupon 30 c.c. of hydrochloric acid were added and the whole was 
boiled until colourless. The sulphate was then estimated in the 
usual way with barium chloride. 

The polysulphide sulphur and the sodium were determined 
together on the same weighed sample: (1) a slight excess of 10% 
sulphuric acid was added, and the solution boiled to coagulate the 
precipitated sulphur, which was filtered, thoroughly washed, and 
dried in an electric oven at 70—80°; (2) the filtrate was concentrated 
to a suitable volume, transferred to a platinum dish, evaporated to 
dryness, fused to the sulphate, and weighed. 

Blanks were done on all the reagents used. 

Experimental details are described under the relevant sections. 


I. The Preparation of Polysulphides from Solution. 


(i) The Action of Sulphur on Sodium Monosulphide in. Aqueous 
Alcohol.—Schéne (Pogg. Ann., 1867, 131, 380) dissolved excess of 
sulphur in aqueous sodium monosulphide, evaporated the solution 
to crystallisation in a vacuum, triturated it with alcohol, and cooled 
it in a freezing mixture, obtaining pale yellow plates of hydrated 
sodium tetrasulphide, Na,S,,6H,O. The mother-liquor on being 
chilled after further concentration gave orange-yellow crystalline 
pentasulphide, Na,S,,6H,O. Later, Filhol (Ann. Chim. Phys., 
1873, 28, 529) failed to obtain any polysulphides from sulphur and 
aqueous monosulphide in sealed tubes, but Béttger (Annalen, 1884, 
226, 335) described the formation of four polysulphides, Na,S,,5H,O, 
Na,S,,3H,O, Na,S,,8H,0, and Na,S,,8H,O, by solution of the 
calculated amounts of sulphur in aqueous-alcoholic sodium mono- 
sulphide. These results were criticised by Bloxam (J., 1900, 77, 
753) on the grounds that the alleged polysulphides could not have 
been formed since the sulphur added did not allow for the 
simultaneously formed thiosulphate (compare Chem. News, 1895, 
72, 63), or, alternatively, if formed, the polysulphides would have 
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been contaminated with this thiosulphate, which becomes soluble in 
alcohol in their presence; further, he criticised the absence of data 
as to yield or description of the product, and doubted whether any 
pure polysulphide had been obtained. In consequence, Bloxam 
attempted to prepare them by the action of sulphur on aqueous 
hydrosulphide in a stream of hydrogen sulphide, but obtained only 
an alleged tetrasodium enneasulphide, Na,S,,14H,O (compare 
p. 1483). 

Kiister and Heberlein (Z. anorg. Chem., 1905, 43, 53, 431) found 
that the solubility of sulphur in solutions of the monosulphide 
diminished only slightly with rise in temperature between 0° and 50° 
and depended mainly on the concentration of the monosulphide, 
being at a maximum at 0-063N ; the elements were then present in 
the atomic ratio Na: S = 2: 5-24. They advanced evidence that a 
complex equilibrium rather than definite compounds existed in the 
solutions. They also noted the unique stability of solutions of 
tetrasulphide composition and showed that the polysulphides 
undergo hydrolysis to an extent which diminishes regularly with 
increasing sulphur content. 

It is evident that the formation of a number of polysulphides by 
Béttger’s method was possible, and that the problem could be best 
solved by a phase-rule study of the system monosulphide-sulphur- 
water-alcohol. As a complete investigation was impracticable, 
however, we examined the solid phases separating from a series of 
solutions having a wide range of S : Na ratios at one temperature, 
viz., — 18°-+ 2° (compare Lash Miller and Kenrick, J. Physical 
Chem., 1903, '7, 259). These ratios for corresponding solid and liquid 
phases are plotted in Figs. la and 1b, and indicate unquestionably 
the formation of hydrated forms of di-, tri-, tetra-, and penta- 
sulphide, excluding the possibility of solid solutions. The work of 
Béttger and Schéne is therefore confirmed, although in several cases 
our hydrates differed from theirs ; the new hydrates are : Na.S.,6H,0; 
Na,S,,8H,0; Na,S,,9H,O; and Na,§,,11H,0; Na,S,;,6H,O. To 
these must be added a tetrasulphide which may be either a hepta- 
or a mixture of octa- and hexa-hydrates. Dehydration of these 
materials at 100° led to the formation of Na,8,,2H,O and Na,8,,H,0. 
A more extensive study of these hydrates is being undertaken by 
means of vapour-pressure measurements. 

We therefore dissent from Bloxam (loc. cit.), not only as to the 
formation of these compounds, but also as to their alleged serious 
contamination with thiosulphate and alcohol: with suitable pre- 
cautions only traces of these substances are present. Further, it is 
significant that Biltz and Wilke-Dérfurt (Ber., 1905, 38, 123; Z. 
anorg. Chem., 1906, 48, 297) prepared rubidium and c#sium poly- 
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known composition. One-half of the solution was treated with 
hydrogen sulphide, giving pearly crystals which redissolved as 
saturation proceeded. The addition of the second half of the caustic 
soda immediately produced a nacreous crystalline precipitate which 
disappeared on warming. In this solution the requisite weight of 
sulphur was then dissolved by gentle heating on the water-bath for 
the minimum time. The resulting solutions varied in colour from 
light yellow at the disulphide composition to deep red at the penta- 
sulphide. Within a specific range of composition, between di- and 
tetra-sulphide, a dark-coloured oil separated as a lower layer from 
the bulk of the solution on standing (see below). 

The solutions—separated from the oils where necessary—were 
sampled for analysis and then crystallised in standard freezing 
mixtures of salt and ice (i.e., at — 18° + 2°) except in runs 27 and 
28, in which cooling was effected in ether and solid carbon dioxide 
at about — 60°. In the preliminary experiments, the solutions 
were crystallised completely in one cooling period of several hours, 
but the products generally had complex §S : Na ratios and, as shown 
by subsequent fractional crystallisation, were mixtures formed by 
the successive crystallisation of individual polysulphides. In those 
exceptional cases, however, where large fractions of definite 
stoicheiometric composition were obtained, the first solid phase had 
obviously continued to be formed although metastable to the 
changed liquid, e.g., runs 15, 16,17. In general, therefore, fractions 
of crystals small enough to effect but little alteration in the com- 
position of the solution were removed by filtration, washed first with 
ice-cold absolute alcohol and then with dry ether, exposed to 
phosphoric oxide and paraffin chips in a vacuum desiccator for 20 
minutes, and analysed. Where large fractions were taken the 
resultant liquors were analysed (see footnote to runs 5, 15, 16, 17, 
19, Table I). The results are shown in Table I and Fig. 1a, the 
S/Na ratios being, as elsewhere, atomic ratios. The “ poly- 
sulphide ” sulphur is denoted throughout by (S). 

The red oily liquid separating when the ratio S : Na in the solution 
was between 1-09 and 1-94 proved to be an aqueous polysulphide 
of such high concentration as to suggest that it consisted of molten 
hydrates; moreover, it invariably approximated to the trisulphide 
in composition, ¢.g., when the upper layer had S: Na =: 1-879: 1, 
the lower had the ratio 1-650 : 1. The oils were sampled for analysis, 
cooled to — 7°, and the smallest possible fraction of crystals was 
separated and dried as above. This was extremely difficult, for, 
once started, crystallisation tended to spread rapidly through the 
system. The mother-liquors after filtration were therefore 
frequently analysed to check changes due to the crystallisation 
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TaBLe I, 
Solution. 
iitobaspaes Crystals. 
Water, Alcohol, 

No. Na, g. c.c. e.c. S/Na. Na, %. (S),%. 8,%. S8S/Na. 
] 6 65 25 0-974 20-33 13-83 28-94 1-023 
2 6 65 25 1-007 20-33 14-20 30-00 1-061 
3 6 80 6 1-007 21-68 14-53 30-10 1-021 
4 6 80 6 1-007 24-36 17:39 35-00 1-033 

5 6 80 25 1-087 21-25 13-83 29-50 1-021 
6 6 80 12 1-322 20-51 17-10 29-75 1-042 
7 6 85 25 1-348 19-63 13-26 27-27 1-033 
8 6 65 25 1-383 20-56 16-63 29-36 1-027 
9 3°7 80 75 1-503 21-20 14°31 28-62 0-970 

10 6 80 10 1-561 21-11 14-75 29-62 1-009 

ll 6 6) 25 1-564 21-09 -—- 29-92 1-016 
12 5-6 84 6 1-618 21-23 13-37 29°37 0-994 
13 6 80 7-5 1-602 21-22 13-55 33-53 1-136 
14 6 65 25 1-685 16-10 20-33 -- 1-408 

15 6 80 25 1-689 16-44 31-17 42-67 1-839 

+16 6 85 20 1-680 16-02 32-24 44-16 1-982 

117 § 65 25 1-706 19-58 38-97 53-65 1-970 
18 6 80 10 1-718 15-85 24-77 39-41 1-787 

t19 6 80 25 1-744 16-02 30-82 41-24 1-854 

20 6 ' 65 25 1-744* 15°75 31-65 43°12 1-967 

21 6 65 25 1:744* 15-76 31-58 42-90 1-957 

22 6 65 25 1-744* 165-72 31-54 43°31 1-980 

23 6 80 12 1-946 15-73 36-08 46-22 2-112 

24 6 65 25 1-999 14-75 29-51 42-43 2-068 

25 6 65 35 1:-999* 14-14 29-73 39-14 1-989 

26 6 65 25 1-999* 15-43 31-32 43°36 2-020 

27 6 65 40 1-999* 13-59 28-75 38-06 2-013 

28 6 65 40 1-999* 12-49 25-64 34-10 1-962 

29 6 70 26 2-500 15-61 32-01 42-92 1-976 

30 4 60 15 2-814 15-33 37-59 48-25 2-262 

31 6 65 15 3-011 14-70 40-45 51-15 2-502 

32 6 65 15 3-219 14-68 40-62 51-20 2-506 


* Computed from weight of sulphur added, not by analysis of solution. 
t+ The S/Na ratio in solution after crystallisation in these runs was as 


follows : 
5 15 16 17 19 
ED snsceccun 1-216 1-228 1-144 1-276 1-721 


of too large a fraction. The results are given in Table II and 
Fig. 10. 

The products were tested for the presence of alcohol by distilling 
5g. samples in nitrogen until all volatile matter had been evolved, 
the water condenser finally being thoroughly rinsed into the ice- 
wooled receiver. The distillate was then submitted to Dupré’s 
modification of Thresh’s test [Pharm. J., (3), 9, 408], and the 
quantity of alcohol shown to be less than 0-02% of the original 
trystals. Comparative experiments using the iodoform reaction 
indicated a quantity of the order of 001%. Thiosulphate, produced 
partly by aerial oxidation and partly by solution of sulphur in the 
hydrolysed monosulphide, was invariably present in small quantities 
in the crystals; that due to oxidation could be minimised by 
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TABLE II. 
Oil. 
—— Crystals. 
H,0, Alcohol, - aaa - 
No. Na, g. c.c, c.c, S/Na. Na, %. (S8),% 8%. 8/Na. 
*33 6 80 25 1-279 21-40 14-33 30°29 1-018 
34 6 85 25 1-292 21-08 14-15 29-85 1-018 
35 6 80 25 1-344 22-05 13-80 29-57 0-964 
36 6 80 25 1374 20-03 14-77 29-99 1-076 
37 6 85 25 1-383 20-55 16-00 29-40 1-029 
*38 6 80 25 1-409 22-13 15-05 30-28 0-983 
39 6 80 25 1-499 21-97 19-00 35-21 1-152 
40 6 65 25 1-512 16-19 23°88 34°95 1-548 
*41 6 60 25 1-574 16-25 22-55 34-73 1-536 
42 6 80 25 1-585 16-35 23°20 34-42 1-514 
*43 5-15 60 25 1-650 16-11 22-76 33-74 1-501 
44 6 60 35 1-743 16-02 22-56 33-72 1-513 
45 6 80 25 1-790 17-45 23-34 35°85 1-477 
*46 6 80 25 1-826 16-51 32-25 42-85 1-864 
47 6 65 25 1-870 15°35 31:32 43°85 1-988 
* The S/Na ratio in solution after crystallisation in these runs was : 
a ee 33 38 41 43 46 
TERED ‘Viccdstoes 1-512 1-790 1-620 1-790 1-905 


avoiding access of air to the polysulphides or their solutions, and 
the remainder by dissolving the sulphur as quickly as possible in the 
monosulphide at the lowest convenient temperature, viz., 60°. 
If the first precaution was not observed, 20 minutes’ boiling gave 
in octahydrated tetrasulphide crystals a thiosulphate content of 
2-6—3-0%; by careful exclusion of air, this was reduced to 1-6%, 
and the second precaution reduced this still further to 0-5—1%. 
Properties of the hydrated polysulphides. The disulphide heza- 
hydrate is a cream-coloured, acicularly crystalline compound ; like 
the other hydrated sulphides, it is very soluble in water and less so 
in alcohol, giving clear, light yellow solutions. The mean of the 
analyses of twelve different samples gave: Na, 21-11 +. 0-23; 
(S), 14:51 + 0-33; 8S, 29-79 + 0-23 [Na,S,,6H,O requires Na, 
21-10; (8), 14:68; S, 29-36%]. Two samples when heated at 
100° in a stream of pure hydrogen lost 34-20 and 34-80% of water, 
giving the dihydrate (Na,8,,6H,O requires 4H,O, 33-02%). The 
hexahydrate on heating to 200° could be almost completely de- 
hydrated (Loss: 47-80, 48-50, 48-82. Calce.: 49-54%), but the 
removal of the last trace of water involved loss of hydrogen sulphide. 
The hydrated trisulphide obtained from the oily layer consisted 
of dark yellow lamelle melting at about 25° to a thick, oily, reddish- 
brown liquid. It appeared to be an octahydrate [Found (mean of 
17 analyses on independent preparations): Na, 16-21 + 0-14; 
(S), 23-08 + 0-40; 8, 3403 +0-20. Na,S,,8H,O requires Na, 
16-08; (8), 22-38; 8, 33-57%]. On dehydration at 100° in a stream 
of hydrogen, three samples lost 43-96, 44-92, and 44-49% of water, 
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giving a monohydrate (Na,S,,8H,O requires 7H,O, 44-05%). The 
remaining water cannot be completely removed without considerable 
hydrolysis; e¢.g., at 200° three samples lost 47-94, 48-51, 49-20% 
(Cale. for 8H,O : 50-35%). 

The hydrated tetrasulphides formed golden-yellow, glistening 
plates. The degree of hydration depended upon temperature and 
water concentration of the liquid from which they were crystallised. 
With high water content at low temperatures, two higher hydrates 
were obtained [Found in A: Na, 13-59; (8), 28-75; 8S, 38-05. 
Na,S,,9H,O requires Na, 13-69; (S), 28-58; S, 38-10%. Found in 
B: Na, 12-49; (S), 25-64; S, 34:10. Na,S,,11H,O requires Na, 
12:37; (S), 25°81; S, 34-41%]. When the water content was 
reduced, an octahydrate separated [Found (mean of 8 analyses on 
8 different samples): Na, 14-45 + 0-14; (S), 29-62 + 0-40; S, 
40-78 +. 0-32. Calce.: Na, 14-47; (S), 30-19; 8S, 40-26%]. By 
reducing the proportion of water or raising the temperature, a 
product which might be either a hepta- or mixture of hexa- and 
octa-hydrates was obtained [Found: Na, 15-76; (S), 31-58; §, 
43-24. Calc. for heptahydrate : Na, 15-33; (8), 32-00; S, 42-66%]. 

Dehydration of any of these preparations at 100° gave no evidence 
of lower hydrates, and the whole of the water could be removed at 
140°: thus three separate samples of octahydrate lost 46-35, 
44-92, and 45-67% (Calc. : 45-27%). 

The pentasulphide is an orange-coloured hexahydrate, crystallising 
in minute plates [Found : Na, 14-67; (S), 40-54; S, 51-18. Cale. : 
Na, 14-65; (S), 40-77; 8, 50-96%]. This material obviously 
suffered decomposition by hydrolysis on dehydration even at 100°. 

(ii) The Action of Sulphur on Anhydrous Alcoholic Solutions of 
Sodium Monosulphide.—Solutions of polysulphides have been pre- 
pared by dissolving sulphur in alcoholic solutions of sodium mono- 
sulphide. Through an examination of the solids crystallising from 
solutions varying considerably in the ratio S:Na, it has been 
established that, although unsuitable for preparation of pure 
polysulphides, the method yields di-, tri, tetra-, and probably 
penta-sulphide. There is also some evidence of the existence of 
alcoholates, and this is being investigated by means of vapour- 
pressure measurements. 

Experimental. A solution of sodium (4 g.) in anhydrous alcohol 
was converted to the monosulphide by dividing it into two equal 
portions, saturating one with hydrogen sulphide, gently boiling 
it in a stream of nitrogen to remove excess of gas, and adding it 
to the other. The requisite weight of sulphur was dissolved by 
boiling for the minimum time. The resulting liquids were, after 
analysis, partly crystallised by evaporation in a vacuum at 15°. 
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The small fraction of crystals deposited was quickly collected on 
a Buchner funnel, well pressed, washed with several small quantities 
of anhydrous alcohol, dried by exposure to calcium chloride in a 
vacuum desiccator, and analysed. The results are in Table III. 

The solubility of the polysulphides increased with their sulphur 
content, so that with solutions above the tetrasulphide composition 
the separation of a primary fraction was prevented by crystallisation 
taking place in one stage with the removal of all but the last trace 
of alcohol. These products obviously had the composition of the 
mother-liquor and were therefore examined under the microscope 
without analysis. About the composition Na,§,.,, a large proportion 
of yellow crystals, typical of tetrasulphide, appeared, together with 
some brownish-yellow crystals, characteristic of pentasulphide. 
The light yellow constituent was largely replaced by the darker 
constituent at about the pentasulphide stage, whilst in the hexa- 
sulphide region this replacement was complete, but light yellow 
crystals of sulphur appeared. The products were in every case 
homogeneous microcrystalline polysulphides, uncontaminated by 
thiosulphate, but containing alcohol in such quantities as to indicate 
the presence of alcoholates (compare Rule and Thomas, J., 1914, 
105, 177). The disulphide was golden-yellow, acicular, and micro- 
crystalline; the trisulphide formed dull yellow, tabular crystals; 
the tetrasulphide, dull yellow cubes with an olive-green tinge; 
and the pentasulphide, deep, orange, tabular crystals. 








TABLE III. 
Solu- Crystais. Solu- Crystals. 
tion. §©£._ ————-——_ tion. + ‘ 


S/Na. Na, %.(S),%- 8, %- S/Na.  8/Na. Na, %.(S),%. 8, %. S/Na. 
1:100 40-73 27-69 56-41 0-996 1-675 25-46 45-01 62-80 1-773 
1-250 25-88 37-31 52-91 1-471 1-751 22-04 45-63 61-14 1-994 
1-501 27-41 38-15 57-36 1-505 2-001 26-41 54:00 72-00 1-960 
1-600 27-11 37-36 56-22 1-490 2:150 25-33 53-22 71-87 2-040 

(iii) The Action of Sulphur on Sodium Hydrosulphide—Rule and 
Thomas (ibid.) dissolved various proportions of sulphur in a solution 
of sodium hydrosulphide in anhydrous alcohol and found pure 
tetrasulphide to be formed only with the elements present in the 
calculated ratio. With less sulphur the products were considered 
to be mixtures of tetrasulphide and unchanged hydrosulphide, 
with pentasulphide proportions a mixture of tetrasulphide and 
sulphur resulted, but with more sulphur still there was some 
indication of higher polysulphides in the mixture. These authors 
confirmed their conclusions by estimating the hydrogen sulphide 
evolved during the dissolution of the sulphur. 

We have repeated and confirmed these results, and have extended 
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the experiments to aqueous-alcoholic solutions. This was done 
because the nearly equal solubility of hydrosulphide and tetrasulphide 
in anhydrous alcohol makes it impossible fractionally to separate 
them from this medium. In aqueous alcohol, however, the former 
appears to be definitely less soluble than the latter, and thus it has 
been possible to crystallise tetrasulphide as a late fraction even 
from solutions initially containing only sufficient sulphur to form 
trisulphide. Consequently, it would seem that sodium tetra- 
sulphide is the only product from hydrosulphide over an extended 
range of sulphur concentration. 

Bloxam (loc. cit.) stated that only one definite compound, viz., 
Na,S,,14H,O, could be obtained from solutions of sulphur in aqueous 
hydrosulphide. In an endeavour to obtain such tetrasodium salts, 
we passed hydrogen sulphide through aqueous-alcoholic solutions 
of the hydrosulphide whilst the sulphur was dissolving. Products 
of extremely variable composition were obtained, and only a 
fortuitous choice would have given compounds apparently of the 
type described by Bloxam. If such compounds were actually 
produced, they would have to contain at least 14 molecules of 
water. This high state of hydration is unusual, and the cumulative 
evidence suggests that the materials were miztures of disodium 
compounds. 

Experimental. 6-G. portions of sodium, dissolved in 150-c.c. lots 
of pure dry alcohol, were converted to hydrosulphide by the usual 
process (p. 1478) ; in the gently boiling solutions the required weights 
of sulphur were dissolved, and the solutions were evaporated to 
crystallisation or precipitated with dry ether. In appearance, 
composition, and properties, the products so obtained were identical 
with those described by Rule and Thomas (loc. cit., pp. 179—183), 
tetrasulphide being the only definite polysulphide. The formation 
of disulphide by the action of sodium on the tetrasulphide was also 
confirmed (idem, ibid., pp. 187—-188), and, by a modification of 
these authors’ method, we obtained further support for our results 
by measuring the hydrogen sulphide evolved during the dissolution 
of the sulphur. 

For work in aqueous alcohol, lots of 10-3 g. of sodium were con- 
verted to hydrosulphide in an alcohol—water mixture (120 and 
65 c.c. respectively), and sufficient sulphur was subsequently added 
to give the trisulphide composition. In the first case, the solution. 
after being kept at — 22° for 7 hours, deposited a large mass of plate- 
like crystals [Found: Na, 15-51; (S), 26-59; 8, 36-75%; Na:S= 
1: 1-703]. In a second preparation, the material was fractionally 
crystallised ; the first fraction, produced by cooling to — 15° for one 
hour, was presumably a mixture of tetra- and hydro-sulphides 
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[Found: Na, 15-44; 8S, 41-82%; Na:S = 1: 1-947], whilst a 
second fraction, obtained by cooling to — 22° for 2 hours, and a third, 
by evaporating the mother-liquor to half bulk in a vacuum at room 
temperature followed by cooling to — 30°, were pure tetrasulphide 
[Found: for (ii), Na, 15-62; 8S, 43-64; for (iii), Na, 14-68; §, 
41:00%; Na:S = 1: 2-009, 1 : 2-007]. 

These experiments were modified by passing hydrogen sulphide 
through the liquid during the dissolution of the sulphur, but the 
solids produced on cooling were of indefinite and variable 
composition. 


Il. Preparation of Polysulphides by Dry Methods. 


(i) Reaction between Sulphur and Sodium Carbonate or Hydroxide. 
—Polysulphides have been prepared by the action of sulphur on 
heated metallic oxides, hydroxides, or carbonates. Berthollet 
(Ann. Chim., 1798, 25, 233) believed them to be pure, and ascribed 
the occurrence of sulphate in their solutions to a reaction with water, 
but Gay-Lussac (ibid., 1811, 78, 87) and Vauquelin (Ann. Chim. 
Phys., 1817, 6, 5) contended that it was a primary product, and this 
was confirmed by numerous subsequent workers. Fordos and 
Gelis (Ann. Chim. Phys., 1846, 18, 86) found that a similar reaction 
took place in solution, producing thiosulphate and polysulphide, 
and Rose (Annalen, 1829, 17, 324; 1842, 45, 415, 533) confirmed 
this for potassium carbonate. 

These results assume importance through Friederich’s claim (Met. 
Erz., 1914, 11, 80) to have obtained pure polysulphides by the 
reaction between sulphur and sodium carbonate in carbon dioxide, 
and through his having used them in the investigation of the sodium 
sulphide-sulphur equilibrium (see p. 1489). 

Experimental. 8-21 G. of sulphur and 6-79 g. of anhydrous 
sodium carbonate were heated under nitrogen. Reaction com- 
menced slowly at about 200°, giving thiosulphate and polysulphide. 
At 350° the product contained 11-25% of thiosulphate, less than 
0-05°% of sulphate, and some unchanged material; whilst at 640° 
a loss of 2-85 g., corresponding to the whole of the carbon dioxide 
in the carbonate, was found, and the residue contained 17-70%, of 
sodium sulphate and 4-22°% of sodium sulphite, but no thiosulphate. 

Analogous reactions were observed with sodium hydroxide, but 
similar experiments in boiling aqueous solutions led only to 
thiosulphate and polysulphide. 

(ii) The Action of Sodium on Sulphur.—The preparation of poly- 
sulphides by the action of metallic sodium on molten sulphur has 
been attempted by Jones (J., 1880, 37, 1461), Rosenfeld (Ber., 1891, 
24, 1658), and others. The method is unsatisfactory owing to the 
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violence of the combination and to contamination of the product 
either by silicates from the container or by oxidation. A more 
convenient process, due to Locke and Austell (Amer. J. Sci., 1898, 
20, 592), is to allow the elements to react under toluene. From 
purely qualitative observations of the presence of free sulphur in 
the toluene or of metallic sodium in the product according as the 
added sulphur sufficed for the formation of trisulphide or not, 
these authors conclud@d that no material is obtainable with less 
sulphur than a mixture of tri- with some tetra-sulphide. As these 
results have been generally held by subsequent writers to indicate 
that only trisulphide is produced under these conditions, we have 
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tepeated this work quantitatively. Our findings (see Fig. 2) indicate 
that no compound higher than the trisulphide is produced. Free 
sodium in diminishing quantities is invariably present until this 
‘composition is reached, but not afterwards, provided that the 
reactants have been brought into intimate contact by crushing. 
The reaction is unique in that a polysulphide appears to be the first 
product, for even with a trace of sulphur no white film appears on 
the sodium surface such as might indicate monosulphide—under 
these conditions the metallic surface is partially coated with dis- 
tinctly yellow patches, as though a polysulphide must be formed 
ven at the cost of leaving available surface unattacked. 
Experimental. The required weight of clean metallic sodium was 
melted under 250 c.c. of carefully dried toluene in a 500-c.c. flask 
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fitted with a reflux condenser through which was added a weighed 
quantity of sulphur in 0-5 g. portions. The sodium was immediately 
coated with a yellow coherent film, but the reaction did not become 
vigorous until 1-5 atomic proportions of sulphur had been added, 
whereupon the film burst. The escaping sodium reacted vigorously 
with the dissolved sulphur, and it became necessary to cool the flask 
in water. After each subsequent addition of sulphur, we ground the 
spongy, friable masses with a long glass pestle to free the imprisoned 
sodium. Finally, the toluene was boiled for 20 minutes to complete 
the operation. 

The sulphide was quickly collected on a Buchner funnel, well 
pressed, washed with cold toluene, and heated at 100° for 2 hours 
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under a good vacuum applied through a drying train. With 
material below trisulphide composition, free sulphur was always 
present at this stage. When, however, sulphur equivalent to 
pentasulphide was used, there was a tendency for this element to 
erystallise on the cold filter pad; this was avoided by heating the 
funnel and washing with boiling toluene. The remainder of the 
toluene was removed by cautiously melting the sulphide. The 
products were homogeneous masses of pure sodium sulphides which 
gave clear solutions in water. If, however, insufficient care was 
taken to moderate the reaction in toluene by cooling, carbon to the 
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TasieE IV. 


8, %, in reactants 14-7 24-2 50-0 57-2 60-0 61-3 63-3 64-7 67-8 69-7 

»  inproducts 14-0 25-0 50-1 58-4 60-9 62-0 63:4 63:8 65:7 66-0 

8, %, in reactants 70-6 71-4 73-1 73-7 74-1 74-6 76-2 85-0 91-2 96:8 

»  inproducts 67-2 68-3 66-8 67-8 68-6 68-6 67-6 67-8 67:0 68-1 
(Cale. for Na,8,: 8, 67-6%.) 


(iii) Desulphurisation of the Polysulphides—Rule and Thomas 
(J., 1917, 114, 1063) measured the loss in weight of sodium tetra- 
sulphide when heated in a stream of hydrogen for consecutive 
}-hour periods, the temperature being raised by 50° between each 
period. The results, when plotted as time against composition, 
indicated that the disulphide is the most stable 
polysulphide at high temperatures. Their experi- 
ment was not designed to demonstrate the possible 
existence of lower polysulphides, and indeed, could 
not have done so, for the period of heating at each 
temperature was quite insufficient for equilibrium 
tobe reached. In the experiments outlined below, 
rate of loss of sulphur with changing composition 
has been determined by weighing the sulphur B 
evolved on heating a known quantity of poly- 
sulphide at various fixed temperatures in a stream A 
of nitrogen of constant velocity. The results, 
shown graphically in Fig. 3, indicate the presence 
of di-, tetra-, and penta-sulphides by well-defined 
changes in the rate of loss of sulphur. The ex- 
ceptional stability of the disulphide is here con- 
firmed by the very low gradient. 

Experimental. The apparatus (Fig. 4) consisted \U U 
of an outer vessel, A, 28 cm. long and 32 mm. 
wide, fitted with a lining B provided with a gutter 
at the bottom which served for condensing and 
collecting the sulphur liberated. The annular y 
space between the tubes was closed at the top by 
mbber through which the tube C delivered nitrogen in order to 
prevent sulphur vapour passing between the tubes. A little sulphur 
condensed on the thin glass stirrer (which could not be removed 
during the runs), but this was inappreciable compared with that 
deposited on B. 

10 G. of the polysulphide were weighed into the tube and melted 
by heating the latter to a depth of 14 cm. in a suitable electric 
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1e pro- 


furnace, the temperature of which could be maintained to within 


e finslfio’ of a desired temperature. A weighed condensation tube was 





then pushed into position, and its upper portion cooled by a blast of 
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air. After 15 minutes, it was quickly removed, and replaced by a 
similar weighed tube. The process of weighing and replacing the 
tubes gave the information required. To observe the changes in 
rate of sulphur evolution, however, it was essential for the heating 
to be carefully adjusted. If the temperature was too high, the rapid 
decomposition prevented observation of the change in rate in 
materials of higher sulphur content, and if too low, the rate of 
evolution was impracticably slow. The results, being entirely 





Fia. 5. 
950° T T T T ie, wae. ia 
Na,S, NaS, Nas; Nas, NaS, NaS 
850 F Nas 3 “Nas 9 








SYSTEM 
Na,S-S 


Temperature. 


| FRIEDERICH — 
250 | THOMAS & 
RULE - 


150 4 — i 
40 50 60 70 80 


Sulphur, %. 











dependent upon the size and form of the apparatus, are only relative, 
but a few are given below as specimens (see Fig. 3). 


At 640°. 
Rate of loss of 
S (mg. per 
15 mins.)... 3 7 10 17 22 25 28 52 60 60 60 
S, %, in 
material ... 61-0 64:4 67-0 70-0 71-0 72:0 72-6 73-6 74-2. 75-0 76-0 


At 440°. 
Rate of loss of 8 (mg. 
per 15 mins.)...... 1 1 15 19 #58 65 98 100 100 99 
S, %, in material ... 76-0 76-5 76-9 77-2 77-6 77-8 78-0 78-4 79-0 800 


Ill. The System Sodium Monosulphide—Sulphur. 


This system has been studied by Friederich (loc. cit.) and by 
Rule and Thomas (J., 1917, 114, 1063). Their results, shown 
graphically in Fig. 5, are obviously discordant : the former obtained 
indications of seven compounds from well-defined maxima on the 
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temperature-composition curve, together with an eighth, Na§S,, 
from a hidden maximum, whilst the latter workers had evidence of 
di-, tri-, tetra-, and penta-sulphides, but not of compounds of the 
type Na,S8,. 

Both these researches are open to criticism. Friederich prepared 
the higher polysulphides by heating sodium carbonate and sulphur 
in carbon dioxide, but the material so obtained is invariably con- 
taminated with both sulphite and sulphate, even to the extent of 
20% (see p. 1484). Furthermore, his lower polysulphides, produced 
by dehydrating hydrated monosulphide, must also have contained 
salts of the sulphur oxy-acids. Neither he nor Rule and Thomas 
brought forward any other evidence in support of their deductions 
from arrest temperatures. The extreme depression of some of the 
eutectic points of the latter authors suggests, in the absence of any 
statement as to cooling rates, that these were far too rapid in view of 
the type of material involved. 

We have obtained definite indication of di-, tetra-, and penta- 
sulphides and, apart from its trisulphide region, are in general 
agreement with the diagram of Rule and Thomas; our melting 
points, however, are higher in every case but one, and by as much as 
30°. 

Certain difficulties encountered in our reinvestigation call for 
coment. (1) There was a pronounced tendency to supercooling, 
particularly at certain compositions; e.g., with pure sodium tetra- 
sulphide, this sometimes reached 87°, even with vigorous stirring. 
Traces of moisture aggravated this difficulty, and the intensely 
hygroscopic nature of the material rendered seeding impracticable. 
The only way to overcome it was to take a cooling curve with the 
stirrer constantly scraping the bottom of the containing vessel, 
remelt the contents, allow the temperature to fall slightly below the 
maximum temperature reached in the previous solidification, and 
stir and scrape vigorously. By this means results might be repeated 
to within 5°. At the solidus, supercooling was somewhat reduced 
by causing the stirrer to vibrate rapidly, and when this failed, 
recourse was had to heating curves, since Tammann’s more exact 
method (Z. anorg. Chem., 1905, 45, 24) was inadmissible. 

(2) Molten polysulphides are also characterised by very slow 
rates of crystallisation: a melt of sodium trisulphide composition 
required 7 days to reach even approximate equilibrium at 50° below 
the liquidus temperature. The rates of cooling had, therefore, to 
be kept as low as practicable. 

(3) Again, rapid change in melting points with composition 
between mono- and di-sulphide and above the eutectic Na,S,—Na,S, 
renders it imperative to have precisely known compositions and 
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accurately determined temperatures. The runs were therefore 
repeated several times on each melt, and the mean temperatures of 
commencement and completion of solidification taken as the correct 
ones. 

Experimental. The materials used for these measurements were 
prepared under hot toluene (see p. 1485) ; for those of higher sulphur 
content than the trisulphide, this element was added to the com- 
pound, and for those below this composition sodium was added, 
the mixtures being carefully melted with thorough mixing. 
Although this method was useful down to disulphide composition, 
material with less sulphur than this was difficult to melt in the 
quantities required, owing to the violence of the combination of such 
quantities of free metal with the polysulphide when the reaction 
temperature was reached. In such cases, small quantities of 
sodium were cautiously added to molten disulphide; this procedure 
proved perfectly satisfactory, and it is of interest that monosulphide 
prepared by the method of Rule and Thomas was found to have 
precisely the same melting point. The total weight of material 
obtained from a known amount of sodium served as a useful check on 
the triplicate sulphur and sodium analyses made of the substances 
after solidification. This precaution was particularly useful in 
those cases where segregation occurred. 

Melting, according to the temperature required, was done in 
test tubes of Pyrex glass (25 cm. by 28 mm., and 2 mm. thick) or of 
glazed porcelain (20 cm. by 26 mm., and 3 mm. thick) closed by a 
cork or asbestos stopper which carried a stirrer (3 mm. diameter) 
and a thin-walled thermocouple sheath of glass or porcelain, to- 
gether with a tube for the delivery of nitrogen. The quantity of 
polysulphide used (50 g.) allowed the thermocouple sheath to be 
immersed to a depth of 5 cm. 

The couple used up to 600° was the “‘ chromel-eureka ” 30 S.W.G. 
wire of the Foster Instrument Co., Letchworth, giving one millivolt 
for about 12-5°. This was frequently standardised during the course 
of the work, ice and the boiling points of water, naphthalene, and 
sulphur being the reference temperatures; it proved to be 
remarkably constant in use. For higher temperatures, the usual 
platinum-platinum-rhodium junction was used; it was calibrated 
as above and also at the freezing points of antimony, sodium chloride, 
and silver. In all experiments the cold junction was surrounded by 
melting ice. The potential measurements involved were made 
in a thermocouple potentiometer (“ Laboratory Pattern,” by the 
Cambridge Instrument Co.), reading to 1 microvolt, in conjunction 
with a 500-ohm A. and M. galvanometer which gave a scale de- 
flexion of 11 mm. per 0-01 millivolt. So far as actual temperature 
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measurements were concerned, an accuracy of -+ 0-025° and 
+0-20°, respectively, may be claimed for the base and noble- 
metal couples. Consideration of the concordance between succes- 
sive remelts, however, indicates that the operation of other factors 
reduces these accuracies to -+ 0-5° and -+ 5° respectively. Over 
certain regions covering a large number of melts the actual curve 
certainly represents an accuracy of a much higher order than this in 
the arrest temperature. 

To ensure suitable cooling conditions, a heavily lagged, nichrome- 
wound furnace was made for use over the lower temperature ranges, 
and for the upper ranges this was placed in a sheet-iron canister 
which acted as an air-jacket. The cooling rates employed were 


approximately as follows : 
Seconds per degree at 


~~ 





1000°. 800°. 600°. 400°. 200°. 
Furnace jacketed ...............4+. 1-5 2 3 5 — 
Furnace unjacketed .............+. — — 17 20 40 


At the conclusion of each determination, the tube and its contents 
were allowed to reach room temperature in the furnace, the tube 
was broken, and a portion of the sulphide removed and immediately 
analysed, the remainder being stored in a sealed tube for micro- 
scopic examination. 

The results are set out in Table V. The periods of arrest given in 
cos. 4 and 5 were obtained by plotting cooling curves in the manner 
described by Tammann (Z. anorg. Chem., 1905, 47, 289), but the 
values are only approximate since correction for supercooling 
cannot satisfactorily be applied. From these data, the temperature— 
composition diagram of the system sodium monosulphide—sulphur 
is plotted (Fig. 6). 

The diagram begins at the melting point of sodium monosulphide 
(978°), which appears to be a stable compound under these con- 
ditions. From this point the curve descends steeply until di- 
sulphide proportions are reached, a break at 473-9° and at a com- 
position slightly beyond that of Na,S, indicating that this compound 
is dissociated to some extent at its melting point. The almost 
flat portion between 58-9 and 60-2% supports this view. The 
break at 66-0°%, of sulphur, followed immediately by the flat portion 
to 67-0%, indicates the existence of two immiscible liquids. This 
is borne out by. the steep descent to the eutectic which immediately 
follows. The liquidus curve thus gives no suggestion of sodium 
trisulphide. Following the Na,S,—Na,S, eutectic (232:1°) at 
§8-77°/, of sulphur there is a steady rise to a maximum at tetra- 
sulphide’ composition (compare Rule and Thomas), followed by 
the Na,S,-Na,S; eutectic (249-2°) at 76-4% of sulphur, and finally 








by a slight maximum at the pentasulphide composition. 


decomposition products. 
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This is 
in agreement with the findings of Rule and Thomas, who suggest 
that the melting point of this compound is largely depressed by 


A saturated solid solution of sulphur in 
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pentasulphide appears at 78-5%, of sulphur, as may be deduced 
from the constancy of the melting points (251-2°), from the gradual 
development of a free sulphur arrest point beyond this composition, 
and from the intersection of the composition—arrest period curve 


and the composition axis at this place. 


This agrees with the results 





& © 6b Oo BS «Sas a3 of uaa .t sk; 


—~ 








s is 
zest 


r in 


Minutes. 


luced 
adual 
ition, 
curve 
esults 





THE POLYSULPHIDES OF THE ALKALI METALS. 


S, %. 
41-00 
47-52 
53-80 
54-25 
58-00 
58-25 
58-51 


* §8-75 


60-18 
60-90 
62-04 
62-75 
63-83 


64°35 
64-95 
65-51 
65-71 
66-18 
66-33 
66-55 
66-80 
67-17 
67-60 
67-77 
68-26 
68-39 


68:58 
68-59 


68-77 
68-99 
70-40 
71-99 
73-00 
73°96 
74-40 
75°10 
75°70 
76-40 
76-72 
77-77 
77-92 
78-40 
80-20 
89-90 


94-51 
100-00 


Upper 
arrest. 
*978° 

900 
766 
755 
560 
554 
534 
501 
472-7 
470-6 
457-6 
445 
420 


407-5 
385 
354 
356-4 
350 
349 
353 
353 
343 
330 
321 
285 
275 
250 
247 


236-1 
254-0 
275-0 
284-8 
284-8 
283-5 
267-0 
262-8 


252-2 


TABLE V. 
Time, Time, 
Lower upper lower 
arrest. (mins.).(mins,.). Solid. 
— — 0 NaS 
+450-0° —_< 2 
472-0 — 6 
7465-0 — 8 
475°5 — ll 
472-0 — ll 
474°8 — ll 
+210 10 2 
219 — 3 
oie 5 eked 
210-6 — 10 
#239-0) es ins 
217-2 2°5 16 
299 “ree 
+215 1 16 
219-6 — 18 
28-4 — 19 Na,S; 
226-0 — 17 
219-0 _— —_ 
223-0 — — 
213 — — 
223 — — 
232-1 0 25 
232-1 —_ 25 
228-1 — 12 
217 — S 
~ 19 0 
— 21 0 NaS, 
a3 18 + ee 
249-0 —_— 10 
249-2 — 17 
249-2 — 22 
Las 22 ee 
-— 22 0 NaS; 
111 22 ae 
112 22 — 
107 21 2 
117 8 10 
119 4 20 
119-2 0 35 


* Temperature obtained from heating curve. 
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Fracture. 
Chocolate. 


Light brownish-amber. 
Brownish-amber. 


Red-brown. 
Dark yellow, with brown- 
ish tinge. 


Dark yellow. 


Dark yellow, with faint 
green tinge. 


Dark yellow, with olive- 
green tinge. 


Deep olive-green. 


Yellowish-green. 


Dark yellow. 


Light yellowish-green. 
Grey, with yellow tinge. 


Grey. 
Greyish-yellow. 


+ Severe supercooling. 


of Rule and Thomas and also with those of Kiister and Heberlein 
(loc. cit.) and Jones (loc. cit.). 

It is significant that we disagree entirely with Rule and Thomas 
on that portion of the curve where the upper arrest points are 
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particularly difficult to ascertain, viz., between 64 and 69% of 
sulphur. The step-up in the liquidus line of their diagram between 
their alleged Na,S,-Na,S, eutectic and trisulphide finds ready 
explanation in the prevalence of eutectic supercooling at these 
compositions. Indeed, by neglecting suitable precautions, we 
have been able to repeat very approximately the points recorded by 
these workers. Only by many repetitions, supplemented by careful 
heating curves, was it possible to establish the straightness of the 
eutectic line in this area. Nearer the disulphide it frequently 
failed to appear, or suffered supercooling by as much as 45°—an 
extent which makes it highly improbable that the true eutectic 
temperature could be reached even approximately with so little 
of that material present. It is noteworthy that Biltz and Wilke- 
Dérfurt (Z. anorg. Chem., 1906, 48, 297) experienced so much 
difficulty in the trisulphide regions of the equilibria, CsS—S and 
RbS-S, that in the former case no points are given, and in the 
latter the curve is left discontinuous. 

The appearance in certain melts in the region 65—69% sulphur 
of a small arrest at about 190° may have been due either to a 
transition or to the formation of another compound, possibly the 
trisulphide, only stable below about 200°. This phenomenon is being 
investigated. 

Micro-examination. The ease with which much of the material 
was oxidised, and also its extremely hygroscopic nature, prevented 
the preparation of specimens for micro-examination by the usual 
means. Polishing, although difficult owing to softness and fri- 
ability, was effected on various grades of emery paper under toluene 
or medicinal paraffin, but the polish-etch resulting was insufficient 
to characterise the structures present. Aqueous or ethyl-alcoholic 
reagents destroyed the surface, but a mixture of equal parts of 
amyl alcohol and carbon disulphide gave excellent results on certain 
specimens, notably those between disulphide and the Na,S,—Na,§, 
eutectic and beyond pentasulphide (Plate 1, 6, d, e). As, however, 
the materials were transparent, suitable sections were made by 
mounting them on glass slides with hot Canada balsam and rubbing 
them down under paraffin. Considerable patience was required, 
for only a very small proportion of the attempts were successful, 
and even these failed to realise single-crystal thicknesses or to 
transmit sufficient light for sharp photographic reproduction. 
They were, however, capable of giving a very good idea of the 
nature of the material, particularly if examined with the aid of 
oblique in addition to the normal direct illumination. The etched 
specimens were examined visually with oblique illumination, but 
here again the colour and the nature of the surfaces made successful 

















hur 


the 
sing 


Tial 
ited 


sual 


lene 
ient 
olic 
3 of 
tain 


ver, 
. by 
bing 
red, 
sful, 
r to 
‘ion. 
the 
d of 
shed 
but 
ssful 












L\ Aj 
yy, 
‘AN J 

















(4)—Sodium disulphide 
plhide. 2%, & 
(b)—64-12% Sulphur content. 























(¢)—Sodium tetrasulphide. 


Magnification x 80. 


'To face p. 1194.1 

















PLATE 1 (conid.). 




















(d4)—78-00% Sulphur content. 

















(e)—89:90%, Sulphur content. 





Magnification x 80. 
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photography particularly difficult. In both cases, permanent 
records were made from typical regions by a drawing and painting 
directly from the microscope. These faithful reproductions were 
photographed and appear as Plate 1 with a magnification of 80. 

The monosulphide, m. p. 978° (compare m. p. 970°, Steck, Slavin, 
and Ralston, J. Amer. Chem. Soc., 1929, 51, 3241; m. p. 920°, 
Friederich, loc. cit.), is a reddish-chocolate substance, yellowish in 
section, and possesses the ordinary polygonal grained structure. 
Melts between mono- and di-sulphide showed no evidence of any 
eutectic material, and thus disagree with Friederich’s diagram. 

The disulphide consists of characteristic transparent, light yellow, 
needle-like crystals frequently twinned, with straight extinction. 
The dark lines at the crystal boundaries in the section (Plate 1, a) 
are due to emery powder embedded in the softer eutectic material. 
A similar structure in yellowish-brown appeared in etching with 
carbon disulphide and amyl alcohol. Materials of 64-12% sulphur 
content etched or in section showed needle-like crystals in a ground 
mass (Plate 1, 6), which could barely be resolved under high magni- 
fication on account of the thickness of the sections, but showed 
evidence of pearlitic intergrowths typical of eutectic material. 
This structure was present in proportions increasing with the 
diminution of the acicular constituent in specimens up to the 
Na,S,-Na.S, eutectic. Beyond this, polygonal grains began to 
appear until at tetrasulphide composition the structure revealed 
was that associated with a metal or other homogeneous crystalline 
substance (Plate 1, c). 

As the pentasulphide region was approached, the material became 
increasingly brittle until, at the pure pentasulphide, it was so 
friable that it broke down to a powder of tiny crystals on the 
slightest mechanical shock. This rendered polishing impossible, 
but a surface obtained by letting the melt slowly cool in contact 
with a glass slide showed homogeneous polygonal grains quartered 
with two dark lines across the centre. One specimen of saturated 
solid solution containing 78-00% of sulphur was (after thirty 
attempts) successfully polished and etched (Plate 1, d), and showed 
the cored structure typical of such a constituent. A section (Plate 
1, e) from more tractable material further along the diagram shows 
the same solid solution in the form of spherical masses embedded 
in a matrix of polygonal grains of sulphur. 

Without exception, these results accord well with our reinvestig- 
ation of the thermal analysis, and provide further evidence in- 
validating previous conclusions respecting a trisulphide and 
polysulphides of the tetrasodium type. 








1496 THE POLYSULPHIDES OF THE ALKALI METALS. PART I, 


Summary. 


A critical reinvestigation of the formation and properties of 
sodium polysulphides, amplified by original work, has yielded 
the following results. 

(1) The action of sulphur on aqueous-alcoholic solutions of 
sodium monosulphides gives polysulphide solutions from which 
may be crystallised: Na,S,,6H,O; Na,S;,8H,O; Na,S,,8H,0; 
Na,S,,9H,O; Na,§8,,11H,0; Na,S,,6H,O; and a tetrasulphide 
which may be either Na,S,,7H,O or a mixture of Na,S,,6H,0 
and Na,8,,8H,0. Dehydration of the first two affords Na,S,,2H,0 
and Na,S,,H,O respectively. 

(2) The action of sulphur on anhydrous alcoholic solutions of 
sodium monosulphide, although unsuited for the preparation of pure 
compounds, gives anhydrous di-, tri-, tetra-, and penta-sulphide. 

(3) By dissolution of various proportions of sulphur in alcoholic 
solutions of sodium hydrosulphide, only one pure compound, Na,§,, 
is obtained : 2NaHS + 3S—~+>Na,S, + H,S. With less sulphur the 
products are mixtures of tetrasulphide and unchanged hydrosulphide, 
with pentasulphide proportions a mixture of tetrasulphide and 
sulphur, and with still more sulphur possibly a higher polysulphide. 

(4) The action of metallic sodium on alcoholic solutions of sodium 
tetrasulphide gives only the disulphide. 

(5) Sulphur reacts with sodium carbonate or hydroxide at low 
temperatures or in solution to produce polysulphides and _thio- 
sulphate, and at higher temperatures to give polysulphides, sulphate, 
and a little sulphite. 

(6) Sulphur reacts with molten sodium under toluene to produce 
only the trisulphide. 

(7) By desulphurising the polysulphides of sodium in an atmo- 
sphere of nitrogen at carefully regulated temperatures, changes in 
decomposition velocity indicate the existence of penta-, tetra, 
and di-sulphides. 

(8) A phase-rule study of the system Na,S-S indicates that 
monosulphide is stable at its melting point, 978°; disulphide 
slightly decomposes, as indicated by a hidden maximum at 473-9; 
tetrasulphide is stable at its melting point, 284-8°; a saturated solid 
solution of sulphur in the pentasulphide occurs with material 
containing 78-5°% sulphur ; and finally, that tetrasodium compounds 
are not formed. 

The peculiar stability of the tetrasulphide and the marked 
instability of the trisulphide have been re-affirmed. 
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CXC.—Heterocyclic Systems Containing Selenium. 
Part III. cycloSelenopropane. 


By GitBERT T. MorGan and Francis HEREWARD BURSTALL. 


WHEREAS the interaction of the requisite alkylene dibromide and 
wdium selenide leads readily to the production in good yields of 
cyclic selenohydrocarbons containing five- or six-membered rings 
J, 1929, 1096, 2197), yet trimethylene dibromide and sodium 
xlenide furnish only a small proportion of cycloselenopropane (1), 
the main product being a six-fold polymeride (III) resulting by 
aggregations of simpler four-membered unsaturated radicals, 
(H,°CH,°CH,'Se-. 

cycloSelenopropane (I), a colourless liquid with a more pungent 
odour than those of cycloselenobutane and cycloselenopentane, 
rsembles these selenohydrocarbons in yielding a characteristic 
deep purple di-iodide (II) and a white crystalline mercurichloride, 


(I.) CHC >Se ais CH, <g> Sel, (I1.) 


but differs from the two higher cyclic homologues in its tendency 
o give gummy ill-defined materials. 

The amorphous saponaceous polymeride obtained from these 
gummy residues decomposes on heating, but without elimination 
if selenium, into propylene and the more stable cyclotrimethylene 
liselenide (V). This reaction suggests that at the higher temper- 
ture the polymeride has undergone partial depolymerisation with 
the intermediate formation of cyclohexamethylene 1 : 5-diselenide 
(lV). Dilute nitric acid does not rupture the polymeric complex 
but oxidises its selenium atoms with formation of a nitrate 
(VI), a water-soluble and readily decomposable compound which 
by double decomposition with hydrochloric acid gives rise to the 
corresponding chloride (VII): this is reduced by sodium meta- 
bisulphite to the original polymeride. Hot concentrated nitric acid 
ittacks the polymeride, yielding trimethylenediselenious acid dinitrate 
(VIII), and oxalic acid, the latter compound being in all probability 
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an oxidation product of the malonic acid originally formed by ring 
fission. The dinitrate (VI) is also obtained by oxidation with 
nitric acid of either cyclotrimethylene diselenide (V) or trimethylene- 
diselenocyanate (IX). These two selenium derivatives (V and IX) 
were first isolated by Hagelberg (Ber., 1890, 23, 1090). 

The following series of reactions is completed by the action of 
hydriodic acid on the trimethylenediselenious acid dinitrate, which 
gives rise to dark red trimethylenediseleno-di-iodide (X), also 
obtained by adding iodine to cyclotrimethylene diselenide. 


(1,)C1Se<} oa?) >SeCl,(L,) (VIL) 
(II.) [C,H,Se], < 


~ NOweSe<cHe] >SeNOD (VI) 






(IV.) |s en 


CH,-Se0,H,HNO 
ae ‘Se0,H.HNO, 2"! 


ce ‘Sel 
csc CH, re CH<CH: Sel Li 


\ cH, od ae ‘ CH,*SeCN 
(V.) CH oH be <—_— CH He<CH,: ‘SeCN (IX.) 

Earlier attempts to implicate sulphur in a four-membered hetero- 
cyclic ring resulted in products which are in the main analogous 
with the derivatives now recorded in the case of selenium. 

Grischkevitsch-Trochimovski (J. Russ. Phys. Chem. Soc., 1916, 
48, 880) obtained cyclothiopropane, b. p. 93—94°/752 mm., from 
trimethylene dibromide and sodium sulphite, and this monomeric 
substance was accompanied by a polymeride, m. p. ca. 85°, which 
had previously been obtained by Mansfield (Ber., 1886, 19, 696), 
who assigned to his compound the molecular formula (CjH,),5,. 
Autenrieth and Wolff (Ber., 1899, 32, 1390), by the action of tri- 
methylene dibromide on the disodium derivative of trimethylene 
dimercaptan, prepared cyclohexamethylene-1 : 5-disulphide as 4 
colourless oil. 

EXPERIMENTAL. 

cycloSelenopropane (1).—Freshly distilled trimethylene dibromide 
(40 g.) was added to an alcoholic suspension (350 c.c.) of sodium 
selenide prepared from 24 g. of aluminium selenide, 11 g. of sodium 
and 9 c.c. of water in the presence of hydrogen. The mixture was 
left for some hours at room temperature and the stream of hydrogen 
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maintained to ensure adequate agitation and to prevent aerial 
oxidation. The alcoholic solution, filtered from precipitated sodium 
bromide and yellow gum, was distilled under diminished pressure ; 
the distillate was rectified until a colourless alcoholic solution was 
obtained. This solution was then poured into a large excess of 
water (1000 c.c. of water for each 100 c.c. of alcoholic solution), 
and the aqueous-alcoholic solution repeatedly extracted with 
petroleum (b. p. 40—60°). The petroleum extracts were dried over 
calcium chloride and the solvent distilled; the residue was distilled 
under diminished pressure and finally rectified in a stream of carbon 
dioxide under ordinary pressure. A considerable quantity of the 
oil polymerised to a yellow gum during these distillations. cyclo- 
Selenopropane was thus obtained as a colourless limpid oil of 
exceedingly powerful and penetrating odour. ‘The vapour has an 
irritant effect on the mucous membrane of the nose. It boiled at 
118—119°/779 mm.; nj) 1-5612; d2 1-525; d? 1-510; d#* 1-498; 
di’ 1-484, whence di. = 1-554 — 0-001493¢ (Found: C, 29-2; H, 5-0; 
Se, 65:0. C,H,Se requires C, 29-7; H, 4:95; Se, 653%). The 
selenohydrocarbon was insoluble in water but was miscible in all 
proportions with organic media. cycloSelenopropane was com- 
pictely volatile in the vapours of alcohol or ether and to a small 
extent in the vapours of other volatile solvents. It remained 
unchanged when kept in a cool dark place. Mineral acids caused 
rapid polymerisation of this cyclic selenohydrocarbon. 

cycloSelenipropane 1:1-Di-iodide (II).—Addition of alcoholic 
iodine to an alcoholic solution of cycloselenopropane caused the 
separation of two products. The less soluble material, present in 
larger quantity, a polymerised condition of the di-iodide, formed 
an amorphous purple deposit insoluble in all organic media; it 
softened at 87° and then remained liquid (Found: I, 67-4. 
(Cs;H,I,Se), requires I, 67:7%]. 

The more soluble monomeric di-iodide separated in deep purple, 
hair-like needles, m. p. 98°. Although soluble in acetone, benzene 
or chloroform, this di-iodide dissolved only sparingly in alcohol and 
was insoluble in cold water. It decomposed slowly on exposure to 
light (Found: C,9-8; H, 1-55; Se, 20-4; I,67-9; M, in acetone, 369. 
C3H,L,Se requires C, 9-6; H, 1-6; Se, 21-1; I, 67-7%; M, 375). 

On grinding the foregoing monomeric di-iodide with water and 
silver oxide a colourless neutral solution of the dihydroxide resulted, 
but this soon decomposed with formation of a yellow solid, m. p. 
73—74°. Aqueous sodium metabisulphite reduced the di-iodide 
with difficulty and the presence of cycloselenopropane was detected 
by its odour. A small quantity of yellow polymeride separated 
slowly from solution. 
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cycloSelenopropane mercurichloride, C,H,>Se,HgCl,, separated 
when alcoholic solutions of mercuric chloride and cycloseleno- 
propane were mixed. The white crystalline precipitate, after being 
washed with alcohol and dried over sulphuric acid, decomposed 
at 105° after shrinking at 80° (Found: Hg, 50-8; Cl, 18-4. 
C,H,Cl,SeHg requires Hg, 51-1; Cl, 181%). This mercuri- 
chloride was insoluble in water and organic solvents, but aqueous 
caustic alkalis decomposed it, liberating cycloselenopropane. When 
heated, the mercurichloride gave mercuric selenide and trimethylene 
dichloride. Addition of methyl iodide to an alcoholic solution of 
cycloselenopropane and cautious evaporation of the mixture led to 
the production of a brown oil, from which, however, no crystalline 
methiodide could be isolated. 

The Polymeride (III).—The yellow gum separating from the 
original alcoholic solution of cycloselenopropane was washed with 
water to remove sodium bromide and dissolved in chloroform. 
Evaporation of the dried solution left a deep reddish gum, which 
was extracted with boiling acetone until the extracts were colourless. 
The residual gum then solidified to a pale yellow, soap-like substance, 
m. p. 38—40° [Found: C, 29-7; H, 4-9; Se, 65-0; M, ebullioscopic 
in benzene, 738, 836. C,,.H,,Se, requires C, 29-7; H, 4-95; Se, 
65-3%,; M, 727]. This complex substance was insoluble in water 
or alcohol and sparingly so in acetone, but dissolved readily in 
warm chloroform or benzene. From its solution in the last two 
solvents the halogens precipitated coloured unstable additive 
compounds whereas methyl iodide gave a dark gum. When this 
polyselenide was gently heated, selenium was not eliminated but 
a considerable amount of frothing took place and the evolved gas 
when passed through bromine water furnished propylene dibromide, 
b. p. 140—141° (Found: Br, 78-6. Calc.: Br, 79-15%). The residue 
consisted of cyclotrimethylenediselenide, identified by comparison 
with an authentic specimen made by the general method of 
preparation for these diselenides (v. infra). 

The Nitrate (V1).—Warm 2N-nitric acid dissolved the polymeride 
and deposited on cooling a white microcrystalline nitrate, which 
was washed with 2N-nitric acid (Found: Se, 31-8. C,H,,0,.N,Se 
requires Se, 32:°3%). This nitrate, which dissolved readily in water 
to a strongly acid solution, decomposed slowly with evolution of 
nitrous fumes, leaving a residue of yellow gum; it decomposed 
rapidly at 87°. 

The corresponding chloride (VII) was precipitated when con- 
centrated hydrochloric acid was added to a solution of the foregoing 
nitrate (Found: C, 18-3; H, 3-3; Cl, 36-2. C,H,,Cl,Se, requires 
C, 18-7; H, 3-1; Cl, 36.9%). Although moderately easily soluble 
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in water, this white microcrystalline chloride dissolved only sparingly 
in hydrochloric acid and was insoluble in alcohol or acetone. On 
addition of aqueous sodium metabisulphite to its aqueous solution 
a yellow amorphous precipitate of the polymeride was deposited. 

The gummy iodide was obtained when potassium iodide solution 
was added to a solution of the foregoing nitrate which had been 
neutralised with aqueous sodium acetate. It was sparingly soluble 
in most common organic solvents but could not be obtained in a 
state of purity. It decomposed indefinitely above 100°. 

Hot concentrated nitric acid reacted violently with the poly- 
meride and the resulting clear colourless solution after evaporation 
and cooling deposited oxalic acid, m. p. 100° (Found: C, 18-8; 
H, 4-9. Cale.: C, 19-0; H, 4-8%). 

Trimethylenediselenodi-iodide (X).—After separation of the 
oxalic acid the viscid residue was freed from mineral acid by sodium 
acetate; addition of a concentrated solution of potassium iodide 
then precipitated the brick-red di-iodide arising from the reducing 
action of hydriodic acid on trimethylenediselenious acid. Tri- 
methylenediselenodi-iodide, also obtained by treating a chloroform 
solution of cyclotrimethylene diselenide with iodine, dissolved in 
warm chloroform or benzene but very sparingly in acetone or 
alcchol; it melted to a red liquid at 124° (Found: C, 8-1; H, 1-2; 
Se, 34-5; I, 55-7. C,H,I,Se, requires C, 7-9; H, 1:3; Se, 34:9; 
I, 55-9%). 

Trimethylenediselenocyanate (IX) was readily prepared by 
heating trimethylene dibromide (1 mol.) and potassium selenocyanate 
(2 mols.) in acetone. The dark filtrate from precipitated potassium 
bromide was obtained as an oil which subsequently solidified 
and was obtained in thin colourless prisms, m. p. 53°, by crystal- 
lisation from aqueous acetone. Hagelberg (loc. cit.) gave m. p- 
51° (Found: Se, 62-5. Cale.: Se, 627%). This diselenocyanate, 
which remained undecomposed on keeping, possessed a faint and 
characteristic odour. 

cycloTrimethylene diselenide (V), obtained as a yellow amorphous 
precipitate when air was aspirated through an alcoholic soda solution 
of the foregoing diselenocyanate, was purified by crystallisation 
from acetone or chloroform; m. p. 59°. Hagelberg (loc. cit.) gave 
m. p. 545° (Found: Se, 78-9; M, ebullioscopic in benzene, 225. 
Cale. for CsH,Se,: Se, 791%; M, 200). This diselenide distilled 
undecomposed when heated under diminished pressure. Its 
chloroform solution gave with iodine a red precipitate of tri- 
methylenediselenodi-iodide, m. p. 124° (vide swpra). 

Trimethylenediselenious Acid Dinitrate (VIII).—The foregoing 
seen +e and diselenide both dissolved readily in nitric 
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acid and the concentrated solution deposited a mass of white needles, 
which were recrystallised from nitric acid (Found: Se, 40-2. 
‘C3H190;9N,Se, requires Se, 40-4%). The dinitrate decomposed at 
112°; it dissolved easily in water and this solution when treated 
successively with sodium acetate and potassium iodide gave a 
brick-red precipitate of trimethylenediselenodi-iodide, m. p. 124°. 
CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [Received, May 9th, 1930.] 


CXCI.—Pyrolysis of Diazoamino-p-toluene. 
By Grspert T. Morgan and Leste Percy WA LLs. 


Tue first researches on the pyrolysis of diazoamines were made by 
Heusler (Annalen, 1890, 260, 227), who heated these compounds 
either in sand or in liquid paraffin. Similar experiments on the 
heating of diazoaminobenzene in aniline were subsequently made 
by Hirsch (Ber., 1892, 25, 1973), who recommended this process 
as @ means of obtaining o- and p-aminodiphenyls (0- and p-xenyl- 
amines: D.R.-P. 62309; Friedlinder’s ‘“ Fortschritte,” 3, 36; 
compare Aeschlimann, Lees, McCleland, and Nicklin, J., 1925, 127, 
66). Recent improvements in the technology of diphenyl and its 
derivatives have, however, afforded more direct means of preparing 
these two bases (Jenkins, McCullough, and Booth, Jnd. Eng. Chem., 
1930, 22, 31; Morgan and Walls, J. Soc. Chem. Ind., 1930, 49, 
151). 

The foregoing researches showed that on pyrolysis diazoamino- 
benzene decomposed violently at 150°, evolving nitrogen and yielding 
p-aminoazobenzene, diphenylamine, o- and p-xenylamines, and 
small quantities of aniline, benzene, and diphenyl. To this list of 
pyrogenic products we would now add azobenzene, found in a 
repetition of Hirsch’s experiment. In a comparative study of the 
pyrolysis of diazoamino-p-toluene and diazoamino-p-chloro- 
benzene Heusler found that both evolved nitrogen on heating, 
but he isolated only toluene and chlorobenzene respectively from 
the non-gaseous products of these decompositions, although the 
molecular configuration of the former diazoamine suggests that its 
pyrolysis should result in the production of a certain amount of 
o-aminoditolyl (I). 

Pyrolysis of diazoamino-p-toluene in p-toluidine was attended 
by evolution of nitrogen at 150°, but in other respects the thermal 
changes differed considerably from those observed with diazoamino- 
benzene. Aminoazo-p-toluene and di-p-tolylamine were isolated 
only in small proportions and the total yield of aminoditolyls was 
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about 15% of the amount calculated. Quantitative estimations 
of the more volatile products of pyrolysis showed that toluene was 
the chief non-gaseous constituent and that nitrogen was always 
accompanied by ammonia. 

Colouring matters such as indulines which arise in the pyrolysis 
of diazoaminobenzene were absent in this case. Azo-p-toluene 
was found in appreciable amount and, as this compound and toluene 
are both reduction products of diazoamino-p-toluene, the hydrogen 
required for their production must be sought in the resinification 
of a considerable proportion of the melt. The pitch left after 
extraction of the crystallisable products by petroleum consisted 
largely of acid-soluble resinamines similar to those obtained from 
low-temperature tar (J. Soc. Chem. Ind., 1928, 47, 13217). The 
p-toluidine employed as solvent in the pyrolysis was recovered 
unchanged. 

Isomeric Aminoditolyls—The pyrolytic removal of nitrogen from 
diazoamino-p-toluene may be considered to yield two radicals, 
p-tolyl and p-iminotolyl, the union of which would result in the 
formation of di-p-tolylamine and of an aminoditolyl (I) in which 
the p-tolyl group enters the other ring in the ortho-position with 
respect to nitrogen. 

NH, 


ye Me 

(1.) Mek > } moe (II.) 

7 
Me NH, 

The absence of any free para-position explains the small yield 
of aminoditolyl (compare Jacobsen, Annalen, 1922, 427, 148). 
The main basic product, which has been shown to have this con- 
stitution, is always accompanied by a small proportion of an isomeric 
amine which was first detected by its characteristic hydrochloride. 
Although the amount available of this by-product is too small 
for orientation experiments, it may be formulated provisionally as 
arising from the directive influence of the methyl group acting in 
opposition to that of the imino-residue (II). The constitution 
assigned to the main product, 2-amino-4’ : 5-dimethyldiphenyl (4’ : 5- 
dimethyl-2-xenylamine), was established by its pyrogenic conversion 
into 2 : 6-dimethylcarbazole (V1), a substance which would be a useful 
constitutional guide were it not for the confusion attaching to it in 
the literature. } 

2 : 6-Dimethylcarbazole—Richter’s ‘“‘ Lexicon” records 2: 6- 
dimethylearbazole, m. p. 208—209° (Borsche, Witte, and Bothe, 
Annalen, 1907, 359, 77), and 3: 7-dimethylcearbazole, m. p. 224° 
(Ullmann, Ber., 1898, 31, 1497). The alternative notation suggests 
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a structural identity, but as the disparity in melting points required 
elucidation, we have repeated the two preparations. Ullmann 
transformed hydrazo-p-toluene into the isomeric o-semidine (III), 
the triazole (IV) of which yielded 2 : 6-dimethylearbazole (VI) on 
heating. 


NH. /\ Me . Me 2 Me 
M NH, > M Ne Me 
—_ 
(III) (IV.) a ign {4 
H CH, NH 


C 2 
MeH(’ \C=N-NH/ ) —>MeHC YG 
HC. AB, Me H Be Me Me 
\ 


CH, (VIT.) (VIII.) (VI.) 


The p-tolylhydrazone sale of 161 studied 
by Borsche, Witte, and Bothe loses ammonia to acid and becomes 
converted into a tetrahydrodimethylcarbazole (VIII). The con- 
stitution of this compound is not, however, defined completely by 
its mode of formation, since ring closure might have involved the 
carbon in position 2 of 3-methylcyclohexanone instead of carbon atom 
6. Alternatively both condensations might have occurred con- 
currently with the formation of a mixture of two isomeric tetrahydro- 
carbazoles. However, oxidation of the product led solely to 2 :6- 
dimethylearbazole, m. p. 224°, identical with the two other 
preparations. 

EXPERIMENTAL. 

The diazoamino-p-toluene employed in the following experiments 
had been recrystallised from petroleum (b. p. 60—80°) and was 
in the form of yellow needles, m. p. 118°. 

A preliminary heating of 10 g. of this diazoamine, which had 
been dried in a vacuum, with 25 g. of dry p-toluidine showed a 
slight evolution of nitrogen and ammonia at 120°, but with further 
rise of temperature the rate of gaseous evolution increased until 
at 150° the reaction became violent and exothermic, the temperature 
still rising without external application of heat. By operating 
under 5 mm. pressure, most of the p-toluidine present distilled away ; 
the later fractions had a yellow tint due to azo-p-toluene, whereas 
the first runnings, when shaken with excess of 2N-hydrochloric 
acid to dissolve the base, left a light yellow, neutral oil which 
boiled at 110°, giving a colourless distillate identified as toluene. 

I. Quantitative Estimation of the more Volatile Products of 
Pyrolysis.—(a) Ammonia and toluene. Quantities of diazoamino-p- 
toluene ranging from 5 to 8 g. were heated with three parts of 
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p-toluidine in a 50 c.c. distilling flask connected in series with a 
10 c.c. graduated cylinder and a flask containing a measured 
quantity of N-hydrochloric acid. After the exothermic reaction 
had subsided, the temperature of the melt was raised until p-tolu- 
idine distilled. Heating was then stopped and air blown through 
the liquid to drive off all ammonia and toluene. The former was 
estimated alkalimetrically; the latter was measured directly in 
the graduated cylinder after the p-toluidine had been dissolved in 
2N-hydrochloric acid. Calculated on a g.-mol. weight of diazoamino- 
p-toluene, the proportion of ammonia ranged from 0-31 to 0-35 g., 
whereas the amount of toluene varied from 40-2 to 44-1 g. 

(b) Nitrogen, ammonia and toluene. The foregoing experimental 
details were modified so that the side tube of the graduated cylinder 
was connected with a Schiff nitrometer. One g. of the diazoamine 
in 4 g. of p-toluidine was pyrolysed in a stream of carbon dioxide 
and the evolved permanent gas, collected over aqueous caustic 
potash, was analysed and found to consist solely of nitrogen. 
Hydrogen either free or combined could not be detected. The 
weight of nitrogen from one molecular proportion of diazoamino-p- 
toluene (225 g.) was 25-8 g. 

This experiment was repeated, a much larger amount (4-4 g.) 
of diazoamine being used. A 500 c.c. gas-holder was converted 
into a nitrometer, and a guard-tube, packed with dry paraffin wax 
to remove traces of p-toluidine, was inserted between the graduated 
receiver and the acid flask in which the ammonia was fixed as 
chloride. The toluene and nitrogen were measured directly, the 
ammonia was estimated as chloroplatinate: 225 g. of diazoamine 
furnished 46-5 g. of toluene, 0-31 g. of ammonia, and 26-6 g. of 
nitrogen, these numbers corresponding approximately with the 
molecular ratios of 0-5 C;H,, 0-02 NH, and 0-94 N,. 

II. Less Volatile Products of Pyrolysis —In earlier experiments 
the whole melt was distilled under reduced pressure, but experiente 
showed that a preliminary extraction with petroleum was preferable. 
From two melts made by pyrolysis of 200 g. of diazoamine and 
500 g. of p-toluidine, 482 g. of the base were recovered by dis- 
tillation under reduced pressure, and when the black residue (142 g.) 
was extracted with excess of petroleum (b. p. 60—80°) approxim- 
ately 30 g. of tarry matter remained undissolved. From this 
pitch a considerable amount of acid-soluble resinamine was obtained 
which when applied to wood surfaces from alcoholic solution gave 
a reddish-brown stain similar in appearance to that from the 
resinamines of low-temperature tar. After removal of the solvent a 
dark red residue (110 g.) was distilled under reduced pressure. A 
fraction, b. p. 74°/4 mm., consisted mainly of p-toluidine (22 g.), so the 
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whole of this base originally employed was accounted for in the 
distillates. The less volatile products were now distilled over a 
range 155—170°/4 mm., a bright red semi-solid product (57 g.) 
being obtained, mainly between 162° and 167°. This fraction was 
extracted with excess of warm 0-5N-hydrochloric acid; when the 
brownish-red residue (16 g.) was stirred with 50 c.c. of ether, 9 g. 
of red crystalline azo-p-toluene, m. p. 144° after one crystallisation 
from ligroin, remained undissolved. Removal of solvent from the 
ethereal extract yielded a semi-solid mass which gave from alcohol 
small characteristic red crystals of azo-p-toluene (1 g.) mixed with 
long silky needles. The less soluble azo-p-toluene was removed 
by warming the solution to 40° and filtering it rapidly; on cooling, 
silky yellowish-white needles (3 g.), m. p. 79°, separated from the 
filtrate. This product was identified as di-p-tolylamine and yielded 
a nitrosoamine crystallising from dilute alcohol in yellow needles, 
m. p. 101°. 

6-Amino-3 : 4'-dimethylazobenzene. This substance, the chief 
product in the transformation of diazoamino-p-toluene by con- 
centrated acid, is formed only in small quantity in the pyrolysis. 
Its presence could be detected in the alcoholic di-p-tolylamine- 
azo-p-toluene mother-liquor by a characteristic green coloration 
with concentrated hydrochloric acid. 

In one experiment, however, a larger yield was obtained: the 
distillate from a melt made by pyrolysis of 267 g. of diazoamine 
in p-toluidine left after extraction with hydrochloric acid a dark 
brown residue (27 g.). When dry, this material was lixiviated 
with petroleum (b. p. 80—100°) to yield a red solution which on 
concentration furnished 6 g. of azo-p-toluene. The portion in- 
soluble in petroleum dissolved in alcohol containing hydrochloric 
acid to a dark green solution, which deposited matted yellow needles 
(9 g.), darkening at 160° and melting at 174° (Found: Cl, 13-2, 
13-5. C,,H,;N;,HCl requires Cl, 13-59%). From this hydrochloride, 
which was hydrolysed even by water, aminoazotoluene was liberated 
by warm aqueous alkali; it crystallised from petroleum (b. p. 60— 
80°) in lustrous red needles, m. p. 118° (Found: N, 19-3. C,,H,;N; 
requires N, 18-8%). 

Isomeric Aminoditolyls—The aqueous hydrochloric acid solution 
of primary bases (from 200 g. of diazoamino-p-toluene) deposited on 
cooling 10 g. of a hydrochloride (A) in small, thick, slightly yellow- 
tinted needles. Evaporation of the solution yielded a further 20 g. 
of these crystals. The filtrate on vigorous stirring gave a small 
precipitate of a hydrochloride (B) crystallising in characteristic silky 
needles, darkening on exposure, m. p. 175—177°, and the mother- 
liquor slowly furnished pale yellow, elongated plates (C), m. p. 172°. 
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The products B and C, which were only obtained in small amounts, 
yielded the same acetyl and azo-$-naphthol derivatives. They 
were respectively the anhydrous and the hydrated form of the 
same hydrochloride (Found for B: C, 70-6; H, 7:2; N, 6-0; Cl, 
14-7. C,,H,;N,HCl requires C, 71-9; H, 6-9; N, 6-0; Cl, 15-2. 
Found for C : C, 66-2; H, 7-6; N,6-0; Cl, 13-9. C,,H,,;N,HCl,H,O 
requires C, 66-8; H, 7-2; N, 5-6; Cl, 141%). 

The acetyl compound crystallised from petroleum (b. p. 80—100°) 
or alcohol in colourless lustrous needles, m. p. 169-5—170-5° 
(Found: C, 80-0; H, 7-3; N, 6-1. C,,H,,ON requires C, 80-3; 
H, 7-1; N, 59%). 

The azo-8-naphthol derivative crystallised from benzene, con- 
taining a little alcohol, in scarlet needles, m. p. 188—189-5° (Found : 
C, 81-25; H, 5-9; N, 8-2. C,,H,,ON, requires C, 81:8; H, 5-7; 
N, 8-0%). 

The small proportion of this aminoditolyl isolated did not permit 
of orientation experiments, but the more plentiful hydrochloride 
(A) yielded an isomeric base which was identified as follows :— 

2-Amino-4' : 5-dimethyldiphenyl (4' : 5-dimethyl-2-xenylamine). 
The hydrochloride (A), recrystallised from alcohol containing 
hydrochloric acid, separated in colourless needles, decomp. 216— 
226° (Found: N, 6-1; Cl, 15-0. C,,H,;N,HCl requires N, 6-0; 
Cl, 152%). This salt was readily diazotisable and treatment of 
the diazo-solution with sodium azide furnished an oily triazo- 
compound. The free base boiled at 165—167°/4 mm. 

2-Acetamido-4' : 5-dimethyldiphenyl (acetyl-4’ : 5-dimethyl-2-xenyl- 
amine), prepared by the action of acetic anhydride and anhydrous 
sodium acetate on the foregoing hydrochloride, was only very 
sparingly soluble in water and crystallised from petroleum (b. p. 
80—100°) in rosettes of brittle colourless needles, melting at 104° 
and dissolving readily in alcohol, benzene or chloroform (Found : 
N, 6-0. C,,H,,ON requires N, 5-9%). 

4' : 5-Dimethyldiphenyl-2-azo-B-naphthol (4’ : 5-dimethylxenyl- 
2-azo-8-naphthol) crystallised from benzene, containing a little 
alcohol, in lustrous red needles, m. p. 179-5° (Found: N, 7-95. 
C.4H,,ON, requires N, 80%). This substance was almost insoluble 
in the alcohols, petroleum, chloroform or acetone, but dissolved 
readily in glacial acetic or concentrated sulphuric acid, developing 
with the latter a violet-red coloration. 

III. 2 : 6-Dimethyicarbazole—(1) From 4’ : 5-dimethyl-2-xenylamine. 
This oily base was heated in a hard glass tube in a current of air 
so that the gases passed over glowing quicklime (compare Blank, 
Ber., 1891, 24, 306). An oily distillate (about 60%) was collected 
which rapidly solidified and was freed from a small amount of 
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unchanged primary base by crystallisation from benzene; 2: 6- 
dimethylearbazole then separated as a colourless solid, m. p. 224° 
(Found: C, 85-9; H, 6-55; N, 7-5. C,,H,,N requires C, 86-1; 
H, 6-65; N, 7-2%). 

(2) From azo-p-toluene. This azo-compound was reduced with 
zine and glacial acetic acid to hydrazo-p-toluene, which was trans- 
formed in alcoholic solution with stannous chloride and hydro. 
chloric acid into the stannichloride of the o-semidine, 2-amino- 
4’: 5-dimethyldiphenylamine (Tauber, Ber., 1892, 25, 1023). 
This readily oxidisable base was set free from the tin salt by alkali 
and extracted with ether, and the extract dried over anhydrous 
sodium sulphate. The base obtained after removal of ether crystal- 
lised from petroleum (b. p. 60—80°) in shining leaflets, m. p. 107°. 
Conversion into triazole was best effected by ethyl nitrite in alcoholic 
sulphuric acid; the product precipitated by dilution with water 
crystallised from petroleum in brownish-white plates, m. p. 93°. 
When maintained for some time at 360°, this triazole yielded 2 : 6- 
dimethylcarbazole (Ullmann, loc. cit.), which was purified by 
crystallisation from alcohol (with charcoal) and through its picrate 
(m. p. 162°). 

(3) From 3-methylcyclohexanone and _ p-tolylhydrazine. In 
this synthesis both the racemoid 3-methylcyclohexanone and its 
dextrorotatory component were employed, the latter being obtained 
by hydrolysis of pulegone with sulphuric acid. 

With p-tolylhydrazine the racemoid ketone gave a hydrazone 
liquid at the ordinary temperature, whereas the d-ketone gave a 
solid hydrazone (m. p. about 90°). On ring closure, both hydrazones 
gave a crystalline dimethyltetrahydrocarbazole of m. p. 147° 
(sintering at 135°), although this compound still retains the asym- 
metric carbon atom. In either case Perkin and Plant’s method 
for tetrahydrocarbazole was employed (J., 1921, 119, 1831) in which 
the hydrazone was warmed with five parts of glacial acetic acid. 
A vigorous reaction ensued and the tetrahydro-compound separated ; 
after recrystallisation from alcohol it was dehydrogenated by 
boiling with sulphur in quinoline (Perkin and Plant, J., 1923, 123, 
694). The product was poured into hydrochloric acid, and the 
crude 2 : 6-dimethylcarbazole purified by sublimation with powdered 
iron at 225—240° under 15—20 mm. pressure and by crystallisation 
from benzene. The blue fluorescence in alcohol described by 
Borsche (loc. cit.) is not shown by solutions of the purified carbazole. 

The three preparations of 2 : 6-dimethylcarbazole were shown 
to be identical by their consistent mixed melting points of 224°. 

9-Nitroso-2 : 6-dimethylearbazole was prepared by treating 4 
solution of 0-8 g. of 2: 6-dimethylearbazole in 15 c.c. of glacial 
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acetic acid with a slight excess of sodium nitrite (0-6 g.) in water. 
The solution filled with yellow felted needles, m. p. 113° after 
recrystallisation from spirit. 

The following table gives a comparison of the properties of 
carbazole (m. p. 238°), 2: 6-dimethylcarbazole (m. p. 224°), and 
its 3: 6-isomeride (m. p. 219°) (Tauber and Loewenherz, Ber., 


1891, 24, 1035, 2598). 


2 : 6-Dimethyl- 


3 : 6-Dimethyl- 


Reaction. Carbazole. carbazole. carbazole. 
Picrate M. p. 187° M. p. 162° M. p. 192° 
Sulphuric acid with Blue Yellowish- Yellowish- 

one drop of nitric brown brown 
acid 
Benzoquinone in acetic Magenta, pale Magenta, pale Indigo-blue, 


acid on successive 
treatment with con- 
centrated sulphuric 
acid, water and ether 


red extract 


red extract 


blue flakes 


Isatin in concentrated Indigo-blue Indigo-blue Indigo-blue 
sulphuric acid 

Chromium trioxide in Deep blue Deep blue No coloration 
sulphuric acid 

p-Nitrosophenol in Blue Blue — 
concentrated sulph- 
uric acid 

§-Nitroso-compounds  M. p. 82° M. p. 113° M. p. 106° 

Sulphuric acid with Deep green, Brown-red, _ 
one drop of nitric changed to deepened. 


acid. 

Hydrochloric acid to 
alcoholic solution 
(a); on warming (d) 


blue. 
(a) Red 
ation 
(6) Blue flocks 


color- 


(a) Indistinct 
coloration 
(6) Blue flocks 





CHEMICAL RESEARCH LABORATORY, 


TEDDINGTON, MIDDLESEX. [Received, May 9th, 1930.] 





NOTES. 


The Mechanism of Cyanoacetamide and Cyanoacetic Ester Con- 
densations. A Reply. By JocENDRA CHANDRA BARDHAN. 


A sHorT time ago (J., 1929, 2225) the author discussed Ingold’s 
view (J., 1921, 119, 330) that monoketonic compounds react with 
ethyl cyanoacetate in the enolic form, in the light of the contrary 
observations of Kohler and Corson (J. Amer. Chem. Soc., 1923, 45, 
1975) and of Lapworth and McRae (J., 1922, 121, 2741). Ina 
recent communication (this vol., p. 184) Ingold states that the 
author’s account of his work on the subject is misleading inasmuch 
as his subsequent modified views (J., 1926, 1868) have not been taken 
into consideration. In this later paper Ingold’s references to 
aldol condensation are very brief. Indeed, no mention is made of 
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his earlier work or of the subsequent demonstrations of Kohler, 
Lapworth, and others which are definitely at variance with his 
hypothesis. In these circumstances the omission by the author of 
any reference to this paper was unavoidable. 

The evidence which Ingold brings forward in support of the state. 
ment that in an enolised $-diketone carbon coupling consistently 
occurs at enolic carbon is not conclusive. There can be little doubt 
that in ethoxymethylene-ketones and other «$-unsaturated ketones, 
e.g., mesityl oxide, benzylideneacetone, etc., the ethylenic double 
bond takes part in additive reactions ; but it is not clear to the 
author why similar considerations would hold in the case of enolised 
1 : 3-dicarbonyl compounds where owing to prototropic changes 
the enolic double bond cannot always remain in the «{-position. 
Furthermore, Ingold assumes that in hydroxymethylenecyclo- 
hexanone the direction of enolisation is beyond doubt and carbon 
coupling takes place at the enolic carbon, leading to the formation 
of a quinoline derivative. So far as the author is aware, scarcely 
any work appears to have been done on the constitution of hydroxy- 
methylenecyclohexanone. On general grounds it is, however, quite 
conceivable that equilibrium exists between the hydroxymethylene 
form (I) and the aldo-enolic form (II), especially as the cyclohexane 
ring exhibits a marked tendency to acquire a double bond (compare, 
for instance, Dieckmann, Annalen, 1901, 317, 27; Birch, Kon, and 
Norris, J., 1923, 123, 1368). Consequently the view that in 


a __ cio \G-OH a1) 
/CCE-0H ~_ AQH-CHO /CCHO 


hydroxymethylenecyclohexanone the direction of enolisation is 
fixed cannot be regarded as correct. According to the author's 
view, the preferential formation of the quinoline derivative is 
explicable by the superior activity of the aldehyde group in com- 
parison with the carbonyl. The author’s observations, however, 
are based on only a few instances and therefore it seems desirable to 
postpone discussion until further experiments have been performed. 
—Universiry CoLmtece oF Sorence, Catcurra. [Received, 
May 12th, 1930.] 
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The Preparation of Anhydrous Oxalic Acid. By Eric Ian JOHNSON 
and JAMES Rippick PARTINGTON. 


ANHYDROUS oxalic acid is readily prepared by the following method. 
A mixture of 5 g. of the hydrated acid with 100 c.c. of toluene, pre- 
viously distilled over calcium chloride, is distilled in a wide-necked 
conical flask until about 15 c.c. of liquid remain. The contents of 
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the flask are submitted to filtration and the solid is washed with a 
little dry benzene. It is then kept in a vacuum desiccator over wax 
for12 hours. The product is found by titration to be pure anhydrous 
oxalic acid. A conical flask is used since, during distillation, the 
anhydrous acid separates in small needles adhering to the side of the 
flask which are difficult to remove from an ordinary distilling fiask. 
The method is probably capable of application, with suitable 
distilling liquids, in many other cases and an attempt is being made 
to‘obtain anhydrous periodic acid in this way. A similar method 
using carbon tetrachloride has been described (Adams, “‘ Organic 
Syntheses,”’ 1921, Vol. I, p. 67). Since toluene has a higher boiling 
point than carbon tetrachloride, its use will probably expedite the 
dehydration.—East Lonpon CoLitEcE, Universrry or Lonpon. 


[Received, May 24th, 1930.] 
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CXCII.—A New Isomerism of Halogenohydroxybenzoyl- 
toluic Acids. Part II. 2-(5'-Chloro-2’-hydroxy- 
benzoyl)-5(4 ?)-methylbenzoic Acid. 

By MosvukE HayasulI. 


THe author has already reported (J., 1927, 2516) an isomeric 
change of m-chloro-o-hydroxybenzoyltoluic and m-bromo-o-hydroxy- 
benzoyltoluic acids under the influence of concentrated sulphuric 
acid, and expressed the opinion that this phenomenon could be 
explained on either a stereoisomeric or a structural basis. 

Recent developments in connexion with the stereochemistry of 
diphenyl derivatives have made the stereochemical hypothesis less 
probable, and the further work described in this and the following 
communications affords strong support to the alternative view. 

When 4-methylphthalic anhydride was condensed with p-chloro- 
phenol in acetylene tetrachloride solution in the presence of alumin- 
ium chloride, two chlorohydroxybenzoyltoluic acids, m. p. 239-5— 
240-5° (A) and m. p. 227-5—228-5° (B), were isolated. These 
isomerides were readily interconvertible on treatment with con- 
centrated sulphuric acid, and may have the formule (I) and (II) 
in accordance with the rule which was mentioned in the previous 
paper (loc. cit.): their interconversion may be represented by the 
subjoined scheme. 


OH | 
1 CO, 
(L.) Me —> t ‘Me 
\. “COV 
HO : CO H | : 
cl y 


oon (ie wc CO 84. (II.) 
\c0/ ' 


HO 


This explanation is supported by the fact ai two isomerides 
of 2-(5’-chloro-4’-hydroxybenzoyl)benzoic acid (see the next paper) 
could not be obtained, and by the circumstance that two isomeric 
benzoyltoluic acids can be obtained from 4-methylphthalic anhydride 
and benzene, although in this case the isomerides are not inter- 
convertible (see below). 

It would therefore appear that the chlorohydroxymethylanthra- 
quinone derived from the chlorohydroxybenzoyltoluic acid (A) 


should differ from the chlorohydroxymethylanthraquinone derived 
3F 
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from the chlorohydroxybenzoyltoluic acid (B). The author, how- 
ever, could isolate only one chlorohydroxymethylanthraquinone by 
the dehydration of either acid. This difficulty may be purely 
experimental, only the chlorohydroxymethylanthraquinone which 
was produced in larger relative amount being isolated. It is com- 
paratively easy to purify the anthraquinones derived from halogeno- 
hydroxybenzoyltoluic acids which form equilibrium mixtures in 
concentrated sulphuric acid in which the amounts of the isomeric 
acids are very different, as, for example, 2-(5’-chloro-2’-hydroxy- 
benzoyl)-3(or 6)-methylbenzoic acid or 2-(5'-bromo-2’-hydroxy- 
benzoyl)-3(or 6)-methylbenzoic acid (J., 1927, 2525). On the other 
hand, it is very difficult to purify the anthraquinones derived from 
halogenohydroxybenzoyltoluic acids in the equilibrium mixtures of 
which the proportions of the isomeric acids are comparable, as, for 
example, in the present case. 

There is no available diagnostic reaction which will enable the 
constitutional formule (I) and (II) to be allocated to the individual 
chlorohydroxybenzoyltoluic acids (A) and (B), and the constitution 
of the chlorohydroxymethylanthraquinone derivative, m. p. 214— 
215° (C), obtained from them is also undetermined. But, taking 
into account the influence of the methyl group, it seems probable 
that (A), which was produced in the larger relative amount when 
4-methylphthalic anhydride was condensed with p-chlorophenol, 
is 2-(5’-chloro-2'-hydroxybenzoyl)-5-methylbenzoic acid (1), and (B) is 
2-(5'-chloro-2' -hydroxybenzoyl)-4-methylbenzoic acid (II). The anthra- 
quinone derivative (C) will be 8-chloro-5-hydroxy-2-methylanthra- 
quinone (III), if the assumption is made that it originated from (A), 
which is the isomeride present in the larger relative amount in 
concentrated sulphuric acid solution. 

By analogy the author proposes the following corrections of the 
interpretations given in the previous paper (loc. cit.) : 


Original. Corrected. 
B-5’-Chloro-2’-hydroxy-2-benzoy]- 2-(5’-Chloro-2’-hydroxybenzoy])- 
m-toluic acid 3(or 6)-methylbenzoic acid 
a-5’-Chloro-2’-hydroxy-2-benzoyl- 2-(5’-Chloro-2’-hydroxybenzoy]l)- 
m-toluic acid 6(or 3)-methylbenzoic agid 
Chlorohydroxymethylanthraquinone 8-Chloro-5-hydroxy-1(or 4}-methyl- 
anthraquinone 
£-5’-Bromo-2’-hydroxy-2-benzoyl- 2-(5’-Bromo-2’-hydroxybenzoy]l)- 
m-toluic acid 3(or 6)-methylbenzoic acid 
a-5’-Bromo-2’-hydroxy-2-benzoyl- 2-(5’-Bromo-2’-hydroxybenzoyl)- 
m-toluic acid 6(or 3)-methylbenzoic acid 
Bromohydroxymethylanthraquinone 8-Bromo-5-hydroxy-1(or 4)-methyl- 
anthraquinone 


In Part I (loc. cit.), it was pointed out that «-substituted phthalic 
anhydrides usually condense with phenol and its ethers through 
the carbonyl group adjacent to the substituent, but as a result of 
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the present and cognate investigations the author is not convinced 
that this generalisation applies to methylphthalic anhydride and it 
is proposed to continue the investigation relating to this point. 
When 4-methylphthalic anhydride. was condensed with benzene 
in the presence of aluminium chloride, two benzoyltoluic acids 
were obtained, m. p. 150—150-5° (D) and m. p. 145—145-5° (BE), 


. and these, which may have the formule (IV) and (V), yielded 
: 2-methylanthraquinone on dehydration. Attributing an influence 
x to the methyl group along the usual lines, it seems probable that 
" the benzoyltoluic acid (D) is 2-benzoyl-5-methylbenzoic acid (IV) 
i and the benzoyltoluic acid (E) is 2-benzoyl-4-methylbenzoic acid (V). 
Of (D) and (E) remained unaltered on being treated with concentrated 
a sulphuric acid at room temperature. 

CO 
£| OOO" O20" Cr 
al 
on 
pte (III.) (IV.) (V.) 
ng 
le ExPERIMENTAL. 
we Preparation of 4-Methylphthalic Anhydride.—Methyl 4-nitro-m- 
a > toluate was obtained (yield, ca. 90%) by an application of the 
ti method of Jiirgens for methyl 2-nitro-m-toluate (Ber., 1907, 40, 


4411; also compare Miller, Ber., 1909, 42, 431, 434). 
ee The ester was dissolved in methyl alcohol (4 vols.), mixed with 
A); | tin foil; and concentrated hydrochloric acid (d 1:19; 3-4 vols.) was 
gradually added with frequent shaking, the temperature being 
maintained below 10°. When the reaction had finished, the mix- 
ture was treated with an excess of sodium hydroxide and the base 
isolated by means of ether (yield, 65—92%). This substance after 
several crystallisations from aqueous alcohol had m. p. 62—62-5° 
(compare Jiirgens, loc. cit.) (Found: C, 65-4; H, 69; N, 8-8. 
Cale. for C,H,,0,.N: C, 65-4; H, 6-7; N, 85%). It is easily 
soluble in alcohol, acetone, benzene or ether, but is sparingly soluble 
in light petroleum (compare Panaotovic, J. pr. Chem., 1886, 33, 69). 
)- A solution of sodium nitrite (14 g.) in water (50 c.c.) was gradually 
y added with frequent shaking to an ice-cooled aqueous solution 
(water, 150 c.c.) of methyl 4-amino-m-toluate (30 g.) and concen- 
thyl- | trated hydrochloric acid (d 1-19; 32-4 c.c.). The filtered, pale 
_ | yellow solution, cooled with ice, was added to a well-agitated 
thali¢ | potassium cuprous cyanide solution, maintained at 40—50°; the 
rough | mixture was then boiled for about 15 minutes. The product was 
alt of | isolated by means of ether and obtained as an orange-coloured 
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substance (19-6 g., 61-5%), m. p. 55-5—59-5°. The methyl 4-cyano- 
m-toluate crystallised from light petroleum (charcoal) in colourless 
needles, m. p. 60—60-5° (Found: C, 68-5; H, 5-35; N, 8-3. 
C,oH,O,N requires C, 68-5; H, 5-2; N,8-0%). It is easily soluble 
in benzene, acetone, chloroform, alcohol, or ether, but sparingly 
soluble in cold light petroleum. 

Methyl 4-cyano-m-toluate (m. p. 59—60-5°; 158 g.) was refluxed 
with 20% hydrochloric acid (1580 c.c.) for about 5 hours; the 
4-methylphthalic acid which crystallised was collected, and a 
further quantity was obtained from the filtrate. The acid was 
distilled under diminished pressure without further purification and 
crude 4-methylphthalic anhydride was thus obtained in 915% 
yield (138 g.); this was dissolved in benzene and washed with 1% 
sodium carbonate solution, and the distillation repeated, b. p. 155— 
160°/9 mm. Fractional crystallisation from benzene gave methyl- 
phthalic anhydride (96 g., 64%), m. p. 91—92° (compare Niemen- 
towski, Monatsh., 1891, 12, 626), and an unidentified substance 
(7 g.), m. p. 110—195° (Found: C, 66-9; H, 3-85. Cale. for 
C,H,O,: C, 66-7; H, 3:7%). 

Condensation of 4-Methylphthalic Anhydride with p-Chlorophenol.— 
Powdered aluminium chloride (12-5 g.) was gradually added with 
frequent shaking to a solution of 4-methylphthalic anhydride (5 g. ; 
m. p. 91-5—92°) and p-chlorophenol (5 g.) in acetylene tetrachloride 
(25 c.c.); when the violent reaction subsided, the mixture was 
heated at 120—130° until the evolution of hydrogen chloride had 
almost ceased (3—4} hours). The product was cooled, mixed with 
ice-water, and, after the addition of an excess of hydrochloric acid, 
distilled in steam to remove acetylene tetrachloride. The solid 
residue was extracted several times with boiling aqueous ammonia; 
crude 2-(5’-chloro-2’-hydroxybenzoyl)-5(or 4)-methylbenzoic acid 
(7 g.), m. p. 202—203°, was obtained from the soluble portion, and 
a substance (0-8 g.), m. p. 193—196°, from the residue. The latter 
was crystallised from benzene, isobutyl alcohol, and glacial acetic 
acid, and proved to be identical with 8-chloro-5-hydroxy-2(or 3)- 
methylanthraquinone, which was obtained from 2-(5’-chloro-2’- 
hydroxybenzoyl)-5(or 4)- or -4(or 5)-methylbenzoic acid, by the 
mixed melting-point method. The acid fraction, on crystallising 
several times from alcohol, furnished two substances, the less 
soluble (2-7 g.) having m. p. 220—232°, and the more soluble (1-8 g.) 
having m. p. 223—226°. 

2-(5'-Chloro-2'-hydroxybenzoyl)-5(or 4)-methylbenzoic Acid (A).— 
The material, m. p. 220—232°, was recrystallised several times from 
alcohol and obtained in faintly yellow, microscopic crystals, m. p. 
239-5—240-5° (Found: ©, 62-0; H, 3-8; Cl, 12-1. C,;H,,0,Cl 
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requires C, 61-95; H, 3-8; Cl, 12-2%). This acid is easily soluble 
in acetone or in hot alcohol or hot glacial acetic acid; it dissolves 
appreciably in benzene and is very sparingly soluble in light petrol- 
eum. Its solution in concentrated sulphuric acid is at first yellow, 
but soon becomes deep red; the alkaline solutions also have a 
yellow colour. An alcoholic solution of this acid exhibits two 
absorption bands with heads at 4 3330 and 2790 A. respectively. 
2-(5'-Chloro-2'-hydroxybenzoyl)-4(or 5)-methylbenzoic Acid (B).— 
The further crystallisation of the fraction, m. p. 223—226° (see 
above), from alcohol gave colourless microscopic cubes, m. p. 
227-5—228-5° (Found: C, 62:1; H, 38; Cl, 12-0. C15H,0,C1 
requires C, 61-95; H, 3-8; Cl, 122%). This acid has properties 
similar to those of the isomeride (A); its alcoholic solution exhibits 
two absorption bands with heads at 4 3330 and 2780 A. respectively. 
A solution ,of 2-(5’-chloro-2’-hydroxybenzoyl)-5(or 4)-methyl- 
benzoic acid (A) (0-5 g.) in sulphuric acid (3 c.c., 100%) was kept at 
room temperature for about 17 hours. When the product was 
poured into ice-water, a sticky precipitate separated; after being 
washed, this was completely soluble in aqueous sodium carbonate. 
The sticky but almost colourless acid which was recovered on 
acidification with hydrochloric acid crystallised on being warmed 
for a few minutes in contact with the solvent; the crude mixture 
melted at 215—230°. On crystallisation from alcohol, two forms 
were ultimately separated. The less soluble fractions (0-36 g.) 
melted at 237—239°, and at 238—240° when mixed with a specimen 
of [2-(5’-chloro-2’-hydroxybenzoyl)-5(or 4)-methylbenzoic acid (A). 
The more soluble fractions (0-005 g.) melted at 218—223°, and at 
218—225° when mixed with a specimen of 2-(5’-chloro-2’-hydroxy- 
benzoyl)-4(or 5)-methylbenzoic acid (B). 
2-(5’-Chloro-2’-hydroxybenzoyl)-4(or 5)-methylbenzoic acid (B) 
(0-5 g.) was treated with sulphuric acid (100%, 3 c.c.) under the 
same conditions as the isomeride, and the separation of the products 
was carried out as before. The less soluble fractions (0-13 g.) 
melted at 237—239°, and at 238—239° when mixed with a specimen 
of (A). The more soluble fractions (0-05 g.) melted at 223—225°, 
and at 224—226° when mixed with a specimen of (B). 
8-Chloro-5-hydroxy-2-(or 3)-methylanthraquinone (C).—A mixture 
of chlorohydroxybenzoyltoluic acid (A) or (B) and sulphuric acid 
(100°, 6 parts by volume) was heated on the steam-bath for 4 hour, 
cooled, and added to ice-water and the solid was collected and 
washed with an excess of dilute aqueous sodium carbonate. The 
yellow crystalline powder (yield, 75%) had m. p. 195—197°, and 
was many times recrystallised from benzene (charcoal) and ultim- 
ately obtained in orange-yellow plates, m. p. 214—215° (Found : 
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C, 66-1; H, 3-45; Cl, 13-0. C,;H,O,Cl requires C, 66-05; H, 3-3; 
Cl, 13-0%). The substance is easily soluble in benzene or acetone 
and moderately readily soluble in glacial acetic acid, alcohol, or 
isobutyl] alcohol when these solvents are hot ; it dissolves appreciably 
in benzene or acetone and is sparingly soluble in glacial acetic acid, 
alcohol or isobutyl alcohol when these solvents are cold. It dis- 
solves to some extent in light petroleum. The crystals become red 
in contact with dilute aqueous caustic alkali, but very little passes 
into solution. The solution in concentrated sulphuric acid is deep 
red. The ultra-violet absorption curve of an alcoholic solution of 
this substance shows three bands with heads at 4 4100, 3330 and 
2610 A. 

Attempts to isolate other substances from the mother-liquor 
from which §8-chloro-5-hydroxy-2(or 3)-methylanthraquinone was 
separated were unsuccessful. 

The author wishes to thank Mr. 8. Miyaki, who helped him with 
a part of this experiment. 

Condensation of 4-Methylphthalic Anhydride with Benzene.—An- 
hydrous aluminium chloride (25 g.) was added with frequent shaking 
to a solution of 4-methylphthalic anhydride (10 g.) in benzene (100 
c.c.) and the mixture was heated gradually to the boiling point. 
After 3 hours, the cooled product was added to ice-water and an 
excess of hydrochloric acid; the benzene was then removed by 
distillation in steam. The sticky residue was washed with water 
and extracted with a hot ammonia solution, leaving a very small 
brown residue. When the filtrate was acidified with hydrochloric 
acid, a sticky precipitate separated : this was washed with water, 
dried at 100°, dissolved in hot benzene and cooled with ice-water ; 
the precipitate produced (6-55 g., m. p. 140—143°) was collected. 
On concentration and further cooling, the filtrate afforded a second 
fraction (3-4 g.), m. p. 128—136° (residue in the solution, about 5 g.). 

2-Benzoyl-5(or 4)-methylbenzoic Acid (D).—When the material 
which melted at 140—143° was crystallised several times from 
glacial acetic acid, fine colourless crystals, m. p. 150—150-5°, were 
obtained (Found: C, 75-2; H, 5-2. C,;H,.0O, requires C, 75-0; 
H, 50%). 

This acid dissolves very easily in alcohol and moderately easily 
in benzene or glacial acetic acid; it is very sparingly soluble in 
light petroleum. Its yellow solution in 100% sulphuric acid 
gradually turns red. It exhibits an absorption band with a head 
at 2 3335 A. (solvent, alcohol). 

2-Benzoyl-4{or 5)-methylbenzoic Acid (E).—The material, m. p. 
128—136°, was recrystallised several times from acetic acid; colour- 
less pillar-like crystals, m. p. 145—145-5°, were obtained (Found : 
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C, 75:2; H, 5-2%). The solubilities of this acid are generally 
similar to, but greater than, those of the isomeric acid (D). The 
yellow solution in 100% sulphuric acid is tinged with red more 
rapidly than that of the (D) acid. It exhibits an absorption band 
with a head at 2 2450 A. (solvent, alcohol). 

After solutions of the acids (D) and (E) (0-5 g.) in 100% sulphuric 
acid (3 c.c.) had been separately kept for 48 hours at room temper- 
ature, they were poured into ice-water and treated with an excess 
of sodium carbonate solution. In the first case, very little 2-methyl- 
anthraquinone remained undissolved and a colourless precipitate 
(0-48 g.), m. p. 149—150°, which was proved to be identical with 
the acid (D) by the mixed melting-point method, was obtained from 
the yellow filtrate on acidification with hydrochloric acid. Jn the 
second case, a smaller amount of 2-methylanthraquinone was 
obtained, and almost pure acid (E) (0-49 g.), m. p. 144—145°. 

2-Methylanthraquinone.—The acid (D) (0-5 g.) was heated with 
100% sulphuric acid (5 c.c.) in a boiling water-bath for 50 minutes, 
and the product poured into ice-water. The precipitate obtained 
was washed with dilute sodium carbonate solution and with water, 
dried (0-44 g. or 95%), and crystallised from glacial acetic acid, 
forming very faintly yellow, feathery crystals, m. p. 176—176-5° 
(Found: C, 81-1; H, 4-7. Cale. for C,;H,,0, : C, 81-05; H, 45%). 

The ultra-violet absorption curve of an alcoholic solution of this 
substance shows two bands with heads at » 3250 and 2550 A. 
(Limpricht and Wiegand, Anmnalen, 1900, 311, 180; Beilstein, 
** Handbuch der Organischen Chemie,” ITI, 450 and Erg. III, 323). 

A solution of the acid (E) (0-58 g.) in 100% sulphuric acid (4-5 
c.c.) was heated in a boiling water-bath for 50 minutes and subse- 
quently treated as in the case of the acid (D). A substance (0-51 g., 
95%), m. p. 173—176°, was obtained which was recrystallised from 
glacial acetic acid and proved to be identical with 2-methylanthra- 
quinone. 

Appendix.—The author has examined the ultra-violet absorption 
curves of alcoholic solutions of the substances which were described 


in the previous paper (loc. cit.) : 
Head of absorption 


Substance. bands, A. 
8-Chloro-5-hydroxy-1l(or 4)-methylanthraquinone ... A 4050 
8-Bromo-5-hydroxy-l(or 4)-methylanthraquinone ... A 4070 
2-(5’-Chloro-2’-hydroxybenzoyl)benzoic acid ......... A 3370 
4-Chloro-1l-hydroxyanthraquinone — ........eseseeeseeees A 4100, 3350, and 2460 


In conclusion, the author wishes to express his gratitude to 
Professor R. Robinson, F.R.S., for his kind advice. 


Tonoxu ImpPERIAL UNIVERSITY, 


SENDAI, JAPAN. [Received, August 27th, 1929.] 
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CXCIII.—A New Isomerism of Halogenohydroxybenzoyl- 
toluic Acids. Part III. 2-(3'-Chloro-4'-hydroxy- 
benzoyl)-3(or 6)-methylbenzoic Acid. 


By Mosvuxre Hayasst1. 


TuHE author has reported in preceding papers (J., 1927, 2516; this 
vol., p. 1513) that the action of concentrated sulphuric acid on 
halogenohydroxybenzoyltoluic acids which have the halogen in the 
p-position to the hydroxyl group gave rise to an isomeric change. 
He now submits the results of analogous studies with halogeno- 
hydroxybenzoyltoluic acids which have the halogen in the o0-position 
to the hydroxyl group. 

When 3-methylphthalic anhydride was condensed with o-chloro- 
phenol or with o-chloroanisole in the presence of anhydrous alumin- 
ium chloride, only one chlorohydroxybenzoyltoluic acid (A), m. p. 
198—199° (anhydrous), was obtained. On treatment of this acid 
with concentrated sulphuric acid at room temperature, an isomeric 
change occurred and chlorohydroxybenzoyltoluic acid (A’), m. p. 
188-5—189°, was obtained. The (A) acid may have any of the 
formule (I), (IL), (III), and (IV), in harmony with the rule which 
has been wens mentioned in a previous paper (Part I, loc. cit.). 


Me 
CO 
cv ~ ie (II.) 
eon HO. COB / 
CO,H. 
Oa Ox 
HO © 


However, when phthalic anhydride was condensed with o-chloro- 
phenol or with o-chloroanisole in the presence of anhydrous alumin- 
ium chloride, 2-(3’-chloro-4'-hydroxybenzoyl)benzoic acid only was 
obtained and 2-(3’-chloro-2’-hydroxybenzoyl)benzoic acid could not 
be isolated. The constitutional formula of the (A) acid may there- 
fore be either (II) or (IV). The isomeric change should be the 
transformation of (II) into (IV) or vice versa, since it is improbable 
that the carboxytoluoyl group would migrate into the o-position 
to the hydroxyl group. This view receives important support from 
the great similarity of the ultra-violet absorption curves of the 
acids (A) and (A’) and of the 2-(3’-chloro-4’-hydroxybenzoy])- 
benzoic acid. 
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A definite allocation of formule to the acids (A) and (A’) is not 
feasible, but, taking cognisance of the known influence of the methyl 
group in analogous reactions, it is highly probable that 2-(3’-chloro- 
4’-hydroxybenzoyl)-3-methylbenzoic acid (II) would be produced 
more easily than 2-(3’-chloro-4’-hydroxybenzoyl)-6-methylbenzoic 
acid (IV) when 3-methylphthalic anhydride is condensed with 
o-chlorophenol. Therefore, it seems probable that the chloro- 
hydroxybenzoyltoluic acid (A) is 2-(3’-chloro-4'-hydroxybenzoyl)- 
3-methylbenzoic acid (II), and the chlorohydroxybenzoyltoluic acid 
(A’) is 2-(3’-chloro-4' -hydroxybenzoyl)-6-methylbenzoic acid (IV). 

When phthalic anhydride was condensed with o-chlorophenol or 
with o-chloroanisole in acetylene tetrachloride solution in the 
presence of aluminium chloride, a chlorohydroxybenzoylbenzoic 
acid, m. 1‘ 219-5—220°, was obtained (V or VI). 


CO. On 
a CO,H guns _— 
OD sOSO™ 
\co” \co 


When the chlorohydroxybenzoylbenzoic acid, m. p. 219-5—220°, 
was heated at 195° with a solution of boric acid in concentrated 
sulphuric acid, 2-chloro-3-hydroxyanthraquinone (VIII) was ob- 
tained (compare Tanaka, Proc. Imp. Acad. Tokyo, 1927, 3, 82; or 
Bull. Agr. Chem. Soc. Japan, 1927, 3, 17). Therefore, the chloro- 
hydroxybenzoylbenzoic acid, m. p. 219-5—220°, is probably 2-(3’- 
chloro-4’-hydroxybenzoyl)benzoic acid (VI). 


EXPERIMENTAL. 


Condensation of 3-Methylphthalic Anhydride with o-Chlorophenol 
or with o-Chloroanisole. 2-(3'-Chloro-4'-hydroxybenzoyl)-3 (or 6)-methyl- 
benzoic Acid (A).—Powdered aluminium chloride (25 g.) was gradu- 
ally added with frequent shaking to a solution of 3-methylphthalic 
anhydride (10 g.) and o-chlorophenol (9 g.) in acetylene tetrachloride 
(50 c.c.). The mixture was then heated at 125—135° (oil-bath) 
and the product was mixed with ice-water and an excess of hydro- 
chloric acid and distilled in steam. An ammoniacal extract of the 
residue was concentrated and then again diluted with water; the 
greyish-brown precipitate (4 g.) that separated was removed [m. p. 
110—140° (decomp.) ; unidentified], and the filtrate, on acidification, 


afforded the crude acid (15 g.), m. p. 194—197°, in 83-6% yield. 
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After several recrystallisations from acetic acid, colourless micro- 
scopic needles were obtained (Found in air-dried material: loss at 
105° in a vacuum, 5-9. C,;H,,0,Cl,H,O requires H,O, 5-8%. 
Found in anhydrous material: C, 61-9; H, 40; Cl, 12-15. 
C,,;H,,0,Cl requires C, 61-95; H, 3-8; Cl, 12-2%). 

The anhydrous acid melts at 198—199°. It is easily soluble in 
alcohol and hot acetic acid but very sparingly soluble in benzene 
or light petroleum. The solution in concentrated sulphuric acid is 
at first yellow, but gradually develops ared colour. The ultra-violet 
absorption curve of an alcoholic solution of this acid shows a band 
with head at 4 2840 A. 

2-(3’-Chloro-4'-hydroxybenzoyl)-6(or 3)-methylbenzoic Acid (A’).— 
After a solution of 2-(3’-chloro-4'-hydroxybenzoyl)-3(or 6)-methyl- 
benzoic acid (A) (1 g.) in 98% sulphuric acid (6 c.c.) had been kept 
for one day at room temperature, the isolated product dissolved 
completely in aqueous sodium carbonate and, on acidification of 
the solution, an almost colourless substance was precipitated 
(0-95 g.), m. p. 187—189°. On crystallisation from acetic acid, 
colourless microscopic needles, m. p. 188-5—189°, were obtained 
(Found: C, 62-1; H, 41; Cl, 12-25. C,;H,,0,Cl requires C, 
61-95; H, 3-8; Cl, 12-2%). 

This acid closely resembles the isomeride (A), and the ultra-violet 
absorption curve of its alcoholic solution shows a band with head 
at 2 2850 A. 

When the acid (A) (1 g.) was heated with concentrated sulphuric 
acid (98%, 6 c.c.) at 120—130° for 1 hour, crude acid (A’) (0-9 g.), 
m. p. 186—188°, was obtained. And also, when a solution of the 
acid (A) in concentrated sulphuric acid was heated at 140° or 
150—160° for 1 hour, crude acid (A’) only was obtained ; no anthra- 
quinone derivative could be isolated. 

3-Methylphthalic anhydride (5 g.) was condensed with o-chloro- 
anisole (5 g.) (acetylene tetrachloride, 25 c.c.; anhydrous aluminium 
chloride, 12-5 g.) under the same conditions as in the case of o-chloro- 
phenol. In this case, crude 2-(3’-chloro-4’-hydroxybenzoyl)-3(or 6)- 
methylbenzoic acid (A) (7-2 g.; 80-5%), m. p. 194—196° (anhydrous), 
was obtained, and no other substance was isolated. 

2-(3’-Chloro-4'-hydroxybenzoyl)benzoic Acid.—Phthalic anhydride 
(5 g.) and o-chlorophenol (5 g.) were dissolved in acetylene tetra- 
chloride (25 c.c.), powdered aluminium chloride (12-5 g.) was 
gradually added with shaking, and the mixture heated slowly. 
After 2 hours’ heating at 120—130°, the product was cooled, mixed 
with ice-water and, after the addition of an excess of hydrochloric 
acid, distilled in steam. The residue was extracted with ether, the 
extract washed with sodium carbonate solution, and the acid 
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regenerated (m. p. 219—220°; 9 g., 963%); it separated from 
glacial acetic acid in colourless crystals, m. p. 219-5—220° (Found : 
C, 60-7; H, 3-5; Cl, 12-8. (C,,H,O,Cl requires C, 60-75; H, 3-3; 
Cl, 12-8%). 

This acid exhibited the usual properties of its class, and showed 
an absorption band with a head at 2 2840 A. (solvent, alcohol). 
When a solution of this acid in concentrated sulphuric acid (98-25%, 
6 vols.) was kept over-night at room temperature, the whole of 
the substance could be recovered unchanged. 

Aluminium chloride (12-5 g.) was gradually added to a solution 
of phthalic anhydride (5 g.) and o-chloroanisole (5 g.) in acetylene 
tetrachloride (25 c.c.), and the subsequent treatment and the 
separation of the reaction product were carried out as in the case 
of o-chlorophenol. Crude 2-(3’-chloro-4’-hydroxybenzoyl) benzoic 
acid, m. p. 212—-216°, only was obtained in 97% yield (9-1 g.). 

2-(3’-Chloro-4’-methoxybenzoyl)benzoic Acid.—2-(3'-Chloro-4’-hydr- 
oxybenzoyl)benzoic acid (3 g.) was converted into its potassium 
salt, which was thoroughly dried and suspended in toluene (50 c.c.), 
methy] sulphate (6 g.) introduced, and the mixture gradually heated. 
After 2 hours’ boiling, the product was mixed with 25% potassium 
hydroxide solution (20 c.c.) and distilled in steam. The residue was 
an almost colourless substance (3 g., 95-5%), m. p. 160—166°, 
which crystallised from acetic acid in microscopic pillars, m. p. 
179—180° (Found: C, 62-25; H, 41; Cl, 12-2. C,;H,,0,Cl 
requires C, 61-95; H, 3-8; Cl, 122%). 

The solubility and other properties were normal, and the alcoholic 
solution exhibited an absorption band with a head at 2 2810 A. 

2-Chloro-3-hydroxyanthraquinone.—The anthraquinone derivative 
was not obtained when 2-(3’-chloro-4’-hydroxybenzoyl)benzoic 
acid was heated even with 100% sulphuric acid at 195° for 1-5 hours. 

2-(3’-Chloro-4’-hydroxybenzoyl)benzoic acid (1 g.) was heated 
with a solution of boric acid (1-5 g.) in 100% sulphuric acid (16 c.c.) 
at 195° for 1-5 hours, and the product poured into ice-water. The 
yellow precipitate was washed with boiling water and crystallised 
from alcohol (0-5 g.; 53-5%,). The substance was purified by 
solution in and recovery from aqueous sodium carbonate, and 
crystallised from acetic acid in yellow feathery needles, m. p. 266-5— 
267° (Tanaka, loc. cit., gives m. p. 258°) (Found: C, 65-0; H, 2-9; 
Cl, 13-7. Cale. for C,,H,0,Cl: C, 65-0; H, 2-7; Cl, 13-7%). 

This chlorohydroxyanthraquinone exhibits two absorption bands 
with heads at 4 3120 and 2730 A. (solvent, alcohol). 


ToxHoku IMPERIAL UNIVERSITY, 
SENDAI, JAPAN. [Received, August 27th, 1929.] 
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CXCIV.—A New TIsomerism of Halogenohydroxy- 
benzoyltoluic Acids. Part IV. 2-(4'-Chloro-2’- 
hydroxybenzoyl)-3(or 6)-methylbenzoic Acid and 
2-(2’-Chloro-4'-hydroxybenzoyl)-3(or 6)-methyl- 
benzoic Acid. 

By Mosvuke HayYAsa&t. 


In succession to the previous papers, the author now reports the 
results of an investigation of isomeric changes of certain halogeno- 
hydroxybenzoyltoluic acids in which the halogen is situated in the 
m-position to the hydroxyl group. 

When 3-methylphthalic anhydride was condensed with m-chloro- 
phenol or with m-chloroanisole in the presence of anhydrous alumin- 
ium chloride, two chlorohydroxybenzoyltoluic acids were obtained 
in both cases; one melted at 219-5—220-5° (A) and the other at 
218—218-5° (B). When these two acids were separately treated 
with concentrated sulphuric acid at room temperature, an isomeric 
change occurred, and chlorohydroxybenzoyltoluic acid, m. p. 177-5— 
178° (A’) from the former (A), and chlorohydroxybenzoyltoluic 
acid, m. p. 201—202° (B’) from the latter (B), were produced. 
Acids (A) and (A’) exhibit two absorption bands with heads at 
2 3210, 2630 A. and 2 3230, 2660 A., respectively. The acids (B) 
and (B’) show an absorption band with a head at 2 2830 and a 2840 A., 
respectively. 

2-(5'-Chloro-2’-hydroxybenzoyl)-3- and -6-methylbenzoic acid (J., 
1927, 2521), 2-(5’-chloro-2’-hydroxybenzoyl)-5- and -4-methylbenzoic 
acid (see Part IL; this vol., p. 1513), and 2-(5’-chloro-2’-hydroxy- 
benzoyl)benzoic acid (see Part II) show absorption bands with heads 
at 2 3350, 2860, » 3390, 2860, % 3330, 2790, 4 3330, 2780, and 
23370 A., respectively. 2-(3’-Chloro-4’-hydroxybenzoyl) benzoic acid 
(see Part III; preceding paper) and 2-(3’-chloro-4'-hydroxybenz- 
oyl)-3- and -6-methylbenzoic acid (see Part III) have an absorption 
band with a head at » 2840, 2 2840, and A 2850 -. respectively. 
Reasoning from the great similarity of these absorption bands, (A) 
or (A’) should have the formula which has the hydroxyl group in 
the o-position to the carbonyl group, and (B) or (B’) should have 
the formula which has the hydroxyl group in the p-position to the 
carbonyl group. 

This view is in agreement with the following observations. When 
2-(5’-chloro-2’-hydroxybenzoyl)-3- or -6-methylbenzoic acid, 2-(5’- 
chloro-2’-hydroxybenzoyl)-5- or -4-methylbenzoic acid, 2-(5’-chloro- 
2’-hydroxybenzoyl)benzoic acid, or the acid (A) or (A’) was heated 
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with concentrated sulphuric acid, an anthraquinone derivative was 
produced comparatively easily. But an anthraquinone derivative 
was not produced by mere heating of 2-(3’-chloro-4’-hydroxybenzoy])- 
benzoic acid, 2-(3’-chloro-4'-hydroxybenzoy])-3- or -6-methylbenzoic 
acid, or the acid (B) or (B’) with concentrated sulphuric acid. 

As in previous cases, the allotment of precise formule is only 
possible by taking into account the known influence of the methyl 
group; it is highly probable that (A), (A’), (B) and (B’) are 2-(4’- 
chloro-2'-hydroxybenzoyl)-3- and -6-methylbenzoic acids (I, II), and 
2-(2'-chloro-4'-hydroxybenzoyl)-3- and -6-methylbenzoic acids (III, 
IV), respectively, as in the case of the o-chlorophenol derivatives 
(see Part oth 
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These results are far more readily accommodated by the struc- 
tural theory of the isomeric change than by any purely stereo- 
chemical explanation of the phenomena. 


ExPERIMENTAL. 


Condensation of 3-Methylphthalic Anhydride with m-Chlorophenol.— 
3-Methylphthalic anhydride (11 g.) was condensed with m-chloro- 
phenol (10 g.) in acetylene tetrachloride solution (50 c.c.) in the 
presence of anhydrous aluminium chloride (27-5 g.) under conditions 
similar to those employed in the case of o-chlorophenol (see Part III). 
From the portion insoluble in ammonia, an anthraquinone deriv- 
ative, m. p. 172—176°, was obtained in 5-4% yield. Recrystallised 
from glacial acetic acid or from isobutyl alcohol, it melted at 
196-5—197° and was proved to be identical with 6-chloro-8-hydroxy- 
l(or 4)-methylanthraquinone by the method of mixed melting points. 
The ammoniacal solution was freed from ammonia and diluted; 
the precipitate (4 g.) that separated was removed and, from the 
acidified filtrate (charcoal), a grey substance, m. p. 175—186°, was 
obtained in 71% yield. Fractional crystallisation from aqueous 
alcohol or from acetic acid afforded two forms. The less soluble 
fraction (4-7 g.; 23-89%) melted at 218—220°, and the more soluble 
fraction (3-5 g.; 17-8%) at 217—218°. 
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2-(4'-Chloro-2'-hydroxybenzoyl)-3(or 6)-methylbenzoic Acid (A).— 
After crystallising several times from acetic acid, the less soluble 
fraction had m. p. 219-5—220-5° (Found: C, 61-7; H, 4-05; Cl, 
12-1. C,;H,,0,Cl requires C, 61-95; H, 3-8; Cl, 12-2%). The 
acid separated in colourless microscopic pillars and dissolved some- 
what easily in alcohol, but it was scarcely soluble in benzene or 
light petroleum. Its alkaline solutions are faintly yellow; in con- 
centrated sulphuric acid, it gives a yellow solution that gradually 
becomes red. The acid exhibits two absorption bands with heads 
at 4 3210 and 2630 A. (solvent, alcohol). 

2.(2’-Chloro-4'-hydroxybenzoyl)-3(or 6)-methylbenzoic Acid (B).— 
The more soluble fraction crystallised from acetic acid in colourless 
microscopic pillars, m. p. 218—218-5° (Found: C, 61-9; H, 4-0; 
Cl, 12-1°%), with properties generally similar to those of the isomeride. 
This acid has an absorption band with a head at 4 2830 A. (solvent, 
alcohol). 

2.(4'-Chloro-2'-hydroxybenzoyl)-6(or 3)-methylbenzoic Acid (A’).— 
After a solution of 2-(4’-chloro-2’-hydroxybenzoyl)-3(or 6)-methyl- 
benzoic acid (A) (1 g.) in 98% sulphuric acid (6 c.c.) had been kept 
for 1 day at room temperature, the product was treated with an 
excess of sodium carbonate, leaving no solid residue. The pale 
yellow precipitate (1 g.) obtained on acidification had m. p. 168— 
170°, and crystallised from acetic acid in pale yellow, flat, parallelo- 
gram-shaped crystals, m. p. 177-5—178° (Found: C, 61-8; H, 4-1; 
Cl, 12-1%). 

The properties of this acid are similar to those of isomerides 
previously described. It exhibits two absorption bands with heads 
at 4 3230 and 2660 A. (solvent, alcohol). 

2-(2’-Chloro-4'-hydroxybenzoyl)-6(or 3)-methylbenzoic Acid (B’).— 
The precipitate which was obtained when 2-(2’-chloro-4’-hydroxy- 
benzoyl)-3(or 6)-methylbenzoic acid (B) was treated with 98% 
sulphuric acid under the same conditions as the (A) acid melted at 
179—182°. It crystallised from acetic acid in microscopic, colour- 
less, rectangular plates, m. p. 201—202° (anhydrous) (Found in air- 
dried material: loss at 105° in a vacuum, 6-1. C,,H,,0,C1,H,0 
requires H,O, 5-84%. Found in anhydrous material: C, 61-7; 
H, 3-9; Cl, 12-2. C,,H,,0,Cl requires C, 61-95; H, 3-8; 1, 
12-2%). 

This acid resembles its isomerides and exhibits an absorption 
band with a head at 2 2840 A. (solvent, alcohol). 

When the acid (B) or (B’) was heated with 98%, sulphuric acid 
in the steam-bath or at 120—130° for 1 hour, the acid (B’) separated 
in a crude condition, but no anthraquinone derivative was obtained. 
When the acid (B) (0-5 g.) was heated with concentrated sulphuric 
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acid (3 c.c.) at 200—210° for 3—4 minutes, a substance which did 
not dissolve in sodium carbonate solution was obtained. It melted 
at about 115° (0-14 g.). After recrystallising from light petroleum 
in colourless needles, it melted at about 118°. This unidentified 
substance sublimed even at room temperature. 
6-Chloro-8-hydroxy-l(or 4)-methylanthraquinone.—A mixture of 
2-(4’-chloro-2’-hydroxybenzoyl)-3(or 6)-methylbenzoic acid (A) 
(0-27 g.) and 98% sulphuric acid (1-7 c.c.) was heated at 200° for 
3 minutes, cooled, and poured into ice-water; the green precipitate 
that separated was collected and treated with an excess of sodium 
carbonate solution. A yellow substance (0-05 g.), m. p. 170—180°, 
remained undissolved; it crystallised from acetic acid in yellow, 
microscopic, feathery needles, m. p. 196-5—197° (Found: C, 66-2; 
H, 3-6; Cl, 13-0. C,;H,O,Cl requires C, 66-05; H, 3-3; Cl, 13-0%). 

This anthraquinone derivative dissolves with difficulty in alcohol 
or in light petroleum; it is sparingly soluble in cold benzene or in 
cold glacial acetic acid, but somewhat easily soluble in the hot 
solvents. It is scarcely soluble in aqueous caustic alkali solutions, 
but the yellow colour becomes red. Two absorption bands with 
heads at 4 3950 and 2450 A. were observed (solvent, alcohol). A 
very small amount of the anthraquinone was obtained when the 
acid (A) was heated in the steam-bath or at 120—130° with con- 
centrated sulphuric acid. 

Condensation of 3-Methylphthalic Anhydride with m-Chloroanisole. 
—When 3-methylphthalic anhydride (5 g.) was condensed with 
m-chloroanisole (5 g.) under the same conditions as o-chlorophenol 
(loc. cit.), crude 6-chloro-8-hydroxy-l(or 4)-methylanthraquinone, 
m. p. 173—178°, was obtained in 8-3%, yield from the part insoluble 
in ammonia, and a substance, m. p. 200—213°, was obtained in 
67°, yield from the part soluble in ammonia, as in the case of 
m-chlorophenol. The substance, m. p. 200—213°, was fractionally 
crystallised from aqueous alcohol or from acetic acid; crude 
2-(2’-chloro-4’-hydroxybenzoyl)-3(or 6)-methylbenzoic acid (B), 
m. p. 216—218°, and crude 2-(4’-chloro-2’-hydroxybenzoyl)-3(or 6)- 
methylbenzoic acid (A), m. p. 217—220°, were obtained in 26-8% 
and 7-8% yield, respectively. 

2-(2’ : 5’-Dihydroxybenzoyl)-3(or 6)-methylbenzoic Acid.—The syn- 
thesis of dihydroxybenzoyltoluic acid has been studied by Majima 
(Acta Phytochim., 1922, 1, 47) and by Sakurai, but details of these 
experiments have not yet been published. The author has pre- 
pared the substance in order to study its behaviour under the 


‘ influence of sulphuric acid. No isomeric change was observed in 


this case, but, under the usual conditions, much methylquinizarin 
was produced. 
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3-Methylphthalic anhydride (5 g.) was dissolved in acetylene 
tetrachloride (25 c.c.) mixed with quinol (3-8 g.), and powdered 
anhydrous aluminium chloride (12-5 g.) gradually added. The 
mixture was heated at 120—130° for 2 hours, and the product 
isolated in the usual manner. The portion insoluble in ammonia, 
crystallised from isobutyl alcohol, had m. p. 234—235° (0-15 g.) 
and was proved by the mixed melting point method to be identical 
with the 5 : 8-dihydroxy-1-methylanthraquinone which was derived 
from the benzoylbenzoic acid derivative obtained by condensing 
3-methylphthalic anhydride with p-chlorophenol (J., 1927, 2524). 

The portion soluble in ammonia was treated as in the case of 
the product from o-chlorophenol (see Part III), and crystallised 
from acetic acid in very pale yeliow, lustrous, pillar-like crystals, 
m. p. 232-5—233° (Found: C, 66-0; H, 4:5. C,,;H,.0, requires 
C, 66:15; H, 4:45%). The solubilities of this acid are similar to 
those of the chlorohydroxybenzoyltoluic acids. Its alkaline solu- 
tions are orange, and its solution in concentrated sulphuric acid is 
at first red, but soon becomes deep red. It exhibits an absorption 
band with a head at 2 3630 A. (solvent, alcohol). 

When a solution of 2-(2’ : 5’-dihydroxybenzoyl)-3(or 6)-methyl- 
benzoic acid (0-1 g.) in 98% sulphuric acid (1 c.c.) was kept over- 
night at room temperature, only 5 : 8-dihydroxy-1-methylanthra- 
quinone was obtained, a small quantity of the original substance 
being recovered. 


TouHoxu ImPeRIAL UNIVERSITY, 
SENDAI, JAPAN. [Received, August 27th, 1929.] 





CXCV.—The Application of a New Type of Triode 
Valve to the Determination of Hydrogen-ion Con- 
centration with Glass Electrodes. 


By Grorrrey B. Harrison. 


Ow1nG to the realisation of the increasing importance of p, measure- 
ment and control during certain works’ processes, there has arisen 
a demand for a glass electrode apparatus suitable for routine testing. 
The apparatus now described combines accuracy of the degree 
requisite for scientific research (i.e., of less than 0-02 py unit) with 
ease of operation, strength, and trustworthiness. 

The existing methods of measuring the 7.M.F. across a glass 
membrane suffer from certain disadvantages. Since the resistance 
of the membrane may be from 106 to 108 ohms, the measurement of 
the Z.M.F. requires the use of some form of high-resistance electro- 
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meter which is capable of detecting a potential difference of one 
millivolt. The instrument generally used is the Lindemann electro- 
meter; this is certainly very efficient, but it has the disadvantage 
that it requires careful handling if the sensitivity is made sufficiently 
high to detect changes of one millivolt. Moreover, a microscope 
must be used in conjunction with it, and this is undesirable in 
routine work. 

Several workers, notably Stadie (J. Biol. Chem., 1929, 83, 477), 
have successfully employed the ordinary triode valve; the important 
factor in the use of such valves for #.M.F. measurement is the grid 


Fie. 1. 











Grid potential. 


characteristic, i.c., the relation between grid potential and anode 
current with zero resistance in the grid circuit (see Fig. 1, Curve A). 
If a high resistance of the order of 10® ohms is placed in this circuit, 
a considerable change occurs in the characteristic, as shown in Fig. 
1, Curve B, owing to the fact that the grid filament resistance of an 
ordinary valve is comparable with 108 ohms. Stadie’s procedure is 
as follows. He selects some point, a, corresponding with a con- 
venient anode current with the electrode out of circuit, 7.e., with the 
grid short-circuited to the filament through the grid-bias battery. 
The electrode and the potentiometer (reading zero) are then inserted 
in the grid circuit by opening the short-circuiting key. If the py 
inside and outside the glass bulb of the electrode is the same, there 
will be no H.M.F. across the bulb, but when the electrode is put in 
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circuit, its resistance alone causes a change from point a to point 6 
(Fig. 1), giving an increase of anode current corresponding with a b. 
By means of the potentiometer, he now puts on an additional 
potential corresponding with a c, to bring the anode current back to 
its original value. Let this potential difference be denoted by V; 
then, if the py to be measured gives an #.M.F. across the particular 
bulb equal to e millivolts, the potentiometer reading required to 
bring the anode current back to its value at a will be V +e. Thus, 
from every reading, this standard value V must be subtracted. Also, 
20 minutes must be allowed for the valves to reach a steady state 
before this value can be obtained. 

Stadie uses very low values of filament current and anode voltage, 
and balances two matched valves against each other in the form of a 
valve bridge. He claims for this method that it gives a high order of 
constancy of anode current and of potential difference V, but the 
obvious disadvantage of this apparatus is that, in order to find the 
value of V, it has to be standardised against a known p, every time 
it is used; further, certain parts of it require very careful insulation. 

Some experiments done in this laboratory on the same lines failed 
from an entirely different cause. Although the #.M.F. is set up 
across the glass membrane when a py difference exists across it, very 
little current can be drawn from it; if, therefore, the resistance of the 
grid-filament circuit of the valve is of the same order as that of the 
glass electrode, the charge producing the #.M.F. across the glass 
membrane would be expected to leak away nearly as fast as it is 
produced, with the result that a certain time would elapse before 
equilibrium is established, and very probably when this had taken 
place, the value of the #.M.F. obtained would not be its true value. 
This is actually what took place: as much as 10 minutes were re- 
quired to reach equilibrium in some cases, and even then the results 
were not trustworthy. 

It was obvious that if the resistances of the electrodes could be 
reduced sufficiently, this difficulty might be overcome. The bulbs 
actually used for the experiments had resistances of 4 x 10° ohms 
or more, which was very high compared with those of other workers, 
although Stadie claims to be able to work with electrodes of 6 x 108 
ohms resistance. An attempt to reduce this resistance by making 
the membrane thinner was based on the method of McInnes and Dole 
[Ind. Eng. Chem. (Anal.), 1929, 1, 57]: a very thin glass bulb is 
blown with a special glass so that interference colours can be seen, 
and a glass tube about 4 mm. in diameter is heated at the end to a low 
red heat and placed against the thin bulb; the thin glass fuses round 
the sides and should form a water-tight joint (Fig. 2, A), and this 
electrode is then used in the usual way. Great difficulty was ex- 
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perienced at first in making the membranes hold liquid, and many of 
those that were satisfactory in this respect were found to have a very 
small hole, which gave direct connexion between the inside and 
outside, making them useless : this was only detectable by measuring 
their resistances. Even when, after considerable practice, this type _ 
of electrode could be made, a slight jar would break the membrane, 
so the design was unsuitable for works’ use. 

At this stage a new glass was obtained from Messrs. Dixon, of 
Devonshire St., W.C.1. It is made according to the formula of 
Mr. C. Morton, of Chelsea Polytechnic, who has kindly allowed the 
author to state that the mixture used for the fusion is: Silica, 60%; 


Fig. 2. 
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sodium carbonate, 30%; calcium carbonate, 10%. With this glass, 
instead of the bulbs being blown on a large-diameter tube, as shown 
in Fig. 2, B, they could be made of narrow tubing, as in Fig. 2, ©, and 
so were thin but of convenient dimensions. The combined effect 
of the new glass and the thinner bulbs was to reduce the resistances 
from 400 to less than 100 megohms, but this reduction was still quite 
insufficient for the purpose if ordinary valves were used. By the 
substitution of a special design of triode valve, however, an apparatus 
has been constructed which is ready for use 3 minutes after being 
turned on, needs no standardisation, and requires careful insulation 
of one terminal only. 

The valve employed throughout this work, viz., the Electrometer 
Triode, is supplied by Philips Lamps, Ltd.: others of similar design 
are on the market. The chief characteristic of this valve, which 











1532 HARRISON: APPLICATION OF A NEW TYPE OF TRIODE VALVE 


makes it so suitable for #.M.F. measurements across high resistances, 
is that the grid current, when the grid potential is — 2 volts, is less 
than 10-14 amp. The result of this is that, whatever the resistance in 
the grid circuit, there is no change in anode current due to the 
_ introduction of resistance alone, as there is in an ordinary valve 
(see Fig. 1, A and B). This extremely low value of grid current is 
brought about by the disposition of the electrodes : unlike that in the 
ordinary valve, the grid is not situated between the filament and the 
plate, hence the electrons passing from the filament to the plate and 
constituting the anode current do not pass through, or indeed any- 
where near, the grid. The characteristic curve of this valve when 
the grid is negative is similar in shape to that of an ordinary triode, 
but has a slope of only about 0-03 milliamp. per volt. This slope is, 
of course, considerably less than that of an ordinary triode valve, but 
is sufficient for the purpose. The other features of this valve are the 
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low values of anode voltage and filament current required, which are 
respectively 4—9 volts and 0-7 amp. from a 2-volt accumulator. 

The valve is used in the circuit shown in Fig. 3. The electrode Z 
and potentiometer P are in the grid circuit together with the 1-5-volt 
grid-bias battery B. The electrode and potentiometer can be 
short-circuited by means of the switch S. The anode current (of the 
order of 200 microamps.) passes through the galvanometer together 
with the compensating current drawn from the filament accumulator, 
the variable resistance R being used for adjustment. The galvano- 
meter is provided with a short-circuiting key, which must be closed 
when the instrument is turned on; if this is not done, the compensat- 
ing current, which starts to flow instantaneously, is not at first 
balanced by the anode current, which gradually increases as the 
filament becomes heated, so the galvanometer may be damaged. 
The valve filament has an exceptionally large heat capacity and 
requires over 10 seconds to reach its final temperature. 

The working procedure is as follows: The electrode, having been 
calibrated, is placed in the liquid of which the pg is required. The 
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switch S is closed, and the galvanometer needle brought to a con- 
venient position on the scale by means of the variable rheostat in the 
compensating current circuit. The position of the needle is accur- 
ately noted, and the switch S opened. The H#.¥M.F. across the glass 
membrane due to the p, difference between the inside and outside of 
the bulb causes a change in anode current, with consequent move- 
ment of the needle. This electrode H.M.F. is counteracted by means 
of the potentiometer P until the needle resumes its original position. 
The switch S may be closed and opened several times to ensure that 
balance has been obtained. The reading of P then gives the L.M.F. 
across the membrane, and comparison with the calibration graph 
gives the py of the liquid. 

The essential feature of this design is that when the switch S is 
opened there is no change of anode current due to any change of character- 
istic curve brought about by the high resistance of the electrode; that is 
to say, if the potentiometer P were reading zero and the electrode 
were giving no H.M.F. (i.e., the same py on each side of the glass 
membrane), then on opening and closing the switch S, no change of 
anode current would occur. This is because there is no change of 
characteristic, as there would be in an ordinary valve (see Fig. 1), the 
reason being that the grid current is negligible compared with the 
current which can pass through the electrode. 

The galvanometer is a matter of choice, but a double-pivoted 
pointer instrument, supplied by Messrs. Turner of High Wycombe, 
and having an angular deflexion of 1-1° per microamp., has proved 
satisfactory : its sensitivity is only just sufficient, but it has the 
advantage of being an ideal instrument for works’ use, since it is 
almost dead-beat in action; it can be built in the instrument itself 
and requires no levelling. 

In the experimental model of this apparatus, constructed in these 
laboratories, the amplifier, including the high-tension battery (a 
9-volt grid-bias battery), is made up in a cabinet, the galvanometer 
being mounted in the lid. Three pairs of terminals only are required, 
viz., those for the potentiometer, filament accumulator, and calomel 
electrodes. Ebonite is a sufficiently good insulator for all parts of the 
circuit, except that a collar of amberoid is used for mounting the 
terminal connecting the grid of the valve to the calomel half-element 
of the glass electrode. The switch S (Fig. 3) consists of an amal- 
gamated copper wire dipping into a mercury cup, which is entirely 
supported by a stout wire fixed to the insulated terminal. 

A series of readings with this apparatus and a Cambridge potentio- 
meter will show a maximum variation of 1 millivolt (7.e., less than 
0-02 p, unit), so that a single reading may be regarded as accurate 
within this limit ; it is doubtful whether the accuracy is increased by 
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taking the mean of a series of readings, for the small errors in 
individual readings are probably due to changes in the £.M.F. set 
up across the glass membrane rather than to errors in the measure- 
ment. 

Experience has already shown that the apparatus can be worked 
very successfully by those who are quite unskilled in this kind of 
measurement, and that they can quickly read to an accuracy of 
0-02 unit over a py, range of 1—12. 


The author wishes to express his thanks to Dr. T. Slater Price, 
F.R.S., Director of Research of the British Photographic Research 
Association, and to his colleagues, Dr. F. C. Toy and Dr. 8. QO. 
Rawling, for their helpful criticism and advice throughout this 
work. 


British PHoToGRAPHIC RESEARCH ASSOCIATION, 
30 Russett Square, W.C. 1. [Received, May 13th, 1930.] 





CXCVI.—Complex Formation amongst the Nitrates. 
Part II. The Ternary System Phenol-Silver 
Nitrate—Water. 


By CHARLES REYNOLDS BaILey. 


SILVER nitrate, owing to its low melting point and small heat of 
fusion, has a high solubility in many solvents of diverse types. 
Miller, Raschka, and Wittmann (Monatsh., 1927, 48, 659) report, 
for example, that at 25°, 100 c.c. of acetonitrile and of ethylene 
glycol respectively dissolve 87-6 and 53-9 g. of this salt. Basic 
substaruces such as the amines are also usually good solvents, but 
monohydric alcohols, esters, ketones, and organic acids are poor: 
within an homologous series, a higher dielectric constant is generally 
accompanied by an increase in solvent power for silver nitrate, 
although this effect may sometimes be offset by an increase in 
molecular weight, such as is involved in piling up a heavy nucleus. 

The foregoing remarks are illustrated in Table I by solubility data 
taken chiefly from the work of Miiller (Z. anorg. Chem., 1925, 142, 
130), and from Miller, Raschka, and Wittmann (loc. cit.). The 
solubility (s) is given in g. per 100 c.c. of solvent of dielectric con- 
stant, D, at the temperature 7'°. Succinonitrile has a dielectric 
constant of 66 and silver nitrate has a correspondingly high 
solubility in this solvent; it is not possible to give a definite 
value, however, for the solid phase at the temperatures under 
consideration is a compound of solvent and solute. The present 
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TaBLR I, 

Solvent. 7. D. 8. 
Moathiyl: aloo | is.ociiisis cisco csisescelded i (SRE 31-2 2-84 
RE IRON. ciccnnccnsasicesiposonsvese 20 26-8 1-67 
Ethylene glycol — .........-seeeeeeeeeeees 25 41-2 53-9 
Methyl ethyl ketone ................-+. 25 17-8 0°17 
Acetophenone 25 15°8 0-007 
ANTINE  o.gcccccccccccccccccccccacccsecsccos 20 72 18-5 
DihemethigPensline .. 5.0.00 ccecsscesceesss 20 5-1 insol 
DEED. ictnavicinindinsdcapassnwwncin 20 35-8 87-6 
PU Gv kn ciccwsnesscessccccncaccees 25 6-4 insol 


work shows that, although phenol has a low dielectric constant 
(9-7), nevertheless it is an extremely good solvent, 100 c.c. at 
25° dissolving some 82 g. of silver nitrate. 

The conductivities of many of the above solutions have been 
measured and are in some cases greater than in the aqueous solution 
of corresponding dilution (Dutoit and Friedrich, Bull. Soc. chim., 
1898, 19, 321). From the results of potentiometric measurements, 
the existence of complexes between the solute and solvent molecules 
has been deduced; for instance, Bodlander (Z. anorg. Chem., 1904, 
39, 204) and, in particular, Pawelka (Z. Hlektrochem., 1924, 30, 180) 
have examined a number of such solutions, the latter postulating 
a general formula, Ag,,R,,(NO;),, where m = 1 and m = 2 in most 
cases. The existence of a complex ion of this type was further 
confirmed by Schmidt and Keller (Z. physikal. Chem., 1929, A, 
141, 331), who attempted, by means of cryoscopic and conductivity 
measurements, to estimate the number of water and alcohol mole- 
cules associated with the silver ion. They showed that both 
pyridine and ammonia, added to such solutions, gave rise to a 
complex ion of the type AgX,’. 

In a series of papers, Endo recorded the activity of phenol in 
various aqueous salt solutions (Bull. Chem. Soc. Japan, 1926, 1, 
25; 1927, 2, 124, 147) as found from the depression of freezing 
point of these solutions both in the absence and in the presence of 
phenol; he showed that normally the activity of phenol and the 
depression of freezing point due to it increase when a salt is added, 
but that silver nitrate forms an exception to this rule, for it “ salts 
in” phenol in aqueous solution. He attributed the phenomenon 
to the formation of a complex ion [Ag,C,H,O]’, and stated that 
the solution of silver nitrate in phenol was colourless and gave no 
sign of compound formation. 

The extremely high solubility suggests compound formation, 
and it was decided to examine this binary system further, and also 
to investigate the ternary equilibria in the aqueous solution. In 
a number of cases, definite compounds of silver nitrate with the 
solvent had already been isolated; with pyridine, three are known 
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(Kahlenberg and Brewer, J. Physical Chem., 1908, 12, 283; Jor- 
gensen, J. pr. Chem., 1886, 33, 501), containing one molecule of 
silver nitrate to 6, 3, and 2 molecules of solvent, whilst succino- 
nitrile, on the other hand, gives compounds in which one molecule 
of the solvent is united with 4,2, and 1 molecules of the solute 
(Middelberg, Z. physikal. Chem., 1903, 43, 305). Similar compounds 
are known with the halogen derivatives of the nitriles (Scholl and 
Steinhoff, Ber., 1906, 39, 4393). 


EXPERIMENTAL. 


The Binary Systems.—(1) Phenol-water. Detached crystals of 
absolute phenol were twice distilled, the initial arid final fractions 
being rejected; the product had m. p. 40-8° (uncorr.). The 
equilibria in the binary system have already been fully discussed 
(see, e.g., Rhodes and Markley, J. Physical Chem., 1921, 25, 527; 
Bailey, J., 1925, 127, 1951; Hill and Malisoff, J. Amer. Chem. Soc., 
1926, 48, 918; Wilcox and Bailey, J. Physical Chem., 1929, 33, 
705). 

(2) Silver nitrate-water. The solubility of silver nitrate in 
water has been determined by a number of observers, the agreement 
being poor (see Landolt—Bérnstein, “ Tabellen,” 5th edtn., I, 635 
for references; also Kazantzev, J'rans. Inst. Chem. Reagents, 
Moscow, 1923, 2, 10). In this and the ternary system, silver 
nitrate was estimated by standard potassium or sodium chloride 
solution prepared from the fused A.R. salt, identical results being 
obtained by the use of either standard. Equilibrium was approached 
from both sides. Table II gives the equilibria in the system below 
40°, the results being reasonably in accordance with the means 
of published data. 


TaBLeE II. 
Temp. Solid phase. AgNO, %. Temp. Solid phase. AgNO;, %. 
0-0° Ice 0-0 20-0° AgNO, 68-6 
—5-6 ™ 34-2* 25-0 = 71-0 
—73 Ice + AgNO, 47:1f 30-0 en 73-2 
10-0 AgNO, 61-8 35-0 oo 75-4 
* Riidorff, Annalen, 1872, 145, 600. + Middelberg, loc. cit. 


(3) Silver nitrate—phenol. The system was partly explored by 
thermal methods, certain of the points near room temperature 
being checked by quantitative determination of the silver nitrate. 
Reduction of the nitrate was avoided by powdering and warming 
the salt and then dissolving it in the heated solvent; strong heating 
or very long standing caused considerable decomposition, and it 
was not possible to examine solutions containing more than 50% of 
nitrate. Fig. 1 and Table III represent the experimental results. 
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It will be seen that a compound AgNO,,2C,H,OH has been de- 
finitely isolated, although its limits of stable existence are narrow; 
it crystallises in white cubes and has a metastable m. p. at 7-6°; 
it was necessary to supercool to the region of — 30° before the com- 
pound was first obtained. It is noteworthy in this connexion 
that Krause and Schmitz (Ber., 1919, 52, 2150) isolated a silver 
phenyl silver nitrate of similar formula, AgNO,,2PhAg. The 
initial depression of the freezing point of phenol by addition of 
silver nitrate gives a calculated molecular weight of the order of 
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200; in aqueous solution the behaviour of this salt is somewhat 
similar, but the effect is due to association of the anion in the more 
concentrated solutions (compare Sidgwick, ‘“‘ Electronic Theory of 
Valency,” 1927, p. 195). Sidgwick and Ewbank (J., 1924, 125, 
2273) have shown, however, that, whilst salts may be divided sharply 
into two classes according as they form solid hydrates or not, the 
former class as a whole gives a greater depression of the freezing 
point of water than the latter, among which silver nitrate should 
occur. It seems that in the case of the phenolic solution of silver 
nitrate, we have, on the evidence available, to attribute the large 
depression of freezing point to the removal of the solvent from the 
system by solvation, as in the case of those salts which form hydrates. 
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Tasxe III. 
AgNO,, AgNo;, 

Temp. Solid phase. %: Temp. Solid phase. %.- 
35°5° Phenol 11-9 16-0° AgNO, 41-5 
27-2 a 22-1 30-2 ” 43-2 
il-4 ae 31-8 Metastable. 

0-0 C,H,O + compound 37-5 —53 Phenol+ AgNO, 39-0 

1-4 Compound+ AgNO, 39:8 +76 Compound (m.p.) 47-4* 


* AgNO,,2C,H,O requires AgNO , 47:59. 


Fie. 2. 
The ternary system silver nitrate-phenol-water at 25°. 
AgNO; 
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The Ternary System.—The solutions were sucked through a filter 
into a weighing bottle and analysed, together with the moist residue, 
phenol being estimated by the bromide-bromate method. A 
number of interesting phenomena were noticed during the ex- 
ploration of the isotherm at 25°. Solutions containing more than 
30°, of phenol with silver nitrate as the solid phase were extremely 
viscous. Again, no difficulty was experienced in separating the two 
liquid layers in the binodal curve: normally phenol and water 
mixtures separate, on cooling or after shaking, with the formation 
of a persistent emulsion, 2 or 3 days being sometimes required for 
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complete clearance; it was found that the addition of even a trace 
of silver nitrate reduced this time to the order of 1 minute, in 
powerful contrast to the action of most other substances that 
“salt in’’ phenol, such as the oleates, which produce very stable 
emulsions. The molecular elevation of critical solution temperature 
is given by H = (t — T)/C, where t — T is the elevation in degrees 
and C is the concentration of added salt in mols. per kg. of phenol- 
water mixture. At the critical composition (36-5% of phenol), 
T = 65-3°, and if ¢ is taken as 25°, ZH is of the order of —100°, i.e., 
much the same as for other substances of diverse types, pyrogallol 
and succinic acid giving a value of — 90°. The soaps are anomalous, 
sodium oleate having H = — 680° (Timmermans, Z. physikal. 
Chem., 1907, 58, 129; Bailey, J., 1923, 123, 2579). The system 
was explored at 25°, and no compounds or mixed crystals were 
found at this temperature. The equilibria are illustrated in Table 
IV and Fig. 2. 
TaBLeE IV. 
Ternary system phenol-water-silver nitrate at 25°. 
Percentages by weight. 








Solution. Residue. 

va Phases 
No. 4d. AgNO;. C,H,O. Water. AgNO;. C,H,O. Water. present. 
1 2317 71-0 — 29-0 —_ = duces" 
2 2-297 70-8 1-1 28-1 96-1 0-4 3-5 
3 2-283 69-9 3-9 26-2 94-7 0-5 4:8 
4 2170 66-0 13-6 20-4 92-2 2-7 51 | , No 
5 2-093 63-4 18-6 18-0 90-0 5-0 5-0 | “8 hts 
6 1-878 641 34-1 11-8 85-9 10-0 41 | sin 
7 41812 51-4 39-0 9-6 85-3 10-7 4:0 | : 
8 1-736 470 46:2 68 92-2 5:8 2-0 | 
9 1688 446 50-9 4:5 89:7 8-5 1-8 | 
10 1633 42-4 57-6 -o pe vot A. 
ll — 9-3 86-6 4-1 2-6 96-2 1-2) C,H,O 
12 sas 24-0 76-0 ae — bons woe re 
13 _ — 95-7 4:3 — — —_ soln. 
14 — 1-4 9-6 89-0 1-1 66-9 31-9 
15 ut 34 128 83-8 35 60-6 35-9 Moers bi 
16 — 5-3 19-0 75-7 56 478 466 | liquids. 
17 ~= 6-0 31-0 63-0 (Critical point) 


The distribution ratio of silver nitrate between the phenolic and the 
aqueous layer for points 14, 15, and 16 (calculated as g. of salt per 
100 g. of phenol—water mixture) is 0-79, 1-03, and 1-06 respectively. 


My thanks are due to the Research Fund Committee of the 
Chemical Society for a grant which has covered the cost of some 
of the materials used. 


Tue Str Wr11am Ramsay LABORATORIES OF INORGANIC 
AND PuHysIcAL CHEMISTRY, 
University CoLLEGEe, LonpDoN. [Received, May 14th, 1930.] 
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CXCVII.—On the Dielectric Strengths of Some Explo- 
sive Mixtures containing Carbonic Oxide. 


By BernaRD WILLIAM BRapDFoRD and GEORGE INGLE FINCH. 


THE electrical ignition of an explosive gaseous mixture is deter- 
mined by the setting up of a certain definite concentration of ions 
at some point within the body of the gas (Finch and Cowen, Proc. 
Roy. Soc., 1927, A, 116, 539). Other conditions being equal, this 
is in its turn determined by the passage through the mixture of a 
definite current, termed the “least igniting current ’’ (Thornton, 
ibid., 1914, A, 90, 272). If the source of electrical energy be an 
induction coil or magneto, the maximum current flows during the 
first half-cycle of the oscillatory, though frequently fully damped, 
capacity component. Campbell and Patterson (Proc. Physical Soc., 
1919, 31, 177) have shown, and it has repeatedly been confirmed by 
others (see Morgan, “ Electric Spark Ignition,’’ Crosby Lockwood, 
1922, pp. 19 et seq.), that, in these circumstances, it is the capacity 
and not the inductance component which causes ignition. Ceteris 
paribus, the maximum current passed by the capacity component, 
and likewise the energy associated therewith, are determined by 
the dielectric strength of the gaseous medium traversed by the 
discharge. 

It is well known that intensive drying of a gas greatly increases 
its dielectric strength; and, although for some time we have been 
aware in these laboratories that the same statement applies also 
to explosive gaseous mixtures, no account of the effect, from this 
point of view, has been published. 

At a meeting of the Society, held in London on the 19th December, 
1929, Professor Smithells read a paper on “‘ The Influence of 
Hydrogen and Water Vapour on the Ignition of Carbon Monoxide ” 
(this vol., p. 185), and concluded from the results of experiments 
carried out by himself, in conjunction with Mr. H. Whitaker and 
Miss T. Holmes, that hydrogen was more effective than water 
vapour in conferring ignitability upon a mixture of carbonic oxide 
and oxygen in equivalent proportion. This conclusion was criticised 
at that meeting by one of us (G. I. F.) on the ground that the 
dielectric strengths of the two classes of mixture, 2CO + O,(-+ water 
vapour) and 2CO + O,(+ hydrogen), must have differed consider- 
ably (J. Soc. Chem. Ind., 1930, 49, 12). In order, therefore, to 
substantiate this criticism by determining the effect of moisture 
upon the dielectric strengths of some explosive mixtures, containing, 
in the main, carbonic oxide and oxygen in their combining propor- 
tion, the following investigation was carried out. The mixture 
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corresponding to 2CO + O, will be referred to, for the sake of 
brevity, as “‘ detonating gas.” 


EXPERIMENTAL. 


The dielectric strengths of the gaseous mixtures examined were 
determined in (i) three test-tube eudiometers, A, B, and C, sealed 
off by mercury and provided with fused-in platinum-wire (S.W.G. 
28) electrodes, (ii) a test-tube, D, the open end of which was sealed 
off after filling the tube—the electrodes were similar to those 
described under (i)—and (iii) a pipette, also fitted with platinum- 
wire electrodes, through which a current of the gaseous mixture 
under examination could be passed. 

The various gaps were set by eye, and then measured electrically 
in terms of breakdown voltage in air of known moisture content, 
pressure, and temperature. Full details of the methods employed 
for cleaning these vessels, for purifying and drying mercury, for 
purifying phosphoric oxide, and for preparing and checking the 
composition of the “ detonating gas’ have been given elsewhere 
(Bone and others, Proc. Roy. Soc., 1925, A, 127, 2464; Finch and 
Cowen, loc. cit.; Finch and Hodge, ibid., 1929, 124, 306; Finch 
and Fraser, J., 1922, 121, 122). The pressures employed in the 
dielectric-strength determinations were furnished by a high-tension 
direct-current generator capable of exerting up to 5000 volts on 
full load (100 milliamps.). Ripple and other irregularities were 
removed by means of the smoothing circuit fully described by 
Finch and Cowen (Proc. Roy. Soc., 1926, A, 111, 257, and loc. cit.). 

The smoothed output was fed into the circuit shown in Fig. 1; 
8, and s, were double-pole, double-throw switches, 8, was a triple- 
stud switch, V, a Kelvin multicellular electrostatic voltmeter 
(30—120 volts), and V, an electrostatic voltmeter (1200—2800 
volts). Both instruments were referred to a Weston normal cell, 
an N.P.L. calibrated standard ohm, and a Ferranti 1-megohm 
potentiometer, wire-wound in steps of 100,000 ohms. The values 
of 7, 72, 73, Ty, 75, T¢, and r, were respectively 2-5, 2-5 megohms 
(tap water); 0 to above 50 megohms, continuously variable (dis- 
tilled water); 45 megohms (alcohol—xylene); 4, 1, and 2 megohms 
(sputtered silver on quartz rod in a vacuum). S was the gap, the 
breakdown voltage of which was to be measured. The smoothed 
generator output was fed to A and B. The lay-out of the circuit 
was such as to reduce the interelectrodic capacity to a practical 
minimum. 

Procedure.—The electrodes of the test-tube containing the gaseous 
mixture of which the dielectric strength was to be determined were 
connected into the circuit at S, s, and s, being thrown over into 
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such positions that S was out of, but V, in, circuit. The system 
V,, including the potentiometer, r, and r;, 7, or 7,, was then cali- 
brated over the desired range against V,, whereupon s, and 8, 
were thrown over to the opposite terminal pairs, thus placing S in, 
but V, out of, the circuit. By varying r, and the speed of the 
generator, any desired pressure up to 5000 volts could then be 
applied to S. On completion of a dielectric-strength determination, 
8, and s, were reversed and V,, together with the potentiometer 
associated therewith, was recalibrated. The importance of taking 
due account of lag phenomena (Campbell, Phil. Mag., 1921, 41; 
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Townsend, ‘‘ Electricity in Gases,” Oxford, 1915; Peek, “ Di- 
electric Phenomena,’ McGraw-Hill, 2nd edtn.; Morgan, loc. cit.) 
was recognised, and all experiments were therefore carried out in 
daylight, the pressure being raised in each determination by 10-volt 
steps at 10-second intervals until breakdown occurred. It will be 
appreciated that the rate of dissipation of energy ensuing upon 
breakdown was such that ignition never occurred, even in the case 
of the most sensitive mixtures examined (see Finch and Cowen, 
loc. cit.; Finch and Hodge, Proc. Roy. Soc., 1929, A, 124, 303; 
1929, 125, 532). In all experiments, with the exception of those 
carried out with the sealed-off tube, D, the pressure of the tube 
contents was 760 -+- 2-5 mm. 

Experimental Results,—24 Hours after the filling with a mixture 
corresponding in composition to 2CO +- O, + 0-017%H,O (85°6% 
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H,SO, at 17-2°; see Landolt—Bérnstein, ‘“ Tabellen,” pp. 426, 
427), the breakdown voltage across the electrodes of the tube, A, 
was found to be 1890 + 5 volts. A repeat determination 24 hours 
later gave a similar value. Tube A was then emptied, rinsed out 
with distilled water, dried in a current of hot dry air, and filled with 
dry redistilled mercury, which was thereupon displaced by a dry 
mixture of the composition 2CO + O, + 0-017%H,. Two pellets 
of compressed phosphoric oxide, each weighing about 0-5 g., were 
then introduced into the tube. After 10 days the breakdown 
voltage was found to be 2300+ 10 volts. Tube A was then 
accidentally destroyed. Similarly, the following results, set forth 
in the order in which the experiments were carried out, were 
obtained with the tube, B: 


Gaseous mixture. Breakdown voltage. 
200 + O, + 0:043% H,O 2300 + 10 volts 
2CO + O, + 0-043% H,, dried for 10 days 2850 +15 ,, 
2CO + O, + 0-043% H,O 2350 +10 ,, 


The effect of progressive degrees of drying upon the dielectric 
strength of ‘‘ detonating gas,’”’ free from hydrogen, was studied in 
the tube, C, with the following results : 


Aqueous condition of mixture. Breakdown voltage. 
0-043% H,O 2150 + 6 volts 
4 hour’s drying over P,O; 2900 + 20 ,, 

1 day’s ” ae 2500 + 10 ,, 

2 days’ ms af 3000 + 20 ,, 

4 - * - 3200 + 20 ,, 

5 99 9? 9 3250 =. 20 ”» 

6 ie os Bs 3300 + 20 _,, 

7 ” ” ” 3700 + 25 ,, 

8 “ os pe 3700 + 25 ,, 

9 ” ” ” 3600 + 25 ,, 
10 ” ” ” 3500 + 25 ” 
0-043% H,O 2300+ 5 ,, 


The effect of intensive drying upon the dielectric strength of 
“ detonating gas ’’ was studied in the tube, D, which was prepared 
and filled for this purpose in the following manner: After being 
cleaned, the tube was sealed on to one arm of a T-piece, the second 
branch of which carried a small bulb containing purified phosphoric 
oxide. The whole was evacuated by means of a ‘‘ Hyvac”’ pump 
through the third arm, which was also in communication with a 
filling apparatus and drying train. The evacuated tube was heated 
to just below the softening point of the glass for 4 hour, and the 
electrodes were bombarded for 5 minutes, whereupon phosphoric 
oxide was distilled into the tube until its walls were thickly covered 
with a layer extending to within about 1 cm. of the electrodes. 
Gentle heating sufficed to free the sealing-off capillary from the 
oxide. “ Detonating gas ” was then slowly introduced to a pressure 
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of 760 mm., and the tube sealed off. Breakdown voltages were 
now determined, with the following results : 


Time after sealing off ......... + hour Ilday 2days 4days 5 days 
Breakdown voltage ............ 3150 3300 3400 4000 4250 


The breakdown voltage of this tube containing 2CO + O, + 0-043% 
H,0 had previously been found to be 2950 volts. 

In a final series of experiments, a stream of “ detonating gas ” 
was passed through a train of washers containing aqueous sulphuric 
acid of known vapour tension, followed by a pipette of about 5 c.c. 
capacity and fitted with platinum wire electrodes. The pipette, 
in turn, delivered into a washer filled with sulphuric acid of similar 
concentration to that contained in the first washers. The gas 
flow was interrupted prior to each determination of the breakdown 
voltage, which was thus carried out on the stagnant gas. The 
results obtained were as follows : 


Partial pressure of H,O, mm. 0-0 0-29 3-9 8-4 13-8 
Breakdown voltage ...........+++. 2640 2040 2340 2725 2730 
Discussion. 


The experimental results set forth above establish the following 
facts: (i) Drying with phosphoric oxide increases the dielectric 
strength of “detonating gas,” (ii) small additions of hydrogen 
reduce, but do not inhibit, this effect, and (iii) successive small 
additions of water vapour to “ detonating gas,” previously dried 
over concentrated sulphuric acid, at first reduce and then increase 
its dielectric strength. 

In what follows we propose to show that, in the light of the fore- 
going results, the conclusion drawn by Smithells, Whitaker, and 
Holmes (loc. cit.), viz., that “‘ hydrogen was more effective than 
water vapour in conferring ignitability ”’ on ‘‘ detonating gas,”’ is 
a non sequitur. 

These investigators employed two eudiometers, fitted with 
geometrically similar platinum-wire spark gaps and filled with 
“‘ detonating gas ”’ to which were added respectively small amounts 
of hydrogen or of water vapour in equivalent proportion. The 
contents of the eudiometer containing the hydrogen were kept in 
contact with purified phosphoric oxide. After stated periods of 
drying, none of which was less than 10 days, an induction-coil 
discharge was passed through the two gaps in series. It was found 
that the dried mixture containing hydrogen exploded, but not the 
moist “detonating gas,” and from this and similar results the 
conclusion already quoted was drawn. We have now shown, how- 
ever, that the dielectric strengths of the individual media surround- 
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ing the two spark gaps in their experiments must have differed 
considerably. It follows that the separate amounts of energy 
dissipated in the two gaps must also have differed in such a manner 
that more energy was expended in the dried “ detonating gas ”’ 
containing hydrogen than in the moist mixture. It has been 
previously pointed out that, in estimating the effect of this differ- 
ence in dielectric strengths upon the relative distribution of energy 
between the two gaps, we are only concerned with the energy 
associated with the capacity component of the coil discharge. It 
would only be in exceptional circumstances, which do not arise in 
this case, that the energy associated with the inductive component 
would also have to be taken into account. 

At first sight it might appear that, for the purpose of evaluating 
in precise terms the effect of a difference in the dielectric strengths 
of the two media upon the distribution of energy between two 
spark gaps in series, it would suffice to consider the circuit as con- 
sisting of two gaps in series connected to a condenser charged to 
the sum of the breakdown voltages. This is not the case, however, 
because the investigators in question did not take adequate steps 
to keep down the interelectrodic capacities. 

The eudiometers employed by Smithells and his co-workers were 
water-jacketed, separate jackets being used. The leads to the 
electrodes were taken through vertical glass or rubber tubes, filled 
with mercury, and partly immersed in the water of the jackets. 
From the diagram of their apparatus (loc. cit., p. 190), the following 
approximate dimensions may be assumed in respect of each elec- 
trode: Length of immersed tubing containing mercury, 5 cm.; 
internal diameter of tubing, 0-5 cm.; wall thickness of tubing, 
0-1 cm.; also, the dielectric constant of the tube material would 
be 3 (rubber) or 6 (glass). Hence, since the water-jackets contained 
tap-water, the interelectrodic capacity of each electrode pair must 
have been approximately 11-1 (rubber) or 22 cm. (glass). Taylor- 
Jones (“ The Theory of the Induction Coil,” Pitman, 1921, p. 130) 
found the secondary self-capacity of a slab-wound 18’ induction 
coil to be 48 cm. Smithells and his co-workers probably employed 
a 2—4’’ coil, the secondary self-capacity of which, even if layer- 
built, must have been of the same order as, though probably less 
than, the individual interelectrodic capacities of their two electrode 
systems. That being so, and, further, in view of the secondary 
self-inductance and the damping due to the H.f. resistance of the 
secondary circuit and the tap-water columns contained in the 
tubes connecting the water-jackets with a common supply and 
drain, it may be considered that the circuit at the moment of 
breakdown of the two gaps consisted of two separate circuits in 
3G 
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the electrical sense, each comprising an electrode pair shunted by a 
condenser (the interelectrodic capacity) charged to the breakdown 
voltage of the particular gap. Therefore, since in the experiments 
under consideration the gap widths were geometrically equal, the 
energies stored in the interelectrodic capacities and dissipated on 
breakdown in the two gaps were in the ratio of the squares of the 
respective dielectric strengths of the gaseous mixtures within which 
the gaps were individually situated. We have, however, shown 
experimentally, as set forth above, that the dielectric strength of 
moist “‘ detonating gas” is greatly increased by 10 days’ drying 
after substitution of an equivalent amount of hydrogen for the 
moisture. Thus, the gap in the tube, B, filled with 2CO + O, + 
0-043% H,O broke down at 2300 to 2350 volts, whereas, under 
similar conditions, but with an equivalent amount of hydrogen 
substituted for the water vapour and dried during 10 days over 
phosphoric oxide, the breakdown voltage was 2850 volts. The 
compositions of these mixtures correspond closely to those employed 
by Smithells and his co-workers in their experiments Nos. 5 and 6. 
Thus the ratio of the energies dissipated in their undried and dried 
mixtures respectively was as 53 or 56 is to (at least) 81, i.e., between 
at least 1:45 and 1-53 times as much useful igniting energy was 
dissipated in the dry as in the moist mixture. Therefore, the fact 
that, in those authors’ experiments, the dry mixture containing 
hydrogen exploded, but not the moist ‘“‘ detonating gas,”’ did not 
justify their conclusion that ‘‘ hydrogen was more effective than 
water vapour in conferring ignitability.” 

It should not be inferred from the above that we disagree with 
this conclusion per se. Bone and his co-workers and others have, 
as pointed out by Smithells (loc. cit., pp. 185—187), proved its 
validity. 

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 

Lonpon, 8.W. 7. (Received, April 29th, 1930.] 





CXCVIII.—The Influence of a Soluble Fluoride on the 
Corrosion of Iron. 


By ArTHUR WILLIAM CHAPMAN. 


AmonG the properties of the soluble chlorides are those of acceler- 
ating the corrosion of iron immersed in water or aqueous solutions 
of salts, and, if the solution contains an inhibitor of corrosion, of 
causing localised attack due to the penetration by the chloride ions 
of the protective film formed on the metal by the inhibitor. 
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Marked differences are often observed, however, between the 
properties of chlorides and those of the corresponding fluorides, 
and it seemed desirable to determine whether the chlorides and 
fluorides were dissimilar with regard to their corrosive effects on 
iron. Experiments were therefore carried out on the corrosion of 
iron foil in solutions of potassium fluoride alone or with the addition 
of one of the inhibiting agents, sodium carbonate or potassium 
chromate, and essential differences were observed between the 
results of these and of control experiments conducted with corre- 
sponding solutions of potassium chloride. 


EXPERIMENTAL. 


Potassium fluoride was employed for the preparation of the 
solutions, as it can easily be obtained in a state of purity and is 
readily soluble in water. The iron foil (0-11 mm. thick) gave 
the following analysis: C, 0-035; Si, 0-005; Mn, 0-02; S, 0-011; 
P, 0:005%; Ni and Cr, absent. It was cut into strips, 100 mm. 
by 25 mm., which were cleaned by rubbing with carborundum 
powder (No. 120) on a wet cloth, washed with water, dried on a soft 
cloth, and, for the quantitative experiments, kept in a desiccator’ 
for an hour before being weighed. Each strip was placed at an 
angle of 30° to the vertical in a tumbler containing 150 c.c. of the 
solution to be tested, the total area immersed in the liquid being 
35 sq. cm. The condition of the metal surfaces was examined 
from time to time, and in some cases the loss in weight of the metal 
was determined (compare Evans, J. Inst. Metals, 1923, 30, 257; 
J. Soc. Chem. Ind., 1925, 44, 1637; 1927, 46, 3477; J., 1929, 111). 
All experiments were carried out in duplicate. 

Corrosion in Solutions of Potassium Fluoride or Potassium 
Chloride—In solutions of potassium fluoride or chloride of con- 
centration 0-7N or below, corrosion occurred in exactly similar 
fashion, an immune area of small but variable depth being left 
immediately below the water line, whilst the remainder of the 
specimen underwent general corrosion and became coated on its 
upper surface with a loose blanket of rust. 

The same phenomenon was observed in stronger solutions of 
potassium chloride up to saturation point, but when the concen- 
tration of the potassium fluoride solutions was increased to 0-85N 
and above, corrosion abruptly ceased, a few specimens showing a 
slight localised dulling of the surface but the majority remaining 
bright. Two series of quantitative experiments gave the following 
tesults (after corrosion the metal was cleaned with a bristle brush 
before being washed and dried) : 
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Series 1. 

Cone. of KF or KC], N............46- 0-0 (water) 0-1 0-5 1-0 
Loss in weight (mg.) fin KF ......... 121 20-9 18-1 0-3 

after 70 hours sy 1: re 19-8 19-8 16-6 

Series 2. KF only. 

Cones, NV didn sdcinesocae 10 0-95 0-90 0°85 0-80 0-70 0-50 
Loss in weight after 70 

hours (Mg.)........0++ 0-2 0-2 0-0 0-4 17-6,1-2 17-6 18-5 


Each of these values is the mean of two concordant results with 
the exception of those at 0-8N, where general corrosion took place 
in one specimen and the attack was confined to a small area in the 
other. This concentration represents the border-line between 
inhibition and acceleration of the corrosion process. 

The potassium fluoride used gave a clear solution in water and 
the inhibition occurred equally well when the solution was prepared 
and the iron exposed in vessels coated internally with paraffin 
wax. The abrupt transition from acceleration to inhibition, there- 
fore, was not due to the deposition on the metal of a film of silicon 
compound derived either from the original salt or from the glass 
of the vessel; neither was it caused by the solutions being or 
becoming alkaline, for indicator tests showed that a p, value of 
7—8 was maintained throughout the experiments. 

The conclusion, therefore, seems inevitable that the attack on 
the metal is prevented by a protective film formed on its surface 
as an immediate corrosion product, probably consisting of a fluoride 
or double fluoride of iron. This view furnishes an explanation of 
the abrupt change in the properties of the fluoride solution at 0-8N- 
concentration, which thus corresponds with a stage at which the 
film becomes completely self-repairing ; and it is confirmed by the 
behaviour of the metal in N-fluoride solutions containing potassium 
chloride (N/200, N/50, and N/10). In these solutions the metal 
was attacked, not over the whole surface, but only at the water 
line,* which is usually one of the weakest places in a protective 
film (compare Evans, loc. cit.). 

Corrosion in the Presence of Inhibitors—In concentrations of 
0-7N and under, 7.e., less than the minimum required to produce 
a self-repairing protective film, the corrosive effects of solutions of 
potassium fluoride and potassium chloride were indistinguishable. 
It seemed, therefore, of interest to determine whether this resem- 
blance extended to the property possessed by the chloride ion of 
penetrating the films formed on the metal surface by inhibitors of 

* One specimen in N-potassium fluoride and N/10-potassium chloride 


developed general corrosion, and one in N-potassium fluoride and N/200- 
potassium chloride remained unattacked. 
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corrosion. Sodium carbonate and potassium chromate were 
selected as the inhibitors, and their effects on the corrosive properties 
of solutions of potassium fluoride and of potassium chloride were 
compared. 

An N/2- or N/10-solution of potassium fluoride which was also 
N/10 (i.e., M/20) with respect to sodium carbonate had no visible 
action on the iron foil. The fluoride ion evidently penetrates the 
protective film produced by the sodium carbonate less easily than 
the chloride ion, for localised attack with formation of rust spots 
took place in N/10-sodium carbonate when as little as N /50-potass- 
ium chloride was present (compare Friend and Marshall, J., 1914, 
105, 2776). 

Localised attack occurred in N/1-, N/20-, and N/50-solutions of 
potassium chloride containing potassium chromate up to M/20- 
concentration and in N/100-potassium chloride containing M /40- 
chromate. With potassium fluoride in place of the chloride, no 
corrosion occurred in N-solutions whatever the concentration of 
chromate (between M/10 and M/500). With N/10-fluoride, the 
formation of rust spots did not take place until the chromate con- 
centration was reduced to M/100, or with N’/50-fluoride, to M /200, 
a result which is in agreement with the lesser penetrating power 
of the fluoride ion deduced from the sodium carbonate experiments. 

In this series, however, another form of local corrosion took 
place, especially with N/10-potassium fluoride containing M /100— 
M /200-potassium chromate and occasionally when as much as 
M /20-chromate was present. During the course of about 24 hours 
from the commencement of the experiment, a variable number of 
tiny black spots appeared on the surface of the specimen, which 
otherwise was sometimes unattacked and sometimes showed 
separate rust spots. The black spots grew in size for some days 
and then remained unchanged on further standing. Their final 
size varied from 0-2 mm. to 3 mm. in diameter, the smaller ones 
being roughly spherical and the larger tapering to a point at the 
end away from the specimen. Underneath each spot a pit was 
found, shallow in the case of the small spots and perforating the 
metal in the case of the large ones. When perforation occurred, 
an almost flat, black spot appeared on the distant side of the foil. 
The blackness was confined to a thin layer on the outside, and the 
interior consisted of a white crystalline material. Qualitative 
examination of the material of the spots after prolonged washing 
on the metal showed the presence of ferrous and ferric iron, potass- 
ium, fluoride, and a trace of chromate. 

The formation of these black spots may be explained as a result 
of the interaction of the chromate in the solution with the iron 
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fluoride obtained as a primary corrosion product. In fluoride 
solutions containing very little chromate, the fluoride ions, like 
chloride ions, are capable of penetrating weak spots in the protective 
film, attacking the iron and forming a fluoride. Instead of reacting 
with the alkali formed at the cathodic areas, the iron salt reacts 
with some of the chromate in solution, forming a film of iron 
chromate near to, but not in contact with, the metal, and im- 
pervious to more chromate ions although allowing fluoride and 
potassium ions to enter. Beneath this coating, further attack of 
the metal proceeds and a mass of white iron potassium fluorides is 
built up, the chromate cover expanding as the bulk of its contents 
increases and any discontinuity being at once repaired by inter- 
action of the iron compounds with the chromate outside. When 
the metal is perforated, the chromate obtains access to the iron 
salts from the other side, and the flat black spot appears on the 
back of the metal. 
Summary. 


i. Experiments have been carried out on the corrosion of a 
particular iron foil in various aqueous solutions containing a soluble 
fluoride. 

2. Solutions of potassium fluoride of concentration less than 
0-8N corroded the iron in a manner similar to potassium chloride 
solutions of equivalent concentration. 

3. Unlike the corresponding chloride solutions, potassium fluoride 
solutions of concentration 0-85N and above did not corrode iron 
foil, and exercised an inhibiting influence upon the corrosive action 
of chloride ions. The effect is ascribed to the formation of a 
protective film of a fluoride or double fluoride of iron on the surface 
of the metal. 

4. The attack of a dilute fluoride solution was inhibited by 
sodium carbonate or potassium chromate in concentrations much 
lower than were needed for a chloride. This is attributed to the 
fluoride ion being less able to penetrate the protective film formed 
on the metal by the inhibitor. 

5. A special type of corrosion phenomenon was exhibited in 
solutions containing potassium fluoride and chromate within certain 
limits of concentration. The nature and cause of this phenomenon 
are discussed. 


THE UNIVERSITY, SHEFFIELD. [ Received, May 20th, 1930.] 
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CXCIX.—The Solubility of Silver Chloride, Silver 
Bromide, and Silver Iodide and the Normal Potent- 
ials of Chlorine, Bromine, and Iodine in Methyl 
Alcohol and Ethyl Alcohol. 


By Freperick Kari Victor Kocu. 


IN a previous communication (J., 1928, 269) a method was described 
for determining the solution tension and normal potential of a metal 
in non-aqueous solvents, and by applying this method to the 
primary electrode Ag/AgNO,, these properties of silver were evalu- 
ated in ten organic liquids. In the present paper some results are 
described for the secondary electrode Ag|AgX,NaX (where X = Cl, 
Br, or I) in methyl and ethyl alcohols, the same method being used 
in order to determine (1) the solubilities of the three silver halides 
and (2) the solution tensions and normal potentials of chlorine, 
bromine, and iodine in these solvents. 

The £.M.F. of the cell, AgiAgX,NaX ! NaX,AgX|Ag, given by the 


water ; non-aqueous 
! solvent 
Nernst formula is 


E = (RT /nF) . log. (Pu/Ps)sg — (RT /nF) . log. (Cw) ag/(Cs)ag + € (1) 
where (P,,/Ps)s, is the ratio of the solution tension of silver in water 
to that in the non-aqueous solvent, (c,),, and (¢,),, are the con- 
centrations (more strictly, activities) of the silver ion in water and 
in the non-aqueous solvent respectively, and e is the liquid-junction 
potential. If L,,,L, are the respective solubility products of the salt 
AgX, and (c,,)x, (¢s)x the respective concentrations of the halogen 
ion, Ly = (Cw)ag + (Cw)x and Ly = (Cs)ag.(Cs)x, and (1) becomes 
B=(RT /nP) . loge [(Pu/Ps)ag - (Le/Lw)] + (RT /nF) . log. (ew)x/(Cs)x + € 
and, deducing (as previously, loc. cit.) the ionic concentrations from 
conductivity data, we have 

E = (RT /nF) . log. [((Pu/Ps)ag « (Ls/Lw) « (Aws/Acw)] 

+ (RT'/nF) .log.ky/ms te. . . (2) 
where «,,,x, are the specific conductivities and A...,A.; the molecular 
conductivities at infinite dilution of the salt NaX in water and in the 
non-aqueous solvent respectively. 

The £.M.F. of the cell (see results) is a linear function of 
logo Kw/ Ks, 1.€., 
E = B+ A logyo ku/ks ee a 
(where A and B are constants), and on the assumption (loc. cit.) that 
when Z = 0, e = 0, comparison of (2) and (3) yields 
B= A logy [(Pw/Ps)ag - (Ls/Lw) .(Aws/Nou)] - + (4) 


Since the values of (P./P;),, have been determined previously 
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(loc. cit.), those of A..,, and A,, are known, and the constants A and B 
are determined in this investigation, (L,,/I,) can be calculated. 


EXPERIMENTAL. 
The #.M.F. and conductivity apparatus and the purification of 
| the alcohols have been described previously (J., 1927, 647; 1928, 
524; loc. cit.). 

Sodium chloride (Hopkin and Williams’s “ Puriss.”) and sodium 
bromide (Kahlbaum) were purified by three recrystallisations from 
aqueous ethyl alcohol. Sodium iodide (B. D.H.) was similarly 
recrystallised from pure ethyl alcohol, which was distilled, but not 
dried, for this purpose. The salts were dried over phosphoric oxide 
in a vacuum, 


TABLE I. 
Silver chloride. 
Methy! alcohol. Ethyl] alcohol. 
Kus thi E (volt). Sas Ks E (volt). 
86-60 43°53 — 0-046 86-60 1-925 —0-042 
a 6-067 —0-004 os 0-2377 +0-007 
ie 0-7720 +0-043 9-670 1-925 — 0-092 
9-670 43-53 —0-092 os 0-2377 —0-050 
‘aa 6-067 —0-052 1-114 1-925 —0-140 
~ 0-7720 —0-008 a 0-2377 —0-098 
1-114 43-53 — 0-137 
9 6-067 —0-095 
- 0-7720 — 0-054 
Silver bromide. 
75°63 41-62 —0-038 75-63 15-88 —0-072 
ts 5-688 +0-000 a 2-257 —0-031 
ei 0-7298 +0-049 i 0-2998 +0-013 
8-417 41-62 —0-082 8-417 15-88 — 0-126 
és 5-688 —0-040 2 2-257 — 0-082 
a 0-7298 +0-001 - 0-2998 — 0-037 
1-031 41-62 —0-130 1-031 15-88 —0-170 
is 5-688 — 0-087 ¥ 2-257 —0-122 
a 0-7298 —0-045 aa 0-2998 —0-083 
Silver iodide. 
86-80 51-57 —0-015 86-80 17-80 — 0-045 
Pm 6-803 +0:-027 os 2-578 +0-000 
- 08433 +0-071 ” 0-3223 + 0-047 
9-541 51-57 — 0-066 9-541 17-80 —0-092 
” 6-803 —0-020 oe 2-578 —0-056 
” 0-8433 +0-027 ee 0-3223 —0-005 
1-019 51-57 —0-109 1-019 17-80 — 0-142 
a 6-803 — 0-070 o 2-578 —0-102 
- 0°8433 —0-025 - 0°3223 —0-052 


The silver halides were prepared by precipitation from aqueous 
sodium halide solution with a slight excess of silver nitrate. The 
solution was boiled and the precipitated halide was washed re- 
peatedly by decantation, filtered off, washed until free from silver 
nitrate, and dried first in a steam-oven and then over phosphoric 
oxide in a vacuum. Precautions were taken to prevent the action 
of light; there was no detectable discoloration. The £.M F. 
measurements were carried out with the cells in a dark box, and each 
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cell was protected by a thick opaque covering of black paper. No 
discoloration was observed after the measurements. 

The solutions were approximately N/10, N/100, and N’/1000 in 
water and the non-aqueous solvents, and by all possible combinations 
nine £.M.F.’s were measured. The solubility of sodium chloride in 
pure ethyl alcohol is not sufficiently great to give an N/10-solution, 
so only six #.M.F.’s were measured in this case. Two silver elec- 
trodes were inserted into each solution, which vas saturated with the 
silver halide. The convention has been retained of giving the 
E.M.F. (EZ) the same sign as the non-aqueous electrode. The 
specific conductivities, «,,x;, in Table I are in mhos x 104/cm. 
measured at 25° + 0-02°. The specific conductivity of the pure 
solvent has, as previously, been subtracted in all cases from that of 
the solution. 

Discussion. 

The values of the constant B deduced from the linear plots of Z 

against log,, «/«; [see Fig. 1 and equation (3)] are tabulated below. 


AgCl. AgBr. AgI. 
Mistibyi ahethol ...6..666008000000 — 0-062 —0-052 —0-028 
Ethyl alcohol _ ..............ve0. — 0-128 —0-110 —0-080 
Fia. 1 
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The slope of all the lines (A) is very nearly the same and equal to 
+ 0-050. 
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In order to calculate the solubility ratios (./Z,,/L,) the values of 
(P../Ps)a¢ previously determined have been used. These are 81-1 
for methy] alcohol and 150 for ethyl alcohol. The following values 
for A. at 25° have been derived from the ionic mobilities given by 
Ulich (Trans. Faraday Soc., 1927, 23, 390) for water and ethyl 
alcohol and by Hartley and Raikes (ibid., p. 394) for methyl] alcohol : 


f NaCl. NaBr. Nal. 
WHO icnccscrescbicsssseseccdoccone 127-6 129-4 128-0 
Methyl alcohol ..............0+0 97-0 101-2 106-7 
Ethyl! alcohol  ...........e0c00- 43-3 44-4 48-2 


There is some uncertainty in these values, but an error of 10% in the 
ratio A.,,/A.s; corresponds to an error of only 2-1 millivolts in B, so 
that small differences in A. have only a negligible effect on the 
results. 

The ratios of the solubilities of the silver halides in water to those 
in the two alcohols, calculated by equation (4), are given below (the 
solubility of a sparingly soluble salt is equal to the square root of its 
solubility product) : 


Theoretical 

AgCl. AgBr. AgI. (Walden). 
Water/methyl alcohol ......... 33 26 16 12-2 
Water/ethyl alcohol ............ 136 90 47 33-5 
Methy]! alcohol/ethy! alcohol 43 3°5 2-9 2°7 


The solubility ratios for water/methyl alcohol deduced from 
E.M.F. measurements of a different type by Buckley and Hartley 
(Phil. Mag., 1929, 8, 334) are 43, 33, and 13 respectively. 

The solubility of silver chloride, bromide, and iodide in water 
being taken as 1-3 x 1075, 7-8 x 10°’, and 1-0 x 10°8 mol./litre, the 
corresponding figures in methyl alcohol are 3-9 x 10-7, 3-0 x 1078, 
6-2 x 10~°, and in ethyl alcohol, 9-6 x 10-8, 8-7 x 107%, 2-1 x 107! 
respectively. 

Ionic Distribution Coefficients and Normal Potentials.—Michaelis 
and Fujita (Z. physikal. Chem., 1924, 110, 268) have shown on the 
basis of Nernst’s theory of specific ionic distribution coefficients 
(ibid., 1892, 9, 132) that the following thermodynamic relationship 
holds for the distribution equilibrium of a completely ionised salt 
(composed of two ions) between two solvents 1 and 2: (The result 
may be generalised to include miscible solvents by imagining the two 
solutions to be separated by a membrane which is permeable only to 
the ions but not to the two solvents.) 


Yo-Ya = (P,/Ps)ec : (P,/P2) = (c, /cg)? ~ > oo 
where c, and ¢, are the concentrations of the salt, y¢ and y, are the 


ionic distribution coefficients, and (P,/P3)¢ = yc, (Py/Ps)4 = ya ate 
the ratios of the solution tensions of the kation and anion respect- 
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ively. The ionic distribution coefficient is identically equal to the 
ratio of the solution tensions. For a sparingly soluble salt, c, and c, 
may be replaced by the solubilities s, and s,; hence 


Yo-Ya=(8/%)® . . . . . (6) 
Hence if ye and (s,/s,) are known, y, can be calculated. The 
solubility product of a sparingly soluble salt composed of two 
ions in a given solvent is proportional to the product of the solution 
tensions of its constituent ions in that solvent. 

From the solubility ratios given on p. 1554 and the values of y,, of 
81-1 for water/methyl alcohol and 150 for water/ethyl alcohol, the 
values of y, given in Table II were obtained. The normal potentials 
were then calculated from the equation e,(alcohol) = e,(water) — 
0-058 logi) ya, the normal potentials in water given by Lewis and 
Randall (“‘ Thermodynamics,” p. 433) being used. The author’s 
figures for silver (loc. cit.) are also included. 


TABLE II. 
Ionic distribution coefficients anc normal potentials. 
Water. Methyl alcohol. Ethyl alcohol. 
en YA en YA en 
Chlorine ......... +1-3594 13-2 + 1-294 123 + 1-238 
Bromine ......... + 1-0659 8-6 +1-012 54 +0-966 
ETE +0-°5357 3-0 +0-508 15 +0-468 
BOE Ssedensdncas -+-0°7995 81-1 +0-910 150 + 0-926 


The values of log y4 found by Bjerrum and Larsson (Z. physikal. 
Chem., 1927, 127, 368) for the chloride, bromide, iodide, and silver 
ions for the solvent pair water-ethyl alcohol are 2-5, 1-8, 1-4, and 2-1 
respectively, and are in reasonably good agreement with those 
found in this investigation, viz., 2-1, 1-7, 1-2, and 2-2. 

Isgarischew (Z. Elektrochem., 1913, 19, 491) estimated the liquid- 
junction potential by means of Henderson’s formula and found 
that the normal potential of silver in methyl alcohol was + 0-91 volt, 
which is in exact agreement with the above value. 

The normal potentials of chlorine, bromine, iodine, and silver in 
methyl alcohol referred to H = 0 in methyl alcohol, as given by 
Buckley and Hartley (loc. cit.), are + 1-128, + 0-849, + 0-369, and 
+ 0-764 respectively. On subtracting these figures from those of 
this investigation, the differences are seen to be + 0-166, + 0-163, 
+ 0-139, and + 0-146. Hence it follows that the normal potential 
of hydrogen in methyl alcohol is + 0-15(3) + 0-014 volt. 

Electrode Potential and Dielectric Constant.—T heoretical calculation 
of the difference of normal potential in two solvents. Born (Z. Physik, 
1920, 1, 45) has calculated the free energy of solvation, Az, of an ion 
on the assumptions (1) that the ion is a rigid sphere and (2) that it is 
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transferred from a vacuum into a continuous medium of dielectric 
constant «. Thus Az = 1-194 x 1071! Ne? 22(1 — 1/e)/r; kg.-cals., 
where e = 4-774 x 10°) ¢€.8.u., N = 6-06 x 107% is the Avogadro 
number, z is the valency, and r; the radius of the ion. The free 
energy of transference of an ion from one solvent (¢,) to another (¢,) 
is therefore 
Ap = 1-194 x 1071! Ne®z2(1/e, — 1/e,)/ri 

and if e, is the theoretical difference in normal potential in the two 
solvents, AA 7 = 23-074Ae, and hence 


Ae, = 1-194 x 10-11 Ne®z2(1/e, — 1/e,)/23-074r; . (7) 


The ionic radii of the chloride, bromide, iodide, and silver ions, 
deduced by Goldschmidt (T'rans. Faraday Soc., 1929, 25, 282) from an 
X-ray examination of crystal structure, are 1-81, 1-96, 2-20, and 1-13 
A.U. respectively. The dielectric constants of water, methyl 
alcohol, and ethyl alcohol have been taken as 81-7, 35-4, and 25-4 
respectively. 

Since in actual fact ions are not rigid (compare Fajans, Z. Elektro- 
chem., 1928, 34, 502) and solvents are not continuous dielectric media, 
Born’s formula can never give an exact interpretation of the experi- 
mental results. Nevertheless, it is of interest to see how closely the 
differences of normal potential calculated from this formula agree 
with the corresponding values obtained from the experimental re- 
sults of this investigation. These data are therefore compared in 
Table ITI. 


‘ TasieE III. 


Differences in normal potential. 


Water— Water-— Methyl alcohol- 
methyl] alcohol. ethyl alcohol. ethyl alcohol. 
Found. Cale. Found. Cale. Found. Calc. 
CE! Career — 0-065 — 0-063 —0-121 —0-109 — 0-056 — 0-044 
Be ..d4- — 0-054 — 0-058 —0-100 — 0-100 — 0-046 —0-041 
B. anseus — 0-028 — 0-052 — 0-068 — 0-089 — 0-040 — 0-036 
BR cncens +0110 +0-102 +0-126 +0-173 +0-016 +0-070 


Since the difference in normal potential of a given element in two 
solvents is given by b’ (1/e, — 1/e,) (where, by equation 7, 6’ is a 
constant), the normal potential itself is given by a formula of the 
type ¢, = a + b/e, where a and b are constants characteristic of the 
ion and independent of the solvent. This formula has been put 
forward by Brodsky (Z. physikal. Chem., 1926, 121, 1) and confirmed 
for the electrodes Hg|HgX,KX (where X = Cl, Br, or I) in water, 
methyl alcohol, ethyl alcohol, and binary mixtures of these liquids. 
He has recently derived this formula in the above manner from that 
of Born (Physikal. Z., 1929, 30, 665). Considering Brodsky’s 
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formula as another form of that of Born, it can be expected to be 
strictly valid only under the same conditions, i.e., for a rigid ion in 
a continuous dielectric medium. It appears that these conditions 
are approximately fulfilled by the three halogen ions and the silver 
ion in the three solvents now investigated. Measurements for the 
silver ion in ten organic liquids of diverse chemical character (Koch, 
loc. cit.) have, however, shown that, in general, the dielectric constant 
is not the only property of the solvent which determines the electrode 
potential. The measure of agreement between theory and experi- 
ment exhibited by Table III and by the results of Brodsky must 
therefore be attributed to the fact that the two alcohols and water 
are chemically similar, and that any specific ionic-molecular inter- 
action is negligibly small compared with the experimental in- 
accuracy. 

The Walden relation. According to Baur, Kriiger, and Walden 
(Walden, “ Elektrochemie Nichtwasserige Lésungen,” 1924, pp. 
355, 443), the distribution coefficients of all ions for a given pair of 
solvents should be the same and equal to (e, /e,), where ¢, and e, are 
the dielectric constants. Hence by equation (6), s,/s, = (c,/e)%, 
that is, the solubility of a sparingly soluble salt is proportional to the 
cube of the dielectric constant of the solvent. 

The theoretical figures based on this supposed relation are given 
in the last column of the table on p. 1554. There is no agreement, 
except for the case of silver iodide, which is probably fortuitous, and 
the fact that the ratios are different for all three silver halides is in 
itself a sufficient contradiction. 

The Walden figures for y, in Table II are 12-2 for water/methyl 
alcohol and 33-5 for water/ethyl alcohol. There is again no agree- 
ment. The ratios y, for methyl alcohol /ethy] alcohol for the chloride, 
bromide, iodide, and silver ions are 9-6, 6-3, 5-0, and 1-8 respectively, 
whereas Walden’s value is 2-7. 

On the same basis, the difference in normal potential in two 
solvents 1 and 2 should be a constant with the same value for all 
elements, i.¢., Ae, = (3R7'/nF) . log. ¢,/e2. The values of this 
constant for univalent ions for the solvent pairs water—methyl 
alcohol, water-ethyl alcohol, and methyl alcohol-ethyl alcohol are 
0-063, 0-089, and 0-025 volt respectively. Comparison with Table 
IIT shows that there is no agreement. 


Summary. 


(1) The solubilities of silver chloride, silver bromide, and silver 
iodide have been determined in methyl and in ethyl alcohol by an 
electrochemical method previously described. 

(2) The results are in disagreement with the Walden relation, 
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which states that the solubility is proportional to the cube of the 
dielectric constant of the solvent. 

(3) The distribution coefficients of the three halogen ions for the 
solvent pairs water—-methyl alcohol and water-ethyl alcohol have 
been calculated from the results, whence have been deduced the 
normal potentials in these solvents. 

(4) The differences in normal potential of chlorine, bromine, 
iodine, and silver for pairs of these solvents have been calculated by 
a formula of Born and found to be in reasonably good agreement with 
the experimental values. 

(5) It is shown that in cases where the specific ionic—molecular 
interaction is negligibly small, Brodsky’s formula, viz., e, = a + 6b/e 
(where e, is the normal potential, ¢ the dielectric constant of the 
solvent, and a and 6 are constants), is valid. The theoretical 
foundation of this formula is derived from Born’s equation, which 
assumes that the ion is a rigid sphere located in a continuous di- 
electric medium. These conditions are, apparently, approximately 
fulfilled for the chloride, bromide, iodide, and silver ions in water, 
methyl alcohol, and ethyl aléohol. 


In conclusion, the author wishes to thank the Trustees of the Beit 
Fellowship for a fellowship. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
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CC.—The Rearrangement of the Alkylanilines. Part II. 
The Course of the Rearrangement in Presence of 
Metallic Salts. 


By WILFRED JOHN HICKINBOTTOM and (in part) ALLAN CoLEY 
WAINE. 


THe alkylanilines are converted into the corresponding amino- 
alkylbenzenes by heating with anhydrous metallic halides, such as 
cobalt, cadmium, manganous, or zinc chloride, in sealed tubes (J., 
1920, 117, 103) or in open tubes (J., 1927, 65), at temperatures above 
200°. The nature of this change has now been examined more 
closely with the object of ascertaining as far as possible the course of 
the reaction (see also the following paper). 

The change may be due to one of two types of reaction: either 
it proceeds in at least two stages with the formation of intermediate 
chemical compounds which are capable of isolation; or it is an iso- 
merisation, involving an internal rearrangement, or an exchange of 
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groups between two molecules following an internal electronic 
redistribution. 

As the isomerisation of some other classes of N-substituted 
anilines to give nuclear-substituted amines has been shown to be the 
result of at least two consecutive reactions (Orton, Soper, and Wil- 
liams, J., 1928, 998; Chapman, J., 1925, 127, 2818), it appeared 
to be more profitable to examine the change of the alkylanilines from 
the point of view that the isomerisation involves the formation of 
definite intermediate chemical compounds. On this basis the 
following alternatives are the most probable : (a) Interaction of the 
metallic chloride and moisture to give hydrogen chloride with 
formation of the hydrochloride of the base, and subsequent re- 
arrangement as in the well-known Hofmann and Martius change 
(Ber., 1871, 4, 742), 2Ph-NHR + CoCl, + H,O —> 

2Ph-NHR,HCI + CoO —> 2R-C,H,-NH,,HCl + CoO. 

(6) Elimination of the alkyl, when it is ethyl or a higher group, 
as olefin, and subsequent reaction with the nucleus in presence of the 
metallic salt to give an aminoalkylbenzene, Ph-NH:Alk —> 
Ph:NH, + C,He, —> Alk-C,H,NH,. 

The scheme (b) has the disadvantage of requiring a separate 
mechanism to account for the rearrangement of methylaniline in 
presence of cobalt chloride (Reilly and Hickinbottom, J., 1920, 117, 
129). Nevertheless this is not sufficient to exclude the hypothesis 
from consideration, since it has been found that the alkylanilines 
may lose alkyl groups as olefin under suitable conditions; and it is 
known that the benzene ring reacts with olefins to form alkyl deriv- 
atives (Balsohn, Bull. Soc. chim., 1879, 31, 539; Essner, ibid., 1881, 
36, 212; Boéeseken, Proc. K. Akad. Wetensch. Amsterdam, 1912, 14, 
1035). On this hypothesis, it would be expected, when the alkyl- 
anilines are converted into aminoalkylbenzenes, that alkyl groups 
such as n-butyl, isobutyl, and n-propyl should suffer at least a partial 
internal isomerisation, and that the products of the rearrangement of 
these alkylanilines should contain appreciable proportions of the 
sec.-butyl-, tert.-butyl-, and isopropyl-aminobenzenes as a conse- 
quence of the tendency of the olefins to react to give secondary and 
tertiary compounds. It has now been found that when »-butyl- 
aniline, n-propylaniline, and isobutylaniline undergo isomerisation 
in presence of metallic salts the alkyl groups retain their original 
configuration, the products being p-amino-n-butylbenzene (I), 
p-amino-n-propylbenzene (I), and p-aminoisobutylbenzene (following 
paper) respectively : in no instance is there any appreciable internal 
isomerisation of the alkyl group. 

This hypothesis was also examined from another point of view. 
As the intermediate products postulated by it are volatile, it should 








1560 HICKINBOTTOM AND WAINE: 


be possible under suitable conditions to remove them from the 
reacting system and thus hinder the rearrangement. When, how- 
ever, a stream of nitrogen was passed through the mixture of 
alkylaniline and metallic halide at 210—250°, there was no appreci- 
able elimination of the alkyl group as olefin from ethylaniline, »- or 
iso-butylaniline, or m-propylaniline and the rearrangement pro- 
ceeded smoothly, giving, due allowance being made for unchanged 
secondary amine, 95—100% conversion into the corresponding 
p-aminoalkylbenzene. Ethyl-m-4-xylidine (Il) under these con- 
ditions gave m-4-xylidine with the complete removal of the ethyl 
group: rearrangement cannot be effected, however, even when its 
ae is heated in a sealed tube. 


NHR NHEt 


OO Or 


NH 
Sa 
Me Me 
(I; Re Et, Pr*, Pr’, or n-Bu). (II 


It was possible also to bring about the rearrangement of n-butyl- 
aniline and of ethylaniline to the corresponding p-aminoalky!- 
benzenes by heating with metallic salts under diminished pressure. 

On the evidence recorded above, it must be concluded that the 
change under investigation is not represented by the scheme (b) 
on p. 1559. 

When a mixture of isopropylaniline and a metallic halide was 
heated, a considerable quantity of aniline was produced together 
with p-aminowsopropylbenzene ; the isomerisation, however, was not 
inhibited even when a rapid stream of nitrogen was bubbled through 
the heated mixture. In view of the smooth conversion of the other 
alkylanilines examined under these conditions, it is probable that 
with isopropylaniline two simultaneous reactions oceur, namely, a 
normal rearrangement, giving p-aminoisopropylbenzene, and an 
elimination of propylene, yielding aniline. 

The mechanism (a)(p. 1559) resembles that established by Chapman 
(loc. cit.) for the conversion of the diacylanilides into acylamido- 
acetophenones. It has already been shown that when normal 
precautions have been taken to dry the materials used in the reaction 
the change still proceeds smoothly (Hickinbottom, J., 1927, 65). It 
appeared, however, desirable to re-examine this as a possible 
mechanism, in view of the exceptional catalytic action of traces of 
moisture and the difficulty of ensuring absolute dryness of the 
materials and apparatus (Baker, J., 1929, 1661). 

According to this hypothesis, the hydrogen halides of the alkyl- 
anilines are produced as a result of the interaction of moisture with 
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the metallic halide. Now, since the hydrogen halides of the alkyl- 
anilines tend to dissociate above their melting points into aniline and 
either alkyl halide or olefin (unpublished observation), it might be 
expected that when nitrogen is bubbled through the mixture of 
amine and metallic chloride, or when the pressure is diminished, 
the dissociation would be facilitated by the removal of the volatile 
products, The rearrangement would then be retarded or even 
prevented and the product would contain a considerable proportion 
of aniline. This expectation is not, however, fulfilled by the 
experimental results. 

This hypothesis was further tested by experiments on the re- 
arrangement of N-ethylacetanilide (III). In this compound the 
acetyl group is known to be more sensitive than the alkyl group 


be EtAc Pei NHEt NHEt 
YN 
t- ne C) eo) 
A Ac 
(III.) (IY.) (V.) (VI.) 


towards acids. Consequently it would be expected, if hydrogen 
chloride or hydrogen bromide is an intermediate product of the 
change in presence of a metallic salt, that deacetylation would be the 
principal reaction and that the product would contain ethylaniline 
(VI), unchanged ethylacetanilide, and cobalt oxide if the acetyl 
chloride is removed by means of a rapid stream of nitrogen. If, on 
the other hand, hydrogen halide has no part in the isomerisation, 
it should be possible to effect a partial rearrangement of the ethyl 
group without displacement of the acetyl group: the product should 
then contain a high proportion of acetylated primary amine in addi- 
tion to the products formed by the isomerisation of the acetyl group 
alone. It. was found experimentally that deacetylation to ethyl- 
aniline did not constitute the main reaction and that the product 
contained a high proportion of acetylated primary amines, princip- 
ally p-ethylacetanilide (IV). 

Here also the experimental evidence is at variance with the 
deduction from the hypothesis which requires the intervention of 
traces of moisture. Further, apparently decisive evidence against 
the hypothesis that the isomerisation of the alkylanilines, when 
promoted by metallic salts, is due to the intermediate formation 
of hydrogen halide is discussed in the next paper. 


EXPERIMENTAL. 


Rearrangement in a Current of Nitrogen.—The apparatus consisted 
of a wide tube having a sealed-in delivery tube, and a vertical side 
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arm carrying a short condenser. To ensure efficient stirring by the 
nitrogen, the lower end of the delivery tube was blown into a bulb 
and pierced with a number of small holes. 

The procedure in all the experiments was substantially the same. 
A measured quantity of the secondary amine was introduced into 
the tube together with about half its weight of the finely powdered 
anhydrous metallic salt. The mixture was maintained at 210— 
250° while a vigorous stream of dry nitrogen was passed through it. 
After 12—18 hours, the reaction mixture solidified on cooling. It 
then consisted of the additive compound of the metallic salt with 
the primary amine formed in the reaction, together with unchanged 
secondary amine. 

Ethylaniline: Formation of p-aminoethylbenzene. The product 
obtained from freshly distilled ethylaniline (9-6 g.) and 5 g. of 
anhydrous cobalt chloride (13 hours at 200—235°) was a greenish- 
blue crystalline mass containing oily matter. It was dissolved in 
warm dilute hydrochloric acid and the solution was diluted with 
water, filtered from oily matter, and treated with a slight excess of 
aqueous ammonia. The liberated amines were extracted by ether, 
washed, dried with potassium carbonate, and recovered. The 
primary amine was isolated as the sparingly soluble zincichloride 
(Morgan, E.P. 102,834, 1916), which was freed from ethylaniline 
by extraction with light petroleum and treated with cold concen- 
trated aqueous ammonia. p-Aminoethylbenzene, thus obtained in 
an almost pure state (yield, 6-7 g.), gave an acetyl derivative, m. p. 
(after one crystallisation from alcohol) and mixed m. p. 93—94°. 

n-Propylaniline: Formation of p-amino-n-propylbenzene. The 
following table summarises the results of four typical experiments 
with pure -propylaniline. The product of each experiment was 
worked up as described above. The yield of primary amine is 
calculated from the weight of dry zincichloride. The remainder of 
the product consisted of unchanged secondary amine, with traces of 
substituted diphenylamines if the reaction had been unduly pro- 


longed. 
Wt. of Temp. Yield of 
secondary amine. Catalyst. Duration. (oil-bath). primary amine. 
9-45 g. CoBr, 16 hrs. 230—240° 4-61 g. 
9-40 ,, ZnBr, . 220—230 4-68 ,, 
9-43 ,, CoBr, 11°5 ,, 200—230 3°47 ,, 
9-45 ,, CoCl, eT a 210—235 7-01 ,, 


Fractional crystallisation of the sulphate and of the acetyl deriv- 
ative of the primary amine from each preparation showed that no 
appreciable quantity of aniline was present. Fractional distillation 
of the primary amine obtained in a series of similar experiments also 
failed to separate aniline. 
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The aminopropylbenzene was characterised by its acetyl deriv- 
ative, m. p. 96—96-5°, and benzoyl derivative, m. p. 116—117°. 
The melting points recorded in the literature are: p-acetamido-n- 
propylbenzene, 87° (Louis, Ber., 1883, 16, 105); p-benzamido-n- 
propylbenzene, 115° (Schultz, Ber., 1909, 42, 3614); p-acetamido- 
isopropylbenzene, 102—102-5° (Constam and Goldschmidt, Ber., 
1888, 21, 1159); p-benzamidoisopropylbenzene, 114° (Louis, loc. 
cit.). Accordingly, p-amino-n-propylbenzene was prepared from 
n-propylbenzene (b. p. 157—161° uncorr.) by nitration, subsequent 
reduction, and separation of the resulting o- and p-aminopropyl- 
benzenes by crystallisation of their oxalates from aqueous alcohol, 
the oxalate of the p-isomeride being the less soluble. The orientation 
of the propyl group was determined by converting the pure amine 
through the diazo-compound into n-propylchlorobenzene and 
oxidation of this with chromic acid in dilute sulphuric acid to 
p-chlorobenzoic acid, m. p. 234°. 

p-Amino-n-propylbenzene so prepared gave an acetyl derivative, 
m. p. 96—96-5°, and a benzoyl derivative, m. p. 116—117°, identical 
(mixed m. p.) with those of the amine obtained by the rearrangement 
of n-propylaniline. The amine was further characterised by its 
p-toluenesulphonyl derivative, stout tablets, m. p. 113—114°, from 
alcohol (Found : N, 4-8. C,,H,,0,NS requires N, 4-8%). 

p-n-Propyldiphenylthiocarbamide, NHPh-CS:NH-C,H,Pr, prepared 
by warming a-slight excess of the amine in light petroleum with 
phenylthiocarbimide, separated from alcohol in glistening plates, 
m. p. 127—128° (Found : N, 10-4. C,,H,,N,S requires N, 10-3%). 

p-Amino-n-propylbenzene yielded with aqueous zine chloride a 
curdy white precipitate of the zincichloride, sparingly soluble in 
water and in light petroleum and slightly soluble in ether. It 
separated from alcohol in clusters of slender needles [Found : Cl, 
17-6. (CygH,3N).,ZnCl, requires Cl, 17-5%]. 

The cobaltobromide separated as a blue crystalline mass when dry 
concentrated alcoholic solutions of the components were mixed 
[Found: N, 5-7; Co, 11-9. (C,o9H,,N).,CoBr, requires N, 5-7; 
Co, 12-0%]. It was purified for analysis by crystallisation from 
warm dry ethy] acetate. 

isoPropylaniline : Formation of p-aminoisopropylbenzene. When 
isopropylaniline was heated at 210—250° with anhydrous cobalt 
chloride, zinc bromide, or cadmium chloride in open tubes or in a 
current of nitrogen, the product obtained was a mixture of primary 
amines. A partial separation by fractional distillation yielded 
p-aminoisopropylbenzene and aniline in approximately equal 
amounts, together with a smaller quantity of an amine of much 
higher boiling point. A sharper separation was effected by fractional 
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crystallisation of the sulphates. The sulphate of p-aminoisopropyl- 
benzene is the less soluble in water. The free amine was character- 
ised by its acetyl derivative, m. p. 105°, identical with p-acetamido- 
isopropylbenzene prepared from isopropylbenzene by Constam and 
Goldschmidt’s method (loc. cit.). 

Ethyl-m-4-aylidine : Formation of m-4-xylidine. (1) In an open 
tube. The secondary amine (5-85 g.) was heated for 143 hours at 
220—240° with 1-37 g. of anhydrous cobalt chloride. There resulted 
a dark blue crystalline mass, and a small layer of bright green crystals 
on the bottom of the tube. The primary amine, isolated as zinci- 
chloride (yield, 3-44 g.) and recovered by treatment with ammonia, 
was acetylated ia aqueous suspension. Evaporation of the crude 
acetylation mixture yielded a brownish crystalline mass, m. p. 120°. 
Crystallisation from alcohol furnished the pure acetyl compound, 
m. p. and mixed m. p. 127—-128° (Found: N, 8-6. Calc. : N, 8-6%). 

(2) In a sealed tube. Dry ethyl-m-4-xylidine hydrobromide (5 g.) 
was heated in a sealed tube for 6 hours at 280—290°. After cooling, 
a small quantity of a colourless volatile liquid had condensed in the 
capillary projecting from the furnace. There was no escape of gas 
when the tube was opened. The hydrobromide had been converted 
into a greyish, apparently amorphous mass. The primary amine 
present in the mixture was isolated as zincichloride (yield, 1-2 g.) 
and consisted of pure m-4-xylidine. 

Rearrangement under Diminished Pressure.—When the rearrange- 
ment of the alkylanilines was attempted by heating under diminished 
pressure with metallic chlorides, difficulties were encountered such as 
irregular boiling, and excessive loss of the amine at comparatively 
low pressures during the early stages of the experiment. These were 
circumvented to a large extent by heating the mixture of secondary 
amine and the metallic salt initially at 10O—200 mm., the pressure 
being gradually lowered and the temperature raised in the later 
stages of the experiment. It was also found advantageous to employ 
a moderate excess of the metallic halide. 

The apparatus used in the later experiments consisted of a flask 
fitted with a ground-in stopper and having a wide, bent side arm to 
act as a reflux condenser. The flask was inclined so that the side 
arm was vertical. Its cooling effect was supplemented by an inclined 
water-jacketed condenser attached to the upper end of the side arm. 
Between the apparatus and the water-pump a train of soda-lime 
tubes was inserted to prevent access of moisture. 

Ethylaniline: Formation of p-aminoethylbenzene. Ethylaniline 
(10 g.) with its own weight of anhydrous cobalt bromide was main- 
tained at 190—200° under 200 mm. for about 10 hours. Thereafter 
the temperature was gradually raised to 230°, and the pressure 





Ge? 6.4” ah ee se oo 


™~ 


yl- 


lo- 
nd 


en 


als 


ia, 
de 
ss 
id, 


fo) 


ng, 
he 
sas 


ine 


g-) 


ge 


ed. 


ely 
ere 
ry 
ure 
ter 
loy 


“ 


sk 

to 
ide 
1ed 


me 
ine 


ter 
ure 





THE REARRANGEMENT OF THE ALKYLANILINES. PART I. 1565 


gradually reduced to 100 mm. during 23 hours. A solid greenish- 
blue mass was obtained on cooling. The amines were isolated in the 
manner already described. Conversion of a portion into p-toluene- 
sulphonyl derivatives and analysis by Hinsberg’s method showed 
that 58% of the product was primary amine. The remainder was 
separated by means of zinc chloride and the primary amines were 
acetylated. The crude acetyl compound, after being washed with 
water, had m. p. 80—82°, raised to 93° by crystallisation from alcohol ; 
it was identified as p-acetamidoethylbenzene by a mixed melting 
point with an authentic specimen. There was present also in the 
reaction mixture another primary amine which gave an acetyl 
derivative more soluble in water than p-acetamidoethylbenzene, but 
the amount was too small to permit of its isolation. 

n-Butylaniline: Formation of p-amino-n-butylbenzene. Butyl- 
aniline (10 g.) and anhydrous cobalt chloride (10 g.) were heated at 
190°/200 mm. The pressure was gradually reduced to 40 mm., and 
the temperature raised to 210°, during 30 hours. The mixture was 
finally heated for 9 hours at 230—250°/40 mm. The product con- 
tained 47% of primary amine. Acetylation of the primary amines 
yielded a crude solid, m. p. 85—90°, which after crystallisation from 
alcohol melted at 102°, alone or mixed with authentic p-acetamido- 
n-butylbenzene. 

Rearrangement of N-Ethylacetanilide : Formation of p-Acetamido- 
ethylbenzene.—A vigorous stream of nitrogen was passed through the 
deep blue solution of anhydrous cobalt chloride (10 g.) in N-ethyl- 
acetanilide (30 g.) at 250—280° for 10 hours. The greenish product 
was shaken with water and benzene. The benzene layer, after being 
filtered from tar and washed with water to remove cobalt chloride, 
was extracted several times with N-hydrochloric acid, the product 
thus being separated into neutral acetyl compounds (17-35 g.) and 
amines (6-2 g.). The latter consisted largely of secondary amines, 
distilled for the most part between 230° and 290°, and appeared to 
contain p-ethylaminoacetophenone (V). The neutral acetyl com- 
pounds, after hydrolysis and separation of the resulting amines by 
means of zinc chloride, gave 8-95 g. of zincichloride. The primary 
amines consisted principally of p-aminoethylbenzene, identified by its 
acetyl derivative, m. p. 93°, with smaller amounts of an amine of 
higher boiling point, and an aminoethylbenzene which was probably 
the o-compound. 


The authors are indebted to Mr. R. G. Ault and Mr. 8. E. A. Ryder 
for assistance in the experimental work. 


UnIversity oF BirmMincHAM, 
EDGBASTON. [ Received, March 7th, 1930.] 
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CCI.—The Rearrangement of the Alkylanilines. Part III. 
The Formation of p-Aminoisobutylbenzene and of 
p-Amino-tert.-butylbenzene from iso Butylaniline. 

By WILFRED JoHN HIckKINBoTTOM and GRAHAM HOLMES PRESTON ° 


isOBUTYLANILINE hydrobromide, when heated in a sealed tube at 
220—300°, is converted into p-amino-tert.-butylbenzene (III) in 
good yield. The identity of the primary amine thus formed was 
established by comparison of some of its derivatives with those of 
p-amino-tert.-butylbenzene which had been prepared from ¢ert.- 
butylbenzene (Senkowski, Ber., 1890, 23, 2414; Shoesmith and 
Mackie, J., 1928, 2334). This amine is also formed when isobutyl- 
aniline hydrochloride is heated in a sealed tube at 280—290°; and 
in small yield by heating isobutylaniline hydrobromide in a sealed 
tube with dry cobalt bromide or zinc bromide, the principal products 
under these conditions being aniline and a neutral oil which appears 
to consist largely of polymerised olefins. 

The isomerisation of an alkyl group during migration from nitrogen 
to carbon has been recorded previously for the change of n-propyl- 
pyridinium iodide to isopropylpyridine hydriodide (Ladenburg, 
Annalen, 1888, 247, 22), but as far as the authors are aware there 
is no previous record of a similar isomerisation in the benzene 
series. 

The value of the observation, however, lies in the fact that it 
provides a further method of determining whether or not the re- 
arrangement of the free alkylanilines in presence of metallic salts is 
dependent on the intermediate formation of the hydrogen halide 
salts of the secondary amine through the action of traces of water 
(see preceding paper). 

It is evident, in view of the above results, that if isobutylaniline 
hydrobromide is an intermediate product in the rearrangement of 
free isobutylaniline in presence of cobalt bromide or zinc bromide, 
the final products would be identical with those obtained when 
isobutylaniline hydrobromide is heated with cobalt bromide or zinc 
bromide. It was found, however, that dry :sobutylaniline underwent 
rearrangement when heated with zinc bromide or cobalt bromide, 
to give an aminobutylbenzene which was quite distinct from 
p-amino-tert.-butylbenzene. The yield of the new primary amine 
is approximately 95% of the isobutylaniline employed when allow- 
ance is made for recovered secondary amine. 

The amino- and the butyl group in the new amine were shown to 
be in the para-position with respect to each other by conversion of 
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the amine through p-chlorobutylbenzene into p-chlorobenzoic acid. 
The configuration of the butyl group follows from the fact that the 
amine is not identical with any of the three known p-aminobutyl- 
benzenes. It must therefore be the hitherto unknown p-aminoiso- 
butylbenzene (II). In the following table the constants of p-amino- 
isobutylbenzene and its derivatives are compared with those of the 
other three isomeric p-aminobutylbenzenes. 


p-Toluene- Phenyl- 
Acetyl, sulphonyl, thiourea, 


Butylbenzene. B. p. m. p. m, p. m, p. 
p-Amino-n-  .....6+0. 258—260°/750 mm. 105° — — 
p-Amino-sec.- ...... 238°/760 mm. 125 —_ — 
p-Aminoiso- .......+. 235—236° (uncorr.) 127—128 136—137° 130—131° 
p-Amino-tert.- ...... 228—230° (uncorr.) 169 178 156 


Although references to p-aminoisobutylbenzene occur in the 
literature (Studer, Annalen, 1882, 211, 236; Lloyd, Ber., 1887, 20, 
1254), it is evident from the recorded melting points of its deriv- 
atives and methods of preparation that the amine previously referred 
to as p-aminoisobutylbenzene is actually p-amino-tert.-butylbenzene 
(compare Senkowski, Ber., 1891, 24, 2974). 











NH, NH-CH,Pr* NH, 
HBr,HCl ZnBr,,CoBr, 
(III.) wn C) — (II.) 
HBr+ZnBrz, CoCl,,CoI,,0dCl, 
HBr+CoBr, 
‘Me, (I.) H,Pré 


As the product of the rearrangement of csobutylaniline in presence 
of hydrogen chloride or hydrogen bromide is quite distinct from that 
obtained when the rearrangement of the free amine is promoted by 
dry metallic halides, it is evident that the isomerising action of the 
metallic halides is not dependent on the intermediate formation of 
hydrogen halide postulated in the hypothesis outlined on p. 1559. 
Consideration of evidence of a different nature (preceding paper) also 
leads to a similar conclusion, namely, that the rearrangement of the 
alkylanilines, when promoted by metallic salts, proceeds without 
the formation of any demonstrable volatile intermediate compound, 
such as olefin or alkyl halide. It must be concluded, therefore, in the 
absence of any satisfactory evidence to the contrary, that the change 
of the alkylanilines to p-aminoalkylbenzenes which occurs on heating 
with metallic salts is a true isomerisation. 


EXPERIMENTAL. 


Rearrangement of isoButylaniline Hydrobromide: Formation of 
p-A mino-tert.-butylbenzene.—The isobutylaniline used in these 
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experiments was prepared and purified as described previously 
(this vol., p. 994). It was free from primary and tertiary amines. 

Dry isobutylaniline hydrobromide was heated in a sealed tube at 
280—290° for 8 hours. The solid product after cooling was a mass 
of plate-like crystals having in places a distinct brownish tint ; there 
was an escape of an inflammable gas when the tube was opened. 
After the product had been made alkaline and extracted with ether, 
the primary amines were isolated by Morgan’s method of precipitat- 
ing them with aqueous zinc chloride (E.P. 102834, 1916; compare 
this vol., p. 993). The primary amine on acetylation gave a product, 
m. p. 145—152°, raised to the constant value 168—169° by one 
crystallisation from alcohol. This acetyl compound did not depress 
the melting point of p-acetamido-tert.-butylbenzene prepared from 
tert.-butylbenzene by Senkowski’s method (Ber., 1890, 23, 2414). 
The yield of primary amine obtained in the rearrangement of iso- 
butylaniline hydrobromide (6°43 g.) was 3-7 g., calculated from the 
weight of the zincichloride, and the’ weight of secondary amine 
recovered was 0-4 g. The conversion is approximately 90%. 

In another experiment, dry isobutylaniline hydrobromide, heated 
in a sealed tube for 8 hours at 270—310°, gave 76% of primary 
amine, determined by Hinsberg’s method (Ber., 1905, 38, 906) using 
p-toluenesulphonyl chloride. The toluenesulphony] derivative after 
crystallisation from alcohol melted at 179—180°, alone or mixed 
with p-toluenesulphonamido-tert.-butylbenzene derived from tert.- 
butylbenzene. 

Rearrangement of isoButylaniline Hydrobromide in Presence of 
Metallic Salis —Dry cobalt bromide (4 g.) and isobutylaniline hydro- 
bromide (5 g.), heated in a sealed tube at 290° for 6 hours, yielded 
a green solid. After solution in hydrochloric acid, dilution with 
water, and filtration to remove neutral oily matter, the basic product 
was isolated by addition of an excess of ammonia and extraction 
with ether. The primary amines present, freed from secondary 
amine by the usual treatment with aqueous zinc chloride, were 
acetylated. The acetyl derivatives thus formed were separated by 
fractional extraction with hot water into acetanilide (the major 
constituent), m. p. 112°, and p-acetamido-tert.-butylbenzene, m. p. 
168—169°. A similar result was obtained when isobutylaniline 
hydrobromide was heated with zinc bromide. 

Rearrangement of isoButylaniline Hydrochloride: Formation of 
p-Amino-tert.-butylbenzene.—The pure dry hydrochloride (3-65 g.) 
was heated in a sealed tube at 280—290° for 6 hours. The primary 
amines (yield, 55% of the isobutylaniline employed) were isolated 
through their sparingly soluble zincichlorides and acetylated in 
aqueous suspension. Subsequent evaporation yielded a product, 
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m. p. 130—145°, and 168—169° after crystallisation from alcohol, 
which was then identified as p-acetamido-tert.-butylbenzene. 

The low melting point of the crude acetyl derivative was not 
raised appreciably by extraction with hot water and was due to the 
presence of a second acetyl compound of similar solubility in water. 
This acetyl compound was formed in this experiment in com- 
paratively small amount, but was produced in larger quantities in 
the experiments on the rearrangement of isobutylaniline hydro- 
chloride where the temperature and the duration of heating were 
varied : it has not yet been isolated in a pure state. 

p - Amino - tert. - butylbenzene.—p - Acetamido - tert. - butylbenzene, 
after several evaporations, or by boiling under reflux for 10 hours, 
with 20% hydrochloric acid, yielded p-amino-tert.-butylbenzene 
hydrochloride. The free amine, b. p. 228—230°/762 mm. (uncorr.) 
(Senkowski, loc. cit., gives 239-4—240-4°/739 mm.), was further 
characterised by its p-toluenesulphonyl derivative, small thin plates, 
m. p. 179—180°, from alcohol (Found: N, 4-8. C,,H,,O,NS 
requires N, 4-6%). Its sodium salt is sparingly soluble in a moderate 
excess of 20°, aqueous sodium hydroxide. 

p-tert.-Butyldiphenylthiocarbamide separated as a white crystalline 
powder when phenylthiocarbimide was warmed with a slight excess 
of p-amino-tert.-butylbenzene in light petroleum. It crystallised 
from warm alcohol in small needles, frequently grouped in semi- 
globular aggregates, m. p. 156—157° (Found: N, 10-1. ©,,H,,.N,S 
requires N, 9-9%). 

Rearrangement of isoButylaniline in Presence of Metallic Salts in 
Sealed Tubes: Formation of p-Aminoisobutylbenzene.—(1) In 
presence of zinc bromide. isoButylaniline (3-8 g.) and anhydrous zine 
bromide (2 g.) were heated in a sealed tube for 6 hours at 280—310°. 
The product was a greyish solid, and when the tube was opened an 
inflammable gas escaped. The primary amines present (1-38 g.) 
were separated from unchanged secondary amines by treatment with 
zine chloride and acetylated in aqueous suspension with acetic 
anhydride. The m. p. of the crude acetyl compound (110—115°) 
was raised by crystallisation from alcohol to the constant value 
127—128°, and this was depressed in presence of p-acetamido-tert,- 
butylbenzene. 

(2) In presence of cobalt bromide. isoButylaniline (3-8 g.), heated 
with anhydrous cobalt bromide (3 g.} at 260—270° for 6 hours, 
yielded primary amines (1-3 g.) consisting of p-aminowsobutylbenzene 
(acetyl derivative, m. p. 127—128°) and a small proportion of 
aniline. 

Further quantities of the acetyl compound, m. p. 127—128°, were 
obtained from other similar experiments. It separated from warm 
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alcohol in large transparent plates, m. p. 127—128° (Found: N, 
7-6. C,,.H,,ON requires N, 7:3%), depressed in the presence of 
p-acetamido-sec.-butylbenzene (Reilly and Hickinbottom, loc. cit.). 

Hydrolysis of p-Acetamidoisobutylbenzene and Isolation of p-Amino- 
isobutylbenzene.—The purified acetyl compound, covered with con- 
centrated hydrochloric acid, gave a white paste of the hydrochloride 
when warmed gently on a boiling water-bath for about a minute. 
On further heating, the hydrochloride dissolved, and hydrolysis of 
the acetyl compound was completed, after addition of more hydro- 
chloric acid, by heating for several hours. Neutralisation with 
sodium hydroxide liberated p-aminoisobutylbenzene, b. p. 235—236°/ 
762 mm. (uncorr.), a very pale yellow liquid, of not unpleasant odour, 
which darkened only slowly on keeping. It was miscible with the 
common organic solvents but almost insoluble in water (Found : 
C, 80-4; H, 10-3; N, 9-5. Cj, 9H,,;N requires C, 80-5; H, 10-1; 
N, 9:4%). 

The hydrochloride, precipitated by the addition of hydrochloric 
acid to the amine, crystallised from warm dilute hydrochloric acid 
in clusters of interlaced needles (Found: Cl, 19-1. C,9H,;N,HCl 
requires Ci, 19-1%). The hydrobromide was soluble in water and 
alcohol, but the addition of hydrobromic acid to an aqueous solution 
precipitated the salt in platelets (Found: N, 62; Br, 34-5. 
C,9H,;N,HBr requires N, 6-1; Br, 34:7%). 

The p-toluenesulphonyl derivative separated from alcohol in stout 
prisms, m. p. 136—137° (Found: N, 4-7. C,,H,,O,NS requires 
N, 46%). It was soluble in methyl alcohol, ether, benzene, and ethy! 
acetate, not readily soluble in carbon tetrachloride, and sparingly 
soluble in light petroleum (b. p. 40—60°). It yielded a sodium salt 
which was only sparingly soluble in sodium hydroxide solution. 

p-Aminoisobutylbenzene, when warmed in light petroleum with a 
slight deficiency of phenylthiocarbimide, yielded p-isobutyldiphenyl- 
thiocarbamide as a sparingly soluble, crystalline powder, which 
separated from alcohol in silvery plates, m. p. 130—131° (Found : 
N, 9-9. C,,H,.N,S requires N, 9-99). It was not readily soluble in 
cold alcohol, or in ether, but was more soluble in benzene or ethy] 
acetate. 

p-Aminoisobutylbenzene was converted through the diazo- 
compound into isobutylchlorobenzene, which was oxidised, by warm- 
ing with an excess of chromic acid in presence of dilute sulphuric 
acid, to p-chlorobenzoic acid, m. p. and mixed m. p. 234°. 

Rearrangement of isoButylaniline in Open Tubes or in a Current 
of Nitrogen.—The experimental conditions were identical with those 
described previously (this vol., p. 1561; J., 1927,64). The results 
are summarised in the following table :— 
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Wt. of Duration, Yield of Exptl. 
amine, g. Salt. hrs. Temp. primaryamine. conditions. 
"47 ZnBr, 15} 210—240° 2-12 Stream of N, 
14-2 CoCl, 15 220 10-3 9 o» 
4-7 CoBr, 16 220—230 0-7* - PA 
7-6 Col, 154 215 2-16* 0 o 
9-5 CdCl, 15 215—230 3°45 Open tube 


* In these two experiments there was a loss of the secondary amine by 
volatilisation during the early part of the experiment. The loss was particularly 
severe in the experiment using cobalt bromide. 


The separation of the primary amine from unchanged secondary 
amine was effected through its sparingly soluble zincichloride, and it 
was subsequently converted into its acetyl compound. The acetyl 
compound obtained in each experiment consisted almost entirely 
of p-acetamidoisobutylbenzene, and crystallisation from alcohol 
yielded the pure compound, m. p. and mixed m. p. 127—128°. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, March 7th, 1930.] 





CCII.—Application of Thallium Compounds in 
Organic Chemistry. Part V. Thallous Ethoxide 
and Dimethylthallium Ethoxide. 


By Ropert CHARLES MENZIEs. 


THE following preparations of thallium salts starting from thallic 
oxide may prove useful to others interested in the metal, 

The first reaction described probably takes place according to 
the equation Tl,0, + 2H-CHO—-+>2H-CO-OT! + H,O: the others 
are double decompositions. 

In the preparations of thallous ethoxide advantage is taken of the 
fact that the reaction between thallous ethoxide and water with 
formation of thallous hydroxide and ethyl alcohol is reversible. 
The heat given out by the reaction is shown below to be small. 

Owing to its complete miscibility with ether, with benzene and 
with n-hexane the ethoxide is a convenient intermediary for the 
preparation of chelate compounds of thallium such as the acetyl- 
acetonate, which can easily be prepared in 90% yield by mixing 
solutions of the ethoxide and of acetylacetone in dry benzene. The 
benzene is conveniently purified before use by heating under reflux 
for 1 hour with a little thallous ethoxide, followed by washing with 
water, drying over sodium, and distillation. Kurowski (Ber., 1910, 
43, 1079) pointed out that thallous acetylacetonate affords a very 
delicate test for the presence of sulphur compounds in benzene, and 
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the author has only once purchased benzene in which this substance 
dissolves without formation of an orange precipitate on heating. 

After the preliminary treatment described above, benzene may 
be used for recrystallisation of thallous acetylacetonate without 
development of any colour or precipitate. Orange-coloured pre- 
cipitates are formed if traces of carbon disulphide are added, and 
yellow precipitates, darkening slightly on heating, by ethyl mer- 
captan. Dark discolorations occur on the surface of the tube on 
heating solutions of thallous ethoxide in benzene thus purified, but 
these discolorations are dissolved to a colourless solution by water 
or by alcohol and are probably due to decomposition of thallous 
ethoxide with formation of thallous oxide on the metal. 

On addition of a little carbon disulphide to a cold solution of 
thallous ethoxide in benzene the whole sets to a stiff jelly. Traces 
of carbon disulphide give a light-coloured precipitate which on 
heating becomes black. This black precipitate is insoluble in water 
or in alcohol but is rapidly dissolved by hydrogen peroxide, and is 
indistinguishable in appearance and in its behaviour towards the 
above reagents from that obtained by heating commercial benzene 
with a little thallous ethoxide and which liberates hydrogen sulphide 
on treatment with hydrochloric acid. 

Ethyl mercaptan added to a solution of thallous ethoxide in 
purified benzene gives a yellow precipitate which becomes orange on 
heating. 

Both the acetylacetonate and the ethoxide give yellowish dis- 
colorations on heating with thiophen, but only slowly; small 
quantities of thiophen added to their solutions in purified benzene 
have little if any effect. 

It is thus probable that thallous ethoxide is as delicate a test for 
some sulphur compounds as is the acetylacetonate. The matter 
is being further investigated. 

The preparation of dimethylthallium ethoxide in solution has already 
been described (J., 1928, 1288), but not that of the pure liquid. 

Thallous formate. Formaldehyde (180 c.c., d'* 1-084) was 
warmed gently in a large evaporating basin after 456 g. (1 g.-mol.) 
of thallic oxide had been stirred in. A vigorous reaction soon began, 
the mixture boiling and frothing with much vaporisation of 
formaldehyde. On its completion the mixture was diluted with 
water and filtered, 96 g. of apparently unchanged thallic oxide 
being recovered. From the faintly alkaline filtrate, after neutralisa- 
ation with a few drops of formic acid, 350 g. of thallous formate, 
m. p. 103—104°, were obtained (yield, 89%) (Found: TI, 82-15; 
C, 4:9; H, 0-8. Calc.: Tl, 81-95; C, 4-8; H, 0-4%). 

Thallous hydroxide. To 1000 c.c. of solution containing 752 g. 
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of thallous formate prepared from 695 g. of thallic oxide and 345 c.c. 
of formaldehyde as described above were added 200 g. of sodium 
hydroxide dissolved in 300 c.c. of water. The mixture was brought 
to the boiling point and filtered. On cooling, 337 g. of crude thallous 
hydroxide crystallised, and a further 200 g. were obtained by con- 
centration of the mother-liquor (yield, 80%). 

Thallous ethoxide. (1) 337 G. of crude moist thallous hydroxide 
were shaken in a stout-walled flask with 100 c.c. of commercial 
absolute alcohol at 20°. The temperature rose to 23° and the 
crystalline hydroxide sintered. After 10 minutes, as much of the 
alcohol as possible was decanted and a further 100 c.c. of alcohol 
were added. On shaking, the temperature rose to 25° and the 
solid sintered still more. On again decanting and again shaking 
with 100 c.c. of alcohol, the temperature did not quite reach 25° 
and the solid appeared to melt; after a final treatment with 50 c.c. 
of alcohol the thallous ethoxide was tapped off in a separating funnel 
(yield, after filtration, 288 g. or 76%) (Found by titration: TI, 
82-8. Cale.: Tl, 81-95%). 

(2) 50 G. of thallous formate, dissolved in its own weight of water, 
were boiled with a solution of 8 g. of sodium in 150 c.c. of com- 
mercial absolute alcohol. The whole was filtered into a separating 
funnel and 41-1 g. of thallous ethoxide were tapped off (yield, 82%). 
Thallous ethoxide thus prepared probably contains a little sodium 
ethoxide. The crude liquid gave a titration value corresponding 
to 83-8% Tl, which fell to 82-9% after shaking with decolorising 
carbon and filtration. 

Dimethylthallium ethoxide. 24-1 G. of thallous ethoxide and 
34-2 g. of dimethylthallium bromide were refluxed in dry ether till 
a filtered portion of the solution gave a white precipitate with 
potassium iodide. On removal of the solvent 23 g. of crude di- 
methylthallium ethoxide remained as a yellow oil [Found by 
titration: Tl, 73-8. (CH,),Tl-O-C,H, requires Tl, 73-1%]. 15°35 
G. of the crude product were then distilled at 110—120°/15 mm., 
12-5 g. of the pure substance being obtained (Found by titration : 
Tl, 73-2, 73-2%). The freshly distilled liquid is water-white and 
very mobile, but rapidly becomes cloudy on exposure to air. A glass 
rod dipped in the liquid fumes on exposure to air. The substance is 
completely miscible with water, methyl alcohol, ether, and n-hexane, 
and is altogether more quickly reactive than thallous ethoxide. 


The author wishes to thank Mr. G. J. Lewis for help and the 
‘Chemical Society for a generous grant. 


THE UNIVERSITY, BRISTOL. (Received, May 17th, 1930.] 
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CCIII.—Adsorption by Silicic Acid Gel in the System 
n-Butyl Alcohol-Benzene. 


By Davip CHARLES JONES and LIONEL OUTRIDGE. 


In a subsequent paper the adsorption by silicic acid gel of the 
aliphatic alcohols in a number of solvents will be described. The 
system n-butyl alcohol—benzene was chosen for a more detailed 
study throughout the whole concentration range because one of us 
had already developed a good method of analysis, the absence of 
which has hitherto constituted the chief difficulty in work, such as 
this, involving both very dilute and very concentrated solutions. 

The results obtained are discussed in the light of Williams’s 
equation (Medd. K. Vetenskapsakad. Nobel-Inst., 1913, 2, No. 23), 
and a method has been devised of obtaining what he regards as the 
true adsorption, in the case of silicic acid gel, without further 
experimentation. This method has been confirmed by vapour- 
adsorption experiments. The results are in agreement with the 
view of Ostwald and Izaguirre (Kolloid Z., 1922, 30, 279), viz., 
that the apparent adsorption can be satisfactorily interpreted if 
the true adsorption of each component is expressed by a Freundlich 
isotherm. The difference between the value of the true adsorption 
according to the equation of Williams and that of Ostwald and 
Izaguirre, is attributed to capillary adsorption. The concentration 
of the solution thus adsorbed is now shown to be equal to that of the 
equilibrium solution, in agreement with theory. 


EXPERIMENTAL. 


Preparation of Silicic Acid Gel.—The gel used in these experi- 
ments was prepared by a method similar to that of MeGavack and 
Patrick (J. Amer. Chem. Soc., 1920, 42, 951). Water glass of good 
quality was diluted with distilled water to a specific gravity of 
1-185, and added to an equal volume of hydrochloric acid solution 
(10% by weight of hydrochloric acid). These were thoroughly 
stirred during mixing, and for 5 minutes afterwards, by a high- 
speed electric stirrer. The solution, protected from atmospheric 
impurities, was left to set. After 24 hours it was a thin jelly, and 
after 48 hours it had become firm and slightly opalescent. The gel, 
broken up into fairly big pieces, was placed in a large Biichner 
funnel attached to a filtering flask, and a stream of water was passed 
upwards through it. Initial washings were done with tap water, 
which had previously passed through tubes containing silica gel, 
and the final washings with distilled water. (No alkali must be 
allowed to come into contact with the gel.) Washing was con- 
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tinued until, on boiling a sample of gel with distilled water, a 
negative test for chloride was given with silver nitrate. The gel 
was drained on a cloth filter and allowed to dry slowly in the air for 
a week or so, being carefully protected from dust. At the end of 
this time, it was further dehydrated by heating in a porcelain 
container in an electric oven at 100° for 24 hours. The material 
now had the same semi-opaque appearance as the activated gel, 
and was broken up in a mortar, and sieved to pass all particles 
between 18 and 30 to the inch. 

Activation of the Gel.—The gel was placed in a wide tube in an 
air-oven, heated to 150°, and dried by a slow stream of dry, carbon 
dioxide-free air. After 3 hours’ activation, it was allowed to cool 
in the air current, and then stored in bottles having well-ground 
stoppers and kept over anhydrous calcium chloride. 

Determination of Water Content.—The water content of the 
activated gel was determined by heating a weighed quantity in a 
platinum crucible in a bench muffle furnace over a Méker burner : 
over 50 hours’ heating at bright red heat was required for the ex- 
pulsion of all the water, the final loss of weight corresponding to a 
water content of 5-20%. At the end of the adsorption experiments, 
a further determination gave a value of 5-27%. This small change 
would not affect the adsorption, since it has been shown that the 
adsorptive capacity of silica gel remains constant over a consider- 
ably wider range of water content than the above (Jones, J. Physical 
Chem., 1925, 29, 326). 

n-Butyl Alcohol.—This was fractionally distilled. The material 
used gave, with aqueous hydrochloric acid, the critical solution 
temperature of the pure material (Jones, J., 1929, 799). 

Benzene.—Kahlbaum’s benzene ‘for analysis’ was shaken with 
concentrated sulphuric acid until the latter gave no coloration. 
The product was washed with water, then with dilute caustic soda 
solution, and again with water, dried over calcium chloride, and 
fractionated through a column of the type used by Clarke and Rahrs 
(J. Ind. Eng. Chem., 1923, 15, 349). The product had m. p. 5-45°. 

Adsorption Determination.—The adsorption was carried out in 
tubes of an inverted T shape, having a volume of about 40 c.c. 
A known weight of the gel was introduced from a weighing bottle 
into the weighed tube, and 25 c.c. of a previously analysed solution 
were added. The tube was quickly drawn off and sealed at a con- 
striction. By reweighing the tube, the weight of solution could be 
calculated. The tubes were shaken for 24 hours, in the direction of 
their length, in an electrically heated and controlled air thermostat, 
kept at 27° + 0-01°. They were then opened, and samples of the 
equilibrium solution were removed by a pipette and analysed by 
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the critical-solution-temperature method especially devised (Jones, 
J., 1923, 123, 1392). 

Calculation of the Adsorption.—The apparent adsorption per g. 
of the adsorbent (z/m) at various values of the equilibrium con- 
centration is given in Table II, col. 2, and shown graphically in 
Curve 1, Fig. 1. These values are obtained from the relation 


zjm= M(C,—C)/00G ... . (I) 


where M is the initial mass of the solution, G the weight of gel used, 
and C, the initial and C the equilibrium concentration of n-butyl 
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alcohol per 100 g. of solution, all weights being in grams. It is 
evident from the results that (a) the alcohol is always positively 
selectively adsorbed throughout the concentrations examined, 1.e., 
the adsorbed solution is always richer in alcohol than the equilibrium 
solution, and (5) the curve passes through a maximum at C = ca. 12, 
reaching zero values for x/m at C = 0 and 100. No region occurs, 
in the high equilibrium concentrations of alcohol, where there is a 
negative selective adsorption of the alcohol, as there is of the acid in 
the case of charcoal—benzene-acetic acid investigated by Schmidt- 
Walter (Kolloid Z., 1914, 44, 242). 
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Williams (oc. cit.) pointed out that the value of the adsorption 
as calculated from equation (1) represented the truly adsorbed 
quantity of solute only on the assumption that the mass of the un- 
adsorbed solution remained unchanged before and after adsorption. 
If no solvent (second component) were adsorbed, the correct 
expression for the adsorption of the solute per g. of adsorbent 
would be 

U, = M(C, — C)/G(100— C) . . . 2) 


If adsorption of the solvent occurs, then the true adsorption of 
the first component (U) and of the second component (W) per g. of 
adsorbent is given by the equation 


U=U,+ Wwej(loo— Cc) ... . (3) 


In order, therefore, to determine the values of U and W, the two 
unknowns in this equation, it is necessary to have a second relation 
between them. One such relation, which was suggested by 
Williams (loc. cit.), could be obtained by allowing the adsorbent to 
remain in contact with the vapour above a solution which would 
have a value C at equilibrium, and weighing the total adsorbate. 
If this total weight be designated by J, then 


SLVR oP CO See 


and equations (3) and (4) can be solved for U and W, U, being 
calculable from (2). 

It is interesting to apply these results to the system under in- 
vestigation. Col. 3, Table II, shows the values of U, calculated 
according to (2), 7.e., as if no benzene had been adsorbed as well. 
These values begin to differ markedly from the corresponding values 
of x/m (obs.) at an equilibrium concentration of between 1% and 
2%, the difference increasing rapidly with concentration. The 
values of U, when plotted against C’, however, also reach a maximum, 
but this appears to be very flat over the range 9—40% equilibrium 
concentration. At higher concentrations the U,—C curve falls, and 
probably would reach zero again at 100% equilibrium concentration. 
Application of Williams’s Equations.—Equations (3) and (4) can 
be applied to adsorption by silicic acid gel without any further 
experimentation save the determination of the apparent adsorption 
curve, since we have shown that within the limits of experimental 
error the same volume is adsorbed at saturation whether the adsorb- 
ate is a pure liquid or a solution. Bachmann (Z. anorg. Chem., 
1913, 79, 202) pointed out that if silicic acid gel is immersed in 
various liquids and then rapidly dried, externally, by filter paper, 
the weight of liquid taken up, divided by its ordinary density at that: 
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‘emperature, gives a constant value for the volume of liquid adsorbed. 
3H 
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We have shown for our gel that, by this method, almost constant 
volumes are adsorbed (see Table I, a), in spite of wide differences in 


TaB_eE [, 
(a) Direct immersion. 
Wt. Vol. Wt. Vol. 
perg. per g- perg. per g. 
EE caxsseciense 0-450 0-450 Chloroform ......... 0-638 0-430 
Ethy] alcohol 0-360 0-455 Ethyl ethey ......... 0-320 0-446 
Toluene ......... 0-383 0-442 a-Bromonaphthalene 0-633 0-435 
Hexane ......... 0-286 0-433 DOCKNE' ..cccccescccecs 0-335 0-442 


(b) Vapour experiments. 
Wt. perg. Vol. per g. 


TED sick ncn ctuastbevedhsecdtoehscercdleatieaibedesnabaaladaes 0-448 0-448 
III» 5c i it cease peminbheed bb eteeksannneniaietid 0-294 0-445 
MeGhayl Boal |... cei ccvcscossvcvvescodsccccescsddscuseces 0-345 0-446 
NINN: <<, Sinrtstie nents sianel waphoanenmamdenenhenedsssmnes 0-382 0-442 


Benzene-n-butyl] alcohol : 


Cone. in the gel phase = 37-98%* ............ 0-382 0-451 
” ” ” = 44-83% PTTTITITIL TT TL 0-379 0-450 
” ” - 28 O7°SOY, -.cccccccconeee 0-371 0-450 


* These concentrations were obtained by adsorption through the vapour 
(see below). 


such properties of the liquids as compressibility, viscosity, and 
molecular weight. If adsorption is: accomplished through the 
vapour phase, with air completely removed from the system or not, 
the volume adsorbed, either of the pure liquid or of a solution where 
a considerable selective adsorption has occurred from the saturated 
vapour, is constant within the errors of experiment (see Table I, b). 
Moreover, this value is in agreement with that observed by the 
immersion method. 

It appears therefore that the adsorbates are not subjected to any 
considerable compression in the adsorption space, and no error of 
any moment is introduced if we put J = VD, where V is the con- 
stant gel volume, and D is the density of the solution within the gel, 
which is given the same value as the density of a solution of the 
same concentration outside the gel. Then, by putting the value 
of U, from (2) and of W from (4) into (3), it can be shown that 

Uw = M(C, — C)/100G + VDC/100 . . (5) 
4.€., Uw = x/m(obs.) + VDC/100 ee 
where Uy and Wy refer to the adsorption of the solute and solvent 
respectively, when calculated from Williams’s equation as modified 
by us in this work. The only quantity which must be determined 
is D, and this, and hence Uw, can be evaluated in the following way 
by a method of successive approximation. It is immaterial which 
value of Uy is chosen, but a fairly close first approximation is 
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obtained by taking Uy equal to U (see Table II, col. 7). The density- 
concentration curve of »-butyl alcohol—benzene has been found to 
depart only slightly from a straight line; it is sufficient, then, to 
use the specific volumes of the pure components instead of the 
partial specific volumes, and an approximate value for the concen- 
tration of the solution present in the gel phase can be calculated 


from the expression 
Uel, + WaVa mle. 2 ie 2) 


where V, is the specific volume of the adsorbate, JV, = 0-450 c.c. 
(see Table I), V, is the specific volume of the alcohol, and V, that 
of the benzene. By reference to the density—concentration curve, 
we get an approximate value for D, and substituting this in (6), we 
get a value for Uy. This new value when put in (7) will give us a 
better value for the concentration and a closer value for D, and so 
on. It is found that after two or three successive approximations 
of this kind, D approaches a limiting value which can be used for 
the calculation of Uy. Thus, e.g., when C = 45-00, U (col. 7) is 
0-227 g.; from (7) the concentration in the gel phase is calculated 
to be 60-85%, which corresponds to D% = 0-8313; from (6) 
Uy = 0-2403 g.; this value of Uy substituted in (7) gives a concen- 
tration of 64-59%, which corresponds to D%* = 0-8286; from (6), 
Uy = 0-2398 g. A further approximation gives a value for the 
concentration of 64-43% and Uy is but slightly altered: Uy can 
then be put equal to 0-240 g. 

The value of Wy can clearly be calculated from a similar equation, 
i.€., 


Ww = VD(100 — C)/100 —2/m . . . (8) 


The values of Uy and Wy so calculated are in Cols. 5 and 6, Table IT, 
and are shown graphically in Fig. 1, Curves 2 and 3. 

Adsorption from the Saturated Mixed Vapours.—In order to supply 
a check on the figures, some experiments were done in which adsorp- 
tion took place from the vapour, first in the presence of air, and 
secondly in a vacuum. For the first set, the method adopted was 
very similar to that used by Tryhorn and Wyatt (7'rans. Faraday 
Soc., 1925, 21, 399). Approximately the same quantity of gel was 
weighed into a series of boiling-tubes, and a weighed solution of 
alcohol in benzene of known concentration and contained in small 
test-tubes was introduced. The boiling-tubes were sealed off and 
placed in a thermostat; after various times they were opened and 
the solution in the small tubes was weighed and analysed A check 
on the total weight of adsorbate could be obtained by weighing the 
gel. From these data the gradual approach of the adsorbate to 
equilibrium could be seen. As a mean of several experiments, 
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TABLE II. 

%. ¥. 3. 4. 5. 6. 3 8. 9. 10. 11. 

z x x zx x 

— — — 4— 4= 

m m m m m 
C. (obs.). Uy. (cale.). Uw. Ww. U. (theor.). W. (cale.) 
0-00 oo aes — — 0393 — — 0-209 — — 
0-05 0-056 0-056 0-056 0-056 0-333 0-056 0-056 0-209 — = 
0-096 0-062 0-062 0-062 0-062 0-326 0-064 0-064 0-209 — --= 
0°19 0-070 0-070 0-074 0-074 0-316 0-074 0-074 0-208 --- —— 
0-50 0-086 0-086 0-087 0-088 0-298 0-090 0-090 0-207 -— — 
0-97 0-104 0-105 0-100 0-108 0-285 0-103 0-102 0-207 —0-002 0-002 
2-55 0-126 0-129 0-118 0-136 0-246 0-127 0-123 0-203 —0-003 0-005 
5-90 0-128 0-136 0-129 0-150 0-230 0-150 0-141 0-196 0-013 0-012 
7-98 0-129 0-140 0-132 0-159 0-221 0-159 0-147 0-192 0-018 0-015 
9-93 0-132 0-147 0-131 0-169 0-210 0-167 0-150 0-187 0-018 0-019 


16-45 0-120 0-144 0-125 0-181 0-196 0-185 0-154 0-173 0-034 0-029 
38-30 0-087 0-143 0-088 0-231 0-143 0-220 0-136 0-125 0-051 0-048 
45.00 0-072 0-131 0-075 0-240 0-133 0-227 0-125 0-111 0-053 0-050 
48-84 0-067 0-131 0-068 0-251 0-123 0-231 0-118 0-103 0-051 0-050 
67-39 0-036 0-110 0-038 0-288 0-084 0-247 0-081 0-064 0-045 0-043 
70-59 0-032 0-109 0-033 0-293 0-075 0-250 0-073 0-057 0-041 0-040 
88-18 0-010 0-085 0-012 0-332 0-032 0-261 0-031 0-022 0-021 0-019 
100-00 —_— — — 0-362 0-000 0-262 — — — — 


0-145 g. of alcohol and 0-237 g. of benzene were adsorbed per g. of 
gel from an equilibrium solution of 4-552% alcohol; hence the 
n-butyl alcohol content of the gel phase was 37-98%. From Curves 
2 and 3 (Fig. 1) it can be seen that, from a solution of the above 
composition, the weights of alcohol and benzene adsorbed should 
be 0-145 g. and 0-233 g. respectively, corresponding to an alcoholic 
content of 38-4%,. 

In the second group of experiments the gel was contained in a 
bulb, on the vertical stem of which a glass septum was blown. 
Immediately below this was a side arm through which the gel was 
evacuated. This was done very thoroughly during a period of over 
24 hours, a two-stage mercury-vapour pump backed by an oil pump 
being used. The pressure was measured by a large McLeod gauge, 
and when the mercury in this clicked against the top of the mano- 
meter, pumping was further continued for some hours and the gel 
system isolated by a U-tube containing mercury. If, on further 
testing, no air was being evolved, the side arm was sealed off. One 
such evacuated gel-container was sealed above the septum to the 
side arm of a similar bulb-tube, in which was the solution. Near to 
this bulb another small empty bulb-tube was sealed, in such a manner 
that, after the liquid had been rendered air-free, a portion of it could 
be transferred to the empty bulb, this sealed off, and the liquid in it 
estimated. The apparatus then contained the evacuated gel and 
air-free solution separated by the septum, and was transferred to 4 
thermostat, and allowed to attain the bath temperature; the 
septum was broken by a small glass rod, and adsorption began. 
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The calculation of the adsorption of both components was not 
materially different from that used in the first group of vapour 
experiments. : 

In a series of such experiments, the concentration of the alcohol 
in the gel phase gave as an average value 37-70% when the equili- 
brium solution had a concentration of 4:547%. The agreement 
with the preceding actual and theoretical values is as close as could 
be expected from the nature of the experiments. 

These results show that there is a competition for the silica 
surface by the two components of the system: benzene is quite 
considerably adsorbed in dilute solutions of the alcohol, and as the 
concentration of the latter increases, the adsorption of the benzene 
is decreased at first rapidly and then more slowly until it is finally 
replaced completely by the alcohol at 100% n-butyl alcohol content. 
That the benzene should be adsorbed by the silica surface is not 
surprising in view of the fact that it is selectively adsorbed by 
silica gel from petroleum solution (Patrick and Jones, J. Physical 
Chem., 1925, 29,1). It will be noticed that the values of Uy and U 
are, within the experimental error, the same up to an equilibrium 
concentration of above 20%, i.e., the true adsorption according to 
Williams, as calculated by us, obeys the equation of the Freundlich 
type up to this concentration (compare Gustafson, Z. physikal. 
Chem., 1916, 94, 405). 

Distinction between “‘ True” and Capillary Adsorption.—In the 
application of equation (3) a possibly important error is involved. 
The extent of this depends on the amount of capillary condensation 
that occurs in these porous systems, and would vary, not only with 
the total internal volume of the adsorbent per gram, but also with 
the distribution of the capillary diameters. The values Uy and Wy, 
calculated above, include the amounts of the two components which, 
if adsorption is accomplished through the vapour phase, are adsorbed 
by the mechanism of capillary condensation, 7.e., through the 
reductions of vapour pressure produced by curved liquid surfaces. 
This adsorbed amount will have the same concentration of the 
components at equilibrium as is present in the equilibrium liquid. 
If the porous adsorbent is immersed in the liquid, this adsorbate 
will form an extension of the equilibrium liquid into the gel phase. 
In other words, the use of (4) in combination with (3) will give the 
composition of the liquid in the gel phase, but this will not all be 
truly adsorbed by forces emanating from the solid. Moreover, if 
the temperature of adsorption be below the critical solution temper- 
ature of the two components of the solution, then there is the 
possibility of an actual liquid-liquid phase separation in the 
capillaries, of the type suggested by Patrick and Jones (loc. cit.). 
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It has not hitherto seemed possible to distinguish clearly, theo- 
retically or experimentally, between the later stages of adsorption 
on the solid and capillary condensation. The recent results obtained 
in the Johns Hopkins laboratory show that the attractive forces at 
a curved liquid surface may be much greater than would be antici- 
pated from the application of the Poynting-Thomson equation. 
Any attempt to prevent capillary condensation, e.g., by maintaining 
the adsorbent at a higher temperature than the solution from which 
adsorption is proceeding, may only succeed in preventing a certain 
unknown amount of this kind of adsorption, and in this case, which 
is a particular case of adsorption from unsaturated mixed vapour, 
the solution which is condensed in the capillaries would have a 
different concentration from the equilibrium solution, and this 
would produce a certain amount of selective adsorption. 

This problem can, however, be approached in a different way. 
For very dilute solutions, below 1%, U, Uy, and x/m have values 
whose differences are usually within the experimental error of 
determination. Therefore, if we can find an equation that will 
fit the 2/m—C curve accurately in these low concentrations, it would 
seem reasonable to assume that its deviations at higher concentra- 
tions are due to the fact that the value for x/m has not been corrected. 
Thus Ostwald and Izaguirre (loc. cit.), using the experimental 
fact that the results of Schmidt-Walter (loc. cit.) in the system 
charcoal—acetic acid—water obey the Freundlich isotherm in the 
very dilute concentrations, assume that this isotherm gives the true 
adsorption of the solute throughout the entire range of concen- 
trations, the constants being obtained from the values in these 
dilute concentrations. From equation (3), if U be put equal to 
KOC", then KC!" = U, + WO/(100-C), and from (2) 


a/m (theor.) = KC1"(100-C)/100 — WC/100 . . (9) 
If no solvent is adsorbed, 
z/m (theor.) = KC(100 — ©)/100 . . . = (10) 


and the x/m (theor.)-C curves will then be identical with the 
«/m (obs.)—C curves; otherwise 
_ WC 


x x x , x 
= a oS j= AS => = =. AG: 
t. (theor.) = (obs.) “ 100” or W 100A /€ 


It was found by Ostwald and Izaguirre that if log 100A= jC is 
plotted against log (100—C) a straight line is obtained, i.e., W can 
be put equal to L(100-C)« and obeys a relation of the Freundlich 


type, so that the assumption of such a relation for the true adsorption 
of the one component has led, through the experimental results, to 
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a similar relation for the true adsorption of the solvent. The 
experimental results are fitted then by the expression 


x/m (obs.) = KC™(100-C)/100-L(100-C)-0/100 . (11) 


The constants K and 1/n are obtained from the = (obs.)—C curve in 


dilute solutions of the alcohol, and the constants DZ and « from the 


curve connecting A~/C with 100-C. 


In the system now under investigation, we have found that our 
results can be interpreted satisfactorily in a similar manner, the 
appropriate values being K = 0-1039, Z = 0-1585 x 10°, l/n = 
0-2057, a = 1-060. In Table II, Col. 7 gives the value of U from 
the expression U = KC (see Fig. 1, Curve 4), Col. 9 the values of 
W from the expression W = L(100-C)+ (Fig. 1, Curve 5), Col. 8 
the values of x/m (theor.) calculated from equation (10), Col. 10 the 
differences A(x/m) between x/m (theor.) and x/m (obs.), and Col. 11 
the calculated values of A(z/m) when ZL and « have the values 
given above. From the values in Cols. 11 and 8, the x/m (calc.) 
values in Col. 4 have been derived. The agreement between the 
observed and the calculated values of x/m is close and, with the 
exception of one point (C = 2-55), within the experimental error. 

We can thus get an equation that will fit the apparent adsorption 
curve, and it is really composed of two Freundlich isotherms, one 
for the solvent and one for the solute. The matter may be summed 
up as follows. Equation (3) is undoubtedly the correct general 
equation for the calculation of the true adsorptions of the two com- 
ponents of the solution. If (4) is the second equation used in order 
to obtain values for U and W, these values will give the total amounts 
of the two components that are present in the gel phase and will 
include a certain amount of capillary adsorption of both components. 
If, however, following Ostwald and Izaguirre, one uses U = KC1” 
as the second equation, then, if the assumption involved in its use 
is correct, the values of U and W so obtained are the true adsorptions 
of the components and do not include the capillarily adsorbed 
material. Therefore, the differences between the values of U and W 
calculated by these two methods should enable us to calculate 


TABLE III. 
C C 
Alcohol, Benzene, (calc.), Alcohol, Benzene, (cale.), 

C, %- g. g. % C, %: g. g. %: 
16-45 0-00 0-023 14-8 67°39 0-04 0-020 67-2 
38:30 =. 0-011 0-018 37-9 70-59 0-043 0-018 70-5 
45:00 0-013 0-022 37°1 88:18 0-070 0-010 87:6 
48-84 0-020 0-020 50-0 
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the concentration of the solution that is capillarily adsorbed, and 
this should be equal to the equilibrium concentration of the solution. 
In Table III are given the weights of the two components present in 
the solution that is thus adsorbed, at the corresponding equilibrium 
concentrations ; they are the differences between Uw and U for the 
alcohol, and between Wy and W for the benzene. Where the 
differences are small, and of the order of the experimental error 
in the determinations, they are omitted; but, as is seen from the 
table, for concentrations above 16-45% the results are in close 
agreement, considering the small amounts of the components that 
are adsorbed in this way. 

It can be concluded that the curve showing the relation between 


— (obs.) and C in this system can be interpreted satisfactorily if 


the true adsorption of each component follows a curve of the type 
of the well-known Freundlich isotherm. In addition, a certain 
amount of the internal gel solution, varying considerably with the 
equilibrium concentration, is adsorbed not by the solid but owing to 
the liquid capillary forces, and in experiments where the adsorbent 
is immersed in the solution, or where the adsorption is from saturated 
mixed vapours, this portion will have the same concentration as the 
equilibrium solution. 


One of the authors (L. O.) wishes to thank the Research Fund 
Committee of the Chemical Society for a grant which has partly 
defrayed the cost of this investigation. 


East LONDON COLLEGE, 
UNIVERSITY OF LONDON. [Received, April 25th, 1930.] 





CCIV.—Investigations on the Reactivity of Halogens in 
Various Types of Naphthalene Derivatives. Part II. 
By JoHN BALDWIN SHOESMITH and ALEXANDER MACKIE. 


THE investigations reported in Part I (J., 1927, 3098) have been 
continued, and the ease of removal by aqueous alcohol of the bromine 
in 2-chloro-l-naphthylmethyl bromide (I), 3-chloro- (II) and 1- 


CH,Br Cl 
Cl CH,Br CH,Br 
‘1 
(I.) (II.) (III.) 


chloro-2-naphthylmethyl bromide (III) examined. The bromine 
is removed at approximately the same rate from compounds (II) and 
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(III), as is to be expected from the fact that the position of the 
chlorine atom in relation to the bromine is the same in both cases. 

The removal of the bromine from 2-chloro-1-naphthylmethyl 
bromide takes place more readily than does that from (II) or (IIT), 
and in this respect the bromide behaves analogously to 2-methyl-1- 
naphthylmethyl bromide (J., 1927, 3099). 

The compounds (I) and (II) were obtained by the following series 
of reactions, 


CoH ,Cl-CHO ——-> C,H, CI-CH,-OH ——> C,H, CI-CH,:Br, 


and it was noted that 2-chloro-1-naphthaldehyde was reduced with 
much greater difficulty than 3-chloro-2-naphthaldehyde. In this 
particular instance, therefore, the hindering effect of the unsub- 
stituted benzene nucleus and of the chlorine atom, both in ortho- 
positions to the aldehydo-group, was apparent. The acid formed, 
in addition to the carbinol, in this reduction was not the expected 
2-chloro-l-naphthoic acid, m. p. 152—153° (Rabe, Ber., 1889, 22, 
394), but 2-chloro-l-naphthylacrylic acid, the formation of which 
is analogous to that of 2 : 3-dimethoxycinnamic acid during the 
reduction of veratraldehyde with alcoholic potassium hydroxide 
(Perkin and Stoyle, J., 1923, 123, 3173). This is the first instance 
of abnormal reduction in the present series of investigations. 


EXPERIMENTAL. 


1-Chloro-2-naphthylmethyl Bromide.—2-Methylnaphthalene was 
converted at room temperatures into 1-chloro-2-methylnaphthalene, 
and this with bromine vapour at 200° into 1-chloro-2-naphthylmethyl 
bromide. The crude bromide (which was prepared in lots of 3 g. 
to avoid tarring), after being pressed on porous tile, crystallised 
from alcohol in colourless prisms, m. p. 81° (yield, 50%) (Found : 
Br, 31-3. C,,H,ClBr requires Br, 31-3%). 

2-Chloro-1-naphthylmethyl Bromide. —Considerable difficulty was 
experienced in the preparation of 2-chloro-1-naphthaldehyde (Ber., 
1911, 44, 2099), which was finally obtained by heating 2-hydroxy- 
l-naphthaldehyde (3 g.) with phosphorus pentachloride (7-5 g.) 
at 165° for 3-5 hours. The reaction mixture was boiled with formic 
acid (100%) for 1 hour, diluted with water, and extracted with 
ether. The extract was shaken in turn with caustic soda solution 
and aqueous sodium bisulphite. The solid aldehyde bisulphite 
compound was collected and dissolved in warm water, and the 
aldehyde liberated with sodium carbonate. It crystallised from 
light petroleum in needles, m. p. 75°. The yield could not be made 
to exceed 0-5 g. Reduction did not proceed very readily and was 


finally brought about by warming the aldehyde to 75° with 66% 
3H2 
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aqueous caustic potash to which a little alcohol had been added, 
allowing the mixture to cool to 18° and reheating it after 24 hours. 
The product when cold was poured into water, the solution extracted 
with ether, the extract washed with alkali, and the ether evaporated. 
2-Chloro-1-naphthylcarbinol, thus obtained, crystallised from light 
petroleum in long prisms, m. p. 110° (Found: Cl, 18-0. C,,H,OCI 
requires Cl, 18-4°%). The carbinol was dissolved in benzene, the 
solution warmed to 45°, and hydrogen bromide passed in; water 
separated after a time, and when the reaction was complete the 
solution was dried over a little calcium chloride, and the benzene 
removed. The residual 2-chloro-l-naphthylmethyl bromide crystal- 
lised from light petroleum in needles, m. p. 100-5° (Found: Br, 
31-0%). 

3 - Chloro-2-naphthylmethyl Bromide.—3-Chloro - 2 - naphthoyl 
chloride (Ber., 1901, 34, 4159) was reduced by hydrogen in presence 
of palladinised barium sulphate in xylene to 3-chloro-2-naphthalde- 
hyde, which crystallised from light petroleum in stellate clusters of 
needles, m. p. 121° (Found: Cl, 18-6. C,,H,OCI requires Cl, 
18-6%). The oxime formed fine white needles, m. p. 152°, from 
aqueous alcohol, the p-nitrophenylhydrazone scarlet needles, 
m. p. 263°, from acetic acid, and the semicarbazone feathery needles, 
m. p. 268°, from alcohol. 

The aldehyde was converted by means of 66°, aqueous potassium 
hydroxide (see above) into 3-chloro-2-naphthylearbinol, which 
crystallised from light petroleum in needles, m. p. 111° (Found: 
C, 68-2; H, 3-8. C,,H,OCI requires C, 68-6; H, 3-6%). The 
carbinol in benzene solution with dry hydrogen bromide gave 3- 
chloro-2-naphthylmethyl bromide, which crystallised from alcohol 
in colourless rhombic plates, m. p. 97° (Found : Br, 30-8%). 

The hydrolyses of the bromides were carried out in aqueous 
alcoho] at 25°¢as described in the case of analogous compounds 
reported in Part I. 


Compound. k x 108. Mean k x 10%. 
3-Chloro-2-naphthylmethyl bromide ...... * 71, 70, 70 70 
1-Chloro-2-naphthylmethyl bromide ...... 72, 73, 71 72 
2-Chloro-1-naphthylmethyl] bromide ...... 80, 79, 80 80 


The authors wish to acknowledge a grant from the Chemical 
Society, and a Carnegie Fellowship to one of them (J. B. 8.) during 
the tenure of which the research was carried out. 


EDINBURGH UNIVERSITY. [Received, May 22nd, 1930.] 
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CCV.—The Dissociation Constants of Quinine, 
Cinchonine, and Cinchonidine. 


By Epmunp Brypces RupHALL PRripEaux and FRaNcIs 
THoMAS WINFIELD. 


KoutTHoFF’s comprehensive account of the dissociation constants 
of alkaloids (Biochem. Z., 1925, 162, 289) contains a summary of 
previous work with references. Most of his own results were 
obtained by the aid of indicators, and the individual values of 
constants calculated from each measurement of pg, etc., show 
considerable variations from the means. Kolthoff also used the 
quinhydrone electrode, but only in the case of quinine, for which the 
second constant is given as 0-9—2-3 x 10-!° (colorimetric) and 
1-2—3-6 « 10-7 (electrometric). Titrations of the most important 
alkaloids with the quinhydrone electrode against the half- 
cell, 0-01N-HCI1,0-09N-KCl/HgCl,Hg, have been carried out by 
Rasmussen and Schou (Z. Elektrochem., 1925, 341, 189). As 
emphasised by Kolthoff (loc. cit.), these results are intended only 
to establish the p, of end-points for use in titrations with indicators ; 
nevertheless, we have been able to use them in checking the con- 
stants of quinine and cinchonine. The titrations of Wagener and 
McGill (J. Amer. Pharm. Assoc., 1925, 14, 288) do not afford 
material suitable for this purpose. 

We considered that results much more concordant than those 
previously available could be obtained by the use of the quin- 
hydrone electrode. The accurate values of the second constants 
could then be used to recalculate the first constants, which have 
hitherto depended on colorimetric and conductimetric methods. 
For the three alkaloids selected, the first dissociation constants 
are extremely close to one another, and so also are the second, 
but the evidence referred to above is not sufficient to show whether 
they are identical. 


EXPERIMENTAL. 


Purity of Alkaloids.—These were of good quality, supplied by 
manufacturers of high standing. Quinine. The hydrate, after 
being heated at 130° to constant weight, had m. p. 174°8°. It was 
free from ammonium salts and sulphates. 1 G. dissolved com- 
pletely in a mixture of 6 c.c. of alcohol and 3 c.c. of ether, proving 
the absence of salts and also of cinchonine and cinchonidine. It 
gave no colour with concentrated nitric acid, and only the faintest 
colour with concentrated sulphuric acid. It was proved to be free 
from hydroquinine by oxidation, followed by extraction with ether. 
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Cinchonine. This was precipitated from the hydrochloride with 
alkali, washed, and crystallised from alcohol; m. p. 264°. No 
quinine was found by the thalleioquin test. 

Cinchonidine. The tetrasulphate was purified by recrystal- 
lisation from alcohol and sulphuric acid, the base precipitated with 
alkali, and recrystallised from alcohol; m. p. 207-2°. It gave no 
thalleioquin reaction. 

Measurements of Potential—These were made on a Gambrell 
metre bridge, with extensions having resistances equal to that of 
the bridge. When a single accumulator was connected across the 
bridge and extensions, the potential gradient was about 0-7 millivolt 
per mm. The null potential was registered by a Crompton [3 
reflecting galvanometer with bifilar suspension and a coil of 300 
turns. The half cells were tested in various ways. The N/10- 
potassium chloride calomel electrode was checked against a hydrogen 
electrode in standard acetate. The three platinum electrodes were 
compared with one another, both in standard acetate and in one of 
the solutions containing the alkaloids. Diffusion potentials were 
eliminated by salt bridges of saturated potassium chloride. 

A weighed quantity of the base was dissolved in a known excess 
(about 2 equivs.) of standard hydrochloric acid, saturated with 
quinhydrone, and titrated back with standard alkali. In some cases 
a current of nitrogen was passed through the solution: this had no 
noticeable effect on the titrations, but prevented a darkening of the 
quinhydrone in the more alkaline solutions. The potentials were 
measured at temperatures of about 15°, uniform in each series, 
and corrected to 18°. 

The last series, in the 0-002M-solutions, affords the closest 
comparison which is possible between the constants of the bases, 
since the ionisations of the salts (BH")Cl’ and (BH,”)Cl’, are nearly 
complete and still more nearly equal; moreover, the experimental 
conditions were very carefully controlled. 0-0002 Mol. of each 
base was dissolved in acid which had been standardised, both by 
weight and by volume, with calcium carbonate and as silver 
chloride, and had been used to standardise the alkali by weight and 
by volume. In the titration, the acid was weighed and measured 
from a weight burette, and the alkali measured from a micro- 
burette. The volume of the initial solution was made up to 500 c.c. 
in each case. The plots of Ap,/Axz (where x is the fractional 
degree of neutralisation in the stage BH’ —»> BH,") gave the 
positions of the theoretical end-points, within the limits of accuracy 
with which reagents could be added. Since the individual constants 
are concordant, their means will be more trustworthy than those 
derived from colorimetric measurements. 
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Methods of Calculation.—We are concerned with bases whose 
first and second dissociation constants, K, and Kg, differ sufficiently 
to be calculated separately, over the central part of the neutralisation 
range, from the simple equation 


Pa = Px, — Px, t+log(l—z)/e . . ~ (2) 


in which K, refers to either the first or the second constant, and 
x is the fraction either of base converted into kation BH’, or of 
kation BH’ converted into BH,”. As our measurements were 
corrected to 18°, we have used pz, = 14:13 (K, = 7-4 x 10): 
Kolthoff’s value of 14-20 refers to a mean temperature of 16°. 

Generally, equation (1) is applicable for the range x = 0-13— 
0-80, 7.e., from 13% to 80% of B,2HCI, but this range depénds 
also on the total concentration. 

In the more acid solutions it is necessary to correct for the 
“acid error ’’ by means of the equations 


_ [H'\(z' + [H'))_ K,, 











Ke=(¢— a —(H) ~ Ks 
- _K,(c — x’ — [H’)) 
or K, = (H' ya" + (H')) 9 05 Lor 


in which 2’ is the amount of alkali added to the salt BH,Cl,, and 
c is the total concentration of the salt. If [H‘] is large compared 
with c, an appreciable part of the acid will be present as hydrogen 
ions and will not have formed BH,” by the reaction BH’ + H* —> 
BH,”. In these acid solutions it is possible, and in solutions near 
the first equivalence point it is necessary, to use an equation similar 
to that proposed by one of us (Proc. Roy. Soc., 1915, 91, A, 535) 
for dibasic acids, which may be transposed into a form suitable for 
diacid bases, viz., 
9 , (OH’] [OH"}+ Ko) 
[OH’] , [OH’}? 
uit: Ky x iK, 


R= (3) 








in which R is the total number of equivalents of acid added to 
1 mol. of base. As an example of the use of this to calculate K, 
in an acid solution of low total concentration (c = 0-002), a value 
may be selected from the data referring to cinchonidine (p. 1593) : 
4= 0-533; R=1-533; py = 406; K,=74x10%; K,= 
13 x 10%; hence K, = 0-82 x 107°. The other use of the 
equation is illustrated by the table on p. 1593. 

Since the equivalent point B,HCl can be determined with a 
considerable degree of accuracy by the quinhydrone electrode 
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in dilute solutions of these bases, it is even possible * to calculate 
K, at this point by means of the equation [OH’] = VK, Kye/(K,+¢) 
from which the terms ¢ and K, +c can be omitted if c is large 
compared with K,. Thus, in the case of cinchonine the maximum 
of Ap,/Ax gives py = 6-25 at B,HCl; therefore po. = 7-88, and 
since, in the special case just mentioned, 


Pou = (Px, + Px.) - - + + + (A) 
we have Px, = 5-86, and K, = 1-38 x 10° 

Results in 0-1M-Solutions—Quinine. The first constant of this 
base has been given as 2-6 x 10° (Barratt, Z. Elektrochem., 1910, 
416, 130); 1-7 x 10° (Mauz, Physik. Chem. Untersuchung. tiber 
Alkaloide, Diss., Stuttgart, 1904); 3 x 10 (Kolthoff, loc. cit., by 
conductivity); 1-0—1-44 x 10%, mean 1-08 x 10 (idem, ibid., 
colorimetric). Our value calculated from K, as described above is 
pr, = 5°94, K, = 1-15 x 10°. 

The previous values of the second constant are given in the 
table on p. 1595. Our determinations were carried out in 0-1, 0-05, 
0-01, and 0-002M-solutions, partly by the back titration of the base 
dissolved in an excess of acid, partly by the back titration of the 
diacid salt, and partly by forward titration of the monacid base 
with acid. Since the variations in total concentration bave little 
effect on the form of the curves or the numerical values of the 
constant, we have included only the results in 0-1M/-solutions : 





 svscescnseys 0-918 0-782 0-600 0-537 0-500 0-400 0-300 
Pe b.0dsidse 3-08 3°67 4-06 4-19 4-25 4475 4-51 
PR, veeeeeees 10-01 9-92 9-89 9-88 9-88 9-83 9-98 

Be srevacdesesd 0-278 0-250 0-206 0-134 0-060 

Ge. sectenses 4-68 4-71 4-87 5-075 5-35 (precipitation occurs) 
PR, veeeeeees 9-84 9-84 9-85 9-97 9-83 


The results at the acid end are less trustworthy on account of the 
correction for [H*] (equation 2). Those at the end near the stage 
B,HCl may be calculated by equation (3). 

The mean value of px, is 9-88, while that corresponding to the 
median at x = 0-5 is also 9-88. A forward titration of a 0-05M- 
solution of B,HCl gave px, = 9-83. Precipitation occurs at the 
end-point B,HCl in the more concentrated solutions. 

The py at the end-point in 0-02 and 0-01M-solutions was found 
to be 6-2 and 6-3 respectively, agreeing with the results of Ras- 
mussen and Schou (loc. cit.). If px, in the more concentrated 
solutions is taken as 9-88, the end-point which we have called p, 
(titration exponent) appears to be at 6-10. A slight extrapolation 


* This method is not usually practicable, ¢.g., in the case of high constants 
which give sharp inflexions in the neutralisation curves. 
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shows, however, that the end-point (maximum of Ap,/Az) has 
come a little late in the back-titration with alkali. Correcting for 
this, we find that, in agreement with the results of forward titrations, 
in 0-1M-solutions the most probable value of p, is 6-2—6-3, and 
therefore px, = 9-83, K, = 1-3 x 10-%, 

Cinchonine. The first constant appears from colorimetric 
measurements to be nearly the same as, or perhaps slightly greater 
than, that of quinine. This cannot be verified potentiometrically 
in the more concentrated solutions on account of precipitation. 
The second constant, deduced either from titrations in 0-05M.- 
solution (Rasmussen and Schou, loc. cit.) or colorimetrically (Kolt- 
hoff, loc. cit.), is px, = 9-92, and the constant would therefore be 
very slightly less than that of quinine. This seems to be borne 
out by our results given below, which are very concordant. Although 
the form of the corresponding curve is undoubtedly correct, its 
position on the x axis cannot be confirmed by the potentiometric 
end-point (which can only be approached up to x= 0-10); the 
position of the curve in this case, therefore, depends entirely upon 
the purity and concentration of the alkaloid. 


et ae Oa 0-965 0-872 0-677 0-552 0-377 0-326 0-251 0-201 
Sn be Sikdacsccds 2-625 331 385 4:05, 436 447 4:64 4-88 
OE. sdovesone — 1001 996 999 999 9-97 997 9-90 


The mean value of px, is 9-96, K, = 1-1 x 10-1. 

On application of the same small correction to the x co-ordinates 
as was found in the case of quinine, the values became px, = 9-83, 
K,= 1-3 x 10°". 

Cinchonidine. The first constant (px, = 5-80), determined 
colorimetrically in 0-005M-solutions, appears to be the same as 
that of cinchonine in 0-0033M-solutions. In this case, it is possible 
from our results to estimate the constant in 0-1M-solutions (see 
below). The second constant, determined colorimetrically in 
0-01M- or less concentrated solutions, appears to be lower than 
those of quinine and cinchonine under the same conditions. The 
corresponding curve is plotted in the figure, the right-hand scale 
of ordinates being required. 


B evtcevcrccovecs 0-782 0-600 0-537 0-500 0-400 0-300 0-278 
Mee. , spessnssuncn 3°51 4-00 4-14 4-20 4-41 4-61 4-65 
PR vreseeeeeeee 10-06 9-95 9-95 9-93 9-90 9-89 9-89 
Wragiadecseséeves 0-206 0-134 0-06 0-025 0-011 0-004 —0-004 
Ph heesnen odie 4°83 5-06 5°45, 5-92 6-29 6-52 6-77 
PE scivcvvcecess 9-89 9-89 9°87 9-80 9-79 _— _ 


The mean value of pz, is 9-92, K, = 1-2 x 10°". 
In spite of the statement that cinchonidine has a slightly lower 
solubility product, [BH"][OH’}] = 1-38 x 10°°, than that of quinine, 
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4-4 x 10° (Kolthoff, loc. cit.), it is possible to add alkali to the 
cinchonidine salt up to a higher pg, and beyond the point B,HCl, 
without precipitation. Thus, the value of p, can be obtained 
potentiometrically from the maximum of Ap,/Az, and is 6-30. 
This maximum actually occurs at = + 0-01, so the neutralisation 
curve is very slightly displaced on the x axis, but only to an extent 
which has no appreciable effect upon the constant obtained: pz, = 
9-92, K, = 1-2 x 10°. 

From equation (4), px, = 5°74, whence K, is equal to 1-8 x 10° 
and is therefore slightly higher than the (colorimetric) K, values of 


7-5 80 8-5 
7-0 7-5 8-0 
65 7-0 7-5 
6-0 6-5 1-0 
55 6-0 6-5 
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quinine and cinchonine in more dilute solutions. Thé truly com- 
parable value of K, in the 0-002M-solutions is, however, decidedly 
lower than those of the other two alkaloids (see p. 1594). 

Results in 0-002M-Solutions.—The constants in the more dilute 
solutions were determined in a thermostat at 18° by the method 
outlined above. The results are shown in the figure, one or other 
of the left-hand scales of ordinates being applicable. 

Quinine. 0-06488 G., dissolved in 4-968 g. of 0-0878N-hydro- 
chloric acid, which is 0-410 g. in excess of that required for B,2HCI, 
was diluted to 100 c.c. and titrated back with 0-0795N-sodium 
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hydroxide. Thus, after the addition of 1-616 c.c. of alkali, x = 
0-539, and so on. 


/ 


@ . cceees 0-539 0-273 0-222 0-108 0-059 

BD neces 0-1231 0-0973 0-0887 0-0608 0-0395 

PE veces 4-214 4-662 4-810 5-294 5-662 

PE, ++ 9-89 9-92 9-90 

Apg/Ax 7-5 10-9 
LF seccee 0-0455 0-007 — 0-025 — 0-086 —0-142 

BD .cccee 0-0312 0-0076 —0-0130 —0-0395 —0-0622 

Da cosese 5-810 6-216 6-572 7-033 7-423 
Apg/Az 10-9 10-6 11-1 75 


Mean pg = 9-91; K, = 1-23 x 10-1, 


Cinchonine. 0-0588 G., dissolved in 5-151 g. of the acid (i.e., 
0-595 g. in excess of B,2HCl), was treated as above. 


& weal 0-538 0-282 0-234 0-200 0-133 0-097 0-029 0-011 

BD shines 0-1252 0-0983 0-0912 0-0861 0-0730 0-0644 0-0335 0-0193 

P gis 4:178 4-644 4-766 4-856 5-083 5-231 5-766 6-012 
Pr, +» 995 992 9:90 9:90 9-88 

Apy/4x 411 7-87 1366 20-5 
@ ciel —0-002 —0-018 —0-036 —0-054 —0-090 —0-106 —0-144 
Bare 0-0071 —0-0115 —0-0203 —0-0288 —0-0476 —0-0527 —0-0632 
te senses 6-224 6545 6699 6845 7-171 7-259 7-442 
Apy/At 205 20-1 8°55 


Mean pg = 9-91; K, = 1-23 x 10-". 


Cinchonidine. 0-0588 G., dissolved in 4-960 g. of the acid (i.e., 


0-404 g. in excess of that required for B,2HCl), was treated as 
above. 


ee 0-533 0-285 0-202 0-134 0-051 0-026 

Bl suite 0-1322 01072 0-0983 0-0872  0-0628 0-0554 

p ania 4-057 4-489 4-644 4-837 5-259 5-390 
PE 0000. 10-09 10-065 10-01 

Apy/ 4x 524 14-44 
@  <tsese 0-001 —0-030 —0-048 — 0-083 —0-110 
nettle 0-0324 0-0041 —0-0091 —0-0217 —0-0314 
Oe renee 5-750 6-276 6-504 6-722 6-892 
Apy/Ax 14-44 17-0 12-7 6-23 


Mean pg = 10-05; K, = 8-9 x 10741. 


Calculation of the First Constants.—By interpolation of the 
smoothed curves at intervals of 0-1 unit of py, the maxima of 
Apy/Ax are determined, and hence the values of the titration 
exponents, p;; ¢.g., in the case of cinchonine : 


Pu 
MEE, - daanvekeseegoledes 10 17 20 


Aepdnodsacespensscessees 6-0—6-1 6-1—6-2 6-2—6°3 6-3—6-4 
13 


Therefore p, = 6-25. Equation (4) is then applied to these values. 
The experimental points near B,HCI are dealt with by equation (3), 
the values of K, stated above being introduced. 








THE DISSOCIATION CONSTANTS OF QUININE, CINCHONINE, ETC. 


Quinine. 

a eteces 1-00 0-98 0-90 0-86 

Po + 6°25 6°50 7-21 7-44 

PR, + 5-85 5-91 5-96 5:90 Mean = 5:90; K, = 1-2 x 10. 
Cinchonine. 

} a 1-00 0-97, 0-924 0-86 

Pu + 625 6°57 7-03 7-42 

Pa, 585 597 601 5:94 Mean = 5-94; K, = 1-15 x 10-6, 
Cinchonidine. 

; Nee 1-00 0-97 0-95 0-89 

Pu -. 580 628 650 6-89 

pe, +» 657 636 637 6:36 Mean = 6-41; K, = 3-9 x 10-7. 


Correction for Activities, and Limiting Constants.—The effect of 
changes in the ionic strengths of the alkaloidal solutions upon their 
constants is relatively slight, and this is also true of the addition of 
neutral salts. Thus, a 0-05M-solution of quinine mono- and di- 
hydrochloride was saturated with potassium chloride. The #.M.F. 
changed by 4 millivolts, or the py by 0-066 unit. The observed 
constants are not, therefore, very different in any case from the 
limiting constants. The latter have been calculated from the 
formula » = 3Xc‘, in which c¢; is the concentration and z the 
valency of an ion (Lewis and Randall, “ Thermodynamics ”’). At 
c=0-1M: »(B,HCl) = 0-1, »(B,2HCl) = 0-105, therefore u(B,HCl + 
B,2HCl) = ca. 0-102. At c=0-002M: u(B,HCl + B,2HCl) = 
0-002. The activity coefficients « are now calculated from the 
equation — log « = 0-52/(1 + 3:3 x 10’aVu), in which a is the 
ionic diameter. The average value of a for the ordinary ions has 
been estimated as 4 x 10°, and their average mobility, L, is about 
50. If we assume that the relation between ZL and a is given by 
Stokes’s law, then L oc 1/a; and if, further, a mobility of 25 is assumed 
for a univalent alkaloid kation, a=8 x 10°. Therefore the 
denominator in the above expression becomes 1 +- 2-64V/u. The 
correction factor will take the form, log ag,. — log «sy,--, which is 
obtained by introducing the coefficients « into equation (1) and 
transforming it : 

BH’ 


Pa = Pi, — Pu + log BH” + log ay + log «gue — log «gu, + 





At uw = 0-002: log apy. — log agu,-- = 0-060. 
u = 0-102: Ss a » = 0-260. 


The limiting constants, corrected for ionic strength, are therefore 
as follows : 
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Alkaloid. Cone., M, PE, K, xX 10”, 
Quinine 0-100 9-83 +- 0-26 = 10-09 0-81 
0-002 9-91 + 0-06 = 9-97 1-07 
Cinchonine 0-100 9-96 + 0-26 = 10-22* 0-60 
0-002 9-91 +- 0:06 = 9-97 1-07 
Cinchonidine 0-100 9-92 + 0-26 = 10-18 0-66 
0-002 10-05 + 0-06 = 10-11 0-78 


* Or maybe the same as that of quinine. 


General Summary of the Relations at 0-1 and 0-002M- and Some 
Intermediate Concentrations.—Typical results are tabulated below, 
together with the methods by which the constants are obtained 
and the observers. The essential features may be indicated. 

(1) The two corresponding constants of quinine and cinchonine 
remain practically identical at all concentrations. 

(2) The second constant of cinchonidine is slightly lower than 
these in the dilute solutions, but practically identical with them in 
the 0-1M-solutions, 

(3) The first constant of cinchonidine is considerably lower, a 
result which did not appear in the more concentrated solutions. 
Thus, it is seen in the figure that the whole neutralisation curve of 
cinchonidine lies below those of the other alkaloids. 


Observer Quinine. Cinchonine. Cinchonidine. 
method. c&R. pR«& K. c& R. pR & EK. c& R. pe& K. 
K. col. My 0033 =5°97 00033 pe=5°85 <0:005 pe=5-80 
-44—0- 90 F =1-:08x10-* 0:50—0:90 A,=1:4x10— 0:50—0- ees ex 10-* 
P.&W. "eS 002 PE=5-90 0-002 PR=5'94 0-002 py =6-41 
_ elect. 0-86—1:00 K,=1:2x10-" 0-86—1:00 K,=1:2 by 10~ 0-89—1-00 A,=3-9 x 10” 
K. col. <0-0L1 pR~9-82 <0:00975 pR=9°9 <0°01 pe=10: 03 


. 1:10—1-90 K,=1:5x10-"* 1-10—1-90 ai ex 10~° 1:50—1:90 K,=0-93 x 10-° 
K. elect, <001L pRr=9-66 
1:04—1:09 K,=2-2x10-"° 


R.& 8S. 0:05 pR=9-92 0-05 PR=9-92 
elect. 1-25 K,=1-2x10-"° 1-25 K,=1-2 x 10-" 
P.& W. 0-100 pxR=9-83 0-100 pR=9-96 a 9-92 
elect. 1- or “92 at ao 10-"°  1:20—1-97 K,=1-1x10-* 1: en 78 1:2 x 10-°* 
P. & W. 0-02 K=9'8 
elect. 1:47—1-66 , aes 3 > x 10-*° 
P.& W. 0002 pRr=9-91 0002 prR=9 002 =10-05 


91 0- 
elect. 1-:06—1:55 K,=1-2x10- 1-13—1-54 ken. 2x 10- 1:13—1-53 os 0 x10" 


Abbreviations: K.= Kolthoff (loc. cit.); P. & W.= Present authors; R. & S. = Ras- 
mussen and Schou (loc. cit.); col. = colorimetric; elect. = electrometric. 


UNIVERSITY COLLEGE, NOTTINGHAM. [ Received, April 29th, 1930.] 





CCVI.—The Structures of the Octahydrocarbazoles. 
By SypNry GLENN PRESTON PLANT. 


A FEW years ago, von Braun and Ritter (Ber., 1922, 55, 3792) 
claimed to have prepared 9-methyl- and 9-ethyl-1 :2:3:4:5:6:7:8- 
octahydrocarbazole (I) by the catalytic hydrogenation under very 
vigorous conditions of the corresponding alkylcarbazoles, a process 
which was believed to involve the intermediate formation of the 
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9-alkyltetrahydrocarbazoles (II). A little later, ~— and Plant 
(J., 1924, 125, 1503) claimed to have obtained 1:2:3:4:5:6:7:8- 
octahydrocarbazole (I; R = H) by the removal ol ammonia from 


H, H, H, 
H,/ \ H, {\__/ SH, a (Si 
Hi A H, ' 8 A 3H: =N Ne 
H, NR i, NR H, 
(I.) (II.) (IIT.) 


cyclohexylideneazine (III), a reaction which was thought to be 
analogous to that described by Robinson and Robinson (J., 1918, 
113, 639) for the synthesis:of tetraphenylpyrrole, but, on alkylation 
of the product, methyl and ethyl derivatives were isolated which 
were undoubtedly different from the compounds of the first authors. 
Furthermore, the two series of octahydro-derivatives each yielded 
a different series of decahydro-compounds, and it became apparent 
that these alternative reactions had given rise to isomeric products 
which differed in the positions of the double linkages. From the 
methods of preparation employed, Perkin and Plant (see also J., 
1925, 127, 1138) assigned the symmetrical structure (I) to their 
products and suggested alternative constitutions for those of von 
Braun and Ritter. These views were not accepted by von Braun 
and his co-workers (Ber., 1925, 58, 389, 2156), who, among other 
things, submitted 6:9-dimethyl- and 3 : 9-dimethyl-tetrahydro- 
carbazole (see formula II) to catalytic hydrogenation, but under 
vigorous conditions, and obtained the same dimethyloctahydro- 
carbazole in each case, and suggested the formula (IV) for the 
compounds of Perkin and Plant. 


H H H, H, 
\ fn ited 
av) Hy SY "6:3: O-mu 
AL ae GN Ai 
2 NR H, H, H, 


A consideration of the known facts makes it clear, however, that 
the evidence is not really conclusive, and it seemed desirable to 
settle some of the questions involved by the preparation of the 
9-alkyl-1 :2:3:4:5:6: 7: 8-octahydrocarbazoles by a procedure 
which can leave no doubt concerning their constitution. For this 
purpose the well-known method of synthesising pyrroles by the action 
of amines on 1: 4-diketones was employed. 2 : 2’-Diketodicyclo- 
hexyl (V), apparently hitherto unknown, was prepared by hydrolysis 
of the ester obtained from the interaction of 2-bromocyclohexanone 
with the sodium derivative of ethyl cyclohexanone-2-carboxylate, 
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and, on treatment with methylamine in glacial acetic acid, it yielded 
9-methyl-1 :2:3:4:5:6:7: 8-octahydrocarbazole (I; R = Me). 
The product melted at 94°, failed to give a picrate or methiodide, 
and, on reduction with tin and hydrochloric acid, gave an oily 
decahydro-compound, the picrate of which melted at 165°. The 
corresponding 9-ethyl derivative (I; R = Et) melted at 42-5° and 
gave an oily decahydro-compound, the picrate of which melted at 
130°. Reference to the properties of the various products pre- 
viously described makes it quite certain that the claim of von 
Braun and his co-workers is correct. It is thus apparent that the 
elimination of ammonia from cyclohexylideneazine has not pro- 
ceeded along the lines expected. It is, however, extremely unlikely 
that this reaction can lead to other than a symmetrical structure, 
and, of the possible alternatives, that suggested by von Braun 
(formula IV) must be considered to be the most probable. No 
such alternative course is possible during the synthesis of tetra- 
phenylpyrrole from phenyl benzy] ketazine. 

The action of 10% potassium hydroxide solution on ethyl 
2 : 2’-diketodicyclohexyl-l-carboxylate has been found to give not 
only 2 : 2’-diketodicyclohexyl; from the alkaline solution, an acid 
was isolated which, on analysis, was found to have the formula 
CjoHo0,. The nature of this product is under investigation. 


EXPERIMENTAL. 


The method of Kétz (Annalen, 1908, 358, 195) for the preparation 
of 2-bromocyclohexanone requires considerable time, and bromin- 
ation is liable to cease at the temperature used. The following 
procedure is more convenient when considerable quantities are 
required, although the yield is somewhat diminished. A mixture 
of cyclohexanone (60 g.), water (40 c.c.), and precipitated chalk 
(30 g.) was stirred continuously, and bromine (32 c.c.) was added 
at such a rate that the temperature remained at 50°. The product 
was extracted with ether, the solution dried over sodium sulphate, 
the solvent removed under reduced pressure, and the residual 
liquid distilled, 2-bromocyclohexanone (40 g.) being collected at 
95—115°/22 mm. 

2 : 2'-Diketodicyclohexyl—aA suspension of sodium (5-2 g., pre- 
viously pulverised under boiling toluene) in dry ether (200 c.c.) 
was treated with ethyl cyclohexanone-2-carboxylate (40 g., prepared 
as described by Kétz and Michels, Annalen, 1906, 350, 210; 1908, 
358, 198); the formation of the sodium derivative of the latter 
substance proceeded steadily and was complete after 3 hours. 
After the addition of 2-bromocyclohexanone (40 g.), the mixture 
was boiled under reflux for 5 hours and then shaken with water. 
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The ethereal solution was dried over sodium sulphate, the solvent 
removed, and the residual liquid submitted to distillation; after a 
fraction had been collected at 100—120°/20 mm., ethyl 2 : 2’-diketo- 
dicyclohexyl-1-carboxylate was obtained at 190—210°/20 mm. as a 
pale yellow oil. This ester was treated with boiling aqueous 
potassium hydroxide (200 c.c. of 10%) for 5 hours, the oily product 
extracted with ether, and the ethereal solution dried over sodium 
sulphate. After the removal of the ether, the residue was distilled, 
2 : 2’-diketodicyclohexyl being collected as a colourless liquid, b. p. 
174—177°/25 mm. It rapidly solidified, and, on crystallisation 
from light petroleum, was obtained in colourless plates, m. p. 70—71° 
(Found : C, 74:2; H, 9-3. C,,H,,0, requires C, 74-2; H, 9-3%). 

The alkaline solution from the hydrolysis of the ester was acidified 
with hydrochloric acid, and an oily product was extracted with 
ether. After this solution had been dried with sodium sulphate and 
the solvent removed, the residual liquid was distilled. The main 
quantity boiled at 203—206°/13 mm., and solidified on cooling ; 
after crystallisation from light petroleum (charcoal), an acid was 
obtained in long colourless needles, m. p. 41° (Found: C, 68-0; 
H, 9-5. Cy.H 0, requires C, 67-9; H, 94%). This acid was 
readily soluble in aqueous sodium carbonate and was reprecipitated 
on the addition of hydrochloric acid. 

9-Methyl-1:2:3:4:5:6:7:8-octahydrocarbazole.— The di- 
ketone (1 g.) was treated with acetic acid (10 c.c.) in which methyl- 
amine (1-6 g.) had been dissolved, and the whole was boiled under 
reflux for 2 hours. The solution rapidly became deep green, but 
the colour changed to brown after 15 minutes. After the mixture 
had been made alkaline with aqueous sodium hydroxide, the 
product was obtained as a solid, and, on crystallisation from methyl 
alcohol, it was isolated in colourless plates, m. p. 94° (Found: C, 
82-6; H, 10-1. Calc.: C, 82-5; H, 10:1%). It was readily soluble 
in 20% hydrochloric acid, from which it was reprecipitated on the 
addition of sodium hydroxide. An attempt to prepare a picrate 
from cold toluene solution was unsuccessful, the liquid rapidly 
becoming dark green and depositing a sticky green product, on 
keeping; furthermore, no methiodide could be obtained (compare 
von Braun and Ritter, loc. cit.). 

When 9-methyl-1:2:3:4:5:6:7:8-octahydrocarbazole was 
reduced by the action of tin and boiling 20° hydrochloric acid for 
several hours, an oily hydrochloride separated. The mixture was 
made alkaline with potassium hydroxide and extracted with ether; 
from the extract, dried over potassium carbonate, a colourless oil 
was obtained which, when treated with picric acid in hot alcohol, 
yielded a picrate in yellow prisms, m. p. 165°. A mixture of this 
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picrate with that (m. p. 162—163°) of the methyldecahydrocarbazole 
described by Perkin and Plant (loc. cit.) melted at 133—135°. 

9-Ethyl-1 :2:3:4:5:6:7 : 8-octahydrocarbazole—Prepared by a 
process analogous to that used for the corresponding methyl] deriv- 
ative, this product separated first as an oil, which was then extracted 
with ether and subsequently distilled under reduced pressure. 
After crystallisation from methyl alcohol, it was finally isolated in 
colourless plates, m. p. 425° (Found: C, 83-1; H, 10-5. Cale. : 
C, 82-8; H, 10-3%). When reduced in the same way as the methyl 
compound, it yielded an oily base, the picrate of which crystallised 
from alcohol and melted at 130°. 


THe Dyson Prerriys LAsoratory, 
OxFoRD. [Received, June 11th, 1930.] 


CCVII.—The Co-ordination Compounds of Oximes. 
By Oscar L. Brapy and Morris Marcus Mvuers. 


THE formulation of the metallic complexes of oximes still presents 
difficulties and in the hope of throwing more light on this subject 
it was proposed to study the complex formation of the four possible 
O-monomethyl] ethers of benzildioxime : 


(I.) PhC——CPh PhO Ph (IL.) 
HO'N N-OMe N-OH MeO-N 
(III.) PhC—_—CPh PhC CPh (IV.) 
N-OH N-OMe HO-N MeO-N 


Unfortunately, in spite of many attempts, only the first three of 
these could be obtained (Brady and Muers, this vol., p. 216), but the 
study of these has given interesting results. Only O-monomethy]l- 
«-benzildioxime (I) gave complexes, which are of the type R,Co 
and R,Ni. 

The earlier formulz for the metallic complexes of oximes involving 
the attachment of the metal to the oxygen of the oximino-group 
(Tschugaev and Lebedinski, Z. anorg. Chem., 1913, 83, 1; Taylor 
and Ewbank, J., 1926, 2818) were conceived with insufficient 
regard for stereochemical considerations. Pfeiffer and Richarz 
(Ber., 1928, 61, 103) corrected this and found that if the Meisen- 
heimer configurations were correct it became necessary to adopt 
the nitrone structure for the oxime and attach the metal to the 
nitrogen atom, as, for example, in (V). 

In the case of the dioximes, however, these authors do not form- 
ulate a complex and it remained for Hieber and Leutert (Ber., 
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1929, 62, 1839) to suggest an analogous structure for the nickel 
complex of «-benzildioxime (VI). 


C—C OH | 
i i PhO=N¢ —CPh 
(V.) oO No Ni’ (VI.) 
“7 er “N=CPh 
CuA () HO’ 


Our study of the behaviour of the O-monomethyl ethers of the 
benzildioximes had led us independently to a practically identical 
conclusion as regards the structure of complexes of this type. 

The cobalt complex formed from (I) has the composition 
[CPh(;NOMe)-CPh(:NO)},Co and if the earlier type of formula, 
linking cobalt to oxygen, be adopted, the compound can be repre- 
sented as (VII) on the Hantzsch and as (VIII) on the Meisen- 
heimer configuration (to save space, only one of the three oxime 
residues is shown). 





OMe Me 
PhC==N PhC=N PhC=N 
Med’. | y NI ‘O «do¥ 
‘Yn of 
0” SCo¥ O /COL Oo” 
Pho=—=N’“7 4» Ss Pho= NY” 4 pho=n/O * > 
(VIT.) (VIII.) (IX.) 


In view of the tetrahedral arrangement of the valency directions 
about the nitrogen atom (Mills and Warren, J., 1925, 127, 2507), 
(VII) is stereochemically impossible. The formation of (VIII) 
involves a change in the configuration of the oximino-group and, 
although we have been unable to recover any one of the mono- 
methylbenzildioximes from the very stable cobalt compound, 
we have succeeded in regenerating the original monomethyl-c«- 
benzildioxime from the analogous but less stable nickel complex. 
Since this isomeride is not the stable one (Brady and Muers, Joc. 
cit.), there can be no question of stereoisomeric change during the 
decomposition. Moreover, if this change of configuration occurred, 
«’-monomethyl-y-benzildioxime (III), where the hydroxyl group 
is already in the right position, should give the complex more readily 
than monomethyl-«-benzildioxime. 

The only remaining formula constructed on these lines is (IX). 
This necessitates the retention of the Hantzsch configuration, the 
formation of a seven-membered ring, and the existence of a co- 
ordinate link between a metal and the oxygen of a methoxyl group 
which does not seem to have been observed in other compounds. 
There seems, therefore, to be no alternative but the nitrone structure, 
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the formula we suggest being (X). The nitrone structure using 
the Hantzsch configurations is open to the same criticism as (VII). 


PhO——CPh PhO——CPh 
O<N N-OMe HO-N MeN+>O 
MeO \ v Q (XI) 
(X.) PhC—N-+Co—N=CPh 
Ph —OPh 


| /* 
PhO—=N N ——UPh N-OH O<NMe 
O OMe (XIT.) 


A point of interest is that neither V-monomethyl-«-benzildioxime 
(XI) nor N-monomethyl-8-benzildioxime (XII) (Brady and Muers, 
loc. cit.) yields a cobalt complex: here one of the nitrogen atoms 
is already quadrivalent and cannot therefore form the co-ordinate 
link. 

A crystalline cobaltous complex containing two benzildioxime 
residues to one cobalt atom, has been obtained from «-benzildioxime. 

In formulating the complexes of the dioximes we prefer a slight 
modification of Hieber and Leutert’s structure and suggest that 
they should be represented as (XIII). 








O-H<O 
RC=N. = SN=CR 
(XIIT.) | SCo¢ 
RC=N¢ ‘SN=CR 
O>H-O 


Such a formula might account for the lack of reactivity of the 
hydroxyl group in compounds of this type. Tschugaev (J., 1914, 
105, 2192) records that they are not acted upon by phenylcarbimide 
(phenyl carbamylamine in the text is an obvious misprint) and we 
have found that the nickel complex of dimethylglyoxime, for 
example, gives no methane with magnesium methyl iodide in amyl 
ether. The symmetry of this formula is also some recommendation 
for it. 

EXPERIMENTAL. 

Cobalt Complex of O-Monomethyl-x-benzildioxime.—This com- 
pound was difficult to obtain pure, many preparations containing 
free oxime and free cobalt hydroxide; the former was particularly 
difficult to remove by crystallisation, but the following method was 
ultimately found to give the best results. The oxime (5 g.) was 
dissolved in boiling acetone (60 c.c.) and cobalt nitrate (3 g. of the 
hydrated salt), dissolved in a little water, was added. On addition 
of 2N-aqueous ammonia (10 c.c.) a deep red-brown colour appeared. 
The solution was then poured into excess of N /10-sodium hydroxide, 








1602 THE CO-ORDINATION COMPOUNDS OF OXIMES. 


the precipitate collected and extracted with the minimum amount 
of chloroform, and the filtered chloroform solution washed with 
dilute sodium hydroxide solution. As the material obtained after 
evaporation of the chloroform still contained oxime, it was redissolved 
in acetone and again poured into N/10-sodium hydroxide solution. 
The precipitated compound was thoroughly washed with water 
and dried in a vacuum, the complex being obtained as a red-brown 
powder, m. p. 165—169° (decomp.) (Found: C, 64:7; H, 4-9; 
N, 10-7; Co,7-1. C,y;H390,N,Co requires C, 66-0; H, 4:8; N, 10-3; 
Co, 7:2%). Attempts to crystallise the compound were un- 
successful. 

If cobalt acetate was used in the above preparation, some complex 
was formed before the addition of ammonia but the yield was not 
so good. Sodium hydroxide could be used in place of ammonia, 
indicating that the ammonia plays no essential part in the complex 
formation. The production of the complex depends on the presence 
of atmospheric oxygen; when this was excluded, on addition of 
aqueous ammonia, a green solution was formed which rapidly 
assumed the red-brown colour on being shaken with air. 

Nickel Complex of O-Monomethyl-«-benzildioxime.—This com- 
pound was more difficult to obtain pure than the cobalt complex. 
Nickel nitrate solution (2 c.c. 5N) was added to 2N-ammonia 
(5 c.c.), followed by 2N-ammonium chloride until the precipitate 
was dissolved, and the whole was added to a solution of the oxime 
(2-5 g.) in hot alcohol (100 c.c.). The dark brown solution was 
poured into N/10-sodium hydroxide (250 c.c.) and the precipitate 
produced was washed with N/10-sodium hydroxide until no more 
oxime was removed, then with ammonium chloride solution until 
no nickel could be detected in the filtrate, and finally with water. 
After drying in a vacuum, the complex was obtained as a brown 
powder which could not be crystallised (Found : Ni, 10-8; N, 10-1. 
Cy9H,,0,N,Ni requires Ni, 10-4; N, 9-9%). 

The complex (0-2 g.) and potassium cyanide (0-3 g.) were boiled 
for 30 seconds with alcohol (5 c.c.), the brown colour then having 
almost disappeared, and poured into water. The precipitated oxime, 
crystallised from acetone, gave O-monomethyl-«-benzildioxime. 

Copper and Ferrous Complexes of O-Monomethyl-«-benzildioxime. 
—When a solution of copper acetate was added to an acetone 
solution of the oxime a deep olive-green colour was produced which 
was destroyed on dilution. The use of chloroform and subsequent 
dilution gave a more stable solution, but evaporation resulted in the 
decomposition of the complex. 

Addition of ferrous sulphate solution to a solution of the oxime 
in acetone, followed by aqueous ammonia, gave a violet-red colour 
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which disappeared in a few seconds. The coloured material could 
be extracted with benzene, but it decomposed even in this solvent 
after a few minutes. 

Cobalt Complex of «-Benzildioxime.—z«-Benzildioxime (5 g.) 
was placed in the thimble of a hot-extraction pattern Soxhlet 
apparatus, and acetone together with cobalt acetate (2-5 g. of 
hydrated salt), dissolved in the minimum amount of water, in the 
flask. After 5 hours’ boiling, the precipitate first produced by the 
addition of the cobalt acetate to the acetone was replaced by 
crystals of the complex. These were washed with acetone, dilute 
acetic acid, dilute aqueous sodium hydroxide, and with water. 
They consisted of well-defined, brown, diamond-shaped crystals 
with a small quantity of less dense, brown needles, which were 
removed by levigation with water (Found: Co, 10-8; N, 10-4. 
C.,H,.0,N,Co requires Co, 10-9; N, 10-4%). 

Cobalt Complex from y-Benzildioxime.—A solution of the oxime 
(4 g.) in hot alcohol (50 c.c.) was treated with cobalt acetate (3 g.) 
dissolved in the minimum of water. The brown powder precipitated 
on cooling was washed with alcohol and dried in a vacuum. The 
ratio of cobalt to nitrogen (approximately 2 : 5 in atomic proportions) 
indicated that the product was a mixture and all attempts to 
purify it were unsuccessful. The solution became acid during the 
reaction, indicating that at least one of the hydrogen atoms of the 
oximino-groups had been replaced by cobalt. 


THE RatpH ForsteER LABORATORIES OF ORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. [Received, March 25th, 1930.] 





CCVIII.—Investigations of the Olefinic Acids. Part 
II.* Preliminary Observations on the Occurrence 
of Spontaneous Tautomeric Change at Temperatures 
near the Boiling Point. 


By RecrnaLp Patrick LINSTEAD. 


a8- and Py-UNSATURATED acids have been found to undergo 
reversible isomeric change in the neighbourhood of their temperatures 
of ebullition or decomposition. This change occurs in the pure acids 
in the absence of added catalyst and, with certain limitations 
in the case of acids of exceptional stability, appears to be a general 
reaction. The first evidence of its occurrence was met with during 
the preparation of methylenecyclohexane (III) by heating pure dry 


* This paper continues the series “ Investigations of the Lower Olefinic 
Acids ’’ (J., 1929, 2153). 
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cyclohexylideneacetic acid (I) in a stream of dry hydrogen according 
to the method of Wallach (Annalen, 1908, 359, 287). At the con- 
clusion of one such preparation the small quantity of solid residual 
acid was found to be not the original substance (I) of m. p. 91° but 
its By-isomeride, m. p. 38° (II). It had a considerable affinity 
for iodine and gave the anilide, dibromide, and iodolactone of the 


acid (II). 


CH-CO,H CH,-CO,H CH, 
C C C 
fs iN, pen. 
H.C CH, HC CH H.C CH, 
H,C CH, H.C CH, HC CH, 
: ks wits 
CH, SH, XH, 
(I.) (II.) (IIL.) 


Quantitative investigation of the change by iodometric methods 
showed that at the temperature of free decomposition into hydro- 
carbon (240°) the formation of By- from «$-acid did not increase 
above some 83%. In agreement with this, unchanged «f-acid 
could be separated from a fully equilibrated product by partial 
esterification (Eccott and Linstead, J., 1929, 2153) and, further, 
the pure Sy-acid, heated under the same conditions, gave a product 
from which the «$-acid could be isolated. 

Experiments at lower temperatures showed that the change 
could occur independently of decarboxylation. The same equili- 
brium was obtained at all temperatures and could be approached 
from either side. 


Equilibrium values at ......... 240° 200° 182° 
MERE sxsenseresrevinere 85, 80, 83 83, 84 811 o r 
From Py-acid ......cssscseeeeee din 84 36 s 70 By-acid 


Interconversion was inappreciable below 100° and slow below 
200°, the approximate times (by interpolation from the figures in 
Table II) for the half-change of «$-acid into equilibrium mixture 
being : 
Temperature ..........++ 240° 220° 200° 182° 
Half-change period ... 6 mins. 35 mins. 4 hrs. 20 hrs. 
Apart from the formation of olefin above 200°, no appreciable 
side reaction can be observed and there is no evidence of the form- 
ation of y-lactone from the #y-acid, the observation of von Braun 
and Miinch (Annalen, 1928, 465, 52) being confirmed in this respect.* 
* These authors’ figures (60% aB == 40% Py) for the equilibrium between 
the acids in boiling alkali were obtained by approach from the af-side only, 
and represent incomplete reaction, since they differ largely from the present 
author’s data (12% af == 88% By), which were obtained by approach from 
both sides and under a variety of conditions (J., 1927, 362, 2579). 
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Other acids showed a similar change: for instance, At- and 
A®-n-hexenoic acids were slowly isomerised at their boiling points, 
and cyclopentylideneacetic acid also passed into its By-isomeride, 
about a third being converted in 4 hours at 200°. On the other 
hand, two acids known to resist interconversion by alkali were 
found to be stable to heat. These were dimethylacrylic acid («8-) 
(Kon and Linstead, J., 1925, 127, 616) and styrylacetic.acid (Sy-) 
(Linstead and Williams, J., 1926, 2735). 

No special study of the catalytic side of the phenomenon has yet 
been made, although certain incidental observations will be found 
in the experimental section. Whatever its ultimate cause, this 
type of interconversion represents the most facile class of three- 
carbon tautomeric change yet observed and in many ways, although 
not necessarily in mechanism, resembles the “ spontaneous ” 
changes which have been found in fused tautomerides of other types 
(compare, e.g., Baker, J., 1928, 1583). 


EXPERIMENTAL. 


I. cycloHexane Series—NMaterials. The acids (I) and (II), 
prepared by the usual methods, the Sy-acid being conveniently 
purified by partial esterification and hydrolysis, were recrystallised 
two or three times, the «$-acid from light petroleum and benzene, 
and the By-acid from alcohol and water. In each case the final 
crystallisation was conducted rapidly in order to obtain the solid 
in fine crystals. These were dried for several weeks in a vacuum 
desiccator. The «$-acid had m. p. 91° and M (titration with N /20- 
baryta) 140-1, and the By-acid m. p. 37—38° arid M 140-2 (Calc. for 
C,H,,0,: M, 140-1). 

Iodometric reference data. Two sets of figures for the addition of 
iodine to mixtures of the acids were available, namely, those obtained 
by the normal method when the mixture is acidified before back- 
titration, and those obtained when the acidification is omitted 
(Linstead and May, J., 1927, 2565; Kon and Linstead, J., 1929, 
1269). The first method was generally adopted in the present work, 
but the results were checked in many cases by parallel analyses by 
the second method. In the figures given below, the additions 
obtained by the second method and the percentage compositions 
calculated from them are italicised. The reference data of both 
methods were checked, the results being given in Table I. 

General procedure. Unless otherwise stated, heating of the acids 
was carried out in a stream of dry carbon dioxide in Pyrex vessels 
previously cleaned with chromic and sulphuric acids. In experi- 
ments above 200°, heating was effected with a free flame and 
maintained at the required temperature by hand adjustment. For 
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TaBceE I. 
Mean Percentage Iodine Addition to Mixtures containing ®By-Acid. 
0 
(100% aB-). 75%. 80%. 83-3%. 90%. 100%. 
Normal method, old figure 1-0) 48-2 — — 54-0\ 55-6) 
0.1 A... we 0-24 -— — — 55:8f 58-6/ 
Without acidification, old 
ANED © ho dsrdiscdiieescscct. 5:7 56-5 — 60-4 — 65-8 
Without acidification, new 
TN  -Stinkensccceniaaasaies 5-1 - 59-6 ~- 63-9 65°8 


experiments at 200° (-+- 2°) the source of heat was a hand-regulated 
oil-bath maintained at 208—210°. At 182° (+ 1°) the acid was 
heated in a tube by means of an outer jacket containing the vapour 
of boiling aniline. The experiment at 150° was carried out in a 
sealed tube heated in an air oven, no pressure being developed. At 
240°, samples of the product were removed at the required times 
with a hot pipette, but at the lower temperatures separate experi- 
ments were carried out on small amounts of acid. In all the 
experiments the product was rapidly cooled and left over-night with 
an excess of saturated sodium bicarbonate solution. The alkaline 
solution, after being freed from neutral material by extraction with 
ether, was acidified with dilute sulphuric acid and thoroughly 
extracted with ether. The dried extract was freed from solvent, 
the last traces being removed in a vacuum desiccator. The residue 
was weighed and analysed iodometrically and by titration with 
baryta. The results for the cyclohexane acids are summarised in 
Table II. 

In the experiments given with zero time (2, 11) the samples were 
worked up as soon as they had reached the desired temperature, 
and the results therefore indicate the extent of the change during 
the period of heating. In experiments 1 and 2—-5 the inert gas was 
hydrogen. The physical condition of the various samples need not 
be detailed but was in each case in agreement with the composition 
as determined iodometrically. 

Isolation of ®y-acid. The product in experiment (1) slowly 
deposited leaflets, which were separated by suction; they melted at 
35—38° alone and at 36—38° in admixture with the authentic 
By-acid. A mixture with an equal part of the «$-acid was liquid 
at room temperature. The dibromide (Wallach, Amnalen, 1905, 
343, 52), prepared in carbon disulphide solution, melted at 120° 
alone or when mixed with an authentic sample. The anilide (Kon 
and Narayanan, J., 1927, 1548), prepared through the acid chloride, 
crystallised well from dilute alcohol and had m. p. and mixed m. p, 
115°. This product (0-5 g.) was left at room temperature for 4 
hours with N-alcoholic hydrogen chloride (1 c.c.) and absolute 
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Taste II. 
Acid product. 
Initial Yield % Iodine % fy- 
No. material. Temp. Time. %. Mol. wt. addition. Acid. 
1 ap- 240° 60(mins.) 12 141-1 53-9 85 
(5 ” ” 0 — 140-6 20-6 24 
43 - an 15 a 139-8 37-5 52 
4 ” ” 30 teal 139-8 47-4 71 
5 és - 40 itt 140-8 51-5 80 
6 = i 5 os 140°1 30°1 38 
7 x * 15 Li 139-8 38-2 53 
\8 . 5 30 ee 140-9 49+] 75 
9 ys 40 te 141-2 52-5 83 
10 7 230) 30 85 1425 28-2 35 
11 4 200 0 otis 139-9 1:3 l 
12 ” ” 30 90 138-4 13-2 14 
13 ; Shrs. 83 140-0 25-0 30 
14 . 6 63 ah 39-0 55 
; ae £539 85 
15 " 1-5 50 140-7 (59.3 ry 
: a 54-1 85 
16 4 3 10-5 37 —-:140-9 {50-7 oo 
. 5 
17 By és 6 25 «141-2 {oer b 
18 —af- 182 28-5 57 os { yt = 
48-9 14 
19 - ¥ 49 55 139-7 {55-9 = 
20 By- s 53 500 s«141-2 { +f . 
. 25-2 30 


alcohol (3 c.c.). The unesterified acid was separated through sodium 
bicarbonate and recrystallised from light petroleum; it then had 
m. p. and mixed m. p. 90—91°. Similar results were obtained with 
some of the later products. 

Isolation of «B-acid. The ®y-acid (9-5 g.) was heated at 240° for 25 
minutes under the usual conditions. Free evolution of carbon 
dioxide began at 220° and appeared to be more vigorous than in 
the case of the isomeride. The acid product was treated with 
iodine under Bougault’s conditions (Ann. Chim. Phys., 1908, 14, 
145), and the iodolactone removed (equivalent to 66% of By-acid). 
The «8-acid was separated in the usual way and purified by extraction 
with bicarbonate and crystallisation from light petroleum. It 
then had m. p. and mixed m. p. 90—91°. 

For the examination of the products from the equilibration of the 
By-acid at lower temperatures (experiments 17 and 20) the following 
modification was developed which can be used on very small quan- 
tities of material. The acid product (0-25 g.) was dissolved in 
sodium bicarbonate solution (25 c.c.) (the ordinary solutions used 
in iodine titrations were actually used). In each case the solution 
was treated with 20% iodine in aqueous potassium iodide for 5 








1608 LINSTEAD : 


minutes. The product was extracted twice with ether, which 
removed all the iodolactone and most of the iodine. The aqueous 
solution was evaporated to half-bulk; it was then colourless and 
was cooled in ice and made faintly acid. The solid «f-acid was 
thus obtained almost pure (m. p.’s 90° and 88°, mixed m. p.’s). 

Methylenecyclohexane (II1). This was isolated, following Wal- 
lach’s procedure (loc. cit.), in about 60° yield in experiments 1, 
2—5, and 6—9, the products showing a close agreement in physical 
properties. The hydrocarbon obtained in experiments 6—9 may 
be taken as typical. It had b. p. 102—103°, nf* 1-4481, d?* 
0-7979, [R,]p 32-25 and yielded the nitrosochloride and _ nitrol- 
piperidide of Wallach. The lower boiling point, which was common 
to all these preparations, agrees with the figures of Faworski and 
Borgmann (102—103°; Ber., 1907, 40, 4863) rather than that of 
Wallach (106°; loc. cit.). 

The following additional experiments were carried out. 

(22) The «B-acid, kept at 182° for 20 hours in a silica tube, gave 
an acid product (74%) with molecular weight 139-5; iodine addition 
32-0, 38-6%, whence By-acid formed = 42, 40%. 

(23) The «$-acid, intimately mixed with anhydrous sodium car- 
bonate (2%), was heated at 182° for 19 hours, a vigorous reaction 
occurring during the first moments of heating. The acid product 
(49%) had iodine addition 51-6, 59-79%; whence Sy-acid formed = 
80, 82%. 

Sodium cyclohexylideneacetate prepared from the acid and a 
slight deficiency of sodium ethoxide (J., 1927, 370) was freed from 
the excess of acid by washing with ether and dried for 15 minutes 
at 100° and ina vacuum desiccator. 1-5 G. of the salt were suspended 
in 100 c.c. of dry redistilled decalin and the suspension was kept 
at 192° for 6 hours. The solid was filtered off, washed with ether, 
and acidified. The acid was purified in the usual way, 89% being 
isolated with molecular weight 139-2, iodine addition 10-3, 16-42% ; 
whence By-acid = 10, 10%. 

The sodium salt (1 g.) was kept in an open tube at 200° for 4 
hours. The acid, isolated as above (96%), had molecular weight 
139-4, iodine addition 1-9, 5-1%; whence $y-acid = 1, 0%. 

II. Other Acids——These were obtained by standard methods 
except A*-n-hexenoic acid, which was prepared from n-butaldehyde 
‘and malonic acid in one stage with piperidine as a catalyst. The 
author is indebted to Mr. 8S. E. Boxer for this material and a fuller 
account of the method will appear shortly. The acid obtained was, 
if anything, slightly purer than the original solid A*-n-hexenoic 
acid (m. p. 4—5°, iodine addition 46-7%) of Eccott and Linstead, 
the melting point of which it did not depress. It had m. p. 5°, 
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iodine addition 49-8%, and yielded the pure ®y-derivatives. The 
cyclopentylideneacetic acid was purified and dried in the same way 
as the higher homologue. The other solid acids were recrystallised 
twice from water, dried by suction, and dissolved in ether. The 
solutions were dried with calcium chloride, the solvent was removed, 
and the residue left in a vacuum desiccator. 

The A*-n-hexenoic acid had m. p. 33°, iodine addition 0%, mole- 
cular weight 114-1 (cale., 114-1). 10 G. of this acid, kept at the 
boiling point (217°), gave after 2 hours an acid product (1-09 g.) 
with molecular weight 115-2, iodine addition 7-6% (whence @y- = 
12%), which slowly deposited some crystalline «$-acid. The 
remainder (7-83 g., 89% in all) was examined after 4 hours and had 
molecular weight 116-4, iodine addition 12-5% (20% @y-), and 
yielded no solid at room temperature. The Sy-acid was kept at the 
boiling point (208°) for 7} hours: 88% was recovered as an acid 
fraction with iodine addition 37-7 % (71% ®y-), which failed to solidify 
in a freezing mixture. 2-9 G. of this were treated for 3 hours with 
8 c.c. of N-aleoholic hydrogen chloride and 20 c.c. of absolute 
alcohol. The unesterified acid gave an oil which on standing in ice 
(without extraction) gave bold flattened needles of the «@-acid, m. p. 
and mixed m. p. 33°. 0-18 G. of the solid acid was so obtained 
together with 0-68 g. of an acid mixture liquid at room temperature 
and undoubtedly containing some @y-acid. 

cycloPentylideneacetic acid had m. p. 63°, molecular weight 
125-3 (cale., 126-1), iodine addition 6-6°% (Goldberg and Linstead 
found 12:8%). 5 G., kept at 200° for 4 hours, gave a liquid acid 
(50%) with molecular weight 126-4, iodine addition 45-6% (34% 
By-acid), which slowly deposited large crystals of the «$-acid. 

86-Dimethylacrylic acid (m. p. 69°, iodine addition 0-2%) was 
kept at the boiling point (195°) for 9} hours. The product immedi- 
ately solidified to the pure unchanged acid, m. p. and mixed m. p. 
69°. Styrylacetic acid (m. p. 87°) was treated similarly at 200° 
for 7 hours. There was no formation of «-naphthol at this tem- 
perature, and the product immediately yielded a solid melting 
crude at 75—82°, and at 87° after one crystallisation from light 
petroleum (mixed m. p. 87°). 


The author’s thanks are due to Miss R. Schalit for assistance in 
the preparative work and to the Government Grant Committee 
of the Royal Society for a grant which has defrayed its cost. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S8.W.7. (Received, April 4th, 1930.] 
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CCIX.—Properties of Conjugated Compounds. Part 
X. Variability in the Mode of Ester Addition to 
Butadiene Esters and Ketones. 


By Ernest HAROLD FARMER and THAKORBHAI NARANJI MEHTA. 


AN examination of the additive behaviour of butadienoid compounds 
with bromine and hydrogen has established that the mode of 
addition varies from member to member of a conjugated series for 
the same addendum, the variation being apparently directly related 
to (although, so far as has been definitely proved, possibly not 
entirely dependent on) the nature and position of the substituents 
in the butadiene chain. There is no reason to suppose that 
dependence of additive mode on the constitution of the conjugated 
compound does not hold for all the common dividing addenda 
and consequently it would be expected that the union of sodio- 
esters with butadiene esters would yield «8-, «3-, or both «8- and «8- 
addition products in different instances. Yet, although the separate 
occurrence of «8- and of «8-addition to butadiene esters (3-phenyl- 
ated and 8-alkylated respectively) * has been known for more than 
twenty years (Vorlander, Annalen, 1906, 345, 227), no single 
instance has been discovered in which both «a$- and «é-addition 
compounds are simultaneously produced from the same reactants. 
Kohler and Butler (J. Amer. Chem. Soc., 1926, 48, 1036) and 
Farmer and Healey (J., 1927, 1060) independently subjected the 
malonic ester addition products of methyl $-vinylacrylate and 
methyl sorbate to ozonolytic degradation in order to discover 
whether a8-products were indeed the only ones formed, and in 1924, 
before ozone was available as a reagent in the laboratory, one of the 
present authors oxidised large quantities of the latter product with 
permanganate in the hope of isolating tricarballylic acid, the 
expected degradation product of an «$-additive compound (un- 
published work). The result of these efforts made it appear probable 
that only «3-derivatives were formed in these instances, although, 
in connexion with the compound from methyl sorbate, Kohler and 
Butler (loc. cit., p. 1045) mention a small fraction of the major 
degradation product which, differing slightly in boiling point from 
the remainder, could possibly be derived from the «$-compound. 
* Indirect evidence as to the possibility of bringing about a8-ester addition 
to a phenylated butadiene ester is furnished by Meerwein’s production of a 
double addition product Ph-CHX-CH,-CHX-CH(CO,R), [X = CH(CO,R),] 
from cinnamylidenemalonic ester and sodiomalonic ester, or directly from 
cinnamaldehyde and sodiomalonic ester (Annalen, 1908, 360, 324). Here 


presumably the ad-addition to the conjugated ester which is first effected is 
rapidly followed by fy,aB-double bond displacement and af-addition. 
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Similarly the same two conjugated esters appeared to yield only 
a§-addition products with methyleyanoacetic ester (Farmer and 
Healey, loc. cit.). Since that time the addition of malonic ester 
to two conjugated ketones has been studied by one of the authors, 
but in neither case was the simultaneous formation of both «$- and 
a8-products proved. 

Now, the ozonolytic degradation of unsaturated ester-addition 
products usually proceeds so smoothly that the failure to detect 
thereby the formation of more than one type of additive compound 
in each instance has suggested that a second type, if produced at 
all, could represent only an extremely small fraction of the addition 
product. Yet it appeared quite certain from experience gained with 
other addenda that, if simultaneous formation of «$- and «8-com- 
pounds could occur at all, then, in some examples at least, the minor 
component of the addition product should be present to the extent 
of considerably more than a mere trace. Therefore, whilst the 
investigation of a sufficiently large number of examples by the 
degradation methods hitherto employed might ultimately be 
expected to disclose instances of multiple-type addition (instances 
in which the «$-, «3-ratio approached unity), there seemed to be no 
question as to the desirability of re-examining some of the older 
examples by supplementary experimental methods. The authors 
have therefore returned to the investigation of the product derived 
by the interaction of methyl sorbate and methyl sodiomalonate, 
substituting a reduction process for the degradative methods 
previously employed. 

When this product is successively reduced, hydrolysed, and partly 
decarboxylated, an oily mixture of acids is obtained which is partly 
separable into its components by distillation. The higher-boiling 
portion, which quickly solidifies, is 8-methylpimelic acid derived 
from the preponderating «3-product (I). The lower-boiling portion, 
which remains liquid, is a mixture of 8-methylpimelic acid and £- 
propylglutaric acid, the latter derived from an «$-product (II). 


CHMe:CH:CH-CH,°CO,Me CHMe:CH-CH-CH,-CO,Me 
CH (CO,Me), (I.) CH(CO,Me), —_(II.) 


HO,C-CH,-CHMe-CH,-CH,-CH,°CO,H HO,C-CH,-CHPr«CH,-CO,H 


CHMe-CH CH,-CO. 
CH<¢CH,—CH, >? PrCH< oy .co>? 


The components of this mixture may be readily separated by 
taking advantage of the dissimilar character of their anhydrides ; 
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the unimolecular anhydride of the propylglutaric acid distils at a 
temperature lower than that at which the polymolecular anhydride 
of its isomeride begins to suffer degradation to $-methylcyclo- 
hexanone. Since the propylglutaric anhydride is a liquid and the 
corresponding acid very difficult to recrystallise, the former is 
converted into its anilic acid for the purpose of estimating the 
yield. From the yields so determined with fairly large quantities 
of material, it appears that «$-addition accompanies «3-addition 
to the extent of at least 7°/ but improbably more than 10%. 

Ethyl y-methylsorbate also gives both «f- and «é-addition 
products with ethyl sodiocyanoacetate. In this, the latest instance 
studied, the authors were quite unable to bring about the catalytic 
reduction of the addition compounds (III and IV) or their closely 
related derivatives. But here degradation by ozonolysis yields 
definite evidence. The mixture of ester-addition products gives 
the appropriate fission products according to the scheme : 





HMe-CMe:CH-CH,-CO,Et CHMe:CMe-CH-CH,-CO,Et 
CH(CN)-CO,Et = (III). (Iv.) CH(CN)-CO,Et 
Me-COMe CHO CH,*CHO-+COMe-CH-CH,-CO,Et 
CH(CN)-CO,Et * CH,-CO,Et CH(CN)-CO,Et 
Y - 
CHMe-COMe CO-CH,-CH-CH,’CO 
CH,-CO,H ‘O-——CMe—0* 


Owing to the failure of the reduction method a satisfactory 
estimate of the «8, «3-ratio could not be made, but it was clear from 
the amounts of the different degradation products isolable that the 
ratio approached unity far more closely than in the preceding 
example. 

The addition of ethyl malonate and of ethyl cyanoacetate to 
ethyl 63-dimethylsorbate has been attempted, but here, as with ester 
addition to ethyl crotylidenemalonate (Farmer and Healey, loc. cit.), 
conditions suitable for promoting reaction could not be found. 

It appears from the experiments carried vut that the reactivity 
of the differentiy substituted butadiene esters towards sodio- 
esters varies widely, but, on the other hand, slight changes in the 
experimental conditions have many times been found to have a 
profound effect in facilitating or inhibiting reaction. It is hoped 
later to furnish values of the «8, «3-ratio for a nimber of substituted 
butadiene esters, ketones and nitriles, distinguishing between the 
effect due to alkylation in the different positions of the chain and 
that (if any) due to modification of the activating group. 
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Whether or no the value of the «8, «8-ratio in a given instance is 
at all influenced by changes in the addendum (as, for instance, by 
alkylation or replacement of -CO,Et by -CN) remains to be shown, 
but the indications at present are that such changes affect only 
the ease of reaction. The influence on the «§, «8-ratio of cyclisation 
is also somewhat doubtful. Many «§$- and «8-addition products 


readily undergo cyclisation in the presence of the condensing agent , 


and in some instances it is difficult to find experimental conditions 
under which addition is promoted but intramolecular cyclisation 
excluded. For instance, from ethyl methylcyclohexenylidene- 
cyanoacetate (V) and methylcyclohexenylideneacetone (VI) only 


CMe CMe 
VAN LN 
CH, CH CH, CH 
CH, C°C(CN)-CO,Et CH, CH:CH-CO-CH, 
ia Fs — 
CH, (V.) CH, (VI) 


cyclic «$-addition products have so far been obtainable, but the 
legitimacy of concluding that the «$,«-relationship which holds 
under the cyclising conditions employed is also the normal one is 


uncertain. 
In view of the fact that the formation of a 7—10% yield of one 


of the ester-addition products of methyl sorbate previously escaped 
detection, although the search for evidence of such formation was 
the specific object of investigation, it may well be that the a8- 
bromination of 8-vinylacrylic acid (Farmer and Healey, loc. cit.) 
and of sorbic acid (Auwers and Heyna, Annalen, 1923, 434, 140) 
is not quite so complete as ozonisation experiments have indicated. 
The conclusions of Farmer and Healey with respect to the bromina- 
tion product of the former acid have recently been endorsed by 
Muskat, Becker, and Lowenstein (J. Amer. Chem. Soc., 1930, 52, 
326), but the detection and the reasonably efficient isolation of 
ozone fission products are so much the more difficult of accomplish- 
ment when working with diolefin dibromides than when working 
with unsaturated acids (indeed experience with hydrocarbon 
dibromides and hydrobromides has clearly shown the danger of 
relying on ozonisation technique alone) that a supplementary 
examination of the bromination products of both acids is very 
desirable. 
EXPERIMENTAL. 


Addition of Methyl Malonate to Methyl Sorbate-—The yield of 
addition product previously recorded by Farmer and Healey (loc. 
cit., p. 1064) was considerably improved by modifying slightly the 
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experimental conditions. Methyl malonate (50 g.) was added to a 
solution of sodium (0-6 g.) in methyl alcohol (6 c.c.) and a quantity 
of ether insufficient to produce a precipitate (usually about 10 c.c.) 
was added. From the resulting solution, after being heated on 
a steam-bath for 6 hours, a mixture of unchanged reactants (b. p. 
102—110°/20 mm.) and addition product (b. p. 172—178°/17 mm.) 
.was isolated. , Yield of addition product, 80%. 

Hydrogenation of the Addition Product.—The addition product, 
dissolved in aqueous methyl] alcohol, absorbed 2 atoms of hydrogen 
per molecule when shaken therewith in the presence of colloidal 
palladium for 4 hours. The reduction product, obtained in quan- 
titative yield, was a colourless oil, b. p. 165—170°/14 mm., which 
yielded a granular sodium salt when boiled with alcoholic sodium 
hydroxide (excess of the latter was necessary to ensure complete 
hydrolysis). After the heating had been continued for 4 hours, 
the sodium salt was filtered off, freed from alcohol, and boiled with 
25% hydrochloric acid until decarboxylation was complete (40 
hours). The hydrolysis product, isolated with only small loss, was 
a colourless oily acid which would not solidify. It was distilled and 
collected in several fractions, of which those of higher boiling point 
partly or wholly solidified on standing. 

The solid material, after being drained and washed with petroleum 
(recrystallisation operations proved extremely unsatisfactory), 
melted at 47° and corresponded in properties with the $-methyl- 
pimelic acid (m. p. 48—50°) of Einhorn and Ehret (Annalen, 1897, 
295, 179) [Found: M(dibasic), 174. Cale., 174]. It was readily 
convertible into 8-methylcyclohexanone on heating with lime, and 
the ketone yielded a semicarbazone, m. p. 191°, identical with that 
derived from an authentic specimen. 

The liquid acid, still containing a proportion of 6-methylpimelic 
acid, could not be induced to solidify. It was therefore converted 
into its anhydride by boiling with acetic anhydride for 4 hours, 
after which the unimolecular anhydride of 8-propylglutaric acid 
could be separated from the polymolecular anhydride of 6-methyl- 
pimelic acid by distillation. The former compound was a 
colourless oil, b. p. 175°/20 mm., which yielded $-propylglutaric 
acid, m. p. 52°, on being heated with caustic alkali and then acidified 
(compare Day and Thorpe, J., 1920, 117, 1471), and an anilic acid, 
m. p. 128°, on treatment with aniline (Day and Thorpe, loc. cit.) 
(Found: C, 67-3; H, 7-5. Cale. for C,,H,,0,N: C, 67-45: H, 
7-6%); the latter compound partly decomposed above 200°/17 mm. 
and was rapidly converted into #-methylcyclohexanone when 
heated at atmospheric pressure. 

The weight of §-propylglutaric anhydride (estimated as the 
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corresponding anilic acid) derivable from a known weight of the 
hydrolysed reduction product was ascertained. This figure showed 
the 8-propylglutaric acid content of the acid mixture to be about 
7%—improbably more than 10%—of the whole. 

Addition of Esters to Ethyl y-Methylsorbate——The y-methylsorbic 
ester was obtained from tiglic aldehyde in 50% yield (b. p. 99—100°/ 
15 mm.) by the method of Auwers and Heyna (Annalen, 1923, 434, 
162). Since ethyl malonate could not be added to this compound 
under any of the conditions employed, ethyl cyanoacetate was used 
in its place. 

The conjugated ester (22 g.) was added to a mixture prepared 
by adding ethyl cyanoacetate (33 g.) to a solution of sodium (0-4 g.) 
in the minimal quantity of absolute alcohol. No ether was added, 
since such addition at once precipitated the sodiocyanoacetic ester 
and subsequently inhibited the formation of an addition product. 
The reaction mixture, after being heated for 9 hours on a steam-bath, 
yielded (i) unchanged reactants (b. p. below 130°/18 mm.), (ii) an 
addition product, and (iii) a very small quantity of a dark-coloured 
viscous liquid. The addition product was a colourless oil, shown 
subsequently to be a mixture of ethyl x-cyano-By-dimethyl-Ay-pentene- 
ae-dicarboxylate (III) and ethyl «-cyano-f-isobutenylglutarate (IV) 
(Found: C, 62-8; H, 7-95. Cj ,H,,O,N requires C, 62-9; H, 
785%). Yield, 18—40%. 

Ozonolysis of the Addition Product.—The addition product, 
dissolved in chloroform, was ozonised for 30 hours. The ozonide, 
from which the solvent was removed in the usual way, was decom- 
posed by water, the containing vessel being gradually heated to 
50° while a stream of carbon dioxide was passed through it. The 
escaping vapours were conducted into a solution of dimethyl- 
dihydroresorcinol, which rapidly deposited a bulky precipitate. 
The precipitate was the acetaldehyde derivative of dimethyldi- 
hydroresorcinol, _1 : 1-dimethyl-4-ethylidene-3 : 5-cyclohexadione, 
m. p. 139° (mixed m. p. with an authentic specimen, 139°). 

When the evolution of acetaldehyde had ceased, the reaction 
mixture, which gave an intense purple colour with ferric chloride 
(to be expected if either formylacetic ester or its polymeride, «- 
formylglutaconic ester, were present), was boiled on a sand-bath 
for about 3 hours to decompose the last trace of ozonide. The 
bulk of the resulting solution was considerably reduced by distilling 
off water at diminished pressure and the residue was boiled with 
25°, hydrochloric acid for 12 hours. After cooling, the acid solution 
was thoroughly extracted, first with ether and then with chloro- 
form. The solvent was removed from the extracts and the united 
residues were distilled. Two principal fractions were collected, the 
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first, b. p. 120—125°/10 mm., consisting of crude @-methyllevulic 
acid (compare Bischoff, Annalen, 1881, 206, 331), the second, b. p. 
205—210°/10 mm., the solid keto-dilactone of 6-acetylglutaric acid 
(compare Emery, Annalen, 1897, 295, 104). 

The former of these was taken up in water at 0° to separate it 
from the dissolved dilactone and converted into its semicarbazone. 
When the precautions necessary to the formation of a normal 
semicarbazone were followed (Blaise, Compt. rend., 1900, 130, 
1718), the product, after twice recrystallising from aqueous alcohol, 
decomposed at about 182° but melted at 197°, the temperature 
recorded by Blaise, when heated on the Maquenne block (Found : 
C, 44-7; H, 7-0. Cale. for C;H,,0,N, : C, 44:9; H, 6-9%). 

The solid keto-dilactone was sparingly soluble in ether but 
readily soluble in chloroform. It crystallised in colourless needles, 
m. p. 98—99°, from absolute alcohol (Fittig and Roth, Annalen, 
1900, 314, 16, give m. p. 99°; Emery, loc. cit., gives m. p. 101—102°) 
(Found : C, 53-7; H, 5-1. Cale. for C,H,O,: C, 53-85; H, 5-1%). 


The authors desire to thank the Government Grant Committee 
of the Royal Society and the Chemical Society for grants which 
have covered a portion of the cost of the investigation. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, 8.W. 7. [ Received, June 13th, 1930.] 





CCX.—The Purification of Some Sensitive Ketones. 
By GrorcE ARMAND RoBeErT Kon. 


In the course of experiments, which are still in progress, on the 
action of acid catalysts on cyclohexylideneacetone the observation 
was made that cold dilute sulphuric acid had but little isomerising 
action on the ketone. This suggested a possible method for the 
regeneration of cyclohexylideneacetone and related compounds from 
their semicarbazones, a process usually involving very extensive 
isomerisation. Thus, for instance, isopulegonesemicarbazone gives 
up to 60% of pulegone on hydrolysis with oxalic acid in a current 
of steam (Hugh and Kon, J., 1927, 2585). 

isoPulegonesemicarbazone appeared particularly suitable for an 
investigation of the problem. It was soon found that oxalic acid 
in ether, even in the cold and im theoretical quantity, produced 
appreciable conversion of isopulegone into pulegone, but better 
results were obtained by using very dilute sulphuric acid and 
replacing the ether by a large volume of an indifferent solvent to 
remove the ketone formed from the sphere of reaction. 
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The method adopted in practice consists in mechanically shaking 
the semicarbazone, suspended in light petroleum (b. p. 40—60°), 
with the calculated amount of N/2-sulphuric acid until hydrolysis 
is complete and ne more solid remains; there is, however, no danger 
in continuing the shaking, as the aqueous layer no longer contains 
free acid. The amount of sulphuric acid required to effect hydrolysis 
of a semicarbazone is theoretically 98 g. for one gram-molecule, 
because semicarbazide forms an acid sulphate; in practice, however, 
half that amount can be used when dealing with a very sensitive 
ketone and the acid can with advantage be diluted with two or 
three volumes of water. 

Even isopulegone, which is the most mobile substance studied in 
these laboratories, can be obtained in a state of purity by the process 
described. Its properties, together with those of several other 
ketones, now obtained pure for the first time, are recorded in the 
experimental portion. 

The properties of cyclopentylideneacetone differ appreciably from 
those given by Dickens, Hugh, and Kon (J., 1929, 572), notably 
the exaltation of the molecular refraction and the iodine value; 
the latter suggests that the value for the equilibrium of the ketone 
with its By-form and for the corresponding ethyl ketone given there 
is too near the «$-side; the correct figure is probably nearer 77% a. 
The same remark applies also to cycloheptylideneacetone, because 
the ketone used by Hugh, Kon, and Mitchell (J., 1929, 1435) for 
their reference curve had an iodine addition of about 30%; the 
proper equilibrium value in this case is probably about 60% «8. 


EXPERIMENTAL. 


isoPulegone.—In the first experiments, the pure semicarbazone 
and crystallised oxalic acid, in quantity sufficient to produce the 
ketone and semicarbazide hydrogen oxalate, were shaken in ethereal 
suspension. After 3 days, the solid was filtered off and the ketone 
formed was recovered. It had mp, 1-47113 and an iodine addition of 
56% in 10 minutes by the method of Linstead and May (J., 1927, 
2565); it therefore contained some 35% of pulegone. 

A satisfactory result was obtained when the semicarbazone 
(4-2 g.) was mechanically shaken with 250 c.c. of light petroleum 
(b. p. 40—60°) and 35-6 c.c. of 0-562N-sulphuric acid for 2 days. 
The ketone recovered had an iodine addition of 65-4%, which equals 
the best value previously obtained. The semicarbazone prepared 
from it melted in the crude state at about 150°, and at 174—175° 
after one crystallisation. Reducing the amount of petroleum leads 
to a less pure product: in subsequent experiments the amount was 
me" “y 300 c.c. for each batch of 4-18 g. (2/100 g.-mol.) and 
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100 c.c. of water were added to dilute the N/2-acid and a product 
of perfectly reproducible properties was invariably obtained. 
This boiled at 100-5°/18 mm. and had d?” 0-91785 and n, 1-46718, 
whence [R,;], = 45-99; its iodine addition was 66-:0%. These 
properties are regarded as characteristic of pure isopulegone and 
differ somewhat from the values quoted by Hugh and Kon (loc. cit.). 

The above method of regeneration was applied to the ether- 
soluble portion of isopulegonesemicarbazone ; this was recrystallised 
first from acetone and then from methyl alcohol and melted (not 
sharply) at 169°. The ketone obtained from it evidently contained 
some pulegone which must have been present in the original crude 
ketone (iodine addition, 62-1%). 

Other Ketones —When working with less sensitive ketones it is 
advisable to use sufficient N/2-acid to form the acid sulphate of 
semicarbazide (80 c.c. for 2/100 g.-mol.). 

The following ketones have now been prepared in the pure state 
by the process described : 

A!-cycloHexenylacetone, b. p. 80°/15 mm., di§* 0-93901, nij* 
1-47300, [R,]p 41-26, iodine addition 84-9% in 10 minutes. 

cycloHexylideneacetone, b. p. 83°/9 mm., di?* 0-94586, nji* 
1-49223, [R,]p 42-38, iodine addition 13-4% in 10 minutes. 

A!-cycloHexenylmethyl ethyl ketone, b. p. 92°/10 mm., di* 
0-93022, nif* 1-47291, [R;]p 45-87, iodine addition 89-5% in 10 
minutes. 

cycloHexylidenemethy] ethyl ketone. The hydrolysis of the high- 
melting form of the semicarbazone required more than 3 days. 
The ketone had b. p. 110°/20 mm., dj** 0-93622, n§* 1-49118, [Pz], 
47-08, and an iodine addition of 10-7% in 10 minutes; another 
specimen, prepared from the lower-melting semicarbazone, had 
an addition of about 10% and practically identical physical 
properties. 

cycloPentylideneacetone, b. p. 74—76°/14 mm., d?* 0-94282, 
n}* 1-48541, [R;]p 37-75, iodine addition 14-9% in 5 minutes and 
17-9% in 10 minutes. 

Pulegone, b. p. 109°/19 mm., dj!* 0-93808, nif* 1-48810, [Rz]p 
46-73, iodine addition 10-6% in 10 minutes. 


The author’s thanks are due to the Royal Society for a grant which 
has defrayed the cost of this investigation. 


TMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W.7. [Received, June 5th, 1930.] 
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CCXI.—On the Spatial Configuration of the Single 
Valencies of Allene. 


By CHRISTOPHER KELK INGOLD and CHARLES WILLIAM SHOPPEE. 


WE have been engaged for several years in an investigation of a 
series of alidicyclic compounds, the parent of which was originally 
obtained by Guthzeit and Hartmann (J. pr. Chem., 1910, 81, 329) 
from ethyl dicarboxyglutaconate by the following methods inter 
alia : 


(A) (CO,Et),CNa°CH-C(CO,Et), + I, " 
(B) (CO,Et),CBr-CH:C(CO,Et), + 2NaJ > eHa(COsEt), 

Our work is not yet finished, but the circumstances mentioned 
below have led to the publication of certain observations incidental 
to the main investigation. 

In a series of researches on the preparation of allene derivatives 
(Faltis and de Roxas, Monatsh., 1921, 42, 459; Faltis and Pirsch, 
Ber., 1927,60, 1621; Faltis, Pirsch, and Bermann, Ber., 1930, 63, 691), 
the claim has been made that allenetetracarboxylic esters can be 
prepared from bromodicarboxyglutaconic esters by treatment with 
silver oxide in hot alcohol or acetone. The objective before Faltis 
and his collaborators is the solution of the outstanding stereochemical 
problem of the isomerism of a “ centro-asymmetric”’ allene de- 
rivative. When the second of the three papers appeared (1927), 
we strongly suspected that the compounds described as containing 
an allene nucleus were identical with substances, familiar to us, 
which undoubtedly possessed a different composition and con- 
stitution; but owing to the intervention of other interests the 
matter was not immediately pursued. When, however, in the 
present year, a substance was prepared and described as a diethyl 
di-l-menthyl allenetetracarboxylate, theoretically suitable for the 
demonstration of optical asymmetry in the allene structure, it 
seemed highly desirable to test our suspicions without further 
delay—the more so since Faltis and his co-workers used their study 
of the compound to support the unorthodox contention that the 
single valencies of an allene are coplanar. 

Faltis and Pirsch’s alleged ethyl allenetetracarboxylate was 
isolated by them from the product of the interaction of silver oxide 
with alcoholic ethyl bromodicarboxyglutaconate by two methods. 
In the first, the filtered solution was merely evaporated. The 
product was described as a crystalline ester, C,;Hj,0,, having m. p. 
84°, and M (in camphor) corresponding to this formula (requires 
328); the ester was stated to be extremely sensitive. to neutral 
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permanganate. On repeating the work we obtained a crystalline 
ester, C,,H,.0,,¢, having m. p. 86°, and M (in camphor) 653, in 
agreement with the Cz9-formula (requires 658); and our ester was 
saturated to neutral permanganate both in water and in acetone. 
Direct comparison of our product with Guthzeit and Hartmann’s 
ester (I, m. p. 86°) established its identity therewith, and this was 
confirmed by hydrolysis of the product prepared by Faltis and 
Pirsch’s method to two crystalline acid esters, C,,H;,0,, and 
CypH,,03, which were likewise identified with the similarly obtained 
products derived from Guthzeit and Hartmann’s ester (I). 

Faltis and Pirsch’s second method involved a distillation under 
reduced pressure, and they appear to have assumed that the com- 
pound thus obtained is identical with that isolated by their first 
method. Now we have found that Guthzeit and Hartmann’s ester, 
m. p. 86°, decomposes on distillation under diminished pressure, 
yielding, as a principal product, the ethyl ethoxypyronedicarboxylate 
C,,H,,0, (II) of Guthzeit and Dressel (Ber., 1889, 22, 1421; Annalen, 
1891, 262, 105), which, when pure, has m. p. 93°. Accordingly, 
on again repeating Faltis and Pirsch’s preparation and isolating 
the product by their second method, we were not surprised to obtain, 
not the ester of m. p. 86°, but the pyrone ester, m. p. 93°. It was 
identified by direct comparison, by conversion, by means of dilute 
aqueous ammonia, and sodium hydroxide, into the pyridone acids 
(ILI and IV), and by hydrolysis with hydrochloric acid to glutaconic 
acid. 


CH 
Et0,C:C7 \G-CO,Et HO,C7 CO,Et HO,C7 \CO,H 
— 
(11.) O (III.) (IV.) 


It is not difficult to understand how, in Faltis and Pirsch’s experi- 
ments, the silver oxide apparently acts as a reducing agent: in all 
our experiments by their method acetaldehyde was copiously evolved 
in the early stages of the reaction, and silver was deposited. Doubt- 
less the silver acts like the sodium in Guthzeit and Hartmann’s 
method (B) above. : 

In the experimental portion reference is made only to those 
observations which are necessary to refute the claims of Faltis 
and his co-workers: a constructive constitutional investigation 
will be published later. The present conclusion is merely that the 
evidence underlying the theory that the single valencies of allene 
are coplanar is untrustworthy. 
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EXPERIMENTAL. 


Guthzeit and Hartmann’s Ester—The material, prepared in 
connexion with the investigation of which this work is a by-product, 
crystallised from ether-ligroin in rectangular plates, m. p. 86° 
(Found: M, in camphor, 650. Cale. for C3g5H,.0,,: M, 658). It 
was stable to cold neutral or alkaline permanganate both in water 
and in aqueous acetone. 

Faltis and Pirsch’s Product (Evaporation Method).—Ethyl «- 
bromo-ay-dicarboxyglutaconate was heated with freshly prepared 
silver oxide in alcohol, as recommended by Faltis and Pirsch. 
Acetaldehyde was evolved and silver deposited. The filtered 
solution on evaporation yielded a solid product which, after 
several crystallisations from ether-ligroin, had m. p. 86° (Found : 
M, in camphor, 653), was stable to cold permanganate in water or 
acetone, and did not depress the m. p. of Guthzeit and Hartmann’s 
ester on admixture. Alkaline hydrolysis yielded the dibasic acid 
ester, C,,H,,0,, (Found: M, by titration, 602; M, in camphor, 
580, 601. Cale.: M, 602), which separated from ethyl acetate— 
ligroin in prisms, m. p. 192° (decomp.) alone or on admixture with 
a specimen similarly prepared from Guthzeit and Hartmann’s ester 
(loc. cit.). Acid hydrolysis gave the dibasic acid ester, Cy9H,,040, 
which crystallised from water as its trihydrate, m. p. 152° (Found : 
M, by titration, 520. Cale.: M, 512), which was identical with 
the trihydrate derived from Guthzeit and Hartmann’s ester (Joc. cit.). 
Both acid esters were stable to cold permanganate. 

Distillation of Guthzeit and Hartmann’s Ester—The distillate 
was collected in two fractions, b. p. 200—220°/11—12 mm. and 
230—245°/12 mm., decomposition taking place throughout the 
process. The second fraction, a viscous yellow oil, was not investi- 
gated, but the first, which solidified, was crystallised from ether- 
ligroin, and identified as ethyl 6-ethoxy-«-pyrone-3 : 5-dicarboxylate 
by its m. p. (93°), by analysis (Found: C, 55-1; H, 6-0; MM, in 
camphor, 298. Cale.: C, 54-9; H, 57%; M, 284), by hydrolysis 
with hot hydrochloric acid to glutaconic acid (Found: C, 46-3; 
H, 4:2; MM, by titration, 129; M, in camphor, 131. Cale.: C, 
46-2; H, 46%; M, 130), by conversion, by cold dilute aqueous 
ammonia, into ethyl hydrogen 2-hydroxy-6-ethoxypyridine-3 : 5- 
dicarboxylate, m. p. 159—160°, and by hydrolysis of the last, by 
means of sodium hydroxide, to 2-hydroxy-6-ethoxypyridine-3 : 5- 
dicarboxylic acid, m. p. 182° (decomp.) (Guthzeit and Dressel, loc, 
cit.). 

Faltis and Pirsch’s Product (Distillation Method).—The directions 
of these authors were followed, and a liquid product was obtained 











1622 GIBSON, HISCOCKS, JOHNSON, AND JONES: 


which on keeping largely solidified. After purification, the crystal- 
line substance was identified as the pyrone ester by direct comparison 
and by conversion into the derivatives mentioned in the preceding 
paragraph. 


Tse UNIvVERsiTy, LEEDS. [Received, June 7th, 1930.] 





CCXII.—10-Chloro-5 : 10-dihydrophenarsazine and its 
Derivatives. Part XIII. Absorption Spectra. 


By CHarRLes STaNLEY Grisson, Epwarp STANLEY HIscocks, 
JoHN DospNngEyY ANDREW JOHNSON, and JoHn LiLoyp JONEs. 


Ir was emphasised in Part IX (Gibson and Johnson, J., 1929, 1229) 
that the visible colour of some simple nitromethyl derivatives of 
10-chloro-5 : 10-dihydrophenarsazine varied according to the posi- 
tion of the nitro-group. This variation of visible colour seemed to 
be capable of correlation with other properties of the compounds 
(particularly melting points or decomposition points and solu- 
bilities), account being taken of analogous properties of the parent 
substance and of other related substances, which have been pre- 
viously described, especially of those nitro-derivatives in which the 
position of the nitro-group was definitely known. It thus seemed 
possible to draw tentative conclusions as to the constitution, for 
example, of compound (I), the homogeneous product derived from 
5-nitro-3-methyldiphenylamine-6’-arsinic acid, of compound (II), 
the homogeneous product derived from 3-nitro-3’-methyldiphenyl- 
amine-6’-arsinic acid, and of the two compounds (III and IV) 
derived simultaneously from 3-nitro-4-methyldiphenylamine-6’- 
arsinic acid. In compound (I), which is orange-yellow, decomposes 
at 245—247°, and is insoluble in the ordinary solvents, it was con- 
cluded that, in all probability, the nitro-group is in the 3-position 
(formula a); in compound (II), which is deep red, has m. p. 253— 
255° (decomp.), and is very sparingly soluble in the ordinary solvents, 
it was concluded that the nitro-group was in the 1-position 
(formula 6). Similarly, in the light of our increased knowledge, 
we would now conclude that the homogeneous product derived 
from 3-nitrodiphenylamine-6’-arsinic acid, viz., the so-called 
10-chloro-l(or 3)-nitro-5 : 10-dihydrophenarsazine (J., 1927, 2514), 
has the nitro-group probably in the 1-position because the com- 
pound is deep red and has m. p. 258—259° (decomp.). Of the two 
isolated compounds (III and IV), it was concluded that the one 
which is bright red, decomposes at 225—226°, and is sparingly 
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soluble has the nitro-group in the 1-position (IV) and that the 
other, which is orange-yellow, decomposes at 257—258°, and is 
also sparingly soluble, has the repens in the ns creeps (IIT). 
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It seemed desirable to try to supplement what may be termed 
visual evidence by exact physical measurements. The present 
communication describes the results which have been obtained in 
investigating the absorption spectra of a series of these related 
compounds in the ultra-violet and the visible parts of the spectrum. 

A Hilger C-type quartz spectrograph and a Hilger sector photo- 
meter were used, with an iron—nickel arc as a source of radiation. 
A concentration of M/10,000 in optically pure ethyl alcohol gave the 
best results in the ultra-violet region for 1 cm. length of tube, but 
in certain cases it was necessary to supplement the results so 
obtained by using a concentration of M /4000 in order to follow the 
absorption band more fully. 

The colours of 10-chloro-5 : 10-dihydrophenarsazine and of its 
methyl, nitro-, and nitromethyl derivatives are very intense. The 
parent substance and its methyl derivatives in the solid state have 
a brilliant yellow colour, but the colours of the nitro-derivatives 
depend on the position occupied by the nitro-group. Our previous 
knowledge of the visible colour and known constitution of some of 
the latter compounds indicated that those possessing a deep crimson 
colour have the nitro-group in the 1- or 4-position, whereas those 
which are yellow have the nitro-group in the 2- or 3-position in the 
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phenarsazine nucleus.* Although the exact relationships between 
chemical constitution and the absorption spectra of substances in 
solution are far from being understood, it is shown in the present 
discussion that in this series of closely related compounds the 
absorption spectra can be correlated with the position of the nitro- 
group in the molecule. 


TOF oor & 0 


1 4 
(V.) (VI.) (VII.) 

(A) Evidence has been brought forward (J., 1929, 1238) to indicate 
that the constitution of 10-chloro-5 : 10-dihydrophenarsazine is 
Fie. 1. more adequately represented by either formula 
10-Chloro-5 : 10- (V) or (VI) rather than by (VII), since, apart 
dihydrophenarsazine. from other properties, the N-substituted 
derivatives are colourless and they cannot 
possess a transannular bond. Further, the 
As-alkyl derivatives are also colourless 
(Aeschlimann, J., 1927, 413; Seide and Gorski, 
Ber., 1929, 62, 2186) and those compounds 
40 not possess salt-like properties. It appears 
reasonable to assume, therefore, that any 
absorption in the visible and near ultra-violet 
spectrum of the parent substance may be 
associated with this transannular bond. Fig. 1, 
giving the absorption curve of 10-chloro- 
5: 10-dihydrophenarsazine, shows a strong 
absorption band in the near ultra-violet, the 
centre of the band being at a frequency of 
8-65 x 1014, while the general trend of the 
curve indicates marked absorption in the 
extreme violet. A strong double-branched 
absorption band occurs further in the ultra- 
violet, with two maxima at frequencies of 

Prequency x 10" 19.0 x 10 and 108 x 101. 
* On account of the confusion in nomenclature in different journals, it is 


again desirable to indicate that we prefer to number the atoms in the 
phenarsazine nucleus thus : 
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(B) The deep crimson colour, greater solubility, and lower melting 
points of the 4-nitro-derivatives of 10-chloro-5 : 10-dihydrophen- 
arsazine as compared with the 2- and 3-nitro-derivatives were 
ascribed to the “ei in the former of a chelate ring as indicated : * 


a 
(VIII.) oe QO 25 1" (IX.) 


i Wy Hy, ,X=0 
O 
10-Chloro-4- ae 5: 10- 10-Chloro-4-nitro-2-methyl- 
iene ye 5 : 10-dihydrophenarsazine. 
(X.) 
\ v a7? 
The 
10-Chloro-4-nitro-7-methyl- 2-} ianicalia bleh 
5 : 10-dihydrophenarsazine. 6’-dichloroarsine. 


According to this view, no transannular bond is possible in com- 
pounds of this type, and, if the absorption band at frequency 
8-65 x 1014 is ascribed to the presence of the transannular bond in 
the parent substance, it should be absent from the absorption spectra 
of these 4-nitro-compounds (VIII, IX, X, and XI). Further, it 
would be expected that a new absorption band might appear to 
correspond with the new ring system present. 

Figs. 2, 3, and 4, giving the absorption curves of compounds 
(VIII, IX, and X) in which the nitro-group is in the 4-position, 
appear to indicate that these predictions are justified. It will be 
seen that the absorption band having its maximum at frequency 
8-65 x 1014 is absent and that a new band appears, the position 
and intensity of which are the same in the three cases, the maximum 
being at a frequency of 6-7 x 10!4. The peaks of the curves are in 
the visible region and there is a considerable absorption in the green 
region at the low concentration employed. The absorption band 

* These conclusions regarding the constitution of 10-chloro-5 : 10-dihydro- 
phenarsazine and its derivatives find analogies in the anthracene series. For 
example, the effect of chlorine atoms in the 4- and/or 5-positions in 10-hydroxy- 
anthranones and in 10-phenylanthranones in preventing the formation of 
anthracene derivatives containing the transannular (transanellar) bond has 
recently been ascribed by Barnett and Wiltshire (Ber., 1930, 68, 1114) to 
chelation or co-ordination between the chlorine and the hydrogen atom in the 
10-position. 
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common to all three substances is obviously responsible for the 
deep crimson colour. 

In addition to this, strong absorption takes place in the ultra- 
violet region at frequencies greater than v = 9 x 1014 at the con- 
centration used, and this band is resolved into subsidiary maxima. 
We have not been able to correlate the positions of the subsidiary 
maxima with any variation in constitution. 

It was shown (loc. cit.) that the 4-nitro-derivatives are produced 
by cyclisation of the corresponding 2-nitrodiphenylamine-6’-di- 
chloroarsines by boiling in acetic acid solution. The latter sub- 
stances are orange or orange-yellow, and in explanation of their 


Fig. 3. Fie. 2. Fia. 4. 


10-Chloro-4-nitro-2-methyl- 10-Chloro-4-nitro-5 : 10- 10-Chloro-4-nitro-7-metiyl- 
5 : 10-dihydrophenarsazine. dihydrophenarsazine, 5: 10-dihydrophenarsazine. 
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stability it was suggested (p. 1290) that a chelate ring was present 
whereby the freedom of the hydrogen atom of the -NH group was 
restricted. The same chelate ring being present in these nitro- 
dichloroarsines and the corresponding 4-nitro-compounds, the 
2-nitrodichloroarsines should show an absorption band the maxi- 
mum of which is at frequency 6-7 « 104. One such case has been 
examined (compound XI), and a strong absorption band having a 
maximum at frequency 7-2 x 10'4 (Fig. 5) occurs. The character 
of this band in intensity and frequency recalls very strongly that 
of the 4-nitro-derivative of 10-chloro-5 : 10-dihydrophenarsazine, 
the slightly greater frequency being consistent with a faster vibrating 
centre as would be expected from the absence of the As—N ring. 
(C) The 2-nitro-derivatives of 10-chloro-5 : 10-dihydrophen- 
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arsazine in the crystalline state have a deep yellow colour. The 
absorption spectra (Figs. 6 and 7) of two of these compounds (XII 
and XIIT) show the presence of a strong band having its maximum 


H H 
As Jas 
s\ . Tr | 
(XII) 4 | NO, Cl- YY NO, Icl- 
(XIIT.) 
9 
N s fe | 
10-Chloro-2-nitro-5 : 10- 10-Chloro-2-nitro-4-methyl- 
dihydrophenarsazine. 5 : 10-dihydrophenarsazine. 
Fie. 13. Fia. 5. 
5- Nitro-2-methyldiphenylamine- 2-Nitrodiphenylamine- 
-6’-dichloroarsine. -6’ -dichloroarsine, 


4-1 
4-0 





7 8 9 10 11 12 13 oF 8. & 426 Bee 
Frequency x 10-"4, 


at a frequency of 7-6 x 104, the persistence of the band being 
almost the same for the two substances. It would thus appear 
that this band is the one responsible for the deep yellow colour of 
the two substances.* The identity of these two absorption curves 


* Wieland and Rheinheimer (Annalen, 1921, 423, 1) showed that 2-nitro- 
phenarsazinic acid forms two sodium salts, the monosodium salt being yellow 
and the disodium salt deep red. Neither of these compounds can be formul- 
ated as having a transannular bond and, in comparing the behaviour of salts 
of 2-nitrophenarsazinic acid with those of pp’-dinitrophenylhydroxylamine 
derivatives, which also yield aci-salts (Ber., 1920, 58, 213), the above authors 
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is all the more apparent in view of the fact that the subsidiary band 
occurring at frequency 8-8 x 104 is present in both, indicated in 
Fig. 6 by a change in direction. 


Fic. 7. Fie. 6. 
10-Chloro-2-nitro-4-methyl- 10-Chloro-2-nitro-5 : 10- 
5 : 10-dihydrophenarsazine. dil. ydrophenarsazine. 
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(D) As pointed out above and in previous papers (J., 1927, 
2499; 1928, 2204; 1929, 767, 1229), the cyclisation of diphenyl- 





concluded that the disodium salt has a p-quinonoid structure which may be 
represented by (a). 
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This implies a aoe for the hydrogen of the :NH group to migrate to the 
NO, group in the para-position to itself. In view of this, it might be suggested 
that the 2-nitro-derivatives of 10-chloro-5 : 10-dihydrophenarsazine might 
possess a p-quinonoid structure as indicated by (b). The one serious objection 
to this is that the compound is yellow and quite different in this respect from 
that of the above-mentioned aci-salts. 
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amine-6'-arsinic acids substituted in the 3-position may lead to two 
isomeric cyclic products. The products derived in this way from 
3-nitrodiphenylamine-6’-arsinic acids are sometimes red and some- 
times yellow or orange-yellow (J., 1929, 1239), for example, com- 
pounds (II) and (I) respectively, and the so-called 10-chloro-1(or 3)- 
nitro-5 : 10-dihydrophenarsazine referred to above is red. In one 
case the two theoretically possible reduction products were 
isolated, one being red (assumed for the present to be compound 
IV) and the other orange-yellow (compound III). Now a com- 
pound having the nitro-group in the 1-position (compound XIV) 
was synthesised and found to be red, and a compound having the 
nitro-group in the 3-position (compound a was also —— 


"she 
a 
ee as NO, cl 
(XIV.) ? col f (XV.) 
NY, 
a Me 
10-Chloro-1-nitro-4-methyl- 10-Chloro-3-nitro-4-methy1- 
5 : 10-dihydrophenarsazine. 5 : 10-dihydrophenarsazine. 


and proved to be yellow. On these grounds, the constitutions already 
indicated were assigned to the compounds (I, IT, III, and IV), and 
it was of interest to see how far information which might be derived 
from absorption spectra measurements agreed with the previous 
conclusions. 

The absorption curves of the rationally synthesised compounds 
(XIV and XV) are shown in Figs. 9 and 8 respectively. These 
absorption curves are distinctive: the band of the red compound 
(XIV) with a frequency of 7-5 x 10'4 has considerable persistence, 
and in this compound we are of opinion that a chelate group is 
present; while in the yellow compound (XV) the band is of little 
persistence and is definitely displaced towards the violet, as would 
be expected from a band arising from a molecule with less restraint, 
1.e., without the chelate ring. 

There is a remarkable resemblance between the absorption curves 
shown in Figs. 9 and 10. Fig. 10 is the absorption curve of the 
red compound previously described as 10-chloro-l(or 3)-nitro- 
5: 10-dihydrophenarsazine and it appears that this compound 
should have an analogous constitution to that whose absorption 
curve is represented in Fig. 9, 1.e., 10-chloro-1-nitro-4-methyl- 
5: 10-dihydrophenarsazine. We therefore advance the view that 
the compound whose constitution has so far remained doubtful is 
10-chloro-1-nitro-5 : 10-dihydrophenarsazine, and that our previous 
deduction that it might be the 3-nitro-compound, which was based 
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on the work of other authors who investigated analogous compounds, 
must now be revised. 

Of the two isomeric compounds, 10-chloro-3-nitro-2-methy]- 
5 : 10-dihydrophenarsazine and 10-chloro-1-nitro-2-methyl-5 : 10-di- 
hydrophenarsazine, produced simultaneously from 3-nitro-4-methy]- 
diphenylamine-6’-arsinic acid, one is red and the other is yellow. 
The absorption curve of the red compound is shown in Fig. 11 and 
that of the yellow compound in Fig. 12. 


Fie. 8. Fie. 12. 
10-Chloro-3-nitro-4-methyl- 10-Chloro-3-nitro-2-methyl- 
5 : 10-dihydrophenarsazine. 5 : 10-dihydrophenarsazine. 
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Frequency x 10-*, 

The band of lower frequency of the red compound of Fig. 11 at 
7-5 <x 10! is in practically the same position as that of the red 
compound of Fig. 9, pointing strongly to the 1-nitro-position; this 
would lead to the isomeric yellow compound having the nitro- 
group in the 3-position. One of the compounds being yellow, its 
absorption curve might be expected to follow that shown in Fig. 8 
in having a band of higher frequency, while the other being red, its 
absorption curve should simulate that shown in Fig. 9, as, in fact, 
is seen to be the case. 
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The absorption curves of Figs. 8 and 12 show certain resemblances 
inasmuch as both substances have bands of slight persistence in the 
same region about 7-5—9 x 1014, the differences in the curves shown 
being accounted for by the steepness of the absorption curves 
rendering it difficult to trace the structure of the band readily. 
Now the yellow compound, 10-chloro-3-nitro-4-methyl-5 : 10-di- 
hydrophenarsazine, whose absorption spectrum is represented by 
Fig. 8 has been synthesised (loc. cit.), ‘so all these considerations are 
in favour of the isomeric yellow compound represented by Fig. 12 
being 10-chloro-3-nitro-2-methyl-5 : 10-dihydrophenarsazine. 

Fie. 11. Fie. 10. Fia. 9. 


10-Chloro-1-nitro-2-methyl- 10-Chloro-1-nitro- 10-Chloro-1-nitro-4-methyl- 
5 : 10-dihydrophenarsazine. 5 : 10-dihydrophenarsazine. 5 : 10-dihydrophenarsazine. 
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The absorption curve shown in Fig. 11 indicates only a change 
of direction at a frequency of about 8-5 x 10%, and this 
change in direction is represented in Figs. 8 and 12 by clearly 
marked bands. This change in direction, however, gives the curve 
the same general features as those of Figs. 8 and 12. In this con- 
nexion, attention may be directed to the fact that the three com- 
pounds whose absorption curves are given in Figs. 8, 11, and 12 all 
have a methyl group and a nitro-group in the o-position to each 
other and it is not without significance that their absorption curves 
are similar. While there is little evidence for assuming the possi- 
bility of any chelate ring formation between neighbouring methyl 
and nitro-groups, it seems not unreasonable to suppose that, while 
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in the 1-nitro-compounds of this series a chelate ring is indicated 
(formule IIb and XIV), this chelate ring may be absent or may not 
be stable in the 1-nitro-compounds which have a methyl group in 
the 2-position. 

These views receive some confirmation from a consideration of the 
absorption curve (Fig. 13) of 5-nitro-2-methyldiphenylamine- 
6’-dichloroarsine, which is the only case we have encountered of 
the actual isolation of a dichloroarsine during the reduction of the 
corresponding arsinic acid when the latter does not contain a nitro- 
group in the o-position to the -NH group of the substituted diphenyl- 
amine. This dichloroarsine is bright yellow and has m. p. 173°— 
unusually high for a dichloroarsine—these properties suggesting 
the presence of a transannular bond and a salt-like character. For 
the reasons previously set forth (Part IX, J., 1929, 1241—2), to this 
compound should be ascribed the formula 


H<——O 
| ae 
LL oF 
KE: (Cl- 
| 
XQ 
N Me | 


indicating the presence of chelation. The absorption curve (Fig. 13) 
of this dichloroarsine shows the presence of the characteristic band 
having its maximum at a frequency of 8-0 x 10'4, and this band 
has a persistence comparable with that indicated in Fig. 9, which 
is the absorption curve of a compound in which we have arrived 
at the conclusion that the chelate ring is present. 

In conclusion, it can be stated that the hypothesis previously 
developed in Part IX to correlate the visible colour with the con- 
stitution of nitro-derivatives of 10-chloro-5 : 10-dihydrophenarsazine 
has received substantial confirmation by the more accurate study of 
the absorption spectra in the ultra-violet and visible regions. 


We wish to express our indebtedness to Sir Robert Robertson, 
F.R.S., for the facilities he has afforded us for carrying out the work. 
We are also especially indebted to Dr. J. J. Fox for his valuable 
and helpful criticism. 
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Lonvon, S.E. 1. [Received, April 3rd, 1930.] 
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CCXIII.—The Solubility of Neodymium Sulphate in 
Water and in Sulphuric Acid Solutions at Various 
Temperatures. A New Hydrate. 


By Jonun ALBERT NEWTON FRIEND. 


FRACTIONAL crystallisation of salts of the rare-earth metals from 
pure aqueous or dilute acid solutions constitutes one of the most 
convenient methods of separating the contiguous metals from each 
other. Nevertheless, comparatively few trustworthy data are on 
record concerning the effect of change of temperature upon the 
solubilities of the salts. It appeared probable that an exténded 
study of this phase of the subject might enable more rapid methods 
of fractionation to be devised; a series of researches on the solubili- 
ties of lanthanum and neodymium salts has accordingly been 
instituted in this laboratory. The present paper deals exclusively 
with neodymium sulphate. 

The only available data on the solubility of this salt in water 
appear to be those of Muthmann and Rdlig (Ber., 1898, 31, 1718). 
The oft-quoted figure for 25° given by Wirth (Z. anorg. Chem., 1912, 
76, 174) is not an original one, but was calculated from the results 
of the previous authors. The salt used by them was admittedly 
impure; it was estimated to contain some 3% of praseodymium, in 
addition to small, undetermined quantities of some metal or metals 
of the erbium group, as shown by the absorption spectrum. These 
impurities were not removed, as the quantity of material at the 
disposal of the authors was too small to admit of useful fractionation. 
It was evident, therefore, that the data required revision. 


EXPERIMENTAL, 


Preparation of Material_—Some rare-earth residues from monazite 
sand, from which the thorium had been almost completely removed, 
were dissolved in nitric acid, and cerium was removed by the 
permanganate method. Upon filtration, the oxalates of the rare- 
earth metals were precipitated from acid solution, washed thoroughly, 
dried, and ignited to oxides. 

The product, which was contaminated with traces of metallic 
oxides other than the rare earths proper, was dissolved in nitric acid, 
magnesia added, and the rare-earth metals fractionally crystallised 
as the double magnesium nitrates. The original crystals were 
separated into about 12 fractions, and when this series had been 
systematically fractionated about 10 times the central fraction was 
treated with permanganate to remove any remaining traces of 
cerium, again converted into the double magnesium nitrate, and 
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expanded into 12 or 14 fractions. These were fractionated more 
than 100 times each, the praseodymium head and samarium tail 
concentrates being periodically removed. Ultimately a fraction 
was obtained, the absorption spectrum of which showed only 
neodymium bands. Upon precipitation as oxalate and ignition to 
oxide, the pale blue colour of neodymia appeared. This oxide was 
dissolved in nitric acid, reprecipitated as oxalate, and ignited to 
oxide in order to remove traces of adsorbed magnesium and man- 
ganese. The last traces of thorium were removed by the hydrogen 
peroxide method, the neodymia was recovered, dissolved in dilute 
sulphuric acid, and the sulphate recrystallised on the water-bath 
from‘ faintly acidulated solution. The salt thus obtained is believed 
to possess a high degree of purity. 

Method of Analysis.——(1) Probably the most accurate method 
of estimating neodymium consists in precipitating the oxalate in 
acid solution and igniting it to oxide. The precipitation is best 
accomplished by addition of an excess of hot oxalic acid solution 
to a hot solution of the neodymium salt, rendered slightly acid to 
prevent hydrolysis to a basic salt. The whole is allowed to stand 
over-night, filtered cold, and washed with hot dilute oxalic acid 
solution. Obtained in this way the precipitate is granular, easily 
filtered, and rapidly washed free from adsorbed ions. 

If the solution is filtered immediately after precipitation, the 
results may prove a little low; e.g., a solution containing 0-9857 g. 
of neodymium sulphate crystals was precipitated with excess oxalic 
acid solution and filtered whilst still hot within } hour, yielding 
0-4862 g. of Nd,O,, whereas a similar solution, which was allowed 
to stand for 24 hours, and filtered cold, as above, yielded 0-4879 g. 
of Nd,O,. The filtrate from the former experiment was kept and, 
upon shaking after 24 hours, showed traces of oxalate which had 
either been in solution or in sol form and so had passed through the 
filter paper. 

In view of the tendency of the oxalate to scatter suddenly when 
first heated, the filter paper was, after drying, folded to enclose the 
precipitate and pushed into the platinum crucible. The latter was 
slowly heated over the Bunsen burner with the lid on; the flame was 
applied first at the lid, and ultimately the crucible was heated in 
the blow-pipe with the lid raised at intervals to effect the complete 
decomposition of any carbonate. The charred filter paper effectively 
prevented loss by scattering before its conversion to ash (compare 
Brauner and Pavliéek, J., 1902, 84, 1265). In addition to its 
accuracy, this process has the advantage of purifying the neodymia 
at each precipitation from any accidental contamination. 

(2) Good results were also obtained by collecting the precipitated 
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oxalate on an asbestos filter and titrating with permanganate; but 
this method was not proceeded with, since contamination of the 
neodymium residues by manganese salts made the recovery of pure 
neodymia less easy. 

It was thought that possibly the neodymium sulphate might be 
estimated more rapidly and directly by (3) evaporation of the 
saturated solution on the water-bath to the octahydrate, or by (4) 
conversion to the anhydrous salt at a higher temperature. The 
third method was found unsatisfactory as the salt continuously 
lost slightly in weight on continued heating owing to gradual 
decémposition of the octahydrate. The fourth method was adopted 
by Muthmann and Rélig, who heated their salt on a sulphur bath, 
but the salt tends to decompose before losing the whole of its 
moisture (compare Bailey, J., 1887, 51, 676) and the results may be 
too high or too low according to circumstances. 

In the present research, therefore, the neodymium was estimated 
exclusively by the first process. 

When the percentage of sulphur trioxide was required in addition 
to that of neodymia, as in the analysis of crystals (see Table IT), 
it was found expedient to use two separate portions of material. 
The neodymia was determined as above in one portion and the 
sulphur trioxide by precipitation with barium chloride in only very 
slight excess and in almost neutral solution in the other. In every 
case the solutions were almost boiling when mixed, and were allowed 
to stand over-night before being filtered. Good results were not 
obtained when barium sulphate was precipitated from solution after 
removal of the neodymium as oxalate; and it was found difficult 
to avoid adsorption of barium when neodymium was precipitated 
as oxalate after removal of the sulphate ion with barium chloride, 
although Smith and James (J. Amer. Chem. Soc., 1913, 35, 563) 
claim to have obtained good separations from mixed solutions of 
the chlorides inthat way. Redissolution of the neodymia, separation 
of the adsorbed barium as sulphate, and reprecipitation as oxalate 
reduced the percentage error, but invariably gave too low a result, 
possibly due to adsorption in the barium sulphate. 

By the method of separate precipitation mentioned above, the 
neodymium was certainly estimated with fair accuracy; the barium 
sulphate was white and appeared to be free from adsorbed neody- 
mium. The agreement between successive analyses from the same 
batch of material (analyses d and e, Table IL) appears to confirm 
the general trustworthiness of the method, for approximately 0-4 g. 
of crystals was used in each precipitation in d and 0-25 g. in e, 
thus giving an opportunity for adsorption effects to manifest 
themselves. 
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Determination of Solubility—The method already described for 
other salts (Friend and Smirles, J., 1928, 2242) was adopted, a 
sintered-glass filter being used. The thermometers, which were 
graduated to 0-2°, had been compared with the standard instrument 
at the National Physical Laboratory. Owing to the limited supply 
of neodymium sulphate, the saturation bottle was smaller than 
usual, and of the shape shown in Fig. 1. The delivery tube A was 
sealed through the side of the bottle, so that it was only necessary 
to immerse the apparatus in the thermostat to the level BC. This 
greatly prolonged the life of the rubber bung at the higher tem- 
peratures. Owing to the formation of a cloud of insoluble basic 
FE salt, particular care was necessary during 
Ic. 1. : , +s 
filtration to avoid obtaining an opalescent 

solution from the saturation bottle. 
f At first considerable difficulty was experi- 
enced in obtaining reproducible results, and 
this was ultimately traced to three causes, 
viz., (1) the unusually slow rate of solution 
of the salt, particularly below about 50°, 
7 (2) the presence of free acid, and (3) that of 
Cc basic salt. To avoid the first error, the 
. solution in contact with excess of salt was 
kept over-night in the saturation bottle after 
several hours of vigorous stirring, and during 
the following day it was vigorously stirred 
for 6—8 hours at the desired temperature 
prior to removal of a portion for analysis. 
The excess of free acid was removed by 
crushing the crystals to small grains with 
a glass rod in the saturation bottle and 
repeatedly rinsing with warm water. The 
washings were always slightly acid owing to hydrolysis. The 
presence of basic salt invariably caused the solubility results to be 
too low, and it was necessary to use a fresh batch of material for 
each solubility determination. 

As the supply of material was limited, the solid phase left in the 
saturation bottle after each experiment was washed oud, dissolved 
in water containing sufficient acid to yield a clear solution, and the 
pure normal salt crystallised out on the water-bath, to be used 
again. 

The results are given in Table I, S representing the solubility as 
g. of anhydrous neodymium sulphate per 100 g. of solution. 
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TABLE I. 
Neutral solution. 


Solid phase. Nd,(SO,)3,15H,0. a-Nd,(SO,),,8H,0. 
eee 0-4° 13-8° 14-4° 14-8° 19-8° 
Bivccbebocsssiabi 11-38 7-88 7-64 7-50 6-58 
Solid phase. a-Nd,(SO,);,8H,0. 

Temp. ......... 30-4° 39-8° 46-4° 49-8° 61-6° 71-2° 74:2° 
I  éwsietaridioses 5-00 4-03 3°42 3°33 2-71 2-36 2°37 
Solid phase.  a-Nd,(SO,)3,8H,0. B-Nd,(SO,),,8H,0. 
Temp. ......+0- 77-6° 79-6° 87-2° 95-0° 97-2° 
IF obdsdiisocdne tht 2-15 2°12 1-28 1-13 1-23 

Sulphuric acid solution. 

OR is.i. N/3 = N/3 N/3 N/Z NIB N N 
io eer o°* 30-4° 46-4° 81-0° 89-6° 0-2° 15-4° 
DF secresdiessess 10-04 5-71 4-79 3°54 2°15 9-89 7-00 
Se N N N N N 4N 4N 
TEI s cos000se0 30-4° 46-4° 79-2° 90-0°* 96-8° 0-2° 14-8° 
iD scevectsctsscss 6-10 5°35 4-41 3-41 2-69 4-56 3-92 
Bg csisccece 4N 4N 4N 4N 8N 8N 8N 
rer 30-4° 46-4° 59-0° 81-0°*  11-0° 30-4° 46-4° 
OF ccstessesieasse 3°61 3°78 3-62 3-64 1-62 2-04 2-19 


* For analysis of solid phase, see Table IT. 


TABLE II, 
Analyses of neodymium sulphate. 
(a). (5). (c). (d). (e). (f). 


NAD a, %  oceccccccccseee 46-64 47-07 43-88 40-62 40-68 40-69 

a hy, Se 33-17 32-80 31-49 27-58 27-72 27-46 

H,0 (by diff.), % ...... 20-19 20-13 24-63 31-80* 31-60* 31-85* 

Ratio Nd,O,/3S03.....: 1-406 1-425 1-393 1-473 1-467 1-482 
(y). (h). (k). Nd,(SO,)3,8H,O requires 

NAD, %  «odticnessetie 47-30 46-68 46-20 46-68 

Ba, Wh cevcccrscccccesses 32-54 32-93 33-78 33°32 

H,O (by diff.), % «....- 20-16 20-39 20-02 20-00 

Ratio Nd,O,/3SQ3...... 1-454 1-417 1-368 1-401 


* Nd,(SO,);,14H,O requires H,O, 30°43; Nd,(SO,);,15H,O requires H,O, 
31-97%. 


(a) Crystals grown at room temperature from faintly acid solution. 

(b) Precipitated from saturated aqueous solution at 18° on addition of 
absolute alcohol. 

(c) Solid phase in saturation bottle in N/3-H,SO, at 0°. 

(d) and (e) Crystals stirred vigorously for 12 hours at 0° in approximately 
0-02N-H,SO,. 

(f) Crystals stirred vigorously for 16 hours at 0° in approximately 0-02 - 


H,S0O,. 
(g) Solid phase in saturation bottle in neutral solution at 97-2°. 
(h) ” ” ” ” in N-H,S0, at 90°: 


(k) 5, a # » in 4N-H,SO, at 81°. 
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Consideration of Results. 


Results in Neutral Solution.—The solubility curve (Fig. 2) appears 
to fall steadily from 0° to about 80° and crosses that of Muthmann 
and Rélig near 40°. The break above 80° is of special interest ; 
it was not observed by Muthmann and Rélig. The possibility that 
it was due to basic salt formation might be regarded as receiving 
support from analysis g (Table II), in which the Nd,O, : SO, ratio is 
a trifle high; but it appears to be negatived by the appearance of 
similar breaks in N/3- and N-acid solutions, which cannot be 
attributed to the formation of an acid salt since even the N-acid is 
scarcely sufficiently concentrated to inhibit completely hydrolysis 
in the solid phase at that temperature (analysis h). 


Fia. 2. 
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Nd,(SO,)3, g. per 100 g. of solution. 








0° 10° 20° 30° 40° 50° 60° 70° 80° = 90°_—- 100° 
Temperature. 
M. and R. = Muthmann and Rolig’s results (loc. cit.). 


Muthmann and Rélig found a break in the solubility curve of 
praseodymium sulphate octahydrate between 75° and 85° due to 
the appearance of the pentahydrate. It seemed probable, therefore, 
that the breaks in Fig. 2 might be due to a similar cause, especially 
as Matignon (Ann. Chim. Phys., 1907, 10, 104) postulated the 
existence of neodymium sulphate pentahydrate, although he did 
not indicate how it might be obtained, and no other investigator 
has succeeded in isolating it. Analyses g and h lend no support to 
this view, but they do not definitely disprove it, since the author’s 
experience fully confirms that of earlier investigators that the rates 
of change of hydration of certain salts of rare-earth metals, like those 
of thorium and zirconium, are excessively slow (see Koppel, Z. anorg. 
Chem., 1904, 44, 405; Hauser, ibid., 1907, 54, 199; 1908, 58, 218; 
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also Roozeboom, Z. physikal. Chem., 1890, 5, 158). Many attempts 
were therefore made to prepare a pentahydrate by heating solutions 
of such concentration that no deposition of crystals occurred below 
90°, and then maintaining the solutions and crystals at the boiling 
point for several hours under vigorous stirring. The crystals were 
then drained in a sintered-glass funnel, pressed between filter papers, 
and analysed. Two batches contained H,O, 21-13 and 20-99% 
respectively, and were thus the octahydrate. No evidence was 
obtained of the existence of a lower hydrate. 

There remains, therefore, the probability that the break in the 
curve is due to some polymorphic change. This receives support 
from the fact that crystals deposited from the boiling solution, when 
examined under the microscope, were seen to consist of needle-like 
prisms, apparently still monoclinic, but differing from those 
deposited at room temperature in the great length of their vertical 
axis relatively to their horizontal axes. 

A new hydrate, Nd,(SO,)3,15H,0. The composition of the solid 
phase in the saturation bottle in N /3-sulphuric acid at 0° (analysis c) 
indicated that a higher hydrate than the octahydrate might exist 
at low temperatures. Attempts were made to prepare it by finely 
grinding octahydrate crystals in a saturated solution in very dilute 
acid and then stirring vigorously for 12 hours at —3° to 0°. The 
solid phase was drained on a sintered-glass filter, dried between 
filter paper, and analysed. Analyses d and e from the same batch 
of crystals correspond closely to that required for the pentadeca- 
hydrate. The crystals readily lost water at the ordinary temper- 
ature, and possibly slight loss occurred during drying. Owing to the 
slow rate at which changes in hydration are effected (see p. 1638) it 
was thought advisable to keep the crystals in contact with solution at 
0° for a longer time, in order to ascertain whether or not hydration 
was complete. The experiment was therefore repeated, the finely 
divided crystals being stirred with solution for 12 hours at 0°, kept 
over-night in an ice-chest, and again stirred for 6 hours in an ice- 
chest. The composition of the solid phase (analysis f) agrees 
very closely with analyses d and e, and hydration may therefore be 
presumed to be complete at that temperature. This new hydrate 
is analogous to La,(SO,),,16H,O, described by Brauner and Pavli¢ek 
(loc. cit.),and to the supposed Pr,(SO,)3,154H,O (von Scheele, Z. 
anorg. Chem., 1898, 17, 310; 1898, 18, 352). A break in the 
solubility curve between 0° and 14° is to be expected, corresponding 
to the appearance of this new phase. This range of temperature, 
however, is a very difficult one to investigate with ordinary apparatus 
during the summer months and the data obtained are insufficient. 
It is hoped to investigate this region during the winter. 
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Results in Acid Solution.—At 0° both N/3- and N-sulphuric acid 
have relatively little influence upon the solubility; above 20° they 
progressively increase the relative solubilities until, at 80°, the 
solubility in N-acid is twice as great as in pure water (see Fig. 3). 
The more concentrated acids greatly reduce the solubility of the 
salt in the cold; the temperature coefficient in 4N-acid between 
20° and 80° (see Fig. 2) is practically nil. The isothermal curves 
in Fig. 3 show the effect of the addition of acid on the solubility of 
the salt at five different temperatures. The shape of the curve at 
30° closely resembles that given by Wirth (Z. anorg. Chem., 1912, 
76, 174) for lanthanum sulphate at 25°—the only temperature he 





Nd,(SO,);, g- per 100 g. of solution. 





0 i 4 i rn i 
N/3 .N. 2N 4N 8N 
Normality of sulphuric acid. 





investigated. The initial rise in solubility on addition of the acid 
was explained by him as due to step-wise dissociation. But at 
least two other explanations appeared possible, viz., complex ion 
formation, and hydrolysis with formation of basic salt. 

Since scandium sulphate tends to yield complex ions in solution, 
the possibility that neodymium sulphate might behave similarly 
in the presence of acid deserved consideration. The freezing points 
of dilute solutions of neodymium sulphate in water and in N/3- 
sulphuric acid were therefore determined, with the following results : 


NG,(SO,)3,8H,O, % ......e0see0ee 0-0 0°25 1-0 2-0 
SEED. IOERE), ono sdeperoscicerncesens 0-0° 0-024° 0-070° 0-130° 
8T (in N/3-H,80,) ............0+ 0-0° 0-015° =: 0-060°—«0-100° 


In both. cases,the depression of the freezing point, 7’, increases with 
the concentration; but for corresponding concentrations the 
depression is less in acid than in pure aqueous solution, which is to 
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be expected since the excess of SO,’’ ions tends to increase electro- 
striction. There is thus no indication of appreciable complex-ion 
formation such as occurs under analogous conditions with mercuric 
chloride and hydrochloric acid solutions (Le Blanc .and Noyes, Z. 
physikal. Chem., 1890, 6, 395). Nevertheless, it is still possible that 
in saturated solution some complex-ion formation may take place. 

The suggestion may now be considered that the initial rise in 
solubility is due to prevention by the acid of hydrolysis and hence 
of basic salt formation. Hydrolysis takes place to a slight extent 
in hot saturated solutions, and unless special care is taken during 
filtration of these from the saturation bottle, the filtrate is liable to 
be opalescent. A few drops of acid, however, rapidly render the 
solution clear. Analysis g (Table II) shows that the solid phase 
left in the saturation bottle after agitation with pure water at 97° 
contained some basic salt. At ordinary temperatures, hydrolysis 
is but slight in concentrated solution, as with lanthanum salts of 
strong acids (Ley, Z. physikal. Chem., 1899, 30, 236). Crystals 
prepared by slow evaporation in air from a faintly acid solution 
possess a normal composition (analysis a). 

From Fig. 3, it is evident that at 0° and 15° addition of N-acid 
has somewhat reduced the solubility of the salt; at 30° it has 
increased it appreciably, and at 80° the solubility is more than 
doubled. At every temperature, once the maximum solubility has 
been attained, further addition of acid reduces the solubility, but 
at 90° even the N-acid is barely able to retard hydrolysis (analysis 
h). It is not until 4N-acid is used at 81° that a possible indication 
is given of the formation of an acid salt (analysis k) by reduction of 
the Nd,O,:3SQ, ratio, and even here it might be due to traces of 
adsorbed acid on the crystal grains. Matignon (Compt. rend., 1902, 
134, 657) used boiling solutions of diluted sulphuric acid to prepare 
the pure acid salt. 

The facts support the suggestion that the initial rise in solubility 
on addition of acid is due, in part at least, to repression of hydrolysis. 
Further evidence lies in the observation referred to above, viz., 
that if solubility determinations were made with the solid phase 
that had previously been used in the saturation bottle in neutral 
solution without thorough washing, the results were invariably too 
low. On the other hand, it is curious that the three analyses d, e, 
and f (Table II) of crystals which had been stirred vigorously at 
0° are the most basic of all the analyses in Table II, although one 
would expect hydrolysis to be less than at higher temperatures. 
As the crystals were those of the pentadecahydrate, it is possible 
that they were more easily hydrolysed than the octahydrate. If 
so, addition of dilute acid would be expected to increase the solubility 

3K 








1642 RILEY : STUDIES IN COMPLEX SALTS. PART III. 


at 0°, which, however, is not the case (Fig. 3). That might be 
accounted for, on the other hand, by the tendency of the acid to 
convert the pentadecahydrate into the octahydrate. 

From the foregoing it is evident that several explanations are 
possible for the effect of dilute acid on the solubility of the salt and 
it may be that more than one of them are partially true. 


Tue Trecunicat COLLEGE, : 
BIRMINGHAM. [Received, April 4th, 1930.] 





CCXIV.—Studies in Complex Salts. Part III. The 
Effect of Alkyl Substitution on the Stability of the 
Dimalonatocupriate Ion. 

By Harry Lister Rivey. 


MopERN views on the electronic constitution of complex ions, 
although satisfactory from a purely stoicheiometric standpoint, 
give little information as to the causes underlying the large variation 
in stability of these ions. The suggestion that the stability of 
complex ions depends to a great extent upon the degree of localis- 
ation of negative poles in the donor ions or molecules has already 
been put forward in Part I of this series (J., 1928, 2985). It has 
also been pointed out that probably there is some fundamental 
connexion between the extent of the electrolytic dissociation of a 
simple molecule in aqueous solution and that of the corresponding 
complex ion (Riley and Fisher, J., 1929, 2006). In Part II of this 
series (J., 1929, 1307), evidence was obtained that the relative 
stability of the bisdicarboxylatocupriate ions was dependent upon 
the number of CH, groups between the two carboxyl groups. This 
is, of course, in accordance with an extension of Baeyer’s strain 
hypothesis to chelate rings, but it might equally well be interpreted 
on a polar hypothesis. Both effects probably play an important 
part in determining the stability, but the writer is of the opinion that 
the polar effect is the dominant one in the compounds studied. This 
view is based upon the following considerations. Sodium formate 
and sodium acetate when added to copper sulphate solution have 
little effect upon the concentration of the copper ions, as determined 
by. the potentiometric method described in Part II (loc. cit.). The 
oxalate ion forms a large number of very stable complex salts, and 
the primary cause for this must surely be the mutual effect of the 
two C,O, groups. This effect will be damped by the interposition 
of CH, groups between the two carboxyl groups, thus explaining 
the decreasing tendency of the malonate and succinate ions to 
co-ordinate with copper. 
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With the view further to elucidate the factors which govern the 
degree of dissociation of complex ions in aqueous solution, a study 
has been made, by a potentiometric method, of the effect of alkyl 
substitution on the stability of the copper—malonate complex. 


EXPERIMENTAL. 


It was shown in Part II that the potential of the concen- 
tration cell Cuj0-01M-CuSO,|Satd. KNO,|0-01M-CuSO, + 0-031- 
CH,(CO,Na),|Cu falls at first and after several hours attains a 
constant value. This initial fall is probably due to the action of the 
malonate on the copper electrode in the presence of a minute trace 
of oxygen. Whereas a freshly plated copper electrods will remain 
bright in a well boiled-out solution of copper sulphate over a period 
of several months, without showing any appreciable alteration in 
potential, an electrode in a similarly prepared solution to which 
sodium malonate has been added changes colour rapidly, becoming 
yellowish after a few hours, then gradually reddish-brown, and 
finally, after several weeks, almost black. The rate of this change 
in the appearance of the electrode was found to vary considerably 
with the various substituted malonates used in this investigation, 
being slowest for the isopropylmalonate and most rapid for the 
disubstituted malonates. With sodium isopropylmalonate a steady 
potential was quickly established, whereas with the diethyl- and 
dipropyl-malonates the potential of the concentration cell fell 
continuously over several days, in some experiments to zero, and it 
was found impossible to obtain concordant steady potentials. In 
view of the above, it seems highly probable that the initial fall is due 
to some change in the nature of the electrode surface, and that the 
correct measure of the copper-ion concentration is the potential of 
the concentration cell, established immediately the electrode is 
dipped into the solution. This view is supported by the fact that 
the darkened electrodes on immersion in fresh 0-01M-copper sulphate 
solution were positively charged to the extent of 10—30 millivolts 
compared with a freshly plated electrode in the same solution. 

Several experiments were made with the object of preventing 
this initial fall in the potential of the concentration cells, but with 
little suecess. Thorough boiling out of all the solutions used, even 
in a current of hydrogen, and the addition of 2% of aleohol to the 
electrode solutions were all equally ineffective. 

A preliminary investigation of the solubility of the normal copper 
salts of the various substituted malonic acids indicated that a 
possible solution of this experimental difficulty was to carry out the 
determinations of the copper-ion concentration by a potentiometric 
titration method. The time occupied in such experiments would be 
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insufficient for there to be any great action upon the electrode 
surface, provided precautions were taken to exclude dissolved oxygen 
from the solutions used. Concordant values were obtained by the 
method now described. 

Potentiometer.—The potentiometer used consisted of a Kohlrausch 
wheel bridge, approximately 3 m. long. A Weston cell (P.D. 
1-0182 volts) was used as standard, and the zero point was determined 
by means of a capillary electrometer. In determining the potential 
of the concentration cell, the cell was connected in series with the 


Fig. 1. 
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Weston cell and its potential could be read accurately to within 0-5 
millivolt. All measurements were made at room temperature. 
Concentration Cell.—The arrangement of the concentration cell 
is shown in Fig. 1. It consists of a small bottle A, of about 40 c.c. 
capacity, fitted with syphon tubes and an electrode. The other 
half-element, B, is a 100 c.c. bottle, provided with a stopper carrying 
the electrode, a burette, inlet and outlet tubes for hydrogen, and a 
connecting tube filled with saturated potassium nitrate and plugged 
with cotton wool. Measurements were made with the tap of this 
tube closed but well wetted with the potassium nitrate solution. 
Electrodes.—The electrodes used in the half-elements were made 
by connecting 1 sq. inch of pure copper foil to a platinum wire 
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sealed through a glass tube. After being etched with nitric acid, 
the electrodes were heavily plated in the manner described in 
Part II, and before use in each experiment, they were re-plated 
over-night, allowed to remain short-circuited in the bath for 24 
hours, and then well washed with boiled-out water, dried with filter 
paper, and introduced into the half-elements as quickly as possible. 

Copper Sulphate.—Finely powdered, air-dried, “‘ reagent ’’ copper 
sulphate was used. 

Water.—Distilled water, previously boiled-out over-night, was 
boiled in a current of hydrogen for 4 hours, rapidly cooled in a 
current of hydrogen, and used immediately. 

Sodium Salts —The sodium salts of malonic and the substituted 
malonic acids were prepared from the pure acids, which were 
purchased and carefully recrystallised where necessary, by adding 
an exactly equivalent quantity of freshly prepared, standardised 
carbonate-free caustic soda solution. After the solution had been 
filtered and evaporated almost to dryness, the sodium salt was 
precipitated by the addition of absolute alcohol, filtered off, well 
washed with absolute alcohol, and redissolved in water, the process 
being repeated. It was then dried, finely powdered, thoroughly 
dried for six hours at 120—130°, allowed to cool over phosphorus 
pentoxide, and the quantity required for the titration immediately 
weighed out. The purity of the product was tested by determining 
the quantity of sodium present, all the results being in excellent 
agreement with those required by theory. 

Procedure.—Into a 50-c.c. graduated flask was weighed out 
exactly 0-015 g.-mol. (i.e., sufficient to form 50 c.c. of a 0-3M-solu- 
tion) of the pure dry sodium salt of the malonic acid under con- 
sideration, which was then dissolved in a small quantity of water. 
0-0005 G.-mol. (i.e., 0-125 g., sufficient to form 50 c.c. of a 0-01M- 
solution) of copper sulphate was dissolved in a little water, and the 
solution added to that of the sodium salt, the whole being diluted 
to exactly 50c.c. Meanwhile, 250 c.c. of a 0-01M-solution of copper 
sulphate had been prepared. The half-element A was filled with 
the latter solution and exactly 50 c.c. of the same solution were run 
into B. A fairly rapid current of hydrogen was passed through the 
solution in B for a few minutes, and the potential of the concentra- 
tion cell read. This was in each experiment zero. The malonate- 
copper sulphate solution was then run into B from the burette, the 
potential of the concentration cell being read at convenient intervals. 
Stirring was effected by means of the current of hydrogen, which was 
stopped during the actual measurement. A slight drop in potential 
is caused by bubbling hydrogen through the solution, but this rises 
again to its original value as soon as the current is stopped. Except 
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in the case of the diethyl- and dipropyl-malonates, steady potentials 
were established at once during the earlier part of the titration, a 
few minutes being necessary for the establishment of equilibrium for 
the last two or three readings. On completion of the titration, 
which occupied about an hour, the solution in B was removed, and 
after being rinsed the half-element was again filled with 0-01.M- 
copper sulphate. The concentration cell then showed a negative 
potential of 2—10 millivolts which slowly fell, becoming zero again 
in the course of 30—40 minutes. This shows that no serious 
alteration in the nature of the electrode surface had occurred during 
the titration. A slight change in colour, which it was impossible to 
prevent, had, however, taken place. Whereas the electrode in A 
retained its original salmon-red colour, that in B developed a slight 
yellowish tint. Nevertheless, the effect of this change in the colour 
of the electrode can only be small, and although it is impossible to 
be certain as to the fundamental accuracy of the results recorded, 
there can be little doubt that they are relatively correct. 

In order to determine whether or not the presence of dissolved 
hydrogen had any appreciable effect upon the electrode potentials, 
some preliminary experiments were carried out with sodium 
malonate, the water used having been previously well boiled-out 
but not saturated with hydrogen. The results obtained are given 
in Table 1: they are typical of the concordance which can be 


TABLE I. 
Conc. of malonate, millimols./litre 0-0 3:0 59 87 115 143 
P.D., millivolts (in hydrogen) 0 2 9 19 37 53 
P.D., millivolts (in air) ............ 0 3 9 19 38 55 
Conc. of malonate, millimols./litre 17-0 19-6 22-2 27-3 32-1 41-4 
P.D., millivolts (in hydrogen) ... 65 76 87 100 108 4117 
P.D., millivolts (in air) ..........+. 68 80 91 104 111 120 
Conc. of malonate, millimols./litre 50-0 58-1 72-7 85-7 100-0 
P.D., millivolts (in hydrogen) ... 125 129 138 144 149 
P.D., millivolts (in air) ............ 126 130 137 142 ~= 146 


obtained in consecutive experiments by taking the precautions 
outlined above. Although it is possible to obtain concordant values 
without the use of hydrogen, occasionally much lower values were 
obtained, for no apparent reason, and it was therefore deemed 
advisable to use hydrogen for the titrations with the substituted 
malonic acids. In the tables of results, the constants of instability, 
K = (Cu ][X” ? /[CuX,”], are calculated upon the same assump- 
tions as those mentioned in Part II. The values of K increase 
slowly with increase in the concentration of the sodium malonates, 
doubtless owing to the incomplete dissociation of the sodium salts 
at the dilutions under consideration : these degrees of dissociation 
being unknown, it is impossible to apply a correction for this factor. 
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8 Conc. of P.D.., 
malonate, milli- 
a m.mols./l. volts. [Cu"]x107. [CuX,”]x10%, [X”}* x10‘. K. 
re Sodium malonate. 
i, 0-0 0 62900 
d 3-0 2 53700 
[. 5-9 9 30800 
8-7 19 13900 
e 11-5 37 3330 
n 14-3 53 935 
“a 17-0 65 361 
§ 19-6 76 151 
ig 22-2 87 62-9 0-999 0:0493 0-31 x 10-8 
“ 27°3 100 22-4 1-000 0-533 1-2 
32-1 108 11-9 1-000 1-46 1-7 
A 41-4 117 5-81 1-000 4-58 2-7 
nt 50-0 125 3-08 1-000 9-00 2-8 
58-1 129 2-24 1-000 14-5 3-3 
ur 72-7 138 1-10 1-000 27-8 31 
to 85-7 144 0-681 1-000 43-2 2-9 
4 100-0 149 0-458 1-000 64-0 2-9 
b ] 
ed Sodium methylmalonate. 
ls, 3-0 3 49600 
m 5-9 8 33300 
“ 8-7 17 16300 
11-5 33 4580 
en 14-3 48 1390 
be 17-0 60 536 
19-6 70 243 
22-2 81 101 0-999 0:0493 0-50 x 10-8 
27:3 95 33-3 1-000 0-533 1-8 
32-1 104 16-3 1-000 1-46 2-4 
41°4 115 6-81 1-000 4-58 31 
50-0 122 3-91 1-000 9-00 3-5 
58-1 126 2-84 1-000 14-5 4-1 
72-7 133 1-63 1-000 27-8 45 
85-7 136 1-29 1-000 43-2 5-6 
100-0 140 0-979 1-000 64-0 6-3 
Sodium ethylmalonate, 
- 3-0 2 53700 
es 5-9 7 36100 
8-7 16 17700 
wae 11-5 32 4960 
ied 14:3 48 1390 
ted 17-0 61 496 
19-6 72 207 
ty, 22-2 84 79°8 0-999 00493 0-39 x 10-8 
ap- 27-3 98 26-3 1-000 0-533 1*4 
; 32-1 106 13-9 1-000 1:46 2-0 
ane 41-4 117 5-81 1-000 4-58 2-7 
tes, 50-0 124 3-33 1-000 9-00 3-0 
alts 58-1 129 2-24 1-000 14-5 3-3 
: . 72-7 134 1-51 1-000 27-8 4-2 
1on 85-7 138 1-10 1-000 43-2 4-8 
tor. 100-0 142 0-798 1-000 64-0 51 
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Conc. of Pulte 
malonate,  milli- 


m.mols./]. volts. [Cu"]x10’. ([CuX,”]x10*%. [X”} x 10*. K. 
Sodium propylmalonate. 
3-0 2 53700 
5-9 6 39100 
8-7 15 19100 
11-5 30 5810 
14-3 44 1910 
17-0 56 737 
19-6 73 191 
22-2 84 79-8 0-999 0-0493 0:39 x 10-8 
27°3 95 33-3 1-000 0-533 1-8 
32-1 103 17-7 1-000 1-46 2-6 
41-4 110 10-1 1-000 4-58 4-6 
50-0 115 6-81 1-000 9-00 6-1 
58-1 121 4-23 1-000 14°5 6-1 
72-7 130 2-07 1-000 27°8 5:8 
85-7 134 1-5] 1-000 43-2 6-5 
100-0 138 1-10 1-000 64-0 7-0 


Sodium isopropylmalonate. 


3-0 2 53700 
5-9 8 33300 
8-7 18 15100 
115 33 4580 
14-3 50 1190 
17-0 68 284 
19-6 88 58-1 
22-2 107 12-9 1-000 0-0484 0-62 x 10-9 
27-3 129 2-24 1-000 0-533 1-2 
32:1 141 0-864 1-000 1-46 1-3 
41-4 155 0-284 1-000 4-58 1-3 
50-0 163 0-151 1-000 9-00 1-4 
58-1 168 0-101 1-000 14-5 1-5 
2-7 174 0-0629 1-000 27-8 1-8 
85-7 179 0-0423 1-000 43-2 1:8 
100-0 183 0-0308 1-000 64-0 2-0 
ou 
co 
Sodium dimethylmalonate. Se 
3-0 0 62900 of 
5-9 4 45800 : 
8-7 10 28400 18 
11-5 20 12900 is 
14-3 33 4580 
17-0 41 2420 -_ 
19-6 47 1510 tit 
22-2 50 1190 0-988 0-0595 0-072 10-° Na 
27°3 56 137 0-993 0-554 0-41 ; 
32-1 62 458 0-995 1-49 0-69 hig 
41-4 70 243 0-998 4-60 1-12 is : 
50-0 15 163 0-998 9-02 15 
58-1 80 110 0-999 14-5 1-6 am 
72-7 87 62-9 0-999 27-8 1-8 pla 
85-7 92 42-3 1-000 43-2 1-8 
100-0 96 30-8 1-000 64-0 2-0 








-9 
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Conc. of P.D.; 
malonate, milli- 


m.mols./l. volts. [Cu"]x107. [CuX,”]x10%. [X”]*x 104. K. 
Sedium diethylmalonate. 

3-0 —3 79800 

5-9 0 62900 

8-7 4 45800 
11-5 10 28400 
14:3 15 19100 
17-0 14 20700 
19-6 15 19100 
22-2 19 13900 0-861 0-248 0-40 x 1075 
27-3 25 8640 0-914 0-814 0:77 
32-1 30 5810 0-942 1-76 1-1 
41-4 40 2630 0-974 4-80 1-3 
50-0 45 1770 0-982 9-22 1-7 
58-1 49 1290 0-987 14-7 1-9 
72-7 56 737 0-993 27:9 2-1 
85-7 61 496 0-995 43-3 2-2 

100-0 66 333 0-997 64°1 2-1 


Sodium dipropylmalonate. 


3-0 —2 73700 

5-9 0 62900 

8-7 5 42300 

11-5 13 22400 

14-3 22 11000 

17-0 5 42300 

19-6 2 53700 

22-2 9 30800 0-692 0-699 0-31 x 1075 
27-3 22 11000 0-890 0-903 1-1 
32-1 30 5810 0-942 1-76 1-1 
41-4 38 3080 0-969 4°85 1-5 
50-0 42 2240 0-978 9-27 2:1 
58-1 46 1630 0-984 14-8 2-5 
72°7 52 1010 0-990 28-0 2-9 
85-7 55 798 0-992 43-4 3°5 
100-0 59 581 0-994 64-2 3°8 


The total concentration of copper present in B is constant through- 
out the titration. Fig. 2 shows the change of potential of the 
concentration cel! with change of concentration of the sodium salt 
for the malonate and the dipropylmalonate. The former is typical 
of the monosubstituted and dimethylmalonic acids, and the latter 
is similar to the curve for the diethylmalonic acid. The following 
is believed to be the interpretation of the curves. The addition of 
sodium malonate to the copper sulphate in the early stages of the 
titration brings about the reaction CuSO, + CH,(CO,Na), — 
Na,SO, + CH,(CO,),Cu. The copper malonate formed is not so 
highly dissociated as the copper sulphate (J., 1929, 2006), so there 
is a consequent diminution in the copper-ion concentration. As the 
amount of malonate is increased, the following reaction comes into 


play : 
CH<Go>Cu + CHa<Co'Ne = Na,[Cu(CH,:C,0,)9] 
3K2 
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with a much more rapid diminution in the copper-ion concentration. 
All the curves show a point of inflexion at a concentration of the 
sodium salt of about 0-01M. 

The sodium salts of diethyl- and dipropyl-malonic acids give a 
different type of curve. The initial increase in the copper-ion 
concentration is probably due to the greater degree of dissociation of 
the normal copper salts compared with copper sulphate. The 
subsequent increase in the potential of the cell is accompanied by 
the development of a faint turbidity in the solution. The potentials 
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established at the points between A and B on the curve are not 
steady, but fall rapidly, and the shape of that part of the curve 
depends upon how quickly the readings are taken. Those recorded 
were measured in a similar manner to that employed in the case of 
the monosubstituted acids. The following is the probable explan- 
ation of this behaviour. The sodium salts of the two acids are 
slightly hydrolysed and the concentration of hydroxyl] ions in the 
early part of the titration is sufficient to cause the separation of 
either copper hydroxide or some basic salt, partly as a colloid and 
partly as a precipitate. This causes a rapid diminution in the 
copper-ion concentration. As the addition of the sodium salt 
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proceeds, it reacts slowly with the precipitated hydroxide, causing 
an increase in the copper-ion concentration. Although the part of 
the curve between the points A and B is not reproducible, the 
subsequent portion of the curve is. 


Discussion. 


The above results indicate that the substitution of the groups 
methyl, ethyl, and propyl in the malonate ion has little effect upon 
its tendency to co-ordinate with copper, a slight decrease having 
been observed. The isopropyl group causes a comparatively large 
increase in the stability of the complex. This effect is probably a 
polar one, and it is interesting to note that the condensation of a 
second isopropyl group with malonic acid has not been effected. 
Both these phenomena would be explained by the migration of 
electrons from the isopropyl group. The substitution of two methyl 
groups causes a comparatively large decrease in the tendency of the 
ion to co-ordinate with the copper ion, and the substitution of two 
ethyl groups causes a still further decrease in this tendency. The 
effect of two propyl groups is approximately the same as that of two 
ethyl groups. If the stability of a complex ion depends upon the 
degree of localisation of negative poles in the donor ion, then this 
phenomenon must be due to the decrease of the charge on the 
carboxyl oxygen atoms brought about by the apparent reversal, 
in the free ion, of the usual polarity of the alkyl groups concerned. 
It is also noteworthy that the effect of dialkyl substitution is opposite 
to that which would be anticipated were strain the important factor 
in determining the stability of the complex. 

Certain other properties can be correlated with this alteration in 
the tendency to co-ordinate with copper. Mention has already been 
made of the hydrolysis noticed during the titration with sodium 
diethyl- and dipropyl-malonates. On warming the solution used 
for the titration, i.e., 0-32 with respect to the sodium salt and 
0-01M with respect to the copper sulphate, the extent of the 
hydrolysis was greatly increased and a greenish-brown precipitate 
was thrown down, the deep blue solution becoming green. This 
hydrolysis occurred most readily in the case of the dipropylmalonate, 
readily with the diethyl-, less readily with the dimethyl-, and only 
on prolonged boiling and to a very slight extent in the case of 
methyl-, ethyl-, and propyl-malonates. It was absent with the 
normal malonate and with the isopropylmalonate. 

A study of the normal copper salts of the substituted malonic 
acids is in progress with the object of determining whether there is 
any connexion between the dissociation of the normal salts and that 
of the corresponding complex salts. It is, however, interesting to 
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compare the change in colour of the normal salt, brought about by 
alkyl substitution, with the tendency of the corresponding ion to 
co-ordinate with copper as measured by the instability constant K. 


TaBxe II. 
Malonic Colour of normal Behaviour of soltn. of 
acid. K. Cu salt. Cu salt on boiling. 
Unsubstituted 1 x i¢o* Pale blue Stable 
Methyl 2% 99" Pale blue Stable 
Ethyl 1... x: Pale blue Stable 
Propyl 1 x 10° Pale blue Stable 
isoPropyl ;’ xe" Very deep blue Stable 
Dimethyl] 0-4 x 10-* Very deep blue Hydrolysed 
Diethyl 1 xe Green Hydrolysed 
Dipropyl 1 x10 Green Hydrolysed 


It is obvious from Table II that the differences in the potentiometric 
behaviour of the various sodium salts indicate some fundamental 
change in the electronic constitution of the ions. 

The primary and secondary dissociation constants of the same 
series of malonic acids have been determined by Gane and Ingold 
(J., 1929, 1691), and it is noteworthy that the values for K, and K, 
obtained by them indicate a large effect in the case of the dipropyl 
and the diethyl acids but only small effects in the case of the other 
acids. 

Summary. 

A method is described for determining the effect of the addition 
of the malonate and various substituted malonate ions on the 
copper-ion concentration in a solution of copper sulphate. The 
results indicate that the substitution of the groups methyl, ethyl, 
and propyl have little effect on the tendency of the malonate ion to 
co-ordinate with the copper ion, a small decrease having been 
observed. The isopropyl group causes a relatively large increase in 
this tendency, the dimethyl group a decrease, and the diethyl and 
dipropyl groups a still larger and approximately equal decrease. 

These effects are correlated with certain other properties. 


The cost of the apparatus used in this investigation was defrayed 
by a grant from the Royal Society, and the malonic acids were 
purchased out of a grant from the Chemical Society. The author 
wishes to place on record his thanks to these two societies. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [ Received, May 7th, 1930.] 
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CCXV.—The Vapour Pressure of Nickel Carbonyl. 
By Joun Stuart ANDERSON. 


THE vapour pressure of nickel carbonyl was determined by Mittasch 
(Z. physikal. Chem., 1902, 40, 1) by the dynamical method, and by 
Dewar and Jones (Proc. Roy. Soc., 1903, 71, 427) by introducing 
the liquid over the mercury in a barometer tube, but the results 
so obtained are discordant. In the present research, the vapour 
pressure has been measured by an equilibrium method, precautions 
being taken to eliminate the probable cause of discrepancy in the 
earlier results. 

It is known that in the presence of small quantities of air or 
oxygen nickel carbonyl is decomposed with formation of carbon 
monoxide. Preliminary experiments showed that such decom- 
position always tended to occur, giving rise to an increase in pressure, 
and that concordant results could be obtained only after every 
trace of adsorbed air had been removed from the walls of the vessel 
by strong heating in a vacuum, To render this possible, an all- 
glass apparatus with a glass spring indicator was used, the pressure 
within being balanced on the outer side of the spring. 


EXPERIMENTAL. 


Nickel carbonyl was introduced into the storage bulb A of the 
simplified vacuum apparatus (Fig. 1) and purified by fractional 
distillation. 'To guard against any trace of leakage over long periods, 
the apparatus was constructed with mercury valves of the type 
described by Stock (Ber., 1917, 50, 993). The purification was 
followed by measurements of vapour pressure. The bulb A was 
immersed in a bath at — 40°, tap 1 opened, and the U-tube B cooled 
in liquid air. With tap 4 open, the volatile portion was distilled 
into B in the stream of the vacuum pump, the small volatile head 
fraction thus obtained being rejected. Taps 1 and 4 were closed, 
and the liquid was distilled into one of the small bulbs £,, £,, etc., 
which were sealed off at the constriction. The bath was allowed to 
warm to — 35° while a second fraction, consisting of nearly half the 
residue, distilled into B. With taps 1 and 4 closed, this was allowed 
to melt and then re-frozen to remove from the solid any imprisoned 
gas, which was pumped off with the mercury-vapour pump. The 
U-tube was immersed in a beaker of well-stirred ice, and the vapour 
pressure at 0° of the fraction read on the manometer M. This 
fraction was then transferred to C, a second large fraction taken 
from A, and its vapour pressure at 0° determined. The tail fraction 
was rejected. The middle fractions were combined and the process 
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was repeated. Two such series of operations usually sufficed to 
give middle fractions of identical vapour pressure at 0°, indicating 
homogeneity. 

The tube used for the vapour-pressure measurements (Fig. 2) was 
sealed on to the apparatus at D, an electric furnace placed around 
it, and heated to 350—400° for an hour under the vacuum of the 
mercury pump. On cooling, some nickel carbonyl was distilled 
into C, and from this a convenient quantity was transferred to the 
tube by cooling F with liquid air. With the carbonyl in C and F 
frozen, the tube was then pumped out and sealed at 8S. 


i 





Fia. 1. 
































Measurement of Vapour Pressure-—The vapour pressure at 
temperatures below that of the room was determined by immersing 
the tube in an alcohol-ether bath in a wide, deep Dewar flask, and 
lowering the temperature by blowing in successive small quantities 
of liquid air. The pressure on the upper side of the spring was 
varied and measured in the usual manner. 

For temperatures above 15°, the tube was immersed in a beaker 
of water to a point well above the top of the spring. The bath was 
mechanically stirred, and due time allowed for the attainment of 
equilibrium in the dissociation Ni(CO),— = Ni + 4CO before readings 
were taken. 

The low temperatures were measured by means of a three-junction 
copper-constantan thermocouple, previously calibrated, and a 
pentane thermometer, and the upper temperatures by means of a 
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standardised mercury thermometer. These were compared amongst 
themselves. 

Measurements were made on five tubes containing nickel carbonyl 
from three different preparations. The dissociation Ni(CO),—=Ni-+ 
4CO first becomes apparent at 36° (Mond and Nasini, Z. physikal. 
Chem., 1891, 8, 150) so that the figures obtained above this tempera- 
ture represent, not the vapour pressure, but the equilibrium pressure 
of the system. It was found that recombination after heating 
above 40° was frequently very slow, and for concordant results 
each sample could be used for one ascending run only. 

The results obtained are shown on the log p-1/T curve (Fig. 3), 


Fia. 3. 











1-6 : 
0:0032 0:0034 00036 0-0038 0-0040 
1/7. 


x This work. © Results of Dewar and Jones. A Results of Mittasch. 


on which are also indicated the values found by Mittasch and by 
Dewar and Jones. The results of the present work lie fairly well 
between the other two sets of measurements, as would be expected 
if the discrepancy were due to decomposition of the carbonyl, which 
would lead to low results with the dynamical method and high 
values with the statical method. 

Taking into account all measurements, the line log p = 7-690 — 
1519/7 may be taken as representing the variation of vapour pressure 
with temperature. From this may be calculated the following 


values : 


Temp., T7—273 430° 40° 30° 20° 15° 10° 0° —10° —20° 
P, TM, ...er0000 760 685-5 474-2 320-6 260-6 209-9 133-7 82-4 48:3 
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The agreement of the best sets of experimental measurements 
with the calculated curve is close. From the slope of the log p-1/T 
curve, the molecular heat of vaporisation = 6-92 x 10° cals. 
For the vapour pressure of the solid, the following values are 
obtained from the smoothed curve : 
Temnip., T—BTS ......5.....000000 —25° —30° —35° 
MES ddeicvdvchsdiavesslevcesiss 36 23 16 
The intersection of the sublimation curve with the vaporisation 
curve of the liquid gives for the triple point, approximately, 7'—273 
= -- 22°; p= 43 mm. 
Summary. 
The vapour pressure of nickel carbony! has been measured between 
— 35° and + 43°. 
The vapour pressure of the liquid is given by the Rankine formula 
log p = 7-690 — 1519/7’. 
The molecular heat of vaporisation is found to be 6-92 x 10% cals. 
An approximate value for the triple point of —22° and 43 mm. 
is obtained from the curve. 


The author would express his thanks to Professor H. B. Baker, 
C.B.E., F.R.S., for his unfailing interest and advice throughout 
this work; also to the Department of Scientific and Industrial 
Research for a grant. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [ Received, May 12th, 1930.] 


CCXVI.—The Action of Aqueous Hydrofluoric Acid 


on Silica. 
By WiLLiAM GEORGE PALMER. 


For the purpose of completing an investigation into the adsorptive 
power of powdered silica, it became essential to devise some trust- 
worthy method of determining the surface of this material, a problem 
previously attacked by Martin, Bowes, and Christelow (Trans. 
Ceramic Soc., 1925—1926, 25, 51), who used the rate of dissolution 
of sand in hydrofluoric acid as a measure of the surface of the solid. 
These authors do not appear, however, to have examined the 
chemical mechanism of the reaction; and it is remarkable, in view 
of the familiar nature of the reaction, that there appears to be no 
record in the literature of any such investigation, which seems to 
be an indispensable preliminary to the special use of the reaction, 
and also probably a matter of general chemical interest. 
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EXPERIMENTAL. 


The hydrofluoric acid used throughout was taken from the same 
sample of the concentrated acid, and, although not specially treated, 
contained a small quantity of hydrofluosilicic acid as the only 
detectable impurity, which had no influence on the experiments 
to be described. The silica was coarsely crushed and narrowly 
graded “ Vitreosil ’ obtained specially from the Thermal Syndicate ; 
1000 particles of the material weighed almost exactly 0-5 g., the 
average diameter being 0-76 mm. It will be shown later that 2 g. 
could lose as much as 0-2 g. by solution without detectable change 
in surface. All vessels with which hydrofluoric acid was in contact 
were of vulcanite, a number of attempts to use glass coated with 
waxes of different kinds having proved very unsatisfactory. 

The rate of dissolution of silica in N- and less concentrated acid 
(without the presence of other electrolytes) can be very conveniently 
and rapidly determined on the same sample of acid and silica by 
taking advantage of the fact that the final product of the reaction, 
hydrofluosilicic acid, has in aqueous solution a very much greater 
molecular conductivity than the reacting hydrofluoric acid. The 
experimental details were as follows: 50 G. of hydrofluoric acid of 
the desired concentration were weighed into a vulcanite tube of 
60 c.c. capacity, which was then closed with a rubber stopper and 
clamped in a thermostat to a vertical support that was now rotated 
mechanically, so that the tube turned over end-wise at a standard 
rate of 25 times a minute. The acid having assumed the tem- 
perature of the thermostat, the rotation was stopped, and 2 g. of 
silica were added. After a suitable interval of stirring by rotation 
this was again interrupted, the stopper removed from the tube, 
and its place taken by another carrying a conductivity cell also 
of vulcanite (with ordinary platinum electrodes) of only 7 c.c. 
capacity. This cell was now filled with the reaction liquid by 
running 7 c.c. of water from a burette connected with the top of the 
cell, and the conductivity determined. After the liquid had been 
returned to the reaction tube, the cell was removed, and the stirring 
resumed until another reading became due. The whole operation 
of observing the conductivity was accomplished normally in 
4 minutes. It will be proved later that the reaction of hydrofluoric 
acid upon silica is not of the usual type in which the thickness of a 
layer adherent to the solid is dependent on the rate of stirring and 
controls the rate of reaction. The stirring in this case serves solely 
to preserve a uniform composition in the liquid, and as the normal 
rate of reaction is low, the effect of the interruption of 4 minutes is 
in this respect quite negligible. There remains the slight but again 
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quite negligible error due to the withdrawal of a small quantity of 
acid from contact with the silica during the determination of con- 
ductivity. The constant (55-45) of the conductivity cell was deter- 
mined at frequent intervals, but did not alter throughout the work. 

Table I shows, in an abbreviated form, a specimen calibration of 
resistance with uptake of silica, the acid being initially of }N-con- 
centration, and the temperature 25°. In the determination of 


TABLE I. 


SiO, (mg.) in 
50 g. of acid 0-0 5-6 13-2 20-7 41:8 106-0 143-0 212-0 241-0 


Resistance 
(ohms) ...... 4450 4340 4170 3930 3450 2420 1990 1490 1340 


Fra. 1. 


ye 
i P19. | /8 7, 
V4 


60 VA 25 


Coe oe 
a A Pt HO ol 
| LV Le 
10 le Ms acid 
hours 


0 1 2 3 4 
conductivity, a valve oscillator was used as the source of alternating 
current. The setting of the minimum sound on the Wheatstone 
bridge was much facilitated by using a rocking slider with two 
contacts set 1 cm. apart, the minimum being midway between 
these, when each separately gave sounds of equal intensity.* 

Unless otherwise stated, rates of dissolution are recorded as mg. 
of silica dissolved from 2 g. of silica by 50 g. of acid in one hour. 

The Effect of Temperature and Rate of Stirring on the Rate of 
Reaction.—The temperature coefficient of a heterogeneous reaction 
is of great importance in deciding whether we have to deal with a 
diffusion mechanism as is so frequently the case in solution reactions. 
Fig. 1 shows the rate of reaction, determined by the conductivity 


* T am much indebted to Dr. R. G. W. Norrish for suggesting this modific- 
ation of the usual arrangement. 
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method, for three temperatures, the acid used being initially N /2. 
The rates of dissolution for equal uptake of silica, and the corre- 
sponding temperature coefficients are given in Table II, from which 
it appears that the latter correspond to a direct chemical action 


TaBreE II. 
Rate of reaction at Mean temp. coeff. 
SiO,, mg. 31-8°. 25-0°. 18-2°, for 10°. 
20 34-5 19-0 11-8 2-52 
40 30-0 18-5 11-7 2°35 
60 27-0 18-0 11-5 2-26 


unrestricted by a diffusion process. This result was independently 
confirmed by determining the amount of silica dissolved at 25° by 
N-acid, the rate of stirring being alternately 6 r.p.m. and 25 r.p.m. 
between successive readings (see Table III). The rate of reaction 


Tassie III. 
Time (mins.). Stirring. SiO,, mg. Rate per hour. 

0 — oe 
Slow 

31 11-5 23-0 
Fast 

60 23-0 23-0 
Slow 

110 43-5 23-7 
Fast 

142 54°6 23-1 
Slow 

172 67-0 23-4 


is therefore independent of the rate of stirring even when this is only 
barely sufficient to maintain homogeneous composition in the liquid. 

The Rate of Reaction of Hydrofluoric Acid in the Absence of Neutral 
Salt.—The uptake of silica plotted against time for the action of 
2N-, N-, 4N-, and 4N-acids at 25° is shown in Fig. 2. Taking as 
an approximate measure of the rate, the amount of silica dissolved 
in one hour, we find the following : 


Rate of reaction ....sccccccecssssccevsceseeees 56 26 19 12 
Cone. of undissociated HF (g.-mols./1.) 1-788 0-894 0-447 0-296 
The data in the second line are taken from the work of Davies and 
Hudleston (J., 1924, 125, 260). While the rate decreases in 
approximate proportion to the undissociated hydrogen fluoride 
concentration between 2N and N, the decrease at lower concentra- 
tions is markedly less than in such proportion. Also, it will be seen 
from Fig. 2 that with N-acid the rate of dissolution is very nearly 
constant at 26-0 mg. per hour until about 140 mg. of silica have 
dissolved, although the concentration of the acid has up to this 
point fallen steadily to 0-7 of its initial value (see Table VI). Simi- 
larly 4N- and 4N-acids dissolve the solid at a rate decreasing much 
more gradually than the concentration of the acid. 
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The reaction therefore appears to receive a stimulus increasing 
up to a point with the amount of silica dissolved. This effect 
might well be due merely to an increase in the available area of the 
solid owing to fragmentation and etching. This possibility was 
tested in two ways as follows: (a) by observing the rate of dissolu- 
tion of a fresh sample of silica in an acid that had already dissolved 
47 mg. from a previous sample, and (b) by observing the rate up 
to a content of 85 mg. of silica, adding a further 2 g. of fresh solid, 
and then continuing the observations. In (a) the rate was quite 
unaltered; in (b) it was exactly doubled. These results proved 
that there is no measurable alteration in the available surface up to 
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a content in the liquid of 200 mg. of silica. We must therefore 
conclude that the rate of reaction is not simply related to the 
concentration of the hydrofluoric acid. This view is strikingly 
confirmed by two further series of experiments in which silica was 
dissolved in (a) $N-acid containing 4}N-ammonium fluoride, and 
(6) 4N-acid containing }N-hydrochloric acid or 4N-sulphuric acid. 
In these experiments the conductivity method was not available 
owing to the prevailing high conductivity; the rate was therefore 
ascertained by direct weighing of the remaining silica, the hydro- 
fluoric acid being first neutralised by pouring the contents of the 
reaction tube into the requisite quantity of aqueous ammonia (the 
high solubility of ammonium fluoride and silicofluoride renders this 
a simple and convenient means of arresting the action), and then 
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collecting and washing the silica in a Gooch crucible. The results 
are shown in Table IV. The composition of the liquid was calcu- 


TaB_eE LV. 
Time Si0,, Average 
(mins.). mg. rate. Initial composition. 
(a) }N-HF with }N-NH,F. 
60 35 36 J Cu = 0-00057, Cay, = 0-214, 
150 91 (Cy = 0-186, Cor = 0-250. 
(b) 4N-HF with }N-HCI. 
60 9-5 10 Cue = 0-201, Cur, = 0-0021, 
180 39-0 Cy = 00-0009, Cor = 0-500. 
4N-HF with 4N-H,SO,. 
60 11-0 ‘ (approximately as for HCl 
187 39-0 a r 


lated on the assumption that the simple laws of chemical equi- 
librium would apply. The necessary constants were those obtained 
by Davies and Hudleston (loc. cit.). The above experiments seem 
clearly to indicate that it is the fluorine-containing ions, rather than 
the free hydrofluoric acid, that control the rate. 

A plausible hypothesis that suggests itself may be summarised 
in the following equations : 


SiO, + 4HF = SiF, (adsorbed) + 2H,O . . (Il) 
Sif, (adsorbed) + 2F’ = SiF,” ) (2) 
and/or SiF, (adsorbed) + HF,’ = HSiF,’/ 


There is evidence that the reaction (1) is very rapid; Baur finds 
the value of Cp, X Ciy,o/Chy to be 163 x 10? for equilibrium 
in the gas phase at 104° (Z. physikal. Chem., 1904, 48, 483). We 
might thus assume that the rdéle of the hydrofluoric acid is to maintain 
the surface of the silica covered with a (protective) layer of adsorbed 
tetrafluoride, which is in turn carried into solution as the ion SiF,”’ 
(or HSiF,’) after union with one of the fluorine-containing ions. 
The reacting ions may be adsorbed before reaction, or react by direct 
collision; in either case we might expect the greater part of the 
dissolution of the silicon tetrafluoride to be effected by the HF,’ 
ion, since the conjunction of one of these ions with a molecule 
of the tetrafluoride is stoicheiometrically sufficient, while two 
contiguous simple fluorine ions are necessary. 

If adsorption precedes reaction, then the maximum rate of 
reaction will only be reached when the electrokinetic potential at 
the surface is annihilated by the presence of excess of strong elec- 
trolyte. Fig. 3 shows the rate of uptake of silica (determined by 
direct weighing of the residue) by 2N-, N-, and }N-acid at 25° in the 
presence of a constant high concentration (1 mol. per litre) of 
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ammonium sulphate; the results for these concentrations of acid 
without the addition of electrolyte are reproduced from Fig. 2 as 
broken lines for comparison. The sensitiveness of the rate of 
reaction to the presence of neutral salt is indicated in Table V, 
which shows the amount of silica dissolved in one hour at 25° by 
N-acid in the presence of varying amounts of ammonium sulphate. 
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TaBLeE V. 
(NH,),SO,, M. Cnuy = 2Cp04”. SiO,, mg. 
0-0 — 26-0 
0-045 0-066 30-5 
0-108 0-144 36-5 
0-216 0-259 38-6 
(1-0 a, 54) from Fig. 3. 


It may be observed from Fig. 3 that the accelerating effect of the 
electrolyte is greater the greater the rate in its absence; Table V 
shows, also, that for small amounts of electrolyte its effect is propor- 
tional to the concentration of the ions produced from it. 

To trace what relation the rate of reaction under the above 
conditions bears to the concentration of the ionic species, Table VI 
has been prepared; it relates to a temperature of 25°. As the 
deductions from this table are of importance, the following summary 
of the method of calculation may not be superfluous. The complete 
equation in F’ or HF,’ obtained from the classical assumptions 
is of the cubic order, and apart from the labour of making the 
numerous solutions required, it is at present uncertain how rigidly 
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the classical laws may apply to the case. In order to keep in closer 
touch with experimental values, the concentrations of hydrogen ion 
were first obtained from the appropriate calibration curve (e.g., 
Table I) by effecting an approximate calculation of the molecular 
conductivity of the anionic species, and deducting this from the 
total observed molecular conductivity. Owing to the high mobility 
of the hydrogen ion, this procedure gives a fairly exact estimate of 
Cy, although the amounts of the other ions are only approximately 
known. The values of Cy. were then used to obtain by calculation 
more exact values of Cy and Cyy,. A second approximation on 
the same lines produced no material change in the first values. It 
is, of course, assumed throughout that the presence of the ammonium 
sulphate does not influence the ionic concentrations due to the 
hydrofluoric acid, a view that may require modification in the 
future. 


TaBLzE VI. 
SiO,,mg., Rate (with 
in 50 g. Cu X Curry  electro- 
acid. Cu. Cur. Curry x 105, lyte). Rate/Cury. 
N-Hydrofluoric acid, 

0 0-0584 0-870 0-0431 250 65 1510 
20 0-0642 0-783 0-0382 245 56 1480 
40 0-0720 0-747 0-0341 245 48 1420 
60 0-0800 0-711 0-0304 244 42 1400 
80 0-0870 0-675 0-0272 238 40 1470 

100 0-0980 0-639 0-0251 245 34 1360 

120 0-104 0-603 0-0228 240 32 1400 

140 0-114 0-567 0-0207 238 30 1450 

160 0-124 0-531 0-0193 235 28 1450 

180 0-132 0-495 0-0176 230 27 (1540) 

200 0-141 0-459 0-0159 225 26 (1640) 
4N-Hydrofluoric acid. 

0 0-0315 0-45 0-0218 67 30 1400 
20 0-0350 0-41 0-0174 61 22 1290 
40 0-0415 0-38 0-0132 55 19 1440 
60 0-0460 0-34 0-0099 46 14 1410 
80 0-0514 0-31 0-0075 39°5 


We may conclude from the constancy of the quotient in Col. 7 
that the reaction is, as was earlier predicted, almost wholly 
conditioned by the reaction Sik’, (adsorbed) +- HF,’ (adsorbed) = 
HSiF;,’. 

On reference to Table V, it is evident that the stimulus provided 
by excess electrolyte is proportional to the ionic concentration, when 
this is not too high. In the absence of added salt, the ionic concen- 
tration must be given by Cy’. Col. 5 of Table VI shows that for 
N-acid the product Cy. X Cyr, happens to be constant up to a 
concentration of about 150 mg. of silica per 50 g. of acid, and then 
slowly decreases. The rate of reaction should therefore, as is 
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actually the case (see Fig. 2), be constant up to this limit and then 
decrease. Moreover, the above product is no longer a constant in 
the case of 4N-acid, nor is the observed rate, but reference to Col. 5 
of Table VI and Col. 3 of Table II shows that the relation, rate = 
k(Cg» X Cyy,), still holds good. 

The curves for 2N- and }N-acids have not been examined in 
detail, but their relation in form to the other curves has shown that 
the same rules apply in these cases. 

Though the above discussion probably presents the general 
features of the reaction mechanism correctly, it is not complete in 
detail. Thus, we cannot assume the relation, rate = kCy,p, (elec- 
trolyte present), to hold quite generally. Referring to Table LV, 
we see that the difference in the rates of reaction is not so wide as 
would be expected in view of the very different proportions of 
HF,’ ion. Here it appears to be significant that the rate is too high 
with a large excess of hydrogen ion, and too low when this ion is 
markedly deficient. Again, in the reaction with N-acid the rate 
begins to show an abnormal increase when Cy. has attained con- 
siderable values (values in parentheses in Col. 7 of Table VI). 
These discrepancies seem to point to a specific catalytic activity of 
the hydrogen ion. It is hoped that further examination may clear 
up these points, and that the use of a more extended range of neutral 
salts will elucidate the very marked effect of electrolytes on the 
main reaction process. As far as the writer can discover, this work 
provides the first example of this “neutral salt effect” in a 
heterogeneous action. 

Summary. 

1. The rate of reaction of dilute hydrofluoric acid on fused silica 
has been determined, and shown to be unrestricted by any diffusion 
process at the surface of the solid. 

2. It is not primarily dependent on the concentration of the free 
hydrofluoric acid, but is proportional to that of the HF,’ ion when 
the reaction occurs in the presence of a large ionic concentration. 
When the latter is low the rate is given by the expression 


rate = k (total ionic concentration x Og,p,). 


3. Some of the data obtained suggest a specific catalysis by the 
hydrogen ion, but this possibility has not been closely examined. 


THe University CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, May 16th, 1930.] 
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CCXVII.—The Electrical Conductivity of Butyric 
Acid—Water Mixtures. 


By Jonn GRINDLEY and CHARLES R. Bury. 


THE work recorded in this paper, the measurement of the electrical 
conductivity of butyric acid—water mixtures, is a continuation of an 
investigation of the physical properties of this system that is being 
carried out in these laboratories (Jones and Bury, Phil. Mag., 1927, 
4, 841; Bury, ibid., p. 980; Grindley and Bury, J., 1929, 679). 
While several investigators have measured the conductivity of 
dilute solutions, the only previous measurements for concentrated 
solutions are those of Otten (Diss., Munchen, 1887) at 18°. In view 
of the complexity of the conductivity—concentration curve and of 
the fact that Otten measured the conductivities of only nine mix- 
tures, a fuller investigation seemed desirable. Conductivities have 
therefore been measured at over 30 different concentrations, and at 
two temperatures, 0° and 25°. 


EXPERIMENTAL. 


Butyric acid was purified by fractional crystallisation, the final 
product melting at — 6-5°. Conductivity water was prepared in a 
Bourdillon still (J., 1913, 103, 791) and had a conductivity of about 
0-2 x 10% mho. Concentrations were determined by titration with 
baryta, phenolphthalein being used as indicator. 

The electrical assembly used has been fully described elsewhere 
(Grindley and Davies, Trans. Faraday Soc., 1929, 25, 133). The 
resistance box had been calibrated at the National Physical Labora- 
tory and the bridge was also calibrated. A correction was made 
for the resistance of the leads. 

The cell, of the type described by Hartley and Barrett (J., 1913, 
103, 786), consisted of a silica bulb with cap and electrode-supports 
made of borosilicate glass. The cell constant was determined by 
measurement of the conductivity of dilute potassium chloride 
solutions at 18°: it can be shown from the temperature coefficients 
of expansion of glass and platinum that the change of cell constant 
with temperature is negligible over the range used (Grindley and 
Davies, loc. cit.). 

About 200 c.c. of the pure acid were placed in the cell, and its 
conductivity at 0° and 25° determined. A suitable quantity of 
water was then added and, after determining the conductivities, 
a sample of the mixture was withdrawn for analysis, after which 
a further addition of water was made, and so on. In measuring 
the conductivity of the more dilute solutions, the cell was filled 
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with water and successive additions of acid were made, concen- 
trations being determined, as before, by analysis. During additions 
of one of the components or withdrawals of samples for analysis, 
entry of carbon dioxide from the air was prevented by a current of 
pure air. For measurements at 0°, the cell was surrounded by 
melting ice, while at 25° it was placed in a thermostat constant to 
+ 0-03°. Two hours were found necessary, and three were allowed, 
for the attainment of temperature equilibrium before taking any 
measurements. 

No solvent correction was applied, since the conductivity of water 
is almost entirely due to dissolved carbon dioxide, the ionisation 
of which is strongly repressed on addition of acid. 

Three independent series of measurements were made, the results 
of which are given in the table. In Col. 1 is the concentration of 


Acid, x, ohms x 104. Acid, «, ohms x 104. Acid, «, ohms x 104. 
%. "0%, 5°. y 0°. 25°. o% , 0°. 25°. 
1-212 3-459 5-374 26-42 5-056 8-655 67-25 0-4465 0-8170 
2-982 5-055 7-934 30-48 4-422 7-694 69-21 0-3253 0-°6555 
4-749 5-918 9-364 34:25 3-875 6-692 70-92 0-2809 0-5251 
6-246 6°:355 10-154 37°73 3:373 65-872 73-65 00-1780 0-°3778 
6-878 6-530 10-371 41-01 2-932 6-132 75°75 0-1457 0-2769 
8-403 6-681 10-741 44-54 2-501 4-362 78°88 00-0851 0-1692 

10-48 6°780 10-984 47-61 2-121 _— 82-02 0-04862 0-0948 

13-00 6-700 10-929 51:13 1-724 3-076 86-17 0-01885 0-03787 

15-12 6-512 10-742 54°87 1-3485 2-386 90-58 0-00547 0-01126 

17-68 6-237 10-338 58-44 1-0281 1-8424 95-63 0-00058 0-00105 

19-37 6-027 10-073 61-20 0-8059 1-4495 100 0-00018 0-00039 

22-08 6-685 9-656 64-32 00-5901 1-1000 


acid as g. per 100 g. of solution; and in Cols. 2 and 3 are the specific 
conductivities, «x, at 0° and 25° respectively in reciprocal ohms x 104. 
In the figure, specific conductivities are plotted against concen- 
trations. 

Discussion. 


Over the range 0—12% of acid the conductivity increases rapidly, 
as demanded by the dilution law, which, however, is only obeyed 
quantitatively at concentrations lower than any that we have used 
(see, e.g., Wilsdon and Sidgwick, J., 1913, 103, 1959). 

The most noticeable feature of the curves is the sharp maximum 
in the conductivity at a concentration of about 12% of acid. Abrupt 
changes in the slope of the freezing point-composition curve (Jones 
and Bury, loc. cit.), and in the contraction—-composition curves 
(Grindley and Bury, loc. cit.), have been found at about the same 
concentration, which have been attributed to micelle formation, 
and the question arises as to whether there is any connexion between 
the maximum in the conductivity curve and micelle formation. 

On the one hand, although micelle formation exerts a profound 
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influence on the form of the conductivity—concentration curves of 
the soaps (see, e.g., McBain, Laing, and Titley, J., 1919, 115, 1279), 
there is no reason to believe that it should exercise a corresponding 
influence in the case of weak electrolytes. The conductivity of 
butyric acid is mainly due to the hydrogen ions, since their mobility 
is so great, and it should therefore be little affected by the association 
of un-ionised molecules and anions to form micelles. Again, there 
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is always a maximum in the conductivity of mixtures of acids and 
water, and no particular significance has hitherto been attached to 
this. 

On the other hand, the maximum is singularly sharp, and the 
slope of the curve therefore changes very rapidly in its neighbour- 
hood. As has been emphasised before, it is this abrupt change of 
slope (which may, or may not, coincide with a maximum) that is 
the significant feature of solutions in which micellar association 
occurs. Further, this abrupt change of slope occurs at about the 
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same concentration as those in the freezing-point curve (13—16%) 
and in the contraction curves (12—15%). 

We incline to the view that this work affords no evidence of the 
existence of micelles in butyric acid—water mixtures, and that it 
could hardly be expected to afford any evidence on this point, 
though, in view of the success of the conductivity method as applied 
to the soaps, it was obviously necessary to investigate the con- 
ductivity of butyric acid solutions. 

A second feature of the curves is the very low conductivity of 
mixtures containing less than 15% of water; the conductivity 
only begins to increase rapidly when the concentration of water 
exceeds 25%. Similar curves, in which, however, this phenomenon 
is not so strongly developed, are shown by propionic and acetic 
acids, but not by formic acid (Otten, op. cit.). 


We wish to express our thanks to the Chemical Society for a grant 
towards the cost of the apparatus used in this work. 


University COLLEGE oF WALES, 
ABERYSTWYTH. [Received, May 29th, 1930.] 





CCXVIII.—Stereoisomerism of Disulphoxides and 
Related Substances. Part VI. Co-ordination 
Compounds of Some Disulphides and Diamines. 


By G. Macponatp Bennett, A. NEviLLE Mossks, and 
F. SypNEY STATHAM. 


From the standpoint of modern views of the nature of co-ordination 
bonds it is reasonable to suppose that nitrogen and sulphur atoms, 
when co-ordinated to a metal atom, have their valency linkages 
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disposed stereochemically as in the ammonium and sulphonium |Rece1 
salts. The attached groups will be arranged, in fact, at four or |justif 


three corners, respectively, of a tetrahedron circumscribing the 
atom in question. 
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A new factor is thus introduced into the possible configurations |were 
of many complexes. Such a possibility has already been suggested ballad 


in at least two instances to account for observed isomerism : 


Meisenheimer (Annalen, 1924, 438, 268) found forms of the optically being 


active sarcosinediethylenediaminecobalt salts (I) in which dissym- 
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metry both about the cobalt atom and about the sarcosine nitrogen 


atom appears to be involved; and Reihlen (Z. anorg. Chem., 1926, li-p-te 
151, 71; Annalen, 1926, 447, 211) used the same conception in/lexes 
discussing the copper complexes from polymethylenebisiminoacetic/™te | 


acids and platinous ethylthiolacetate (IT), of which two forms were 
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%o) 

*" | obtained by Ramberg (Ber., 1910, 43, 580). There is, however, 
‘he | 80me doubt as to the identity in molecular weight of the latter 
it. | Substances. 


nt, |; . -NHM d me 
ed || C2 COX. os >CH, |X | CH, ge BSo> Chk | 
yn- (I.) ¢ (II.) 


It appeared to be desirable to examine compounds of a simpler 
of type where some evidence of the stereoisomerism in question might 
ity | be found, and we now record a closer examination, from this point 
ter of view, of some chelate complexes of the general formule (ITI) and 
ow (IV) in which the ems of the two sulphur or nitrogen atoms 
tic 
| CH<NRR MX | (IV.) 

ant | should cause the formation of a pair of (optically inactive) diastereo- 
isomerides. These would have the radicals R in the cis- and trans- 
positions, respectively, relative to the heterocyclic ring present in 
| |the molecule and would thus be analogous to the isomeric dioxides 
of dithian. 

In the cases chosen, there is no complication such as spiran 
nd dissymmetry as in those referred to above. The question of the 
on \supposed alternative space arrangements round the 4-co-ordinated 
platinum or palladium atoms we ignored on two grounds. First, 
because this could not interfere here, as the chelate type chosen 
necessarily has the cis-configuration in this respect; and secondly, 
because we were sceptical as to the reality of the cis-trans isomerism 
‘ion jin question, which involved the assumption that platinum and 
ms, |palladium are unique among the elements in having four groups 
es jattached to them arranged in a single plane rather than tetrahedrally. 
ium |Recent experiments of Angell, Drew, and Wardlaw (this vol., p. 349) 
- or justify this view. 
the| Two of the most stable of the complexes of the type under dis- 
cussion described by Morgan and Ledbury (J., 1922, 121, 2882) 
ions |were re-examined, namely, those from dimethylthiolethane with 


a palladous chloride and with mercuric iodide, | Cs H <Sue>R |, B 


ally being PdCl, or HglI,, and the corresponding compounds from diethyl- 

'thiolethane were prepared and examined at the same time. Among 
gen the co- ordination compounds from the aromatic disulphides diphenyl-, 
926, |li-p-tolyl-, and dibenzyl-thiolethane, the palladous chloride com- 
1 injpPlexes were the stablest: the first of these disulphides does not 
etic/tnite with mercuric iodide. A careful search in all cases failed to 
verefeveal any second isomeride. A crystallographic description is 

given of di-p-tolylthiolethanepalladous chloride and of two other 


(III) |C, H,<gn>MX, 






















1670 BENNETT, MOSSES, AND STATHAM: STEREOISOMERISM OF 


substances obtained in crystallising it, but these proved to be 
compounds with one molecular proportion of acetone and chloroform 
respectively. Dibenzylthiolethanemercuric iodide was also examined 
crystallographically. 

Co-ordination compounds of palladous chloride with ethylene- 
diphenyldiamine, ethylenedi-p-anisyldiamine, and ethylenediphenyl- 
dimethyldiamine were prepared, but they could not be recrystallised 
unchanged and gave no evidence of being mixtures. 

The negative results thus obtained may be attributed to an 
instability of the co-ordination bond with consequent ready con- 
version of one of the possible isomerides into the other, so that the 
less soluble of the forms is isolated. For this reason, as varied a 
selection of solvents as possible was used in crystallisation in the 
hope that the varying solubilities might lead to the isolation of 
different isomerides, but this was not in fact achieved. 

An observation of some interest was made incidentally in con- 
nexion with the base ethylenedi-p-anisyldiamine, which was pre- 
pared from ethylene dibromide and p-anisidine. This base of 
m. p. 105° was converted by boiling in commercial methyl alcohol 
into a base, B, of m. p. 132°, the composition of which indicated that 
a single methylene group had been introduced into the molecule. 
The base B yielded derivatives of the parent base with acids or acy] 
halides, formaldehyde being eliminated in the process, and may be 
regarded as di-p-anisyltetrahydroglyoxaline (V). Diphenyltetra- 
hydroglyoxaline, m. p. 124°, and the diethoxydiphenyl] base, m. p. 
214°, were prepared by Bischoff (Ber., 1898, 31, 3248) by the action 


i, 
N(C,gHyOMe)  MeO-CeHye NC 
CHS < SCH, CH,.- 
ANN (CyHyOMe) . 
he (VI). OMe 


of formaldehyde on the corresponding ethylenediamines, When, 
however, formaldehyde was added to an alcoholic solution of ethyl- 
enedi-p-anisyldiamine a third base, C, m. p. 226°, was at once 
produced which appears to be isomeric with base B. As this sub- 
stance is not reconverted into the parent base by hydrochloric acid, 
we prefer tentatively to assign to it the structure (VI) in which 
nuclear condensation is assumed to have occurred. This makes it 
possible that the structure of the diethoxy-base may require revision. 


EXPERIMENTAL. 
Co-ordinated Derivatives of Dimethyl- and Diethyl-thiolethane.—Di- 
methylthiolethanepalladous chloride, prepared as described by 
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Morgan and Ledbury (loc. c:/.), formed small yellow octahedra, 
m. p. 234°. It was sparingly soluble in organic solvents, but was 
readily crystallised from warm water. In the preparation and in 
the purification of this and the compounds which follow, a search 
was made for the presence of any second substance. 

Dimethylthiolethanemercuric iodide, prepared from its com- 
ponents in acetone, crystallised from that solvent in silvery-white 
diamond-shaped plates, m. p. 134—-136° (Found : Hg, 34-5. Cale. : 
Hg, 34:7%). 

Diethylthiolethanepalladous chloride, [C,H,(SEt),,PdCl,], was 
obtained by adding a solution of potassium palladochloride (1-63 g.) 
to the disulphide (0-75 g.) in alcohol. It formed minute orange- 
yellow crystals, m. p. 174°, and was crystallised from ethyl alcohol 
(Found: Pd, 32-6. C,H,,Cl,Pd requires Pd, 32-6%). 

Diethylihiolethanemercuric iodide, [C,H,(SEt),,HgI,], was formed 
from the components in acetone. It crystallised from acetone or 
alcohol in silvery plates, m. p. 103° (Found: Hg, 33-3. C,H,,],Hg 
requires Hg, 33-2%). 

Co-ordinated Derivatives of Diphenyl- and Di-p-tolyl-thiolethane.— 
Diphenylthiolethanepalladous chloride, [C,H,(SPh),,PdCl,], from 
equivalent quantities of the sulphide in alcohol and potassium 
palladochloride in water, separated as a yellow microcrystalline 
precipitate, sparingly soluble in cold ethyl alcohol; m. p. 280° 
(Found: Pd, 25-3. C,,H,,Cl,S,Pd requires Pd, 25-0%). 

Diphenylthiolethane does not form a compound with mercuric 
iodide in acetone solution. Tschugaeff (Ber., 1908, 41, 2222) found 
a similar failure of this substance to unite with cupric chloride and 
nickel thiocyanate. 

Di-p-tolylthiolethanepalladous chloride, [C,H,(S*C,H,Me),,PdCl,], 
was isolated in the usual manner from aqueous alcohol as a crystal- 
line yellow precipitate, m. p. 234° (decomp.) (Found: Pd, 20-8. 
C,gH,,Cl,S,Pd requires Pd, 20-7%). The substance was too spar- 
ingly soluble in benzene or bromoform for cryoscopic measurements 
in these solvents. Large garnet-red crystals from acetone were 
examined goniometrically. The substance is monoclinic with axial 
ratios @:b6:c = 1-695:1:0-9804 and axial angle 6 = 96° 29’. 
The following is a list of forms and mean angular values observed 
with four crystals : 


a(100). (010). 210). o(111). (111). 


Bethe tere tee 0° 0° 90° O° 39° 34’ %54° 38’ *115° 32’ 
etd stb prnessenedqecoed 90° 0’ 90° 0’ 90° 0’ *50° 15’ *47° 20’ 


The habit is tabular with a as a large hexagonal face (Fig. 1). The 
extinction on @ is straight with the edge ab. In convergent polarised 
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light the crystal is seen to be biaxial, an optic axis emerging almost 

perpendicular to a, the optic axial plane being parallel to 6. 
Sometimes, under conditions which could not be defined, crystals 

were deposited from acetone solutions by evaporation or cooling 

which consisted of a compound with acetone, 

C,H,(S°C,H,Me),,PdCl,,Me,CO 
(Found: loss at 100°, 11-3; Pd, 21-1. C,,H,,OCI,S,Pd requires 
loss at 100°, 11-4; Pd, 210%). The crystals became opaque on 


Fie, 1. Fia. 2. 




















keeping. One crystal, examined crystallographically, proved to be 
anorthic, the angles observed being : 


a(100).  m(110). 6(010). =r(101). ~— (001). 
cea teeutcieia 0° 0’ 53° 8 99° 26% 42° 48’ 147° 39’ 
i seeaccpadaaioeidodied, 90° 0’ 90° 90° 20° 37’ 25° 42’ 


from which the following angular elements are derived: d 46° 30’, 
e 75° 40’, ab 99° 26’, f 72° 33’, g 109° 45’. The habit is tabular with 
a large and the remaining faces as bevels equally developed. 

By crystallisation from chloroform a compound with chloroform, 
C,H, (S-C,H,Me),,PdCl,,CHCl, was obtained in well-formed crystals 
which became opaque on keeping (Found : loss at 100°, 20-8; Pad, 
18:6. C,,H,,C1,8,Pd requires loss at 100°, 20-9; Pd, 18-7%). The 
crystals are anorthic, the following forms and mean angular values 
having been found with two crystals : 


a(100). m(110). b(010). c(001). 
Py as borer SE oe 0° 0’ 51° 9 97° 54’ 37° 31’ 
he AR ZAI th | SA 90° 0’ 90° 0’ 90° 0’ 21° 38’ 





These figures are insufficient for the calculation of the elements. 
The habit is tabular with a large and the remaining faces as bevels. 
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Di-p-tolylthiolethanemercuric iodide, [C,H,(S*CgH,Me),,HgI,], was 
prepared from the components in acetone solution in crystals 
which had a pale yellow tinge, and on heating melted at 110° but 
partly resolidified, owing to decomposition, and finally melted at 
215°, this being presumably the melting point of mercuric iodide as 
depressed by the disulphide. The substance was recrystallised 
from acetone or alcohol (Found: Hg, 27-8; I, 34:7. C,g.H,,I,S,.Hg 
requires Hg, 27-6; I, 34-95%). 

Co-ordinated Derivatives of Dibenzyldithiolethane—The platinous 
and palladous chloride compounds were prepared by adding aqueous 
solutions of potassium platino- and pallado-chlorides to an alcoholic 
solution of the disulphide. 

Dibenzyldithiolethaneplatinous chloride, [C,H,(S*CH,Ph),,PtCl,], 
was an almost colourless, microcrystalline powder. The precipitate 
first formed had a brownish colour which it gradually lost, probably 
owing to the presence of the bimolecular compound of structure 
[ Pt{C,H,(S*CH,Ph),},][PtCl,] (compare Tschugaeff and Kobljam- 
ski, Z. anorg. Chem., 1913, 83, 14). The substance was not appre- 
ciably soluble in any solvent, and when heated it decomposed without 
melting (Found: Pt, 35:7. C,gH,,Cl,S,Pt requires Pt, 36-1%). 

Dibenzyldithiolethanepalladous chloride, [(C,H,(S*CH,Ph),,PdCl,], 
formed an orange-yellow crystalline precipitate, m. p. 181° (decomp.) 
(Found: Pd, 23-9. C,,H,,Cl,S,Pd requires Pd, 23-7%). The 
substance was readily soluble in bromoform and somewhat soluble 
in chloroform, toluene, acetone, and ethyl alcohol. The melting 
point and analyses showed, however, that the substance could not 
be recovered unchanged from these solvents either by cooling or by 
evaporation of the solution. Crystals from alcohol were once 
obtained containing combined solvent which was lost at 108—110°, 
but the observation could not be repeated. 

Dibenzyldithiolethanemercuric iodide, [C,H,(S*CH,Ph),,Hgl,], was 
formed from its components in warm acetone solution and separated 
from this solvent in large plates, m. p. 111—113° (decomp.) (Found : 
Hg, 27-2; I, 34-7. C,,H,,I,S,Hg requires Hg, 27-6; I, 349%). 
The determination of iodine as silver iodide by the Carius method 
required special precautions owing to the solubility of the halide in 
mercuric nitrate solutions (compare Morse, Z. physikal. Chem., 
1902, 41, 709). The error was negligible if the solution was con- 
siderably diluted and allowed to stand with an excess of cold silver 
nitrate solution. 

A careful search in the mother-liquors of the preparation of this 
compound failed to reveal the presence of any second substance. 

The crystals from acetone were examined goniometrically. They 


are monoclinic with axial ratios a:b:c = 1:1812:1:0-8531 and 
3L 
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axial angle 8 = 115° 8’. The following is a list of forms observed 
and mean angular values from four crystals : 
a(100). c(001). R(I01). q(011). p(i11). 

F pest omen reveled 0° 0’ 64° 52’ 107° 20’ 65° 10’ *107° 12° 
B in dbdseh deni ssdieuicedooss 90° 0’ 90° 90° *52° 19’ *51° 26’ 
The habit is tabular with a large as in Fig. 2. The extinction on a 
is straight with the edge ac. In convergent polarised light the 
crystal is biaxial, an optic axis being visible through a, the axis and 
the acute bisectrix being equally inclined to the face. The optic 
axial plane is parallel with 5. 

Bisdibenzylthiolethanenickel thiocyanate, 

[Ni{C,H,(S-CH,Ph),},(SCN)o], 

was precipitated as a sky-blue crystalline powder by shaking together 
a toluene solution of the disulphide (0-5 g.) and an aqueous solution 
containing nickel chloride (2-5 g.) and ammonium thiocyanate 
(1-2 g.). The compound became green after exposure to the atmos- 
phere. It decomposed on heating to high temperatures without 
melting (Found: Ni, 8-2, 7-9. C,,H,,N,S,Ni requires Ni, 8-1%). 
The substance could not be recrystallised from any solvent tested. 

Preparation of Substituted Ethylenediamines from p-Anisidine.— 
p-Anisidine (4 mols.) was heated with ethylene dibromide (1 mol.) 
in a brine bath for 14 hours. The mixture was made alkaline, and 
the excess of anisidine removed in steam. The residue in the flask 
solidified and was dried. Extraction with chloroform left behind 
some dimethoxydiphenylpiperazine, m. p. 232° (Found: N, 9-4. 
Cale. : N, 94%). The more soluble portions consisted of ethylenedi- 
p-methoxyphenyldiamine, C,H,(NH°C,H,-OMe), (base A), which 
was obtained in colourless plates, m. p. 105°, by repeated crystal- 
lisation from ethyl alcohol or from carbon tetrachloride, chloroform, 
benzene, carbon disulphide, or acetone. Analyses of this base gave 
low figures for carbon until the combustion was carried out slowly 
with the substance mixed with fine copper oxide (Found: C, 70-6; 
H, 7-6; N, 10-5; OMe, 21-1; M, in camphor, 260. C,,H,,0,N, 
requires C, 70-6; H, 7-4; N, 10-3; OMe, 22-7%; M, 272). The 
dihydrochloride formed silvery plates sparingly soluble in concen- 
trated hydrochloric acid; m. p. 238° (Found: Cl, 20-3. 
C,gH.,0,N,Cl, requires Cl, 20-5%). The di-p-toluenesulphonyl 
derivative separated from benzene as a colourless microcrystalline 
powder, m. p. 188° (Found: N, 4:8. C,,H,,0,N,8, requires N, 
4-8%). The diacetyl derivative formed minute needles from ethyl 
alcohol; m. p. 164° (Found: N, 7:9. C. H,,0,N, requires N, 
79%). 

When base A was boiled with commercial methyl alcohol it was 
converted into base B, m. p.. 134°. This effect was not obtained 
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when specially purified methyl alcohol was used. The product was 
isolated as a crystalline powder much more soluble in benzene and 
less soluble in ethyl alcohol than base A (Found: C, 71-7; H, 7-3; 
N, 9-5, 9-6; OMe, 21-1; M, 264. C,,H,.0,N, requires C, 71-9; 
H, 7-0; N, 9-8; OMe, 21-79%; M, 284). When the preparation of 
derivatives of this base was undertaken it yielded the hydrochloride, 
diacetyl, and di-p-toluenesulphonyl] derivatives of base A. Base B, 
distilled with dilute hydrochloric acid, gave a distillate in which an 
aldehyde could be detected: a similar test with base A gave no 
indication of production of aldehyde. 

The addition of aqueous formaldehyde to alcoholic solutions of 
base A yielded, nevertheless, not base B but a third base, C, which 
formed silvery plates, m. p. 226°, sparingly soluble in ethyl alcohol 
and less soluble in benzene than base B (Found: C, 71-8; H, 7:2; 
N, 9-85%; M, 254). The action of hydrochloric acid did not 
regenerate the pure base A, but a red substance was produced and 
the solution contained formaldehyde. 

Co-ordination Compounds of Diarylethylenediamines.—The follow- 
ing complexes were examined : in no case was any evidence found 
of the presence of two substances. 

Hthylenediphenyldiamineplatinouschloride,| CHy<NHPh>PEChs |; 
was deposited as a brown powder when the base and potassium 
platinochloride were allowed to stand together in aqueous-alcoholic 
solution. The substance was insoluble in water, ethyl or methyl 
alcohol and decomposed on heating without melting (Found: Pt, 
40-3. C,,H,,N,Cl,Pt requires Pt, 40-8%). 

Ethylenediphenyldiaminepalladous chloride, 


[out NEES pach 
was obtained as a buff-yellow microcrystalline powder by the action 
of potassium palladochloride solution on the hydrochloride of the 
base in water, and was pure after being washed with dilute acetic 
acid and methyl alcohol (Found : Pd, 27-2. C,,H,,N,Cl,Pd requires 
Pd, 27-3%). This and the following two complexes decomposed 
on heating without melting. They were practically insoluble in 
water, ethyl and amyl alcohols, acetic acid, acetone, chloroform, 
bromoform, cyclohexanol, carbon disulphide, benzene, ligroin, and 
decalin. They dissolved in pyridine or aniline, but not unchanged. 
The above compound, for example, dissolved in pyridine, yielded a 
erystalline solid which was essentially dipyridinepalladous chloride 
(Found : Pd, 30-6. Cale.: Pd, 31-8%). The complexes also dis- 
solved in m-cresol, but crystallisation from this liquid could not be 


effected. 
3L2 
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ee chloride, 
NMePh 
Cs Beep > Pach, |, 
formed an insoluble buff powder (Found : Pd, 25-8. C,g.H»)N,Cl,Pd 
requires Pd, 25-6%); ethylenedi-p- ashenggimgliiaminagalinians 


chloride, |C; at CHAOMe~ pact, |, was a similar buff powder 


(Found : Pd, 23-6. C,gH.»0,N,Cl,Pd requires Pd, 23-7%). 


Our thanks are due to the Chemical Society for assistance in the 
purchase of materials. 


THe UNIVERSITY, SHEFFIELD. [Received, June 13th, 1930.] 





CCXIX.—The Optical Instability of Tercovalent Carb- 
onium Kations. The Transformation of 1-Phenyl- 
methylcarbinyl dl-p-Toluenesulphinate into Optic- 
ally Inactive p-T olyl-a-phenylethylsulphone. 


By JoserH Kenyon and HENRY PHILLIPs. 


Ir has always been assumed that an atom or group attached to an 
asymmetric carbon atom can be directly replaced by another atom or 
group without the occurrence of a change in configuration. Since, 
however, in studies of the Walden inversion, the replacement of 
groups usually involves an exchange of anions, it would appear to 
follow that, at some stage of the reaction, two electrons are with- 
drawn from the octet of the asymmetric carbon atom and that a 
carbonium ion is momentarily formed. The assumption that replace- 
ment can occur without change in configuration implies, therefore, 
that the structure of a carbonium kation is sufficiently rigid to 
enable it to maintain its configuration unchanged. 

Such an assumption was made by Biilmann (Annalen, 1912, 388, 
330), who considered that the interaction of silver oxide, water, and 
a-bromopropionic acid took place between the silver kation and the 


acid anion: CH,*CHBr-CO-O + Ag —» CH,°CH-CO-O + AgBr. 
The “ Zwitterion ”’ produced then combined with the hydroxyl 


ion from the water, the net result of these two changes being 
that hydroxylation occurred without change of configuration : 


CH, ‘CH: CO-O + OH —> CH,*CH(OH)-CO- 0. 

MolKounds and Clough (J., 1913, 103, 687), in a criticism of Biil- 
mann’s hypothesis, suggested that the configuration of the “ Zwit- 
terion ’’ was possibly stabilised by the free electric charge playing 
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the part of the necessary fourth grouping. More recently, McKenzie, 
Roger, and Wills (J., 1926, 779) have brought forward experi- 
mental evidence from which they conclude (compare, however, 
Kenyon, Lipscomb, and Phillips, this vol., p. 415) that a free electric 
charge can stabilise the configuration of a tercovalent carbonium 
kation. They also draw attention to the fact that the tercovalent 
sulphur atoms in both the optically active methylethylthetine ion 
(Pope and Peachey, J., 1900, 37, 1072) and the optically active ethyl 
p-toluenesulphinate of Phillips (J., 1925, 127, 2552) are associated 
with free electrical charges. It must be admitted, however, that the 
sulphur atoms in these two forms of combination possess complete 
octets of valency electrons, whereas the carbon atom of Biilmann’s 
“ Zwitterion ”’ has only a sextet of valency electrons. The “ Zwit- 
terion ” might, therefore, be a far less rigid structure than the stable 
ester molecule or than the thetine ion. 

In the present communication, the spontaneous conversion of 1- 
phenylmethylcarbinyl p-toluenesulphinate into optically inactive 
p-tolyl-«-phenylethylsulphone is described : 


CH,” \O—S—C,H, —> CH,“ \S—C.H, 
Of 


O’O 

l-. ” Ss = 
This change is closely analogous to an exchange of anions by an 
asymmetric carbon atom, since the optically active phenylmethyl- 
carbinyl kation migrates from an oxygen atom (which it leaves 
negatively charged) to the vacant valency electrons of the sulphur 
atom. The experimental result that the sulphone thus produced is 
optically inactive is strong evidence in support of the view that a 
tercovalent carbonium kation cannot maintain its configuration 
ee: but oscillates between two forms of opposite configur- 


b SG = 6Lb b 
ation = . 
o/ o 
which leads to a Walden inversion, it would therefore appear that 
the replacement of a group attached to an asymmetric carbon atom 
must inevitably yield an optically inactive or racemised product. 

A further hypothesis, however, has been put forward to explain the 
upposed occurrence of direct displacement without complete 
taemisation. From evidence derived from the X-ray analysis of 
the crystal structure of calcite (Bragg, Proc. Roy. Soc., 1914, A, 89, 
486) and basic beryllium acetate (Bragg and Morgan, «bid., 1923, A, 
104, 437), Lowry (Deuxiéme Conseil de Chimie Solvay, 1925, 40) 
wncluded that a carbonium kation adopts a stable planar configur- 


In the absence of the special mechanism 
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ation, and postulated the formation of the complex (I) during the 
interaction of potassium acetate and d-benzylmethylcarbinyl 
p-toluenesulphonate in alcoholic solution (Phillips, J., 1923, 123, 
44). 


? CH, CH, 
C Pra 0 dig 0-CO-CH, CH, ‘CO-0 by 0-CO-CH, 
(I.) H,°C,H; CH,C,H, (IL) 


Direct replacement of the p-toluenesulphonoxy-ion was then 
assumed to lead to an optically active benzylmethylcarbiny! acetate 
without inversion. Since, however, direct replacement would 
apparently lead to the formation of the complex (II), which, on 
dissociation, would be equally capable of yielding either enantio- 
morphous form of the acetate, it would appear more probable 
that this hypothesis predicts also that direct replacemenit is accom- 
panied by complete racemisation. 

It is possible that Lowry’s mechanism of supposed direct replace- 
ment without racemisation is more accurately represented by the 
scheme : 


O CH 
C,H,"S0,0 CHe iin * le CH,-CO-O 
CH, CH, > CNH > C750 oa aay’ C,H,CH, rent e 
d-, ite CH,-O,H; d-. 


On the basis of this scheme, however, d-phenylmethylcarbiny] 
dl-p-toluenesulphinate should, on isomerisation, produce an optically 
active sulphone, which is contrary to the observed experimental 
result, It is therefore improbable that, in the liquid state, a 
carbonium kation adopts a stable planar configuration and so enables 
direct replacement to occur without complete racemisation. 

The conclusion that direct replacement cannot yield an optically 
active product is supported by recent experimental work which has 
emphasised that either a Walden inversion or complete racemis- 
ation occurs during the replacement of groups attached to an 
asymmetric carbon atom (Kenyon, Phillips, and Turley, J., 1925, 
125, 399; Freudenberg and Lux, Ber., 1927, 60, 2447; Kuhn and 
Wagner-Jauregg, ibid., 1928, 61, 504; Houssa, Kenyon, and 
Phillips, J., 1929, 1700). The exceptions to this rule are to be found 
amongst the reactions of compounds containing a phenyl group 
attached to the asymmetric carbon atom and those containing 4 
carboxyl group. A special mechanism, involving the conversion of 
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the optically active group into a carbonium anion, has been suggested 
to account for the behaviour of compounds containing phenyl 
groups (Kenyon, Lipscomb, and Phillips, loc. cit:), whilst the unfore- 
seen participation of the carboxyl group in replacement reactions has 
been advanced as the cause of the supposed departure of the reactions 
of carboxylic acids from the above rule (Kenyon and Phillips, 
Trans. Faraday Soc., 1930, 26, 451). 

p-Tolyl-«-phenylethylsulphone.—l-Phenylmethylcarbinyl dl-p- 
toluenesulphinate can be preparedby the interaction of l-phenyl- 
methylcarbinol and -toluenesulphinyl chloride in the presence of 
pyridine, but unlike the @-octyl ester (Phillips, loc. cit.), it decom- 
poses when heated and cannot be distilled even at pressures lower than 
0-lmm. Itcan,nevertheless, beobtained asanalmost colourless liquid, 
with [«];4g;—91° in ethyl-alcoholic solution, and when heated under 
reflux with ethyl alcohol containing potassium carbonate, it under- 
goes alcoholysis and yields /-phenylmethylearbinol unchanged in 
rotatory power. On standing in a closed glass vessel for a few 
days at the ordinary temperature, /-phenylmethylcarbinyl di-p- 
toluenesulphinate deposits crystals of p-tolyl-«-phenylethylsulphone 
which are optically inactive. The rate of change differs from 
sample to sample, suggesting that the transformation is favoured by 
the presence of unrecognised catalysts. 

Although d-8-octyl dl-p-toluenesulphinate can be prepared by 
warming a mixture of equimolecular quantities of d-8-octanol and 
ethyl dl-p-toluenesulphinate under reduced pressure (Phillips, loc. 
cit.), when attempts are made to prepare /-phenylmethylcarbinyl 
dl-p-toluenesulphinate by a similar method, a further change occurs 
and the ester produced is largely converted into optically inactive 
p-tolyl-«-phenylethylsulphone. 

That the optical inactivity of the sulphone, obtained from the 
sulphinic ester, is not due to the chemical instability of the phenyl- 
methylearbinyl radical is evident, since dextrorotatory p-tolyl-«- 
phenylethylsulphone and dextrorotatory «-phenyldiethyl ether can 
be readily prepared by the interaction of /-«-chloroethylbenzene and 
sodium p-toluenesulphinate in ethyl-alcoholic solution. When thus 
prepared, the sulphone is not optically pure and can be separated by 
recrystallisation into fractions with [«];4g, + 29°, + 35-5°, +- 96°, 
+103°, in chloroform solution. This reaction. is considered to be 
an inversion reaction on the assumption that /-«-chloroethyl- 
benzene reacts with salts by a mechanism similar to that which 
enables /-6-chloro-octane to react with potassium acetate: with 
inversion (Pickard and Kenyon, J., 1914, 105, 830 ; Houssa, Kenyon, 
and Phillips, loc. cit.). 

The Isomerisation of Sulphinic Acids and their Esters.—Under the 
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experimental conditions employed, J-phenylmethylearbinyl p- 
toluenesulphinate does not pass quantitatively to the corresponding 
dl-sulphone, but gives rise also to di-p-tolyl disulphoxide and 
aa’-diphenyldiethyl ether. The conversion of the sulphinic ester 
to the sulphone is therefore only one of several changes slowly under- 
gone by this ester at ordinary temperatures, but more rapidly at 
higher temperatures. 

The formation of the disulphoxide and di-ether during the iso- 
merisation of the sulphinic ester recalls the well-known transform- 
ation of sulphinic acids, which proceeds according to the equation 
(Fromm and Palma, Ber., 1906, 39, 3308; Hilditch, J., 1910, 97, 
2580), 3R*SO-OH = R-SO,-OH+R-SO,SR+H,0, and suggests 
that sulphinic esters undergo a similar transformation indicated 
in the general equation 3R-SO-OR’ = R-SO,OR’+ R°SO,SR’ + 
R,’O or R,’. 

These equations summarise a series of changes undergone by 
sulphinic acids and their esters which probably take place according 
to the following equations, in which R’ is either an alkyl radical or a 
hydrogen atom : 


(i) R-SO-OR’ = R-S — O + OR’ 
(ii) 2R-SO-OR’ = 2R-S — O + 2R’ 


O 
(iii) R-SO-OR’ = R-SO,°R’ 
O 
. + - 44 = os - + 
(iv) RS —O+RS—O=RS—O+RS 
O O 
O 
4 - AF 
(v) RS —O + RS = R-SSR 
O O 


The transformation of a sulphinic ester. into a sulphone may be 
considered to be an abortive attempt by the sulphinic ester to 
dissociate as in equation (ii). In the case of the acids, the change 
shown in (iii) is reversible, since R’ then represents a proton, and 
R-SO,°R’ the alternative formula for sulphinic acids (Hilditch, 
J., 1908, 93, 1620). When R’ is an alkyl radical, the sulphone pro- 
duced is stable and the change is then irreversible. Of the possible 
products predicted by these equations, dl-p-tolyl-«-phenylethyl- 
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sulphone, di-p-tolyl disulphoxide, and ««’-diphenyldiethyl ether 
have been isolated from the products of the isomerisation of /-phenyl- 
methylearbinyl dl-p-toluenesulphinate. The formation of phenyl- 
methylearbinyl p-toluenesulphonate has not so far been detected. 

It is probable that the mutarotation of d-6-octyl d + dl-p-toluene- 
sulphinate and d-8-octyl / + dl-p-toluenesulphinate (Phillips, loc. 
cit.) is due to these esters undergoing some or all of the changes 
given in the above equations. Although the rotatory powers of 
these esters were of opposite sign, they eventually reached a common 
equilibrium value indieating that the asymmetry of the sulphur 
atom had been destroyed. Further, several specimens of d-8-octyl 
p-toluenesulphinate which have been preserved in closed vessels for 
two or more years have deposited crystals of di-p-tolyl disulphoxide. 
Similarly, specimens of ethyl d + dl-p-toluenesulphinate, also pre- 
served in closed vessels, have since become optically inactive and 
have deposited crystals of the disulphoxide. The presence of the 
corresponding sulphone or p-toluenesulphonic ester amongst the 
decomposition products of these two esters has not been proved. 

It is permissible, however, to conclude from this brief consider- 
ation of the transformations undergone by sulphinic acids and their 
esters, that the formation of dl-p-tolyl-«-phenylethylsulphone from 
l-phenylmethylcarbinyl p-toluenesulphinate is not a result of the 
interaction of the normal products of the transformation of this 
ester, but is due to a modification of one of the reactions by which 
these products arise. ««’-Diphenyldiethyl ether has been prepared 
from /-phenylmethylearbinol and from /-«-phenylchloroethane by 
using Ward’s methods (J., 1927, 454) which would be likely to cause 
some racemisation. From 1/-«-phenylchloroethane an optically 
inactive product was obtained, whilst the ether obtained from 
l-phenylmethylcarbinol had «;,,, — 2-0(1 = 1-0). The a«’-dipheny]l- 
diethyl ether obtained during the transformation of the sulphinic 
ester had «54,, — 0-64°(/ = 1-0), which is therefore another possible 
indication that some racemisation of the phenylmethylcarbinyl 
radical occurs during the change. 


ExPERIMENTAL. 


The Preparation and Alcoholysis of 1-Phenylmethylcarbinyl 
p-Toluenesulphinate.—p-Toiuenesulphinyl chloride (12-4 g.) was 
added slowly to an ice-cold solution of /-phenylmethylcarbinol 
(8-5 g.; 54g, — 12-95°, 1 = 0-25) in pyridine (6-2 g.). The resulting 
mixture was triturated with ether (25 c.c.) in order to facilitate the 
reaction, more ether was then added, and the ethereal solution washed 
with dilute hydrochloric acid and then repeatedly with aqueous 
potassium carbonate. The ether was removed from the dried 
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extract partly by distillation at ordinary pressure and subsequently 
at 15 mm. The |-phenylmethylcarbinyl dl-p-toluenesulphinate was 
thus obtained as a colourless, viscous liquid, which was freed from 
traces of l-phenylmethylcearbinol by gently heating it at less than 
0-1 mm.; yield 93% of theory (Found: S, 12-2. C,;H,,0,S 
requires S, 123%); it had a54,, — 10-60°, «43,. — 18-50° in ethyl- 
alcoholic solution (c = 5-839; 1 = 2-0), whence [«];4., — 90:8°, 
[“Jas53 — 159°. 

This ester (16-4 g.) was heated under reflux with ethyl alcohol 
(150 c.c.) and anhydrous potassium carbonate (18 g.) for several 
hours. The alcohol was then removed by distillation, and the 
residue distilled in a current of steam. From the ethereal extract of 
the aqueous distillate, /-phenylmethylcarbinol (6-5 c.c.), b. p. 92— 
93°/14 mm., o54,, — 12-89° (1 = 0-25), was obtained. /-Phenyl- 
methylearbinol can therefore be regained from its p-toluenesulphinic 
ester, prepared as described above, without loss of rotatory power. 

p-Tolyl-«-phenylethylsulphone. —l-«-Chloroethylbenzene [4-2 g.; 
54g, — 14:2° (1 = 0-25)], prepared by McKenzie and Clough’s 
method (loc. cit.), sodium p-toluenesulphinate (9-5 g., 1-5 mols.), 
anhydrous potassium carbonate (4-0 g.), and ethyl alcohol (70 c.c.) 
were heated under reflux for 45 mins. The resulting mixture was 
distilled in a current of steam, and from the distillate dextrorotatory 
«-phenyldiethyl ether, b. p. 73—74°/16 mm. (Holmberg, Ber., 1912, 
45, 1002; Ward, loc. cit.), with 546; + 441° (1 = 0-25) was isolated. 
The non-volatile portion of the mixture contained a granular 
powder (1-2 g.), m. p. 126—128°, [«];4¢, + 35-5° in chloroform 
solution, and when it was cooled deposited crystalline needles 
(0-15 g.), m. p. 134—135°, a54., + 40° in chloroform solution 
(c = 0-60; 1 = 2-0). These two solid products were both dextro- 
rotatory p-tolyl-«-phenylethylsulphone and differ in rotatory power 
and m. p. because the d-sulphone is more soluble in solvents and 
possesses a lower m. p. than the dl-sulphone. Thus a solution of these 
two products in hot ethyl alcohol (15 c.c.), when cooled, deposited 
dextrorotatory p-tolyl-«-phenylethylsulphone (1:0 g.), m. p. 134— 
135°, [a]s4¢; + 29-0° in chloroform solution (c = 3-55; 1 = 2-0) 
(Found: C, 69-4; H, 6-0. C,;H,,0,8 requires C, 69-3; H, 6-2%). 
The ethyl-alcoholic filtrate, when concentrated, deposited a dextro- 
rotatory sulphone (0-15 g.), m. p. 124—125°, «5,,, + 103° in chloro- 
form solution (c = 0-60; 1= 2-0). During the reaction between 
a-chloroethylbenzene and sodium p-toluenesulphinate in ethyl 
alcohol, the presence of potassium carbonate is necessary, since the 
formation of «-phenyldiethyl ether leads to the production of 
hydrochloric acid, in the presence of which the sodium p-toluene- 
sulphinate is partly converted into di-p-tolyl disulphoxide, and it is 
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difficult to separate p-tolyl-«-phenylethylsulphone completely from 
this disulphoxide by fractional crystallisation. 

dl-p-Tolyl-a-phenylethylsulphone.—(i) By the interaction of dl-a- 
chloroethylbenzene and sodium p-toluenesulphinate. dl-Chloroethy]- 
benzene (7-8 g.), sodium p-toluenesulphinate (15 g.), and ethyl 
alcohol (150 c.c.) were heated together under reflux for 30 mins. The 
alcohol was then removed by distillation, and the residue distilled 
in a current of steam. The non-volatile portion (4-15 g.) was re- 
crystallised from aqueous alcohol and was finally separated into 
dl-p-tolyl-«-phenylethylsulphone (1-5 g.), m. p. 131—132°, and di-p- 
tolyl disulphoxide (1-1 g.), m. p. and mixed m. p. 75—76°. 

(ii) By heating a mixture of dl-phenylmethylcarbinol and ethyl dl-p- 
toluenesulphinate. A mixture of the dl-alcohol (22 g.) and the sul- 
phinic ester (31 g.), prepared by the method of Houssa, Kenyon, and 
Phillips (loc. cit.), was heated at 50—60°/20 mm. for 30 hours. The 
product, a mixture of crystals and a viscous oil, was triturated with 
ethyl alcohol (60 ¢.c.) and then filtered. The crystals, dl-p-tolyl-a- 
phenylethylsulphone, had m. p. 123—125°, and by recrystallisation 
from ethyl alcohol were obtained with m. p. and mixed m. p. 133— 
134°. 

(iii) By heating a mixture of \-phenylmethylcarbinol and ethyl dl-p- 
toluenesulphinate. A mixture of ethyl dl-p-toluenesulphinate 
(18-5 g.) and /-phenylmethylcarbinol (12-2 g.) was heated at 60— 
80°/18 mm. for 20 hours. The viscous mass produced was triturated 
with ether, whereupon impure d-p-tolyl-«-phenylethylsulphone 
(6-9 g.), m. p. 133—134°, separated. It was contaminated by a trace 
of an optically active impurity and had [a];,,, — 0-64° (c = 12-5; 
! = 2:0) in chloroform solution. It was recrystallised from ethyl 
alcohol-chloroform and obtained (4:3 g.) with m. p. 137° (Found ; 
C, 69-3; H, 6-2%); it was optically inactive in chloroform solution 
(c= 21:5; 1=2-0) to light of 25461 and 4359. The ethereal 
filtrate from this dl-sulphone was evaporated, and a current of steam 
passed through the resulting oily residue. Only a few drops of this 
residue were volatile in steam, and the non-volatile portion set to 
a thick paste on cooling. This paste was dissolved in chloroform, 
and the solution washed with aqueous sodium carbonate and then 
dried. After removal of the chloroform and dilution of the residual 
oil with ether, di-p-tolyl disulphoxide crystallised and had m. p. 
and mixed m. p. 73—75° after being washed with a mixture of ether 
and light petroleum. The ethereal filtrate from the disulphoxide was 
evaporated, and from the residue (13-6 g.) a fraction was obtained 
which distilled. almost completely at 92°/0-1 mm. It consisted 
of a«’-diphenyldiethyl ether (compare Ward, loc. cit.), and after 
redistillation (b. p. 160—161°/18 mm.) had «4,, — 0-16° (J = 0-25). 
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Similar results were obtained (a) by heating d-phenylmethyl- 
carbinol (3-9 g.) and ethyl dl-p-toluenesulphinate (5-8 g.) for 48 hrs. 
at 40—50°/18 mm., and then, since no obvious change took place, 
for 1-5 hrs. at 70°/18 mm., whereupon a vigorous ebullition occurred ; 
and (6) by heating d-phenylmethylearbinol (3-1 g.) and ethyl dl-p- 
toluenesulphinate (4-7 g.) at 50—90°/18 mm. for 8 hrs. 

(iv) By the transformation, at ordinary temperatures, of d + dl- 
phenylmethylcarbinyl pp-toluenesulphinate. The d + dl-sulphinic 
ester was prepared from d + dl-phenylmethylcarbinol (544; + 
5-03°, 1 = 0-25) and p-toluenesulphinyl chloride by the method 
previously described. When freshly prepared, it had [«];44, + 33-2° 
in chloroform solution (c = 4:55; 1 = 2-0), falling after 9 days at 
the ordinary temperature to [«];4g, + 30-4°, and after a further 
29 days, to [«]54g, + 24°5°. 

The d + dl-ester (4-4 g.) when kept in a closed glass vessel for 
20 days became a mass of crystals, which, after trituration with light 
petroleum, had m. p. 69—74°. They were optically inactive in 
chloroform solution (c = 15-0; 1 = 2-0). By recrystallisation from 
ethyl alcohol, the di-p-tolyl disulphoxide was removed from the 
crystals, leaving dl-p-tolyl-«-phenylethylsulphone (1-4 g.), m. p. 
and mixed m. p. 133—134°. 

Optically Active «-Phenyldiethyl Ether —(i) From |-phenylmethyl- 
carbinol. Ethyl bromide (6-0 g.) in ether (15 c.c.) was gradually 
added to a solution obtained by the action of powdered potassium 
(2-0 g.) on the l-alcohol (6-1 g.) dissolved in ether (50 c.c.). The 
ethereal mixture was washed three times with water, dried, and then 
distilled. The fraction (4-0 c.c.) of b. p. 71—73°/15 mm. consisted 
almost entirely of l-«-phenyldiethyl ether and had «,,,, — 21-17° 
(1 = 0-25). It was freed from traces of the l-alcohol by heating it 
with an excess of phthalic anhydride in pyridine for 2 hours. The 
pure l-«-phenyldiethyl ether recovered from this reaction mixture 
had b. p. 67°/14 mm. and a57g9 — 19-50°, a546, — 22-22°, ag355 — 
37-88° (1 = 0-25). 

(ii) From 1|-«-chloroethylbenzene. A mixture of [-«-chloroethyl- 
benzene [1-5 g., 54g, — 11-67° (1 = 0-25)], potassium carbonate 
(5 g.), and ethyl alcohol (15 c.c.) was heated under reflux for 14 hrs. 
The reaction mixture was then poured into water, and the oily 
product extracted and heated under reflux with an alcoholic solution 
of potassium hydroxide to free it from unchanged chloro-compound. 


The recovered d + dl-«-phenyldiethyl ether had b. p. 72°/20 mm. 


and a54¢, + 3-14° (J = 0-25). 

aa’-Diphenyldiethyl Ether.—(i) From |-phenylmethylcarbinol. The 
l-alcohol [5 g., a54g, — 50-4° (1 = 1-0)] was gently boiled under reflux 
with 0-5N-aqueous hydrochloric acid (80 c.c.) for 8 hours (compare 
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Ward, loc. cit.). The reaction mixture was then cooled, extracted 
with ether, and the ethereal extract dried and distilled. Below 
154°/15 mm. a mixture of styrene and phenylmethylearbinol (1-5 c.c.) 
was obtained, the main product, levorotatory a«’-diphenyldiethyl 
ether, had b. p. 154—155°/15 mm., and a,4,,; — 0-50° (J = 0-25). 

(ii) From 1-«-chloroethylbenzene. A mixture of 1-a-chloroethyl- 
benzene [5 g., a54¢, — 64-0° (J = 1-0)] and water (75 c.c.) was gently 
boiled under reflux for 2 hrs. (Ward, loc. cit.). The product isolated 
from the cold reaction mixture was separated by distillation into 
styrene (3-9 c.c.), dl-phenylmethylcarbinol, b. p. 99—101°/18 mm., 
and dl-a«’-diphenyldiethyl ether (1-0 c.c.), b. p. 159—160°/18 mm. 


The authors wish to thank the Royal Society and Imperial 
Chemical Industries, Ltd., for grants which have defrayed much of 


the cost of this investigation. 
BATTERSEA Potytecunic, 8.W. 11. [Received, June 3rd, 1930.] 


CCX X.—3-A cetamido-4-hydroxyphenylstibinic Acid. 


By Istpore ELKANAH BALABAN. 





MorGan and Cook (this vol., p. 737) state that the substance 
resulting from the action of acetic anhydride on an aqueous sus- 
pension of 3-amino-4-hydroxyphenylstibinic acid is probably 3- 
acetamido-4-hydroxyphenylstibinic acid, although they remark 
on its extreme solubility in water. : 

In 1926 the author investigated certain phenylstibinic acids, with 
a view to preparing the antimony analogues of stovarsol (3-acetamido- 
4-hydroxyphenylarsinic acid), tryparsamide (sodium N-phenyl- 
glycineamide-p-arsinate), troposan (5-acetamido-2-hydroxyphenyl- 
arsinic acid), and cyclosan (3-hydroxy-1] : 4-benzisooxazine-6- 
arsinic acid). Although a certain measure of ‘success was attained, 
the investigation was discontinued owing to the very great difficulty 
of purification and the failure to obtain these acids in a crystalline 
form. It was soon discovered that the ease with which antimony 
is eliminated from phenylstibinic acids made it desirable to build 
up the required amine and introduce the stibinic acid residue in 
the last stage. In this way p-amino-o-acetamidophenol (I) fur- 
nished 3-acetamido-4-hydroxyphenylstibinic acid (II). 


NH, SbO,H, 
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This acid is insoluble in water and all the usual solvents except 
98% formic acid, in which it is readily soluble in the cold. It gave 
the following figures when tested on mice infected with 7’. eguiperdum: 
(administration intravenous), M.7'.D., 0:1; M.C.D., 0-03; C/T, 
1/3; (administration oral), M.T.D.,0-4; M.C.D.,0-1; C/T, 1/4. 

When 3-nitro-4-hydroxyphenylstibinic acid was reduced with 
ferrous sulphate and sodium hydroxide at 0°, and the amino-acid 
acetylated in situ, an unsatisfactory product was obtained which 
was not examined. 

Brahmachari (Indian J. Med. Res., 1922, 10, 510) has reported 
the preparation of sodium N-phenylglycineamide-p-stibinate, but 
all attempts to repeat the preparation proved unsuccessful (compare 
Morgan and Cook, loc. cit.). 

p-Nitro-o-aminophenol gave by the Bart-Schmidt reaction a 
product which may have contained 5-nitro-2-hydroxyphenylstibinic 
acid; the antimony content, however, was 8% low. 

6-Amino-3-hydroxy-1 : 4-benzisooxazine (III) gave 3-hydroxy- 
1 : 4-benzisooxazine-6-stibinic acid (IV) in very poor yield. 


NH, ~ $b0,H, 


am} Oa fon 04 Oo (OH i. 
o0— 


Brahmachari (Indian J. Med. Res,, 1925, 13, 111) stated that 
‘urea stibamine ” was prepared from p- palin ait ea acid 
and urea in water, this compound presumably being a salt, At- 
tempts to prepare the s-carbamide of the above acid were, however, 


unsuccessful. 
EXPERIMENTAL. 


p-Amino-o-acetamidophenol ' (I) (B.P, 278,789). is conveniently 
prepared as follows: A. concentrated solution’ of sodium hydro- 
sulphite (50. g.) is added portionwise to p-nitro-o-acetamidophenol 
(19-6 g.) in 2N-sodium hydroxide until the colour of the solution 
is pale brown, the temperature being maintained at 30° by the ad- 
dition, of ice, : After removal of unchanged material (4-6 g., m. p. 
274°), the solution is made neutral to litmus with hydrochloric acid 
and concentrated in a vacuum until crystallisation begins; on 
keeping, 7-6 g., m. p. 160°, of the amino-compound are obtained 
(yield, 59-6%). 

3-Acetamido-4-hydroxyphenylstibinic Acid (I1).—The above amine 
(8-25 g.) and antimony trichloride (11-4 g.) in hydrochloric acid 
(7-5 c.c.) were added to water (45 c.c.) and hydrochloric acid (7-5 c.c.), 
the mixture was treated at 0° with sodium nitrite (3-45 g.) in water 
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(23 c.c.), and after 3 hours the antimony double salt of the diazo- 
compound (May, J., 1912, 104, 1037; Schmidt, Annalen, 1920, 
421, 188; 1922, 429,145; Ber., 1924, 57, 1143) was collected and 
added in small quantities to ice-cold 2N-sodium hydroxide (150 c.c.). 
The whole was stirred for 4 hours and kept over-night and the 
liquid was then filtered and acidified (Congo-red) with hydrochloric 
acid, the crude stibinic acid being obtained as a voluminous pre- 
cipitate (8-1 g.). It was dissolved (7-0 g.) in 2N-ammonia, an excess 
of hydrochloric acid added, and the solution treated with charcoal, 
filtered, neutralised to Congo-paper with sodium acetate, and poured 
into a large volume of water; the acid then separated as a white 
powder, which became light brown after drying in a vacuum 
desiccator (yield, 1-8 g.) (Found : Sb, in two different preparations, 
38-1, 38:1; N, 41. CsH,0;NSb requires Sb, 37-9; N, 4-4%). 
A specimen which had been sealed in an ampoule for 34 years was 
readily soluble in 2N-ammonia, whereas one kept in an ordinary 
specimen tube was not now wholly soluble. 
3-Hydroxy-| : 4-benzisooxazine-6-stibinic acid (IV), prepared from 
12 g. of 6-amino-3-hydroxy-] : 4-benzisooxazine hydrochloride 
by the Bart-Schmidt reaction, was obtained as an almost colourless, 
amorphous powder (1:25 g.), which became light brown after 
drying in a vacuum desiccator (Found: Sb, 37-9. C,H,O;NSb 
requires Sb, 38-1%). -It was insoluble in water and the usual 
solvents, but readily soluble in dilute alkali solution. 


ResEARCH LABORATORIES, Messrs. May & BAKER, LTD., 
Lonpon, 8.W. 18. [Received, June 7th, 1930.] 





CCXXI.—The Solubilities of the Octahydrates ‘of the 
Rare-earth Sulphates. 


By Kenyetu S. Jackson and GUNTHER RIENACKER. 


THE series of isomorphous octahydrates of the rare-earth sulphates 
have already been accurately investigated with regard to their 
molecular volumes (von Hevesy, Z. anorg. Chem., 1925, 147, 217; 
150, 68); an almost steady contraction in the latter takes place 
from praseodymium to lutecium, with a corresponding decrease 
in the ionic radii of the kations. Such a series should be exception- 
ally suitable for the study of the influence of alteration in the radius 
of an ion on the solubility. As the total contraction in molecular 
volume over the whole of this range only amounts to 7:-5%, we have 
to deal in this case with a specially fine gradation of properties, 


whereas other series of isomorphous salts contain only a few members 


and show also a.greater alteration in the ionic radius, 
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In the present work the solubilities were determined, at 20° and 
40°, of the whole series of octahydrates mentioned above, with the 
exception of illinium and thulium, and, in addition, that of yttrium ; 
the heats of solution were then calculated from the solubility data. 
The very valuable collection of pure sulphates was placed at the 
disposal of Professor von Hevesy through the generosity of Dr. 
Auer von Welsbach. 

The saturated solution was obtained by shaking an excess of the 
substance in a thermostat, constant to +- 0-01°, for at least 24 hours. 
In each case we ascertained that a longer time of shaking had no 
effect on the amount dissolved. The original substances, used by 
Auer von Welsbach for atomic-weight determinations, were dissolved 
and again evaporated to dryness. It was found that the original 
water content remained unchanged so long as the temperature of 
70° was not exceeded, except in the case of ytterbium and lutecium, 
where it was found essential to evaporate at a lower temperature. 
In the latter cases, therefore, we dried the substance in a desiccator 
at 20°. The method used was to weigh out a certain quantity of the 
saturated solution, evaporate this to dryness at 70°, or in a desiccator 
at 20°, and weigh the residue as M,(SO,),,8H,O. From the weight 
of the latter, and the weight of the water lost in evaporation, the 
solubility can be calculated. 

The heats of solution of the sulphates have been calculated from 
the equation log, K, — log. K, = Q/R. (1/7, — 1/T,), the integrated 
form of d log K/dT = Q/RT?; R is assumed to be 1-998 cals., and 
the temperatures are 20° and 40°. In the table are shown the 
solubilities (S) determined at these temperatures and the values 
of Q calculated therefrom. 

The abnormally high value for the solubility of ytterbium sulphate 
at 40° was confirmed by repeated experiments by both authors; 
it was determined, not only by weighing the evaporated solution, 
but also by precipitation with ammonia, heating to redness, and 
weighing as Yb,O,. 


Solubility of M,(SO,4)3,8H,O (g. per 100 g. of water). 


Element. Sy9°. Sy. Q,g.-cals. Element. S,°. Sy’ Q,g.-cals. 
Pr 12-74 7-64 — 4690 Dy 5-072 3°34 — 3830 
Nd 7-00 4-51 — 4030 Ho 8-181 4-52 — 5440 
Sm 2-67 1-99 — 2690 b 4 9-764 4-90 — 6320 
Eu 2-563 1-93 — 2500 Er 16-00 _ 6-53 — 8220 
Gd 2-886 2-19 — 2520 Yb 34-78 22-9 —3816 
Tb 3-561 2-51 — 3207 Lu 47-27 16-93 — 9420 


Neither the solubilities at 20° and at 40° nor the heats of solution 
show any preportionality with the molecular volumes of the sulphates 
or with the ionic radii of the kations, but all these quantities show 
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a minimum at europium, while the values for yttrium lie very near 
those of holmium. Analogous relationships occur in the solubilities 
of the nonahydrates of the rare-earth bromates (James, J. Amer. 
Chem., Soc., 1908, 30, 182; 1912, 34, 757; Jordan and Hopkins, 
ibid., 1917, 39, 2214; Kremers and Balke, ibid., 1918, 40, 593; 
Harris and Hopkins, ibid., 1926, 48, 1588; Zernicke and James, 
ibid., p. 2871; James, Fogg, McIntire, Evans, and Donovan, ibid., 
1927, 49, 132); here we find a minimum at europium, while the 
value for yttrium lies between those of holmium and erbium. The 
solubility curves of the oxalates (with 10 H,O) (Rimbach and Schu- 
bert, Z. physikal. Chem., 1909, 64, 184; Schohren, Diss., Berlin, 
1913; Wirth, Z. anorg. Chem., 1912, 76, 199; Bodlander, Diss., 
Berlin, 1915), glycollates (Jantsch and Griinkraut, Z. anorg. Chem.., 
1913, 79, 305; James, Hoben, and Robinson, J. Amer. Chem. Soc., 
1912, 34, 276; Pratt and James, ibid., 1911, 33, 1330), and lactates 
(Jantsch, Z. anorg. Chem., 1926, 153, 9) are also known, though not 
completely ; here we find that the oxalates have a solubility minimum 
at gadolinium (europium was not measured). The rather scanty 
data on the glycollates and lactates do not allow any definite con- 
clusion to be drawn, as the solid phase is not always the same, but 
the solubilities of the glycollates rise from lanthanum to gadolinium, 
whereas those of the lactates decrease in the same series. 

In considering the minimum in our solubility curve, as well as 
in that of the bromates, it must be remembered that several analogous 
cases are known. The series NaCl, KCl, RbCl, and also RbCl, 
RbBr, RbI, exhibit a minimum solubility at KCl and RbBr 
respectively, although the ionic radius of the changing ion alters 
in the same direction each time, and Fajans (Naturwiss., 1921, 9, 
731) has called attention to the fact that these minima are associated 
with a certain ratio of the ionic radii, which in the above cases is 
approximately 3:4. The minimum in our solubility curve is 
presumably due to the same cause, and it is to be expected that it 
will be displaced on introduction of a different anion. That the 
minimum in the case of the bromates lies in essentially the same 
place, is doubtless due to the fact that the size of the hydrated 
bromate ion cannot be very different from that of the hydrated 
sulphate ion. 

Another point of interest is the close similarity between the 
solubilities of yttrium and holmium; the former does not belong 
to the group of elements having an incomplete electron group, which, 
according to the quantum theory of atomic structure, characterises 
the rare-earth elements, but its ionic radius is very little different 
from that of holmium (the molecular volumes of the sulphates differ 
only by 0-8%), so that the closely related solubilities are clearly due 
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to the great similarity of the ionic radii, as indicated in the explanation 
given above. 

The question arises whether the minimum in our solubility values 
has any connexion with a possible sub-grouping of the rare earths ; 
it has often been suggested that these extraordinarily similar 
elements can be split up into a number of series, on the same lines 
as the division into cerium and yttrium earths which is at present 
used from the point of view of their preparation. A sub-division 
of this kind would mean that a quite definite intermediate structure 
occurred in filling up the 4,-electron group from lanthanum to 
lutecium, leading to a sharp sub-division of the 4,-electrons. The 
Stoner—Main Smith theory (compare, e.g., von Hevesy, “ Die seltenen 
Erden vom Standpunkte des Atombaus,” Berlin, 1927, p. 36) 
provides for such a sub-division; according to this, the first group 
would extend from cerium to europium, and the second from 
gadolinium to lutecium. It is well known that a periodicity exists 
in the magnetic properties of the rare-earth group (St. Meyer, 
Physikal. Z., 1925, 26, 51,479; Cabrera, J. Physique, 1925, 6, 252; 
Wedekind, Ber., 1921, 54, 253; compare also von Hevesy, op. cit., 
pp. 38—46), for a minimum occurs in the magnetic susceptibility 
curve at samarium, and Main Smith, in particular (Nature, 1927, 
120, 583), emphasises the periodic nature of the optical properties 
of the ions and the minimum in colour which occurs at gadolinium ; 
he attaches special importance to the sequence of colour in the 
elements from cerium onwards, which is again repeated from 
gadolinium onwards. Moreover, Klemm (Z. anorg. Chem., 1929, 
184, 345; 187, 29; Klemm and Rockstroh, ibid., 1928, 176, 181; 
Klemm and Schiitt, ibid., 1929, 184, 352) has recently concluded, 
from a systematic investigation of the bi- and quadri-valent com- 
pounds of the rare earths, that a division into sub-groups actually 
does exist, and that it is reflected in the chemical properties. 
According to him, gadolinium has a specially stable electron 
grouping, indicating the termination of a sub-group. 

On the other hand, it must be pointed out that X-ray spectro- 
scopic investigations by van der Tuuk (Z. Physik, 1927, 44, 737), 
Jénsson (ibid., 1928, 46, 391), and Lindberg (ibid., 1928, 50, 82) 
have as yet given no indication of any sub-grouping of the 4,- 
electrons. Moreover, neither the molecular volumes of the sesqui- 
oxides, as determined by Goldschmidt (Goldschmidt, Ulrich, and 
Barth, Vidensk. Skrifter Mat. Nat. Kl. Akad. Oslo, 1925, No. 5; 
Goldschmidt, Barth, and Lunde, ibid., 1925, No. 6; Goldschmidt, 
ibid., 1926, No. 2), nor those of the octahydrated sulphates, deter- 
mined by von Hevesy (op. cit.), nor, again, the ionisation potentials 
of the rare-earth elements, measured by Rolla and Piccardi (Phil. 
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Mag., 1929, 7, 286), indicate any appreciable irregularities in the 
rare-earth series; on the contrary, there is a practically constant 
increase in the ionisation potentials with increasing atomic number, 
accompanied by a corresponding decrease in the ionic radius. 

In any case, the minimum in our solubility curve is in no way 
connected with irregularities of this kind, but depends solely on the 
ratio of the ionic radii. 

Summary. 


The solubilities of the octahydrates of the rare-earth sulphates 
have been determined at 20° and at 40°. The values show a minimum 
at europium. The connexion between this minimum and a possible 
division of the rare earths into sub-groups is discussed. 


We wish to express our heartiest thanks to Professor G. von 
Hevesy for his assistance and encouragement in this work. 


THE UNIVERSITY, FREIBURG I. Br. [ Received, May 27th, 1930.] 


CCXXII.—The Reaction between Aminophenylarsinic 
Acids and Carbon Disulphide. 


By Joun Garwoop EVERETT. 


THE reaction in which an aminophenylarsinic acid is boiled with 
alcohol and carbon disulphide in presence of excess of sodium 
hydroxide with formation of a thiocarbonylarylarsenic disulphide 
(or sesquisulphide) (J., 1929, 670) has now been studied in detail. 

As far as the amine is concerned, there are two possibilities, 
namely, formation of a thiocarbimide RNCS or of a dithiourea 
RNH-CS-NHR. Ring closure occurs in the second instance in the 
case of o-diamines and o-aminophenols, giving respectively 2-thiol- 
benziminazoles and _ 1-thiobenzoxazolones. In each case one 
molecule of carbon disulphide causes the liberation of one molecule 
of hydrogen sulphide only, which is insufficient to account for the 
yield of thiocarbonylarylarsenic disulphide (or sesquisulphide) 
obtained (see Tables I and II; and Schulte, Ber., 1882, 15, 1955; 
Morgan, “‘ Organic Compounds of Arsenic and Antimony,” p. 75). 
Side reactions must therefore occur in which hydrogen sulphide is 
formed independently of any reaction involving the amino-group, 
and this has been proved by carrying out the reaction with phenyl- 
arsinic acid, phenylarsenic sesquisulphide being isolated from the 
product. 

This independent formation of hydrogen sulphide is readily 
accounted for by alkaline hydrolysis of sodium ethyl xanthate or 
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TABLE I. 





Products of reaction. 











Substances reacting. 
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sodium metathiocarbonate, the latter being formed by solution of 
carbon disulphide in sodium hydroxide solution. Some de-arsenic- 
ation occurred in each case, the final liquors always containing 
arsenious acid. In the case of phenylarsinic acid, arsenic trisulphide 
was also formed. 

The reaction was next studied with potassium ethyl xanthate in 
place of carbon disulphide. This allowed more variation, since 
carbon disulphide gave satisfactory results only when used in 
excess. The proportions of alcohol and sodium hydroxide solution 
were kept constant and the same as before, and the period of boiling 
under reflux was the same. The resz!é obtained with two mols. 
of xanthate and one of phenylarsiziic acid was almost identical with 
that obtained when excess of carbon disulphide was used (Table I). 
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The case of p-aminophenylarsinic acid is summarised in Table I 
and Fig. 1, which show the effect of increasing the amount of the 
acid in the initial reaction mixture, the amount of potassium ethyl 
xanthate remaining constant and equal to one mol. 

The presence of an excess of potassium ethyl xanthate favours 
the formation of pp’-dithiocarbiminophenylarsenic sesquisulphide 
(I), the amount formed reaching a maximum when one mol. of 
p-aminophenylarsinic acid is present, and decreasing to zero with 
the presence of just over two mols. As the formation of (I) begins 
to decrease, diphenylthiourea-pp’-arsenic sesquisulphide (II) begins 
to appear in the final mixture, and the amount of this sulphide 
formed reaches a smaller maximum when two mols. of p-amino- 
phenylarsinic acid are initially present, and falls to zero with the 
presence of about three mols. As the formation of the sulphide (IT) 
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Products of reaction. 
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decreases, diphenylthiourea-pp’-diarsinic acid (III) makes its 
appearance, the amount formed increasing as the amount of p-amino- 
phenylarsinic acid initially present is increased. In all cases some 
de-arsenication occurred. 

These results show that in presence of excess of potassium ethyl 
xanthate, or even when molecular proportions of xanthate and 
p-aminophenylarsinic acid are taken, the reaction proceeds entirely 
according to the equation 


R-NH, + SC(OEt)SK = R-NCS + KSH + EtOH, 


whereas in presence of more than one mol. excess of p-aminopheny!l- 
arsinic acid the reaction proceeds entirely according to the equation 


2R:NH, + SC(OEt)SK = (R‘NH),CS + KSH + EtOH. 


When the excess of p-aminophenylarsinic acid exceeds two mols. 
the proportion of potassium hydrosulphide in the reaction mixture 
becomes so small that the arsinic acid group is not attacked, hence 
diphenylthiourea-pp’-diarsinic acid (III) only is formed. That the 
thiocarbimide only is formed when carbon disulphide is used is 
due to the fact that in this case the reaction only proceeds satis- 
factorily in presence of a large excess of carbon disulphide. 

These conclusions are borne out by the results obtained in the 
case of 3-amino-4-hydroxyphenylarsinic acid and 3 : 4-diamino- 
phenylarsinic acid, which may be considered together, and are 
recorded in Table II. In both cases excess of potassium ethyl 
xanthate favours formation of the thiocarbonylarylarsenic disulphide, 
while excess of either arsinic acid decreases the amount of disulphide 
formed, an increased amount of either 1-thiobenzoxazolone-4- 
arsinic acid (V) or 2-thiolbenziminazole-5-arsinic acid (VII) being 
obtained. Some dearsenication occurs in both instances. 


EXPERIMENTAL. 


Phenylarsinie Acid and Carbon Disulphide.—Phenylarsinic acid 
(20 g.) and carbon disulphide (60 g.) were boiled under reflux with 
ethyl alcohol (200 c.c.) for 2 hours and cooled, sodium hydroxide 
solution (25%; 50 e.c.) was added, and boiling continued for 
4 hours.’ Alcohol and carbon disulphide were then removed by 
distillation and the liquid residue was diluted and acidified (Congo- 
red) with hydrochloric acid, which precipitated a yellow sticky 
mass. The liquor was decanted and retained (A). The yellow mass 
was extracted several times with carbon disulphide; the residual 
yellow powder, after being washed with alcohol and dried at 80°, 
proved to be arsenious sulphide (3 g.) (Found : As, 60-8; 'S, 38-9%). 
The carbon disulphide extract was evaporated on a water-bath, 
leaving a pale yellow oil which, after repeated solution in cold 
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benzene, followed by evaporation, crystallised in pale yellow prisms, 
and proved to be phenylarsenic sesquisulphide (2 g.), m. p. (alone 
or mixed with an authentic specimen) 130° (Found: As, 37-4; 
S, 24-1. Cale.: As, 37-5; S, 240%). 

The liquor (A) was neutralised with sodium bicarbonate, evapor- 
ated nearly to dryness on a water-bath, and acidified (Congo-red) 
with hydrochloric acid, unchanged phenylarsinic acid crystallising 
(6 g.) (Found: As, 37-1. Calce.: As, 37-1%). The filtrate yielded 
arsenious sulphide (1 g.) when saturated with hydrogen sulphide. 

Phenylarsinic Acid and Potassium Ethyl Xanthate.—The procedure 
was exactly as described above, carbon disulphide being replaced 
by potassium ethyl xanthate (32 g.). Phenylarsinic acid (20 g.) 
gave arsenious sulphide (5 g.), phenylarsenic sesquisulphide, m. p. 
130° (2 g.), and unchanged phenylarsinic acid (5 g.). The final 
liquor gave arsenious sulphide (1 g.) when saturated with hydrogen 
sulphide. 

p-Aminophenylarsinic Acid and Carbon Disulphide—The pro- 
cedure was that previously described (J., 1929, 670). p-Amino- 
phenylarsinic acid (22 g.) gave pp’-dithiocarbiminophenylarsenic 
sesquisulphide (18 g.). The mother-liquor from the crude sulphide 
on saturation with hydrogen sulphide gave arsenious sulphide 
(2 g.). 

3-Amino-4-hydroxyphenylarsinic Acid and Carbon Disulphide.— 
The acid (23-4 g.) gave 1-thiobenzoxazolone-4-arsenic disulphide 
(18 g.) and arsenious sulphide (2-5 g.). 

3: 4-Diaminophenylarsinic Acid and Carbon Disulphide.—The 
acid (23-4 g.) gave 2-thiolbenziminazole-5-arsenic disulphide (18 g.) 
and arsenious sulphide (2-5 g.). 

p-Aminophenylarsinic Acid and Potassium Ethyl Xanthate (Typical 
Examples).—(a) p-Aminophenylarsinic acid (55 g.; 2-5 mols.) and 
potassium ethyl xanthate (16 g.; 1 mol.) were boiled under reflux 
with ethyl alcohol (500 c.c.) and water (50 c.c.) for 2 hours and 
cooled, sodium hydroxide solution (25%; 150 c.c.) was added, 
and boiling continued for 4 hours. Alcohol and carbon disulphide 
were then removed by distillation, the liquid residue was diluted 
with water while hot, cooled, and acidified (Congo-red) with hydro- 
chloric acid, sufficient acid being added to keep any unchanged 
p-aminophenylarsinic acid in solution. The precipitate (A) was 
removed by filtration and washed with water, the combined filtrate 
and washings being retained (B). The precipitate (A) was sus- 
pended in water, and sodium bicarbonate added till no more 
effervescence occurred. The solution was then treated with char- 
coal and filtered, the residue being retained (C). The filtrate on 
acidification with hydrochloric acid yielded diphenylthiourea- 
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pp'-diarsinic acid, which was dissolved in sodium bicarbonate 
solution, treated with charcoal, and reprecipitated (yield, 5 g.) 
(Found for acid dried at 80°: As, 31-4; N, 5-8; S, 6-8. Calc.: 
As, 31:5; N, 5-9; 8S, 6-7%). 

The residue (C) after drying was treated with carbon disulphide 
to remove sulphur, washed with alcohol, and dried at 60°. It 
proved to be diphenylthiourea-pp’-arsenic sesquisulphide (yield, 
4-4g.) (Found: As, 29-4; N, 5-4; 8,253; atomic ratios As:N:S = 
1-00 : 0-98 : 2-02. Cale.: As, 31-8; N, 5-9; 8, 27-1%). On reduc- 
tion with sodium hyposulphite it gave pp’-arseno(diphenylthiourea), 
insoluble in sodium hydroxide solution (distinction from pp’-dithio- 
carbiminophenylarsenic sesquisulphide). The unchanged p-amino- 
phenylarsinic acid was recovered from the combined filtrate and 
washings (B) by neutralising them with sodium hydroxide, con- 
centrating the solution, and making it just acid (Congo-red) with 
hydrochloric acid ; it was recrystallised by solution in dilute hydro- 
chloric acid, filtration, and addition of sodium acetate solution 
(yield, 14 g.) (Found for acid dried at 80°: As, 34:5. Calc.: As, 
34:6%). The filtrate from the crude arsanilic acid yielded arsenious 
sulphide (6 g.) when saturated with hydrogen sulphide. 

(6) p-Aminophenylarsinic acid (33 g.; 1-5 mols.) and potassium 
ethyl xanthate (16 g.; 1 mol.) were boiled under reflux with ethyl 
alcohol (300 c.c.), water (30 c.c.), and sodium hydroxide solution 
(25%; 100 c.c.) as above described. Acidification of the diluted 
liquid residue after removal of alcohol and carbon disulphide 
yielded an amorphous powder (A), which was removed by filtration, 
the combined filtrate and washings being retained (B). The pre- 
cipitate (A) was completely soluble in aqueous sodium hydroxide, 
the solution giving a deep violet colour with alkaline sodium nitro- 
prusside. It was reduced with sodium hyposulphite solution (as 
described in J., 1929, 675) and the product was treated with cold 
sodium hydroxide solution (5%), the residue being retained (C). 
The solution so obtained, on acidification (Congo-red) with hydro- 
chloric acid, yielded pp’-dithiocarbiminoarsenobenzene, which was 
washed with water and dried in a vacuum over concentrated 
sulphuric acid (Found: As, 34-4; N, 6-4; 8, 14:8; atomic ratios 
As:N:S = 1-00:0-99:1-01. Calc.: As, 35-9; N, 6-7; 8, 15-3%). 
Yield, 4-9 g., equivalent to 6 g. of pp’-dithiocarbiminophenylarsenic 
sesquisulphide (I). 

The residue (C) was washed with water and dried in a vacuum 
over concentrated sulphuric acid. It was insoluble in sodium 
hydroxide solution and proved to be pp’-arseno(diphenylthiourea) 
(Found: As, 36-4; N, 6-8; S, 7-9; atomic ratios As:N:S = 
2-00 : 2-00: 1-02. Calc.: As, 39-9; N, 7:4; S, 85%). Yield, 
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3-4 g., equivalent to 43 g. of diphenylthiourea-pp’-arsenic sesqui- 
sulphide (II). Note. A direct separation of the sulphides (I) and 
(IL) is not possible. 

Unchanged p-aminophenylarsinic acid was recovered from the 
combined filtrate and washings (B) as described in (a) above (yield, 
5 g.). The filtrate from the crude acid gave arsenious sulphide 
(4 g.) when saturated with hydrogen sulphide. 

3-Amino-4-hydroxyphenylarsenic Acid and Potassium Ethyl 
Xanthate (Typical Example).—3-Amino-4-hydroxyphenylarsinic acid 
(46-8 g.; 2 mols.) and potassium ethyl xanthate (16 g.; 1 mol.) 
were boiled under reflux with ethyl alcohol (400 c.c.) and water 
(40 c.c.) for 2 hours and cooled, sodium hydroxide solution (25% ; 
120 c.c.) was added, and boiling continued for 4 hours. The subse- 
quent treatment was exactly as described under (a) above, except 
that the filtrate (B) was kept for several days before treatment for 
recovery of unchanged 3-amino-4-hydroxyphenylarsinic acid, to 
allow complete precipitation of 1-thiobenzoxazolone-4-arsinic acid. 
Products obtained: 1-thiobenzoxazolone-4-arsinic acid (16 g.) 
(Found for acid dried at 80°: As, 27-2; N, 5-0; S, 11:8. Calc. : 
As, 27:3; N, 51; 8, 116%);  1-thiobenzoxazolone-4-arsenic di- 
sulphide (6 g.) (Found: As, 23-1; N, 4-2; 8, 29-6; atomic ratios 
As:N:S = 1-00:0:97:3-01. Cale.: As, 25-9; N, 4-8; 8,33-2%); 
3-amino-4-hydroxyphenylarsinic acid (unchanged) (6 g.) (Found : 
As, 32-1; N, 5-9. Calc.: As, 32:2; N, 60%); arsenious sulphide 
(5 g.). 

3: 4-Diaminophenylarsinic Acid and Potassium Ethyl Xanthate 
(Typical Example).—Treated exactly as described above, 3 : 4-di- 
aminophenylarsinic acid (46-6 g.) gave the following products : 
2-Thiolbenziminazole-5-arsinice acid (15-5 g.) (Found for acid dried 
at 80°: As, 27-3; N, 10-1; 8, 11-8. Cale.: As, 27-4; N, 10-2; 
8, 11-7%); 2-thiolbenziminazole-5-arsenic disulphide (6 g.) (Found : 
As; 23-2; N, 8-6; 8, 29-7; atomic ratios As: N : 8 = 1-00: 1-98 : 3-00. 
Calc.: As, 26-0; N, 9-7; 8, 333%); 3: 4-diaminophenylarsinic 
acid (unchanged) (6 g.) (Found: As, 32-2; N, 11-9. Calc.: As, 
32-2; N, 12-0); arsenious sulphide (45 g.). 

RESEARCH LABORATORIES, Messrs. May & Baker, LTD., 

Lonpon, 8S.W.18. [Received, April 10th, 1930.] 
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COX XITII.—Syntheses of Glucosides. Part. V. Two 
New Syntheses of Rubiadin and Syntheses of 
1-O-Methylrubiadin and of Rubiadin Glucoside. 


By Etrep THomas Jones and ALEXANDER ROBERTSON. 


ALTHOUGH rubiadin was first isolated in 1853 by Schunck (Phil. 
Trans., 143, 72) from madder root, Rubia tinctoria, it was not until 
1893 that Schunck and Marchlewski (J., 63, 969) isolated rubiadin 
glucoside from Dutch madder. These authors (J., 1894, 65, 182) 
showed that rubiadin was in all probability represented by either 
formula (I) or (II). 


CO OH CO OH 
Me 
(I.) CO OH (II.) 
CO O Me 


A synthesis of (I) gave a product which was not identical with the 
natural substance, and Schunck and Marchlewski concluded that 
rubiadin had formula (II). Barrowcliff and Tutin (J., 1907, 94, 
1907) isolated from the root of Morinda longiflora a monomethyl 
ether of rubiadin which on demethylation yielded rubiadin identical 
with Schunck’s product, but which, contrary to the views of Schunck 
and Marchlewski, they considered to be a derivative of (I). The 
same ether was obtained by Simonsen (J., 1920, 117, 561) from the 
root bark of Morinda citrifolia. As a result of the synthetical 
experiments of Schunck and Marchlewski, Simonsen concluded that 
the ether was derived from (II) and noted the anomaly in Barrowcliff 
and Tutin’s communication. 

The synthesis of the anthraquinone (II) by Stouder and Adams 
(J. Amer. Chem. Soc., 1927, 49, 2043) and by Mitter, Sen, and Paul 
(J. Indian Chem. Soc., 1927, 4, 535) definitely excluded the possi- 
bility that rubiadin had formula (II). Mitter and Gupta (J. Indian 
Chem. Soc., 1928, 5, 25), on repeating the synthesis of Schunck and 
Marchlewski (loc. cit.), obtained rubiadin (I) in small yield, but they 
do not appear to have made a direct comparison of their product 
with the natural material. 

Syntheses of Rubiadin.—Of the following methods for the pre- 
paration of rubiadin in quantity, the second only proved suitable. 

2 : 4-Dichloro-3-methylbenzophenone-2'-carboxylic acid (III), pre- 
pared by the condensation of phthalic anhydride and 2 : 6-dichloro- 
toluene by means of aluminium chloride, gave 1 :3-dichloro-2- 
methylanthraquinone (IV) on ring closure by means of concentrated 
sulphuric acid and boric acid. The substance (IV) was converted by 
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means of sodium methoxide and subsequent methylation of the 
crude product into 1 : 3-dimethoxy-2-methylanthraquinone (V), which 
on demethylation gave rubiadin (I). The synthetic rubiadin and 
its diacetate were identical with the natural product and its 
diacetate. 


Cl co Cl OMe 
0 Me /\0 Me 
Coe Oe me OE SOW 
(ITT.) O  (V.) 
(IV.) | 
OH OH OH 
Me —CO e 7 e 
Wi Cys ir Bas SOB 
(VI.) (VII.) (VIII.) 


Although the yields of (III) and (IV) were good, that of (V) was 
disappointing and we were led to prepare rubiadin by the following 
route. 2-Methory-6-nitrotoluene, prepared by methylating 6-nitro- 
o-cresol (Noelting, Ber., 1904, 37, 1020), was reduced to 6-methoxy-o- 
toluidine, which on diazotisation and decomposition of the diazonium 
salt gave 6-methoxy-o-cresol (VI). 

The condensation of (VI) with phthalic anhydride gave rise to only 
one product, 2-hydroxy-4-methoxy-3-methylbenzophenone-2'-carb- 
oxylic acid (VII), which on ring closure yielded 1-hydroxy-3-methory- 
2-methylanthraquinone (VIII). Methylation of (VIII) gave O- 
dimethylrubiadin (V) and demethylation afforded rubiadin (I). 

It has been shown by Dimroth and Faust (Ber., 1921, 54, 3020) 
that «-hydroxyanthraquinones on treatment with boroacetic 
anhydride readily yield boroacetates. The properties of the ether 
(VIII) were found to be consistent with those of an «-hydroxy- 
anthraquinone and the formation of the diacetoborate (IX, R = Me) 
afforded conclusive proof of the structure assigned to it. 


B(OAc), 
AN 
CG ? OMe 
\ 2 —co (Me 
,, R m7 CO,H 
CO 
(IX.) (X.) (XI.) 


Further, it follows that the intermediate keto-acid which on ring 
closure can give rise to (VIII) must have either formula (VII) or (X). 
The constitution of this acid cannot be represented by (XI), since a 
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substance of this formula would give the ether (XIV).. Formula (X) 
is excluded on general grounds, and, moreover, a compound of this 
structure would in all probability give rise to a mixture of (VIII) 
and (XIV) on ring closure. It seems certain, therefore, that the 
intermediate keto-acid has the structure (VII). 

Barrowcliff and Tutin (loc. cit.) describe the preparation of a 
dimethylrubiadin, m. p. 181°, from natural O-monomethylrubiadin 
and from rubiadin by means of an alcoholic solution of sodium 
ethoxide and methyl iodide. The O-dimethyl ether prepared by us 
from (IV) and from (VIII) melted at 158° and under the microscope 
appeared to be homogeneous. In our hands the methylation of 
rubiadin by methods which involve the use of strong alkalis gave 
mixed products. Moreover, in compounds of this class alkylation of 
the hydroxyl in the o-position to carbonyl is difficult, and is fre- 
quently impossible by the method used by Barrowcliff and Tutin. 
On the other hand, we have found that the methylation of rubiadin 
and its derivatives in warm acetone by means of methyl iodide and 
silver oxide invariably gave pure products. Although it is possible 
that the compound described by these authors may have contained 
methyl attached to carbon, to us it seems probable that the substance 
was impure 3-O-methylrubiadin (VIII) (methoxyl determination 
not given). This ether we have found to melt at 187°. 

Synthesis of 1-O-Methylrubiadin—Rubiadin on treatment with 
boroacetic anhydride in acetic anhydride undergoes acetylation with 
the formation of the diacetoborate of 3-O-acetylrubiadin (IX, R = Ac). 
Decomposed with water, the boroacetate gave 3-O-acetylrubiadin 


(XII). 


OH OMe OMe 
* e Me e 
OAc ; OAc ; H 

(XII.) (XIII.) (XIV.) 


Methylation of (XII) by means of methyl iodide and silver oxide 
afforded 3-acetoxy-1-methoxy-2-methylanthraquinone (XIII), which on 
hydrolysis gave 1-O-methylrubiadin (XIV). This ether (XIV) and 
its acetate (XIII) have properties identical with those of the natural 
ether and its acetate described by Barrowcliff and Tutin (loc. cit.) 
and by Simonsen (loc. cit.). 

Synthesis of Rubiadin Glucoside.—The glucosideisolated by Schunck 
and Marchlewski (loc. cit.) was shown by them to be a mono- 
glucoside. The hexose obtained on hydrolysis was considered to be 
glucose. 

3-O-Tetra-acetyl - B - glucosidoxy - | - hydroxy - 2 -methylanthraquinone 
(XV) was prepared by the procedure adopted by one of us (A. R.., 
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this vol., p. 1136) for the preparation of O-tetra-acetylglucoalizarin. 
Deacetylation of (XV) gave rubiadin glucoside (XVI). The 
synthetic glucoside and its penta-acetate were identical with the 
natural glucoside and its penta-acetate (obtained by Schunck). 


OH OH OMe 

\ Me Teng Me igs e 

DD /oeHi0s_/_)0CeH, 0040), y, O-C,H,O(OAc), 
(XVI) (XV.) (XVII.) 


By analogy with alizarin glucoside (loc. cit.) it was considered likely 
that the sugar residue in rubiadin glucoside was attached at the 
3-position. The isolation of the substance (XIV) as a product of 
the hydrolysis of the ether (XVII), obtained by methylation of the 
glucoside (XV), afforded conclusive proof of the structure of (XV) 
and of rubiadin glucoside. 

Application of Takahashi’s procedure (J. Pharm. Soc. Japan, 
1925, 525, 4; compare Zemplén and Miiller, Ber., 1929, 62, 2107; 
Miiller, ibid., p. 2793) for the preparation of hydroxyanthraquinone 
glucosides gave octa-acetyl-8-diglucorubiadin when the reagents were 
used in excess. With molecular proportions, the same reaction gave 
rise to an impure tetra-acetylglucoside. The latter substance, on 
deacetylation and treatment of the product with acetic anhydride 
and pyridine, afforded the penta-acetylglucoside of rubiadin. 


EXPERIMENTAL. 
2 : 4-Dichloro-3-methylbenzophenone-2'-carboxylic Acid (III).— 
To a mixture of phthalic anhydride (40 g.) and 2 : 6-dichlorotoluene 
(140 g.; Davies, J., 1921, 119, 871), powdered aluminium chloride 
(100 g.) was added in 6 portions during 1 hour (agitation), and after 
the evolution of hydrogen chloride had almost ceased the mixture 
was heated on the steam-bath for 12 hours. The cooled reaction 
product was decomposed with ice (300 g.) and concentrated hydro- 
chloric acid (60 c.c.), the excess of 2 : 6-dichlorotoluene removed by 
distillation in steam, and the residual solid extracted with warm 
5% aqueous sodium carbonate. Acidified with concentrated 
hydrochloric acid, the filtered extract gave the acid (III) as a gum 
which quickly crystallised. Recrystallisation from acetic acid gave 
colourless rhombic prisms (54 g.), m. p. 144—145° (Found : C, 58-0; 
H, 3-2. C,;H, 90,Cl, requires C, 58:2; H, 3-2%). This acid is 
moderately easily soluble in warm alcohol or benzene and insoluble 
in water. It is unaffected by potassium acetate or silver acetate in 
boiling acetic acid. 
1 : 3-Dichloro-2-methylanthraquinone (IV).—A mixture of the 
foregoing acid (20 g.), boric acid (4 g.), and concentrated sulphuric 
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acid (400 c.c.) was heated on the steam-bath for 4 hours. The 
cooled solution was poured on ice, and the precipitate of 1 : 3-di- 
chloro-2-methylanthraquinone collected and washed with water. 
Crystallisation from alcohol gave pale yellow rhombic prisms, m. p. 
172° (yield, about 90% of the theoretical) (Found: C, 61-8; H, 
3-1; Cl, 23-8. C,,H,O,Cl, requires C, 61-9; H, 2-8; Ci, 24-4%). 
The substance is moderately easily soluble in warm alcohol or acetic 
acid. 

1 : 3-Dimethoxy-2-methylanthraquinone (O-Dimethylrubiadin).—A 
solution of sodium methoxide was prepared by adding as much 
sodium to methyl alcohol (250 c.c.) as would dissolve in it at room 
temperature. 1 :3-Dichloro-2-methylanthraquinone (6 g.) was then 
introduced, and the mixture refluxed for 12 hours; the almost 
colourless solution gradually became bright red. After dilution 
with water (250 c.c.) and acidification with acetic acid, the dark 
brown solid was collected. In subsequent experiments a more 
tractable product was obtained by diluting the cooled reaction 
mixture with water (50 c.c.) and gradually adding methyl sulphate 
until the colour changed to yellow. The crude product was extracted 
with methyl alcohol in a Soxhlet apparatus, and, on evaporation of 
the greater part of the solvent, a yellow crystalline solid separated 
from the cooled extract. Repeated crystallisation from methyl 
alcohol finally gave a product, m. p. about 176°, which appeared 
under the microscope to be a mixture and gave a red coloration with 
alcoholic sodium hydroxide. A mixture of this solid (7 g., collected 
from several experiments), silver oxide (8 g.), methyl iodide (10 c.c.), 
and acetone (250 c.c.) was refluxed for 3 hours. The silver salts 
were removed by filtration and washed with acetone and the solution 
was evaporated to 100 c.c.; on cooling, O-dimethylrubiadin (V) 
crystallised. Recrystallisation from methyl alcohol gave yellow 
needles (4 g.), m. p. 158° [Found: C, 72-5; H, 5-0; MeO, 21:9. 
C,;H,0,(OMe), requires C, 72-3; H, 5-0; MeO, 220%}. The ether 
is readily soluble in warm acetic acid, from which it crystallises on 
cooling. 

2-Nitro-6-methoxytoluene.—6-Nitro-o-toluidine (Ullmann and 
Panchaud, Annalen, 1906, 350, 112) was converted into 6-nitro-o- 
cresol (Noelting, Ber., 1904, 37, 1020). Methylation of the nitro- 
cresol (1 mol.) was effected by means of methyl sulphate (1-3 mols.) 
and 20% aqueous sodium hydroxide (1:5 mols.). The  alkali- 
insoluble ether crystallised from methyl alcohol in colourless prisms 
(yield, 90%), m. p. 52° (Found : C, 57-4; H, 5-6. C,H,O,N requires 
C, 57-5; H, 54%). The compound is readily soluble in ether, 
acetone, and acetic acid. 
6-Methoxy-o-toluidine.—A mixture of the foregoing nitro-com- 
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pound (32 g.), tin (40 g.), and concentrated hydrochloric acid 
(200 c.c.) was heated on the steam-bath until the solution cleared. 
The cooled reaction mixture was made alkaline with sodium hydr- 
oxide, and the product separated by distillation in steam. Extrac- 
tion of the distillate with ether removed 6-methoxy-o-toluidine, 
which was obtained as a red-brown oil (20 g.) sufficiently pure to be 
used in the next stage. The acetyl derivative separated from warm 
water in silky needles, m. p. 117° (Found: C, 67-0; H, 7:3. 
C19H,30,N requires C, 67-0; H, 7-3%). 

6-Methoxy-o-cresol (V1).—Sodium nitrite (5 g.), dissolved in water 
(20 c.c.), was added to a solution of 6-methoxy-o-toluidine (10 g.) 
in 10% sulphuric acid (500 c.c.) cooled to — 3° (with agitation). 
After 2 hours, the filtered diazonium solution was diluted with 
10% sulphuric acid (100 c.c.) and heated on the steam-bath until 
the evolution of nitrogen had ceased. The product was separated 
from tar by distillation in steam and extracted from the distillate 
with ether. After removal of the solvent, the residual semi-solid 
on distillation under diminished pressure gave the phenol (V1) as an 
oil, b. p. 164—165°/20 mm., which quickly solidified. Crystallised 
from light petroleum, it formed colourless hexagonal plates, m. p. 
47° (Found : C, 69°2; H, 7-4. C,H, 0, requires C, 69-5; H, 7-2%). 
The substance is readily soluble in alcohol, ether, and benzene and 
does not give a ferric chloride reaction. 

2 - Hydroxy -4- methoxy -3 -methylbenzophenone -2’-carboxylic Acid 
(VIL).—To a solution of phthalic anhydride (10 g.) and 2-hydroxy-6- 
methoxytoluene (11 g.) in acetylene tetrachloride (70c.c.), aluminium 
chloride (30 g.) was added in portions of 5 g. during 1 hour. The 
temperature of the mixture was then gradually raised to 125° (oil- 
bath) and a copious evolution of hydrogen chloride ensued. After 
2 hours, ice and water (200 g.) were added to the cooled reaction 
mixture, and the acetylene tetrachloride and unchanged phenol 
removed in steam. The solid was extracted with aqueous sodium 
bicarbonate and the extract, after filtration from the insoluble 
residue, was acidified with concentrated hydrochloric acid. The 
acid (VII) separated as a gum which gradually crystallised. Re- 
crystallised from benzene and then from acetic acid, it formed 
colourless rhombic plates (16 g.), m. p. 161—162° (Found: C, 66-9; 
H, 5-0. C,,H,,0,; requires C, 67-1; H, 49%). The substance is 
moderately easily soluble in warm alcohol. The ferric chloride 
reaction in alcohol is cherry-red. 

1-Hydroxy-3-methoxy-2-methylanthraquinone (3-O-Methylrubiadin) 
(VIII).—A solution of the acid (VII) (4-5 g.) and boric acid (8 g.) in 
concentrated sulphuric acid (50 c.c.) was heated on the steam-bath 
for 25 minutes, cooled, and poured on crushed ice (200 g.). The 
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yellow solid was extracted with sodium bicarbonate solution to 
remove unchanged acid, washed with water, and dissolved in warm 
acetic acid. On cooling, 3-O-methylrubiadin separated in yellow, 
elongated, rectangular plates (2-7 g.) ; when recrystallised (charcoal), 
it melted at 186° (Found: C, 71-5; H, 4-4. C,,H,,0, requires 
C, 71:6; H, 45%). The substance is sparingly soluble in cold 
alcohol or acetic acid. It does not give a coloration with aqueous 
sodium carbonate but dissolves in alcoholic sodium hydroxide to a 
bright red solution. Acetylation with acetic anhydride and 
sodium acetate on the steam-bath during 10 hours gave the acetyl 
derivative, which crystallised from acetic acid—methyl alcohol 
in pale yellow needles, m. p. 200° (Found: C, 69-4; H, 4-6. 
C,sH,,0; requires C, 69-7; H, 4:5%). 

3-O-Methylrubiadin (1 g.) was dissolved in acetone (40 c.c.) and 
methylated by means of methyl iodide (5 c.c.) and silver oxide (5 g.) 
during 40 hours on the water-bath; a test then showed that methyl- 
ation was complete. The dimethyl ether (V) crystallised from 
methyl alcohol in yellow needles, m. p. and mixed m. p. 158° 
(Found : C, 72-3; H, 50%). 

1-Hydroxy-3-methoxy-2-methylanthraquinone Diacetoborate (1X, 
R = Me).—A. mixture of 3-O-methylrubiadin (1 g.), boroacetic 
anhydride (2 g.), and acetic anhydride (10 c.c.) was heated on the 
steam-bath for 5 minutes. Orange-red hexagonal prisms of the 
diacetoborate began to separate almost at once from the warm 
solution. On cooling, the crystals were collected, washed with a 
cold solution of boroacetic anhydride in acetic anhydride and with 
ether, and dried over sulphuric acid for 2 hours. Analysis of the 
diacetoborate was made by decomposing the compound with warm 
water and weighing the 3-O-methylrubiadin [Found: C,,H,,0,, 
67-8. C,.H,,0,,B(O0-CO-CH,), requires C,,H,,0,, 67-8%)]. The 
substance is but slowly decomposed by cold water. 

1 : 3-Dihydroxy-2-methylanthraquinone (Rubiadin) (I).—(A) A 
suspension of 3-O-methylrubiadin (2 g.) in a mixture of concen- 
trated hydrobromic acid (50 c.c.) and acetic acid (150 c.c.) was heated 
under reflux for 12 hours. The solid gradually dissolved and after 
several hours the demethylated product partly separated. After 
having been kept overnight, the solid was collected; a further 
quantity of less pure material was obtained on diluting the filtrate 
with water. Rubiadin crystallised from acetic acid in lustrous, 
yellow, rectangular plates and from alcohol in slender, elongated, 
rectangular plates, m. p. 290°, alone or mixed with a natural 
specimen (Found: C, 71:1; H, 4-0. Cale. for C;;H, 90,: C, 70-9; 
H, 3-9%). Schunck and Marchlewski (loc. cit.) state that rubiadin 
crystallised from alcohol in “lustrous, yellow needles.” Examin- 
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ation of their material under the microscope revealed the same 
crystalline form as that of the synthetic material. The behaviour 
of synthetic rubiadin towards solvents, warm baryta water, and 
aqueous sodium hydroxide is identical with that of the natural 
substance described by Schunck and Marchlewski. Acetylation 
with acetic anhydride and sodium acetate (or pyridine) afforded the 
diacetyl derivative, which crystallised from alcohol in pale yellow 
needles, m. p. 225°, alone or mixed with a specimen prepared from 
natural rubiadin (Found : C, 67-4; H, 4:2. Cale. for C,gH,,0,: 
C, 67-5; H, 41%). 

(B) Demethylation of O-dimethylrubiadin (V) gave rubiadin, 
m. p. (after crystallisation from acetic acid) and mixed m. p. 290° 
(Found : C, 70-6; H,3-9%). The diacetate melted at 225° (Found : 
C, 67-6; H, 42%). 

1-Hydroxy-3-acetoxy-2-methylanthraquinone Diacetoborate (IX, 
R = Ac).—A mixture of rubiadin (1 g.), boroacetic anhydride 
(2-5 g.), and acetic anhydride (10 c.c.) was refluxed for 5 minutes. 
The diacetoborate crystallised from the cooled, dark red solution in 
rosettes of slender orange needles. After filtration, the crystals 
were washed with a cold solution of boroacetic anhydride in acetic 
anhydride and then with ether, and dried over sulphuric acid for 
2 hours. In contact with water during 12 hours, the substance was 
decomposed quantitatively, yielding 3-O-acetylrubiadin (XII), which 
crystallised from alcohol-acetic acid in yellow needles, m. p. 191° 
after sintering at 187° (Found: C, 69-1; H,3-9. C,,H,,0;, requires 
C, 68-9; H, 41%). Analysis of the diacetoborate was made by 
decomposing it with cold water and weighing the acetyl rubiadin 
{[Found:  (©,,H,.0;, 69-4. C,,H,,0;,B(O-CO-CH,), requires 
O,,H,,0;, 69-38%]. 

3-Hydroxy-1-methoxy-2-methylanthraquinone (1-O-Methylrubiadin) 
(XIV).—3-0-Acetylrubiadin (0-8 g.), dissolved in acetone (30 c.c.), 
was methylated with methyl iodide (3 c.c.) and silver oxide (4 g.) 
on the steam-bath during 10 hours.. The product (XIII) crystal- 
lised from methyl alcohol—acetone in long yellow needles, m. p. 
174° (Found: C, 69-7; H, 44. Calc. for C,,H,,0,: C, 69-7; 
H, 45%), and appears to be identical with the acetyl derivative of 
the natural O-monomethylrubiadin described by Barrowcliff and 
Tutin (loc. cit.) and by Simonsen (loc. cit.). 

A solution of the acetyl derivative (0-6 g.) in 5°, methyl-alcoholic 
potash (20 c.c.) was kept at room temperature for 2-5 hours and then 
acidified with acetic acid. The mixture was diluted with water 
(60 c.c.) and, after 1 hour, the solid was collected, 1-O-Methyl- 
rubiadin (XIV) erystallised from alcohol in yellow needles and from 
acetic acid in yellow diamond-shaped plates, m. p. 291° [Found : 
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C, 71-7; H, 4-4; OMe, 11-1. Calc. for C,;H,0,(OMe): C, 71-6; 


| H, 45; OMe, 11-5%]. This ether is sparingly soluble in cold 


alcohol or acetic acid. With dilute sodium carbonate solution it 
gives a red solution. 

3-O-Tetra - acetyl - B - glucosidoxy - 1 - hydroxy -2 -methylanthraquinone 
(XV).—Rubiadin (2-5 g.) was dissolved in a mixture of 2-8% 
aqueous sodium hydroxide (20 c.c.) and acetone (20 c.c.). A 
solution of O-tetra-acetyl-«-glucosidyl bromide (4 g.) in ether 
(10 c.c.) was then introduced, and the mixture agitated for 12 hours. 
Potassium hydroxide (0-5 g.), dissolved in water (5 c.c.), and a 
further quantity of bromide (3-5 g.) were then added (agitation). 
Next day, the faintly alkaline reaction mixture was acidified with 
acetic acid and diluted with water (100 c.c.), and the ether allowed 
to evaporate spontaneously. The yellow solid was then collected, 
washed with water, and dissolved in boiling acetic acid. On cooling, 
unchanged rubiadin crystallised and, after 4 hours at room tem- 
perature, was removed by filtration. The filtrate was poured 
into water (300 c.c. at 50°) and the tetra-acetyl glucoside (XV), con- 
taminated with traces of rubiadin, separated as a yellow solid. 
After several crystallisations from alcohol it was obtained in slender 
yellow needles (0-9 g.), m. p. 230° (Found: OC, 59-7; H, 5-1. 
CogH.,0,, requires C, 59-6; H, 48%). The glucoside is sparingly 
soluble in cold alcohol and moderately easily soluble in acetic acid. 
With alcoholic sodium hydroxide it gives a bright red solution. 
Acetylation with pyridine and acetic anhydride during 2-5 hours on 
the water-bath gavethe penta-acetyl derivative of rubiadin glucoside, 
which crystallised from alcohol in slender, pale yellow needles, m. p. 
237° (Found: C, 59-4; H, 5-0. Cale. for C,,H3,0,,: C, 59-5; 
H,4-8%). This specimen was identical in every way with a specimen 
of the natural penta-acetyl compound. A mixture of the natural 
and the synthetic compound gave an undepressed melting point. 

3 - 8 - Glucosidoxy - 1 - hydroxy - 2 -methylanthraquinone (Rubiadin 
Glucoside) (XVI).—The above tetra-acetyl glucoside (0-5 g.), sus- 
pended in warm methyl alcohol (40 c.c.), was treated with 5% 
aqueous sodium hydroxide (20 c.c.) at 55° for 20 minutes. The 
warm, dark red solution was acidified with acetic acid, and on 
cooling rubiadin glucoside separated as a yellow crystalline solid. 
Recrystallised from alcohol, it formed slender yellow needles 
(03 g.), m. p. 270—271°, alone or mixed with a specimen of the 
natural glucoside [Found : in material dried at 130° for 24 hours 
(compare Schunck and Marchlewski, loc. cit.): C, 60-3; H, 5-0. 
Calc. for C,,;H.0,: C, 60-6; H, 48%]. The behaviour of the 
synthetic glucoside towards solvents, aqueous potassium carbonate, 
aqueous potassium hydroxide, baryta water, alcoholic cupric 
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acetate, alcoholic lead acetate, and boiling dilute mineral acids is 
identical with that of the natural substance described by Schunck 
and Marchlewski (loc. cit.). 

3-O-T etra - acetyl - B - glucosidoxy - 1 - methoxy - 2 -methylanthraquinone 
(X VII).—Silver oxide (3 g.) and methy] iodide (3 c.c.) were added to 
a solution of the tetra-acetyl glucoside (XV) (0-6 g.) in acetone 
(30 c.c.), and the mixture refluxed for 3 hours; a test with alcoholic 
sodium hydroxide then showed that methylation was complete. 
The silver salts were removed by filtration and the solvent was 
distilled under diminished pressure. The residual solid on crystal- 
lisation from methyl alcohol gave the methyl ether (XVII) in pale 
yellow, slender rods (0-5 g.), m. p. 185° (Found: C, 59-9; H, 5-2. 
CspH 5905 requires C, 60-2; H, 5-0%). 

A suspension of the foregoing ether (0-3 g.) in a mixture of methyl 
alcohol (16 ¢.c.) and concentrated hydrochloric acid (8 c.c.) was 
heated under reflux for 2 hours. The solid rapidly dissolved and 
after } hour 1-O-methylrubiadin began to separate. After dilution 
with water (20 c.c.), the mixture was cooled and the substance 
collected, m. p. (after crystallisation from alcohol) and mixed m. p. 
291°. Acetylation with acetic anhydride and pyridine on the water- 
bath during 2 hours gave the acetyl compound (XIII), which 
crystallised from methyl alcohol in yellow needles, m. p. and mixed 
m. p. 174° (Found : C, 69-5; H, 48%). 

1 :3-O-Octa-acetyl - 8 -diglucosidoxy -2 - methylanthraquinone.—Dry 
“ active ”’ silver oxide (2 g.) was added with stirring to a thick paste 
of rubiadin (0-5 g.), O-tetra-acetyl-«-glucosidyl bromide (3 g.), and 
freshly distilled quinoline (4 c.c.). The mixture, which became 
warm and less viscous, was agitated for 15 minutes and then kept in 
a desiccator for 2 hours. The dark brown paste was digested with 
boiling acetic acid (70 c.c.) for 2 minutes and, after the addition of 
charcoal, the digest was filtered. The almost colourless filtrate 
was poured into water (200 c.c. at 50°) and the diglucoside thus pre- 
cipitated was collected. Crystallised from alcohol-acetic acid, it 
formed sheaves of pale yellow, slender needles (0-8 g.), m. p. 248° 
(Found : C, 56-7; H, 5-2. CygH4,0. requires C, 56-5; H, 5-0%). 
The substance does not give a coloration with cold alcoholic sodium 
hydroxide. 

By the interaction of rubiadin (0-5 g.), O-tetra-acetyl-«-glucosidyl 
bromide (0-8 g.), and silver oxide (1 g.) in quinoline (4 c.c.) a solid 
(A) (isolation as before) was obtained which crystallised from alcohol 
in slender yellow needles (0-4 g.), m. p. 220—224°. This product (A), 
which appeared to be a mixture, could not be purified and on 
acetylation gave an acetyl derivative, which crystallised from 
alcohol in pale yellow needles, m. p. 218—220°. Deacetylation of 
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(A) by means of warm methyl-alcoholic sodium hydroxide gave a 
yellow solid (B), which crystallised from alcohol in slender needles. 
Treatment of (B) with acetic anhydride and pyridine on the water- 
bath gave the penta-acetate of rubiadin glucoside, m. p. (after 
crystallisation from alcohol) and mixed m. p. 237°. The product 
(A) dissolved in cold alcoholic sodium hydroxide to a red solution 
and there can be little doubt that it consisted of a mixture of the two 
possible monoglucosides. The ultimate isolation of the penta- 
acetate of rubiadin glucoside probably depends on the decom- 
position of the 1-glucoside in the deacetylation process. 


We have pleasure in acknowledging our indebtedness to Pro- 
fessor A. Lapworth, F.R.S8., who kindly sent us specimens of natural 
rubiadin and of rubiadin glucoside and its penta-acetate from the 
Schunck collection, the University of Manchester. Our thanks are 
due to the Department of Scientific and Industrial Research for a 
maintenance grant to one of us (E. T. J.), and to the Chemical 
Society for grants in aid of this investigation. 


East LONDON COLLEGE, 
UNIVERSITY OF LONDON. [Received, June 3rd, 1930.] 





NOTES. 


Tetrabromodimethylquinoxaline. By GEORGE MACDONALD BENNETT 
and GERvVAsSE Hewitson WILLIS. 


THE substance of m. p. 234° resulting from the bromination of 
2 : 3-dimethylquinoxaline described by Henderson (J., 1929, 466) 
as the 5: 6:7: 8-tetrabromo-derivative had previously been iso- 
lated by us (J., 1928, 1960) by brominating the base in acetic acid 
solution, the product having m. p. 228° (uncorr.) or 233° (corr.). 

Although the bromine atoms in this compound are not readily 
removed by aqueous hydrolysis, they are in fact situated in the 
side chains and not in the nucleus, the substance being 2 : 3-di- 
(w-dibromomethyl)-quinoxaline, for the halogen reacts . quickly 
with silver acetate in boiling acetic acid solution or with potassium 
acetate in boiling ethylene glycol solution. Attempts to isolate 
the organic product of these reactions or its condensation product 
with hydrazine have again been unsuccessful. 

If further support were needed for our formulation of this com- 
pound, it would be supplied by our results in brominating other 
quinoxalines : 3-phenyl-2-methylquinoxaline, for example, furnished 
a dibromo-derivative. 

3 M* 
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It follows that the dibromo-compound of m. p. 150° described 
also by Henderson is presumably 2 : 3-di(w-bromomethyl)quin- 
oxaline.—TuHEe University, SHEFFIELD. [Received, June 13th, 
1930. | 





Compounds of Arsenious Chloride and Pyridine. By CHARLES 
STaNLEY GIBSON, JoHN DoBNEY ANDREW JOHNSON, and (the late) 
DuDLEY CLOETE VINING. 


Surrey (J. Amer. Chem. Soc., 1930, 52, 1720) has isolated a com- 
pound of arsenious chloride and pyridine having the composition 
AsCl,,2C;H,N, whereas Walden’s studies (Z. physikal. Chem., 1903, 
43, 445) of the conductivities of solutions in solvents other than 
water indicated the probable formation of a compound AsCl,,C;H;N. 
Such a compound was not isolated either by Walden or by Shirey. 

Under experimental conditions different from those described 
by Shirey, we have isolated a compound of the composition 
AsCl,,C;H;N. Itis highly crystalline and, although readily attacked 
by moisture, is comparatively stable. Two typical preparations 
are described in each of which carefully purified and dried materials 
were used and moisture was rigidly excluded. 

(a) Arsenious chloride (9 g.; 1 mol.) was mixed with chlorobenzene 
(20 c.c.) containing pyridine (4:4 g.; 1-1 mols.). The colourless 
crystals which separated after some hours were filtered off, washed 
with chlorobenzene, and recrystallised from warm chlorobenzene. 
The cooled filtrate deposited colourless, highly refractive, needle- 
shaped crystals, which were washed with chlorobenzene and ether 
and dried under reduced pressure over sulphuric acid. In a sealed 
tube, the crystals softened at 120° and melted at 138—139°. The 
compound reacted with water, pyridine hydrochloride and arsenious 
oxide being formed. For analysis, the chlorine and arsenic were 
determined by titration in the usual manner, and the pyridine by 
distillation with excess of sodium hydroxide and absorption in a 
known excess of standard sulphuric acid (Found: Cl, 39-2; As, 
27-5; CsH,;N, 33-3. AsCl,,C;H;N requires Cl, 40-85; As, 28-8; 
C;H,;N, 30-4%). 

(b) Arsenious chloride (29-2 g.; 1 mol.), pyridine (12-7 g.; 1 mol.), 
and chlorobenzene (80 c.c.) were mixed and after some hours the 
liquid became filled with colourless needle-shaped crystals. These 
were filtered off on a sintered glass filter, washed with chlorobenzene, 
and left on porous porcelain under reduced pressure over sulphuric 
acid. Ina sealed tube, the material softened from 115° and melted 
at 133—136°. The material analysed was not free from adhering 
chlorobenzene, which was identified in the distillate during the 
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estimation of the pyridine [Found: Cl (ionised), 38-5; As, 26-7; 
CsH;N, 28-0.° AsCl,,C;H;N containing 6-9% of chlorobenzene 
requires Cl, 38-0; As, 26-8; C;H,;N, 28-3%]. 

Additional evidence for the existence of a compound having the 
composition AsCl,,2C;H,;N as described by Shirey was also obtained. 
Pyridine (10-3 g.; 2 mols.), arsenious chloride (11-8 g.; 1 mol.), 
and chlorobenzene (35 c.c.) were mixed under the usual conditions. 
The amount of crystalline material which separated was small. 
In a sealed tube at 65° it melted to a milky liquid which became 
clear at about 100°. This would correspond to an approximate 
melting point of 64° as deduced from the freezing-point rise of a 
mixture of arsenious chloride (1 mol.) and pyridine (2 mols.) as 
indicated by Shirey—Guy’s Hosprrat Mepicat Scuoot (Unt- 
VERSITY OF Lonpon), Lonpon, S.E.1. [Received, June 5th, 1930.] 





CCXXIV.—Electrical Conductivity of Solutions in 
Phenol. 


By Ricuarp Matcotm Dotsy and Pari WiLFRED ROBERTSON. 


IN a previous paper (Richardson and Robertson, J., 1928, 1775) an 
account was given of cryoscopic and molecular-volume determin- 
ations made with solutions in phenols. The deviations from the 
normal values were accounted for by the theory of Hildebrand 
(J. Amer. Chem. Soc., 1916, 38, 1452), who ascribes deviations from 
ordinary freezing-point laws to intermolecular forces induced by 
the internal pressures and polarities of the interdiffused liquids. 
These effects would be expected to produce aiterations in other 
physical properties of solutions, and with a view to investigate the 
nature of these changes, the conductivity method was selected. 

On account of the comparatively low dielectric constant of 
phenol, interionic forces should also have a pronounced effect on 
the properties of its solutions. This influence has been taken into 
account in the Debye—Hiickel theory and its later modifications, 
which have been applied with considerable success to the explan- 
ation of irregularities in the properties of solutions. 

Phenol has been investigated by the conductivity method by 
Kraus and Kurtz (J. Amer. Chem. Soc., 1922, 44, 2463), who 
determined the conductivities of tetramethylammonium iodide and 
sodium iodide therein at 50°. The chief aim of their investigation 
was to ascertain the mathematical form of the conductivity curve 
for a solvent of dielectric constant of intermediate value. They 
also noticed that the dissociation of the solutes as calculated from 
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the conductivity was much lower than that found from the freezing- 
point depression results of Hartung (Z. physikal. Chem., 1911, 77, 
82), who, having obtained abnormally high depressions for salts of 
certain weak acids, concluded that this could not be due to the 
electrolytic dissociation of the substances, since salts of stronger 
acids showed normal freezing points at the same dilution. These 
results were ascribed to “ phenolysis,’’ but it was shown later by 
Kraus that phenolysis was inappreciable in phenolic solutions of 
tetramethylammonium iodide. The discrepancy must therefore be 
accounted for in some other way. Kraus expressed the opinion 
that such an agreement was not to be expected even at fairly low 
concentrations, since any influence of interionic forces on the 
properties of electrolytic systems would be great in a solvent of such 
a low dielectric constant. 

In the present investigation the conductivities of sodium acetate, 
aniline hydrochloride, and other electrolytes have been measured 
in phenol, and the effect of typically irregular non-electrolytes 
(ethyl malonate and toluene) on these conductivities has been 
examined. 

EXPERIMENTAL. 

The conventional form of Wheatstone-bridge arrangement was 
used. Various methods of earthing were experimented with, but 
in the final measurements no earth was employed. For the slide- 
wire arrangement an ordinary metre bridge was used with a resistance 
box connected at each end to act as an extension coil. A value 
of 1000 ohms was generally used for each of these, and the bridge 
adjusted until the slider reached the mid-point of the wire for a 
minimum. As each of the 1000-ohm coils was wound similarly, any 
reactance due to capacity or inductance would be equal in each coil, 
and so the errors would be neutralised. 

For the standard resistance two boxes were employed, one a 
four-decade dial box, made by R. W. Paul, reading up to 10,000 ohms, 
and the other a Muirhead single-dial box reading in ten stages from 
1000 ohms up to one megohm. By using these boxes in series it 
was possible to obtain any resistance up to 36,000 ohms to units. 
For higher resistances it was necessary to alter the ratio of the 
extension coils and to use a different point on the slide-wire as the 
point of balance. This was easily calculated, as the resistance of the 
slide wire was known. 

A microphone hummer with a frequency of approximately 520 
was used as the source of alternating current. A variable air- 
condenser, of the low-loss radio type, was connected across the 
resistance boxes to neutralise any capacity effect in the cell. The 
capacity required was usually very small. The telephones consisted 
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of a double head-set, Brown’s type F, of 4000 ohms resistance. 
The metal head-band and the receiver cups of the telephones were 
connected to the slider of the bridge by a wire twisted round the 
telephone cord. By this means any capacity effects between the 
telephones or the observer and the bridge would be minimised. 

With this bridge arrangement it was possible to measure resist- 
ances of 1000 ohms to about 0-1%. For higher resistances, on 
account of the diminished sound in the receivers, the sensitivity was 
less: thus at 100,000 ohms, it was about 1%. In order to detect 
any errors in the ratio arms or in the larger coils of the resistance 
boxes, a Pye laboratory standard high resistance, consisting of ten 
100,000-ohm coils connected in series, was substituted for the cell 
in one arm of the bridge. Using this standard, the bridge was 
tested between 25,000 ohms and one megohm : complete agreement 
was obtained. The two resistance boxes used in the circuit were 
standardised by comparison of the various sets of coils. Agreement 
was again obtained within the limits of the sensitivity of the 
apparatus. 

Two conductivity cells were used, one of the dip type, with a 
fairly high cell constant as a standard of comparison, and another, 
a cylindrical cell of about 20 c.c. capacity, with large horizontal disc 
electrodes, as a working cell. The electrodes were platinised. The 
standard cell was calibrated with N /10-potassium chloride solution, 
the values given by Parker and Parker (J. Amer. Chem. Soc., 1924, 
46, 330) being used. The working cell was compared with the 
standard cell at intervals throughout the investigation. 

The measurements with phenol solutions were carried out in an 
oil thermostat kept at 50° +0-05°. Oil has the advantage of 
having a much lower dielectric constant than water, and also is a 
good insulator, so that any capacity effects between the cell and 
the walls of the thermostat are thus greatly reduced and eddy 
currents eliminated. There is the additional advantage that no 
water vapour is given off by the bath to contaminate the phenol. 

The phenol used was redistilled through an 8-bulb fractionating 
column surrounded by two concentric tubes packed with cotton- 
wool to keep it above the freezing point and allow the distillation 
to be carried out under constant conditions of temperature. After 
distillation, the liquid was cooled in a stoppered bottle, and the 
last unsolidified portion poured off. The remainder was redistilled 
shortly before use. The b. p. of the phenol was constant within 
0-1°, and the freezing point of a typical sample was 40-55°. 

The other materials used were the best available samples and were 
specially purified. The solids were carefully dried and the liquids 
fractionated before use. The hydrogen chloride solutions were 
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made by passing the dry gas into phenol and were analysed volu- 
metrically before and after the conductivity measurements. The 
sodium phenoxide solution was prepared by dissolving a known 
weight of sodium in phenol containing 30% of alcohol in a current 
of hydrogen and subsequently distilling off the alcohol. 

For the less soluble substances or for the greater dilutions, a 
solution was prepared by dissolving a weighed quantity of the 
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substance in a weighed quantity of phenol (usually 50—70 g.) in a 
flask. Sodium acetate dissolved very slowly, requiring several 


hours with periodic shaking to effect the solution. The flask con- (0- 
taining the solution was left in the thermostat for 2 or 3 hours, and chl 
the required sample was then introduced into the cell and its con- anc 
ductivity determined 5 minutes later. The solution remaining in suk 
the flask was then weighed, an approximately equal quantity of was 
phenol added, and the flask again weighed. This process was in | 
repeated for each dilution, and the concentration of the solution diel 


for each stage was calculated. In order to prevent any cumulative 
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error from becoming too great, and to guard against any contamin- 
ation, a second standard solution was prepared if more than three 
or four dilutions were required. With liquid solutes or the more 
soluble substances such as picric acid, the solutions of greater con- 
centration were prepared directly in the cell. This was closed by a 
glass stopper, the solute weighed therein, the required quantity of 
phenol added, and the cell again weighed. 

The specific conductivity of the solution was calculated in the 
usual way, and that due to the solvent was deducted; the values 
given in the tables are the corrected values. The concentration (C) 
was calculated by using the value 1-058 for the density of phenol, 
and as the solutions were very dilute it was assumed that there was 
no appreciable variation from this value in any case. The molecular 
conductivity is calculated in the usual way. The values for the 
conductivities of a number of solutions are given in Table I. A 
graph of conductivities against the logarithm of the concentrations 
is given in Fig. 1. 





TABLE I. 
Cx 10%. «x 106. A. Oxie. « X 10. A. 
Sodium acetate. Acetic acid. 
182-0 15-43 0-0847 4165 2-49 0-00060 
126-6 11-47 0-0905 1582 2-49 0-00157 
86-73 8-53 0-0983 1201 2-50 0-00208 
20-95 3:36 0-160 466-4 1-08 0-00232 
10-81 2-22 0-205 148-5 0-41 0-00276 
3°37 1-21 0°359 
1-22 0-65 0-533 Aniline hydrochloride. 
215-5 73°32 0-340 
Picric acid. 78°74 28-10 0-357 
595-8 1-00 0-00168 39-40 15-15 0-385 
413-0 2-51 0-00608 15-05 7°64 0-519 
177-2 4:13 00234 2-687 2-58 0-960 
80°52 4-62 0-0574 0-4084 0-89 2-18 
17-07 4-36 0-255 . 
2-876 2-99 1-04 Sodium phenoxide. 
0-1342 0-70 5-14 83-52 33°24 0-398 
22-03 11-77 0-535 
Hydrogen chloride. 2-318 2-59 1-12 
56-30 1-39 0-025 0-4382 0-71 1-62 
3-668 0-76 0-21 





It will be seen from Fig. 1 that at the higher concentrations 
(0-1N) the conductivities differ greatly. Picric acid and hydrogen 
chloride have a very low value, whereas the salts, sodium phenoxide 
and aniline hydrochloride, conduct much more readily. For no 
substance has there been observed a minimum conductivity such as 
was noticed by Kraus and Kurtz for tetramethylammonium iodide 
in phenol, and for similar electrolytes in other solvents having a 
dielectric constant of the same order as that of phenol. 

In determining the value of A,, 1/A has been plotted against 
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CA (Fig. 2), and the curve extrapolated to zero concentration. A 
linear graph will be given only if the solution obeys Ostwald’s 
dilution law. It is found that while there is a wide divergence at 
higher concentrations, the graph becomes approximately linear at 
lower concentrations and so may be used for extrapolation. It is 
impossible to obtain accurate values for the limiting conductivity 
from these results, but some approximate values are : 

Aniline hydrochloride, 15; Sodium phenoxide, 2-2; 

Picric acid 12; Sodium acetate, 2. 

The value obtained by Kraus and Kurtz for tetramethyl- 

ammonium iodide was 16-67. 
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II. Hydrogen chloride. VII. Sodium acetate (in phenol and 
III. Picric acid. ethyl malonate). 
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V. Aniline hydrochloride. (Kraus). 


The form of the curves in Fig. 2 shows much more clearly the 
difference between the two types of solute. Sodium phenoxide and 
aniline hydrochloride conform comparatively closely, even at high 
concentrations, to the linear form required by the mass-action law. 
Sodium acetate shows a considerably greater divergence at the 
same concentrations, but at a fairly low concentration it also 
approaches the linear form. Picric acid and hydrogen chloride 
show quite a different type of curve and approach the form required 
by the mass-action law only at extremely low concentrations; acetic 
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acid has been investigated only at high concentrations, but the 
results indicate that it belongs to the same class as these two com- 
pounds. The direction of bending of the curves indicates that with 
the salts conductivity increases more slowly than required by the 
mass-action law, whilst the acids show the opposite effect. 

A further series of experiments has been performed to find the 
effect of the addition of certain non-electrolytes. Toluene and 
ethyl malonate were selected as being typically abnormal (compare 
Richardson and Robertson, loc. cit.). The effect of adding successive 
quantities of these substances to a solution of sodium acetate or 
aniline hydrochloride in phenol has been observed, and the results 
are given in Tables II, III, and IV. 20 C.c. of the solution of the 
electrolyte were transferred to the cell and the conductivity deter- 
mined; successive quantities of 1 c.c. each of the substance to be 


TaBLeE IT. 
Aniline hydrochloride solution. 
C.c. Ethyl malonate. Toluene. Phenol. 
added. C x 10%. xx 10°. A. xx10% A. x X 108, A. 

0 199 72-8 0-366 72°8 0-366 72:8 0-366 

1 189 78:2 0-413 58-3 0-308 70-8 0-370 

2 181 81-3 0-450 46-9 0-259 67-5 0-372 

3 173 83-2 0-481 37-4 0-217 64:6 0-373 

4 166 83-4 0-504 30-8 0-186 61-8 0-373 

5 159 83-0 0-521 24-0 0-155 59-4 0-374 

6 153 82-4 0-538 — — — — 

Tase III. 

Aniline hydrochloride solution, with addition of ethyl malonate. 
C.c. added ... 0 1 2 3 4 5 6 7 8 
CO x 10° ...... 117 111 105 += #101 oT fa ss & 
2 ae 45-4 49-8 61:8 53:0 653-8 54-1 653-8 62-9 61:8 
pF nena Panne 6-388 0-448 0-493 0-525 0-555 0-585 0-605 0-615 0-624 

TaB.eE IV. 
Sodium acetate solution. 
C.c. Ethyl malonate. Methyl acetate. Toluene. 
added. C x 10%. xx 10% A. «x X 10%. A. x X 10°, A. 

0 101 8-92 0-088 8:92 0-088 8-92 0-088 

1 96 30:4 0-317 14°5 0-151 7-26 0-076 

2 92 41-2 0-448 18-1 0-196 5-85 0-064 

3 88 48-4 0-550 20-9 0-237 4-61 0-052 

4 84 52-8 0-600 23-1 0-275 3°61 0-043 

5 81 56-2 0-694 24-6 0-303 3-00 0-038 

6 78 58-2 0-746 25-7 0-329 2-48 0-032 

7 75 59-6 0-794 26-4 0-352 1-76 0-023 

8 72 60-0 0-834 26-8 0-372 1-45 0-020 

9 70 60-1 0-859 27-1 0-387 —- oe 

10 67 58-5 0-873 27-0 0-403 — = 
11 65 52-6 0-809 26-7 0-411 —- --- 
12 63 —_ — 26-6 0-421 a —- 


3mM2 
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investigated were then added, and the conductivity was determined 
after each addition, the concentration of the original solute being 
calculated from the ratio in which it was thus diluted. A control 
experiment was performed by adding successive quantities of 
phenol. All volumes were measured at 50°. 

These results show that toluene and ethyl malonate behave in 
opposite ways, as would be expected from their cryoscopic behaviour : 
with the former, the conductivity decreases fairly rapidly in pro- 
portion to the amount added; but with the latter, the first addition 
produces a large increase in the conductivity, and on further addition, 
the specific conductivity reaches a maximum and then decreases 
again, the molecular conductivity increasing more slowly than with 
the first addition and appearing also to tend towards a maximum, if 
allowance is made for the effect of dilution. Methyl acetate 
showed an effect similar to that of ethyl malonate, but not quite so 
pronounced. 

In order to discover if this effect extended to low concentrations 
of the electrolyte, a further determination was carried out using 
a fixed proportion of ethyl malonate to phenol and varying the 
amount of the electrolyte by dilution with the mixed solvent, which 
contained 4-75% of ethyl malonate by volume. The results of this 
determination are given in Table V. The figures in parentheses in 
the last column are the corresponding interpolated values of the 
conductivity for solutions in pure phenol. 


TABLE V. 
Sodium acetate in phenol containing ethyl malonate. 
C x 10%. Kk X 10°. A. 
20-03 11-39 0-568 (0-161) 
10-19 7-81 0-767 (0-221) 
2-826 3°60 1-27 (0-375) 
0-3345 1-48 4:43 (0-92) (?) 


The curves obtained from these results are given in Figs. 1 and 2. 
The value obtained for A, is approximately 13, whereas that for 
sodium acetate in pure phenolis2. It was found that for the mixed 
solvent used in this determination the conductivity was rather less 
than that of pure phenol, whereas a corresponding amount of phenol 
in ethyl malonate had about three times the conductivity of pure 
phenol. The conductivity of pure ethyl malonate is very low, 
possibly less than one-tenth of that of phenol. As neither aniline 
hydrochloride nor sodium acetate is appreciably soluble in ethy] 
malonate, their conductivity in this solvent could not be determined. 

It was decided to carry out some approximate determinations of 
the dielectric constants of the mixed solvents used in order to 
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ascertain if these differed from that of pure phenol by an amount 
sufficient to account for the conductivity effects observed. These 
measurements were made by one of us at King’s College, London, 
under the direction of Mr. C. 8. Salmon. 

A heterodyne beat method of the usual type was used, the capacity 
of the condenser cell containing the liquid investigated being 
determined by connecting the cell in parallel with a standard 
condenser which tuned one oscillator, and observing the alteration 
in capacity of this standard condenser necessary to bring the circuit 
back into resonance with the fixed oscillator. Suitable switching 
devices were used to minimise any change in capacity of the wiring 
in this operation. The condenser cell was maintained at 50° + 0-1° 
by means of a paraffin bath. The mixed solutions were prepared by 
volume in the same way as for the conductivity determinations. 
The results were as follows : 


Dielectric constants at 50°. 


pO es ee 2-3 Phenol + toluene (20:1) .......+..-. 9-95 

Ethyl malonate ...... 7°5 Phenol + ethyl malonate (20:1) ... 10-2 

NE SB ddkctawsdlchecs 103 te bo e (20:2) ... 10°15 
os - “ (20:4) ... 97 


It will be seen that the mixed solutions conform roughly to the 
simple mixture law in respect of dielectric constant. In the case of 
both toluene and ethyl malonate the dielectric constant of the 
mixture is slightly lower than that of pure phenol. 

An interesting effect observed during these determinations was 
that the dielectric losses with the phenol-ethyl malonate mixtures 
were much greater than with either of the pure liquids, a consider- 
ably greater in-put being required to maintain the oscillations in 
the circuit. These losses increased with the amount of ethyl 
malonate present in the mixture. The effect could not be accounted 
for on the assumption of an increase in the conductivity of the 
mixture, for it was shown that the mixtures had a lower conductivity 
than that of pure phenol. The losses must, therefore, be due to 
some action between the liquids which has no appreciable effect on 
either the dielectric constant or the conductivity. 


Discussion. 


The results of the present investigation have shown that, in phenol 
solutions, there are certain phenomena which are difficult to explain 
even by taking into account interionic forces. The acids examined 
differ entirely from the salts in the form of their conductivity curves. 
There are but few examples of compounds whose conductivity 
increases more rapidly with dilution than is required by the mass- 
action law, as does that of the acids investigated. Behaviour of 
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this kind has been noticed for aqueous solutions of certain weak 
organic acids and their salts. As the viscosity of such solutions is 
abnormally high, the deviations are ascribed to the rapid increase 
of viscosity with concentration. In the present instance the lower- 
ing of conductivity is noticeable in solutions which are so dilute 
that any appreciable change in viscosity is unlikely. It is note- 
worthy, also, that the salts do not show this effect, sodium acetate 
giving a curve of the opposite type to that of acetic acid, whilst 
in water sodium formate acts in exactly the same way as formic acid. 

Another remarkable effect is the large increase in conductivity 
observed on the addition of a non-electrolyte such as ethyl malonate 
to the solutions of salts, which are insoluble in such non-electrolytes. 
This influence has been shown for sodium acetate to persist even at 
extreme dilutions. The explanation is not to be sought in a decrease 
of viscosity consequent on the addition of the non-electrolyte. In 
the first place the increase in conductivity with even a small amount 
of ethyl malonate is abnormally great; then again the deviation 
shows a maximum effect. Actually both ethyl malonate and toluene 
reduce the viscosity of phenol, but the toluene, which lowers the 
conductivity of the solutions, causes a greater increase in the fluidity 
than the ethyl malonate.* 

A consideration of the dielectric constant of the mixed solvents 
also fails to afford an explanation of the behaviour of the esters 
investigated. In the case of toluene the lowering of the dielectric 
constant would possibly account for the decrease in conductivity, 
even if the slight decrease in viscosity which it also produces is 
taken into account. Ethyl malonate, however, which produces a 
considerable increase in the conductivity, also lowers the dielectric 
constant of the solvent, although to a smaller extent. It certainly 
lowers the viscosity, but to a considerably smaller extent than 
toluene, so that the viscosity change would not be sufficient to 
neutralise the effect of the change of dielectric constant, much less 
to reverse it. Evidently an explanation other than that of a change 
of viscosity or dielectric constant must be sought. 

We may now proceed to a comparison of the results of the present 
investigation with those obtained in the previous work on phenolic 
solutions (Richardson and Robertson, loc. cit.). It was found that 
toluene and ethyl malonate produced opposite changes in the 
molecular freezing-point depression constant. These results were 
accounted for on the assumption that differences in the internal 
pressures or polarities of the mixed liquids produce a decrease in the 

* Phenol, viscosity at 50°, 0-0323; phenol with 10% ethyl malonate, 


0-0305; phenol with 10% toluene, 0-0273. We are indebted for these measure- 
ments to Mr. O. H. Keys of this laboratory (Victoria College). 
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intermolecular attraction and a consequent increase in the vapour 
pressure, with corresponding effect on the freezing point. 

Toluene and phenol differ considerably in internal pressures and 
polarities, as estimated from molecular solution volumes and 
dielectric constants respectively; they show a marked decrease in 
the molecular depression constant with decreasing concentration. 
Ethyl malonate and phenol, on the other hand, have similar internal 
pressures and polarities; in such solutions the depression constant 
increases with decreasing concentration. 

With regard to the electrical properties of these solutions, a 
decrease in the intermolecular attraction, produced, as in the case of 
toluene and phenol, by differences in internal pressures and dielectric 
constants, corresponds with decreased conductivity. Conversely, 
an increase in intermolecular attraction, as with ethyl malonate and 
phenol, corresponds with increased conductivity of the electrolyte. 

It is impossible to draw any general conclusion without extending 
the investigation to a wider range of solutions, but the results 
obtained for the solutions examined appear to indicate that there 
is a connexion between the intermolecular attraction of the solvent 
molecules and the conductivity of the solute. 

This effect may also account for the abnormally low conductivity 
of the acids investigated where they are present in high enough 
concentrations to affect the solvent in the same way as do the 
non-electrolytes examined. 


Summary. 


1. The conductivities of certain acids and salts in phenol solution 
have been determined. Considerable differences are observed in 
the equivalent conductivities of the various electrolytes. 

2. The acids and. salts investigated are found to show totally 
different forms of conductivity curves; the values for the acids 
increase much more rapidly with dilution than required by the mass- 
action law, whereas the salts show the opposite effect, 

3. The addition of esters produces a remarkable increase in the 
conductivity of solutions of salts, this effect being equally pro- 
nounced even at very low concentrations of the electrolyte. 

4. These results are in agreement with the cryoscopic and mole- 
cular-volume measurements of Richardson and Robertson, and it is 
suggested that they may be explained in the same way, viz., that 
they are due to intermolecular forces induced by the internal 
pressures and polarities of the mixed liquids. 


VicToRIA UNIVERSITY COLLEGE, Krne’s CoLLEGE, London. 
WELLINGTON, NEw ZEALAND. [Received, May 5th, 1930.] 
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CCXXV.—The Nature of the Alternating Effect in Carbon 
Chains. Part XXXIII. The Nitration of some 
Aromatic Sulphonium and Selenonium Salts.* 


By Jon WiLt1AM Baker and WILLIAM GEORGE MOFFITT. 


IN the examination initiated by Ingold, Ingold, and Shaw (J., 1927, 
813) on the effect of various subsidiary influences on the now well- 
established m-directive action of a positive pole attached to a 
phenyl nucleus, it was shown that the electronic strain originated 
by the kationic charge (—J effect) might be modified by the damping 
effect of the outer groups of electrons belonging to the charged 
atom itself. There is, however, a second modifying factor which 
must also be considered, namely, the possibility of op-directive 
tautomeric electron displacements (+7') due to the presence of 
unshared electron pairs in the outer group, providing that this 
tendency is not too strongly resisted by the positive charge on the 
atom (since any sharing of these unshared electrons would cause 
the atom to become still more positive). The first of these con- 
clusions has already been verified in the case of nitrogen and sulphur 
(loc. cit.) and for nitrogen, phosphorus, arsenic and antimony 
(Ingold, Shaw, and Wilson, J., 1928, 1280). 

The present communication, which refers to the nitration of 
phenyl- and benzyl-dimethylsulphonium and phenyl- and benzyl- 
dimethylselenonium salts, extends the comparison to the elements 
sulphur and selenium and provides data relevant to the second 
possible modifying influence. The results are summarised in 
Table I. 

In the phenyl series (Nos. 1—5), almost exclusive m-nitration 
occurs; the nitro-product, isolated in high yield, contained no 
detectable trace of o- and p-nitro-derivatives, and their absence was 
confirmed by é¢xamination of the residual solution coupled with 
solubility determinations of the synthetic isomerides. This 

* After the MS. of this paper had been submitted for publication, Pro- 
fessor Robinson called our attention to the fact that he had investigated the 
nitration of a derivative closely similar to one of the four types investigated 
in this paper, namely, a benzyldialkylsulphonium salt (see this vol., p. 1765). 

We regret that we had unfortunately overlooked his statement to this 
effect (Chem. and Ind., 1926, 836) and had based the continuance of our 
investigation on a later reservation covering a similar field (J., 1927, 815, 
footnote). It was therefore agreed that the two investigations should be 
published simultaneously. In any event, knowledge of Pollard and Robin- 
son’s data for the benzyldiethylsulphonium salt would not have suited the 
purposes of our comparisons, which, for the elements nitrogen, phosphorus, 
arsenic, antimony, sulphur, and selenium, have uniformly employed methyl- 
substituted salts, both in the phenyl and in the benzy] series. 
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result, together with the exclusive meta-substitution observed in 
the case of diphenyliodinium nitrate (Vorlander and Biichner, Ber., 
1925, 28, 1898), indicates that the second modifying influence 
(+ 7 effect) is inoperative in orientation, the mobility of the 
unshared electron pairs being effectively restricted by the charge 
on the atom. This agrees with the accepted conclusion derived 
from the resolution of sulphonium salts, sulphinic esters, and 
sulphoxides, that the unshared electron pair of sulphonium sulphur 
tends strongly to maintain its place in the sulphur tetrahedron, 
and gives point to Phillips’s suggestion that the optical stability of 
sulphonium compounds is connected with the presence of a positive 
charge. 

In the corresponding benzyl series the (approximately constant) 
additional damping caused by the intercalated methylene group 
(Goss, Hanhart, and Ingold, J., 1927, 250) makes it possible to detect 
the effect of the extra electron group present in selenium, nitration 
of benzyldimethylselenonium picrate yielding a much smaller per- 
centage of the m-isomeride (Nos. 9—11) than is found in the case 
of the corresponding sulphonium compound (Nos. 6—8). 


TABLE I. 
Yield of mono- 
Nitration nitration Percentage of 
No. Kation. Nos. product,* %. m-isomeride. 
® 
1 Ph-SMe, 1—3 94 100 
® 
2 Ph-CH,-SMe, 6—8 95 52 
@ 
3 Ph-SeMe, 4—5 99 100 
@ 
4 Ph-CH,-SeMe, 9—11 99 16 


* Corrected for solubility in the case of phenyl compounds. 


Directive Action and the Periodic Classification of the Elements.— 
The data recorded and references cited herein, together with the 
results obtained for ammonium nitrogen (Vorlander and Siebert, 
Ber., 1919, 52, 283), oxonium oxygen (Le Févre, J., 1929, 2771), 
and the neutral benzyl halides (Ingold and Ingold, J., 1928, 2249; 
Fliirscheim and Holmes, ibid., p. 160), make it possible to take a 
moderately comprehensive survey of the directive action of the 
elements in this section of the periodic table. The data are in 
Table IT. 

In agreement with the theoretical considerations summarised in 
this paper the proportion of m-substitution observed (1) decreases 
with increase in atomic number for elements in the same group 
of the table and (2) increases with increasing atomic number in any 
one period, and the data now available make it possible to predict 
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TaB_eE II. 
Increasing —I 
Decreasing +7 




















SON *100 | O 100 | F dee vl 
g| 88 SJufoui Jt ae 17:5 
d | 
& P 100 | S§ 100 =| 6 — 
a| 10-1 — | 82 euldusats inftie 
g 
2 As 98-2 Se 100 | Br _ 
2 3-4 co 16 _— | -— 8 
: Sb 86-3 | Tet — > | 100 
ft tones phy = 2, = 





Increasing meta-nitration. 





Key | A = symbol of the element. 
8 
| m : |= % m-compound in the nitration product of Ph—A 
| 2) 
heel. “es y= ” ” ” ” ” Ph-CH,—A 
® 
z= ” ” . ” ” Ph:CH,—A 


(n = neutral form) 


* 100% is tabulated where careful qualitative examination of the nitration 
product revealed no trace of isomerides. 
+ It is intended to investigate the analogous tellurium derivatives. 


approximately the proportion of m-nitration which would occur in 
certain cases not yet investigated. For instance, the similar order 
of magnitude of the ratios Rp,on Bve,/Rencu,Seme, = 1°08/0-19 = 
5-7 and Rpyon Pue,/Ren-cn,-Seme, = 9°11/0-035 = 3-2 [R = m/(o + p)] 
suggests that it would be admissible to make an approximately 
quantitative comparison between similarly constituted pairs of 
oxonium and sulphonium salts on the one hand, and of am- 
monium and phosphonium salts on the other. Such a com- 
parison would probably be most justifiable in the case of the 
pairs (A) benzylbenzopyrylium—benzylsulphonium (B), and (C) 
2-benzylpyridinium *-benzylphosphonium (D). The values of R 
for B, D (this paper and cited references), and C (Bryans and Pyman, 
J., 1929, 549, who found 10-4% of the m-isomeride) are known and 
hence the value for benzylbenzopyrylium salts can be estimated 
from the relationship R,(x)/R»(1-08) = R,(0-12)/R,(0-11), and it 
may be predicted that even in this case a considerable proportion of 
m-substitution (probably >50°%) will occur, and Le Févre’s deter- 
mination of the experimental value will be awaited with considerable 
interest. 


* 2-Benzylquinolinium would provide a more just comparison; the data 
for this kation, however, are not available. 
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EXPERIMENTAL. 
A. Preparation of Materials. 


Phenyl methyl sulphide, b. p. 191—192°, was prepared in 
theoretical yield by reduction of diphenyl disulphide (1 mol.) with 
sodium sulphide (0-5 mol.) and sodium hydroxide (2 mols.) in boiling 
aqueous-alcoholic solution (compare Blanksma, Rec. trav. chim., 
1901, 20, 128) and methylation, without isolation, of the thiophenol 
so formed with methyl sulphate (1 mol.) (Brand and Stallmann, 
Ber., 1921, 54, 1578). This method was found to be of fairly 
general application for the preparation of the corresponding nitro- 
derivatives in both the sulphur and the selenium series. 

Phenyldimethylsulphonium picrate. Phenyl methyl sulphide (22 g.) 
was heated with a slight excess of methyl sulphate at 100° for 
2-5 days. An aqueous solution of the resulting methosulphate was 
converted by interaction with a saturated aqueous solution of 
sodium picrate into the picrate (yield, 46 g.), m. p. 101—102° after 
crystallisation from methyl alcohol-ligroin (Found: C, 46-1; H, 
38. C,,H,,0,N,5 requires C, 45-8; H, 35%). The same picrate 
was also obtained in less satisfactory yield from the corresponding 
tri-iodide described by Steinkopf and Miller (Ber., 1923, 56, 1926). 

m-Nitrophenyldimethylsulphonium picrate. m-Nitrophenyl xanth- 
ate (prepared from 13 g. of m-nitroaniline by Leuckart’s method, 
J. pr. Chem., 1890, 41, 197) was hydrolysed by boiling alcoholic 
sodium hydroxide for } hour, 5 g. of methyl sulphate were added, 
and boiling was continued for 2—3 hours. After the product had 
been cooled and poured into water, 5 g. of crude m-nitrophenyl 
methyl sulphide were obtained as a red oil by extraction with 
ligroin (b. p. 40—60°). The sulphide was heated with 3-9 g. of 
methyl sulphate at 100° for 2 days, and the resulting methosulphate 
converted into the required picrate in the usual manner. After 
crystallisation from methyl alcohol this had m. p. 163° (Found : 
C, 40-7; H, 2-9. C,,H,,.0,N,8 requires C, 40-8; H, 2-9%). This 
derivative was also obtained by nitration of phenyldimethyl- 
sulphonium picrate. 

p-Nitrophenyldimethylsulphonium picrate. p-Nitrophenyl methyl 
sulphide (34 g.; Brand and Stallman, loc. cit.) was similarly con- 
verted into the required picrate, m. p. 137° after crystallisation from 
methyl alcohol-ethyl acetate (yield, 12 g.) (Found: C, 40-6; H, 
2-9°%). 

Phenyldimethylselenonium picrate. This was originally prepared 
in accordance with the scheme: Ph,Se-—-> Ph,Se, —»> Ph-SeMe 


@ ® 
—> Ph-SeMe,}MeSO, —> Ph‘SeMe,}0-C,H,(NO,),. Diphenyl 
selenide (50 g.), prepared by Schdller’s method (Ber., 1919, 52, 
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1517), was converted into diphenyl] diselenide (19 g.) by heating on 
a sand-bath with 20 g. of powdered selenium at 150—170° for 2 days 
(compare Krafft and Lyons, Ber., 1894, 27, 1761). The product 
was converted into phenyl methyl selenide by Pope and Neville’s 
method (J., 1902, 81, 1553). Addition of methyl iodide to phenyl 
methyl selenide gives very unsatisfactory yields of the selenonium 
iodide even when the reactants are heated together in a sealed 
tube at 60°, but satisfactory results were obtained by using methyl 
sulphate. Phenyl methyl selenide (5 g.) and methyl sulphate 
(3 g.) were heated together at 100° for 4 hours, a theoretical yield 
of the methosulphate being obtained. This was converted in the 
usual manner into the required picrate, m. p. 87—89° after crystal- 
lisation from ethyl acetate (Found : C, 40-1; H,3-0. C,,H,,0,N,Se 
requires C, 40-1; H, 3-1%). 

If phenyldimethylselenonium methosulphate is treated with a 
large excess of saturated sodium picrate solution, the normal picrate 
is produced together with a substance, m. p. 136—144° (decomp.), 
which is obtained moderately pure when phenyldimethylselenonium 
picrate is crystallised from a saturated aqueous solution of sodium 
picrate, and the product again crystallised from ethyl acetate. 
Analysis suggests that this substance is the double picrate 


2{Ph-SeMe,,CH,(NO,),0}, CgH,(NO,),°ONa [Found: (, 37-7; 
H, 3:0; C,H,(NO,),°O°, 64-5, 65-1, 65-5. C3,H,,0,;N,Se,Na 
requires C, 37-8; H, 2-6; C,H,(NO,),"O°, 63-4%]. The picrate 
radical was determined gravimetrically as nitron picrate by the 
method of Busch and Blume (Z. angew. Chem., 1908, 31, 354). 
Crystallisation from solvents other than ethyl acetate (e.g., water 
or alcohol) lowers the m. p., and pure sodium picrate crystallises 
when a hot solution of the double salt in nitrobenzene is cooled. 

It was subsequently found that phenyl methyl selenide is best 
obtained by Taboury’s method (Bull. Soc. chim., 1903, 29, 761). 
The mixture of diphenyl diselenide and selenophenol obtained by 
this method was reduced to the sodium derivative of the latter 
with sodium and boiling alcohol. This was methylated, without 
isolation, with methyl sulphate, and the resulting phenyl methyl 
selenide, b. p. 201°, converted into the required picrate as described 
above. 

pp’-Dinitrodiphenyl selenide. Application of the method used by 
Bogert and Andersen (J. Amer. Chem. Soc., 1927, 49, 2011) for the 
preparation of oo’-dinitrodipheny] diselenide to p-chloronitrobenzene 
yielded the mono- and not the di-selenide. Phosphorus penta- 
selenide (24 g.) was boiled with 23 g. of powdered selenium in an 
aqueous-alcoholic solution of sodium hydroxide for 2—3 hours. To 
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the resulting solution a hot alcoholic solution containing 39 g. of 
p-chloronitrobenzene was slowly added and boiling was continued 
for a further 2 hours. The precipitated solid was washed with 
water and extracted with boiling ethyl acetate. After crystallis- 
ation from this medium the selenide had m. p. 170—171° (Found : 
C, 44-4; H, 2-5. C,,.H,O,N,Se requires C, 44:7; H, 2-5%). 

p-Nitrophenyl methyl selenide was obtained from p-nitrophenyl 
selenocyanate in a similar manner to the corresponding m-derivative, 
or by reduction of the pp’-dinitrodiphenyl selenide with sodium 
sulphide in alkaline solution and methylation with methyl sulphate 
in the usual manner. After crystallisation from methyl alcohol 
the selenide had m. p. 54—56° (Found: C, 39-2; H, 3-3. C;H,0,NSe 
requires C, 38-9; H, 3-2%). | 

p-Nitrophenyldimethylselenonium wicrate. The above selenide 
(2-2 g.) was heated with 1-3 g. of methyl sulphate at 60° for 14 hours, 
the resulting crude methosulphate dissolved in water, and a satur- 
ated solution of sodium picrate added. The precipitated oily 
picrate was redissolved and impurities were removed by boiling the 
solution with “norit.’’ The filtered solution deposited crystals of 
the picrate on cooling. After crystallisation from 90% alcohol this 
had m. p. 122—123° (Found: C, 36-5; H, 2-7. C,,H,,0,N,Se 
requires C, 36-6; H, 2-6%). 

m-Nitrophenyl methyl selenide. m-Nitrophenyl selenocyanate 
(Challenger, J., 1928, 1364) (8 g.) was heated with an aqueous- 
alcoholic solution of 4 g. of sodium hydroxide at 80—90° for 4 hour, 
4-5 g. of methyl sulphate were added, and the mixture was boiled 
for 3 hours. The resulting black sticky mass was extracted with 
ether. The residue from the dried ethereal solution was a red oil 
which was distilled under reduced pressure. The fraction, b. p. 
165°/13 mm., solidified on cooling in ice and consisted of pure 
m-nitrophenyl methyl selenide, m. p. 30—31° (Found: C, 39-1; 
H, 3-4%). 

m-Nitrophenyldimethylselenonium picrate. The above selenide 
was heated with methyl sulphate (1 mol.) at 90° for 12 hours, and 
the methosulphate converted into the picrate in the usual manner. 
After crystallisation from ethyl acetate this had m. p. 156° (Found : 
C, 36-9; H, 2-8%). It was also obtained by direct nitration of 
phenyldimethylselenonium picrate. 

Benzyldimethylsulphonium wpicrate is best prepared from the 
corresponding bromide obtained by the interaction of benzyl 
bromide and dimethyl sulphide. Benzyl bromide (42 g.) was 
added with efficient cooling to 15 g. of dimethyl sulphide. After 
5 hours, the semi-solid mass crystallised completely when rubbed. 
The crystals were washed with dry ether, the hygroscopic bromide 
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was dissolved in the minimum quantity of water, and the picrate 
precipitated in the usual manner; after crystallisation from alcohol 
it had m. p. 134° (yield, 45 g.) (Found: C, 47-2; H, 3-95. 
C,;H,,0,N,8 requires C, 47-2; H, 40%). 

The mononitro-derivatives were prepared in a similar manner 
from the appropriate nitrobenzyl iodides. o-Nitrobenzyldimethyl- 
sulphonium picrate has m. p. 150—153° after crystallisation from 
methyl alcohol-ethy] acetate (Found : C, 42-5; H, 3-4. C,;H,,0,N,8 
requires C, 42:3; H, 3-4%). m-Nitrobenzyldimethylsulphonium 
picrate crystallises from water in clusters of needles, m. p. 167-5— 
168-5° (Found : C, 42:0; H, 3-2%). p-Nitrobenzyldimethylsulphon- 
ium picrate has m. p. 148-5—149° after crystallisation from dilute 
alcohol (Found: C, 42-5; H, 3-4%). 

Benzyldimethylselenonium picrate was originally prepared from 
the corresponding tri-iodide described by Jackson (Annalen, 1875, 
179, 5), who, however, gives no details concerning the optimum 
conditions of methylation. The best yield of the tri-iodide was 
obtained when dibenzyl diselenide was digested on a steam-bath 
with 4—5 times the theoretical quantity of methyl iodide for 3 days. 
The tri-iodide was dissolved in an excess of sulphurous acid and 
converted into the corresponding hydroxide by addition of a 15% 
excess of freshly prepared silver oxide. After filtration of the 
silver iodide, the sulphate present was precipitated by addition of 
the theoretical amount of baryta solution, the solution again filtered, 
and the picrate precipitated by the addition of the theoretical quan- 
tity of aqueous picric acid. It was subsequently found more 
convenient to prepare this compound by the action of benzyl bromide 
on dimethyl selenide. Dimethyl selenide (28 g., prepared according 
to Jackson’s method, loc. cit.) was added with cooling to 43 g. of 
benzyl bromide, the resulting brown mass dissolved in water, and 
the picrate (38 g.) precipitated with aqueous sodium picrate. It 
crystallised from alcohol in small needles, m. p. 118° (Found: C, 
42-2; H, 3-6. C,;H,,0,N,Se requires C, 42-0; H, 3-5%). 

The corresponding o-, m-, and p-nitro-derivatives were prepared 
similarly from the nitrobenzyl bromides or iodides. 

o-Nitrobenzyldimethylselenonium picrate was prepared by allowing 
equivalent quantities of o-nitrobenzyl iodide and dimethy] selenide 
to react for 15 minutes only, washing the crude iodide formed with 
ether to remove any excess of the reagents, and precipitating the 
picrate from an aqueous solution of the iodide with a saturated 
solution of sodium picrate. After several crystallisations from 
methyl alcohol the picrate had m. p. 145—148° (Found: C, 38-0; 
H, 3-1. C,;H,,0,N,Se requires C, 38-1; H, 3-0%). 

m-Nitrobenzyldimethylselenonium picrate. The bromide, m. p. 112° 
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(decomp.), was obtained in 66% yield by the interaction of m-nitro- 
benzyl bromide and dimethy] selenide in the cold for 2—3 days. It 
was converted in the usual manner into the picrate, m. p. 132—134° 
after crystallisation from dilute alcohol (Found : C, 38-3; H, 3-1%). 

p-Nitrobenzyldimethylselenonium picrate, m. p. 152° (Found: 
C, 38-3; H, 2-8%), was similarly prepared in theoretical yield from 
p-nitrobenzyl bromide. This derivative was also isolated in a pure 
state from the products of nitration of benzyldimethylselenonium 
picrate (compare No. 9, Table IIIb). 


B. Conditions of Nitration and Isolation of the Products. 


Phenyldimethyl-sulphonium and -selenonium Picrates.—After trial 
experiments under various conditions it was found that these 
derivatives could be mononitrated in mixed acids (95% sulphuric 
acid and nitric acid, di? 1-53) at 60°. The picrate was added in 
small portions, with mechanical stirring, to the nitrating mixture, 
and the whole maintained at 60° for 7—8 hours and then kept at 
the ordinary temperature for 14 hours. The solution was poured 
on ice and exactly neutralised at 0° with sodium hydroxide solution, 
and the whole diluted to 800 c.c. with water and warmed to 70° to 
effect solution; the bulk of the m-nitro-derivative was then allowed 
to crystallise at 13°. This was filtered off, washed with the 
minimum quantity of cold water, dried at the ordinary temperature, 
and weighed. In the case of the selenium derivative some inorganic 
material was also precipitated and the picrate was therefore redis- 
solved in 900 c.c. and crystallisation repeated. The combined 
filtrates were evaporated at 30—40°/20 mm., the residue repeatedly 
extracted with dry acetone, and the extract evaporated to dryness 
under reduced pressure at the ordinary temperature. The residue 
was dissolved in 20% hydrochloric acid, the picric acid extracted 
with benzene, and the solution again evaporated to dryness at the 
ordinary temperature. Only a slight residue, consisting almost 
exclusively of inorganic material, remained after evaporation of the 
acetone extract of the final residue. No trace of the o- or p-nitro- 
isomeride could be detected, and the small amount of the m-nitro- 
derivative remaining in the original mother-liquor was calculated 
from its solubility (see Section C), since it seemed to decompose 
under the mild but necessarily prolonged series of evaporations of 
the mother-liquors. 

Benzyldimethyl-sulphonium and -selenonium Picrates.—All nitra- 
tions in this series were carried out by addition of the powdered 
picrate to nitric acid (di? 1-53) at —15°. Two alternative methods 
were employed in the isolation of the product. (1) The nitration 
mixture was poured on ice, and the solution evaporated to dryness 
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at the ordinary temperature in a vacuum, small quantities of water 
being added towards the end to prevent excessive concentration of 
nitric acid. (2) The solution obtained by pouring the nitration 
mixture on ice was neutralised with gaseous ammonia and evaporated 
to dryness on a steam-bath; the residue was extracted with boiling 
ethyl acetate and boiling anhydrous acetone in the sulphur and the 
selenium series respectively. In the latter case the re-evaporation 
to dryness and re-extraction with hot acetone was necessary to 
remove all inorganic salts. 

The numerical particulars of all nitrations except analyses are 
given in Table IIIa and b, the analytical details and results are in 
Tables I, IV, and V. \ 


C. Determination of the Isomerides. 
In the phenyl series the pure m-nitro-derivative was isolated in 
88% yield, the small amount remaining in solution being calculated 
on the basis of the following solubility data.* 


-_ » . ) oe 
Solubility of NO°C,H,RMe,5 Pic. in water at 13°. 
Isomeride. 100 C.c. of saturated solution contain (g.).** 
R =&. R = Se. 
p- 0-161 0-076 
m- 0-050 0-050 
m- + p- 0-165 0-105 


** All evaporations were carried out at 30°/20 mm. 


In the benzyl series the proportion of the isomerides present in 
the mixed mononitro-compounds, isolated as described in Section B, 
was determined either by Goss, Ingold, and Wilson’s modification of 
Francis and Hill’s bromination method (J., 1926, 2447) under care- 
fully standardised conditions, or by oxidation of the mixture with 
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boiling 3% potassium permanganate solution and reduction and/jsolut 
bromination of the mixed nitrobenzoic acids by the method of|then 
Fliirscheim and Holmes (J., 1928, 448). In the former method/(mea 


correction curves were plotted by determination of the bromination 
number (F’) for the pure isomerides and for various artificial mixtures 


of these. Consistent and reproducible results could be obtained onlyNo,-c 
under the following (additional) standardised conditions. Theyo,.c 





initial boiling (10 minutes) in alcoholic hydrochloric acid (after 
removal of the picric acid by extraction with benzene) and the reduc- 


the nitration products after neutralisation) to an aqueous solution saturated 
with both m- and p-nitro-picrates caused only a negligible precipitation and 
hence all solubilities were subsequently determined in pure water. 
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tion with a known excess of titanous chloride in boiling solution 
(a further 5 minutes) were carried out in a current of carbon dioxide 
in a bath maintained at 140°. The solution was then rapidly 
cooled by addition of crushed ice, the volume made up to 500 c.c., 
and bromination with the standard bromide—bromate mixture 
allowed to proceed for 5 minutes at —4°. The following values 
were obtained with artificial mixtures, the values being the means 
of several concordant observations : 


Mixture of 


® 8 
NO,-C,H,-SMe, } Pio. p- p,m p,m p,m p,m m 
MOR: siiddoevisisontnns 0 25:8 40-5 50 65-5 100 
IF sosbiecetitommniniirenienen 2-544 2-648 2-741 2-766 2-834 3°010 
Mixture of 
® =) 
NO,-C,H,-SeMe, } Pic. edema p- p,m ~p,m 0,p,m m 
PL IDE chs ciesainie bemndeinncnanennnen 0 14-0 20-15 23-8 100 
PF i eiiiirinnnnniibaniawus neh tesns sreseh 2-685 2-750 2-763 2-787 3-035 


In nitration No. 10, the determination was carried out under 
slightly different conditions, for which the following correction 
figures were obtained : 


Mixture of 


® 8 
NO,-C,H,-SeMe, } Pic. otvnaahicn p- p,m p,m p,m m 
_ SO ae ee a ee eee 0 20°5 51-4 79-5 100 
i saniderdsessbanibspieaacrnon 2-570 2-708 2-846 2-978 3-040 


Oxidation of the mixed nitrobenzyldimethyl-sulphonium or 
-selenonium picrates was carried out under the following standard- 
ised conditions. The mixed nitro-picrates (2 g.), dissolved in 800 c.c. 
of water, were treated at the boiling point with small successive 
portions of 3% potassium permanganate solution as long as decolor- 
isation occurred. A further 20 c.c. excess of the permanganate 
solution was added and boiling continued for 4 hours; the solution 
then still remained pink. Under these conditions the following 


(mean) yields were obtained. 
Substance oxidised. O-. m-. p-. 
4 8 
NO) 4)-SE OE AMain } Phe. 3. 0.0seciessesessses 100 924 90:7 % 
® 9 
BO, CH, CH, eMinn } Pio: is..0.acesuseseosees 100 60-5 93 % 


The proportions of the isomerides in the mixed nitrobenzoic acids 
pbtained by oxidation were determined by reduction and bromin- 
tion in the usual manner. The detailed results are in Tables IIIb 
pnd IV. The values given in the summary on p. 1733 have been 
porrected for the oxidation yields on the basis of the above data. 
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TaBLeE IIIa. 
Nitric Total 
Nitra- acid, 95% Pure m- Solu- m-cmpd., 
tion Kation dis’ Sulphuric isomeride bility corr. for 


No. nitrated. Wt. 1-53. acid. isolated. corr. solubility. 


® 
1 Ph-SMe, 1-466 15 18 1-337 0-12 1-457 
2 99 3-941 38 46 3-225 0-30 3-525 
3 ” 5-211 38 55 5-093 0-40 5-493 
® 
4 Ph-SeMe, 1-266 12 15 0-954 0-12 1-074 
5 99 6-218 38 46 6-075 0°85 6-925 


All the above nitrations were carried out at 60° for 8 hours and the 
nitration mixture was left at room temperature for a further 12 hours. 
All quantities are expressed in grams. 


TABLE IIIb. 


Nitric 
Nitra- acid, 
tion Kation dis Time Pro- Oxid- 
No. nitrated. Wt. 1-53. Temp. (hrs.). duct. ised. Acids, 
6  Ph-CH,SMe 4-467 30 {—15% 98! g.77g 2222 0-495 
i ai room, 1:55 *‘* 
y “217 4 —15°, 1-5) RRS . ° 
7 én 5-817 38 }room, 1-0§ 5-52* 2-131 0-571 
—_ 15° 1-0 } Qk i ~ 7 
8 ” 6-464 45 } room, 1-05 6 856 2 335 0 197 
@ ss Be 
9 PhCH,SeMe, 403 45 §—15% 15) 4499 1.6157 0-445 
(room, 1-55 
. jf —15°, 1-5) 6 7 ~ 
10 2-39 30 { room, 154 2-20 
—15°, 15) .~.4- , . 
ll 5-044 30 }room, 1-55 5-178 2-093 0-477 


* Some mechanical loss. 
+ After 58-7% of pure p-isomeride had been separated. 





TaBLeE IV. 
Composition of acids * 
Recovered : (mols. %) : 

© 

L a 

: a scadl 
é 68 =. 8 Percentage of 

Nitra- Acids © E¢ 8 i} Ag ¢ nitro- 

tio ana- 0. £5 £5. E Ss = isomerides.* 

No. lysed. = S323 SE g 8 § A 

ae ge Fae 8 47 = 0o-&p-. m-. 

7 0-527 0-009 0-447 0-571 2°5 45-8 51-7 47-0 53-0 
8 0-699 0-026 0-514 0-733 5:7 41°8 52-5 44:3 55-7 
9 0-425f 0-042 0-549 0-258 12-7 61:9 25-4 70-8 29-1 


* Uncorrected for oxidation yields. 
+ Acids obtained by oxidation of the residue after 58°7% of pure p-iso- 
meride had been isolated from the nitration product. 
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TABLE V. 
Percentage of 
Nitration Mean value’ m-isomeride 
No. Bromination Nos. (F). of F. (see p. 1731). 
6 2-780, 2-744, 2776, 2-752 (2-704) 2-763 50-3 
7 2-813, 2-745, 2-759, 2-729 2-761 50-0 
10 2-693, 2-679, 2-639 2-670 17-0 
11 2-760, (2-700), 2-727, 2-741, 2-739 2-742 14°5 


Summary of Results. 


The following tabular summary is appended for convenience in 
reference : 


Nitration of phenyl- and benzyl-sulphonium and -selenoniwm salis. 


Yield of Proportion of m-isomeride (%). 


mononitro- 
product By oxid- 
(corrected ation and By By 
Nitra- for bromin- direct direct 
tion Kation solubility) ation separ- bromine Mean % 
No. nitrated. (g.). (corrected). ation. ation. m-cmpd. 
® 
1 Ph-SMe, 88-5 — 100 — 
2 99 79-7 — 100 — \ 100 
3 ” 94-0 = 100 pane 
® 
4 Ph-‘SeMe, 76-6 — 100 —_— 100 
5 ” 99-0 --- 100 — } 
® 
6 Ph-CH,-SMe, 95°8 aud == 50-3 
7 o 85-1* 52-6 ~-- 50-0 52:1 
8 ~ 94-9 55-5 — -- 
@ 
9 Ph-CH,SeMe, 99-2 15-5 — — | 
10 99 83-6 -- —_— 17-0 15-7 
ll am 93-1 = — 14-5 


* Some mechanical loss. 


The figures given in the last column have been rounded off in the 
abridged table on p. 1723. 


We wish to thank the Chemical Society for a grant with the aid 
of which part of the expenses of this investigation have been met. 


Tue University, LEEDs. [Received, March 6th, 1930.]} 





CCXXVI.—The Reaction of Bromine with Aliphatic 
Acids. Part IV. Swuccinic Acid. 
By Epwarp Davin Hueues and HerBert BEN Watson. 


InvEsTIGATIONS of the bromination of succinic acid have led to 
discordant results. Thus, while Orlowski (Centr., 1877, 4) obtained 
the mono- and the di-brominated acid by heating together dry 
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succinic acid and bromine, several investigators (Perkin and Duppa, 
J., 1861, 43, 102; Kekulé, Annalen, 1861, 117, 120; Urech, Ber., 
1880, 13, 1695) state that no reaction occurs under these conditions, 
but that the acid may be brominated in aqueous solution at tem- 
peratures of 100° and above. Kekulé (loc. cit.), who carried out 
the reactions in sealed tubes, makes the surprising statement that, 
although in presence of a little water the dibrominated acid is formed 
(compare also Bourgoin, Ber., 1873, 6, 624; Franchimont, ibid., 
p. 199), yet the main product is monobromosuccinic acid when a 
comparatively large quantity of water is present, the proportion 
of bromine to succinic acid having no effect. 

The authors find that no bromination occurs when open vessels 
are employed; in sealed tubes, however, both in presence and in 
absence of water, the bromine reacts completely after 2—4 days’ 
heating at 100°. In no case is anymonobromosuccinic acid obtained ; 
in absence of water, 2 mols. of bromine give an almost theoretical 
yield of the dibrominated acid, whilst 1 mol. gives the dibrominated 
and the unsubstituted acid; the results are similar when succinic 
acid is brominated in presence of an equal weight of water. Intro- 
duction of a larger quantity of water leads to a considerable decrease 
in the yield of dibrominated acid and to the production of brominated 
hydrocarbons (compare Bourgoin, Bull. Soc. chim., 1873, 19, 148; 
Orlowski, loc. cit.). 

The dibromosuccinic acid obtained in all these experiments 
sublimes above 250° and is sparingly soluble in water; it is thus 
the meso-form (McKenzie, J., 1912, 101, 1196; Holmberg, Svensk. 
Kemi Tidskr., No. 5, 1911). The racemic isomeride, isodibromo- 
succinic acid (m. p. 167°, easily soluble), is never observed, perhaps 
because it is converted into the meso-isomeride by heating at 100° 
with hydrogen bromide (Michael, J. pr. Chem., 1895, 52, 289). 

In acetic acid and its homologues, the failure of the carboxyl 
group to enolise may be ascribed (Orton, Watson, and Hughes, 


J., 1927, 2458) to the competition O=c—*Ou. Malonic acid, 
on the other hand, is known to react with bromine in its enolic form 
(Meyer, Ber., 1912, 45, 2864; West, J., 1924, 125, 1277), and this 
difference is probably due to the powerful electron affinity of the 
second carboxyl group. It may be suggested that the reaction of 
bromine with succinic acid is also preceded by enolisation, an idea 
which is confirmed by the authors’ observation that mineral acids 
act catalytically. If this suggestion be correct, enolisation occurs 
less readily than in the case of malonic acid (which is rapidly 
brominated at 0°), owing to the screening effect of the second carbon 
atom (compare Ingold, Ann. Report, 1926, 23, 130). 


iso 
col 
suc 
the 
An 
rele 
at | 
mo! 
ater 
by 
Coh 
190: 
119 
Ing 
S 
1887 
on t 
the. 
that 
the ; 
tube 
max 
Wat: 
is a 
brom 
fract: 
* 7 


makes 
ation | 





els 
in 
ys 
cal 
ted 
nic 
ro- 
ase 
ted 
48 ; 


nts 
hus 
sk. 
no- 
aps 
00° 


xyl 
hes, 


cid, 
orm 
this 
the 
a of 
dea 
cids 
ours 
idly 
bon 





WITH ALIPHATIC ACIDS. PART IV. succrnic acipD. 1735 


The absence of the monosubstituted acid from the products of 
bromination of succinic acid (see above) indicates that the former 
reacts with bromine more rapidly than the latter, and this is con- 
firmed by the results of velocity measurements. The enolisation 
of monobromosuccinic acid should be facilitated by the presence 
of the bromine atom (this appears to be the case in monobromo- 
malonic acid, West, loc. cit.), and this acid may also react with 
halogens in its enolic form. It is not possible, however, to form 
any definite conclusions, since monobromosuccinic acid decomposes 
readily to form fumaric acid (Volhard, Annalen, 1887, 242, 158; 
Miiller, Z. physikal. Chem., 1902, 41, 483; Miiller and Suckert, Ber., 
1904, 37, 2598; Lossen and Mendthal, Annalen, 1906, 348, 261), 
and the dibrominated acid may result from the addition of bromine 
to this compound, a reaction which is known to yield the meso-acid. 

Succinyl Bromide.—There is no reference in the literature to the 
isolation of succinyl bromide; the authors have now prepared this 
compound as a liquid, b. p. 105—106°/13 mm., by treatment of 
succinic acid with two mols. of phosphorus pentabromide (compare 
the similar preparation of succinyl chloride, Gerhardt and Chiozza, 
Annalen, 1853, 87, 293). The acid bromide reacts with bromine 
relatively quickly; 1 mol. of the halogen disappears after 4 hours 
at 90°, giving principally monobromosuccinyl bromide; a second 
mol. reacts less rapidly, yielding a mixture of the isomeric dibromin- 
ated bromides.* These results are analogous to those obtained 
by the bromination of the chlorides of dicarboxylic acids (Lassar- 
Cohn, Annalen, 1889, 251, 335; Willstatter and Lessing, Ber., 
1902, 35, 2066; Le Sueur, J., 1909, 95, 273; Ingold, J., 1921, 
119, 305, 951; Bernton, Ing, and Perkin, J., 1924, 125, 1492; 
Ing and Perkin, ibid., p. 1814; J., 1925, 127, 2387). 

Succinic Anhydride—It was observed by Volhard (Annalen, 
1887, 242, 141) that succinic anhydride and bromine, when heated 
on the water-bath, do not react unless a little phosphorus is added ; 
the authors have confirmed this result, which appears to indicate 
that the anhydride is brominated at an appreciable rate only through 
the intermediate formation of an acid bromide. Further, in sealed 
tubes at 100°, bromination occurs at a rate which increases to a 
maximum and then decreases (compare acetic anhydride; Orton, 
Watson, and Hughes, loc. cit.). With 1 mol. of bromine, the product 
is a liquid which, on release of the pressure, evolves hydrogen 
bromide, and the monobrominated anhydride is easily isolated by 
fractional distillation under reduced pressure (b. p. 180—133°/11 


* The close proximity of the boiling points of the substituted bromides 
makes their separation. almost impossible, and they were identified by examin- 
ation of their products of hydrolysis. 
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mm.; compare Anschiitz and Bennert, Ber., 1882, 15, 640). Two 
mols. of bromine give dibromomaleic anhydride. 

Succinic anhydride does not react with hydrogen bromide under 
ordinary conditions, as acetic anhydride does; on the contrary, the 
production of succinic anhydride by the interaction of molar 
quantities of phosphorus pentahalide and succinic acid (Gerhardt 
and Chiozza, loc. cit.) must involve the release of hydrogen halide 
in one of the following ways: * 


[HCO __,, tecge HX oto. @ 


CH,-COX H,-CO 
CH,COX , CHyCO,H , oCHyCO\9 sv onx. 
Gx,cox* G:-co,n ~~ *¢H,-co7? * @) 


In sealed tubes, however, where a considerable pressure of hydrogen 
bromide is developed, it is quite likely that these reactions may 
be reversed; the resulting acyl halide would then be brominated, 
and the substituted anhydride produced by one of the changest 


CH,°CO,H release of pressure | CH,—C 
CHBr-COBr > ee sah 5 Me 





or 
CH,COBr , CH,:CO CH;—CO_, , CH, COBr 4 
CHBr-COBr * CH,CO>” CHBrco>” * GH,-coBr “) 


The presence of a second mol. of bromine will then lead to further 
substitution by a similar series of changes; the ultimate product 
(dibromomaleic anhydride) would be formed readily from the 
dibrominated succinic anhydride (compare Pictet, Ber., 1880, 
13, 1669). 

It appears, therefore, that the bromination of succinic anhydride, 
like that of acetic anhydride, proceeds through a somewhat complex 
series of reactions, which includes the bromination of an acyl 
bromide. 

Bromination of Succinic Acid by the Hell-Volhard Method.—In an 
extensive investigation of the bromination of acids by the Hell- 
Volhard method, Auwers and Bernhardi (Ber., 1891, 24, 2209) found 
that dicarboxylic acids with a hydrogen atom situated in the «- 
position with respect to each carboxyl group were easily converted 
into dibrominated derivatives; the proportions of carboxylic acid, 


* Compounds CO,H-CH,-CH,-COX have never been isolated, but the 
reaction (2) of succinyl chloride with succinic acid has been carried out by 
Anschiitz (Ber., 1877, 10, 1881) and by Médller (J. pr. Chem., 1880, 22, 194). 

+ Reaction (4) has an analogy in the production of acetyl chloride and 
acetic chloroacetic anhydride from chloroacety] chloride and acetic anhydride 
(Watson and Gregory, J., 1929, 1373). 
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phosphorus pentabromide, and bromine were 1:%:2, and the 
reactions were carried out in open vessels. Succinic acid was an 
exception, for the product consisted here almost entirely of the 
monobrominated derivative (compare also Auwers and Imhaiuser, 
ibid., p. 2233), although dibromosuccinie acid had been obtained 
easily by this method by Hell (Ber., 1881, 14, 891) and by Goro- 
detzky and Hell (ibid., 1888, 21, 1729), who used sealed tubes. 
The earlier results of Volhard (loc. cit.) were in agreement with those 
of Auwers and Bernhardi; he, however, also isolated succinic 
anhydride from the products, and the authors have observed a very 
large conversion into anhydride under these conditions. 

These phenomena may now be explained in a simple manner. 
When succinic acid is treated with phosphorus and bromine in an 
open vessel, in the proportions used. by the above investigators, 
one or both of the acid bromides will be formed. It is to be antici- 
pated that the bromide CO,H-CH,°CH,°COBr would readily yield a 
monobrominated but not a dibrominated derivative, and release of 
hydrogen bromide to form anhydride will occur simultaneously. 
Theauthors have shown thatsuccinyl bromide, COBr-CH,-CH,°COBr, 
is also converted rapidly into monobromosucciny] bromide, while the 
entry of a second bromine atom is a slower process; reaction of the 
bromide with unchanged succinic acid (to form anhydride) will 
doubtless occur before any appreciable quantity of dibrominated 
product is formed, and hence in open vessels only the mono- 
brominated derivative is obtained. In sealed tubes, on the other 
hand, anhydride formation is prevented by the presence of hydrogen 
bromide under pressure, and the acid bromide may be converted 
into both its mono- and its di-substitution product. 


EXPERIMENTAL. 


Bromination of Succinic Acid in Sealed Tubes at 100°.—1. Pure 
acid and bromine (2 mols.). 5 G. of succinic acid (Kahlbaum) 
and 13-5 g. of bromine (A.R.) were heated in a Carius furnace 
for 4 days; the product (10 g.; calc., 11-5 g.) sublimed at 250— 
280°, and after recrystallisation from hot water gave Br, 57-83% 
(Cale. for CO,H’-CHBr-CHBr-CO,H : Br, 57-94%). 

2. Pure acid and bromine (1 mol.). 7-5 G. of succinic acid and 
10 g. of bromine were heated for 3 days, the product agitated with 
ether, and the insoluble portion (3-5 g.) recrystallised from water ; 
it then melted at 185° (unchanged succinic acid). The ethereal 
solution gave 6 g. of a solid which, after recrystallisation from hot 
water, sublimed above 250° (Found : Br, 58-12%). 

3. Equal weights of succinic acid and water (5 g. each) and 2 mols. 
of bromine (13-5 g.). On opening the tube, a smell resembling that 
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of chloroform was detected. The product (9 g.; Calc., 11-5 g.; 
Found: Br, 58-04%) sublimed above 250°. 

4. Equal weights of succinic acid and water (5 g. each) and 1 mol. 
of bromine (7 g.). After agitation with ether, the insoluble portion 
obtained (3 g.) melted at 185°, and the ethereal extract yielded 2 g., 
subliming above 250° (Found: Br, 58-05%). No other product 
could be isolated. 

5. Succinic acid (5 g.) and water (10 g.) with 2 mols. of bromine 
(13-5 g.). The product (6 g.; Calc., 11-5 g.) consisted of succinic 
and dibromosuccinic acids (subl. above 250°). 

6. Succinic acid (7-5 g.) and large excess of water (50 g.) with 
2 mols. of bromine (20 g.). The product consisted of a yellow oil 
(Found: Br, 94-54%) and an aqueous solution, whieh contained 
only unchanged succinic acid. 

7. Hydrobromic acid as catalyst. 5 G. of succinic acid, 4 c.c. of 
water, 1 c.c. of constant-boiling hydrobromic acid, and 13-5 g. of 
bromine were used. All the bromine had reacted in 2 days, and 
the product (9 g.) sublimed above 250° (Found : Br, 57-67%). 

8. Hydrochloric acid as catalyst. 5-5 G. of bromine reacted 
completely with 2 g. of succinic acid and 10 c.c. of constant-boiling 
hydrochloric acid in less than 24 hours, and 0-6 g. of dibromosuccinic 
acid was isolated. 

Velocity of bromination in presence of catalysts. 2 C.c. portions 
of each of the following reaction mixtures (aqueous solution) were 
heated in sealed tubes at 100°, and titrated against N /50-sodium 
thiosulphate after stated periods. Titres are ‘given in c.c. 


Cone. of Substance Initial Fall in titre after (hours). 
succinic acid. added. titre. 2. 4. 6. 8. 
0-51M Nil 9-65 1-20 1-85 2-40 2-90 
0-51M HBr, 0°-85M 9-90 1-70 3-35 5-30 7-40 
0-42M H,SO,, 092M 10-00 2-10 4-30 7-00 8-90 


No conclusions of a quantitative nature can be drawn from 
these figures, but they indicate the increased speed due to the presence 
of mineral acids. 

Velocity of bromination of monobromosuccinic acid. The acid was 
obtained from monobromosuccinyl bromide (see below). Conc. of 
acid, 0-51M; initial titre (NV /50), 11-7 c.c. 

Time (mins.) ..........+. 10 20 30 40 45 
Fall in titre  .........006 5-10 7-70 9-90 10-90 11-50 

Reaction of Phosphorus Pentabromide with Succinic Acid.—1. Suc- 
cinic acid (3 mols.), phosphorus pentabromide (2 mols.). Bromine 
(45 g.) was run slowly into a mixture of 20 g. of succinic acid and 
3-5 g. of red phosphorus, and refluxed at 95° till evolution of hydro- 
gen bromide had ceased. The solid obtained (12-5 g.), when 
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, recrystallised from chloroform, had m. p. 119—120°, and reacted 


with water to give succinic acid. 

2. Succinic acid (1 mol.), pentabromide (2 mols.). Bromine 
(340 g.) was run into a mixture of 50 g. of succinic acid and 26:3 g. of 
red phosphorus, and refluxed at 100° for 2 hours; the product was 
distilled under reduced pressure, and the fraction distilling at 57— 
84°/11 mm. solidified (Found: Br, 82-74. Cale. for POBr,: Br, 
83-62%), whereas 53 g. distilling at 92—108° on redistillation gave 
a main fraction, b. p. 105—106°/13 mm., of succinyl bromide (Found : 
Br, 65°45; Br as COBr, 65-59. COBr-CH,°CH,*COBr requires Br, 
65-57%). 

Bromination of Succinyl Bromide.—1. With 1 mol. of bromine. 
36-5 G. of succinyl bromide and 24 g. of bromine were refluxed at 
90°. The bromine had all reacted after 4 hours, and the product 
was distilled under reduced pressure, b. p. 80-——-114°/13 mm. (38-5 g.). 
On decomposition with water, it gave a small quantity of solid (m. p. 
185°) insoluble in ether. From the ethereal solution a small quantity 
of solid subliming above 250° was obtained, together with a good 
yield of a substance soluble in water, m. p. 159—160° (Found: Br, 
40-73. Calc. for CO,H-CHBr-CH,°CO,H : Br, 40-60%). 

2. With 2 mols. of bromine. 45 G. of succinyl bromide and 60 g. 
of bromine were refluxed at 100°. Reaction was rapid at first but 
became slower later, and was complete in about 18 hours. The 
product boiled at 110—135°/13 mm. The fraction of b. p. 125— 
130° (Found: Br, 79-36. Cale. for COBr-CHBr-CHBr-COBr : Br, 
79-60%), on treatment with water (without heating), yielded both 
dibromosuccinic acid (subl. above 250°) and isodibromosuccinic 
acid, which after recrystallisation from ether—benzene, had m. p. 
167° (Found : Br, 58-39%). 

Action of Hydrogen Bromide on Succinic Anhydride.—A slow 
stream of dry hydrogen bromide was passed through the anhydride 
(recrystallised from chloroform) at its m. p. (120°), but practically 
the whole of it was recovered unchanged. 

Bromination of Succinic Anhydride in Sealed Tubes at 100°.— 
1. With 1 mol. of bromine. 10 G. of anhydride and 16 g. of bromine 
were heated for 24 hours. The product, a brown liquid which 
released hydrogen bromide, left a small residue of unchanged 
anhydride on extraction with ether, and the extract yielded a small 
quantity of dibromomaleic anhydride, but principally a liquid, b. p. 

° HBr-CO - 
130—133°/11 mm. (Found: Br, 43:10. Cale. for ys pate 
Br, 44-69%). On hydrolysis, monobromosuccinic acid was obtained, 
m. p. 159° (Found: Br, 40-18%). 

2. With 2 mols. of bromine. The same quantity of anhydride 
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but double the weight of bromine were similarly treated. A small 
quantity of monobromosuccinic anhydride was obtained, but the 
main product distilled at 112—116°/12 mm., and after recrystal- 
lisation from ether-ligroin melted at 118—119° (Found: Br, 62-96. 


Calc, for he COS0: Br, 62:5%). It yielded with water a product, 


m. p. seems (Found: Br, 57-45. Calc. for CO,H’CBr:CBr-CO,H 
Br, 58-4%). 

Velocity of Bromination of Succinic Anhydride.—0-1 G. of the 
anhydride was weighed into each of several small tubes, 2 c.c. of a 
chloroform solution of bromine were added to each, and the tubes 
heated at 100°. The initial concentration of the anhydride was thus 
0-50M, and the titre at zero time against N /50-thiosulphate was 
12-80 ¢.c. 

Time (hours) 12 24 37 47 53 65 72 
Fall in titre 0-60 1-45 3°30 4:90 8-60 11-90 12-60 

In conclusion, the authors wish to place on record their indebted- 
ness to the late Professor Orton, F.R.S., for his kindly interest and 
helpful criticism during the progress of this research. 


University CoLLtEGEe or NortH WALEs, 
BANGOR. [Received, May 24th, 1930.] 





CCXXVII.—£-Naphtha-1-thioqguinone and Dehydro-2- 
naphthol 1-Disulphide. 
By HERBERT AUBREY STEVENSON and SAMUEL SMILES. 


Ir has been previously shown that dehydro-2-naphthol 1-sulphide 
has the structure (I) (this vol., p. 958). Hitherto the only method 
available for obtaining this substance has been by oxidation of 
either 2-naphthol 1l-sulphide or iso-2-naphthol sulphide (II); the 
experiments now described were undertaken with the object of 
devising an alternative method of synthesis which would give 
further opportunity for the study of this type of substance. 1-Thiol- 
2-naphthol (II1) was obtained from 2-naphthol by the method of 


We Way Oy 
Ko ew 


(I.) re (III.) 
Kauffmann (Ber., 1926, 59, 187; 1929, 62, 396), the 2-naphthyl 
l-thiocyanate being converted by reduction in acid media into a 
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mixture of the thiol (III) and the thiolcarbonate (IV). The latter 
resists hydrolysis by acids, but, being easily resolved by alkaline 
agents, served as a further source of the required thiol or disulphide. 
Careful hydrolysis of the thiolearbonate with sodium ethoxide gave 
the ethylthiolcarbonate (V). Attempts to obtain the dehydro- 
sulphide ({) by reaction of the hydroxy-thiol (III) with @-naphtha- 
quinone were unsuccessful, the normal type of nuclear additive 
product formed from quinones and thiols (D.R.-P. 175070) being 
obtained. An alternative method was provided by 1-bromothiol- 
2-naphthol (VII), which was obtained from the corresponding 
disulphide. This bromothiol (VII) evidently has the usual structure 
as indicated, since with 2-naphthol it yielded 2-naphthol 1-sulphide 
and with 6-bromo-2-naphthol and 4-chloro-l-naphthol the corre- 
sponding unsymmetrical sulphides (e.g., VIII). The bromothiol 
thus affords a means of introducing the 1-thio-2-oxynaphthyl group 
into a suitably substituted naphthalene nucleus. Accordingly the 
reaction with 1-bromo-2-naphthol was investigated, since there is 
considerable evidence that substances of this type may react in 
the keto-methylene form (e.g., VI) (Pummerer and Cherbuliez, 
Ber., 1919, 52, 1404; Goldschmidt and Wessbecher, Ber., 1928, 61, 
379; Willstatter and Schuler, Ber., 1928, 61, 364). 

In presence of pyridine the desired dehydro-2-naphthol 1-sulphide 
was obtained from these reagents, the process evidently taking place 
as indicated by (VI) and (VII). This mode of synthesis confirms 
the structure assigned to the dehydro-sulphide on other grounds ; 
moreover, from preliminary experiments it appears to be of wider 
application and to provide a means of obtaining the dehydro- 
derivatives of unsymmetrical naphthol sulphides. 


‘ S ‘ 1 S-CO, Et 
CyoHg< 9 >CO CrHe<on ’ H Bis C) 
(IV.) (V.) “Vi sn Ved 
S Ni io_l | 
(VIII) CysHsBr( SC ,oH, \ Ani SP \ 
HO’ OH (v1.) O (VII.) 


Another interesting product obtained together with the dehydro- 
sulphide from this process is formed by withdrawal of the halogen 
acid from the bromothiol (VII), and is more conveniently obtained 
from that substance alone with pyridine. The product to be 
expected from the process is clearly 6-naphtha-1-thioquinone (XI1), 
but the substance is in fact a dimeride of this. When it is reduced, 
half the sulphur is eliminated as hydrogen sulphide and iso-2- 
naphthol sulphide (II) is formed. This difference in character of 
the two sulphur atoms present, considered together with the struc- 

3N 
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ture of the iso-sulphide, indicates the ‘‘ dehydro”’ structure (IX) 
for the substance. This view is entirely confirmed by the formation 
of the compound in the alkaline oxidation of 2-naphthol 1-disulphide. 
The substance is decomposed by phenylhydrazine with liberation 
of hydrogen sulphide. 


am 3 eo Si / OOv0s) 
Oo. | | 
V*0 


y, ‘0 \? ‘0 ; oA) 


(XIL.) (XI.) (X.) (IX.) 


The formation of dehydro-2-naphthol 1-disulphide from the spon- 
taneous polymerisation of @-naphtha-1l-thioquinone is interesting. 
It indicates the general instability of the thioquinones—a class of 
substance which hitherto has eluded isolation (compare Zincke 
and Glahn, Ber., 1907, 40, 3039; Zincke and Frohneberg, Ber., 
1909, 42, 2721)—and also gives information of the character of this 
individual. 

The tautomeric character of quinones which has been demon- 
strated by Wieland (Ber., 1920, 53, 1318; 1922, 55, 1804) in the 
case of quinone-imines is evidently concerned in the formation of 
the dehydro-disulphide (IX) from the thionaphthaquinone (XII). 
The structure of the dehydro-disulphide shows that polymerisation 
of the thioquinone proceeds unsymmetrically and that in the process 
the latter assumes the aryloxy (X) and ketonic (XI) forms, which 
condense as indicated. Regarded in this manner, the case affords 
evidence of the tautomeric interchange of the ketonic and aryloxy 
structures and thus confirms the conclusions of Pummerer (Ber., 
1919, 52, 1410), who has claimed a similar interconversion in the 
radicals liberated from the dehydrogenation of naphthols (see also 
Goldschmidt and Wessbecher, loc. cit.). In fact the polymerisation 
of $-naphtha-1-thioquinone presents many interesting features in 
common with those of the conversion of the unstable $-naphtha- 
l-methylenequinone into dehydrodi-2-naphtholethane (Pummerer 
and Cherbuliez, loc. cit.). 


EXPERIMENTAL. 

2-Naphthol 1-Disulphide (compare II1).—(a) A solution of bromine 
(12 ¢.c.) in acetic acid (120 c.c.) was slowly added (} hour) to a 
cooled and stirred solution of 2-naphthol (33-5 g.) and sodium thio- 
cyanate (72 g.) in acetic acid (650 c.c. of 96%). The solution was 
then mixed with water (2 1.) and the precipitated 2-naphthyl 
1-thiocyanate was collected, washed with water, and suspended in 
acetic acid (250 c.c.) which contained hydrochloric acid (10 c.c.). 
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The warm mixture was treated with zinc dust (ca. 40 g.) until the red 
colour which appeared at first was removed, more hydrochloric 
acid being added if necessary to decompose the zine salt of the 
thiol, which was inclined to separate. The clear solution was 
cooled and mixed with water (ca. 150 c.c.) and set aside. The 
thiolcarbonate (IV) separated and was removed, the solution being 
then treated with sufficient hydrogen peroxide to convert the thiol 
into the disulphide. The latter (25—30%, yield) was purified from 
acetic acid and had m. p. 168° (Found: C, 68-4; H, 4-3. Calc. : 
C, 68-6; H, 40%); it was identical with a sample of the substance 
obtained by the method of Henriques (Ber., 1894, 27, 2998). 

(6) The same substance was obtained by hydrolysis of the thiol- 
carbonate (IV). A hot aqueous solution (30 c.c.) of sodium hydr- 
oxide (10 g.) was added to a boiling solution of the thiolcarbonate 
(10 g.) in alcohol (30 ¢e.c.). The deep orange solution was diluted 
(500 c.c.) and acidified with dilute sulphuric acid. The disulphide 
separated and was purified (7 g.) from acetic acid which contained 
a little hydrogen peroxide. 

2-Naphthylene 1-thiolcarbonate (IV) was more conveniently pre- 
pared by dissolving the thiocyanate, obtained as previously described 
(a), in acetic acid (300 c.c.) which contained sulphuric acid (30 c.c.). 
The solution was boiled (} hour) and when it was cooled the desired 
substance separated, a further quantity being obtained by dilution 
of the liquid (85% yield). It separated from alcohol or acetic acid 
in long needles, m. p. 106°; these were insoluble in cold aqueous 
alkali and did not yield the disulphide with hydrogen peroxide 
(Found: C, 65-1; H,3-0. C,,H,0,S requires C, 65-3; H, 3-0%). 

2-Naphthol-1-ethylthiolcarbonate (V).—A solution of sodium eth- 
oxide (1 mol.) in alcohol was added to a cold shaken suspension of 
naphthylene thiolcarbonate (1 mol.) in alcohol. The yellow solution 
was mixed with dilute sulphuric acid and water was added until 
precipitation of the product was complete. The substance separated 
from light petroleum in needles, m. p. 127° (Found: C, 62-6; H, 
4-9. C,,H,,.0,8 requires C, 62-9; H,4:8%). Since it was recovered 
unchanged from solution in presence of hydrogen peroxide, the 
substance evidently has the structure indicated and does not contain 
the thiol group. 

1-Thiol-2-naphthol (II1).—A solution of the disulphide (5 g.) in 
hot acetic acid (50 c.c.) was treated with zine dust (4 g.), hydro- 
chloric acid being added at intervals to decompose the zinc deriv- 
ative of the thiol. The product (90°) was isolated from the solution 
by addition of water and was purified from light petroleum. It 
formed long needles, m. p. 55° (Found : C, 67-8; H, 4:7. C,j)H,OS 
requires C, 68-2; H, 4-5%). 
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1-Bromothiol-2-naphthol (V11).—A 10% solution of bromine (1-6 g.) 
in carbon tetrachloride was slowly added to a well-cooled and 
stirred suspension of finely divided 2-naphthol 1-disulphide (3-5 g.) 
in the same solvent. The disulphide dissolved and stirring was 
continued until separation of the crystalline bromothiol was complete. 
The substance formed deep red prisms, m. p. 93—95°; these were 
collected and washed with ether, in which they were sparingly 
soluble (Found: C, 46-6; H, 2-9; Br, 31-5. C,)H,OBrS requires 
C, 47-0; H, 2-7; Br, 31-3%). 

The following naphthol sulphides were obtained by adding the 
naphthol concerned (2 mols.), suspended in carbon tetrachloride, 
to a stirred suspension of the bromothiol prepared as described from 
the disulphide (1 mol.). Interaction rapidly took place with liber- 
ation of hydrogen bromide, the reactants dissolving whilst the desired 
sulphide separated. From 2-naphthol and the bromothiol, 
2-naphthol l-sulphide was obtained (87% yield). This, after 
purification from acetic acid, had m. p. 217° and was identical with 
an authentic specimen. Similarly, 6-bromo-2-naphthol gave (80%) 
6-bromo-2 : 2'-dihydroxydi-1-naphthyl sulphide (VIII); this separated 
from n-propyl alcohol in small prisms, m. p. 131° (Found: C, 60-2; 
H, 3-4. C, 9H,,0,BrS requires C, 60-4; H, 3-3%). With 4-chloro- 
l-naphthol, the bromothiol yielded (90%) 4-chloro-1-hydroxy-2- 
naphthyl 2-hydroxy-l-naphthyl sulphide; this, after purification 
from benzene, had m. p. 168° and was identical with the substance 
obtained (J., 1928, 957) from 2-naphthol and 4-chloro-1-naphthy]- 
2-sulphur bromide (Found: C, 68-1; H, 3-8. Cale.: C, 68-1; 
H, 3-7%). 

Dehydro-2-naphthol 1-Sulphide (1).—A solution of 1-bromo-2- 
naphthol (13-5 g.) in carbon tetrachloride (75 c.c.) was added to a 
suspension of the bromothiol which had been prepared from the 
disulphide (3-5 g.) in the same solvent (25 c.c.). After 14 hours 
(15°), a solution of pyridine (5 g.) in carbon tetrachloride (50 c.c.) 
was slowly added to the stirred liquid. The semi-solid mass and the 
solution were separately treated. The former was shaken with 
carbon tetrachloride (150 c.c.) and dilute aqueous sodium hydroxide 
until pyridine and phenolic compounds were removed. The carbon 
tetrachloride solution was dried, the solvent evaporated, and the 
residue dissolved in a little warm alcohol; when the solution cooled, 
the yellow dehydro-disulphide present separated in the crystalline 
state and was removed. The impure dehydro-sulphide remaining 

in solution was recovered and repeatedly purified from acetic acid, 
being then obtained in red prisms. The solution obtained from 
the reaction was treated in a similar manner, but the proportion of 
dehydro-disulphide present in this was greater. The purified 
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material (yield, ca. 30%) had m. p. 155° and was identified by 
comparison with an authentic specimen of dehydro-2-naphthol 
1-sulphide (Found: C, 75-6; H, 3-9. Cale.: C, 75-9; H, 38%). 
Identity with the dehydronaphthol sulphide was also established 
by comparing the p-nitrophenylhydrazone with an authentic 
specimen. 

Dehydro-2-naphthol 1-Disulphide ([X).—(a) 2-Naphthol 1-disulph- 
ide was converted into the bromothiol in the usual manner. The 
cooled solution of the substance in carbon tetrachloride (75 c.c.) 
was mixed with a solution of pyridine (3 g.) in the same solvent 
(50 c.c.). Subsequently (1 hour) the solution was treated with 
excess of dilute aqueous sodium hydroxide, washed, and dried. 
The residue obtained by evaporation of the solvent was purified 
from hot benzene (65% yield). 

(6) A stirred solution of 2-naphthol 1-disulphide (3-5 g.) in 
benzene (300 c.c.) was gradually: mixed with an alkaline solution 
of potassium ferricyanide (2 mols.). The benzene solution was 
washed with aqueous sodium hydroxide and then with water, the 
amorphous solid which separated being rejected. The residue 
obtained after removal of the solvent was purified from benzene 
(yield, 60°). Dehydro-2-naphthol 1-disulphide separated from 
benzene in orange prisms, m. p. 171° (Found: C, 68-9; H, 3-5; 
S, 18-2; M, 354. C,9H,,0,8, requires C, 69-0; H, 3-4; S, 18-4%; 
M, 348). Phenylhydrazine liberated hydrogen sulphide when it 
was added to a warm solution of the substance in acetic acid. 

iso-2-Naphthol Sulphide (11).—A boiling solution of the dehydro- 
disulphide (0-5 g.) in acetic acid (15 c.c.) which contained zinc dust 
was treated with a few drops of concentrated hydrochloric acid. 
Hydrogen sulphide was liberated; when the solution had become 
colourless it was gradually mixed with water. The crystalline 
is0-2-naphthol sulphide which separated was purified in the usual 
manner; it had m. p. 156° and was identified by a close comparison 
with an authentic specimen (Found: C, 75-2; H, 4:5. Cale.: 
C, 75-5; H, 44%). 

Krne’s CoLLece, Lonpon. [Received, May 29th, 1930.] 





CCXXVIII.—The Constitution of Complex Metallic 
Salts. 
By FREDERICK GEORGE MANN. 


One of the chief remaining problems in connexion with the con- 
stitution of complex metallic salts, e.g., monoaquopentammino- 
cobaltic trichloride, [H,O(NH,),CoJCl,, concerns the nature of the 
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linkage between the co-ordinated molecules of water, ammonia, 
etc., and the central metallic atom. Werner (‘‘ Anorganische 
Chemie,” 1905, p. 58 et seg.) considered that such ‘molecules were 
linked to the metallic atom by “ auxiliary valencies”’ (‘‘ Neben- 
valenzen ’’), but he used this term, not for any precise physical 
significance it possessed, but as a convenient method to distinguish 
this type of valency from the principal valencies (“‘ Hauptvalenzen ”’) 
present in simple metallic salts, and to base on this distinction an 
explanation of the stereochemical relationship of the complex salts 
themselves. 

A consideration of the properties of such salts shows that the 
linkage between the ammonia molecules and the metallic atom must 
be—in modern nomenclature—a covalency, since it persists without 
ionisation in solution. Lowry (Chem. and Ind., 1923, 1, 318) sug- 
gested that the linkage between the nitrogen atom in the ammonia 
molecules and the cobalt atom consisted of two shared electrons, 
but that both these electrons were contributed by the nitrogen 
atom itself, i.e., that the linkage was a “‘ mixed double bond,’’ later 
called a ‘“‘semipolar double bond.” The same theory was put 
forward simultaneously and in greater detail by Sidgwick (J., 
1923, 123, 725), who later developed it in full (“ The Electronic 
Theory of Valency,”’ 1927, Chapter VII); he considered this type of 
linkage to be identical with the “‘ co-ordinate link ’’ which joins the 
oxygen to the chlorine and to the sulphur in the perchlorates and 
sulphates, respectively, and has been shown to be present also in 
the tertiary amine oxides and in the sulphoxides. 

No experimental evidence for the existence of these co-ordinate 
links in the metallic ammines has yet been forthcoming. Such 
evidence could be sought in two directions, however. First, a deter- 
mination of the parachor of such salts might distinguish decisively 
between an ordinary covalency and a co-ordinate link, existing 
between the ammonia molecules and the metallic atom. Such 
determinations have not yet been made with the metallic ammines, 
because of the great difficulty of obtaining suitable salts which can 
be fused without decomposition. Secondly, the stereochemical 
properties of certain complex salts should provide the required 
information. Thus, if the linkage between the ammonia molecules 
and the cobalt atom in hexamminocobaltic chloride, [Co(NH35),]Cl,, 
is the same as that between the nitrogen and the oxygen atoms in, 
e.g., methylethylpropylamine oxide, MeEtPrN ——> O, then replace- 
ment of one of the ammonia molecules in the cobalt salt by a molecule 
of the tertiary amine would give a complex salt 

[MeEtPrN —~> Co(NH,);]Cl,, 
capable of resolution into optically active forms, owing to the 
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presence of the asymmetric nitrogen atom thus linked to the cobalt. 
Since, however, it is only under exceptional conditions that tertiary 
amines will co-ordinate with metals (Mann and Pope, Proc. Roy. 
Soc., 1925, 109, A, 444), the preparation of such compounds would 
be attended with considerable experimental difficulties. Attention 
was therefore paid to the complex salts of platinum with the ali- 
phatic sulphides, since usually they are of simple preparation and 
considerable stability. Attempts were made first to prepare potass- 
ium platino(methy] ethyl sulphide)trichloride, K[MeEtS — PtCl,] : 
here also, if the above views are correct, the linkage between the 
sulphur and the platinum atoms is the same as that between the 
sulphur and the oxygen atoms in the sulphoxide, MeEtS —> O. 
The platinous salt thus contains an asymmetric sulphur atom, and 
should therefore be resolvable into optically active forms (compare 
Harrison, Kenyon, and Phillips, J., 1926, 2079). Experiment 
showed, however, that in this series of sulphide-platinous complex 
salts, the neutral non-ionic member, viz., dichlorobis(methyl ethyl 
sulphide) platinum, [(MeEtS),PtC!,], possessed much greater stability 
than the other members, and was always obtained when potassium 
chloroplatinite was treated with one molecular proportion of the 
sulphide. Attempts were therefore made to. utilise the great 
stability of such salts, and to prepare one which, although possessing 
a non-ionic complex, would have, for resolution purposes, an acidic 
group as part of the sulphide molecule itself. p-Cyanobenzyl 
chloride was condensed with sodium ethyl sulphide, and the 
product on hydrolysis furnished p-carboxybenzyl ethyl sulphide, 
CO,H-C,H,°CH,'S-C,H,;. This compound reacted readily with 
potassium chloroplatinite to give dichlorobis-(p-carboxybenzyl ethyl 
sulphide)platinum, [(CO,H-C,H,°CH,‘S-C,H;),PtCl,]. The latter, 
however, like all compounds of this type, was found to exist in two 
isomeric forms, regarded by Werner as having the cis and trans 
planar configuration. The first form, which preponderated markedly 
in quantity, was orange-yellow and insoluble in all liquids, and thus 
useless for resolution purposes; the second form, which was almost 
white, was soluble in alcohol, but occurred in very small yield. 
Moreover, each of these two isomeric compounds should contain 
two similar asymmetric sulphur atoms, and could therefore exist as 
racemic or meso-compounds, and in view of these difficulties their 
further investigation was not undertaken. 

Finally, a simpler compound free from these complications was 
prepared. It had already been shown by the author (J., 1928, 890) 
that triaminopropane trihydrochloride reacts with potassium 
chloroplatinite, releasing two molecules of hydrogen chloride and 
forming dichloro(triaminopropane y-monohydrochloride)platinum, 
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[Cl,PtNH,°CH,°CH(NH,)-CH,"NH,,HCl]. It was found that a 
similar reaction occurred when $$’-diaminodiethy] sulphide dihydro- 
chloride, (NH,°C,H,),S,2HCI, reacted with potassium chloroplatinite 
in the presence of one equivalent of hydrogen chloride : co-ordination 
again occurred, with the release of one molecule of the acid, and 
the formation of dichloro-(8'-diaminodiethyl sulphide monohydro- 
chloride) platinum, (1). 


‘ C,H, NH,,HCl C,H,-NH,, HC! 
NH,°C,Hy'S © ee | 
a) | Pe Pe ce | (II) 
IN. bet a 
ca a ad wa 


It will be seen that the complex is again of the neutral non-ionic 
type, since the platinous atom, of co-ordination number four, is 
linked to two chlorine atoms, to one amino-group, and to the 
sulphur atom. The second amino-group, not being co-ordinated, 
is free to form a hydrochloride, and the sulphur atom becomes 
asymmetric ; if, then, there is a co-ordinate link between the sulphur 
and the platinum atoms, the disposition of the three valencies of 
the sulphur atom is similar to that in the asymmetric sulphoxides, 
and the compound should be resolvable into optically active forms. 

Experiment showed, however, that of the salts of this compound 
with optically active acids, only the dichloro-(68’-diaminodiethyl 
sulphide mono-d-camphor-$-sulphonaie)platinum could be obtained 
crystalline, and this salt on repeated recrystallisation gave little sign 
of resolution. The original monohydrochloride was therefore 
dissolved in 2 equivs. of N-hydrochloric acid and treated with 
hydrogen peroxide. Oxidation proceeded in the cold, and tetra- 
chloro-(88'-diaminodiethyl sulphide monohydrochloride)platinum (II) 
crystallised. In this salt the platinum atom, now quadrivalent and 
of co-ordination number six, is still at the centre of a complex of 
the neutral non-ionic type, and the salt fulfils the same stereo- 
chemical requirements as the former dichloro-compound. 

When this hydrochloride was treated in solution with ammon- 
jum d-camphor-f-sulphonate, the d-tetrachloro-(88'-diaminodiethyl 
sulphide d-camphorsulphonate)platinum was obtained, having 
[M5461 + 1070°. When this compound, in saturated ice-cold 
solution, was treated with concentrated calcium chloride solution, 
a rapid separation of the d-tetrachloro(diaminodiethyl sulphide mono- 
hydrochloride)platinum, having [M]54,, + 1110°, occurred. This 
activity is therefore decisive evidence that the three valencies of 
the sulphur atom possess a space direction similar to those of the 
sulphur atom in the asymmetric sulphoxides. Moreover, this 
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compound is the first complex salt to be prepared in which optical 
activity is due to the asymmetry of an element directly co-ordinated 
to the central metallic atom. 

The hydrochloride of this tetrachloro-compound was of interest 
for another reason. It is not so stable as the dichloro-compound, 
and when boiled in aqueous solution for several minutes easily loses 
the hydrogen chloride molecule; the amino-group thus liberated at 
once co-ordinates with the metal, evicting a chlorine atom from 
the complex, and giving the highly crystalline trichloro(diaminodi- 
ethyl sulphide)platinic monochloride, (Cl,Pt(NH,°C,H,),S]Cl. When 
the monohydrochloride of the tetrachloro-compound is treated in 
cold solution with ammonium camphorsulphonate, the corresponding 
camphorsulphonate of the tetrachloro-compound is obtained, as 
already described, and is quite stable in cold or even warm solution ; 
if, however, the solution is boiled, hydrogen chloride is again lost, 
and trichloro(diaminodiethyl sulphide)platinic d-camphorsulphonate, 
[Cl,Pt(NH,°C,H,),8]C,>H,,O°SO,, results. When, on the other 
hand, the monohydrochloride of the tetrachloro-compound is treated 
with ammonium bromocamphorsulphonate, even at room tem- 
perature, hydrogen chloride is always lost, and trichloro(diamino- 
diethyl sulphide)platinic d-bromocamphorsulphonate, 

[Cl, Pt(NH,°C,H,).8]C,)H,,BrO-SO,, 
alone results. Some attention was paid to these compounds, because 
such salts might exist in two isomeric forms, in one of which the 
sulphide molecule is arranged about three apices on a square cross- 
section of the octahedron (III), whilst in the other it occupies three 
apices on a triangular face (IV). Both these forms possess a plane 
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of symmetry, and cannot be resolved into optically active forms. 
It should be noted, however, that in the form (III), since the sulphur 
atom itself can be regarded as lying at one apex of a tetrahedron, it 
must undergo a lateral displacement away from that apex of the 
octahedron to which it is co-ordinated, and the only plane of sym- 
metry is that through the three chlorine atoms. All salts of this 


complex were highly crystalline compounds giving no sign of two 
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isomeric forms, and it is probable, therefore, that one form is 
considerably more stable than the other. This result is analogous 
to that obtained with similar salts of triaminopropane (Mann and 
Pope, J., 1926, 2675). 

It should be added that parachor measurements of the acetyl- 
acetone derivatives of aluminium and beryllium have led Sugden 
(J., 1929, 318) to the conclusion that the organic molecule in these 
compounds is co-ordinated to the metal by a single electron or 
“ singlet ’ link. It is possible that in the metallic ammines, a similar 
link holds the molecules of ammonia, aliphatic sulphides, etc., to 
the metal, and since a covalent link of this type would probably 
have a definite space-direction, optical activity might still be shown. 
It is hoped to prepare certain non-ionic derivatives of platinum 
with the aliphatic sulphides and disulphides which may be both 
fusible without decomposition and also soluble in liquids such as 
chloroform. Parachor measurements could then be made with the 
complex salt both fused and in solution, and evidence for the actual 
type of linkage obtained. 

Attempts are also being made to prepare and resolve complex 
salts of platinum with various asymmetric tertiary phosphines and 
arsines, since the latter compounds, unlike the tertiary amines, 
co-ordinate readily with the noble metals. 


EXPERIMENTAL. 


All rotations given in this paper have been measured at 15° in 
a 4-dem. polarimeter tube, using (unless otherwise stated) the 
mercury green line (A = 5461). 

The Complex Salts of Methyl Ethyl Sulphide.—Dichlorobis(methyl 
ethyl sulphide) platinum, ({(CH,)(C,H;)S},PtCl,]. Many experiments 
were performed in which an aqueous-alcoholic solution of ammonium 
chloroplatinite was treated with methyl ethyl sulphide in various 
proportions and at various temperatures. In no case was 
potassium platino(methyl ethyl sulphide)trichloride isolated, the 
above non-ionic compound being always the chief product. The 
latter was best obtained as an individual compound by perform- 
ing the preparation at 50°: co-ordination was then rapid, 
and subsequent cooling gave a large yield of yellow crystals. 
If these were dried and recrystallised from boiling benzene, the 
dichlorobis(methyl ethyl sulphide)platinum was obtained in pale 
lemon-yellow crystals, m. p. 125—126°, very soluble in chloroform 
and moderately easily soluble in benzene (Found : S, 15-3; Pt, 46-6. 
CgH,,Cl,S,Pt requires 8, 15-3; Pt, 46-7%). When the reaction 
was performed at room temperature, this compound was obtained 
mixed with an orange-coloured isomeric form; since, however, 
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these compounds were useless for the purposes of this work, they 
were not further investigated. 

The Complex Salts of p-Carboxybenzyl Ethyl Sulphide.—p-Cyano- 
benzyl ethyl sulphide, CN-C,H,°CH,°S°C,H;. p-Cyancbenzyl| chloride, 
prepared by the method of Mellinghoff (Ber., 1889, 22, 3208), was 
added cautiously to a suspension of 1 equiv. of sodium ethyl sulphide 
in benzene. After the vigorous reaction had ceased, the product 
was boiled under reflux for one hour, and filtered from sodium 
chloride. After distillation of the benzene, the p-cyanobenzyl ethyl 
sulphide was obtained as a colourless oil, b. p. 167—168°/16 mm. 
(Found: C, 67-4; H, 60; S, 18-6. C,)H,,NS requires C, 67-8; 
H, 6-2; S, 184%). Since the sulphide was an oil, it was further 
characterised by conversion into a crystalline sulphilimine: it 
reacted readily with a hot alcoholic solution of chloramine-T, and 
the solid product which separated on cooling was filtered off, washed 
with water, and twice recrystallised from hot alcohol. The p-cyano- 
benzylethylsulphine-p-toluenesulphonylimine, 

CN-’C,H,°CH,°S(C,H;)-N-SO,°C,H., 

was obtained as white crystals, m. p. 158—160° (Found: C, 58-8; 
H, 5-2; 8, 18-3. C,,H,,0,N,S, requires C, 58-9; H, 5-2; 8, 18-5%). 

p-Carboxybenzyl ethyl sulphide, CO,H-’C,H,°CH,°S-C,H;. The 
cyano-compound may be hydrolysed with hydrochloric acid or with 
sodium hydroxide solution, but the latter gives the purer product. 
A mixture of cyanobenzyl ethyl sulphide (20 c.c.) and 10% sodium 
hydroxide solution (200 c.c.) was boiled under reflux for 5 hours. 
The solution when cold was diluted to 600 c.c. and filtered, and the 
acid was precipitated as a white crystalline solid by the addition of 
ice-cold dilute hydrochloric acid. The precipitate was dried, and 
twice recrystallised from benzene, and the p-carboxybenzyl ethyl 
sulphide thus obtained as white crystals, m. p. 124—125° (Found : 
C, 60-9; H, 6-15; 8S, 16-7. C,9H,,0,8 requires C, 61-2; H, 6-1; 
8, 16-4%). 

Dichlorobis-(p-carboxybenzyl ethyl sulphide)platinum, 

[((CO,H-C,H,CH,°S-C,H;),PtCl,]. 

A solution of ammonium chloroplatinite (6 g.) in water (30 c.c.) 
was diluted with hot alcohol (60 c.c.), and the whole added to a 
warm solution of the above sulphide (6-3 g.) in alcohol (70 c.c.). 
The clear mixture was heated on the water-bath almost to boiling 
for 30 minutes, during which period the red colour rapidly faded 
and orange crystals separated. The solution was allowed to cool 
slowly and then filtered; the crystals so obtained were washed with 
hot alcohol, and then with water, and the dichlorobis-(p-carboxry- 
benzyl ethyl sulphide)platinum thus obtained as heavy, deep orange 
crystals, m. p. 253—255° (decomp.), insoluble in all the usual liquids 
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(Found: C, 36-2; H, 3-6; Pt, 29-6. C,9H,,0,C1,8,Pt requires C, 
36-5; H, 3-7; Pt, 29-6%). The second isomeric form of this com- 
pound was obtained by allowing the original filtrate to stand for 
24 hours, during which the separation of the small crop of almost 
white crystals was helped by occasional scratching. These crystals 
were freely soluble in hot alcohol, and were best purified by diluting 
their warm solution in alcohol with hot benzene; cooling gave the 
pure compound as fine, very pale yellow crystals, m. p. 254—255° 
(decomp.) (Found: C, 36-6; H, 3-6; Pt, 29-3%). 

The Complex Salts of 68'-Diaminodiethyl Sulphide.—The £8’-di- 
aminodiethyl sulphide dihydrochloride used in this investigation 
was prepared by the alkaline hydrolysis of diphthalimidodiethyl 
sulphide (Gabriel, Ber., 1891, 24, 1112). 

Dichloro-(88'-diaminodiethyl sulphide monohydrochloride) platinum 
semihydrate, [C],Pt(NH,°C,H,).8,HCI],4H,O. A solution of diamino- 
diethyl sulphide dihydrochloride (10 g.) in N-hydrochloric acid 
(1 mol.; 52 c.c.) was added to a warm solution of potassium chloro- 
platinite (21-5 g.) in water (60 c.c.), and the mixture boiled gently 
under reflux for 5 hours, the colour of the solution changing rapidly 
from red to yellow. It was then evaporated to half-bulk, filtered, 
kept over-night, and filtered from a small quantity of a syrup which 
sometimes separated; on being scratched, it slowly deposited a 
large crop of the above monohydrochloride. This was recrystallised 
from a little hot water and obtained in fine yellow crystals, m. p. 
105—107° (decomp.) (Found: C, 11-0; H, 3-3; N, 6-35; Cl, 24-6 ; 
S, 7:2; Pt, 45-1. C,H,,ON,C1,8,Pt, requires C, 11:1; H, 3-3; 
N, 6-5; Cl, 24-6; 8, 7-4; Pt, 45-2%). 

Unless Gabriel’s directions for the hydrolysis of the diphthalimido- 
diethyl sulphide are carefully followed, the diaminodiethy] sulphide 
dihydrochloride may be contaminated with some 1 : 4-thiazan 
monohydrochloride, NH(C,H,).S,HCl (compare Cashmore and 
McCombie, J., 1923, 123, 2884). During the above preparation, 
any thiazan present co-ordinated with the potassium chloroplatinite 
to give fine buff-coloured crystals, which, being insoluble in water, 
separated from the solution during the heating under reflux, and 
could be filtered off before the final evaporation; these crystals, 
when purified by washing with boiling water, alcohol, and ether, 
had m. p. 293—294° (decomp.) (Found: N, 5-5; Cl, 14:5; Pt, 
38-35. C,H,.0,N,CI,S,Pt requires N, 5-5; Cl, 14:0; Pt, 38-4%). 
In view of the marked inactivity of the sulphur atom in | : 4-thiazan 
(Davies, J., 1920, 117, 297), it is probable that the nitrogen atom 
alone co-ordinates with the platinum, and that the thiazan molecule 
occupies only one co-ordination position: the compound, there- 
fore, is probably dichlorobis-(1:4-thiazan)platinum dihydrate, 
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[Cl,Pt(HN-C,H,S),],2H,O, and not the isomeric bis(thiazan)- 
platinous dichloride dihydrate, [(HN-C,H,S),Pt]Cl,,2H,0. 

Dichloro(diaminodiethyl sulphide monohydrogen oxalate)platinum 
monohydrate, 'Cl,Pt(NH,°C,H,).8,(CO,H),],H,0. This compound, 
and the picrate described below, were prepared in order to charac- 
terise the complex salt. When a solution of the hydrochloride 
(1-5 g.) in cold water (40 c.c.) was treated with a saturated solution 
of oxalic acid (20 c.c.), heavy, pale yellow crystals of the above 
monohydrogen oxalate slowly separated, and when filtered off, washed 
with cold water, alcohol, and ether, and dried, had m. p. 198—199° 
(decomp.) (Found: C, 14:7; H, 3-2; Pt, 39-7. C,H,,0;N,CI,SPt 
requires C, 14-6; H, 3-2; Pt, 39-5%). The oxalate is only slightly 
soluble in cold water, but freely so in hot water. 

The picrate, [(C],Pt(NH,°C,H,).8,C,H,(NO,),(OH)], was prepared 
by adding a dilute aqueous solution of the hydrochloride very slowly, 
with stirring, to an excess of dilute sodium picrate solution. The 
picrate separated as a bright yellow powder, which was filtered off, 
washed with much cold water, and dried. It is moderately easily 
soluble in hot water, but separates on cooling as an oil, and cannot 
therefore be recrystallised : it ignites almost explosively on being 
heated (Found: 8, 5-4; Pt, 31-8. C,9H,;0,N,Cl1,SPt requires §, 
5-2; Pt, 31-7%). 

Dichloro-(88'-diaminodiethyl sulphide mono-d-camphor-§-sulphon- 
ate) platinum, [Cl,Pt(N H,°C,H,),$,C;9H,,0°SO,H]. Solutions of the 
monohydrochloride (10 g.) in warm water (20 c.c.) and of ammonium 
d-camphorsulphonate (24 g.) in warm water (40 c.c.) were mixed. 
On standing, large yellow crystals of the monocamphorsulphonate 
separated. These were filtered off and dried (11-1 g.), and their 
rotation was determined before recrystallisation, lest racemisation 
occurred during the latter process. A 1-160°% aqueous solution had 
a + 0-53°, whence [«] + 11-4°,[M]+ 71°. This material was now 
recrystallised twice from warm water, and then a 1-465% solution 
had « + 0-55°, [a] + 9-4°,[M] = + 58°; m. p. 179—181° (decomp.) ; 
after six recrystallisations, a 1-660% solution had « + 0-63°, [«} + 
9-5°, [M] + 59° (Found: S, 10-2; Pt, 31-7. C,,H,,0,N,CI,S,Pt 
requires 8, 10-35; Pt, 31-5%). Since the d-camphorsulphonate 
ion has a rotation of + 65-8° (Graham, J., 1912, 101, 746), it was 
obvious that very little resolution was occurring; this was con- 
firmed by converting a portion of each fraction into the correspond- 
ing monohydrogen oxalate, which in each case proved to be optically 
inactive. 

All attempts to prepare the corresponding d-bromocamphor-r- 
sulphonate failed. Treatment of the aqueous solution of the hydro- 
chloride with ammonium or potassium bromocamphorsulphonate 
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gave no crystalline product, whilst similar treatment with silver 
bromocamphorsulphonate, followed by filtration, gave a solution 
which deposited no crystalline derivative and, when evaporated 
in a desiccator, gave only a brittle, uncrystallisable, yellow 
glass. 

Action of ammonium nitrocamphor on the monohydrochloride. 
Many attempts were made to prepare a nitrocamphorate of the 
complex by double decomposition of the hydrochloride in aqueous 
solution with ammonium and sodium nitrocamphor. In each case, 
however, the latter compounds were sufficiently basic in solution 
(presumably owing to hydrolysis) to split off the hydrogen chloride 
from the platinous salt, and the free amino-group at once co-ordin- 
ated with the platinum, ejecting a chlorine atom from the complex, 
to give monochloro(diaminodiethyl sulphide)platinous monochloride, 
{CLPt(NH,°C,H,),S|Cl. The precipitate given by the mixed aqueous 
solutions was separated, and washed with alcohol and ether to 
remove free nitrocamphor, the above monochloride remaining as a 
pale yellow powder, without a definite melting point and insoluble 
in cold water (Found: Pt, 50-6. C,H,.N,CI,SPt requires Pt, 
50-55%). 

Tetrachloro - (88' -diaminodiethyl sulphide monohydrochloride)- 
platinum monohydrate, [Cl,Pt(NH,°C,H,).8,HCl],H,O. The corre- 
sponding dichloro-compound (10 g.} was dissolved in N-hydrochloric 
acid (47 c.c.; 2 mols.), and “ 20-volume ” hydrogen peroxide solu- 
tion (20 c.c.) added in the cold. The large, deep orange crystals 
(9-7 g.\ which separated in the course of a few hours were filtered 
off, washed with water, and dried, and thus gave the pure tetrachloro- 
compound, m. p. 190—191° (decomp.). The compound may be 
recrystallised from hot water in small quantities, but this treatment 
is unnecessary (Found : C, 9-5; H, 2-9; Pt, 38-3. C,H,,ON,CI,SPt 
requires C, 9-4; H, 2-95; Pt, 38-2%). 

d-Tetrachloro(diaminodiethyl sulphide mono-d-camphor-$-sulphon- 
ate)platimum, [Cl,Pt(NH,°C,H,).8,C,>H,,0°SO,H]. A clear filtered 
solution of the above monohydrochloride (10 g.) in warm water 
(70 c.c.) was treated with a solution of a considerable excess of 
ammonium d-camphorsulphonate (15 g.) also in warm water (20 c.c.). 
The solution was allowed to cool and stand over-night, by which 
time a small crop of the d-camphorsulphonate of the inactive complex 
had separated in fine yellow crystals. This was filtered off and 
dried (Found: Pt, 285%). A 1-386% solution had « + 47°, 
whence [a] + 8-5°, [M] + 58°. 

The filtrate was now kept at room temperature for 3 days, and a 
large crop of heavy yellow crystals slowly separated, m. p. 198—199° 
(decomp.); these consisted of the d-camphorsulphonate of the dextro- 
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rotatory complex, and were apparently optically pure (Found : 
C, 24-8; H, 4:3; Pt, 28-0. C,,H,.0,N,Cl,S,Pt requires C, 24-4; 
H,4-1; Pt, 283%). A 1-283% solution when freshly prepared had 
a -++- 7-94°, [a] + 155°, [M] + 1070°. This solution, when kept at 
15°, underwent slow racemisation, since [M] fell to + 1030° after 
7 hours, ++ 320° (24 hrs.), + 74° (50 hrs.), and + 63° (80 hrs.). In 
spite of this racemisation, the material in small quantities could be 
recrystallised rapidly from hot water without change in rotatory 
power. . Thus, about 2 g. of the above sample were dissolved in a 
little hot water, and the solution was rapidly filtered and chilled, 
the camphorsulphonate crystallising in a few minutes. A 0-8703% 
solution of this recrystallised material had « + 5-46°, [«] + 157°, 
[M] + 1080°. The mother-liquor, obtained by the initial filtration 
of the above crop of d-complex d-camphorsulphonate, on standing 
for 10 days produced a further small crop of crystals, which proved 
to be identical with the first crop, 7.e., to be the d-camphorsulphonate 
of the inactive complex. 

d-Tetrachloro(diaminodiethyl sulphide monohydrochloride) platinum 
monohydrate. In early experiments the conversion of the camphor- 
sulphonate into the hydrochloride was effected by treating a hot 
aqueous solution of the former with concentrated calcium chloride 
solution. The hydrochloride so obtained was, however, always 
optically inactive, owing to rapid racemisation at the high tem- 
perature. To prevent this, a saturated solution of the sulphonate 
in ice-cold water was prepared, and then filtered and treated with 
an equal volume of cold saturated calcium chloride solution. The 
d-hydrochloride separated rapidly in yellow crystals, which, when 
filtered off, drained, and washed with alcohol and ether, had m. p. 
187—188° (decomp.) (Found, for different preparations: C, 9-51; 
H, 3-0; Pt, 38-2, 38-1%). A 0-3693% solution, freshly prepared, 
had &52g9 + 2°68°, [a] 5299 + 181°, [M]5og9 + 926°; and a546, + 3°22°, 
{%]s461 + 218°, [M1 ]54¢) + 1110°; when kept at 15°, it had [M];4,, + 
849° (after 8 hrs.), + 330° (24 hrs.), + 140° (32 hrs.), and after 
50 hours the solution was inactive. 

Diaminodiethyl sulphide chloroplatinate, (NH,°C,H,).8,H,PtCl,. 
This compound was obtained as orange crystals, m. p. 217—218° 
(decomp.), when solutions of the hydrochloride of the amine, and of 
platinic chloride were mixed (Found: C, 9:0; H, 2°7; Pt, 37-0. 
C,H,,N,CI,SPt requires C, 9-05; H, 2-65; Pt, 368%). It was 
prepared in the hope that co-ordination of the amine would occur 
when the aqueous solution of the chloroplatinate was boiled under 
reflux, and a quicker method of preparing these complex salts would 
thus be obtained. Actually, a mixture of compounds was obtained, 
from which no one individual could easily be isolated. 
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Trichloro(diaminodiethyl sulphide)platinic monochloride, 
[Cl,Pt(NH,°C,H,),S]Cl. 

This compound was readily obtained by boiling under reflux a moder- 
ately concentrated aqueous solution of tetrachloro(diaminodiethyl 
sulphide monohydrochloride)platinum, whereupon crystals of the 
above less soluble monochloride separated: the preparation was 
found (rather unexpectedly) to be facilitated by the presence of 
dilute hydrochloric acid. The monochloride when recrystallised from 
hot water was obtained in large orange crystals, m. p. 220—222° 
(decomp.), showing no sign of isomeric forms (Found: C, 10-5; 
H, 2-7; Cl, 31-4; Pt, 42-65. C,H,.N,Cl,SPt requires C, 10-5; 
H, 2-65; Cl, 31-0; Pt, 42-7%). 

Trichloro(diaminodiethyl sulphide)platinic d-camphorsulphonate 
monohydrate, [Cl,Pt(NH,°C,H,).8]Cj)H,;,0°SO;,H,O. This com- 
pound could be obtained either by treating the.above monochloride 
in solution with silver camphorsulphonate, or by boiling under 
reflux an aqueous solution of the camphorsulphonate of the former 
tetrachloro-compound, hydrogen chloride being readily lost. The 
camphorsulphonate monohydrate was obtained as yellow crystals, 
m. p. 216—217° (decomp.), moderately easily soluble in hot water 
(Found: C, 24-9; H, 4:35; Pt, 29-1. C,H, 0;N,Cl,S,Pt requires 
©, 25-0; H, 4-35; Pt, 29-1%). A0-5170% solution had « + 0-24°, 
[x] + 12°, [M] + 78°, this activity being that of the sulphonate 
ion alone. 

Trichloro(diaminodiethyl sulphide)platinic mono-d-bromocamphor- 
x-sulphonate, [Cl,Pt(NH,°C,H,).S]C,9H,,BrO-SO,. This compound 
could also be obtained either by treating the above monochloride 
with silver bromocamphorsulphonate, or by treating aqueous solu- 
tions of the monohydrochloride of the tetrachloro-compound with 
ammonium or silver bromocamphorsulphonate: the latter experi- 
ments, whether carried out in cold or hot solutions, always involved 
the loss of hydrogen chloride, and the formation of the above tri- 
chloro-sulphonate. This compound was obtained on recrystallisation 
from hot water as pale orange crystals, m. p. 224—226° (decomp.) 
(Found : C, 22-6; H, 3-6; Pt, 26-7. C,,H,g0,N,Cl,BrS,Pt requires 
C, 22:9; H, 3-6; Pt, 26-7%). A 0-284% solution had « + 0-57°, 
[«] + 50°, [M] + 367°, the activity again being due to the sulphon- 
ate ion. Neither the above camphorsulphonate nor the bromo- 
camphorsulphonate, although highly crystalline, showed any sign 
of structural isomerism. 


THE UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [ Received, June 14th, 1930.] 
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STUDIES IN THE NAPHTHALENE SERIES. PART I. 1757 


CCXXIX.—Studies in the Naphthalene Series. Part I. 
The Methylation of a-Naphthylamine. 


By Basker GOKHLE and FREDERICK ALFRED Mason. 


THE importance of dimethylaniline in the chemistry and technology 
of dyes is well known, particularly for the production of malachite 
green, methyl violet 2B, colours of the triarylmethane, oxazine, and 
thiazine series, auramine O, and rhodamine. 

As little or no use has been made in the colour industry of the 
analogous dimethyl-«-naphthylamine, the present investigation was 
undertaken to examine its method of preparation and possible uses 
in the production of dyes. 

Dimethyl-z-naphthylamine was prepared first by Landshoff 
(Ber., 1878, 11, 638) by alkylating «-naphthylamine by means of 
methyl iodide and later by Hantzsch (Ber., 1880, 13, 2053) by 
heating «-naphthylamine hydrochloride and methyl alcohol under 
pressure at 180°. Although the latter method gave good yields in 
glass tubes, for the preparation of larger quantities it appeared to 
involve the use of an enamelled autoclave, which was not at the time 
available. 

The alkylation has now been effected by means of «-naphthylamine 
sulphate and methyl alcohol in a steel autoclave. The walls of the 
autoclave were not attacked and some iron nails left in the vessel 
were later recovered with no loss in weight. The final yield of base 
amounted to 61°%, of the theoretical, but the product was contamin- 
ated by about 26% of «-naphthol, formed rather unexpectedly by 
hydrolysis of the dimethylamino-group, which is thus much less 
firmly attached to the naphthalene nucleus than it is to the benzene 
nucleus in dimethylaniline ; and this is corroborated by the fact that 
p-nitrosodimethyl-«-naphthylamine is unstable whereas p-nitroso- 
dimethylaniline is quite stable. 

Small quantities (20—50 g.) of the base are conveniently prepared, 
in 70% yield, by the methylation of «-naphthylamine by means of 
methyl sulphate in an alkaline solution. Rodionow and Voedensky 
(Compt. rend., 1929, 190, 117), using methyl p-toluenesulphonate as 
an alkylating agent (compare D.R.-P. 112177), obtained a 90% yield 
of dimethyl-«-naphthylamine. 


EXPERIMENTAL. 

Preparation of Dimethyl-a-naphthylamine.—(1) By Hantzsch’s 
method. «-Naphthylamine hydrochloride (15 g.) and dried methyl 
alcohol (15 c.c.) were heated for 8 hours at 180° in a sealed tube : 
11 g. of the dimethyl derivative were obtained, b. p. 272—274°/ 
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760 mm. Later the same process was carried out in an ordinary 
steel autoclave containing a loosely fitting porcelain liner: the best 
result was obtained on heating together well-dried «-naphthylamine 
hydrochloride (200 g.) and methyl] alcohol (200 c.c.) at 180°/33 atms. 
for 8 hours. The product, freed from primary and secondary bases 
by means of acetic anhydride and fractionation, gave 158 g. of 
the tertiary base (yield, 80%). 

(2) By means of sulphuric acid and methyl alcohol. Powdered and 
well-dried «-naphthylamine sulphate (100 g.) and methyl alcohol 
(100 c.c.) were heated in an autoclave at 180° for 8 hours. The 
liquid product after cooling was heated to drive off the excess of 
methyl alcohol, poured into water, just made alkaline with ammonia, 
and isolated and dried (with potassium carbonate) in ether: on 
distillation it gave «-naphthol as a colourless liquid up to about 160°/ 
20 mm.; above 160°, the product was chiefly dimethyl-«-naphthyl- 
amine, After further separation, there were obtained «-naphthol 
(13 g.) and dimethyl-«-naphthylamine (48 g.). The yield of tertiary 
base under different conditions varied from 30° to 65°% of the 
theoretical. 

(3) By means of methyl sulphate. Well-powdered «-naphthylamine 
(28-6 g.; 1/5 g.-mol.) was stirred into water (150 c.c.), cooled in a 
freezing mixture, and sodium hydroxide (36 g., as 150 c.c. of 24% 
solution) and methyl sulphate (50 g.) were then added simultane- 
ously during 2 hours, the mixture being kept just alkaline. After 
a further 4 hours’ stirring, the liquid was nearly neutralised with 
hydrochloric acid, acetic anhydride (8 c.c.) added to acetylate any 
secondary base, and the product made alkaline with sodium hydr- 
oxide. The oil produced was extracted with ether and fractionated 
(yield, 24-8 g.; 70-2%). 

Attempts to improve the yield by increasing the proportion 
of methyl sulphate were unsuccessful. 
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CCXXX.—The Optical Resolution of 2 :4-Dinitro-2’- 
methyldiphenyl-6-carboxylic Acid. 
By (Miss) Mary STEPHEN LESSLIE and Eustace EBENEZER TURNER. 


THE resolution of 2-phenylnaphthylene-1 : 3-diamine into optically 
active forms (J., 1929, 1512) was attempted in order to justify the 
constitution assigned to it. Its achievement therefore appears to 
have only the one explanation. Any alternative explanation must 
be stereochemical in nature and would involve the assumption that 
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as a result of the different effects of the two amino-groups the phenyl 
nucleus is displaced towards one or other of these groups, as shown 
in (I). Were this the case to any marked extent, free rotation of the 
phenyl nucleus might become impossible. Nevertheless, such a 
structure would not be dissymmetrical unless, in addition, the bond 
joining the pheny] to the naphthalene ring wereno longer ina straight 
line with the 1 and 4 positions of the pheny] nucleus (II) 





NH; NH, “ > 
(I.) Gaia hos (II.) 
NH, NH, 


We regard this alternative explanation as exceedingly unlikely, 
particularly as the original view accorded so well with the purely 
chemical behaviour of the base and of its derivatives. Yet it 
seemed desirable to attempt the resolution of some diphenyl deriv- 
atives heavily substituted in one nucleus but not in the other. 
Few such compounds were known, but we found that they may be 
prepared by what appears to be a general type of reaction, only two 
examples of which have previously been recorded (Gull and Turner, 
J., 1929, 491). When equimolecular quantities of ethyl 2-chloro- 
3: 5-dinitrobenzoate and an aromatic iodo-compound are heated 
together in presence of copper-bronze, ethyl 2 : 4-dinitrodipheny]-6- 
carboxylates alone are formed. For present purposes we have 
prepared by this process ethyl 2 : 4-dinitrodiphenyl-, 2 : 4-dinitro- 
2’-methyldiphenyl-, and 2 : 4-dinitro-3'-methyldiphenyl-6-carboaylate, 
and from these the corresponding acids. The first and the last of 
these acids could not be resolved by any of the methods employed, 
but systematic resolution of the brucine salt of 2 : 4-dinitro-2’-methyl- 
diphenyl-6-carboxylic acid led to both the d- and the /-form in the 
optically pure condition. The successful resolution of the 2’-methyl 
acid, and the non-resolution of the other two acids mentioned above, 
are satisfactorily explained by the accepted theories (Turner and 
Le Feévre, Chem. and Ind., 1926, 831; Bell and Kenyon, ibid., p. 
864; Mills, ibid., pp. 883, 905), and the total evidence now put for- 
ward suggests that until contradictory results are forthcoming it is 
unnecessary to replace our theory of the optical activity of the 
phenylnaphthylenediamine by a purely stereochemical one, although 
it is admitted that the analogy between the two sets of compounds ‘is 
not complete. 

The resolution of the 3’-methyl acid was attempted because, if it 
had been successful, the dissymmetry of the molecule could only be 
explained by assuming that the 2-nitro- and the 6-carboxy-group 
caused the molecule to take up a form in which the two nuclei were 








1760 LESSLIE AND TURNER: THE OPTICAL RESOLUTION OF 


not co-axial. The methyl group would then provide the necessary 
extra feature for dissymmetry. 

We have also succeeded in effecting the incomplete resolution of 
the 2’-methyl acid by partial esterification with /-menthol. The 
l-acid underwent esterification more rapidly than the d-acid, and the 
unesterified acid was markedly dextrorotatory. It was thought 
possible that, if a mixture of l-menthyl 2-chloro-3 : 5-dinitrobenzoate 
and o-iodotoluene was heated with copper-bronze, asymmetric 
synthesis might result. This was actually found to occur, for the 
2 : 4-dinitro-2’-methyldiphenyl-6-carboxylic acid finally obtained 
had a definite dextrorotation. This is the first example of an asym- 
metric synthesis of this type or in this series. 

An interesting point arose in connexion with the optical activity 
of the 2: 4-dinitro-2’-methyldiphenyl-6-carboxylic acids. These 
have [a]s; -—-18°7° in ethyl-alcoholic solution, but when they are 
crystallised from benzene they form compounds,C,,H,,0,N,,0-5C,Hg, 
which in alcoholic solution have [«]s, --7°8°. The benzene of 
crystallisation is not removed by repeated evaporation of the alcoholic 
solution of the compound, although boiling alkali readily removes it, 
and prolonged boiling of the alkaline solution does not cause any 
racemisation. 

The large effect on the rotation produced by the benzene of 
crystallisation is noteworthy, and considerable interest attaches to 
the observation in view of the theory put forward by Bennett and 
Willis (J., 1929, 256) as to the structure of organic “ molecular ”’ 
compounds. The racemic acid shows no tendency to combine with 
benzene. 

2 : 4-Dinitrodiphenyl-6-carboxylic acid is readily converted by 
warm concentrated sulphuric acid into 2 : 4-dinitrofluorenone, 
identical with the product obtained by Ullmann and Broido (Ber., 
1906, 39, 356) from 3 : 5-dinitro-2-aminobenzophenone. 


NO, NO, 
MK Nh RK RD 
\co- co” 


The /-2’-methyl acid similarly gave the methyl] derivative of this 
fluorenone. This was inactive, as might have been expected 
(compare Bell and Robinson, J., 1927, 2234). 


EXPERIMENTAL. 

Ethyl 2 : 4-Dinitrodiphenyl-6-carboxylate—A mixture of 20 g. of 
ethyl 2-chloro-3 : 5-dinitrobenzoate and 20 g. of iodobenzene was 
heated at 220°, 17 g. of copper-bronze being gradually added. The 
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reaction proceeded at 240°, and when it was complete the mixture 
was extracted with chloroform. The 12 g. of crude ester obtained 
crystallised from alcohol in rosettes of pale yellow, rectangular 
needles, m. p. 84—85° (Found: C, 56-9; H, 3-7. C,;H,.O,N, 
requires C, 57-0; H, 3-8%). 

2 : 4-Dinitrodiphenyl-6-carboxylic Acid.—It was found impossible 
to hydrolyse the above ester by the usual processes, including that 
described by Ullmann (Annalen, 1909, 366, 89). The following 
method, however, gave excellent results: A mixture of 20 g. of the 
ester, 100 c.c. of water, 202 c.c. of concentrated sulphuric acid, and 
400 c.c. of glacial acetic acid was boiled for 4 hours. The dark green 
solution was diluted with water, and the dark green, crystalline 
precipitate (14 g.) was dissolved in dilute sodium hydrogen carbonate 
solution and so freed from a trace of tarry matter. Precipitation of 
the solution with hydrochloric acid gave 2 : 4-dinitrodiphenyl-6- 
carboxylic acid, which crystallised from light petroleum—benzene in 
pale yellow prisms (12 g.), m. p. 193—194° (Found : C, 54-0; H, 2-8. 
C,,H,O,N, requires C, 54-2; H, 2-8%). 

2 : 4-Dinitrofluorenone.—A solution of the last-named acid in 20 
parts of concentrated sulphuric acid was heated at 100° for 10 
minutes, water added, and the yellow precipitate collected, extracted 
with sodium carbonate solution, washed, and dried. It had m. p. 
193—194°. 

Attempted Resolution of 2 : 4-Dinitrodiphenyl-6-carboxylic Acid.— 
Many attempts were made to obtain salts with various alkaloids in a 
number of solvents. All were unsuccessful except in the case of 
brucine. The acid (1 g.) in alcoholic solution was treated with 
brucine (1-6 g.). An immediate crystalline precipitate of the brucine 
salt was obtained. This was recrystallised from alcohol (170 c.c.) 
and gave 1-9 g. with [«] 9, —16-8° for c = 1-243 in acetone. After 
recrystallisation from alcohol the salt had [«]s,, —15-1° fore = 1-252 
in acetone. A solution of equivalent quantities of the acid and 
brucine had [«]s7, —15-4° for c = 2-016 in acetone. The salt having 
[x]s9, —15-1° gave rise to an inactive acid. 

Resolution was also attempted by the fractional precipitation 
method of Pope and Read (J., 1914, 105, 817) : an alcoholic solution 
of the acid (1 g.) was treated with successive quantities of brucine 
(0-5 g.) and three crops of salt were obtained having respectively 
[% ]sn9 —15-4°, —14-8°, and —15-5° in acetone solution. When these 
were decomposed, inactive acids were obtained. 

Attempt to effect the Asymmetric Synthesis of 2 : 4-Dinitrodiphenyl- 
6-carboxylic Acid.—Preparation of |-menthyl 2-chloro-3 : 5-dinitro- 
benzoate. A mixture of 10 g. of 2-chloro-3 : 5-dinitrobenzoic acid 
and 20 g. of ]-menthol was heated under reflux at 150° for 10 hours, 
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dry hydrogen chloride being passed in from time totime. The cooled 
mixture was dissolved in ether, the solution extracted with sodium 
carbonate solution and washed with water, the excess of ether 
removed, and the resulting product steam-distilled. The residue 
solidified on cooling (10 g.). The ester crystallised from alcohol:in 
slender, pale yellow needles, m. p. 113—114°, and had [a]s:m, —53-6° 
for c = 2-385 in acetone (Found: Cl, 9-4. C,,H,,0,N,Cl requires 
Cl, 9-2%). 

When the ester was heated with copper-bronze and iodobenzene, 
only a very small quantity of product was obtained. It was not 
further examined. 

Incomplete Esterification with Menthol of 2 : 4-Dinitrodiphenyl- 
6-carboxylic Acid.—A mixture of 7 g. of the acid with 14 g. of 
l-menthol was heated under reflux at 150° for 12 hours. The reaction 
product was dissolved in ether, and the extract shaken with sodium 
hydrogen carbonate solution. The aqueous solution was repeatedly 
extracted with ether until free from menthol, and the acid then 
precipitated. It proved to be optically inactive. 

Ethyl 2 : 4-Dinitro-2'-methyldiphenyl-6-carboxylate.—A mixture of 
50 g. of ethyl 2-chloro-3 : 5-dinitrobenzoate and 50 g. of o-iodotoluene 
was heated at 220° and 50 g. of copper-bronze were gradually added. 
The cooled product was extracted three times with o-dichloro- 
benzene. After removal of the solvent, 32 g. of crude ester were 
obtained. The ester crystallised from alcohol in hexagonal lamine, 
m. p. 95—96° (Found: C, 58-2; H, 4:3. C,,H,,0,N, requires 
C, 58-2; H, 43%). 

Hydrolysis of Ethyl 2 : 4-Dinitro-2'-methyldiphenyl-6-carboxylate.— 
A mixture of 20 g. of the ester, 200 c.c. of concentrated sulphuric acid, 
400 c.c. of glacial acetic acid, and 100 c.c. of water was boiled under 
reflux for 4 hours. The diluted solution obtained deposited crystals 
on cooling, and these were recrystallised from benzene. 2 : 4-Di- 
nitro-2' -methyldiphenyl-6-carboxylic acid forms small, pale yellow, 
rectangular plates, m. p. 156—157°, and is readily soluble in alcohol, 
acetone and chloroform, but sparingly soluble in benzene and light 
petroleum (Found : C, 55-7; H, 3-5. C,,H,)0O,N, requires C, 55-6; 
H, 3-3%). 

Resolution of 2: 4-Dinitro-2'-methyldiphenyl-6-carboxylic Acid.— 
When a mixture of equivalent quantities of brucine and the acid was 
caused to crystallise from alcoholic solution, no resolution occurred. 
Repeated crystallisation of the salt from acetone failed to effect any 
change in rotation. 

A similar result was obtained when the brucine salt was prepared 
by treating an aqueous solution of the ammonium salt with brucine 
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hydrochloride. Resolution was, however, effected by the following 
process. 

A solution of 12 g. of the acid in acetone was treated with a half- 
equivalent of brucine (7-8 g.) and the resulting solution (400 c.c.) was 
allowed to crystallise. Clusters of rectangular needles separated 
(8 g.), having [«]s9, —7-2° in chloroform (1 = 2, c = 2-002). To the 
mother-liquor were added a further 7-8 g. of brucine, and 9 g. of salt 
were obtained, consisting mainly of rectangular plates and having 
[%]s, —5-8° in chloroform (J = 2, c= 2-052). Onremoval of some 
of the acetone from the mother-liquor, a further 5 g. of salt separated 
in rectangular needles, having [«]s., —2-4° in chloroform (1 = 2, 
c = 2-04). 

After five crystallisations of the three salts from acetone, these 
had respectively [«]5.9, —11-7°, —7-3°, and —2-2° in chloroform, and 
when decomposed gave three fractions of acid having respectively 
[%]s0, —17-5°, 0-0°, and +16-8° in alcoholic solution. Decom- 
position of the salts was effected as follows : A chloroform solution of 
the salt was shaken with approximately the calculated amount of 
aqueous ammonia, and the alkaline solution then extracted thrice 
with chloroform. Acidification of the solution, followed by extraction 
with ether, afforded the free acid. 

By employing the fractional crystallisation method, using brucine 
hydrochloride and the ammonium salt of the acid in aqueous 
solution, the same salts were obtained, and they crystallised from 
the aqueous solution in the same order. 

1-2 : 4-Dinitro-2'-methyldiphenyl-6-carboxylic acid crystallised from 
aqueous solution in pale yellow, hexagonal prisms, m. p. 158—159°, 
and had [«]s—9, —18-6° in ethyl-alcoholic solution (Found: C, 55-5; 
H, 3-2. C,,H,90,N, requires C, 55-6; H, 33%). It is sparingly 
soluble in water or light petroleum, readily soluble in acetone and in 

alcohol, but less so in benzene. It crystallises from benzene in 
clumps of hexagonal plates, m. p. 158—159° (with previous softening 
at 140°), and then has [«],.., —7-8° in ethyl-alcoholic solution. From 
an equivalent-weight determination it was found that 0-5 mol. of 
benzene of crystallisation was present. After being heated for 2 days 
at 100°, the compound still had the same composition and rotation. 
An alcoholic solution of the compound was evaporated and the 
process was twice repeated. The compound remained unchanged. 
It was dissolved in aqueous sodium hydroxide and the solution was 
boiled until free from benzene. The acid recovered by acidification, 
etc., had [«],9, —18-6° in ethyl-alcoholic solution. 

The benzene-free acid had [«],.., —19-5° in acetone (c, 1-382) and 
— 1]-2° in benzene (c, 1-318). 
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d-2 : 4-Dinitro-2’-methyldiphenyl-6-carboxylic acid has properties 
similar to those of its l-isomeride. It has [«],., —18-8° in ethyl 
alcohol (c, 1-462), and after crystallisation from benzene contains 
0-5 mol. of benzene, then having [«],., -+-7-8° in ethyl alcohol 
(c, 1-772) (Found: C, 55-6; H, 3-5. C,,H,O,N, requires C, 55-6; 
H, 3-3%). 

Asymmetric Synthesis of 2 : 4-Dinitro-2'-methyldiphenyl-6-carboxylic 
Acid.—A mixture of 15 g. of l-menthy] 2-chloro-3 : 5-dinitrobenzoate 
([«]sn —53-6° in acetone) and 15 g. of o-iodotoluene was heated at 
200° and 15 g. of copper-bronze were graduallyradded. A vigorous 
reaction ensued. The product was extracted with o-dichloro- 
benzene and gave 5 g. of crude ester. The latter was boiled under 
reflux for 4 hours with a mixture of 50 c.c. of concentrated sulphuric 
acid, 100 ¢c.c. of glacial acetic acid, and 25 c.c. of water. The result- 
ing solution was diluted, made alkaline, and extracted with ether 
until free from menthol. Acidification of the alkaline solution, 
followed by ether extraction, gave 0-5 g. of acid having [a], +4°4° 
in acetone. 

Incomplete Esterification of 2 : 4-Dinitro-2'-methyldiphenyl-6-carb- 
oxylic Acid.—A mixture of 5 g. of the acid with 10 g. of /-menthol was 
heated at 140° for 6 hours. The reaction product was extracted with 
ether, and the ethereal solution shaken with sodium hydrogen carbon- 
ate solution. The alkaline solution was extracted with ether until 
free from menthol, and the free acid precipitated with hydrochloric 
acid. In this way were obtained 2 g. of acid, having [a], +-2-8° 
in acetone (J = 2, c = 2-5). 

Preparation of 2 : 4-Dinitro-3'-methyldiphenyl-6-carboxylic Acid.— 
A mixture of 10 g. of ethyl 2-chloro-3 : 5-dinitrobenzoate and 10 g. 
of m-iodotoluene was heated at 220° and 10 g. of copper-bronze were 
gradually added. Vigorous reaction occurred at 230°. The reaction 
mixture was extracted with o-dichlorobenzene and 8 g. of crude ester 
were obtained. It crystallised from alcohol in pale yellow, hexagonal 
plates, m. p. 120—121° (Found: C, 58-3; H, 4:1. C,,H,,0,N, 
requires C, 58-2; H, 4:3%). 

The ester was hydrolysed by the method already described, 25 g. 
giving 21 g. of crude acid. The latter crystallised from benzene— 
light petroleum in pale yellow, cubic crystals, m. p. 118—119° 
(Found: C, 558; H, 3-5. C,,H,,O,N, requires C, 55-6; H, 
33%). 

A mixture of the acid with twice its weight of menthol was heated 
at 140° for 6 hours. The unesterified acid was optically inactive. 

The acid readily formed a brucine salt, but repeated crystallisation 
of the latter was unaccompanied by change in its rotatory power. 
When the ammonium salt and brucine hydrochloride were used in 
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aqueous solution, a similar result was obtained. The method of 
Pope and Read (loc. cit.) also failed to effect resolution. 


We are indebted to the Chemical Society for a grant in aid of this 
investigation, 


BEDFORD COLLEGE, UNIvERSITY OF Lonpon. [Received, June 18th, 1930.] 





CCXXXI.—The Orienting Influence of Free and Bound 
Ionic Charges on Attached Simple or Conjugated 
Unsaturated Systems. Part V. WNitration of 
Benzyldiethylsulphonium Picrate. 


By ALFRED PoLLaRD and RosBert Rosrnson. 


THE present note, which is part of a wider, unfinished investigation, 
describes the nitration of a typical benzyldialkylsulphonium salt 
undertaken with the object of comparison with the behaviour of 
the benzyltrialkylammonium salts under similar conditions. 

Experimentally, this section of the work was completed in 1927, 
and a theoretical discussion of the result, stated in general terms, 
was given in Part II (J., 1927, 2772); it is unnecessary to repeat the 
details but, of the various factors then considered to operate in 
making the sulphonium kation less effective than the ammonium 
in distributing a positive field over the nucleus, we now attribute 
the more important rdle to the relatively greater deformation of 
the ionic centres in the sulphonium than in the ammonium salts. 
Expressed in other words, our view is that the sulphur atom, softer 
than nitrogen and with a larger nuclear charge, polarises the attached 
anion (or anions) to the greater extent and so allows of a more 
complete neutralisation of its surplus positive charge, which thus 
develops a field of relatively weaker electric intensity at corresponding 
points in the surroundings, including the attached aromatic group. 

This weaker field is, of course, the cause of the diminished 
m-substitution in accordance with the theory proposed by one of 
us (Chem. and Ind., 1925, 563) and used by Ingold and other 
investigators who have recently been concerned with the study of 
the relation of polar effects and orientation. 

The nitration of benzyldiethylsulphonium picrate by means of 
nitric acid (d 1-51) at 0° gave a mixture of the o-, m-, and p-nitro- 
derivatives. The proportion of the m-isomeride formed was found 
to be about 28% and the chief product was the p-isomeride; the 
proportion of the o-isomeride formed was not exactly estimated. 
Very remarkable are the colorations which the o- and p-nitrobenzyl- 
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diethylsulphonium salts develop when treated with alkalis under 
appropriate conditions, especially in view of the negative results 
with the corresponding quaternary ammonium salts in like circum- 
stances. Itispossiblethat quinonoid betaines,-{NO,-C,H,:CH’SR,}-+- , 
are formed and are responsible for the effects observed, but this 
explanation cannot be regarded as wholly satisfactory and the 
matter is being further investigated. 


EXPERIMENTAL. 


Benzyldiethylsulphonium Picrate-——Benzyl bromide was mixed 
with an excess of diethyl sulphide and combination gradually 
occurred at the room temperature; the salt was washed with 
ether, and the picrate precipitated from an aqueous solution. The 
derivative crystallised from alcohol in bright canary-yellow needles, 
m. p. 115—116° (Found: C, 49-7; H, 4-6. C,,H,,0,N,S requires 
C, 49-9; H, 46%). When it was heated with aqueous alkalis, 
diethyl sulphide was regenerated. 

o-Nitrobenzyldiethylsulphonium Picrate-——Combination of o-nitro- 
benzyl bromide (or chloride) and diethyl sulphide could not be 
brought about, even in ethyl acetate solution, but a solution of 
o-nitrobenzyl iodide in twice its weight of diethyl sulphide and four 
times its weight of ethyl acetate gradually deposited crystals of 
o-nitrobenzyldiethylsulphonium iodide. The picrate crystallised 
from alcohol in deep canary-yellow needles, m. p. 118—120° (Found : 
C, 44:8; H, 3-9. C,,H,,0,N,S requires C, 44:7; H, 4:0%). This 
salt is much more readily soluble in alcohol and acetone than are 
the m- and p-isomerides; it dissolves to some extent in ether. 

The corresponding chloride, prepared in the usual manner, develops 
an intense bluish-violet coloration in acetone solution on the addition 
of sodium hydroxide; the colour in alcoholic solution is very feeble 
in comparison and is almost discharged on the addition of water. 

m-Nitrobenzyldiethylsulphonium Picrate—Ethyl acetate acceler- 
ated the combination of m-nitrobenzyl bromide and diethyl 
sulphide; the picrate crystallised from alcohol in lemon-yellow 
plates, m. p. 147—148° (Found: C, 44-7; H, 40%). This salt is 
very much more sparingly soluble than the o- and p-isomerides in 
alcohol and acetone. The related chloride exhibited no charac- 
teristic colour reaction with alkalis. 

p-Nitrobenzyldiethylsulphonium Picrate.—p-Nitrobenzyl bromide 
was found inert towards diethyl sulphide alone, but combination 
occurred readily in ethyl acetate solution. The picrate, obtained 
by the action of aqueous picric acid on the bromide, crystallised 
from alcohol in canary-yellow plates, m. p. 112—114° (Found: 
C, 44:8; H, 40%). 
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The p-nitrobenzyldiethylsulphonium salts give a bright eosin-red 
coloration in aqueous-alcoholic potassium hydroxide; the colour 
is even more intense in acetone solution. The coloration fades, and 
this process is hastened by the presence of the m-isomeride. The 
colorimetric estimations were, therefore, carried out expeditiously. 

Separations.—Experiments with the pure isomerides showed that 
a single crystallisation from acetone served to separate the o- and 
m-nitro-picrates completely for all practical purposes, but the 
p-isomeride, if present, occurred both in the crystals and in the 
mother-liquor. A complete separation of the o- and p-nitro-picrates 
is illustrated by the following experiment. The o0-nitro-picrate 
(0-05 g.) and the p-nitro-picrate (0-05 g.) were together dissolved in 
ethyl acetate (7 c.c.), and ether (25 c.c.) was added. The crystalline 
precipitate (dried, 0-05 g.) was the almost pure p-nitro-picrate, 
m. p. 109—111°, the o-salt remaining in the solution. 

The Nitration—The product obtained under conditions similar 
to those described below was washed with a little alcohol and dried 
(Found : C, 44-6; H,4:1%). The o-, m-, and p-nitrobenzyldiethyl- 
sulphonium picrates were also separated in a pure condition in the 
course of preliminary experiments and identified by analysis and by 
comparison with authentic specimens. 

The picrate (18-0 g.) was carefully added to stirred nitric acid 
(54 c.c., d 1-51) at 0° during 1 hour, the stirrer was washed with 
nitric acid (6 c.c.), and the mixture allowed to reach the room 
temperature during 1 hour and then kept for 1 hour. The product 
was added to crushed ice (250 g.); a yellow precipitate was then 
thrown down. The filtrate and washings from this were concen- 
trated under diminished pressure and diluted and the process was 
continued until most of the nitric acid was removed; the residue 
was then nearly neutralised with ammonia and mixed with the 
original precipitate and the whole was gently heated on the steam- 
bath, cooled, and filtered (solid, 18-0 g.). The liquid was exactly 
neutralised with ammonia, stirred with picric acid (2-0 g.), and 
kept at about 0° for 12 hours. The solid was collected (2-6 g.) and 
combined with the main fraction. The increment of 0-6 g. is evi- 
dently due to the nitrobenzylsulphonium kation, so the total yield 
may be estimated as 19-2 g. or 96%. In the calculations, we 
assume that the yield was quantitative, so the result for the pro- 
portion of m-isomeride formed will be a little low and other small 
errors should be in the same direction. 

The crude product (20-6 g.) was ground with cold acetone (25 c.c.), 
and the residue washed with acetone (10 c.c.) and dried (I, 7-8 g.). 
On slow evaporation, the acetone solution first deposited large, 
canary-yellow, rhombic crystals (3-5 g.) of the pure p-isomeride 
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(m. p. 11I—113°; mixed with a synthetic specimen, m. p. 112—114°, 
the m. p. was 111—113°; the synthetic specimen crystallised from 
acetone in the same form); the second fraction consisted of the 
p-isomeride, mixed with paler yellow needles (II, 2-98 g.). The 
solution was then evaporated to dryness, the residue dissolved in 
ethyl acetate, and ether added, giving a precipitate (IIA, 2-75 g., 
m. p. 91—98°). Addition of much ether then gave a further amount 
(IIB, 0-5 g., m. p. 87—94°), and, on evaporation, there was obtained 
0-2 g., m. p. above 200° (decomp.), and some picric acid, m. p. 121°. 

Fraction II was found by the ethyl acetate-ether method to 
contain 2-03 g. of the p-isomeride, the remainder consisting of the 
o-isomeride. Similarly, the fractions IIA and IIB were impure 
specimens of the p-isomeride. The main acetone mother-liquors, 
therefore, did not yield an appreciable amount of the m-isomeride. 

5 Grams of fraction I were dissolved in hot acetone (50 c.c.); 
on cooling and keeping, lemon-yellow needles (2-35 g.) separated, 
m. p. 140—143°, and a second crop (0-55 g.), m. p. 141—144°; these 
specimens of the m-isomeride were almost pure. On further 
keeping, mixtures were obtained and these were fractionated by 
means of acetone and methyl alcohol, 0-3 g. of the m-isomeride being 
isolated. The remainder of the fraction was found to consist of 
the p-isomeride, which was isolated in a pure condition; the 
o-isomeride did not appear at any stage in the fractionation of I. 
From the amount of the m-isomeride separated, the yield of the 
m-isomeride in the nitration was found to be 25-79%. Confirmation 
of this result was obtained by the colorimetric estimation of the 
p-isomeride in the fraction I. 

Solutions employed.—Potassium hydroxide (100 g.) in water 
(400 c.c.). The pure p-isomeride (50-004 mg.) was dissolved in 3% 
alcoholic hydrogen chloride, ether (200 c.c.) added, and the solution 
washed with 1% aqueous hydrochloric acid (50 c.c.) and then with 
further small successive quantities of 1°/, hydrochloric acid to make 
the volume of the aqueous solution up to 100 c.c. The fraction I 
(50-005 mg.) was treated in exactly the same way and, moreover, a 
special 1% hydrochloric acid solution was prepared by carrying 
out the above operations without any picrate and finally adding 
two drops of aqueous picric acid to give the same tint as in the 
standard solutions prepared from the picrates. 

In each comparison, the sulphonium salt solution was added to 
10 c.c. of the potash solution made up to 50 c.c. with ethyl alcohol. 

5 C.c. of solution from I were compared with 1 c.c. of the p-iso- 
meride solution mixed with 4 c.c. of prepared 1°, hydrochloric acid ; 
the colour intensities were in the ratio 14-1/20, so the p-isomeride 
in I = 28%. Other estimations gave p-isomeride, 33-3, 34, 30%, 





cry 
1-5 
ret: 
Thi 
der 
wit 
dih 
fro1 


ETC. 


14°, 
rom 
the 
The 
1 in 
g., 
unt 
ned 
31°. 
. to 
the 
ure 
ors, 
ide. 
c.); 
fed, 
ese 
her 
by 
ing 
, of 
the 
f I. 
the 
ion 
the 


iter 
3% 
ion 
ith 
ake 
ni 


ing 
ing 
the 


ol. 
30- 
id ; 
ide 


0/ 
/0? 








STRYCHNINE AND BRUCINE. PART XI. 1769 


and the best value appears to be 32%. This was confirmed by the 
fact that the colours obtained from 20 c.c. of the solution from I 
and from 6-6 c.c. of the p-isomeride solution mixed with 13-4 c.c. of 
prepared 1% hydrochloric acid could not be distinguished. The 
perfect match proved that the o-isomeride was not present in I. 
From this result, the m-isomeride in the nitration product is found 
to amount to 27-3%, in approximate agreement with the value 
obtained by separation alone. 

Corrected for the experimentally determined solubility of the 
m-isomeride in acetone, saturated with the p-isomeride at 18°, the 
final result becomes 28-3°% for the m-isomeride. The p-isomeride 
actually isolated amounted to 12-5 g. or about 61%, so the 
o-isomeride formed was probably less than 10%. 


THE UNIVERSITY, MANCHESTER. 
University CoLLEGE, LoNDON. [Received, May 28th, 1930.] 





CCX XXII.—Strychnine and Brucine. Part XI. Note 
on Dihydrobrucine and Some Derivatives. 


By Osman ACHMATOWICZ, REGINALD CLIFFORD FAwCceETT, (the late) 
Wituiam Henry PERKIN, jun., and RoBert Rosinson. 


Sxira and Franck (Ber., 1911, 44, 2863) studied the catalytic 
reduction of brucine, but it appears from their memoir that only 
one-half of the volume of hydrogen theoretically required was 
absorbed and the product can scarcely have been homogeneous—a 
conclusion confirmed by the description of dihydrobrucine as a 
substance that crystallises from ethyl acetate in small spherical 
clusters, m. p. 115°. 

Wieland and Miinster (Annalen, 1930, 480, 39; footnote by 
Gumlich) have just published a further account of the hydrogenation 
of brucine in the presence of platinum oxide, and we therefore take 
the earliest opportunity to record our experiments in this field 
of work. 

Dihydrobrucine, prepared with the aid of palladinised charcoal, 
crystallises from water with 4H,O and from ethyl acetate with 
1-5CH,°CO,Et; it also exhibits a tendency to combine with and to 
retain other solvents, e.g., methyl alcohol, benzene, and chloreform. 
This behaviour characterises many reduced brucine and brucidine 
derivatives, and is the frequent cause of difficulties in connexion 
with the analyses. Catalytic reduction of brucidine yielded 
dihydrobrucidine, and hexahydrobrucine has similarly been obtained 
from tetrahydrobrucine. 
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EXPERIMENTAL. 


Dihydrobrucine, CygH,g0,N(:N-CO:).—The conditions followed 
those employed for the reduction of strychnine (Part VI; J., 1927, 
2393). A solution of palladous chloride (2 g.) in water (200 c.c.) 
and a few drops of hydrochloric acid was mixed with norite (25 g.), 
previously strongly heated and stirred with hydrogen until no more 
of the gas was absorbed ; brucine (30 g.), dissolved in 50% acetic acid 
(120 c.c.), was then introduced and the rapid stirring continued. 

Absorption ceased after 5 hours (1720 c.c. at 16° and 770 mm.) 
and the filtered liquid was then treated at 0° with an excess of 40% 
aqueous sodium hydroxide, giving a pale yellow gum which set to 
a hard cake. This was dissolved in boiling water and, on cool- 
ing, the solution deposited rhombs of the tetrahydrate (27 g.) 
(Found: C, 59-3; H, 7-7; N, 6-5; loss at 105° in a vacuum, 15-2. 
Cyg3H,g0,N,,4H,O requires C, 59-0; H, 7-7; N, 6-0; H,O, 15-4%). 
The palladinised charcoal was reactivated by exposure to the air 
and was used eight times without serious loss of catalytic efficiency. 
In this experiment, the pressure of the hydrogen was maintained at 
1-2 atms., but the ordinary pressures have also been used with 
equal success. An alternative isolation process depends on extrac- 
tion of the solution, saturated with potassium carbonate, with 
chloroform. The substance also separates from aqueous methyl 
alcohol in large hard prisms of the tetrahydrate (Found : loss at 
130°, 15:3%. Found in anhydrous material: C, 69-8; H, 7-4. 
C.,H,,0,N, requires C, 69-7; H, 7-2%). The tetrahydrate melts at 
70—72° and, on further heating, the anhydrous base crystallises at 
130—140° and melts again at 179—181°. The base crystallises 
from ethyl acetate in very large, rhombic prisms, m. p. 48—50°, 
which effloresce rapidly in a vacuum and cannot be entirely freed 
from the mother-liquor by washing with ether or light petroleum 
without losing some of their transparency (Found: loss at 105° 
in a vacuum, 26-0. C,3;H,,0,N,,1-5CH,°CO,Et requires CH,°CO,Et, 
25-0%). Dihydrobrucine is readily soluble in most organic solvents, 
but it is sparingly soluble in benzene and in light petroleum; its 
colour reactions closely resemble those of brucine and it possesses 
an intensely bitter taste. Unlike brucine, it is not attacked by 
potassium permanganate in acetone solution. 

The hydriodide crystallised from water in rods, softening at 250° 
and melting at 260—262°. 

The methosulphate was obtained by ready combination of the 
components in benzene or methyl alcohol; it separated from water 
in colourless hexagonal tablets, m. p. 242—244° after sintering 
at 215° (Found in material dried over sulphuric acid: C, 53-9; 
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H, 7-1; N, 49. C,,H,,0,N,,Me,S0,,2H,O requires C, 53-8; H, 
6-8; N, 5-0%). 

The methiodide, prepared by the addition of sodium iodide to an 
aqueous solution of the methosulphate, crystallised from water in 
colourless double pyramids exhibiting a curious twinning tendency 
(Found in material dried over sulphuric acid : C, 51-7; H, 5:8; N, 4-8. 
C,,H,,0,N,I,H,O requires C, 51-8; H, 5-9; N,5-0%). This specimen 
sintered at 245° and melted at 283—285° to a dark brown froth. 

Direet combination of dihydrobrucine and methyl iodide gave a 
salt which crystallised from methyl alcohol in colourless needles, 
m. p. 242—245° (decomp.) (Found : C, 53-5; H, 5-9. C,,H,,0,N,1 
requires C, 53-5; H, 5-8%). It is probable that a trace of impurity 
in one of these two specimens, the latter of which was examined 
some three years later than the former and in a different laboratory, 
accounts for the divergence in the melting points, but it should be 
noted that there is a theoretical possibility of stereoisomerism. 

The picrate crystallised from alcohol in orange tablets and 
exploded on heating. 

Bisapomethyldihydrobrucine was prepared from dihydrobrucine 
by following the method of Leuchs and Anderson (Ber., 1911, 44, 
2136) for bisapomethylbrucine. The hydrochloride crystallised in 
pale yellow, rectangular prisms, and the base obtained by the action 
of potassium bicarbonate in aqueous solution separated as a colour- 
less crystalline powder which did not melt at 320° (Found: N, 7-4. 
C,,H,,0,N, requires N, 7-6%). The reactions of the substance 
resembled those of bisapomethylbrucine. 

Dihydrobrucidine, C,H,,0,N(°N-CH,°).—Brucidine (9 g.) was 
reduced in the manner described for brucine in 50% acetic acid 
solution, palladous chloride (1 g.) and activated norite (10 g.) being 
used; 600 c.c. of hydrogen at 20° and 759 mm. were absorbed 
(theoretical, 570 c.c.). Under atmospheric pressure, the reduction 
was very slow, but an 86% yield resulted when the base (5 g.) in 
dilute acetic acid (80 c.c. of 20°/) was added to a catalyst suspension 
prepared from palladous chloride (0-3 g.), norite (1 g.), and water 
(250 c.c.) and agitated at 60—65° in hydrogen for 10 hours. In 
either case, the filtered solution was rendered strongly alkaline and 
extracted with chloroform, and the dihydrobrucidine was ultimately 
crystallised from acetone, forming pale yellow rods, pyramidal at 
one end, m. p. 172—172-5° (Found in material dried at 105° in a 
vacuum: C, 71:2; H, 7-6. C,3;H390,N,,C;H,O requires C, 70-9; 
H, 8-0%. Found in material dried at 130°: C, 72-6; H, 7-9. 
C,3Hg.0,N, requires C, 72-3; H, 7-8%). Even after crystallisation 
from light petroleum, the base, having once been in contact with 
acetone, retained this solvent tenaciously. 
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Addition of ferric chloride to a solution in very dilute hydro- 
chloric acid produced the characteristic brucidine reaction, a color- 
ation green in thick layers and pink in thin layers by transmitted 
light. Sodium nitrite added to an acid solution gave a deep green 
coloration, changing in less than a second to yellow; addition of 
sodium carbonate then produced a wine-red colour which was 
completely removed by extraction with chloroform. 

The picrate crystallised from alcohol in long old-gold needles that 
exploded on heating. The hydriodide crystallised from water in 
stellate aggregates of diamond-shaped plates which softened at 230° 
and decomposed at 235—240°. 

The dimethosulphate, prepared from the components in dry 
benzene solution on the steam-bath, crystallised from acetone (with 
5% methyl alcohol) in colourless rods, m. p. 270° (Found in 
material dried at 105° in a vacuum: C, 50-8; H, 6-8; N, 4-0. 
Cog3Hgg0,N,,2Me,8O, requires C, 51-1; H, 6-6; N, 44%). 

Hexahydrobrucine, C..H,,0,N(NH)(CH,*OH).—Tetrabydrobrucine 
(15 g.) in 50% acetic acid (100 c.c.) absorbed 900 c.c. of hydrogen 
(theoretical, 885 c.c.) in the presence of a catalyst prepared in the 
usual manner from palladous chloride (2 g.) and norite (25 g.). 
The colourless filtrate was rendered strongly alkaline by means of 
sodium hydroxide, and the precipitated base (13 g.) extracted in a 
Soxhlet apparatus with a mixture of benzene and light petroleum ; 
it separated in the flask in a micro-crystalline condition, m. p. 131— 
133° (Found: loss at 120° in a vacuum, 3-0; C, 66-6; H, 8-0; 
N, 6-5. C,3H3,0,N, with 3% of H,O requires C, 67-0; H, 8-0; 
N, 6-8%). Further crystallisation did not affect the melting point. 
The ferric chloride reaction in faintly acid solution was green (not 
pink in thin layers), fading to yellow. 

Electrolytic Reduction of Dihydrobrucine.—Dihydrobrucine (5 g.), 
dissolved in 20% sulphuric acid (150 c.c.), was reduced in the usual 
manner (compare Part II, J., 1924, 125, 1798) at a lead cathode 
for 20 hours by a current of 5amps. The solution was basified with 
ammonia (no precipitate), mixed with an excess of potassium 
carbonate, and extracted with chloroform. The gum thus isolated 
was dissolved in acetone and ultimately crystals, m. p. 170—172°, 
alone or mixed with dihydrobrucidine from the catalytic reduction 
of brucidine, were obtained (yield, 2 g.) (Found: C, 71-0; H, 7-7. 
Cog3HggO3N,,C3H,O requires C, 70-9; H, 8-1%). The hexahydro- 
brucine doubtless formed in this experiment could not be ‘purified. 


THE UNIVERSITIES OF OXFORD AND MANCHESTER. 
UnIvERSITY COLLEGE, LONDON. [Received, June 3rd, 1930.]} 
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CCXXXIII.—The Passivity of Metals. Part VI. A 


Comparison between the Penetrating Powers of 
Anions. 


By Stpney CHarxes Britton and Uxick Ricnarpson Evans, 


PREViovS work (Evans, J., 1927, 1020; 1929, 92) has shown that the 
facility with which chlorine ions penetrate thin films exceeds that of 
most other anions. It seemed useful to compare the penetrating 
power of various anions, by measuring the leakage current passing to 
an anode covered with a film of low electric conductivity. In such 
a case, the strength of the current should represent the penetration 
of the film by ions, although where the ion possesses oxidising 
powers or forms a sparingly soluble salt with the anode metal, the 
repair thus effected will reduce the apparent penetrating power. 
The low electrical conductivity of the film produced by the anodic 
treatment of aluminium in chromic acid was demonstrated by 
Bengough and Sutton (Engineering, 1926, 122, 274); the film itself 
has been isolated by Sutton and Willstrop (J. Inst. Metals, 1927, 
38, 259). Until recently it was held, with Giinther-Schulze (Trans. 
Faraday Soc., 1914, 9, 266), that the anodic behaviour of aluminium 
was complicated by a gas layer; but recently W. J. Miiller and 
Konopicky (Z. physikal. Chem., 1929, A, 141, 343) have shown the as- 
sumption of a gas layer to be unnecessary. An aluminium anode in a 
chromate solution provides, therefore, a simple means of measuring 
the penetrating power of anions. Already the work of Callendar 
WJ. Inst. Metals, 1925, 34, 57) has shown that chlorides reduce the 





sistance of the “ scale ’’ on aluminium, whilst nitrates increase the 
passivity. Moreover, Taylor and Inglis (Phil. Mag., 1903, 5, 301) 
and also Bairsto and Mercer (7'rans. Faraday Soc., 1911, 7, 1) have 
measured the leakage currents due to various anions at an aluminium 
node; but the high #.M.F.’s employed (12—20 volts) and the 
haracter of electrolyte used (sulphuric acid or ammonium phosphate) 
nder it difficult to apply their results to the problems of passivity 
id corrosion. 

Another interesting point is the nature of the potential drop at 
le anode. W. J. Miiller (“‘ Korrosion und Metallschutz,”’ 1929, 
tiheft, p. 8) thinks that at an aluminium anode the measured 
tential merely represents the drop needed to force the small 
Rest-Strom ” through the high ohmic resistance of the channels 
reading the layer upon the anode. (At an iron anode, at high 
D.’s, a polarisation of a different character is assumed.) It was 
ped to obtain some additional information as to whether or not the 


sured potential is of a purely “ohmic ”’ character, since this 
30 
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is a matter of vital importance in connexion with the theory of corro- 


sion velocity. 
EXPERIMENTAL. 


Materials.—Three types of aluminium were used: (A) Electro- 
refined sheet with Si, 0-013; Fe, 0-012; Cu, 0-014; and Ti, 0-004%, 
kindly supplied by Mr. E. H. Dix of the Aluminum Company of 
America. (B) Soft annealed sheet of British origin containing Si, 
0-33; Fe, 0-40%. (C) Hard-rolled sheet of British origin with Si, 
0-34; Fe, 0-39%. 

The salts used were of “ A.R.” quality, and each was tested for 
anions of greater penetrating power than the main anion; the 
potassium bromide, tested by Chapman-Jones’s method (Chem. | \ 
News, 1904, 89, 229), showed a trace of chloride. I 

Experiments showing the Variation of Current with Time.—In | © 
the preliminary work, electrodes of hard aluminium (C), freshly | 
ground with emery, were clamped vertically in the solution at a} b 
distance of 1-1 cm., the immersed area being 1-5 x 1-5cm.; 2 volts] si 
were applied, and the current measured on a Weston ammeter at{ tl 
various times. With 0-001M-potassium chromate, the current] se 
rapidly dropped to a very low constant value. When a second salt} ar 
also was present, however, a considerable current continued to flow tiz 
indefinitely, the strength depending on the nature and concentration} th 
of the second salt, and on the concentration of chromate. Ina series} th 
of experiments with solutions containing 0-001.M-potassium chrom-| lea 
ate and 0-05M-potassium chloride, bromide, iodide, nitrate, o ] 
sulphate or sodium phosphate, the residual currents recorded were i} gre 
the (descending) order of the anions Cl’, Br’, I’, SO,'’, HPO,"’, NO,;.| chi 

In another series of experiments with solutions containing 0°05/-| cur 
potassium chloride, and various amounts of potassium chromate, the the 
residual current first decreased with the chromate concentration, and} mic: 
then quite suddenly began to rise again, finally greatly surpassing) and 
the original value. No such phenomenon was found in solutions free} 80 in 
from chloride, when the concentration of chromate was varied. No at th 
doubt the chromate acts in different ways: it increases the con{ unch 
ductivity, decreases the cathodic polarisation, but repairs the anodit}| So 
film; since these opposing effects will obey different laws, the fall] chlor 
followed by the rise may be explained. In experiments at constant} to as 
chromate concentration, the residual current rose as an approximately the n 
linear function of the chloride concentration; this was found truq Tent 
for different values of chromate concentration above and below tha 83 at 
which gave the minimum leakage. once 

Fully annealed aluminium (B) yielded similar time-currenfbeloy 
curves, but both initial and final values of the current were invariablytvide 
greater; also in chloride-chromate mixtures, the sharp angular brea In 
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in the curve already mentioned occurred at a smaller chromate 
concentration. Electrolytically refined aluminium (A) gave slightly 
smaller initial and final currents than the hard-rolled “ ordinary ” 
variety (C). Apparently heterophase impurities assist the break- 
down of the film, the high leakage obtained with the annealed variety 
being probably due to the fact that annealing causes the silicon 
present in solid solution to separate as a distinct phase (compare 
Rohrig and Borchert, Z. Metallk., 1924, 16, 398). 

To study the effect of abrasion, a series of experiments carried out 
with 0-05M-potassium chloride and 0-001M-potassium chromate 
showed that the coarseness of the emery paper used affected the final 
value somewhat; although in most cases a given paper gave fairly 
reproducible results, the order of the leakage currents was not the 
order of coarseness. Wire-brushed specimens—in contrast to ground 
specimens—gave low current values at the moment of immersion, 
but here the current increased with time to a final value rather 
similar to those obtained with ground specimens; this indicates 
that the film formed by exposure to air during wire-brushing pos- 
sesses a protective character, but becomes more pervious during the 
anodic treatment. On emery-ground specimens the current some- 
times increased and sometimes decreased with the time, according to 
the abrasive employed and the duration of pre-exposure to air, but 
these factors did not seriously affect the final constant value of the 
leakage current. 

Pure aluminium (A) tested with its smooth rolled surface, de- 
greased with carbon tetrachloride but not abraded, gave, in the same 
chloride—chromate solution, somewhat smaller initial values for the 
current than the abraded metal, but equally high final values. Here 
the attack occurred at numerous minute pinholes, situated along the 
microscopic scratch-lines which are present even on a bright surface, 
and rather more frequent near the cut edges than elsewhere. It was 
so intense that, after 30 minutes’ treatment, the metal was perforated 
at the points of attack, although elsewhere the surface was absolutely 
unchanged. 

Some experiments with a solution containing 0-05M-potassium 
chloride and 0-001M-potassium chromate were performed in order 
to ascertain what degree of thermostatic control would be needed in 
the main series of experiments. It was found that the leakage cur- 
rent rose from 39 milliaimps. at 18-5° to 53 at 40-5°, 69 at 55°, and 
83 at 80°; with a falling temperature, the leakage current decreased 
once more to 64 milliamps. at 55° and 52 at 40°—values slightly 
below those of the rising curve. The temperature coefficient is 
evidently a small one. 

In the experiments at fixed voltage, the fraction of the 2 volts 
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applied falling over the anode-liquid interface varied with the state 
of the film and the conductivity of the liquid. It was decided, 
therefore, to conduct experiments with the local anodic potential 
measured by means of a calomel electrode and potentiometer. The 
arrangement is shown in Fig. 1. The electrolysis vessel was placed 
in a bell-jar to prevent complication due to atmospheric impurities, 
but to ensure that the aluminium salts formed at the anode interacted 
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with the equivalent quantities of potassium hydroxide formed at the 
cathode, the cell was stirred mechanically by an eccentrically 
mounted glass rod of 0-52 cm. diameter, which rotated once in three 
seconds in a circle of 2:2 cm. diameter arranged symmetrically 
between the two electrodes. The distance between the electrodes 
was 3-5 cm., and the immersed area2 x 2cm. Almost touching the 
anode at its central point was a glass tubulus containing the electro- 
lyte; the tubulus was a prolongation of a broader tube leading to a 
vessel containing the intermediate liquid; from the vessel another 
tube led to the calomel electrode. The intermediate liquid was 
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saturated potassium chloride if the electrolyte contained chlorides, 
and saturated ammonium nitrate in all other cases. 

With this arrangement; the electrode remained in the liquid 
for some minutes before the current was applied; this caused the 
film to be in comparatively good repair at the commencement of 
the experiment, and the tendency for the current to rise with the 
time was greater than in previous series. Experiments were con- 
ducted with aluminium (B), abraded with French emery No. 1, in a 
solution containing 0-05M -potassium chloride and 0-025M-potassium 
chromate. When the total 2.M.F. was 0-30, 0-42, or 0-58 volt the 
current fell with the time; at 0-71 or 0-82 volt, it rose for the first 
three minutes and then gradually dropped ; at 0-91 and 1-32 volts the 
rise was very pronounced and the drop hardly apparent. But apart 
from the general rise or fall, the curves showed numerous fluctuations 
of current strength, which at 0-3 volt were extremely violent. The 
absolute value of these fluctuations varied considerably from one 
specimen to another in duplicate experiments; but, at higher 
E.M.F.’s (1-3 volts), since the fluctuations represented a smaller 
proportion of the mean current flowing, the curves, which were very 
jagged at 0-3 volt, became practically smooth. Even where the 
fluctuations on the current-time curve are only slight, the fluctuation 
of local anodic potential is often still marked. This is shown in 
Fig. 2, where curves A and B represent respectively the change of 
anodic potential and of current with time. Evidently the fluctuations 
represent local breakdowns of the film, followed by its repair. 
Where a breakdown happens to occur close to the tubulus, its effect 
on the potential may be marked, even if it is too small seriously to 
increase the current, whereas a breakdown far from the tubulus, even 
if sufficient to cause an appreciable increase of current, may hardly 
alter the measured potential. Thus, although the two curves show 
general agreement, many features on the one are not represented on 
the other; this was found in other cases also. The phenomenon 
demonstrates the alread y-known fact that the corrosion of a material 
covered with a protective film is an occurrence discontinuous both 
in space and in time. The reproducibility is necessarily worst when 
the occurrence of breakdowns is infrequent; when they are very 
numerous, the “ law of averages ”’ ensures better reproducibility, and 
complete reproducibility may be looked for when the corrosion 
becomes uniform. , 

Numerous other time-current and time—potential curves were 
plotted and the results agreed well with the scheme suggested. 
Instructive data were obtained with a solution containing 0-05M- 
sodium phosphate and 0-001M-potassium chromate with a total 
E.M.F. of 2-0 volts. In one experiment, the current fluctuated 
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violently with time (curve C, Fig. 2), and the anode afterwards 
showed a limited number of pronounced pits ; in another experiment, 
carried out with a different anode but under identical external 
conditions (curve D, Fig. 2), the violent fluctuations were quite 
absent and the anode was almost uniformly attacked. The mean 


Fig, 2. 
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final value of the current reached practically the same value in both 
cases (0-011 and 0-010 milliamp. respectively), but it was reached 
more quickly in the experiment giving a smooth curve. Probably 
the existence of a few points specially liable to serious breakdown 
reduces the general leakage through the film substance, which 
would otherwise occur; this may explain the marked contrast 
between the behaviour of identically treated specimens. 
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Experiments showing Variation of Current with Local. Anodic 
Potential.—In another series, an attempt was made to obtain anodic 
polarisation curves. The local potential was adjusted, and the 
current measured after it had flowed for 5 minutes at that potential. 
The potential was then moved to the next value, and after a further 
5 minutes the current was read again. In this way numerous 
potential-current curves were obtained with liquids containing 
chromate and chloride in different proportions. On the whole, 
the potential where the current began to rise was found to move 
in a negative direction with increasing chromate, but a given 
solution did not give identical curves in duplicate experiments. 
One experiment with 0-05M-potassium chloride and 0-025M- 
potassium chromate was repeated seven times with different anodes. 
Each anode gave a different curve, and a given anode did not give 
the same curve with rising current as with falling current. The 
potential at which the rising curves left the horizontal axis was 
nearly the same in different experiments, but the gradient showed 
great variation. This is explained by the fact that in some experi- 
ments the tubulus may happen to be opposite a point of breakdown, 
whilst in others it is far away from a point of attack; in the latter 
case, the measured drop of potential corresponding to a given current 
will be abnormally high, just as though the tubulus had been placed 
at a distance from the anodic surface. It has already been shown 
that at a fixed #.M.F., the current varies discontinuously with the 
time (increasing or decreasing according as the area of breakdown 
extends or diminishes); it is not surprising, therefore, to find that 
the potential-current curves are not quite smooth. The fact that 
the descending curve does not coincide with the ascending curve, 
indicates that the healing which should follow a reduction of the 
current requires an appreciable time. 

To ascertain whether the explanation suggested for the 
irregularities is correct, analogous experiments were carried out with 
other metals. A zinc anode in chloride-chromate was attacked 
locally, not uniformly, and it was found that the same irregularities 
were present to an even greater extent; there was an entire lack of 
concordance between ascending and descending values. But with 
an iron anode in a chloride solution, the attack soon became general ; 
in this case, the first rising curve, obtained whilst the attack was 
still local, showed abnormal values, but when once the attack had 
become uniform, it was found that the #.M.F. could be moved up 
and down and the points always fell on the same curve (see Fig. 3) : 
here, since the whole surface was bare, the tubulus necessarily 
opened on to a bare part, and reproducibility was to be expected. 

It must be remembered that whilst the curves for iron (Fig. 3) 
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show the connexion between the true C.D. and the true anodic 
potential, this is not true of curves obtained on an aluminium anode ; 
on this metal only a small fraction of the surface is being attacked, 
and therefore the true C.D. is far greater than the apparent; more- 
over, since the tubulus is not in general in close contact with a point 
of attack, the apparent potential includes a considerable fall due to 
an ohmic resistance. Indeed the abrupt rise of the steepest curves 
for aluminium rather suggests that on aluminium the apparent 
polarisation is almost entirely of this character, although the 
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rounded curves obtained for iron after the corrosion has become 
general suggest that here polarisation of a different character 
must be taken into account; these conclusions agree well with the 
results obtained by Miiller (loc. cit.). 

Comparison between the Penetrating Powers of Different Anions.— 
The fact that the local anodic potential varies in time and space 
makes it impossible to measure penetrating powers under conditions 
of constant local potential; the benefit of the “‘ law of averages ” 
is best obtained by maintaining a constant value for the total 
E.M.F., and measuring the leakage current. The consistency of 
the results thus obtained was found to depend largely on the ratio 
of the concentration of chromate and the second anion. If the 
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latter was added in large amount, giving a big breakdown area, the 
reproducibility was good, but the conductivity of the liquid was 
clearly affected. If the addition of the second anion was kept so 
small that the conductivity was hardly increased, a great lack of 
agreement was noted between duplicate experiments, especially 
with ions of low penetrating power. This is quite in accord with the 
principles already established. With a chromate concentration of 
1-0M and a chloride concentration of 0-001M, the reproducibility 
was too poor to render measurements of value, but with a chromate 
concentration of 0-001M, and 0-05M concentration of the second 
salt, satisfactory reproducibility was obtained with the more 
penetrating ions; the less penetrating ions, although showing no 
greater absolute deviation, naturally gave a greater percentage 
deviation. The results are shown in Table I. It will be noticed 
that the fluorine ion has less penetrating power than the other 
halogen ions; it has, of course, also a lower mobility, and the cause 
of the latter (whether hydration of the ions, or the formation of 
complex ions such as HF,’) is probably also the cause of the low 
penetrating power. In the experiments with nitrates, the current 
fell fairly quickly to about 0-3 milliamp., and after an almost 
constant period, a gradual fall set in ending at a final value of about 
0-1 milliamp. This low value is no doubt due to the oxidising and 
film-repairing character of the nitrate ion, already noted by Callendar 
(loc. cit.). 
TABLE I. 

Leakage currents between aluminium electrodes in 0-001M- 


potassium chromate + 0-05M-second salt; immersed area 
2 x 2cm.; distance 3-5 cm.; temp. 15°. 


Second salt. Leakage current (milliamps.) 
Potassium chloride ............... 15-4, 14:9, 16:0, 156 Mean 15-5 
Potassium bromide ............... 14:0, 14-2, 142, 14-0 od 14:1 
Potassium iodide .......,..+.065 DicB..y BK. Bek... BED... 11-5 
Potassium fluoride ............+++ 3°95, 2°78, 3°25 id 3°3 
Potassium sulphate............... 0-58, 0-51, 0-58 ¥ 0-56 
Potassium nitrate ............66. 0-11, O12, 0-14 7 0-12 
Sodium phosphate _.........++. 0-018, 0-011, 0-010 - 0-013 


The question arises as to whether, in these circumstances, the 
leakage current is a satisfactory measure of penetrating power. 
It may be argued that, since the conductivity of the different 
solutions is not the same, the comparison is not a valid one; actually, 
however, the specific equivalent conductivities of the chloride, 
bromide, iodide, and nitrate at 0-05M-concentration, all lie between 
1:04 « 10'6 and 1-15 x 10'* C.G.S. units, whilst that of the fluoride 
lies only slightly lower (above 0-8 x 10!6, not known accurately). 


These differences are hardly larger than the variation between 
302 
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individual readings. The sulphate has a specific equivalent con- 
ductivity of 0-89 x 101° or a molecular conductivity of 1-79 x 10%¢ 
C.G.S. units as compared with 1-04 x 10'* for the nitrate. Here 
the current may not afford a satisfactory comparison of penetrating 
powers. If it is assumed that in these solutions nearly the whole of 
the potential is banked up at the anode, and that the liquids retain 
their characteristic conductivity in the pores, it would seem that the 
ratio of the effective cross-section of the pores in sulphate and nitrate 
solutions is not 0-56 : 0-12 but 0-56/1-79 : 0-12/1-04, or about 2-7 : 1. 

Another possible criticism is that with a salt causing great leakage, 
such as chloride, most of the #.M.F. is spread over the bulk of the 
solution, whereas with anions of low penetrating power, it is largely 
banked up at the anode surface. It might be urged that a juster 
comparison would be to examine salts under conditions of equal 
values for the anodic potential drop; but this potential drop varies 
from point to point, and actually some purely arbitrary definition 
of “anodic potential’? would have to be adopted. Evidently, 
however, measurements made on a basis of constant anode potential 
would show a bigger contrast between halogens and the larger ions 
than the measurements made above. 

No doubt microscopic measurements of the area actually under- 
going visible attack might be regarded as a good criterion of pene- 
trating power, but it was found that the area increased with the 
time, even after the current had become constant. Some experi- 
ments were performed upon the pure aluminium (A), which shows 
such well-defined areas of attack that the area can be measured. 
In all cases the potassium chromate concentration was kept at 
0-001M and the experiments were continued until 12 coulombs had 
passed. Those solutions which gave the smallest areas of attack 
naturally produced the greatest numbers of points of complete 
perforation. When the solution contained potassium chloride, the 
fraction of area corroded (about 1% when the chloride concentration 
was 0-05M) was much greater than when the solution contained 
potassium fluoride. Reproducibility was poor, and there was no 
direct proportionality between area corroded and current passing, 
although it was found that there was a tendency for the area to 
increase with rising chloride concentration. The results confirmed 
the view that the penetrating ions increase the leakage current by 
increasing the area undergoing attack. 

Many years ago, Friend and Marshall (J., 1914, 105, 2776) 
measured the amount of sodium carbonate needed to stop corrosion 
of iron by solutions containing a second anion in NV /20 concentration. 
The numbers obtained may be regarded as a basis for comparing 
the power of the various anions to penetrate the ‘“ protective ” 
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skin on iron. The order was Cl’, I’, Br’, NO,’, SO,’’, F’; at N’/100 
concentration, it was slightly different, and further modification 
occurred when borax was substituted for sodium carbonate as the 
inhibitor. 

Experiments with Lead.—It is clear that anions which form an 
insoluble salt with the anode metal are likely to show abnormally 
low penetrating power; in fact, they are more likely to repair 
breakdowns than to cause them. Some experiments were made 
with lead electrodes at an Z.M.F. of 2-0 volts. The final values of 
the leakage currents are shown in Table II. 


TABLE II. 


Leakage currents between lead electrodes in 0-05M-solution. 
Immersed area 2 x 2cm.; distance 3-5 cm.; temp. 15°. 


Salt. Leakage current (milliamps.) 
Potessivmnr DitTALS 6.00000 00000csceccceesdaces 19-3, 19-1 Mean 19-2 
BE OR 18-9, 18-2 a 18-5 
Potassium’ bromide ..........cccccceccecocs 6-45, 7-05 f 6-75 
Potassium iodide ...............eeeeeeeeeeee 2-85, 2°62 er 2-73 
Sodium phosphate  .........ssceseseesenees 1-58, 0-80 - 1-19 
Potassium sulphate .............scscccceses 0°56, 0-44 es 0-50 


The results emphasised the effect of the formation of sparingly 
soluble salts in repairing the film; thus, in contrast to aluminium, 
nitrates gave a higher current than chlorides, and sulphates a very 
low current. The current—time curve obtained in the iodide solution 
showed a very rapid initial fall in the current, followed by a marked 
rise, and then a rather slow fall to the final value; yellow lead iodide 
separated at the anode surface, but it is not certain whether this 
visible film actually constituted the obstructive layer. 

The solubility of lead salts also affects the behaviour of lead 
immersed in solutions without applied ZE.M.F. It is already known 
(Friend and Fidmus, J. Inst. Metals, 1924, 31, 177) that sulphate 
solutions attack lead far less quickly than nitrate or chloride 
solutions, and this is undoubtedly due to the low solubility of lead 
sulphate. A white deposit is often observed on lead immersed in a 
potassium sulphate solution, and it was thought that this might be 
lead sulphate. Since, however, the deposit was found to be easily 
dissolved by acetic acid, it would appear to be lead hydroxide. 
Presumably it is produced in the same manner as the “ Type A” 
zinc hydroxide in the experiments on zine (J., 1929, 113), viz., by 
interaction between lead sulphate and alkali produced at micro- 
scopic anodic and cathodic areas practically adjacent; this type of 
corrosion, although slow, will not be completely prevented by the 
low solubility of lead sulphate, since the lead ions will be removed 
continuously by the alkali produced close at hand. The later 
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stages of the corrosion of zine (which produce zinc hydroxide of 
types B and C, by interaction of cathodic and anodic products 
formed far apart) can have no close analogy in the case of lead, 
since such a type of attack would soon convert the surface layers 
into solid sulphate. 

Summary. 

The penetrating power of different anions has been compared by 
measurement of the leakage current at an aluminium anode, with 
potassium chromate as a film-producing solute. The initial 
current is influenced by the pre-treatment of the metallic surface, 
but the final constant value is almost independent of this. Apart 
from a general rise or fall of the current towards the final value, 
there are fluctuations, due to alternate breakdown and repair of the 
anode film. When the mean value of the apparent current density 
is low, these fluctuations are violent; but they become unimportant 
at high (apparent) current densities, owing to the operation of the 
“law of averages.” The breakdowns are occurrences discontinuous 
in time and space, and the results explain why reproducibility is 
good in some conditions and poor in others. Some measurements of 
the variation of potential with time and with current density 
also throw light on the principles governing reproducibility. The 
(decreasing) sequence of penetrating power of ions for aluminium is 
Cl’, Br’, I’, F’, 8O,”, NO,’, HPO,”. The order of leakage currents 
at a lead anode is quite different, being affected by the repairing 
power of those anions which give sparingly soluble lead salts; 
the sequence here is NO,’, Cl’, Br’, I’, HPO,’’, SO,”. 

UNIVERSITY CHEMICAL LABORATORY, 


CAMBRIDGE. [ Received, June 6th, 1930.] 





CCXXXIV.—A Phase-rule Study of the Cobalt Chloride 
Colour Change. 


By Henry Bassett and (in part) HerBerT Harry 
CROUCHER. 


Ir was shown in 1902 by Donnan and H. Bassett (J., 81, 939) that 
the well-known and striking colour changes, red =— blue, of 
cobalt chloride solutions are associated with fundamental ionic 
changes. Red kations are present in the red solutions and blue 
anions in the blue solutions. The colour changes were accordingly 
explained on the basis of some such equilibrium as Co” + 4Cl’ = 
CoCl,’”’, but the precise nature of either of the coloured ions was not 


actually determined. 
Most of the work done on the subject prior to 1902 is discussed 
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in the paper quoted. Numerous investigators have studied the 
problem since that date but, in a sense, it still remains where it 
was left in 1902. Many of the later workers ignore the perfectly 
definite results of Donnan and Bassett, and endeavour to explain 
the colour changes entirely in terms of varying hydration of the 
cobalt chloride. This applies to papers by Lewis (Z. physikal. 
Chem., 1905, 52, 224), Jones and H. P. Bassett (ibid., p. 231), and 
by Hulbert, Hutchinson, and Jones (J. Physical Chem., 1917, 214, 
150). Hartley (J., 1903, 83,, 401) considered that CoCl,,2H,0, 
not CoCl,, was formed on heating aqueous solutions of cobalt 
chloride, and that the effect of zine chloride in keeping cobalt 
solutions pink could be explained by supposing that a double salt 
was formed which was not converted into a dihydrate on heating 
the solution. Moore (Z. physikal. Chem., 1906, 55, 641) considered 
that his spectroscopic measurements on various cobalt chloride 
solutions lent no support to the hydrate theory of the colour change, 
but rendered the existence of complex ions containing cobalt very 
probable. Brown (Proc. Roy. Soc. Edin., 1912, 32, 50), on the other 
hand, interpreted his measurements of light absorption by cobalt 
chloride solutions in terms of varying hydration of the cobalt 
chloride.* 

Denham (Z. physikal. Chem., 1909, 65, 641), from measurements 
of transport numbers, concluded that “‘autocomplexes”’ (i.e., 
negative ions containing cobalt) were present in solutions of cobalt 
bromide. Benrath (Z. anorg. Chem., 1907, 54, 328), by boiling- 
point determinations on aqueous solutions, found that chlorides, 
such as mercuric chloride, which favour the red colour form com- 
plexes with cobalt chloride, whereas those which favour the blue 
colour do not. 

Groh (ibid., 1925, 146, 305) measured molecular extinction 
coefficients of solutions of cobalt chloride in various alcohols and 
in water, and noted the effect of addition of lithium chloride. He 
considered that the results were in complete accord with the assump- 
tion of an equilibrium CoCl, + 2Cl’ = CoCl,”, the blue colour of 
the solutions being due to the complex ion CoCl,”. Grdh and 
Schmid (ibid., 1927, 162, 321) came to the same conclusion from 
observations on the solubility of lithium chloride in acetone solutions 
of cobalt chloride. Hantzsch (ibid., p. 237) attempted to account 
for the colour changes in terms of red and blue pseudo-salts and blue 
true salts, also suggesting that solid, purple CoCl,,2H,O gives a 
blue form in solution which is unstable in the solid state. 


* Vaillant (Compt. rend., 1929, 189, 747) concludes that the only light 
absorbent is the Co” ion, the activity of which varies according to the con- 
centration, solvent, etc. 
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Kotschubei (J. Russ. Phys. Chem. Soc., 1914, 46, 1055) studied 
the water carried by the ions by Nernst’s method, using phenol as 
the indicator substance. He found that the hydration of the 
cobalt ion and of undissociated cobalt chloride molecules diminished 
with increase of concentration and rise of temperature, and con- 
sidered that the change was probably from Co(H,O),” to Co(H,Q),” 


and | cof*a? |, and not to CoCl,”. He states that, although the 


formation of CoCl,” by the action of hydrochloric acid or ammon- 
ium, potassium, magnesium, or aluminium chloride on aqueous 
cobalt chloride solutions is not yet definitely established, the red 
solutions obtained by addition of zinc, cadmium, mercuric, stannous, 
or antimony chloride contain complex ions of the probable com- 


gdh ) |, etc., but it does not appear 


“rf 








wae ns! 
position | Cournctays | 
that either Kotschubei or anyone else has provided any evidence in 
support of such complexes. 

Hill and Howell (Phil. Mag., 1924, 48, 833) put forward a new 
idea and suggested that whether cobalt compounds are red or blue 
depends upon the state of co-ordination of the cobalt atom: if 
this is surrounded by six other groups or atoms a red colour results, 
whilst if there are only four groups or atoms, the colour is blue. 
In several later papers by Howell (J., 1927, 158, 2039, 2843; 1928, 
162), this point of view has been consistently developed, but it does 
not seem easy to reconcile it with the electrical evidence as to the 
nature of the red and blue solutions. One of Howell’s arguments 
is based on the fact that in crystals of magnesium oxide each 
magnesium atom is surrounded by six oxygen atoms, and that 
when some magnesium is replaced by cobalt a red or pink substance 
results (cobalt pink). He concludes that in red aqueous solutions 
of cobalt compounds the cobalt atom is surrounded by six water 
molecules. 

To conclude from these facts that the red or pink colour of aqueous 
cobalt solutions is due to the presence of cobalt ions co-ordinated 
with these six molecules is quite unjustified, for magnesium oxide 
has an ionic lattice similar to that of sodium chloride (Grimm and 
Sommerfeld, Z. Physik, 1926, 36, 36) and the magnesium atoms are 
ionised with a co-ordination number zero,* although surrounded in 


* In Werner’s notation there is no doubt that such an ion would be said 
to have a zero co-ordination number. Chemists by the expression “ co- 
ordination ’’ imply a special kind of covalency linkage, and it is unfortunate 
that crystallographers use it in a broader sense to indicate the number of other 
atoms surrounding a central atom in a crystal lattice whether these other 
atoms are ionised or attached by covalencies. Howell confuses the two uses 
of the term. 
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the crystal lattice by six oxygen ions. In the cobalt pink, where 
some magnesium has been replaced by cobalt, the latter would 
also be in the ionic state, from which it may be deduced that the 
unco-ordinated cobalt ion Co” is pink (or red). In the crystal 
lattice of the cobalt pink, the cobalt is not co-ordinated in the 
Wernerian sense (i.e., attached by covalencies) to the six oxygen 
atoms which surround it. It may be readily granted that in red 
aqueous solutions the cobalt may normally be co-ordinated with 
six molecules of water, but the only justifiable conclusion to draw 
from the fact that the colour is similar to that of cobalt pink would 
seem to be that the colour is independent of the state of co- 
ordination. There can be little doubt that conditions in the con- 
centrated solutions which show the colour changes are very complex, 
which renders it extremely difficult to interpret any physical 
measurements, whether spectroscopic or otherwise, made on the 
actual solutions. We have therefore attacked the problem in an- 
other way, by studying the solid phases which can be in equilibrium 
with various red or blue cobalt chloride solutions. From the nature 
of the solids which separate, more or less reasonable deductions 
may be made as to the ions or molecules present in the solutions. 


EXPERIMENTAL. 


The experimental procedure consisted of a phase-rule examination, 
carried out at 25°, of a series of three-component systems. The 
systems chosen were two of the blue ones, CoCl,-HCI-H,O and 
CoCl,-MgCl,-H,0, and two of the red ones, CoCl,-HgCl,-H,O and 
CoCl,-ZnCl,—H,O, and they will be considered in this order. 

The cobalt chloride used for the investigation was nickel- and 
iron-free, obtained from British Drug Houses, Ltd., and the other 
salts and the hydrochloric acid used were the purest which could be 
purchased. Great care was paid to the analytical work, for it was 
only by so doing that reproducible and intelligible results could be 
obtained. Many of the solutions dealt with were very concentrated 
and viscous, and in order to avoid unnecessary duplication of 
results it was necessary to make them up by careful weighing. 
Mixtures were usually calculated so as to give 10—20 g. of equili- 
brium solution and about 1 g. of solid phase, and it was found best 
to dissolve all the solid phase to begin with by heating the mixture. 
The solutions so obtained usually crystallised spontaneously, but 
some of the zinc solutions required suitable inoculation. The 
mixtures were contained in thin, hard-glass bottles, in which the 
solutions could be boiled if necessary. The bottles were closed 
with corks which had been soaked in ceresin wax, the corks and neck 
of the bottles being then well coated over with more wax. This 
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method of closure was found entirely satisfactory. The bottles 
were rotated in the thermostat at 25° until solid and solution had 
come into equilibrium, for which 2 days were found to be ample, 
even with the most viscous solutions. In the case of the CoCl,— 
HCI-H,0 system, the mixtures were allowed to settle before some 
of the solution was removed with a pipette to a weighing bottle 
(which for the stronger solutions contained some water). The 
moist solid was rapidly drained on a porous plate before trans- 
ference to another weighing bottle. Sometimes this draining was 
omitted to minimise loss of hydrogen chloride. With the other 
three systems, solution and solid were separated by filtration on the 
pump in a jacketed filter tube with an asbestos pad, back diffusion 
of water vapour from the pump being prevented by a calcium 
chloride tower. The moist solid was rapidly pressed between 
filter paper, and suitable amounts of equilibrium solution and 
moist solid were weighed out for analysis, all these operations being 
carried out as rapidly as possible so as to minimise absorption of 
moisture from the air. The appearance of the crystals under the 
microscope was always noted and found to be very helpful, as each 
compound met with in the course of the work had a perfectly 
distinctive form and appearance. 

The compositions of equilibrium solution and moist solid obtained 
by analysis were entered on triangular graph paper and the nature 
of the solid phase was obtained in the usual way, without any 
ambiguity. The analytical results are given in Tables I—IV and 
have been plotted in Figs. 1—4. 


The System CoCl,-HCI-H,0. 

Sabatier in 1888 (Compt. rend., 107, 42) made some qualitative 
observations on the solubility of cobalt chloride in dilute hydrochloric 
acid, and the system has been examined in detail at 0° by Foote 
(J. Amer. Chem. Soc., 1923, 45, 663) with hydrogen chloride con- 
centrations ranging from 0 to 40%. The solid phases found were 
CoCl,,6H,O and CoCl,,2H,0—no compound with hydrogen chloride 
could be obtained, although with cupric chloride a compound, 
CuCl,,HCl,3H,O, was found which was stable over a considerable 
range of solutions. 

The results we have obtained at 25° are analogous and are shown 
in Table I and Fig. 1. Analyses were made for this system by 
determining total chloride gravimetrically and cobalt as pyro- 
phosphate. 

We have been unable to obtain any compound with hydrogen 
chloride; even in experiments at as low a temperature as — 20°, 
with the solution saturated with the gas at atmospheric pressure, 
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the solid phase was CoC],,2H,O, and we consider that conditions 
in this system at atmospheric pressure never allow of the separation 
of a compound CoCl,,HCl,3H,0, though possibly it might separate 
under high pressures of hydrogen chloride. Sabatier (loc. cit.) 
thought he had obtained this compound, but provided no analytical 
evidence in support of it; moreover, his account of what happens 
agrees exactly with what we observed, and the crystals he saw were 
almost certainly those of the dihydrate. That a compound 
CoCl,,HCI,3H,O is potentially capable of existence, we do not 


Fie. 1. 


























doubt, but whether any individual compound can separate from 
solution in the solid state is determined by a diversity of solubility 
relationships, and in the present case the insolubility of the di- 
hydrated cobalt chloride under the conditions prevailing does not 
allow the acid compound to form. The lithium salt of the acid, 
CoCl,,LiCl,3H,O, was prepared and analysed by Chassevent (Ann. 
Chim. Phys., 1894, 30, 5) and appears to be a well-defined compound 
of a deep blue colour. Both the cupric and the cobalt hydrochloric 
acid solutions contain the metal in the anions (Donnan and Bassett, 
loc. cit.), and the cupric compound CuCl,,HCl,3H,0 presumably 


has the structure [H,(H,0).) | Cugy'@ | in which the co-ordination 
2 
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number of the hydrogen is two—its maximum value according to 
Sidgwick and Callow (J., 1924, 125, 532)—and that of the copper, 
four. The lithium cobalt salt would similarly be 


: ‘ Cl, |’ 
Li(H,0 ic 3 | 
[Li(H,0).] °H,O. pilad 
and it seems fair to conclude that a blue anion | Cogs a | is a 
2 


chief constituent of the blue hydrochloric acid—cobalt chloride 
solutions. In this ion, the cobalt has a co-ordination number of 
four, and the water molecule is probably attached to the cobalt by 
the oxygen atom, although when water is present in negative ions 
the co-ordination is commonly through the hydrogen atoms 
(Sidgwick, ‘‘ Electronic Theory of Valency,” 1927, p. 194). Accord- 
ing to Benrath (Z. anorg. Chem., 1927, 163, 396), there is a lithium 
compound CoCl,,4LiCl,10H,O, but the existence of this seems 
unlikely for the reasons given on pp. 1791, 1795, 1807. 

Our data for solubilities (g. per 100 g. of solution) in the system 
CoCl,-HCI-H,0 carried out at 0°, and below, are as follows (see 


also Fig. 1) : 
Solution. Moist solid. Solution. Moist solid. 
Temp. CoCl, HCl. CoCl, HCl Temp. CoCl, HCl. CoCl, HCl. 
0° 15:85 36-04 47-89 17-05 0° 11:55 29-39 51:15 10-95 
0 15°54 36:24 41-84 20-47 —15 11-40 41-10 42-35 22-33 


0 13-68 32-80 52-84 11-68 —20 12:52 42-78 4462 19-74 

For the experiments at 0°, suitably prepared mixtures were 
contained in tightly stoppered bottles which were shaken at intervals 
in the powdered ice by which they were surrounded. After about 
4 hours, the mixtures were allowed to settle and some of the solution 
was removed by means of a cooled pipette to a weighing bottle 
containing water in which it was weighed. After decanting the 
rest of the solution, the very moist solid was also transferred as 
rapidly as possible to a weighing bottle containing water. The 
figures obtained at 0° confirm in a general way those of Foote (loc. 
cit.) for the CoCl,,2H,O region. 

In the experiments carried out at — 15° and — 20°, the solutions 
were contained in weighed test-tubes, and were kept saturated with 
hydrogen chloride for several hours while immersed in the freezing 
mixture. After standing for some time, the solution was decanted 
into another weighed test-tube. Both solution and moist solid 
were again saturated with the gas whilst standing in the freezing 
mixture. The current of gas was then stopped, a known volume of 
cold water added to the contents of each test-tube, and the tubes were 
removed from the freezing mixture, corked, and weighed. A known 
weight of solution and moist solid was thus secured and analysed 
as usual. 
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Although the solution point so obtained would be somewhat on 
the solid side of the true solution point owing to the presence of a 
small amount of solid phase in the solution used for analysis, yet the 
tie line should run to the point corresponding to the solid phase 
actually present. This was found to be CoCl,,2H,O* and not 
CoCl,,HC1,3H,O, and the appearance of the crystals under the 
microscope was quite characteristic and like all other preparations 
of the dihydrate. The crystals of this compound are slender purple 
prisms with oblique ends, and appear always to have precisely the 
same form and colour, whether prepared by melting and dehydrating 
the hexahydrate over a small flame or by the action of hydrogen 
chloride on cobalt chloride solution at — 20°. We were anxious 
to be sure of this, for, at one time, we thought that in the 25° iso- 
therm there were indications of two distinct solubility curves for 
CoCl,,2H,O at the higher concentrations of hydrogen chloride. 
We think there can be little doubt that the variable results obtained 
in this region, however, are due to the difficulty of avoiding some 
loss of hydrogen chloride during separation of the strongly fuming 
solutions. The partial pressure of the gas in some of these was 
considerable, as was indicated by the pressure inside the bottles 
when they were opened, the sudden release of pressure sometimes 
causing the solution to effervesce momentarily. The solubility 
curve of CoCl,,2H,O must be regarded as being only approximately 
determined. The points lying nearest to the H,O-HCI side of the 
triangular diagram are most likely to be correct. 

A restricted number of observations might lead one to think 
that two distinct solubility curves existed corresponding to two 
different solid phases. This, we suggest, is a more likely explanation 
of the two solubility curves found by Carter and Megson (J., 1928, 
2954) in the system CuBr,—-HBr-H,0 than the one put forward by 
those authors. They considered that their metastable curve 
probably corresponded to a compound 3CuBr,,2HBr,6H,O. We 
think that this is very unlikely and that the solid phase corresponding 
to both the stable and the metastable curve was anhydrous copper 
bromide. This interpretation of the results agrees quite well with 
the diagrams in Carter and Megson’s paper. 


The System CoCl,—-MgCl,—-H,0. 

This was examined by Benrath (loc. cit.) at 25°, but he made very 
few observations, which, moreover, seem to have been inaccurate ; 

* The tie line for the solubility at —20° runs rather wide of the CoCl,,2H,O 
point. This is because, after decanting the solution, some of the moist solid 
remained near the top of the test-tube so that on resaturation with hydrogen 
chloride this small portion of the total moist solid used for analysis was not 
properly saturated. 
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also no analyses of the solid phases were recorded. It is not sur- 
prising, therefore, that he failed to find the blue compound 
CoCl,,MgCl,,8H,0. 

Our results are given in Table II and Fig. 2. The analyses in this 
system were rather troublesome. The cobalt was separated as 
sulphide, ammonium chloride being added and the current of 
hydrogen sulphide started before the solution was made weakly 
ammoniacal. Even then, however, a small amount of magnesium 
(up to 1% of that present) was carried down with the cobalt. The 
cobalt sulphide was filtered, washed with hydrogen sulphide water, 
and ignited while moist with the filter paper in a porcelain crucible. 
The product of the ignition, which appears to be a basic sulphate, 
was moistened with concentrated sulphuric acid, and several c.c. 
of concentrated hydrochloric acid were added. The crucible was 
covered with a small watch-glass and heated on a silica plate so 
that the acid boiled gently. When all the solid had dissolved, 
which took a considerable time, the contents of the crucible were 
evaporated to dryness over a very small flame and finally with a 
special ring-burner which allowed the sulphuric acid to be removed 
without spurting. The cobalt was weighed as sulphate. The 
ignition of the sulphate at a dull red heat was carried to such a 
point that it became slightly grey owing to incipient decomposition. 
If this were not done, there was danger of some pyrosulphate 
remaining undecomposed and giving high results for the cobalt. The 
sulphate was then dissolved in boiling water, and the small amount 
of cobalt oxide filtered off and weighed as Co,0,. The rest of the 
cobalt was then again precipitated as sulphide, and after concen- 
trating the filtrate, the small amount of magnesium present was 
precipitated as magnesium ammonium phosphate. The weight of 
cobalt sulphate was corrected for the small amount of cobalt present 
as Co,0, and for the smail amount of magnesium assumed to be 
present as sulphate. 

The filtrate from the original cobalt sulphide precipitate containing 
the bulk of the magnesium was boiled to remove all hydrogen 
sulphide. A small precipitate consisting of a mixture of sulphur 
and cobalt sulphide always separated and was filtered off and weighed 
as Co,0,, giving another correction to be applied to the cobalt 
estimation. The magnesium was then precipitated as usual and 
weighed as pyrophosphate. 

The results so obtained agree very satisfactorily amongst them- 
selves, and the tie lines on the triangular diagrams indicate the 
nature of the solid phases quite clearly. 

It is to be noted that, although both MgCl,,6H,O and CoCl,,6H,0 
crystallise in the monoclinic system, they are not isomorphous 
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(Groth, ‘‘Chemische Krystallographie,” 1906, Vol. I, p. 235). 
There was, however, just a possibility that a form of CoCl,,6H,0O, 
isomorphous with MgCl,,6H,O, might be able to exist in solid solution 
in the latter and vice versa, just as CoCl,,4H,O, which cannot exist 
by itself, can exist in solid solution in MnCl,,4H,O or FeCl,,4H,O 
(see p. 1796). In view of the fact that a stable blue compound, 
CoCl,,MgCl,,8H,O, is formed by the two chlorides under con- 
sideration, this seemed very unlikely, but we examined the possibility 
with some care. We consider that the tie lines run so closely to the 
points corresponding to pure MgCl,,6H,O and pure CoCl,,6H,O as 
to leave no doubt, when one bears in mind the possible analytical 
and other errors, that two of the solid phases in this system are pure 
CoCl,,6H,O and pure MgCl,,6H,O. 

The precise nature of the intermediate blue compound requires 
consideration. Taking our stand on the electrical results of Donnan 
and Bassett, it is clear that the compound is a magnesium salt with a 
complex anion containing cobalt. The eight molecules of water 
create a difficulty, however. Magnesium compounds at ordinary 
temperatures usually have 6 molecules of water co-ordinated with 
each magnesium atom, though at low temperatures they may have 
8 or even 12, the water being present in such cases as (H,O), mole- 
cules (Sidgwick, op. cit., p. 198). There would seem to be several 
possible structures for the blue compound. 

If the co-ordination number of magnesium is never greater than 
six (Sidgwick, op. cit., p. 152), the simple [Mg(H,O),]°[CoCl,]”’ is 
out of the question and, if all the water is associated with the 
magnesium, the structure is more likely to be [Mg{(H,0).},]°[CoCl,]’’. 
Another alternative is [Mg(H,0,)]"| Cogy 4), | with a double 
octahedral structure, but such a compound should be capable of 
existing as cis- and trans-isomerides; we have seen no indications 
of more than one form, however, although this might be because 
the other form is much less stable. On the whole, the most likely 
structure for the blue compound would appear to be [Mg{(H,0),},]" 
[CoCl,]’’. It crystallises in deep blue rhombohedra: small crystals 
have a reddish tinge when seen by transmitted light. We consider 
that the presence of the blue anion CoCl,” in the blue solutions is 
thus established. 

Both Benrath (loc. cit.) and Foote (Amer. J. Sci., 1927, 13, 158) 
have examined the systems CoCl,-RbCI-H,O and CoCl,—CsCl-H,0 
and described double salts in each case, but their results do not agree 
and require checking. They seem to indicate the probability of a 
blue ion CoCl,”. This is also suggested by work of Ferrari (Atti P. 
Accad. Lincei, 1928, 7, 848) on the two-component system CoC],- 
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LiCl, for the freezing-point curve showed a maximum corresponding 
to the compound Li,CoCl,. 

Since the present work was finished, Percival and Wardlaw 
(J., 1929, 1505) have published an important paper in which they 
describe the preparation of a series of salts of organic bases of the 
type R’,[CoCl,]” (R = pyridinium, quinolinium, or quinaldinium). 
These are all blue and were shown to have properties consistent with 
the above formulation involving a negative ion CoCl,”. Similar 
bromides and iodides were also prepared. 


The System CoCl,-HgCl,—H,0. 


Von Bonsdorff (Pogg. Ann., 1829, 17, 249) obtained the double 
salt CoCl,,HgCl,,4H,O, described it accurately, and gave it the 
correct formula. He does not appear to have analysed it, but noted 
its isomorphism with MnCl,,HgCl,,4H,O, which he did analyse, 
and so deduced its formula. Benrath (loc. cit.) examined the same 
system at 25° but failed to find any double salt. 

This system presented no analytical difficulties. The mercury 
was separated as sulphide and weighed as such; a trace of cobalt 
was sometimes found in the precipitate by volatilising the mercuric 
sulphide after weighing, but usually its amount was inappreciable. 
Cobalt was precipitated as cobalt ammonium phosphate in the 
filtrate after concentration and removal of hydrogen sulphide, and 
weighed as pyrophosphate. 

The results obtained for this system are given in Table III 
and Fig. 2. The isotherm consists of three branches, correspond- 
ing to solid phases CoCl,,6H,0O, HgCl,, and a double compound 
CoCl,,HgCl,,4H,O. The effect of cobalt chloride in increasing the 
solubility of mercuric chloride is remarkable and strikingly shows 
the great tendency of the latter compound to form negative complex 
ions. It will be noted that the solubility curve of the mercuric 
chloride is concave to the water apex of the triangle. This is 
unusual, for in three-component systems containing water and two 
electrolytes the solubility curves are nearly always convex to this 
point. This convexity is due to the opposition of two effects, one 
causing a diminution of solubility and the other an increase. In 
the present instance, since mercuric chloride is very slightly ionised, 
the depressing effect of the chlorine ions from the cobalt chloride 
is very slight but their effect in producing HgCl,” complexes is 
very great indeed. From the first additions of cobalt chloride 
there is, therefore, an increase in solubility of the mercuric chloride, 
but the proportionate effect diminishes with increasing additions 
and so a concave curve results. We have found that many systems 
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of the type MCl,—HgCl,-H,0 give, in this way, a concave solubility 
curve for mercuric chloride. 

The red double salt forms square-ended prisms, with all the edges 
bevelled, of the same colour and of practically the same form as 
cobalt chloride hexahydrate crystals, and since the red colour of the 
solutions is due to a red kation (Donnan and Bassett, loc. cit.), it is 
reasonable to conclude that the red compound has the structure 
[Co(H,O),]"[HgCl,]’’. 

Although incapable of existing in the pure state, cobalt chloride 
tetrahydrate can exist in solid solution in the tetrahydrates of 
ferrous chloride or manganous chloride, as has been shown by 
Stortenbecker (Z. physikal. Chem., 1895, 16, 250). Two series of 
such solid solutions exist corresponding to the «- and §-crystalline 
forms of the tetrahydrates of these two chlorides. The tetrahydrate 
of cobalt chloride no doubt has the structure [Co(H,O),]°Cl,’ and 
contains the same red ion as the above-described cobalt mercuric 
chloride. The existence of a red 4-co-ordinated cobalt kation is of 
great importance and is, by itself, sufficient to invalidate the theory 
of Hill and Howell (loc. cit.). 

The instability of [Co(H,O),]"Cl,’ in the pure state is shown by 
its non-appearance in the solid form as an intermediate stage between 
the hexa- and the di-hydrate in any of systems, CoCl,-H,O (Etard, 
Compt. rend., 1891, 113, 699; Ann. Chim. Phys., 1894, 2, 537), 
CoCl,-HCI-H,0 (Foote, loc. cit.—-confirmed by the present authors’ 
work), or CoCl,-ZnCl,-H,O (see p. 1797). The statement of de 
Coninck (Bull. Acad. roy. Belg., 1904, 1170) that the tetrahydrate 
is formed as an intermediate stage in the hydration of anhydrous 
cobalt chloride by moist air is based on observations which are 
valueless. 

The System CoCl,-ZnCl,-H,0. 

This system is the most complex and at the same time the most 
interesting of those dealt with in this paper. Owing to the ease of 
hydrolysis of zinc chloride, complications arise, which are not met 
with in the other systems examined. After trying other methods, 
it was found that the most suitable way to make up the various 
mixtures was to use a carefully analysed stock of pure zinc chloride 
sticks and to add the amount of concentrated hydrochloric acid 
calculated to be needed by the amount of zinc oxide present in 
the weight of zinc chloride used: this was of necessity rather 
a rough method, but good results could be obtained. The sticks 
contained ZnCl,, 93-5; ZnO, 3-3; H,O (by diff.), 3-2%, but the 
amount of water present slowly increased every time the bottle 
was opened. It is very important to ensure that the zine chloride 
does not contain ammonium chloride: one sample, from the same 
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source as the above satisfactory one, contained over 1% of this 
impurity. 

The method of analysis used was the following. The weighed 
amount of solution or moist solid was made up to a known volume. 
Cobalt was precipitated in a portion of the diluted solution by 
«-nitroso-8-naphthol, the total chlorine in another portion was 
determined gravimetrically as silver chloride, and in a third portion 
(generally only in the case of the equilibrium-solution analyses) 
both cobalt and zine were precipitated together with ammonium 
phosphate and weighed as mixed pyrophosphates. The data so 
obtained enabled the percentage of zinc chloride to be calculated 
either from the estimations of cobalt and of total chlorine or from 
the data for cobalt and for mixed phosphates. 

The results obtained by these two methods seldom differed 
greatly, and in preparing the mixtures the aim was always to have a 
slight excess of base rather than of acid. In such cases, the correct 
value for the zinc chloride content was taken to be that calculated 
from the total chlorine determination: the justification for this 
lies in the fact that the results so obtained are remarkably con- 
cordant even with considerable variation in the amount of free base 
present. The presence of a small excess of hydrochloric acid was 
liable to lead to erratic results [as illustrated by Expts. (a) and 
(g) in Table IV] although, if it was only very small in amount, 
the value for zinc chloride, calculated from the mixed phosphates, 
gave a composition for the equilibrium solution which fell on the 
curves passing through the points corresponding to slightly basic 
solutions. The cobalt «-nitroso-8-naphthol precipitate was always 
ignited over a good Bunsen burner in an uncovered porcelain 
crucible, and weighed as Co,0,. The results so obtained were 
shown to be absolutely trustworthy. 

The numerical results of our examination of this system are given 
in Table IV and are plotted in Figs. 3 and 4, the latter giving the 
left-hand portion of the former on twice the scale. The isotherm 
of the system consists of eight well-marked portions. The solutions 
richest in cobalt chloride are in equilibrium with the hexahydrate. 
Addition of zine chloride causes, first, a fall in the amount of cobalt 
chloride present in the solution (reckoned as a percentage of the 
total weight of solution), followed by a slight rise until, when the 
solution contains 31-20% of cobalt chloride and 27-91% of zinc 
chloride, the dihydrate CoCl,,2H,O becomes the stable solid phase. 
Its range of existence is comparatively short, and at 29-48% CoCl, 
and 33-31% ZnCl, the compound CoCl,,ZnCl,,6H,O appears. From 
this point to 13-60% CoCl, and 60-09% ZnCl,, the triangular diagram 
shows quite clearly that one is dealing with a solid phase which can 
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only be a series of solid solutions of ZnCl,,ZnCl,,6H,O (7.e., 
ZnCl,,3H,O, see below) in CoCl,,ZnCl,,6H,O, which can undoubtedly 
be regarded as being [Zn(H,O),]*[ZnCl,]’ and 

[Co(H,O).,]°°[ZnCl,]”’ 
respectively. This will be referred to as Solid Solution A. 

The highest known hydrate of zinc chloride is the tetrahydrate and 
it is doubtless [Zn(H,O),]"Cl’,. The next lower hydrate is the 
trihydrate, but, from solutions containing only water and zinc 
chloride, it only separates below + 6-5°, its melting point. The 
present results show that the trihydrate really has the double 
formula and is [Zn(H,O),][ZnCl,]’.. When protected by the 
cobalt compound, it can separate under conditions where it is other- 
wise unstable. It will be noticed that the solid separating from the 
more concentrated solutions contains more water than does the 
solution from which it separates. (This is also the case with 
CoCl,,6H,O but not in such a striking way.*) The liquidus con- 
sequently cuts the solidus (produced), and as one proceeds along 
the liquidus into regions of high zine chloride content, the equili- 
brium solid solution contains more and more zinc until a maximum 
is reached at about 48-5% ZnCl,, which is the amount required for 
a mixture of one molecule of [Zn(H,O),|[ZnCl,]’’ with two of 
[Co(H,O),|"[ZnCl,]”. Such a mixture simulates a compound 
CoCl,,2ZnCl,,9H,O, which does not, however, exist. As the zinc 
chloride in solution becomes still greater, the zinc content of the 
equilibrium solid solution falls off again. 

The solubility curves of CoCl,,6H,O and of [Co(H,O),]°°[ZnCl,}”’ 
should intersect at a point corresponding to about 32-7% CoCl, and 
29-0% ZnCl,. We have not been able to realise this point, however, 
owing to the readiness with which CoCl,,2H,O separates from such 
solutions. Neither the hexa- nor the di-hydrate of cobalt chloride 
appears to contain any trace of zinc chloride in solid solution. 

At a concentration of 13-60% CoCl, and 60-09% ZnCl, a new 
solid phase appears. The precise nature of this and of the other 
solid solutions mentioned below is considered later, but this is 
apparently a solid solution of which ZnCl,,2$H,O is one constituent. 
It will be called Solid Solution B. The tie lines for this solid 
solution are almost parallel to the ZnCl,—CoCl, side of the triangular 
diagram. Their direction is consequently extremely sensitive to 
any slight change in the moisture content of the solids previous to 
weighing. As the moist solid is very hygroscopic, it is almost 


* This corresponds to the state of affairs at temperatures close to the 
melting points of many simple hydrated salts. At temperatures just above 
their melting points the hydrated salts can separate from solutions containing 
a smaller proportion of water than is contained in the solids. 
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impossible to avoid some absorption of moisture during the pressing 
between filter paper, etc. This is undoubtedly the reason why the 
tie lines for this solid are tilted too much towards the water apex. 
The extent of this deviation indicates an absorption of about 0-5% 
of moisture from the air by the moist solids during the separation 
and handling prior to weighing. 

At 13-00% CoCl, and 63-00% ZnCl,, Solid Solution B gives way 
to Solid Solution C, of which one constituent is ZnCl,,1#H,O, and 
this in turn is replaced by Solid Solution E at a concentration of 
0-61% CoCl, and 80-02% ZnCl,. One constituent of Solid Solution 
E is ZnCl,,14H,O, which is the hydrate of zinc chloride in stable 
equilibrium with a saturated aqueous solution of pure zinc chloride 
at 25°. The solubility curves of Solid Solutions C and E can be 
followed some distance into the metastable region, while there is 
still another solid solution (D)—based on ZnCl,,1$H,O as one 
constituent—which is metastable over its whole, moderately 
extensive, range. Lastly, anhydrous zine chloride may be obtained 
at 25° in metastable equilibrium with a limited range of CoCl,— 
ZrCl, solutions. The curve for anhydrous zine chloride is difficult 
+ ”* “ermine owing to the readiness with which Solid Solution C 
u co separate. In experiment (j), Table IV, the hot mixture 
was cooled slowly from 80° to 25°, solid separating all the time, and 
only kept at 25° for 15 minutes before filtration which gave a moist 
solid that was relatively dry. The solution was probably still 
slightly supersaturated with respect to zinc chloride. In experi- 
ments (7) and (k) the mixtures were kept at 25° for 15 hours and 3 
days, respectively, with only occasional shaking. The solutions 
analysed were filtered, but the amount of solid phase was small 
and had to be obtained by inverting the bottle and draining the 
solid in the thermostat so that the moist solid analysed contained a 
very large proportion of water in these two experiments. The 
tie lines of experiments (7), (j), and (k) show that all the solids 
consisted of anhydrous zinc chloride with no cobalt chloride in 
solid solution. The solid phases in experiments (7), (7), and (k) were, 
respectively, the hexagonal plate form, the octahedral form, and the 
long double pyramid form of anhydrous zine chloride. The fact 
that the solubilities fall on the same curve indicates that the three 
kinds of crystal are, probably, mere varieties of the same crystallo- 
graphic form (see p. 1807). 

Since Solid Solutions A, B, C, D, and E all have a reddish colour, 
and red CoCl,—ZnCl, solutions were shown by Donnan and Bassett 
(loc. cit.) to contain red kations, we assume, in considering the 
probable nature of these several solid solutions, that kationic cobalt 
is present. It is not so easy to deduce structures for the last four 
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solid solutions as for Solid Solution A. When attempting to do this 
it is necessary to consider the nature of the hydrates formed by 
pure zinc chloride, for it is evident that each of the five solid solutions 
contains one of these hydrates as one constituent. 

The system ZnCl,-H,O has been examined in detail by Mylius 
and Dietz (Z. anorg. Chem., 1905, 44, 209), according to whom 
hydrates containing 4, 3, 2-5, 1-5, and 1 molecules of water are 
capable of existence. With the tetrahydrate we are not now 
concerned, for it can only exist at temperatures below about — 30° 
and no solid solution corresponding to it appears under the conditions 
of our experiments at 25°. 

Our Solid Solution A, as already mentioned, corresponds to the 
trihydrate which is really [Zn(H,O),]"*° [ZnCl,}’’. 

Solid Solution B, just as clearly corresponds to ZnCl,, 2-5H,O, and 
the evidence seems to point strongly to the two constituents of the 
solid solution being [Zn,(H,O),9]"""[ZnCl,]’’, and 

[Co.(H,0) 9)" [ZnCl,},”, 
but it is not so convincing as in the case of the preceding solid 
solution owing to the very short range of solutions with which 
Solid Solution B can be in stable equilibrium. At first sight, the 
triangular diagram would appear to indicate that this solid solution is 
in reality a compound CoCl,,2ZnCl,,7-5H,O, which would contain 
24-18% CoCl, and 50-74% ZnCl,. This is very unlikely, however, in 
view of the fact that the other four solids are undoubtedly solid solu- 
tions, while there is actually a hydrate ZnCl,,2-5H,O which can quite 
naturally form one constituent of a solid solution in the position of 
our solid B. When the small portion of the solubility curve of B 
which is realisable is contrasted with the corresponding portion of the 
solubility curve of A, it can be deduced that the composition 
of the limiting solid on the cobalt chloride side would be, 
not CoCl,,2ZnCl,,7-5H,O, but 2CoCl,,2ZnCl,,10H,O (or 
CoCl,,ZnCl,,5H,0). 

We hoped to get confirmation of this by obtaining solubility 
determinations of B well into the unstable region, but did not succeed 
owing to the great readiness with which [Co(H,O),]"[ZnCl,)’ 
separated from such solutions. The fact that the moist solid phase 
of Expt. (b) has almost the exact composition of CoCl,,2ZnCl,,7-5H,O, 
is convincing evidence that the dry solid could not have such a com- 
position, for the moist solid, though well dried between filter paper, 
probably contained about 20% of the very viscous equilibrium 
solution. Thislimiting solid might conceivably have the constitution 
[Co(H,O),]""[ZnCl,]’ with 5-co-ordinated cobalt, but we consider 
such a structure most improbable, and we believe the constitution to 
be rather [Co,(H,O),.}°"[ZnCl,],.”, in which the kation has the 
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double octahedral structure [{(H,O),Co(H,O),Co(H,O),]"°"" which 
can be regarded as being formed by the linking together of a 
Co(H,0),” ion with a Co(H,O),” ion. We can see no reason why 
such linkage through water molecules should not occur. The only 
objection to it appears to be that it was not postulated by Werner, 
who did, however, assume linkage through hydroxyl. We con- 
sider that such structures must be assumed to account for a number 
of peculiar hydrates.* On this basis ZnCl,,2-5H,O would become 
{Zn,(H,O),9)°”*[ZnCl,],”. 

It is noteworthy that zinc chloride does not form a dihydrate and, 
moreover, that there is neither any compound nor solid solution of 
cobalt and zinc chlorides which could in any way correspond to such 
a dihydrate. Engel (Compt. rend., 1886, 102, 1111) stated that a 
dihydrate existed but his evidence for it is practically valueless. 
Dietz, in earlier papers (Ber., 1899, 32,90; Z. anorg. Chem., 1899, 20, 
240), also thought he had obtained such a hydrate, butin his later and 
more careful work (Mylius and Dietz, loc. cit.) he conciuded that no 
dihydrate exists: we consider that the non-existence of any corre- 
sponding series of solid solutions in our system is very strong con- 
firmatory evidence of the correctness of this conclusion. 

Our Solid Solution O raises some interesting problems. At first 
we thought it corresponded to Mylius and Dietz’s ZnCl,,1-5H,O, 
and we still believe that it corresponds to the hydrate of zinc chloride 
which they considered to be ZnCl,,1-5H,O. Their description of the 
latter as ‘‘ forming crystals like potassium nitrate ’’ applies to Solid 
Solution C and the corresponding zinc chloride hydrate quite well. 
There can be no doubt, however, that this hydrate is, in reality, 
ZnCl,,1gH,O. There is a hydrate ZnCl,,1-5H,O, however, which is 
probably always metastable, and is one constituent of Solid Solution 
D, but it erystallises in diamond-shaped rhombs which are not at. all 
like crystals of potassium nitrate. It can be seen at once from the 
position of the solubility curve of Solid Solution C that at 25° our 
ZnCl,,14H,0 is obviously very close to its melting point, which agrees 
well with Dietz’s statement (Z. anorg. Chem., 1899, 20, 240) about 
his ZnCl,,1-5H,0, viz., that it forms large well-formed prisms melting 
at 26°. 

The triangular diagram indicates that the limiting composition of 
Solid Solution C on the cobalt chloride side would probably corre- 
spond to (CoCl,,2ZnCl,,5H,O),. We consider that, in this case also, 
5-co-ordinated cobalt is unlikely, and so reject the structure 
[Co(H,0),]"° [(ZnCl,),Cl,]’’ for this compound in favour of 
[Co,(H,O),9]°” [(ZnmCl,),Cl,],”.. The kation of Solid Solution C is 

* For instance, Co,(PO,).,8H,O, which is pink and which we should formul- 
ate [(H,0),Co(H,O),Co(H,O),Co(H,0),][PO,),. 











1804 BASSETT AND CROUCHER: A PHASE-RULE STUDY 


thus the same as that found in Solid Solution B, but the anion is more 
complex and probably consists of two tetrahedra united by an edge, 
| crZmcq2ny | , although the zinc atoms may be at the centre of a 
square with the chlorine atoms at the corners. ZnCl,,1%H,O on this 
basis becomes [Zn,(H,O),,9]"""* [Zn,Cl,].”’. 

It is not so easy to decide between two compounds, ZnCl,,1%H,O 
and ZnCl,,1-5H,O, and solid solutions based upon them when it is 
almost impossible to obtain the solids in an absolutely dry state for 
analysis. This was fully appreciated and, except in some of the 
earlier determinations, efforts were made to get the moist solid 
phases, which were analysed, as free as possible from adheringsolution. 
The general appearance of the moist solids, i.e., the amount of solu- 
tion which appeared to be present, was in good agreement with the 
position of the moist solid points with reference to a solidus based on 
ZnCl,,13H,O, whereas, had the solidus been based on ZnCl,,1-5H,O, 
far more solution than appearances suggested would have had to be 
contained in the moist solids analysed. The massive crystals of the 
pure ZnCl,,13H,O which were analysed gave figures in almost perfect 
agreement with this formula. 

It is well known that the precise composition of the solid solution 
in equilibrium with any given liquid solution is difficult to determine 
because the composition of the former depends on that of the solution 
from which it separates, and unless the amount separating is neglig- 
ibly small, the concentration is altering all the time that the solid 
solution is crystallising out. Small irregularities in the slope of some 
of the tie lines arise in this way. Comparatively large variations in 
the proportion of solid solution separating only seem to cause a 
relatively small effect on the slope of the tie lines, and as we kept the 
proportions of solid phase fairly constant (see p. 1787), the slope of the 
tie lines varies in a regular way as one passes along any given 
solubility curve. 

The experiments marked (c), (d), and (e) in Table IV show the 
effect of various proportions of solid phase on the tie lines of Solid 
Solution C: in the first two the proportion of solid to liquid was 
approximately 1:6, while in the third it was about 1:17. The 
tie lines of Expts. (c) and (d) are much steeper than that of (e), 
indicating that they contain a smaller proportion of cobalt chloride, in 
spite of the fact that when crystallisation began in (c) and (d) the ratio 
CoCl,/ZnCl, was higher than in (e). “The water content of solutions 
(c) and (d) at the commencement of crystallisation would be smaller 
than in (e), however, and that has actually a greater effect on the 
composition of the Solid Solution C which separates than does the 
CoCl,/ZnCl, ratio. Expts. (c), (d), and (e) were carried out on one 
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initial mixture. A portion was filtered off for (c); the rest was 
warmed gently to dissolve all the solid, inoculated with Solid 
Solution C, and again shaken for another 40 hours before another 
portion was separated for Expt. (d). It will be seen that the 
analytical figures for (d) are practically identical with those for (c), 
even for the moist solid pressed between filter paper (which was 
quite unexpected); both these are given to show how reproducible 
are our results. In Expt. (e) all but a small proportion of the solid 
phase remaining from (d) was separated, and a weighed mixture of 
equilibrium solution and moist solid warmed to dissolve the solid. 
The mixture was inoculated with Solid Solution C, shaken for 4 
days, and then separated for analysis as usual. 

Another way in which an unusually steep tie line can originate is 
illustrated by Expt. (f). Far too much solid phase separated 
from this mixture (which weighed 10 g.), so 0-3 g. of water was 
added to reduce the solid to a suitable amount. The mixture was 
then shaken at 25° for 40 hours, but the solid was not dissolved by 
warming first of all. Consequently, the solid phase really corres- 
ponds, in the main, to a solution containing very much less water 
than the solution in equilibrium with the outside layer of the 
crystals, which was actually analysed at the end of the experiment. 

Solid Solution D is undoubtedly based on the hydrate 
ZnCl,,1-5H,O, though, as explained above, we are satisfied that 
Mylius and Dietz (loc, cit.) never actually obtained this hydrate. 
From the position of the solubility curve it is clear that the pure 
hydrate cannot exist at 25°; it could only be formed at some 
considerably lower temperature, and it seems probable that it would 
be still more unstable with reference to some higher hydrate at 
these temperatures than it is at 25°. 

The tie lines for Solid Solution D slope far more towards the cobalt 
chloride side of the diagram than do those for Solid Solution C, 
and the limiting compound on that side appears to be 

(CoCl,,ZnCl,,3H,0),. 
A structure [Co(H,O),]"° [ZnCl,]’’ with 3-co-ordinated cobalt seems 
very improbable, and we believe that in this case also we are dealing 
withacomplexkation with two cobalt atoms linked through two water 
molecules | HOC°H*OCoH?D | | (ZnCl },"; ZnCl,,1-5H,O thus 
> |H,O~~H,O~ H,O auld af . 


becomes [Zn,(H,O),]"""[ZnCl,],”’. 











Solid Solution E is certainly based on ZnCl,,14H,O. We believe 
that this is the hydrate which Mylius and Dietz (loc. cit.) considered 
to be a monohydrate for it forms large six-sided plates in agreement 
with their description of the monohydrate. Actually, no mono- 





hydrate appears to exist, for we have entirely failed to obtain one. 


3P 
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We obtained a single crystal of ZnCl,,14H,O which weighed 0-5 g., 

exceeded 1 cm. in diameter, and was almost quite free from adhering 

solution. The analysis agreed almost exactly with the above 

formula which we suppose to correspond to the structure 
[Zn(H,O),]°°[Zn,Cl,}’’. 

No analyses of zinc chloride hydrates can be considered satis- 
factory unless both chlorine and zinc determinations are made. 
None of the analyses recorded in the literature fulfils this requirement, 
and most are very misleading because they give merely the per- 
centage of water without stating whether this has been got by 
difference, after calculating the percentage of zinc chloride from a 
determination of zinc or chlorine. In Dietz’s papers, since both 
zinc and water percentages are sometimes given, it is possible that 
some sort of direct determinations of water had been made, but 
necessarily they could not be very trustworthy. 

Anhydrous zine chloride, which can separate from CoCl,—ZnCl, 
solutions containing over 78°, of ZnCl,, is actually metastable with 
respect to [Zn(H,O),]"[Zn,Cl,]" at 25° in the case of the simple 
system ZnCl,-H,O. It contains no anhydrous cobalt chloride in 
solid solution. Our value for the solubility of ZnCl,,14H,O is 
practically identical with that found by Mylius and Dietz (loc. cit.) 
and attributed to ZnCl,,H,O, but our figures for ZnCl,,13H,O and 
for the anhydrous salt are distinctly higher than those given by 
those authors and attributed to ZnCl,,1-5H,O and ‘anhydrous zinc 
chloride respectively. We differ from them in finding ZnCl,,1}H,O 
to be stable at 25°, and ZnCl,,1fH,O to be metastable. They 
found their ZnCl,,1-5H,O to be the stable form at 25°, their mono- 
hydrate being slightly metastable with respect to it. 


Mylius and Dietz’s results were obtained by warming suspensions: 
of the various hydrates, observing the temperatures at which the: 
solid just vanished, and then analysing the solution. This method is: 


likely to give low results for the solubilities owing to the high: 


viscosities of the solutions and the comparative slowness with: which: 


equilibrium between solid and solution is established. 


Our five solid solutions form very characteristic crystals which: 


enable them to be distinguished quite readily. Solid Solution A 


crystallises in prisms, in which the length and breadth are generally’ 
about equal, although some fairly long prisms are often present ; the: 
angles are almost, but not quite, right angles, and the crystals: 
usually are fairly thick. This is the only cobalt zinc chloride which: 
has a clear red colour, and this at once marks. it out from the other’ 


compounds which have a purplish tinge (see p. 1816y. Mylius and 


Dietz (loc. cit.) describe ZnCl,,3H,O as forming “ riiombohedral. 


like ” crystals. 
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Solid Solution B crystallises in thin rectangular plates (the angles 
appear to be exactly right angles); these are frequently almost 
exactly square, but often they take the form of rectangles several 
times as long as they are broad. This agrees with Mylius and 
Dietz’s description of ZnCl,,2-5H,O as forming “ rectangular, often 
quadratic, plates.”’ 

Solid Solution C crystallises in long, oblique-ended prisms. 

Solid Solution D forms small diamond-shaped plates, and rhombs 
rather like those of calcite. 

Solid Solution E forms large, clear, six-sided plates, though the 
diamond-shaped prismatic form from which these are derived is 
often present as well—more or less modified. 

The shape of the crystals of anhydrous zinc chloride varies con- 
siderably in different experiments, but as far as we have been able 
to ascertain only one crystalline form is actually involved, and this 
probably belongs to the rhombic system. The crystals sometimes 
are double, square-based, acute-angled pyramids, which may be so 
modified as to appear almost like regular octahedra. In other cases 
they are hexagonal plates which appear to be complex twins built 
up from diamond-shaped plates that also occur sometimes in the 
untwinned form. On some occasions all three shapes have been 
found together, and there seems no tendency for one form to change 
into another. The solubility of the three forms at 25° appears to be 
the same within the limits of experimental error. 

Benrath (loc. cit.) examined the system CoCl,—ZnCl,-H,O at 25°. 
In view of the nature of his conclusions we have recalculated his 
results to our units; the points so obtained are shown on Fig. 3. 
It will be seen that only six points were determined apart from those 


TABLE I. 
CoCl,-HCI-H,0. 

Solution. Moist solid. Solid Solution. Moist solid. Solid 
CoCl,. HCl. CoCl,. HCl. phase. CoCl,. HCl. CoCl,. HCl. phase. 
35:37 — — 18-18 23-45 64-42 6-24 
28-54 5-29 49:52 1-12 18-04 23-90 65-04 5-25 
22-78 9-34 51:81 084) a 17-84 24-50 56-50 8-36 
18-57 12-76 53-54 0-32; O 17-57 25-63 63-91 5-89 - 
14-05 17-66 49°54 2-15) <s 17-55 26-72 5838 858) 5 
12-93 19°55 53:05 069) 17-90 28-08 64-54 6-18] || 5 
12:77 20-50 48-55 2-99) 18-09 29:10 58:97 8-94] O& 
13-04 20-67 43-33 559) & 18-37 29-95 49-50 13-82 ) HS 
13:10 21:09 45:04 477) 2 17-93 30-35 60-70 7-87 | *3..% 
13-90 22-00 41:30 7-09 17-62 30-94 63-96 7-04) OF 
15-50 22-51 44:75 5-467 18-32 31-57 43-34 17-48] 8d 
18-62 22-92 61:57 1-25 18-52 31-76 68-12 10-38) ~~ 
18-50 22-85 54-54 3-21 Pelee: = :19-48 29-57 66-40 = 5-60 
18-64 22-76 64:47 1-42 "20514 31-06 71:15 2-50 





21:00 31:10 61-63 8-19 
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Solution. 
CoCl,. MgCl. 
35-87 — 
28-78 6-20 
19-16 15-40 
12-56 22-70 
11-09 28-78 
12-08 29-04 
12-43 28-89 
11-61 29-72 
10-54 30-54 
10-00 31-00 

8-95 31-66 
8-64 31-95 
7-10 32-52 
6-65 32-80 
4-97 33-55 
4-44 34-00 
3-93 34-30 
2-57 34-83 
— 36-20 


{[Mg{(H,O),},]CoCl, contains CoCl,, 35-20; MgCl,, 25-80; H,O, 39-00%. 


Solution. 
CoCl,. HgCl,. 
35-87 — 
30-69 15°14 
26-04 30-68 
23-38 41-25 
21-54 51-00 
20-96 51-76 
19-50 54°34 
18-34 56°95 
18-02 57-81 
15-14 56-54 
13-95 54-92 
12-95 51-43 

8-59 37°39 
6-70 30-26 
4°33 21-56 
—- 6-90 


[Co(H,O),JHgCl, contains CoCl,, 27-45; HgCl,, 57-34; H,O, 15-21%. 


for the solubilities of cobalt chloride and zinc chloride in pure water. 
No analyses of the solid phases were made. The eight points were 
supposed to give three curves—one corresponding to CoCl,,6H,0, 
one to zinc chloride, and one to a compound of the two. This 
compound was supposed to melt congruently at the point X, which 
corresponds to a formula 2ZnCl,,CoCl,,12H,O. This, therefore, ‘ 
was stated to be the double salt which was formed. A similar 
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TasBLe II. 
CoCl,—MgCl,-H,0. 


Moist solid. 


CoCl,. 


53-96 
49-19 
51-80 
49-35 
49-87 
42-76 
33-02 
33-66 
34-28 
18-70 
1-56 
1-71 
2-73 
2-05 
1-34 
0-84 
0-74 


Mg(Cl,. 


0-20 

2-60 

1-76 

3°76 

3-50 
12-78 
26-00 
25-90 
25-80 
34-80 
44-73 
44°13 
41-70 
41-96 
43-90 
45-80 
45-20 


TaBLeE III. 
CoCl,—HgCl,—H,0. 


Moist solid. 


CoCl,. 


51-28 
52-00 
53°17 
37-70 
26-02 
26-52 
27:07 
12-62 
2-80 
0-97 
2-21 
1-42 
0-71 
0-68 


HgCl,. 


| 


—1 Or Or Or Go 
ro} dt } ou 
OOD KS bo 
Orbs Or bo wo 


@ 
oO 
rs 


91-75 
98-02 
92-71 
90-97 
96-65 
83-76 





Solid phase. 
[Co(H,0), Cl, 
[Co(H,0),]Cl, and [Mg{(H,0),},]CoCl, 
{Mg{(H,O),},}CoCl, 


7 


[Mg{(H,0),},]CoCl, and [Mg(H,0),]Cl, 
[Mg(H,0),|Cl, 


” 


Solid phase. 
[Co(H,0),]CI, 


99 


[Co(H,0),]Cl, and [Co(H,O),JHgCl, 
[Co(H,O), JHgCl, 


9 


[Co(H,0),JHgCl, and HgCl, 
HeCl, 
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TABLE IV. 


CoCl,-ZnCl,—H,0. 





Solution. 
ZnCl, 
from 
ZnCl, mixed 
from phos- 
CoCl,. Cl. phates. 
35-87 — — 
32-03 9-26 _ 
29°35 21-75 — 
30°86 26-74 (27-07) 
31-20 27-91 — 
31:08 28-43 —_ 
29-77 32-16 (32-40) 
29-64 33-21 (33-26) 
29-40 33-62 (34-01) 
29°48 33°31 (33-72 
28-22 34-99 (35-00) 
26-09 37°86 (38°34) 
22-20 (43-19) 43-09 
19-56 47:00 (47-17) 
17-45 650-00 (50-81) 
13-10 (57-15) 57-08 
(a) [12-82 (59-29) 58-52 
12-34 59-29 (59-75) 
12-78 (60-29) 60-03 
13-19 60-10 (61-26) 
13-51 60-09 — 
(6) 13-77 59-92 (60-67) 
12-91 61-15 — 
12-72 61-82 (62-30) 
12-50 62-59 (62-62) 
12-28 63-08 (63-08) 
12-40 63-38 (63-39) 
12-61 63-40 (64-10) 
15-78 59-54 (59-80) 
12-63 63-40 (63-86) 
12:16 64-00 (64-56) 
7:35 (69-98) 69-88 
(c) 5-69 (72:35) 72-07 
(2d) 5-66 (72-32) 72-07 
(e) 5-64 (72-45) 71-95 
(f) 3-97 7450 (75-19) 
2-76 (76°36) 76-09 
2°34 — 76-98 
0-43 80°19 (80-34) 
—_ 81-78 (82-06) 
17-23 57-95 (58-68) 
15:36 60-09 (60-52) 
12-32 64:03 (65-03) 
10-18 66-98 (67-16) 
9-59 67-72 (68-19) 
(9) [9-48 (68-00) 67-46 
5-96 (73-09) 73-07 
5-37 73°82 (73-99) 


* Composition of solution 


determined. 


Moist solid. 
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CoCl,. ZnCl,. Solid phase. 
_ — CoCl,,6H,O 
52-63 0-63 - 
46-95 6-63 of 
54-34 0-27 ‘ 
53-04 7:95 CoCl,,6H,O & CoCl,,2H,O 
59-20 11:12 CoCl,,2H,O 
61-76 9-38 i 
58°27 13-16 of 
57-95 13-55 a 
40-14 30-47 CoCl,,2H,O &SolidSoltn.A 
34-38 36-50 Solid Soltn. A 
32-25 37-05 o 
31-52 38°47 ts 
28-12 41-86 se, 
27-84 42-79 é 
22-76 48-25 Pm 
24-58 46-75] 99 
21-79 49-77 bs 
23-32 48-16 és 
23-59 48-12 ve 
— —_ Solid Soltns. A & B * 
23-36 51-28 Solid Soltn. B 
18-87 55-69 99 
22-83 51-76 
20-80 53-79 
21-83 52-99 
22-50 52-20 a 
19-15 58-63 Solid Soltns. B & C 
20-49 59-37 Solid Soltn. C 
18-34 61-95 aa 
16°81 63-56 
13-18 67-50 
10-13 70-58 
10-10 70-58 
11-51 69-32 
5-64 75°46 
6-53 75-00 - 
4-86 76°35 os 
1-41 80-19 ca 
rae 82-00 \ [Zn,(H,O),.][Zn,Cl,]. 
(82-08) J = ZnCl,,1#H, 
23-93 54-44 Solid Soltns. C & D 
29-19 47-24 99 A&D 
28-83 53-85 Solid Soltn. D 
21-99 60-03 ” 
23-40 59-10 ” 
21-42 60-33] ’” 
15-44 66-72 ” 
15-28 67-33 - 


deduced from curves—not experimentally 








Solution. 
ea 
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TABLE IV (contd.). 
CoCl,-ZnCl,-H,0. 





(j) 2-45 79-02 
(k) 2:06 79-20 


— (81-52) 


in the moist solid. 


carried out. 


[Zn(H,0)¢)"[ZnCl,]"( 


[Zn,(H,O), 9)" [Zn,Cl 


(80-78) 0-89 92-35 
81-44 (82-07) _— 95-30 
(80-69) 1-64 84-48 


bottle in the thermostat. 


+ Extra large crystals. 
§ Mixture known to be slightly basic. 


ZnCl, 
from 


ZnCl, mixed 


from phos- Moist solid. 
CoCl,. Cl. phates. CoCl,. ZnCl,. Solid phase. 
*4-19 77-38 (77-48) 4-58 f 77-02 Solid Soltn. D. 
. 716-47 \ oes 7 
4:70 74:67 (74-97) 7-69 \ (75-97) Solid Soltn. E 
0-61 80-02 (80-69) 1-41 { (34.24) } Solid Soltns. C & E 
, 84-34) | 
— (81-28) 80-88 _ prety | [Zn(H,O),)[Zn,Cl,] 
84-49 | = ZnCl,,14H,O 
: ‘ f 84-72 - 
(i) 2-60 78-58 — 2-24 F 81-82 ZnCl, (hexagonal plates); 
’ ; 93-75 


ZnCl, (octahedra) 


mids) ‘ 
f (97-05) 


81-41 — \ 97-00 ” 9 


* Owing to the small amount of solid phase, it had to be drained in the 
Hence the very high proportion of solution present 


+ One large crystal. 


In the above table, those values for zinc chloride in solution which are not 
in parentheses are those which have been used in plotting the results. Where 
two values are given for the zinc chloride content of the moist solids, the 
second was obtained from a mixed phosphate determination, the first being 
obtained from the total chloride. 


Constituents of the several series of solid soluticns in Table IV. 


Solid Solution A. 
= ZnCl,,3H,O) and [Co(H,0),]"[ZnCl,]’’. 


Solid Solution B. 


[Zn,(H,0),9]""*[ZnCl,]}."(= ZnCl,,2-5H,O) and 


[Co,(H,O)19)"""[ZnCl,],”. 
Solid Solution C. 

gle (= ZnCl,,1§H,O) and 

[Co,(H,O) 9)" [ZngCl¢],”. 
Solid Solution D. 


[Zn,(H,0),]""*[ZnCl,],”(= ZnCl,,1}H,0) and 


[Co,(H,O),]°"*[ZnCl,],”. 
Solid Solution E. 


[Zn(H,O),]"°[Zn,Cl,]’’(= ZnCl,,14H,O) and [Co(H,O),]"*[Zn,Cl,]”’. 


ZnCl, (long double pyra- 


Mixed phosphate estimation not 
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explanation to the above will undoubtedly be found to apply to the 
system CoCl,—-CdCl,-H,O, where, according to Benrath (loc. cit.), 
a compound 2CdCl,,CoCl,,12H,0 is formed. 


Discussion. 


We consider that the above-described results justify us in con- 
cluding (1) that red aqueous cobalt chloride solutions may contain, 
according to the conditions of concentration, temperature, etc., 
either of the red kations Co(H,O),"°, Co(H,O),”, Co.(H,O),9°"", or 
Co,(H,O),"°”* ; the unco-ordinated ion [Co”’] is also red but is unlikely 
to exist in aqueous solutions; (2) that blue aqueous cobalt chloride 


solutions may similarly contain the blue ions CoCl,” or | Coys | ‘ 
2 
In addition to these six ions we should expect that a seventh, the 
kation | Co G | , would be capable of existence, and that it would 
(H,0), 


probably be red, but at present we have no direct evidence of this 
ion. Still other ions seem theoretically possible. The results 
obtained with the CoCl,-ZnCl,-H,O system indicate clearly that 
when the chlorides of zinc, and probably of other bivalent 
metals, are dehydrated beyond the stage MCI,,4H,O they become 
complex, the complexity increasing with increasing dehydration. 
Partly for this reason, it seems likely that cobalt chloride dihydrate 
is not CoCl,,2H,O, but rather [CoCl,,2H,O],. Two alternative 
structures are possible for such a compound, viz., [(Co(H,O),]"*[CoCl,]’” 


and | Corto, | | Cond | the former being the more probable 


on account of its greater symmetry. The mixed colour (purple) 
of solid cobalt chloride dihydrate is in perfect agreement with this 
view that it results from the union of a red kation with a blue anion, 
but the evidence available is not sufficient to decide between these 
two alternative structures. As already stated (p. 1791), there 
seems no indication that more than one solid form of the dihydrate 
exists. 


The non-ionic, unimolecular form | col de is conceivable for 
M9 


the dihydrate but seems improbable for the solid because there are 
reasons, to be explained presently, for expecting such a substance to 
have a clear blue colour. It is, however, possible that it may exist 
in aqueous solution, as was suggested by Hantzsch (loc. cit.). When 
CoCl,,6H,O is heated to 52°, it melts partially in its water of crystal- 
lisation to a deep blue liquid together with the solid purple dihydrate. 
The colour of the liquid suggests that, in addition to the red ions 


[Co(H,O),]° and | colHaP and the blue ones [CoCl,]’’ and 
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Cl 
| Co H,0 


must be present. This may be [Co(H,O),Cl,] or perhaps anhydrous 
cobalt chloride. 

If cobalt chloride dihydrate is really [Co(H,O),]"[CoCI,]”, it 
would help one to understand the remarkable series of solid solutions 
which ammonium chloride forms with the dihydrates—and only 
the dihydrates—of ferrous, cobalt, and nickel chlorides. Foote 
(J. Amer. Chem. Soc., 1912, 34, 880) was the first to notice these in 
the case of cobalt chloride dihydrate. They were later studied in 
detail by Clendinnen (J., 1922, 121, 801). 

The case seems to be analogous in some ways to the isomorphism 
of sodium nitrate, composed of two univalent ions, with calcium 
carbonate, derived from two bivalent ones. It would follow that 
ferrous and nickelous chloride dihydrates would have similar 
structures to the cobalt compound, viz., [Fe(H,O),]"[FeCl,]” and 
[Ni(H,O),]°ENiCl,)”. 

The results of the present work indicate that the behaviour of 
aqueous solutions of both cobalt and zinc chlorides is dependent, 
inter alia, upon the strong tendency of the metal atoms to become 
co-ordinated with either four or six other atoms or molecules. 
The 6-co-ordinated atom is relatively much more stable in the case 
of cobalt than of zinc (compare Mann, J., 1929, 651), and so we find 
that compounds of 6-co-ordinated cobalt, or solid solutions contain- 
ing them, can exist at much higher temperatures than can 
the corresponding pure 6-co-ordinated zinc compounds (e.g., 
[Zn(H,O),]"ZnCl,” and [(Co(H,O),]°ZnCl,” or solid solutions of the 
former in the latter). By the formation of polymeric compounds, 
the stability of the 6-co-ordinated condition of zinc is increased so 
that, e.g., [Zn(H,O),]"°[ZnCl,]” is stable at much higher temperatures 
than [Zn(H,O),]°Cl,. The increased size of the anion may be partly 
responsible for this. The stability of this type of structure may be 
greatly increased also by the formation of polynuclear ions, ¢.g., 
[(H,O),Zn(H,O),Zn(H,O),]"°""[ZnCl,],”’. 

Pauling (Proc. Nat. Acad. Sci., 1929, 15, 709) has shown that 
anhydrous cobalt chloride (and similar chlorides) has a layer structure 
in which all the cobalt atoms are co-ordinated to six chlorine atoms. 
In this structure the cobalt octahedra are linked by three shared 
edges and the structure could result from the knitting together of 


a series of C{CogsCoe1Co chains containing 4-co-ordinated cobalt. 


| , a relatively large amount of some other blue substance 


It is to be noted that, in discussing the structure of these anhydrous 
chlorides, Pauling speaks of cobalt and chlorine “ions,” and the 
term “ion” is unfortunately used very loosely by crystallographers 
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at the present time. We think it probable that in cobalt chloride 
crystals the chlorine atoms are not ionised as in a sodium chloride 
crystal but are attached to the cobalt atoms by covalencies, the 
existence of the crystals being dependent upon the maintenance of 
the 6-co-ordinated condition of the metal atom. As the stability 
of this is high in the case of cobalt, its anhydrous chloride only 
melts at 734°. Each layer of octahedra in the crystals of cobalt 
chloride can be regarded as a single very complex molecule. What 
is formed when the crystals melt or first dissolve can be but a matter 
of speculation. It is to be noted that the structure assigned by 
Pauling to the biwe anhydrous cobalt chloride is quite opposed to 
Hill and Howell’s view (loc. cit.) that compounds containing 6-co- 
ordinated cobalt are red. 

All the double salts and solid solutions described in this paper 
are deliquescent and decomposed by water. This makes it im- 
possible to study their structure by any of the ordinary physical 
methods involving the use of dilute solutions. Phase-rule methods, 
as here applied, alone seem to be suitable. 

The anhydrous non-ionic cobalt chloride is pale blue, the negatively 
charged complex ions CoCl,” and [CoCl,,H,O]’ are dark blue, and 
the positive ions, [Co(H,O),]°, [Co(H,O),]°, [Co,(H,O),,]°", 


[Co,(H,O),]°*", and (probably) | Cous-0), | as well as the simple 


Co”, are red. The colour of the ion does not appear to depend 
on its co-ordination but only on its ionic state, nor do the number of 
charges carried by the ions appear to affect the colour appreciably. 

There seems no doubt that colour manifestation in compounds of 
metals like cobalt is determined by the possibility of electron 
transference between different quantum levels. In the case of 
cobaltous compounds there are three electrons which may be con- 
sidered to be fairly mobile but, of these, two are on the outermost 
sheath and one on the next inner shell. If one or both of the two 
outer electrons have been lost (as in positive cobaltous ions with one 
or two positive charges) then the third electron can move freely 
between the inner and outer shells, but, the two outer positions 
being similar, it makes little difference to the colour whether one or 
both positions are empty. This state of affairs corresponds to that 
of the red positive ions. 


Accumulation of electrons around the cobalt as in | Coyy d| and 
2 


CoCl,” tends to make one of the outer electrons move into an inner 
position, which is possible, since the third quantum group in the 
cobalt atom is not completely filled. The deep blue colour of the 


complex cobalt anions appears to arise in this way. 
3P2 
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The behaviour of the non-ionic cobaltous compounds is rather 
more difficult to foresee. In a general way, since each valency 
electron of the metal is now replaced by a pair of shared electrons, 
the effect might be similar to that caused by the piling up of electrons 
in ions such as CoCl,’’, and in many cobaltous compounds this 
actually seems to be the case. Anhydrous cobalt chloride, con- 
sidered by us to be non-ionic, is pale blue, and we should expect 
the non-ionic [Co(H,O),Cl,] also to be pale blue. The two shared 
electrons of a co-ordination covalency, when the co-ordination is to 
a neutral atom or molecule, clearly do not have this effect—doubtless 
because they are too firmly held by the atom to which they properly 
belong. In the cobaltous compounds they seem to exert little 
effect of any kind on the colour. In general, however, some effect 
would be expected, for the electronic environment, in which any 
electron shifts occur in the outer levels of the ion, must depend to 
some extent on the number and nature of the atoms co-ordinated 
with the ion. 

It is evident that any attempt to find a general explanation of the 
colour changes of cobaltous salts must not be confined to a con- 
sideration of only one cobaltous compound or even of only cobaltous 
compounds. The colours of cobaltous chloride and its complex 
chlorides are only special cases of the colours of cobaltous salts in 
general, and the colours of these salts are, presumably, governed 
by some general rule applicable to the compounds of other metals. 

The case of cobaltous chloride appears to be unusually simple, 
since it seems clear that positive ions are red, negative dark blue, 
and the non-ionic compound pale blue. That such a simple rule 
does not hold for all cobaltous compounds is shown by the fact that 
potassium cobaltocyanide, K,Co(CN),, is red (Descamps, Compt. 
rend., 1868, 67, 330; Bull. Soc. chim., 1879, 34, 51; Ann. Chim. 
Phys., 1881, 24, 193), indicating a red Co(CN),’’’’ ion. 

Cobaltous compounds are in no way exceptional in yielding 
complex anions sometimes of the same colour as the kations and 
sometimes of a different colour. Cupric copper, to give only one 
other instance, yields many negative ions which have essentially 
the same colour as cupric kations. These are frequently derived 
from organic hydroxy-acids, e.g., the blue negative ion of Fehling’s 
solution. Complex cupric chloride anions have quite a different 
colour (yellow brown) from the kation, similar to that of anhydrous 
cupric chloride. 

All the facts seem to us to be explicable in the following way— 
we consider first the case of cobalt. If the electron shift which gives 
rise to the colour is that of an unshared electron—passing from the 
third to the fourth quantum level or vice versa—then the compound 
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in question has a red colour. If, however, the electron which 
moves between the two levels is one which is shared between the 
cobalt and another atom, 7.e., a covalency electron, then a blue 
colour arises. 

It seems likely, however, that it is only indirectly of importance 
whether the moving electron is shared or unshared. The important 
point, in all probability, is that when an unshared electron is con- 
cerned it is a 3, electron of the third quantum level which moves 
between the third and fourth quantum levels, whereas when a 
shared electron is concerned it is a 1, electron of the fourth quantum 
level which makes the same jump. 

Whether it is a shared or an unshared electron which moves 
appears to depend upon circumstances. In the case of kations it 
appears to be always an unshared electron, while for anions it may 
be either a shared or an unshared one. Non-ionic compounds 
appear to behave similarly to the complex anions. If a shared 
electron shifts, the compound is blue (e.g., anhydrous cobalt 
chloride); if an unshared: electron shifts, the compound is red 
(e.g., cobaltows nitroso-8-naphthol). Whether a shared electron 
can move in this way or not will obviously depend largely on the 
nature of the compound, and although one shared with a chlorine 
atom is able to penetrate into the third quantum level of cobalt, 
the covalency electrons holding organic complexes together appear, 
as a rule, to be held too firmly for this to happen. In such cases, a 
third-quantum electron may be able to move out into the four- 
quantum orbit, giving a red substance of very closely the same colour 
as those containing cobaltous kations. 

Anhydrous cobalt sulphate and fluoride are red. This might be 
because they have ionic lattices and owe their colour to the Co” ion, 
but this explanation is unlikely for the fluoride, at any rate, for 
Ruff and Ascher (Z. anorg. Chem., 1929, 183, 193) assign to it a 
rutile type of structure. It seems more likely that it is a case of a 
non-ionic cobaltous compound having a red colour for the reason 
stated above. 

The foregoing suggestions seem to be applicable, not only to 
cobaltous compounds, but also to chromous, manganous, ferrous, 
nickel, and cupric compounds. With the compounds of the last 
three metals, and perhaps also with manganous compounds, there 
is another possibility which does not appear to exist with cobaltous 
or nickel compounds. The kations of all these metals are coloured, 
but with anionic or neutral complexes it may happen that the 
extra electrons in the 4-quantum shell so stabilise the system that 
no electron jumps can occur, and the compound is colourless. 
This appears to be the reason for the lack of colour in anhydrous 
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chromous chloride, cupric sulphate, cupric pyrophosphate, and 
many ferrous compounds. 

The colours of cobaltous compounds are thus relatively simple, 
involving only red, blue, and combinations of these two. With 
cobaltic compounds, conditions are much more complex, for the 
loss of the third electron has greatly increased the number of ways in 
which transference of an electron between the outermost shell and the 
next one can occur, and, as is well known, there is a great variety 
of colours among even comparatively simple cobaltic complex 
compounds. 

Although the unaided eye may not be able to distinguish between 
doubly and singly charged positive cobaltous ions, and although the 
non-ionic complexes may look something like the singly or doubly 
charged negative complexes, there can be no doubt that, spectro- 
scopically, each would be perfectly distinct. In this connexion, 
it is noteworthy that, in a spectroscopic examination of a variety 
of cobalt chloride solutions, Brode and Morton (Proc. Roy. Soc., 
1928, A, 120, 21), to account for the structure of the principal bands 
in the several spectra, had to resolve them into six constituent 
bands ;* from the above considerations it would appear that this 
result may have a real physical basis, for these six bands may 
correspond to six of the absorbing entities mentioned on p. 1813. 

Our results with the CoCl,-ZnCl,-H,O system show that even 
from very concentrated solutions the Co(H,O),” ion can separate, 
whilst, if the structure we assign to cobalt chloride dihydrate is 
correct, the red Co(H,O),” ion and the blue CoCl,’’ ion can separate 
from much less concentrated red solutions. It must therefore be 
concluded that all cobalt chloride solutions, whether dilute or 
concentrated, red or blue, contain all the above-mentioned ionic 
species and the anhydrous compound in equilibrium with one another, 
the position of equilibrium depending on the prevailing conditions. 

There is another point of interest in the colour of the cobaltous 
compounds now described. 

It will be found that the colours of cobalt nitrate, 

[Co(H,0)_]"(NO,),’, 
and cobalt sulphate, [Co(H,O),]""[SO,,H,O]”, are identical and clear 
red, whereas cobalt chloride, [Co(H,O),]°Cl,’, though red, has, in 
comparison with the other compounds, a distinct purplish tinge. 
Now, {Co(H,O),]"ZnCl,” and its solid solutions with 
[Zn(H,O),}" ZnCl,” 
have the clear red colour characteristic of cobalt nitrate and sulphate, 
and this clear red is, we feel sure, the true colour of [Co(H,O),]”. 
On the other hand, [Co(H,O),]"HgCl,” and the other cobalt—zinc 


* Brode (ibid., 118, 286) made a resolution into seven constituent bands. 
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complexes all have a slight purplish tinge similar to that of cobalt 
chloride hexahydrate. This seems to suggest that the structure of 
even this hydrate is not quite so simple as is indicated by the 
formula {[Co(H,O),]"Cl,’ but that it may contain a small proportion 
of some other form. Is it possible that the slight purplish tinge is a 
manifestation of that equilibrium between the un-ionised compound 
and its ions originally postulated by Arrhenius as occurring in 
dilute aqueous solutions? A slight interchange of electronic linkages 
may be occurring even in the solid crystals, which could be 
represented thus : 


[Co(H,0),]""Clp’ = [ CoH Gy, * | GBs sosthvot alll 

or 
, [.(H20); 1° HO r 
[Co(H,0),]"Cl, =| Co! a] Te i Somah od 

or, more probably, 
(H,O 
[Co(H,0),]"Cla’ = Co ot b cody. serv Ql 
OH | 
or 
oon 7 — “Col H20)s e , . 

; (Co(H,O),]"Ch’ = “oH Ch Cr. «Civ 


The changes represented by (i) and (ii) would mean that positions 
in the crystal lattice previously occupied by chlorine ions would 
oy be filled by neutral water molecules. The non-ionic 


complex | | ColHe Cj a would be pale blue andthecomplex | colMans | 


red, according to the views we have expressed. The presence of 
some of the pale blue complex would account for the purplish tinge of 
the crystals. According to the processes represented by equations 
(iii) and (iv), the chlorine in the non-ionic complex formed would 
be linked by co-ordination to the hydrogen atom of water molecules 
attached to cobalt. Complex (iii) would probably be blue and 
complex (iv) red. We consider that the changes represented by 
equations (iii) and (iv) are the most likely to occur, as they only 
involve a slight electronic shift. 

If the nitrate and sulphate ions have a greater tendency to retain 
their charges and less tendency to become linked by covalencies 
than has the chlorine ion—which certainly seems to be the case— 
this would explain the lack of any purplish tinge in the crystals 
of [Co(H,O),]"°(NO,).’ and of [Co(H,O),][SO,,H,O]”. The pure 
red colour of [Co( H,0) g} ZnCl,” could be similarly explained. At 
first sight, the purplish singe of [Co(H,O),]"[HgCl,]” is strange, 
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for one would have expected the Hg(l,’’ ion to retain its charges 
even more strongly than the ZnCl,” ion. The difference in colour 
may be due to the fact that in cobalt mercuric chloride two co- 
ordination positions of the cobalt atom are unfilled, resulting in a 
J ‘ (H,O), 
CoC HgCl, 


| col*aps |HgCl, both non-ionic compounds which should be blue. 
2 


tendency to form in the crystals some 





or even 


In conclusion, it may be said that the results of the present 
investigation are in full agreement with the original theory of 
Donnan and Bassett (loc. cit.), but consideration of other compounds 
indicates that the connexion between colour and ionic state found to 
hold in the case of cobalt chloride and its complexes is largely 
accidental. The work has also shown that dehydration processes 
may be associated with the colour changes, though not themselves 
responsible for them. The simple dehydration theory and Hill 
and Howell’s ‘“‘ varying co-ordination” theory seem definitely 
disproved. In regard to the former, the fact that CoCl,,2H,O is the 
stable solid phase over a considerable range of solutions, not only 
the blue ones of the CoCl,-HCI-H,O system but also the red ones 
of the CoCl,-ZnCl,-H,O system, is of peculiar interest, especially 
as, according to Hartley (loc. cit.), it was to the formation of 
CoCl,,2H,O, rather than of anhydrous cobalt chloride, that the 
change of colour from red to blue was chiefly due. 


Summary. 

ThesystemsCoCl,—HCI-H,0, CoCl,—-MgCl,—H,0, CoCl,—-HgCl,—H,0, 
and CoCl,-ZnCl,—-H,O have been examined at 25°, a few observations 
at lower temperatures also having been made on the first system. 
No compound of cobalt chloride and hydrogen chloride could be 
isolated, but the blue compound, CoCl,,MgCl,,8H,O, and the red 
compound, CoCl,,HgCl,,.4H,O, were obtained. In the case of 
cobalt chloride and zine chloride no less than 5 series of red solid 
solutions were obtained, each of which contains one of the hydrates 
ZnCl,,nH,O as one constituent, where n = 3, 24, 1%, 14, and 1}. 
The nature of all these complex compounds is discussed, and con- 
clusions are drawn as to the ions which are present in red and blue 
cobalt chloride solutions. 

Suggestions have also been put forward regarding the electronic 
shifts responsible for the red and blue colours of cobaltous salts, 
and in this connexion compounds of a few other metals have been 
incidentally considered. 

In the case of cobaltous chloride, kations are red and complex 
anions blue, but this is largely accidental, and does not hold for 
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cobaltous compounds in general. Red anions and red non-ionic 
compounds of cobaltous cobalt can exist, although blue cobaltous 
kations apparently do not. 

New information has been obtained with respect to the number 
and nature of the hydrates of zine chloride. Some of the older 
statements have been shown to be erroneous. 


UNIVERSITY OF READING. [Received, June 5th, 1930.] 





CCXXXV.—The Mechanism of Thermal Decomposition 
of the Normal Olefins. 


By RicHarpD VERNON WHEELER and WILLIAM LAURENCE 
Woop. 


THE literature relating to the thermal decomposition of the olefins 
is scanty. Ethylene alone appears to have received much attention. 
Day (J. Amer. Chem. Soc., 1886, 8, 153) found that at 350°, the 
lowest temperature at which any change took place, this gas yielded 
polymerides, without the formation of any hydrocarbon with a 
C/H ratio different from that of the olefins. On raising the temper- 
ature to 400°, however, the products were methane, ethane, and 
liquid hydrocarbons. No carbon was deposited. 

Lewes (Proc. Roy. Soc., 1894, 55,90; 1895, 57, 394) considered that 
at high temperatures, such as 800°, the primary thermal decomposi- 
tion of ethylene could be represented by : 3C,H, —> 2C,H, + 2CH,, 
the acetylene thus formed either polymerising to higher hydro- 
carbons, such as benzene, or decomposing directly to carbon and 
hydrogen. Bone and Coward (J., 1908, 93, 1197) believed the 
initial effect of a high temperature on ethylene to be an elimination 
of hydrogen, with a simultaneous loosening or dissolution of the 
double bond between the carbon atoms, giving rise to transitory 
residues such as };CH. These residues could subsequently combine 
to form acetylene, or break down to carbon and hydrogen, or be 
hydrogenated to methane. 

Zanetti, Suydam, and Offner (J. Amer. Chem. Soc., 1922, 44, 2036) 
studied the production of butadiene when ethylene decomposes 
under the action of heat, and found that its temperature of maximum 
formation coincided with the appearance of aromatic hydrocarbons. 
They concluded that butadiene plays an important part in the 
formation of such hydrocarbons during the pyrolysis of ethylene. 

From our own study of the action of heat on ethylene, propylene, 
and the two non-branched-chain butylenes, we concluded that the 
principal primary reactions, common to all, involve the formation 
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of either the two-carbon or the four-carbon (or of both) atom 
members of the olefin series. These primary reactions may be 
represented by 


i er rr 
COE, morte Coe te COs ls 8) enn 
Ch ilencds nist tad elnedile 


Whilst the exact mechanism of reactions (ii) and (iii) is obscure, 
it has been found that reaction (i) is a true polymerisation. The 
butylene is not formed by the condensation of ethylene to butadiene 
followed by hydrogenation. 

Following rapidly on the formation of butylene is a secondary 
decomposition, its dehydrogenation to butadiene. When butylene 
is the olefin undergoing decomposition, this change is a primary 
mode of decomposition. In the presence of hydrogen (liberated 
during secondary reactions) the olefins decompose through the 
scission of the carbon chain at the terminal carbon-carbon bond 
(where such exists), forming radicals which, by hydrogenation, 
produce methane and the next lower olefin, as represented by 


CH,°CH:CH, —~> CH,° + -CH:CH, —> CH, + CH, -CH, 
CH,*CH,°CH:CH, —> CH, + *CH,°CH:CH, —> CH 4 + CH,°CH:CH, 


Butadiene and the lower members of the olefin series are always 
present in the early stages of decomposition. Ethylene and 
butadiene combine in equimolecular proportion, at comparatively 
low temperatures, to produce cyclohexene according to the scheme 
A (R=R’=H). Similarly, propylene and butylene combine 
with butadiene to form substituted hydroaromatic hydrocarbons 
according to the general scheme A. 


CH—CH CH=CH bisa CH, 
fj! X ont \ 
‘) CH, CH, —> CH, GH, —> CH, CH, 
: Wil 
CHR:CHR’ CHR-CHR’ CHR: CHR’ 


cycloHexene and methylcyclohexenes are found in considerable 
quantity in the liquid hydrocarbons formed from the olefins at the 
lower temperatures of decomposition. At higher temperatures, 
the liquids consist essentially of aromatic hydrocarbons, but traces 
of cyclohexadiene have been detected. cycloHexene loses hydrogen 
on being heated, forming benzene, but it is probable that cyclo- 
hexadiene is an intermediate product, so that the final stage in the 
production of benzene from the olefins can be represented by 
scheme B (R= R’ =H). Similarly, the final stage in the pro- 
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duction of the homologues of benzene can be represented by the 
general scheme B. 


CH=CH CH=CH CH=CH 
rit \ i \ Z \ 
(8) CH, CH, —™, CH, CH = CH. CH 
\ 4 \ Y, S Z 
CHR-CHR’ CHR:CR’ CR-CR’ 


Analogously to the formation of cyclohexene from butadiene 
and ethylene, partly hydrogenated naphthalenes could be formed 
by the combination of butadiene and cyclohexene. These products 
would then readily be dehydrogenated (compare Jones, J., 1915, . 
107, 1582), giving rise to naphthalene, which is found in the liquid 
decomposition products of the olefins. 


EXPERIMENTAL. 


The Hydrocarbons.—The olefins were obtained compressed in 
steel cylinders, the two lowest members of the series being purified 
by liquefaction and fractionation. The boiling points of A-- 
butylene and of A*-butylene were so close together that purification 
had to be effected by converting them into the dibromides, which 
were then fractionated, the pure olefin required being regenerated 
by the action of a zine-copper couple on an alcoholic solution of the 
appropriate dibromide. 

Butadiene was obtained by regeneration from the solid tetra- 
bromide separated during the estimation of the diolefin in the gaseous 
products of decomposition of the olefins. cycloHexene was obtained 
commercially : it contained traces of benzene. 

Method of Experiment.—With each of the gaseous hydrocarbons 
two types of experiment were made: (1) Stream, in which large 
volumes of each gas were passed at a constant rate through a tube of 
quartz heated at a constant temperature, the liquid and gaseous 
products of decomposition being collected; and (2) static, in which 
the gas, at 400 mm. initial pressure, was enclosed in a quartz bulb 
of 60 c.c. capacity during different lengths of time at different 
temperatures, the pressure changes during the decompositions being 
followed and the resultant gaseous products analysed. Only the 
“stream ” experiments need be described in detail, the results of 
the “ static ” experiments being confirmatory. 

Stream Experiments.—In carrying out these experiments, the 
same apparatus and, as far as was appropriate, the same method of 
procedure were used as for the study of the mechanism of thermal 
decomposition of the normal paraffins (Hague and Wheeler, J., 
1929, 378), which should be consulted for details. The gases were 
passed into the reaction tube at a constant rate of 4 1. per hour, 
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the duration of heating varying from about 20 secs. at the lower 
temperatures, when there was a decrease in the volume of the 
gases, to about 10 secs. at the higher temperatures, when the volui »e 
of the gases increased. 

The gaseous products of decomposition were subjected to pre- 
liminary analysis by the usual methods. For the absorption of 
acetylene, a 20% solution of mercuric cyanide in 2N-sodium 


hydroxide was used. This solution gave a marked precipitate with | 


prepared mixtures containing 0-2% or more of acetylene, but no 
such precipitate was detected with any of the gases arising from the 
thermal decomposition of the olefins. Acetylene, unless in traces 
only, was therefore assumed to be absent. Further examination 
of the gases was made by passing them through bromine, to remove 
unsaturated hydrocarbons, and thence through a tube cooled by 
solid carbon dioxide dissolved in ether. The absence of condensate 
in this cooled tube proved the absence from the gases of paraftins 
of higher carbon content than ethane. The bromides of the un- 
saturated hydrocarbons were examined by a modification of the 
method described by Manning, King, and Sinnatt (Fuel Research 
Board, Tech. Paper No. 19, 1928), in which butadiene tetrabromide 
was separated from the bromides of the olefins by steam distillation. 

The liquids were distilled up to 170°, the distillate being collected 
separately. With the butylenes in particular, the liquids sometimes 
contained dissolved gases. These were collected and analysed. 
They consisted of undecomposed butylene with some butadiene. 
From each olefin, quantities of liquids sufficient for fractionation 
and detailed examination were obtained by decomposing 150 litres 
or more at one temperature. 

Carbon deposited within the reaction tube was collected and 
weighed, though much of it could not be removed by mechanical 
means. It was always in the form of a glistening foil adhering 
firmly to the walls of the tube. The reaction tube was thoroughly 
cleaned by burning it out between successive experiments. 

Results of Experiments.—The results obtained with each hydro- 
carbon are summarised in the tables that follow, the percentages of 
total liquids, distillate up to 170°, and carbon scraped from the 
reaction tube being given by weight. The gas analyses are recorded 
as percentages by volume of the gas entering the reaction tube, 
not as percentages of the gaseous products of decomposition leaving 
the tube. 

Ethylene (see Table I). At 650°, the principal product was 
butylene, the percentage by weight of the ethylene passed through 
the reaction tube that was recovered as gases containing four 
carbon atoms being 8-4 as compared with 1-5% of liquid hydro- 
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wer TABLE I. 
the eis 
The Decomposition of Ethylene. 
oe un 
Total Distillate Change Gas analyses, % (by vol.). 
liquids, upto in vol., . ‘“ 
Temp. %. 170°, %. C, %. %. C,H C.He C,H, C,H. Hy CH. Ce 
ore - “650° «15 ons Nil —27 O83 38 Nil 899 O7 O58 20 
of 700 «12:2 8-0 Nil -152 04 28 22 662 32 49 49 
750 28-2 16-5 Trace —164 O02 15 1:7 476 72 167 86 
‘um 800 36-1 17-7 14 -118 O15 Nil 11 290 173 337 69 
. ————— 
vith 850 31-4 13-3 119 4+ 413 0-5 122 358 497 33 
900 13-4 5-4 13-4 +131 Nil 46 510 552 22 


the |jcarbons. At 700°, the production of butylene had decreased but 
uces |that of butadiene had increased and propylene had made its 
tion |appearance. That the propylene should be regarded as a secondary 
ove |product (from butylene formed primarily) was shown by separate 
by jexperiments, not here described, and can be deduced from the 
sate |results obtained with the pure butylenes (g.v.). Evidence of the 
tins jdisruption of the ethylene molecule, to form molecules of lower 
un- |carbon content, was first obtained at 750°. 

the | : An’examination of the liquid products formed at 700° showed 
arch |that 50% boiled below 110° and was principally benzene, with some 
nide |toluene and cyclohexene; neither naphthenes nor paraffins were 
ion. \present in this fraction. 

cted | Propylene (see Table II). At 650°, the principal products were 
mes |ethylene, ethane, and butylene, with comparatively small quantities 
sed. jof unsaturated liquid hydrocarbons. Under the conditions of 
ene. |experiment, the formation either of butylene from ethylene or of 
tion jethylene from butylene could not occur at this temperature. 





TABLE II. 
and The Decomposition of Propylene. 
nical Total Distillate Change Gas analyses, % (by vol.). 
= liquids, upto in vol., ROAST 
TINE |Temp. %. 170°, %. C, %. %. Oise CH, CH: C,Hi Hy. CH, C,H 
ghly | 850° 5-2 3-2 Nil +40 O02 41 869 77 O8 21 25 
700 4©=- 203 129 Trace +100 06 65 456 235 70 189 7-9 
750 356 20-4 ‘Trace 201 O4 20 104 370 144 491 68 
q 800 406 19-0 1:7 +301 O38 O58 15 281 236 70-7 5-4 
7aro- Ceengpnenen ooennnnee? 
850 338 14-6 9-5 +46-2 0-5 186 36-7 859 45 
es of} 900 119 68 Notde- +642 0-5 80 665 861 31 
termined 
. the 
rded 










There was a notable difference in character between the liquids of 
ower boiling point obtained from the decompositions at 650° and at 
700°. Whereas the former were mainly monocyclic hydroaromatic 
hydrocarbons, having one double bond in the ring, the latter were 
mainly benzene and toluene. At the higher temperature of formation, 
the proportion of liquids of high boiling point had increased, showing 
hat the more complex hydrocarbons had been formed at the expense 
of the simpler. The proportion of toluene to benzene formed from 














1824 WHEELER AND WOOD: THE MECHANISM OF 


propylene at 700° was greater than that formed from ethylene at the 
same temperature. Naphthenes and paraffins were absent from the 
liquids boiling below 110°, and were presumably absent also from 
the liquids of higher boiling point. 





TaB_e ITI. 
The Decomposition of A*-Butylene. 
Total Distillate Change Gas analyses, % (by vol.). 
liquids, up to in vol., 
Temp. %. 170°%. C, %. . o@. cs, 6m. Gs. Gh. GR. 
© 12-9 6-5 Nil — 234 09 541 76 32 O8 81 19 
650 298 20°3 Nil —107 17 1938 245 142 62 372 71 
700 39. 358 23-6 Trace + 300 14 21 196 223 11-9 621 106 
750 396 224 ‘Trace +439 O2 13 56 314 173 785 97 
—— 
800 304 19-9 10 + 570 1-0 20 302 272 890 76 
ec, ee? 

850 35-0 16-2 47 + 739 1-0 206 505 957 61 
900 13-9 7-3 71 «+1040 0-9 96 85:2 1033 5-0 
TABLE IV. 

The Decomposition of A®-Butylene. . 
Total Distillate Change Gas analyses, % (by vol.). 
liquids, up to ve. ——— eamea>-< aaa 
Temp. %. 170°.%. C, %. %. CMe Clie CoHe GiB... He. CH. Cie 
600° 52 1-4 Nil -— 254 O08 650 26 13 O98 28 12 
650 27-0 17-2 Nil -— 75 17 200 178 89 49 314 78 
700 37-0 258 Trace + 274 O9 26 192 198 11-1 620 11:8 
750 396 232 Trace + 389 O04 21 53 279 176 765 1 
— ee 
800 37-9 18-6 14 +528 0-5 16 244 284 900 79 
Seen 
850 © 16 14-2 47 3=6-+ 68:3 1-2 16-9 484 961 57 
900 12-4 6-1 54 +1000 16 83 833 1031 37 


Butylenes (see Tables III and IV). Although the A*-butylene 
was the less stable, the products of decomposition from both forms 
were similar. At 600° and 650° some of the undecomposed butylene 
was lost through its solution in the liquids. With each form, the 
production of equal volumes of methane and propylene at 600° 
indicates rupture of the terminal carbon-carbon bonds, followed 
by hydrogenation of the radicals soformed. The necessary hydrogen 
would be liberated during the simultaneous decomposition of some 
of the butylene to form butadiene. Another simultaneous reaction 
is the formation of molecules with two carbon atoms, mainly by 
depolymerisation to ethylene. 

Liquid hydrocarbons were produced at 600°, mainly, it is believed, 
through the combination of butadiene with an olefin. On this 
assumption, calculation shows that the three primary reactions 
involved about equal weights of butylene. 

An examination of the liquids formed when a mixture of the two 
butylenes was decomposed at 600° showed that cyclohexene and 
methyleyclohexene predominated, benzene and toluene being 
present in comparatively small proportion. cycloHexadiene and 








kg 


et. 
ce : 
Or 
bu 


hac 
Th 
the 
fon 


cycl 






sug 
olef 
this 
dec 

















/ 


G W“AMSe” 


or 


oY 5s «el mM | 
a3 © HHONe 


ene 


ene 

the 

00° 
ved 
gen 
yme 
tion 


ved, 
this 
ions 


two 
and 
eing 
and 





THERMAL DECOMPOSITION OF THE NORMAL OLEFINS. 1825 


methyleyclohexadiene were also present. Only 18:5% of the liquids 
produced at this temperature boiled above 117°. Of the liquids 
formed (from A*’-butylene) at 650°, however, 29-6% boiled above 
110° and 16-6% above 150°, and aromatic hydrocarbons now 
predominated. As with propylene, therefore, an increase in the 
temperature of formation of the liquids resulted in a greater pro- 
portion of higher-boiling hydrocarbons and caused the conversion 
of hydroaromatic into the more stable aromatic hydrocarbons. 
Naphthenes and paraffins were absent from the liquids boiling 
below 110°. 

The Combination of Butadiene and Ethylene—The results of 
thermal decomposition of the pure olefins, and the observations 
of earlier workers, suggested that liquid hydrocarbons were formed 
by the combination of butadiene and ethylene. No experimental 
proof of this appears to have been adduced hitherto. Proof was 
therefore sought by heating mixtures of butadiene and ethylene at 
temperatures at which ethylene by itself was stable. For example, 
a mixture consisting of 12-85°/ butadiene and 87-15% ethylene was 
heated at 600°, and a yield of liquid hydrocarbons of 3-8 g. per 
22-4 1. was obtained, the volume of the gaseous products of decom- 
position being 87% of that of the original mixture. 

Gas analysis, % by vol., on original vol. 
Increase - soon, Sime a, 
in vol., %. Butadiene. C,H; C;H, C,Hy. H,. CH,. C,H,. 
87 1-9 31 nil 79°5 1-1 0-8 0:7 








_ 


Ethane being regarded as “ hydrogenated ethylene,” 7 vols. of 
ethylene had disappeared. Similarly, butylene being regarded as 
“ hydrogenated butadiene,” 7-85 vols. of butadiene had disappeared. 
Only small quantities of gases other than ethylene-ethane and 
butadiene—butylene were present. The ethylene and butadiene 
must, therefore, have combined in nearly equimolecular proportion. 

On the assumption that the reaction C,H, + C,H, —> C,H, 
had occurred, an examination of the liquid products was made. 
The distillate between 75° and 85° (80%) had d” 0-828 and contained 
the equivalent of 0-88 double bond in the molecule. The molecular 
formula, by explosion analysis, was CgH,,. The bromide had 
d 1-74. These results are all in accord with the distillate being 
cyclohexene containing a trace of benzene. 

The Dehydrogenation of cycloHexene.—The final step in the 
suggested chain of reactions by which benzene is formed from the 
olefins by pyrolysis is the dehydrogenation of cyclohexene. At 550°, 
this hydrocarbon was barely affected, whereas at 600° appreciable 
decomposition took place. Its thermal stability, under the con- 
ditions of experiment, was therefore about equal to that of butylene. 
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At 600°, 9° by weight of the cyclohexene was converted into benz- 
ene, 56% passing through the reaction tube unchanged. At 700°, 
nearly all the cyclohexene was decomposed, and 25% of benzene 
(46%, of the liquid products) was formed. Evidence was obtained 


Fie. 1. 





20 


18 


_ 
oa 


— 
a 


_ 
to 





_ 
Oo 


Yields of liquids, g. per g.-mol. 
ie 2) 





Total Liquids 
Distillate -...---- 














i _ 1 ! ! 
600° 650° 700° 750° 800° 850° 900° c 


Temperature. 
the 


of the occurrence of the reaction suggested by Jones (loc. cit.), viz., 

decomposition to butadiene and ethylene. At higher temperatures ae 
of decomposition, the liquids contained a greater proportion of d ‘ 
hydrocarbons boiling above 150°, indicating secondary reactions le 


with undecomposed cyclohexene. 
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Yields of Liquid Products from the Olefins.—With each olefin, 
the maximum yield of liquid products, at the optimum temperature, 
was about 40% by weight. Fig. 1 records the yields of oils and shows 
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Changes of pressure during thermal decomposition (“ static’’) of ethylene. 


that the optimum temperature for their production decreased as 
the series was ascended. Whereas at the lower temperatures of 
formation the liquids were mainly unsaturated hydrocarbons, at 
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Changes of pressure during thermal decomposition (‘‘ static”’) of propylene. 


the optimum temperature the lower-boiling fraction (“distillate ’’) 
was mainly aromatic, benzene predominating. 

Static Experiments —The minimum temperatures at which 
decomposition of the gases was observed under the conditions of 
experiment were: Ethylene, 380—400°; propylene, 350—375°; 
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A*-butylene, 325—350°; A®-butylene, 350—375°. Graphs showing 
the pressure changes during the decompositions are reproduced in 
Figs. 2, 3, and 4. With the butylenes, the exact course of the 
pressure changes at the lower temperatures was obscured by the 
solubility of these gases in the lubricant used on the ground glass 
joints of the apparatus. 
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Changes of pressure during thermal decomposition (‘ static’) of butylenes. 


The Combination of Butadiene and Ethylene.—A series of experi- 
ments with a mixture containing 12-5% of butadiene and 87-5% of 
ethylene at 380° confirmed the result of the “ stream ’’ experiments 
with a similar mixture, viz., that butadiene and ethylene readily 
combine at temperatures at which ethylene by itself is stable. In 
each experiment a decrease in pressure was observed equal in amount 
to the partial pressure of the ethylene that disappeared, the partial 
pressure of “‘ higher olefins ’’ remaining substantially the same. 


This work has been carried out for the Anglo-Persian Oil Company, 
to whom our thanks are due for permission to publish the results. 


DEPARTMENT OF FUEL TECHNOLOGY, 
SHEFFIELD UNIVERSITY. [Received, May 29th, 1930.] 
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CCXXXVI.—The Asymmetric Photochemical De- 
composition of Humulene Nitrosite by Circularly 
Polarised Light. 


By StTorHeRD MITCHELL. 


Van ’T Horr (“ Die Lagerung der Atome im Raume,” 1894, p. 30) 
appears to have been the first to suggest that optically active sub- 
stances might be produced under the asymmetric influence of cir- 
cularly polarised light, and several investigators have subsequently 
endeavoured to realise this idea experimentally. 

Cotton (Ann. Chim. Phys., 1896, 8, 347) discovered that alkaline 
solutions of copper tartrate exhibit unequal absorption for right- and 
left-handed circularly polarised light from the red end of the spec- 
trum. Since, in addition, these solutions are decomposed by sun- 
light, Cotton considered them particularly suitable for asymmetric 
photochemical experiments. During the summer of 1897 (see 
J. Chim. physique, 1909, 7, 81) he worked with an alkaline solution of 
copper racemate contained in two glass cells. One was exposed to 
right-handed and the other to left-handed circularly polarised 
light, and it was hoped that rotations of opposite sign would be 
developed. After considerable decomposition had taken place the 
two solutions were transferred to polarimeter tubes, but no rotation 
could be detected in either. 

Byk (Z. physikal. Chem., 1904, 49, 641) carried out some experi- 
ments with optically active photographic preparations (silver 
tartrate paper and silver bromide plates sensitised with chloro- 
phyll); each was exposed simultaneously in a spectrograph to right- 
and left-handed circularly polarised light of the same intensity, but 
no difference could be observed in the effects produced. 

Freundler (Bull. Soc. chim., 1907, 1, 657) exposed a solution of the 
racemic diamyl acetal of o-nitrobenzaldehyde in r-amyl alcohol to 
right-handed circularly polarised light; amyl] o-nitrosobenzoate was 
formed, but neither this substance nor the amyl alcohol recovered 
from the experiment showed any rotation. 

Henle and Haakh (Ber., 1908, 41, 4261) studied the photochemical 
transformation of methylethylcyanoacetic acid into methylethyl- 
acetonitrile, and of dichlorodimethylsuccinic acid into dichlorodi- 
methylpropionic acid, but although circularly polarised light was 
used in both cases, only inactive products resulted. 

Bredig (Z. angew. Chem., 1923, 36, 456) also made unsuccessful 
attempts, in which diazocamphor, lactic acid, and asymmetric 
cobaltammine salts were exposed to circularly polarised ultra-violet 
light. 
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Of these fruitless attempts, that of Cotton alone merits further 
consideration. Byk (loc. cit.) has shown that an alkaline solution of 
copper tartrate is not acted on by light from the red end of the 
spectrum, as Cotton had thought, the decomposition being caused by 
ultra-violet rays (4 = 4000—3500 A.U.) just beyond the visible 
violet. It is important, therefore, to ascertain if alkaline solutions 
of copper tartrate show circular dichroism for these ultra-violet rays. 
Cotton did not continue his measurements beyond 4370 A.U., so the 
present work included observations made down to 3500 A.U. in order 
to settle the question. 

Extension of Cotton’s Experiment.—The apparatus employed was 
that described by the author (J., 1928, 3258).* The solution consisted 
of 1 g. of copper tartrate, 0-5 g. of potassium hydroxide, and 0-5 g. 
of sodium hydroxide made up to 100 c.c. with distilled water. A 
10-cm. layer was first used and it was decreased in stages down to 
3 mm., photographs being taken at each stage. The absorption 
extended at the ultra-violet end to about 4000 A.U. with the thickest 
layer and gradually receded to about 3500 A.U. with the thinnest 
layer, but no difference could be detected between the absorption for 
right- and left-handed circularly polarised light in this region. It 
would appear, therefore, that asymmetric photochemical decom- 
position of alkaline solutions of copper racemate cannot be expected. 

Whilst the additional work now described was in progress, two 
positive results were published. Kuhn and Braun (Naturwiss., 
1929, 17, 227) exposed alcoholic solutions of racemic ethyl «-bromo- 
propionate in quartz flasks to circularly polarised ultra-violet light 
(A = 2800 A.U.), whereupon the solution acted on by the right- 
handed light developed dextrorotation and vice versa: the greatest 
effect obtained in each case was 0-05°. Later, Kuhn and Knopf 
(tbid., 1930, 18, 183; Z. physikal. Chem., 1930, B, 7, 292) exposed the 
racemic dimethylamide of «-azidopropionic acid in hexane solution 
to circularly polarised ultra-violet light (A 3200—2800). After 37% 
decomposition by left-handed circularly polarised light, the liquid 
dimethylamide was recovered and showed a rotation of —1-04° in 
a 1 dm. tube. A corresponding experiment with right-handed 
circularly polarised light gave a reading.of + 0-78°. 

Experiments with Caryophyllene Nitrosite—Kremers and Schreiner 
(Pharm. Arch., 1892, 2, 287) studied the action of light on caryo- 
phyllene nitrosite, and found that in benzene solution nitrogen was 
evolved and crystals of the decomposition product separated. From 
experiments with coloured solutions as light filters, they concluded 

* In this earlier paper the terms right- and left-handed circularly polarised 


light were used in the sense originally employed by Cotton, which is opposite 
to that in general use. 
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that the reaction was caused by the red and yellow rays of sunlight. 
This conclusion was confirmed by placing a row of tubes containing 
the blue nitrosite solution in the spectrum obtained from an electric 
arc. The solution in the tubes exposed to red and yellow light turned 
green, whilst that in the others remained unchanged. 

Mitchell (loc. cit.) has already investigated the rotation dispersion 
and circular dichroism of this substance in alcoholic solution. The 
rotation reaches a high maximum positive value about 6250 A.U., 
becomes zero at 6800 A.U., and is thereafter negative. Absorption 
spectra revealed a band in the red region with its head about 6800 
A.U. When the absorption was examined with circularly polarised 
light, it was found that the right-handed light was more strongly 
absorbed than the left-handed. This substance was considered, 
therefore, to be very promising for asymmetric photochemical work. 

The selection of a suitable solvent presented some difficulty. 
Ethyl butyrate was used finally because it dissolved both the nitrosite 
and the decomposition product readily and was not too volatile. 
A 5% solution showed «;,,, + 36°in a 6-cm.tube. On exposure to 
sunlight, nitrogen was evolved, the blue solution gradually became 
colourless, and the rotation decreased to a small negative value. 
The decomposition could, therefore, be followed conveniently with 
the polarimeter. 

For the experiments with circularly polarised light, a 46% 
solution was put in a specially constructed double cell (see Fig. 2). 
One side was exposed to right-handed and the other to left-handed 
circularly polarised red light. Polarimeter readings were taken at 
intervals of four hours, but as the difference between the rotations 
for the two sides of the cell was small and erratic, no definite con- 
clusions could be drawn. The apparatus proved to be successful, 
however, in the following experiments. 

Experiments with Humulene Nitrosite.—Unfortunately, the racemic 
form of caryophyllene is not known, but the inactive sesquiterpene 
humulene is very closely related to it and forms a blue nitrosite which 
is so similar to that of caryophyllene that it was thought advisable to 
submit the humulene derivative to the action of circularly polarised 
light. Both hydrocarbons contain the grouping CMe,:C<, which 
absorbs nitrous anhydride to give CMe,(ONO)-C(NO)< ; and, since 
the other two groups attached to the second carbon atom are different, 
the addition renders this atom asymmetric. The existing optical 
activity in the case of caryophyllene seems to be sufficient to cause the 
exclusive formation of the dextrorotatory nitrosite. In the case of 
inactive humulene, however, there is no such directing influence so 
that a racemic mixture of dextro- and levo-forms is obtained. 

In a preliminary experiment, the double cell was filled with a 
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3-5% solution of humulene nitrosite in ethyl butyrate. On polari- 
metric examination no rotation was observed in either compartment. 
As in the earlier experiment with caryophyllene nitrosite, one side 
was then illuminated with right-handed and the other with left- 
handed circularly polarised red light. After 4 hours the solutions 
were again examined in the polarimeter, and it was found that the 
side which had been exposed to left-handed light had developed a 
slight dextrorotation, whilst the other side had developed a small 
levorotation. On further illumination the difference between these 
values increased until after 12 hours one side showed a rotation of 
+ 0-11° and the other — 0-09° (4 = 5461). On still further illumin- 
ation, however, the difference between these values decreased. 

The results of a further experiment with a 7% solution of the 
nitrosite are given in Table I, in which the rotations denoted by A 
and B refer to the compartments illuminated by left-handed and 
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right-handed light, respectively, Remarkable symmetry is revealed 
when these results are represented graphically (Fig. 1). A maximum 
rotation of 0°21° (4 = 5461) on each side of the zero was developed 
after 36 hours of illumination. Additional readings taken at this 
stage with mercury yellow light gave rotations of + 0-30° and — 0-30°. 
During the earlier part of the experiment, observations with yellow 
light were impossible because it was too strongly absorbed by the 
solution, but this difficulty diminished as the decomposition pro- 
ceeded. 
EXPERIMENTAL. 

The humulene was obtained by distillation of hop oil, the fraction 
of b. p. 115—122°/10 mm. being sufficiently pure for the present 
purpose. The nitrosite was prepared as described by Chapman (J., 
1895, 67, 780); after crystallisation from a cold mixture of alcohol 
and chloroform it melted at 113°. 

Apparatus.—All parts of the apparatus were rigidly mounted on an 
optical bench. An automatic electric arc served as source of 
illumination. Cored carbons, 7 mm. positive and 5 mm. negative, 
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were used with a current of 12 amps. In front of the arc was placed 
a circulating water filter 3’’ thick, followed by a red gelatin filter 
transmitting light of 6000—7800 A.U. The light was rendered 
parallel by a convex lens and was plane polarised by passage through 
a Nicol prism. Half of the field was then covered with a mica 2/4 
plate suitably oriented and of the correct thickness to give right- 
handed circularly polarised light of about 7000 A.U. The other half 
was covered with a 1/4 plate cut from the same piece of mica and 
oriented to give left-handed circularly polarised light. Finally came 
a double cell containing the solutions under examination. This was 
held in a V-shaped trough which could be raised, lowered, tilted, 
or moved laterally so that all necessary adjustments could be made to 
ensure that the light passed straight through the cell and that the 
two compartments were illuminated by 
different kinds of circularly polarised light. 
An end elevation of the double cell is shown 
in Fig. 2. Two holes, of 0-2’ diameter, Wg 
were drilled through a 60° glass prism 2-5” 
long, and inlet holes were drilled from the 
top. The latter were slightly tapered and 
bubblers of the type shown were ground 
into them. During the experiments the 
bubblers were partly filled with solvent. 
The two horizontal holes were carefully 
polished until both held exactly the same 
volume of liquid. The end pieces were 
made of the best quality optical glass, and 
cemented in position. A thin brass plate 
with two holes of equal diameter, just 
smaller than those through the prism, covered the end of the cell 
next the light source, and so protected the solutions from stray light. 
This device also facilitated the taking of polarimeter readings. A 
Hilger polarimeter was used, the adjustable V-shaped trough pro- 
vided with the instrument being particularly convenient for com- 
parative measurements with the double cell. After each period of 
illumination, the cell was transferred to the polarimeter, where the 
solutions were allowed to settle for about 4 hour before the rotations 
were read. Throughout the experiment the room was maintained 
at a temperature of 21°. 

It is interesting that these effects have been produced by visible 
light and that it has been possible to take polarimeter readings during 
the course of the reaction. The experimental procedure described is 
simpler and more direct than that employed by Kuhn and his colla- 
borators (locc. cit.). Indeed, humulene nitrosite has proved to be an 
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almost ideal substance for demonstrating the asymmetric photo. 
chemical action of circularly polarised light. 


TABLE I. 
Time of Time of 

illumin- Rotations. illumin- Rotations. 

ation, Qa —__"_~ atin, aco. 
hours. A. B. Diff. hours. A. B. Diff. 
4 +0-04° —0-04° 0-08° 36 +0-21° —0Q-21° 0-42° 
8 +0-10 —0-08 0-18 40 +0-20 —0-20 0-40 
12 +0-:13  —0-12 0-25 44 +0-:18 —0-19 0°37 
16 +0-16 —0-14 0-30 48 +017 —0-°16 0-33 
20 +0-°17 —0-16 0-33 52 +0-14 —0-13 0-27 
24 +0-19 —0:18 0°37 56 +009 —0-08 0-17 
28 +0-20 —0°19 0-39 60 +005 —0-04 0-09 
32 +0-21 —0-20 0-41 64 +002 —0-0l 0-03 


In conclusion, I desire to acknowledge a grant from Imperial 
Chemical Industries, Ltd., which defrayed part of the cost of the 
investigation. I have also pleasure in thanking Mr. Stanley B. 
Cormack, M.A., B.Sc., for assistance with the expermental work. 


UNIVERSITY OF GLASGOW. [Received, May 19th, 1930.] 





CCX X XVII.—Studies on Hydrogen Cyanide. Part II. 
The Compounds formed by the Action of the 
Hydrogen Halides on Hydrogen Cyanide. 


By Lronarp Eric HINKEL and RicHarp TREVOR DunNN. 


THE first reference to the behaviour of hydrogen cyanide towards 
the halogen acids is by Gal and Gautier who, although working 
independently, published their results jointly (Annalen, 1866, 138, 
36). Gal found that whereas hydrogen bromide and hydrogen 
iodide were rapidly absorbed by hydrogen cyanide, giving white 
crystalline solids to which he assigned the formule HCN,HBr and 
HCN,HI respectively, hydrogen chloride was only slightly absorbed 
and no combination occurred, prolonged passage of the gas, even 
at — 10°, completely volatilising the hydrogen cyanide. 

Gautier (Ann. Chim. Phys., 1869, 17, 105) saturated anhydrous 
hydrogen cyanide with hydrogen chloride at — 15°, and by altern- 
ately heating the mixture to 35—40° under pressure and cooling 
it, obtained a crystalline substance corresponding to the formula 
HCN,HCl. He concluded that no reaction occurred unless the 
mixture was heated under pressure, since distillation of the mixture 
gave unchanged reagents. 

Claisen and Matthews (Ber., 1883, 16, 3088; J., 1882, 41, 264) 
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absorbed hydrogen chloride in a well-cooled solution of hydrogen 
cyanide in ethyl formate, and obtained a white crystalline hygro- 
scopic solid corresponding to the formula 2HCN,3HCI, which they 
termed a “ sesquichloride.”’ Although the constitution of this com- 
pound has been conclusively established as CHCl,-NH°-CH:NH,HCI 
by Gattermann and Schnitzspahn (Ber., 1898, 31, 1770) and has 
been corroborated by Dains (Ber., 1902, 35, 2496), the existence of 
Gautier’s compound has never been substantiated. Claisen and 
Matthews (loc. cit.) suggest the possibility of their compound being 
identical with that of Gautier, whereas Nef (Annalen, 1895, 287, 
320) regards the latter as being 2HCN,2HCI and considers it and the 
sesquichloride to be additive compounds of hydrogen chloride and 
iminoformyl cyanide (NH°:CH-CN). 

In the recorded properties of these two compounds noticeable 
differences occur. Gattermann and Schnitzspahn note that the 
sesquichloride is not very hygroscopic, whereas Gautier describes 
his compound as being extremely so. The sesquichloride melts at 
180° (decomp.) (Claisen and Matthews, loc. cit.), whereas Gautier’s 
compound becomes yellow when heated above 100°, and if quickly 
heated, partially melts and sublimes. Such differences are not 
unexpected in view of the big variation in the conditions under 
which the two compounds were formed. It was therefore con- 
sidered essential to make a more detailed study of the properties 
of the sesquichloride. 

When the sesquichloride (prepared according to the method of 
Claisen and Matthews) is kept over solid sodium hydroxide in a 
vacuum desiccator it gradually loses hydrogen chloride until, after 
several months, its chlorine content drops from 66-1 to 40%, a 
value below that required for Gautier’s compound, 7.e., 55-99%. A 
similar but much more rapid decomposition also occurs when the 
sesquichloride is heated to 100°, the volatile solid obtained having 
Cl, 39:2%, which corresponds to 2HCN,HCl. This decomposition 
affords an explanation of the difference between Gautier’s and 
Claisen and Matthews’s results. Under the conditions employed 
by the former there must always be some decomposition of the 
sesquichloride, and it would seem that his compound was probably 
a mixture of the sesquichloride, 2HCN,3HCI, and its decomposition 
product, 2HCN,HCI. Several repetitions of Gautier’s experiment 
yielded white solids which had no definite composition, the chlorine 
contents varying between 59 and 65%. The compound 2HCN,HCI 
can also be readily obtained from the sesquichloride by heating the 
latter with excess of liquid hydrogen cyanide—this is essentially a 
feature of Gautier’s experiments since he never had an excess of 
hydrogen chloride. 
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Although hydrogen chloride dissolves in hydrogen cyanide with- 
out any apparent action at low temperatures, and the mixture 
can be separated by distillation, nevertheless if the passage of the 
former be maintained for about an hour, combination occurs with- 
out the aid of any external heating, the crystals so deposited being 
pure sesquichloride. A similar latent period was also observed 
when the reaction was carried out in the presence of solvents such 
as ether, nitrobenzene, and esters. 

The compound 2HCN,HCI has now been proved to be chloro- 
methyleneformamidine, NH:CH-N:CHCl. When it is heated with 
quinoline, hydrogen chloride is eliminated, producing an almost 
quantitative yield of bimolecular hydrogen cyanide, the so-called 
iminoformyl cyanide of Nef, who obtained it only in exceedingly 
small quantity by heating the sesquichloride with quinoline. 
According to Willstatter and Wirth (Ber., 1909, 42, 1908), this 
compound is also produced to a small extent when thioformamide 
is heated under reduced pressure. 

Bimolecular hydrogen cyanide, from its relationship to the 
sesquichloride, should be iminoformyl isocyanide, NH:CH-NC. 
The presence of the isocyanide group has been proved by the 
reaction of the compound with phenyl magnesium iodide, in which 


the isonitrile group is eliminated as benzaldehyde according to the 


scheme: NH:CH-NC ++ Ph-Mg-Br —> NH:CHNC<yp Be HO 


NH:CH-N:C<f" 2°, Ph-CHO + H-CO,H + 2NHs, 

Further evidence for the isocyanide structure of bimolecular 
hydrogen cyanide is supplied by its behaviour with hydrogen 
chloride: it readily combines with only one mol. to form chloro- 
methyleneformamidine, and not the sesquichloride as claimed by 
Nef : NH:CH-NC + HCl —> NH°CH-N°CHCl. Chloromethylene- 
formamidine reacts with benzene in presence of aluminium ¢hloride, 
giving benzaldehyde as final product, and this can only occur if 
the chlorine atom is directly attached to the carbon atom of the 
isocyanide radical : NH°:CH*N:CHCI + C,H, —> 


NH:CH-N:CHPh 7 2NH, + H’CO,H + Ph-CHO. 

This reaction emphasises the similarity of structure between 
chloromethyleneformamidine and the sesquichloride (compare 
Gattermann and Schnitzspahn, loc. cit.), which is further substan- 
tiated by the behaviour of these two compounds with dimethy]- 
aniline and with aniline. With the former they both yield hexa- 
methyltriaminotriphenylmethane (I) and with the latter they yield 
diphenylformamidine (IJ) (compare Dains, loc, cit.). The cleavages 
must occur in a similar manner in each compound : 
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NH:CH Ph: nitive PU NH: CH | te.“ 
N:CHCI N='=CH-0,H,NMe, 
NH:CH 
F (I.) 
Nu, Ho + CHICHeNMer, 
NH:CH = NI, NHSOH: BNE, 
N:CHCI N='=CH-NHR 
NH:CH 
NH,,HCl 


NHR 


+ CH<yR (HL) 


Hydrogen bromide is rapidly absorbed by well-cooled hydrogen 
cyanide and after a very short latent period the liquid is rapidly 
transformed into a white solid mass of thesesquibromide, 2HCN,3HBr. 
Contrary to the observations of Gal and Gautier (loc. cit.), hydrogen 
iodide combines rapidly with hydrogen cyanide, giving rise to the 
sesqui-iodide 2HCN,3HI, and not the monoiodide HCN,HI. The 
difference in the readiness with which the three hydrogen halides 
react with hydrogen cyanide is in accordance with their recognised 
variation in stability with increasing atomic volume of the halogen 
(compare Kossel, Ann. Physik, 1916, 49, 270). 

The sesquibromide and sesqui-iodide are very similar to the 
sesquichloride and readily evolve the hydrogen halide when heated, 
probably forming the hydrogen halide of bimolecular hydrogen 
cyanide, 2HCN,HX. The hydrobromide of the latter compound 
is also formed by the action of hydrogen bromide upon bimolecular 
hydrogen cyanide and is a white solid more hygroscopic than the 
corresponding hydrochloride. 


EXPERIMENTAL. 


The hydrogen cyanide used in this investigation was prepared 


‘by the method described by Coates, Hinkel, and Angel (J., 1928, 


542). The sesquichloride was prepared by saturating a well- 
cooled solution of hydrogen cyanide in anhydrous ether with 
hydrogen chloride. The crystals which formed were rapidly 
drained, washed with ether, and quickly transferred to a desiccator. 

The Action of Heat on the Sesquichloride—The sesquichloride 
was heated in a round-bottomed flask connected to a horizontal 
glass tube which served as an air-condenser. The flask was im- 
mersed in a steam-bath and the apparatus connected to a water- 
pump. A quantity of liquid and a small amount of solid collected 
in the tube. On cooling, the liquid solidified to a transparent 
glass-like mass of chloromethyleneformamidine, which contracted 
and assumed a cracked appearance (Found: Cl, 40-9; N, 29:5. 
2HCN,HCI requires Cl, 39-2; N, 30-9%). The discrepancies in 
3Q 
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the analyses are possibly due to the occlusion of free hydrogen 
chloride in the solid during solidification. The light brown residue 
in the flask could not be purified, but appeared to have a similar 
composition although contaminated with azulmin products (Found : 
Cl, 36-8; N, 28-5%). 

The Reaction of Chloromethyleneformamidine with Benzene and 
Aluminium Chloride—The chloro-compound (2-5 g.) was suspended 
in dry benzene (20 g.), and powdered aluminium chloride (6-5 g.) 
added. When the vigorous action, which only occurred on warm- 
ing, had subsided, the resulting dark solution was poured on a 
mixture of ice and concentrated hydrochloric acid, and distilled in 
steam. Phenylhydrazine (5 c.c.) was then added to the distillate, 
and the mixture distilled in steam to remove benzene and excess 
of phenylhydrazine. The yellow solid remaining in the flask 
had m. p. 157°, unchanged when admixed with benzaldehyde- 
phenylhydrazone. 

The Action of Hydrogen Cyanide on the Sesquichloride, 2HCN,3HCI. 
—A small quantity of the pure sesquichloride was heated with 
liquid hydrogen cyanide in a sealed glass tube for several days at 
40°. The excess of hydrogen cyanide was then rapidly removed 
under reduced pressure. The white solid residue contained Cl, 
44°%,, and yielded benzaldehydephenylhydrazone when treated with 
benzene and aluminium chloride as described above. 

Formation of Hexamethyltriaminotriphenylmethane (Crystal Violet 
Leuco-base) from Chloromethyleneformamidine.—The chloro-com- 
pound (3-5 g.) was mixed with dimethylaniline (15 c.c.) and heated 
to 100° ; the product consisted of a deep violet layer below unchanged 
dimethylaniline. The warm mass was made alkaline with caustic 
soda and distilled in steam. The solid residue was washed with 
small quantities of alcohol to remove the dark colouring matter, 
and dissolved in a mixture of benzene and light petroleum (b. p. 
40—60°), from which it separated in colourless prismatic needles, 
m. p. 177° (Found: N, 11-3. Calc. for C,;H,,N,: N, 11-3%). 

Formation of Diphenylformamidine.—Aniline (2-6 c.c.; 2 mols.) 
was added drop by drop to chloromethyleneformamidine (1 g. ; 
1 mol.); a vigorous reaction took place, and the resulting solid 
crystallised from alcohol as needles, m. p. 142° (Found: N, 14:1. 
Cale. for C,;H,.N,: N, 14-3%). 

Bimolecular Hydrogen Cyanide (Iminoformyl isoCyanide).—When 
the sesquichloride (1 mol.) is heated with slightly more than 3 mols. 
of quinoline, bimolecular hydrogen cyanide is produced in about 
60% yield; the reaction is, however, very vigorous and difficult 
to regulate, and it is probably on this account and owing to the 
extreme volatility of the product that Nef (loc. cit.) obtained it 
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only in extremely small yields. It can be readily prepared almost 
quantitatively by gently heating chloromethyleneformamidine 
(1 mol.) with quinoline (1 mol.) and passing the vapours by means 
of a stream of air through a U-tube cooled with solid carbon dioxide, 
whereupon it is deposited as a white solid, m. p. 85°. 

Preparation of Chloro- and Bromo-methyleneformamidines from 
Bimolecular Hydrogen Cyanide——Ethereal solutions of bimolecular 
hydrogen cyanide were saturated with hydrogen chloride and 
bromide respectively, a white solid being precipitated in each case. 
The ether and excess of hydrogen halide were rapidly removed 
under reduced pressure, and the resulting solids analysed (Found : 
Cl, 38:4. 2HCN,HCl requires Cl, 39-2%. Found: Br, 55-0. 
2HCN,HBr requires Br, 59-2%). The low bromine result is due 
to the very hygroscopic nature of the compound. 

The Formation of Benzaldehyde from Bimolecular Hydrogen 
Cyanide——Phenyl magnesium bromide, prepared by dissolving 
magnesium (1-33 g.) in a solution of bromobenzene (8-7 g.) in ether 
(25 ¢.c.), was slowly added to bimolecular hydrogen cyanide (3 g.) 
in ether (20 c.c.)._ A vigorous reaction occurred and a white solid 
was formed. After 1 hour’s heating, the mixture was poured on 
ice and hydrochloric acid, and distilled in steam. The benzaldehyde 
was isolated in the distillate as its phenylhydrazone, m. p. 157°, 
as described on p. 1838. 

Preparation of Sesquibromide and Sesqui-iodide of Hydrogen 
Cyanide.—The dry hydrogen halide was passed into anhydrous 
hydrogen cyanide cooled to — 10°. In each case separation of a 
white solid began almost immediately and a semi-solid mass was 
finally obtained. The solids were washed with dry ether and 
dried ina vacuum, The sesquibromide partially sublimes on heating 
and melts with decomposition at 240° (Found: Br, 82-6. 
2HCN,3HBr requires Br, 80-6%). The sesqui-iodide darkens on 
heating and melts with decomposition at 158—160° (Found: I, 
90-9. 2HCN,3HI requires I, 87-0%). 


The authors are indebted to the Cassel Cyanide Co. for a gift of 
sodium cyanide, and to Professor Coates and Mr. E. E. Ayling for 
their interest in the investigation. One of the authors (R. T. D.) 
is indebted to the Department of Scientific and Industrial Research 
for a maintenance grant. 


UNIVERSITY COLLEGE, SWANSEA. [Received, June 3rd, 1930.] 
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CCXXXVIII.—Stereoisomerism in Polycyclic Systems. 
Part VII. The Reduction of 7:8:9:10-Tetra- 
hydroheptaquinoline. 


By Sypnrey GLENN Preston PLant and RecinsaLp Joun Rosser. 


In Part V of this series (Perkin and Plant, J., 1928, 2583) it was 
pointed out that, since tetrahydroacridine (I) and 2 : 3-dihydro- 
6-quinindene (II) readily take up four atoms of hydrogen on treat- 
ment with tin and aqueous-alcoholic hydrochloric acid to give in 
each case a mixture of two stereoisomerides, 7: 8:9: 10-tetra- 
hydroheptaquinoline (III) ought under similar conditions to give 
the two analogous forms of 5:7:8:9:10: 11: 14: 15-octahydro- 
heptaquinoline (IV). The existence of these stereoisomerides 
depends upon the cis- and trans-unions respectively of the two 
reduced ring systems. It was found, however, that the reduction 
of (III) in this way led to an oily base which appeared to be essentially 
a single substance, since its benzoylation product melted at 133— 
137° in the crude state and at 145° after oe te 
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As a result of more recent work on the reduction of quinoline 
derivatives under various conditions, part of which will form the 
subject of a future communication (see also Plant and Rosser, J., 
1929, 1861), it has become apparent that the isolation of both 
stereoisomeric modifications of (IV) is much more likely to be 
accomplished if the reduction of (III) is carried out in boiling 
absolute alcohol by the addition of sodium. It has now been found 
that this procedure does, in fact, lead to a mixture of the two 
octahydro-bases, (A), m. p. 61-5°, and (B), an oil, which can be 
separated by crystallisation of the mixed hydrochlorides, as described 
in the experimental section. The latter of these two modifications, 
which are present in approximately equal amounts, is identical with 
the form previously described (Perkin and Plant, loc. cit.). The 
modification with the higher melting point is designated (A) in 
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accordance with the custom adopted throughout this series. The 
octahydro-base (A) gives a hydrochloride (m. p. 244—245°), a picrate 
(m. p. 167—168°), a phenylcarbamyl derivative (m. p. 144°), and a 
benzoyl derivative (m. p. 139—140°), whilst the stereoisomeride (B) 
gives a hydrochloride (m. p. 143—145°), a picrate (m. p. 196°), a 
phenylcarbamyl derivative (m. p. 112-5°), and a benzoyl derivative 
(m. p. 146-5°). ° 

It will be noticed that the melting points of the two stereoisomeric 
benzoyl] derivatives lie very close together, and it was observed that 
the depression in melting point produced by mixing the substances 
is surprisingly small. For this reason, it became apparent that the 
method employed for examining the reduction product in the 
previous investigation, viz., the crystallisation of the -benzoyl 
derivative, which has been successful in analogous cases, was 
unsatisfactory in this particular instance. It was decided, therefore, 
to re-investigate the product obtained by reducing (III) with tin and 
aqueous-alecoholic hydrochloric acid, using the method of separ- 
ation now devised, and it was found that a small quantity of the 
octahydro-base (A) was, in reality, present, although the main 
product was the stereoisomeride (B) previously isolated. The 
tetrahydro-compound (IIT) has also now been reduced electrolytically 
and with zine and alcoholic hydrochloric acid, and, in both cases, 
considerable quantities of the two stereoisomeric octahydro-bases 
were isolated. 

Furthermore, it was previously reported (Perkin and Plant, loc. 
cit.), from an examination of the benzoyl derivative of the product, 
that the reduction of 11-keto-5:7:8:9: 10: 11-hexahydrohepta- 
quinoline (V) with sodium amalgam also yielded a single form (B) 
of (IV), but, on re-examination by the more satisfactory process 
now described, it has been found that here again a small, but 
definite, quantity of the stereoisomeride (A) is formed at the same 
time. 


EXPERIMENTAL. 


Reduction of 7:8:9: 10-Tetrahydroheptaquinoline.—(a). With 
sodium and alcohol. A solution of the base (4-8 %., prepared from 
suberone and isatin as described by Borsche, Annalen, 1910, 377, 
122) in absolute alcohol (165 c.c.) was kept boiling and treated 
gradually with sodium (25 g.). A further quantity of alcohol was 
added to effect complete solution of the sodium, and the mixture 
was then submitted to steam distillation during several hours. The 
first portion of the distillate, which consisted largely of alcohol, was 
treated with hydrochloric acid, the alcohol distilled off, the residue 
made alkaline to liberate the bases present, and then added to the 
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main part of the steam distillate. These united distillates were then 
shaken with ether, the ethereal solution was dried with potassium 
carbonate, and the solvent removed. After the residue had been 
dissolved in a small quantity of dry ether and treated with dry 
hydrogen chloride, a colourless solid was obtained, and, on crystal- 
lisation from absolute alcohol, this yielded the hydrochloride of 
5::7:8:9:10:11: 14: 15-octahydroheptaquinoline (A) in colour- 
less prisms, which melted, on rapid heating, at 244—245° (Found : 
C, 70-5; H, 8-4. C,,H, NCI requires C, 70-7; H, 84%). After 
further quantities of this hydrochloride had been obtained by the 
gradual addition of dry ether to the alcoholic mother-liquor, the 
remaining solution was evaporated, and the residue shaken with 
ether and aqueous alkali. The ethereal solution was dried, the 
solvent removed, and the residue shaken with benzoyl chloride and 
dilute aqueous sodium hydroxide. After being kept for some time, 
the solid was collected and crystallised from alcohol, 5-benzoy]l- 
5:7:8:9:10:11:14: 15-octahydroheptaquinoline (B) being 
obtained in colourless prisms, m. p. 146-5°. The total amounts of 
these two substances obtained indicated that the corresponding 
octahydro-bases were present in approximately equal quantities in 
the reduction product. 

(b) Electrolytic reduction. A solution of the base (3 g.) in sul- 
phuric acid (100 c.c. of 20%) was reduced at 95° in an electrolytic 
cell, lead electrodes and a current of 6 amps. (0-07 amp. per sq. em. 
of cathode) being used during 10 hours. After being made alkaline 
with concentrated aqueous sodium hydroxide, the mixture was 
steam-distilled, and the basic product so obtained was examined ag 
described above. The results showed that the octahydro- bases 
(A) and (B) were present in the ratio of approximately 3 : 4. 

(c) With zine and alcoholic hydrochloric acid. A mixture of the 
base (2 g.), alcohol (50 c.c.), and zine dust (32-5 g.) was kept boiling 
whilst concentrated hydrochloric acid (70 c.c.) was added in portions 
at intervals during 48 hours. The hot mixture was then filtered, 
the residue washed with alcohol, and as much alcohol as possible 
removed from the united filtrates by distillation. The residue was 
made alkaline with sodium hydroxide (70 g. in concentrated aqueous 
solution), and extracted with ether. After drying the extract with 
potassium carbonate and removing the ether, the basic product 
was dissolved in dry ether and examined by the method described 
above. The results indicated that the two octahydro-bases, (A) 
and (B), were present in the ratio of approximately 3 : 5. 

(d) With tin and alcoholic hydrochloric acid. A mixture of the 
base (3 g.), alcohol (30 c.c.), concentrated hydrochloric acid (30 c.c.), 
and granulated tin (30 g.) was boiled for 20 hours, a further quantity 
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(10 c.c.) of hydrochloric acid being added after 5 hours, and the 
subsequent procedure was then similar to that adopted when zinc 
was used. The octahydro-bases, (A) and (B), were found to be 
present in the ratio of approximately 1 : 6. 

5:7:8:9:10: 11:14: 15-Octahydroheptaquinoline  (A).—The 
hydrochloride (A) was shaken with aqueous sodium hydroxide, and 
the product extracted with ether. After the extract had been 
dried with potassium carbonate and the ether removed, the 
residue was crystallised from petroleum (b. p. 60—80°), 
5:7:8:9:10: 11:14: 15-octahydroheptaquinoline (A) being ob- 
tained in colourless prisms, m. p. 61-5° (Found: C, 83-5; H, 9-5. 
C,,H,.N requires C, 83-6; H, 9-4%). The picrate of this base 
separated from alcohol in yellow prisms, m. p. 167—168°; a mixture 
with the picrate (m. p. 196°) of the stereoisomeric base (B) melted 
at 145—147°. 

A solution of the base in benzene was treated with a small excess 
of phenyl isocyanate and boiled for ten minutes. After the addition 
of a little water, the whole was boiled and shaken until most of the 
benzene had evaporated, the residue was extracted with ether, and 
the ethereal solution dried with sodium sulphate. After the solution 
had been evaporated, carbanilide was isolated from the residue by 
crystallisation from benzene. The benzene mother-liquor was then 
evaporated, and the product was crystallised from alcohol, whereby 
5-phenylcarbamyl-5 : 7:8: 9:10:11 : 14: 15-octahydroheptaquinoline 
(A) was obtained in colourless prisms, m. p. 144° (Found: N, 9-2. 
C,,H,,ON, requires N, 8-8%). 

When the base was shaken with benzoyl chloride and aqueous 
sodium hydroxide, and the resulting product crystallised from 
alcohol, 5-benzoyl-5:7:8:9:10: 11: 14: 15-octahydroheptaquin- 
oline (A) was isolated in colourless plates, m. p. 139—140° 
(Found: C, 82-6; H, 7-7. C,,H,,ON requires C, 82-6; H, 7-5%). 
The m. p. of a mixture with the 5-benzoyl derivative of the stereo- 
isomeric base (B) was also 139—140°. 

5:7:8:9:10:11: 14: 15-Octahydroheptaquinoline (B).—This 
base was isolated as a liquid from its benzoyl derivative by the 
method of Perkin and Plant (loc. cit.). Its hydrochloride separated 
when dry hydrogen chloride was passed into a solution of the base 
in dry ether, and, after recrystallisation from ether, it was obtained 
in colourless prisms, m. p. 143—145°. The 5-phenylcarbamyl 
derivative, prepared by the process described for its stereoisomeride, 
separated from alcohol in colourless prisms, m. p. 112-5° (Found : 
N, 9:2. C,,H,,ON, requires N, 8-8%). 

Reduction of 11-Keto-5:7:8:9: 10: 11-hexahydroheptaquinoline. 
—A solution of this keto-compound (4 g., prepared as described 
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by Perkin and Plant, Joc. cit.) in boiling alcohol (200 c.c.), to which 
a little sodium bicarbonate had been added, was treated gradually 
at 80° with sodium amalgam (300 g. of 4%), the whole being 
vigorously stirred and carbon dioxide being passed continuously. 
After 8 hours, the mixture was filtered, the solid was washed with 
hot alcohol, and the united filtrates were submitted to steam dis- 
tillation and subsequent examination as described for the reduction 
of the 7: 8:9: 10-tetrahydro-compound with sodium and alcohol. 
A small quantity (0-2 g.) of the hydrochloride (A) (m. p. 244—245°) 
was first isolated and then the benzoyl compound (B) (m. p. 144°) 
was obtained. The identity of the latter was confirmed by hydrolysis 
and subsequent conversion of the base into its 5-phenylearbamyl 
derivative (m. p. 112-5°). 


THE Dyson PEerRRins LABORATORY, 
OXFORD. [Received, July 5th, 1930.] 





CCX XX1IX.—The Constitution of Phenolphthalein. Part 
IT. The Fading of Phenolphthalein in Alkaline 


Solution. 
By Haxon Lunp. 


DvuRinG a research on phenolphthalein, further information was re- 
quired as to its fading in alkaline solutions. When this compound is 
dissolved in an excess of sodium hydroxide the red colour gradually 
fades until a certain equilibrium colour intensity is reached. The 
rate of fading increases, and the final colour intensity decreases, with 
increasing hydroxyl-ion concentration. The reactions involved are 


assumed to be : 

Cy9H,,0," + OH’ == CoH, ,0,"” (+1) * 
Reaction (—1) is observed when phenolphthalein is dissolved in 
concentrated alkali, and diluted with water after equilibrium has 
been reached. The colour then gradually increases until the equili- 
brium corresponding to the lower hydroxyl-ion concentration is 
established. 

When suitable concentrations of phenolphthalein and alkali are 
selected, the velocity of this reaction is well adapted for spectro- 
photometric measurements. The concentration of the bivalent 
phenolphthalein anion is assumed to be proportional to the colour 
intensity, i.e., the extinction measured by means of the photometer. 


* The direct reaction is referred to as (+1), and the reverse as (—1). 
Similarly, velocity coefficients of reverse reactions are denoted by negative 
subscripts. 





as we — tet ar 


ich 
lly 
ing 
ly. 
ith 
lis- 
ion 
ol. 
5°) 
4°) 
ysis 


nyl 


art 
ine 


dis 
ally 
The 
vith 

are 


1 in 
has 
uili- 
n is 


are 
stro- 
lent 
lour 
eter. 


—1). 
ative 











THE FADING OF PHENOLPHTHALEIN IN ALKALINE SOLUTION. 1845 


The maximum of the absorption band of phenolphthalein has a 
wave-length about 550 yy, a green colour to which the eye is rather 
sensitive. 

The first (colorimetric) measurements of the velocity of reaction 
(1) were reported by Kober and Marshall (J. Amer. Chem. Soc., 1911, 
33, 59); later, Biddle and Porter (ibid., 1915, 37, 1571) made some 
further measurements, using 0-1—0-33N-potassium hydroxide 
solutions, and quite recently, Thiel and Jungfer (Z. anorg. Chem., 
1929, 178, 62) investigated the kinetics of this reaction in buffer 
solutions by means of a spectrophotometer. 

In a solution where the hydroxyl-ion concentration may be con- 
sidered constant, the fading proceeds according to a unimolecular 
reaction with a velocity coefficient k, determined by 


log Co/Ci oo k,t = log Eo/E., 


where C denotes the concentration of the bivalent ion Cy)H,,0,”, 
and FE the corresponding extinction ; time (¢) is measured in minutes. 
When the hydroxyl-ion concentration is low (<0-1N), reaction (—1) 
cannot be neglected ; in that case, the equilibrium extinction H, has 
to be measured, and the complex velocity coefficient (k, + k_,) is 
determined by log (Hy — E,,)/(Z, — E,,) = (k, + k_,)t. The con- 
stant (k, + k_,) is, of course, independent of the direction from which 
the equilibrium is reached. When both directions are accessible for 
measurement, the results furnish a control on each other and test the 
trustworthiness of the method. 

The work of the earlier investigators does not lead to many con- 
clusions. The only generalisation that can be derived from the 
literature seems to be that the velocity coefficient k, increases more 
rapidly than the hydroxyl-ion concentration. For instance, Biddle 
and Porter report the following data, concentrations being expressed 
as normalities : 


Cou POPE Re Hee Hee Eee eee eeeeeees 0-11 0:15 0-22 
Soeecceseeobargreganeesenceses 0-0280 0-0420 0-0711 
BORG sevsccscctevtesctorveses 0:25 0-28 0-32 


igen seccccesescccsccscscsoes 0-04 0-06 0-08 0-10 
Beg | ceccvereccccccccosvcdecccse 0-0066 0-0110 0-0161 0-0216 
key /Cwa0tt oecsecccsescccecenes 0-165 0-183 0-201 0-216 


If the correctness of equation (-|-1) is to be maintained, some other 
influence must be assumed, and as the reacting molecules are ions a 
salt effect is to be expected. Thus, if the effect of the hydroxyl ion 
alone is to be determined, the measurements have to be carried out, 
not in pure aqueous solutions of the hydroxide or in a series of 


buffer solutions—for in both cases the “‘ ionic strength ” varies con- 
3Q2 
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siderably from one experiment to another—but, as Bronsted has 
pointed out, in a concentrated solution of a neutral salt in which 
additions of comparatively small amounts of alkali alter the activity 
conditions imperceptibly. Measurements were therefore performed 
in a 2N-solution of sodium chloride, and the following results 
obtained : 


CTarGiE ccccecepecccacessscccepe 0-04 0-06 0-08 0-10 
J Beedecsvccesccedccvevcecces 0-0185 0-0264 0-0370 0-0460 
Bey] OnnOn ooerccescceseeeeeeees 0-46 0-44 0-46 0-46 


The velocity coefficient in these circumstances is strictly proportional 
to the hydroxide concentration. Moreover, the absolute values of 
these coefficients are more than twice those in non-saline solutions. 

It is of interest to determine this salt effect quantitatively in order 
to compare the results with those predicted by Bronsted’s kinetic 
theory (Z. physikal. Chem., 1922, 102, 169; 1925, 115, 337). Bron- 
sted assumes that the velocity of the reaction A + B—> D can be 
expressed by v= h.C,. Cg. fa-fs/fia,, where fa, fs, and fi, p, de- 
note the activity coefficients of A, B, and the “ critical complex ” 
(A, B). Reaction (+1) may be briefly written Phl’-+ OH’ == 
Phl(OH)’”. Hence 


vy = hy. Cow. Cow - fen - fow/few, ow) 
and Vg = hy. Crnyony” » Sruony”[few, on: 


According to the Debye—Hiickel theory, the activity coefficients of 
ions in very dilute solutions can be calculated by means of the 
formula —log f = Az*V/u, where z is the valency of the ion and yp the 
ionic strength of the solution. Introduction of this formula leads to 
v, = hy. Cow . Co . 1044Vz; V. = he . Couony”- 

The theory thus predicts that reaction (1) is rather sensitive to 
the presence of salts, whilst (—1) is independent, or nearly so, of the 
concentration of electrolytes. Quantitative agreement between 
theory and experiment cannot be expected because the formula for 
log f is valid only for lower concentrations than those examined here. 

When the coefficients k, are determined in a series of measure- 
ments in which Coy is kept constant while pu is varied by addition 
of a neutral salt, these coefficients should obey the equation 
ky = (ky)p . 1044% or log k, = 4AVp + log (k,)o. When log & is 
plotted against /z, a straight line should be obtained having the 
slope 44. 

In order to determine the k, values, it is necessary to know 
k_,. This constant was determined in the following manner: 
(k, + k_,) was measured in 0-005, 0-00667, 0-01, and 0-02N-sodium 
hydroxide solutions and plotted against Cy,on, the straight line 
obtained intersecting the k-axis at 0-00052. This value forms the 
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“rst approximation to k_,, but is uncorrected for the salt effect. 
Next, (k, + k_,) was measured in solutions 0-01N in sodium hydr- 
oxide and, respectively, 0-00, 0-02, 0-05, 0-08, 0-1125, and 0-15N in 
sodium chloride; from these values, 0-00052 was subtracted, and 
log k, plotted against Vu. A straight line could satisfactorily be 
drawn through these points, having the slope 0-9. By introducing 
this salt effect in the first series, another intersection on the k-axis 
was found, viz., 0-00065 ; and by applying this value to the salt-effect 
measurements, the slope of the straight line became 0-97. This value 
produced no noticeable change in the value of k_,. In order to 
check this determination of k_,, a few measurements were carried 
out with varying hydroxyl-ion concentration but constant p, and the 
value thus obtained for k_, was 0-00057. It must be remembered 
that the whole error in the measurement of (k, + &_,) is thrown on 
k_,, and as k_, in 0-01N-sodium hydroxide is less than half of k, 
with no salt present, the agreement is as good as can be expected. 
In order to examine the sensitivity of k_, to the presence of salts, a 
series of measurements was carried out in 1N-sodium chloride, and 
the value 0-0009 found. While k, for 0-01N-sodium hydroxide 
increases from 0-0015 in non-saline solutions to 0-0043 in 1N-sodium 
chloride, k_, increases only from 0-00065 to 0-00090. In the dilute 
solutions, therefore, k_, may be considered constant. 

As mentioned above, the slope of the salt-effect curve for k, was 
approximately 1, but since the constant A in the Debye—Hiickel 
formula has the value 0-5, the theoretical value for the slope should 
be 4A = 2. Whether this difference is due to the rather complicated 
form of the charged molecule or to the relatively very high concen- 
trations, cannot be ascertained. It is very difficult to work with 
solutions more dilute than about 0-005N in sodium hydroxide, 
partly because of the difficulty of maintaining a well-defined constant 
hydroxyl-ion concentration and partly because hydrolysis of the 
phenolphthalein anions becomes considerable. 

It was thought worth while to examine the analogous dimethyl- 
anilinephenolphthalein, which fades according to the equation 


Ph a MeO ROH) Ce 
C,H O +OH’—> CH (42) 
"od? OO PTT lousy 3 OO! 

(Coloured.) (Colourless.) 


under similar conditions. In alkaline solution this compound has its 
absorption maximum in the yellow region about 580 uy, and it fades 
in an excess of alkali considerably faster than does phenolphthalein, 
while the opposite reaction is slower. The equilibrium concentration 
of the coloured ion C,,H,,0,N’ in an excess of alkali, therefore, is 
much smaller than in the case of phenolphthalein under the same 
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conditions. Whereas, for phenolphthalein the equilibrium colour in® 


0-01N-sodium hydroxide is about one half of the original, in a solution 
of the dimethylaniline derivative it is only about one-tenth. It was 
impossible to obtain a good experimental value of k_,, so only 
(k, -+ k_,) was determined and used for an approximate evaluation 
of the salt effect. If log (k, + k_,) is plotted against Vu, a straight 
line can be drawn with the slope 0-53 or approximately one-half of 
the foregoing, in accordance with the theory which requires 24, 
i.e., half the value for phenolphthalein (4A). 

A point that remains to be cleared up is the following. In the 
equilibrium, the concentration of the bivalent and the tervalent 
phenolphthalein ions should fulfil the condition Cp,)./Crnyony» = k_1/ky 
OF Cp: /Cria = &_4/(ky + &_ 4). 

Supposing that at the time ¢ = 0 all of the phenolphthalein is 
present as bivalent ions, it should be found universally when the total 
concentration is kept constant that 


E/E, = (ky + k_,)/k_, or Ey = E(k, + h_,)/b_,- ~ (A) 


Experimentally Hy is constant, but when ZH, is multiplied by 
(ky + k_,)/k_, the calculated Hy decreases when the hydroxyl-ion 
concentration decreases. Conversely, if (k, + k_,) is determined 
experimentally and the relation (A) used for determination of k, 
and k_,, the values found for k_, are not independent of the 
hydroxyl-ion concentration (and the ionic strength). 

The assumption of an equilibrium between a quinonoid and a 
lactoid form of the bivalent ion does not account for this behaviour, 
because if this equilibrium does exist it must establish itself in- 
stantaneously, so the extinction remains proportional to the total 
concentration of the bivalent ion. Probably the explanation is to 
be sought in the hydrolysis of the tervalent ion 


on OHNE OHCyHlyC(OH)CyH,O" mi 
*“\coo’ cea nt kids Ae 


in the dilute hydroxyl-ion solutions. This reaction tends to diminish 
the concentration of the coloured form when the hydroxyl-ion con- 
centration decreases. In fact, when phenolphthalin is titrated with 
sodium hydroxide using phenolphthalein as an indicator the solution 
turns red when about 1-5 equivs. of sodium hydroxide are added and 
is very strongly coloured when 2 equivs. are added. 

Still more puzzling, however, is the fact that H), as computed from 
E., and the velocity coefficients at higher hydroxyl-ion concentrations, 
is in no way identical with the HZ, found experimentally but is about 
twice that and of about the same magnitude as the extinction of an 
equimolecular solution of phenolsulphonphthalein in alkali. An- 
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other fact which probably is due to the same cause is that when k, 
is computed from the first readings in a series of fading measure- 
ments, itis much too small. It looks as if the reaction from the first 
moment after the solution is made up is already well advanced 
towards equilibrium. As an explanation, the author suggests that 
the hydroxy] ion is able to open the lactone ring in the un-ionised 
phenolphthalein molecule with a velocity comparable with that 
with which it removes hydrogen ions from the phenol groups : 


OH:-C,H,°C(OH)-C,H,OH 


C,H. (a) 
OH-C,H,-C-C,H,-OH yt 000 
CHo >O0*) +0H 
CO ~ OH-C,H,:C-C,H,0’ 
CoH,< >O (b) 
CO 


and when either (a) or (b) is formed these molecules react in- 
stantaneously with hydroxyl ions, forming the tervalent or bivalent 
ions. The experimentally found FZ, is independent of the hydroxy]- 
ion concentration when this is greater than about 0-001M. If this 
reaction scheme be correct, it corroborates the author’s hypothesis 
(“ Studier i Trifenylmetangruppen,” Diss., Copenhagen, 1926) that 
the lactone ring in phenolphthalein and several similar molecules is 
not of the usual type, but that phenolphthalein has the character 
of an “ inner salt,” or amphoteric ion : 


OH-C,H,-C-C,H,-OH 
GH,CO-O 


This hypothesis will be more thoroughly discussed in a future paper. 


EXPERIMENTAL. 


The spectrophotometer used was a Hilger’s 1926 model, with a 
“ Pointolite ”’ lamp as a light source. The absorption tubes were 
10 cm. long, one containing the solution and the other pure water. 

The water was taken directly from the laboratory still, boiled for 
$ hour, and stored in a Pyrex flask provided with soda-lime pro- 
tection. 

The stock 0-2N-sodium hydroxide solution was made from metallic 
sodium. The sodium chloride was Kahlbaum’s “ Zur Analyse,” and 
the stock solution was tested for neutral reaction. 

Phenolphthalein was recrystallised from methyl alcohol, and a 
stock solution of 0-001 mol. in 1000 c.c. of 0-0025M-sodium hydroxide 
was used. Usually 1 or 2 c.c. were taken and diluted to 100 or 
200 c.c. In the experiments with increasing colour intensity, the 
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phenolphthalein was mixed with 0-2N-sodium hydroxide and diluted 
after at least one hour. 

During the measurements, the main portions of the solutions were 
kept in a thermostat at 18°, the volumes necessary to fill the absorp- 
tion tubes being withdrawn at suitable intervals. The temperature 
in the dark room was kept between 17° and 19° and the readings for 
each filling of the absorption tube did not occupy more than 10—15 
minutes ; under these conditions they showed no evidence of temper- 
ature variation. 

The accuracy of the individual reading varies somewhat with the 
magnitude of the extinction, being best between H = 1 and H = 2. 
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Readings of a constant absorption only varied by 0-02—0-03, or by 
less when the eye was well adapted to darkness and not tired. 

The values of the velocity coefficients were always determined 
graphically by plotting log EH against time in minutes, They are 
probably correct within about 2%. The agreement between the 
values obtained when both directions of the reaction in the same 
medium were measured confirms this. Tables Ia and Ib record the 
experimental details of such a double experiment, and Fig..1 gives 
the corresponding graphs: Curve I represents the values of ¢ and 
log (Z,, — £) in Table Ib, and Curve II relates to 0-5 + log (ZH — E,,) 
in Table Ia. 

Tables II and III show the constants used for the evaluation of 
k_, and the salt effect, and Fig. 2, Curve I, represents the 
Vu-logk, plot. Table IV contains the coefficients (k, + k_,) 
obtained in 1N-sodium chloride, and Table V the values of the same 
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ated coefficient found at » = 0-0232. In Table VI the experiments with 
dimethylanilinephenolphthalein are recorded, and the corresponding 
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0-1 0-2 0-3 0-4 
Ve 
TABLE Ia. 
0-01N-NaOH, 0-7 x 10°M-Phenolphthalein, Temp. 18°. 


Log Log Log 
t. E. (E—E,,). t. E. (E—E£,,). tt. E. (H—E£,,). 
1-973 46 2-15 1-857 154 1-85 1-623 
1-964 48 2-14 1-851 155-185 1-623 


I I 


ISRO 
tots 
eo Geo 
a-l 

ieiianinindeniies 


2-32 1-949 63 2-10 1-826 184 1-79 1-556 
2-32 1-949 65 2-09 1-819 185 1-79 1-556 
230-225 1-914 2 2-03 1-771 211 «1-74 1-491 
b 27 9-224 1-903 93 «2-01 1-763 269 1-67 1-380 
haa 30 2-21 1-892 94 2-01 1-763 273 1-66 1-361 
31 2-21 1-892 151 1-86 1-633 328 1-61 1-255 
ned 33 = - 2-20 1-886 152 1-86 1-633 o 144 — 
iad 45 2-16 1-863 
the TABLE Ib. 
— 0-01N-NaOH, 2 x 10°M-Phenolphthalein, Temp. 18°. 
Log Log Log 
the « S dam « 2: @Q-wie eee 
ives 0 0-43 0-540 25 0-84 0-486 531-26 0-422 
and 1 0-46 0-537 33 0-97 0-467 104 1-85 0-312 
E.) 2 0-46 0-537 34 0-98 0-465 105 1-85 0-312 
o 6 0-54 0-526 37 ~=—-1-02 0-459 116 1-95 0-290 
10-5 0-61 0-517 39 —s«1-06 0-453 1171-96 0-288 
1 of 12 0-65 0-512 42 1-ll 0-446 138 2-15 0-243 
| 13 0-66 0-510 45 1-14 0-441 140 2-16 0-241 
the 165 0-72 0-502 47 1-17 0-436 144 2-19 0-233 
9) 19 0-75 0-498 51 =: 11-28 0-427 241 «2-85 0-021 
ye. 20 0-77 0-495 62 =1-24 0-425 o 3-90 ho 


me 230-81 0-490 
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Table VIF contains some equilibrium extinctions and the calculated 
Ey in solutions with constant ionic strength and in pure sodium 
hydroxide solution. 

TABLE II. 


CME Seisnvsveccescunet 0-005 0-00667 0-01 0-02 
a PF Bn 4 cjvoseseccscess 0-00137 0-00161 0-00218 0-00384 


TABLE III. 
0-01N-NaOH + NaCl; k_, = 0-00065. 


Onaci- ky + ky. ky. 3 + log k,. Vp. 
0-00 0-00218 0-:00153 0-185 0-1 
0-02 0-00244 0-00179 0-253 0-173 
0-05 0-00270 0-00205 0-312 0-245 
0-08 0-00309 0-00244 0-387 0-30 
0-1125 0-00337 0-00272 0-435 0-35 
0-15 0-00354 0-00289 0-461 0-40 
TABLE IV. 


k, + k_, in 1N-sodium chloride; &_,, calc. = 0-00090; 
ky, cale. = 0-436 « Cynon. 


Cnraon enedesnavevencone 0-005 0-01 0-015 0-02 

a Bare des scecscnesetd 0-00310 0-00521 0-00750 0-00965 

k, + k_,, cale. ...... 0-:00308 0-00526 0:00744 0-00962 
TABLE V. 


k, + k-, in solution, p = 0-0232; k_,, calc. = 0-00057; 
k,, cale. = 0-176 x Creou- 


EER, NTE POR 0-0116 0-0178 0-0232 

SS SR RSENS" 5 0-00265 0-00362 0-00474 

oe 2 ee SERRE ee 0-00261 0-00363 0-00475 
TABLE VI. 


Dimethylanilinephenolphthalein, 0-00004M ; 0-01N-sodium 
hydroxide + sodium chloride. Temp. 18°. 


Cyc. k= =3+logk. Vy. Crucis k 3+logk Vy. 
0-0071 0-851 0-10 0-05 0-0084 0-924 0-245 
0-:0076 0-881 0-173 0-08 0-0091 0-959 0-30 

TaB.eE VII. 

Cxaon- Cyaci- (ky + k_,). 10°. E.,. E, (calc.). 
0-0058 0-0290 171 1-96 5-15 
0-0116 0-0232 277 1-36 5-80 
0-0178 0-0174 383 1-07 6-30 
0-0232 0-0116 489 0-87 6-55 
0-0290 0-0058 595 0-72 6-58 
0-0348 -0000 701 0-61 6-58 
0-02 _— 384 1-10 6-50 
0-01 — 218 1-75 5-87 
0-004 — 127 2-52 5-16 
0-002 — 96 2-90 4:3 


E, experimentally = 3-3, 
THE UNIVERSITY, COPENHAGEN. [Received, May 19th, 1930.] 
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CCXL.—The Scission of Diaryl Ethers and Related 
Compounds by Means of Piperidine. Part V. 
The Nitration of Methyl-, Dimethyl-, and Poly- 
halogeno-derivatives of Diphenyl Ether. 


By (Miss) Dorotay Lin1an Fox and Eustace EBENEZER TURNER. 


In Part IV of this series (this vol., p. 1115) a number of observ- 
ations were recorded which did not conform with previous results, 
and indicated lines on which further investigation was desirable. 
For example, it was shown that nitration of certain 4-chloro-4’- 
bromodiphenyl ethers was accompanied by elimination of halogen, 
and it was therefore important to discover whether 2-halogenated 
ethers would behave similarly. 2-Chloro-2'-bromodiphenyl ether 
has been prepared, and found to undergo dinitration in the 4: 4’- 
positions without any marked tendency to suffer halogen elimin- 
ation. Only when the nitrating conditions are drastic does this 
elimination become appreciable. This result falls into line with the 
general tendency, in diphenyl ethers, towards 4-nitration as against 
2-nitration. It should also be pointed out that the introduction 
of a nitro-group into the ether molecule is not readily accomplished 
if either two nitro-groups or one nitro-group and a halogen atom 
are already present in the 2- and 4-positions in each benzene nucleus, 
although, as shown later, the presence of methyl groups favours the 
introduction of more than one nitro-group. 

In view of the fact that 2: 4-dichloro- and 2 : 4-dibromo-2' : 4’- 
dinitrodiphenyl ethers readily undergo nitration in the 5-position 
(Groves, Turner, and Sharp, J., 1929, 512; Henley and Turner, 
this vol., p. 928), we have now nitrated 2-chloro-4-bromo-2’ : 4’-di- 
nitrodiphenyl ether, in order to see if the presence of two dissimilar 
halogen atoms would cause anomalous nitration. The nitration 
produced only one substance, 2-chloro-4-bromo-5 : 2’ : 4'-trinitrodi- 
phenyl ether, which readily underwent scission by piperidine to give 
2:4-dinitrophenylpiperidine and  2-chloro-4-bromo-5-nitrophenol. 
This phenol was also produced by the action of piperidine on 
2-chloro-4-bromo-5-nitrophenyl o-nitro-p-toluenesulphenate, which was 
the sole product of nitrating 2-chloro-4-bromophenyl p-toluene- 
sulphonate. When, by the normal series of reactions, the two 
nitro-groups in the dinitro-p-toluenesulphonate were replaced by 


. chlorine atoms, and the ester was hydrolysed, there resulted 2 : 5- 


dichloro-4-bromophenol, identical with the product obtained from 
2 : 5-dichloro-4-bromoaniline by the diazo-method. This base was 
obtained by reducing 1 : 4-dichloro-2-bromo-5-nitrobenzene, which 
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was in turn prepared by nitrating 2 : 5-dichlorobromobenzene. 
This series of reactions establishes the constitution of the above 
chlorobromotrinitro-ether. 

The nitration of more highly halogenated diphenyl ethers was 
also found to proceed without elimination of halogen. 2 : 4 : 6-T'ri- 
chloro-, 2:4: 6-tribromo-, and 4-chloro-2 : 6-dibromo-2’ : 4'-dinitro- 
diphenyl ether are almost quantitatively nitrated in the 3-position. 
The trinitro-compounds so formed undergo facile scission with 
piperidine in the usual manner. They show no tendency to 
undergo further nitration. 

2 : 4-Dichloro-6-bromo-2’ : 4’-dinitrodiphenyl ether is mononitrated 
to give a mixture of the 3- and 5-derivatives. This mixture was 
at first regarded as a single substance, since recrystallisation did 
not affectitsm.p. Similarly, 2 : 4-dichloro-6-bromophenyl p-toluene- 
sulphonate was nitrated to give what was apparently a single sub- 
stance. The essential proof that both products were mixtures is 
as follows: Both nitro-compounds gave as one of the products of 
piperidine scission a mixture of phenols. One of these phenols was 
2 : 4-dichloro-6-bromo-3-nitrophenol, identical with the product of 
brominating 2: 4-dichloro-3-nitrophenol, whilst the other was 
2 : 4-dichloro-6-bromo-5-nitrophenol, also obtained by brominating 
2 : 4-dichloro-5-nitrophenol. The two products of nitrating 2 : 4-di- 
chloro-6-bromophenyl -toluenesulphonate, viz., 2 : 4-dichloro-6- 
bromo-3- and -5-nitrophenyl o-nitro-p-toluenesulphonates, were pre- 
pared for purposes of comparison from the dichlorobromonitro- 
phenols and o-nitro-p-toluenesulphonyl chloride. A mixture of 
the two synthetic compounds behaved similarly to the nitration 
product in question : 


Br O,N Br NO, 
ck 0-80,¢ Me a ako so Me + 
a Cl 
Br NO, 


ore 


NO O,N Br 
a SoH adits cg oH oo sip pe nem 
NG NO 


Cl Cl O O 


It was shown in Part IV (loc. cit.) that whereas either 4-chloro- . 
2-nitro-4’-methyldiphenyl ether or its 2’-nitro-analogue could be 
converted into 4-chloro-2 : 2’-dinitro-4'-methyldiphenyl ether by 
mild nitration, more drastic conditions of nitration produced 
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4-chloro-2 : 6-dinitrophenol. We have been unable to effect the 
mononitration of 4-bromo-2'-nitro-4'-methyldiphenyl ether, whilst 
vigorous nitration conditions caused scission, 4-bromo-2 : 6-di- 
nitrophenol being formed. The mononitration of 4-bromo-2-nitro- 
4’'-methyldiphenyl ether can only be accomplished at the expense of 
leaving half the original material unchanged, but when the ether is 
treated with an excess of cold, fuming nitric acid, the main product, 
4-bromo-2 : 6-dinitrophenol, is accompanied by a small quantity of 
4-bromo-2 : 2’ : 3'-trinitro-4'-methyldiphenyl ether. The constitution 
of this substance follows from its scission by piperidine into 4-bromo- 
2-nitrophenylpiperidine and 2 : 3-dinitro-p-cresol, and it is important 
to note that, as would be expected, nitration occurs in the nucleus 
containing the methyl radical, and not in that attached to bromine, 
and that the nitro-group enters the ortho and not the para position 
with respect to the nitro-group originally present : 


Meg >—-0—K Br —> eT > 
NO, ‘ 
0,N No, ay 


These differences in behaviour between the 4-chloro- and 4-bromo- 
nitrophenyl tolyl ethers are, however, less remarkable than a further 
observation we have made: Thus, whilst 4-chloro-2-nitro-4’- 
methyldiphenyl ether is converted by concentrated sulphuric acid 
into 2-nitro-4’-methyldiphenyl ether 4-sulphonic acid, the corre- 
sponding 4-bromo-ether is unaffected by the hot, concentrated 
acid, and yet, whereas 4-chloro-2’-nitro-4’-methyldiphenyl] ether 
does not react with sulphuric acid, the analogous 4-bromo-ether 
readily loses bromine and 2’-nitro-4’-methyldiphenyl ether 4-sulphonic 
is formed : 


we D0 me mY -0-< 80 
NO, NO, 


Elimination of a halogen atom is therefore in the one caseassociated 
with the presence of a meta nitro-group and in the other with the 
absence thereof, so no inference as to the cause of such eliminations 
is at present possible. 

The results of our experiments on the nitration of 4-bromo-2- 
nitro-4’-methyldiphenyl ether suggested that 2 : 4-dinitro-4'-methyl- 
diphenyl ether might be mononitrated in position 2’, and dinitrated 
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in positions 2’ and 3’. This has been shown to occur, both mono- 
and di-nitration taking place without difficulty : 


a at 
Me< —. or a , O NO, — 
cK >-0-~< NO, —> MeK >—-0-< NO, —> 


BK «pork 
0,N No, ‘ 


It should be pointed out that nitration of p-tolyl carbonate and 
subsequent hydrolysis gives 2-nitro-p-cresol (D.R.-P. 206,638), 
whilst nitration of 2-nitro-p-cresol produces both 2: 3- and 2: 5- 
dinitro-p-cresol (Dadswell and Kenner, J., 1927, 580). 

Further, since 2: 4-dichloro-, 2:4-dibromo-, and 2-chloro-4- 
bromo-2’ ; 4'-dinitrodiphenyl ether are nitrated in position 5, it 
seemed probable that 2: 4-dinitro-2' : 4’-dimethyldiphenyl ether 
would, when mononitrated, give 2 : 4 : 5’-trinitro-2' : 4’-dimethyldi- 
phenyl ether, just as m-4-xylyl succinate is nitrated in position 6 
(Bischoff and von Hedenstrém, Ber., 1902, 35, 4080), but that 
whilst the presence 6f two halogen atoms would inhibit further 
nitration, the presence of two methyl radicals would make it 
possible, in which case the second nitro-group would enter position 
3’. This anticipation was realised : 


Di NO, 
ga a i nee MeK >—0- NO, add 
e NO, Me NO, 
NO, 
McK >—-O—K NO, 
0,N Me NO, 


The constitution of the trinitro-ether was established by the method 
of piperidine scission, which gave the known 6-nitro-m-4-xylenol, 
and 2 : 4-dinitrophenylpiperidine. Piperidine scission of the tetra- 
nitro-ether gave dinitrophenylpiperidine and an unknown dinitro- 
m-xylenol, which must, however, have been either 2: 6- or 5: 6- 
dinitro-m-4-xylenol. Nitration of 6-nitro-m-4-xylenol would be 
expected to give 5 : 6-dinitro-m-4-xylenol, because here the hydroxyl 
group would have the most powerful controlling influence. This 
has been established as follows: The p-toluenesulphonyl derivative 
of 5-nitro-m-4-xylenol would be expected to undergo nitration in 
position 6, as well as in the tolyl group, since the 5-nitro-group is 
more strongly ortho- than para-directing. The nitration product 
was converted by piperidine into a phenol which must have been 
either 5: 6- or 2: 5-dinitro-m-4-xylenol, but which, since it was 
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identical with the product of nitrating 6-nitro-m-4-xylenol (above), 
was the 5:6-compound. It therefore follows that the dinitro- 
xylenol formed in the piperidine scission of the tetranitrodimethyl- 
diphenyl ether is 2 : 6-dinitro-m-4-xylenol, and that the tetranitro- 
ether ar as the formula already assigned to it : 


O,N NO, ON NO, 


sod Sou be Mog Dou ‘on mec > SO an 
Me 
0, 
anc S080K >a 
e 


4-Chloro-2-nilro-2' : 4'-dimethyldiphenyl ether was found to undergo 
nitration in a similar manner to that observed with the dinitro- 
dimethyl ether : 


NO, 
a Dil a o-< “ea uy 
Me NO, NO 
woo Oa 


O,N Me 


The corresponding bromo-derivative underwent 5 aadaiodbesliba 
but before a second nitro-group was introduced, elimination of 
bromine occurred, and there resulted a mixture of 2 : 4 : 5’-trinitro- 
and 2:4: 3’: 5’-tetranitro-2’ : 4'-dimethyldiphenyl ether : 


NO, 
Meg >—-0O-< Br —> Me’ S—0 A a 
Me NO, Me 


NO, 


Mer ss oe 


EXPERIMENTAL, 

2-Chloro-2'-bromodiphenyl Ether —2-Chloro-2'-nitrodipheny] ether 
was reduced with iron filings and dilute alcoholic hydrochloric acid, 
and the resulting crude base was submitted to the Sandmeyer 
reaction. The chlorobromo-ether so obtained was a pale yellow 
liquid, b. p. 195—196°/10 mm. or 225—226°/36 mm. (0-1394 G. 
gave 0-1614 g. AgCl + AgBr. C,,H,OCIBr requires AgCl 4+ AgBr, 
01630 g.). 
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2-Chloro-2'-bromo-4 : 4’-dinitrodiphenyl Ether—(1) 2-Chloro-2’- 
bromodiphenyl ether was added to a mixture of 5 parts of glacial 
acetic acid and 5 parts of nitric acid (d 1-5). On pouring the 
solution into water, an oil was obtained, and this, when dissolved 
in excess of nitric acid, gave the dinitro-compound, which crystallised 
from glacial acetic acid in almost colourless prisms, m. p. 150—151° 
(0-1490 G. gave 0-1312 g. AgCl + AgBr. C,,H,O;N,CIBr requires 
AgCl + AgBr, 0-1322 g.). 

(II) The chlorobromo-ether was heated in nitric acid (d 1-5) 
solution (10 parts) for an hour at 100°. Some hydrogen halide was 
evolved, but the only product isolated from the solution was the 
above dinitro-derivative in a slightly impure condition. 

2-Chloro-4-bromophenol.—This substance, m. p. 45°, was obtained 
by Kohn and Sussmann (Monatsh., 1927, 48, 193) by reductive 
elimination of bromine from 2-chloro-4 : 6-dibromophenol. It was 
more conveniently prepared as follows: Chlorine was passed into 
a solution of p-bromophenol in glacial acetic acid until the calculated 
increase in weight took place. The solution was diluted with 
water, and the precipitate dried in a vacuum; it formed wads of 
white needles, m. p. 50—51° (Found: Total halogen, 56-5. Cale. : 
556%). 

2-Chloro-4-bromophenyl p-toluenesulphonate crystallised from dilute 
alcohol in leaflets, m. p. 114—115° (0-0898 G. gave 0-0828 g. AgCl ++ 
AgBr. C,,;H,,0,CIBrS requires AgCl -++ AgBr, 0-0823 g.). 

2-Chloro-4-bromo-5-nitrophenyl o-Nitro-p-toluenesulphonate.-—The 
chlorobromo-ester was added to 15 parts of nitric acid (d 1-5). 
After 20 mins. the solution was poured into water. The pre- 
cipitated solid crystallised from diluted acetic acid in pale yellow 
leaflets, m. p. 107—108° (0-1254 G. gave 0-0940 g. AgCl + AgBr. 
C,,;H,O,N,CIBrS requires AgCl + AgBr, 0-0986 g.). This dinitro- 
compound was heated for an hour at 10° with excess of piperidine. 
From the resulting solution there was obtained 2-chloro-4-bromo-5- 
nitrophenol, m. p. 83°. 

2 : 5-Dichloro-4-bromophenol.—(a) The preceding dinitro-compound 
was reduced at 100° with stannous chloride and glacial acetic and 
hydrochloric acids. The solution obtained was treated with excess 
of alkali, and then extracted with ether. The crude diamino- 
compound obtained by evaporation of the ether was diazotised in 
concentrated sulphuric acid, and the solution poured on ice. The 
absence of any precipitate showed that no nitro-compound had 
escaped reduction. The solution was added to cuprous chloride in 
hydrochloric acid, and the whole distilled in steam. The white 
solid obtained crystallised from light petroleum (b. p. 80—100°) 
in needles, m. p. 71—72°. 
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(6) 2: 5-Dichloronitrobenzene was reduced by iron filings, 70% 
alcohol, and a little hydrochloric acid. The crude 2 : 5-dichloro- 
aniline, obtained in almost theoretical yield, was diazotised in con- 
centrated sulphuric acid solution, using a solution of sodium nitrite 
in the same acid. The diazo-solution was poured on ice, a little 
solid removed by filtration, and the clear solution added to cuprous 
bromide—hydrobromic acid. The 2 : 5-dichlorobromobenzene formed 
was extracted with carbon tetrachloride, and distilled under 
reduced pressure. After crystallisation from alcohol, it melted at 
35°, the m. p. given by Noelting and Kopp (Ber., 1905, 38, 3509) 
(0-1002 G. gave 0-2116 g. AgCl-+ AgBr. Calc.: AgCl-+ AgBr, 
0-2106 g.). 

The dichlorobromobenzene was added to 10 parts of nitric acid 
(d 1-5), the solution warmed to 50°, and water added until crystallis- 
ation began. Excess of water was gradually added, the precipitated 
nitro-derivative filtered off, and crystallised twice from alcohol. 
The 1 : 4-dichloro-2-bromo-5-nitrobenzene so obtained formed pale 
yellow leaflets, m. p. 57—58° (0-1016 G. gave 0-1768 g. AgCl + AgBr. 
C,H,O,NCI,Br requires AgCl + AgBr, 0-1780 g.). 

Reduction of this nitro-compound by the iron-alcohol-acid 
method gave 2 : 5-dichloro-4-bromoaniline, which crystallised from 
dilute alcohol in long colourless needles, m. p. 91—92° (0-0788 G. 
gave 0-1552 g. AgCl + AgBr. C,H,NCI,Br requires AgCl +- AgBr, 
0-1553 g.). 

The dichlorobromoaniline was converted into 2 : 5-dichloro-4- 
bromophenol by applying the procedure of Noelting and Kopp 
(loc. cit.) for the preparation of 2: 5-dichlorophenol. The decom- 
posed diazo-solution was, however, at once steam-distilled, and the 
phenol so obtained dried, and crystallised from light petroleum 
(b. p. 80—100°). It melted at 71—72°, alone, or when mixed 
with the product from (a) above (0-0766 G. gave 0-1498 g. AgCl + 
AgBr. C,H,OCI,Br requires AgCl -++ AgBr, 0-1504 g.). 

2-Chloro-4-bromo-2’ : 4'-dinitrodiphenyl ether was obtained in 
95° yield from 2-chloro-4-bromophenol and chlorodinitrobenzene. 
It crystallised from a mixture of glacial acetic acid and alcohol in 
pale yellow leaflets, m. p. 122—123° (0-2172 G. gave 0-1926 g. 
AgCl + AgBr. C,,H,O;N,ClBr requires AgCl + AgBr, 0-1928 g.). 

2-Chloro-4-bromo-5 : 2’ : 4'-trinitrodiphenyl Ether—A solution of 
the last-named ether in 15 parts of nitric acid (d 1-5) was heated at 
100° for 4 hour, cooled, and a little water added. After a few 
minutes, crystallisation set it, and then water was slowly added 
until complete precipitation occurred. The solid, after being dried 
at 100°, had m. p. 127—129°. It crystallised from a mixture of 
glacial acetic acid and alcohol in yellow needles, m. p. 1382—-133° 
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(0-1268 G. gave 0-1018 g. AgCl + AgBr. C,,H,O,N,CIBr requires 
AgCl + AgBr, 0-1005 g.). 

Piperidine scission of the ether gave 2 : 4-dinitrophenylpiperidine, 
m. p. 93—94°, and 2-chloro-4-bromo-5-nitrophenol, which crystallised 
from light petroleum (b. p. 80—100°) in needles, m. p. 83° (0-1228 G. 
gave 0-1592 g. AgCl-+ AgBr. C,H,O,NCIBr requires AgCl + 
AgBr, 0-1612 g.). The phenol did not depress the m. p. of the 
compound obtained by piperidine scission of the dinitro-sulphonyl 
compound described above. 

Bromination of 2: 5-Dichlorophenol.—A solution of the phenol 
(1 mol.) and sodium acetate (1 mol.) in glacial acetic acid was 
treated with 1 mol. of bromine, and heated at 100° for a few minutes. 
Dilution precipitated 2 : 5-dichloro-4 : 6-dibromophenol, which crys- 
tallised from glacial acetic acid in colourless needles, m. p. 99—100° 
(0-0806 G. gave 0-1734 g. AgCl + AgBr. C,H,OCI,Br, requires 
AgCl + AgBr, 0-1665 g.). From the mother-liquor was obtained 
a small quantity of 2: 5-dichloro-4-bromophenol, m. p. 65°, not 
depressing the m. p. of the substance described above. 

2+: 4 : 6-T'richloro-2' : 4'-dinitrodiphenyl ether, from trichlorophenol 
and chlorodinitrobenzene, crystallised from alcohol in small pale 
yellow prisms, m. p. 121—122° (Found: Cl, 20-1. C,,H;0;N.Cl, 
requires Cl, 29-3%). 

2:4: 6-T'richloro-3 : 2’ : 4'-trinitrodiphenyl Ether —The preceding 
compound (5 g.) was dissolved in 10 parts of nitric acid (d 1-5), and 
the solution heated for 4 hour at 100°, and cooled with gradual 
addition of water. Crystals separated and precipitation was com- 
pleted by the addition of excess of water. The filtered and dried 
product (5-1 g.) had m. p. 143—144°. After crystallisation from a 
mixture of alcohol and glacial acetic acid, it formed small pale 
yellow prisms, m. p. 143—144°. A portion was dissolved in 20 parts 
of nitric acid (d 1-5) and the solution heated for } hour at 100°. 
Precipitation with water, followed by crystallisation gave a product, 
m. p. 144—145° (Found: Cl, 26-9. C,.H,O,N,Cl, requires Cl, 
26-1%). 

The trinitro-compound readily underwent scission with piperidine 
at 100° to give 2 : 4-dinitrophenylpiperidine and 2 : 4 : 6-trichloro- 
3-nitrophenol, which, after being crystallised from light petroleum 
(b. p. 80—100°), had m. p. 71—72°. 

2:4: 6-Tribromo-2' : 4'-dinitrodiphenyl ether, prepared from 
2:4:6-tribromophenol and 1-chloro-2 : 4-dinitrobenzene, crystal- 
lised from diluted acetic acid. It melted at 131—132°. Raiford 
and Colbert (J. Amer. Chem. Soc., 1926, 48, 2652), who prepared it 
by a different method, gaye m. p. 130-5° (Found: Br, 48-4. 
Calc. : Br, 48-3%). 
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2:4:6-Tribromo-3 : 2’ : 4'-trinitrodiphenyl Ether—A solution of 
the last-named ether (3 g.) in 15 parts of nitric acid (d 1-5) was 
heated at 100° for 4 hour. Water was added until crystallisation 

began, and then slowly in excess. The dried precipitate (3-2 g.) 
had m. p. 175—177°, and after crystallisation from a mixture of 
glacial acetic acid and alcohol formed pale yellow prisms, m. p. 
177—178° (Found: Br, 44-1. C,,H,O,N,Br, requires Br, 44-39%). 
Scission of the ether with piperidine at 100° proceeded rapidly. It 
gave 2 : 4-dinitrophenylpiperidine, m. p. 92—93°, and 2: 4: 6-tri- 
bromo-3-nitrophenol, m. p. 89—90°, alone, or when mixed with a 
specimen obtained previously (Henley and Turner, this vol., p. 928). 

4-Chloro-2 : 6-dibromophenol._—A_ solution of p-chlorophenol in 
glacial acetic acid was gradually treated with 2 mols. of bromine. 
The product was shaken with water, and the solid dissolved in 
alkali. Acidification gave the chlorodibromophenol, which separated 
from alcohol in needles, m. p. 89°; it was readily purified by sub- 
limation (0-1888 G. gave 0-3422 g. AgCl+ AgBr. C,H,OCIBr, 
requires AgCl + AgBr, 0-3423 g.). 

4-Chloro-2 : 6-dibromophenyl p-toluenesulphonate crystallises from 
dilute alcohol in leaflets, m. p. 107—108° (0-0860 G. gave 0-1012 g. 
AgCl 4+- AgBr. C,,;H,O,CIBr,S requires AgCl + AgBr, 0-1014 g.). 

4-Chloro-2 : 6-dibromo-2’ : 4'-dinitrodiphenyl ether, prepared from 
4-chloro-2 : 6-dibromophenol and chlorodinitrobenzene, crystallised 
from alcohol in pale yellow leaflets, m. p. 145—146° (0-2782 G. gave 
0:3230 g. AgCl + AgBr. C,,H,0;N,CIBr, requires AgCl + AgBr, 
0-3194 g.). 

4-Chloro-2 : 6-dibromo-3 : 2’ : 4'-trinitrodiphenyl ether was obtained 
by heating a solution of the last-named ether (5 g.) in 10 parts of 
nitric acid (d 1-5) for 4 hour, and then precipitating it with water. 
The dried product (4-9 g.) melted at 157—159°, and crystallised 
from a mixture of alcohol and glacial acetic acid in clusters of pale 
yellow prisms, m. p. 158-5—159-5° (0-0984 G. gave 0-1040 g. AgCl + 
AgBr. C,,H,0,N,CIBr, requires AgCl + AgBr, 0-1028 g.). Scis- 
sion with piperidine at 100° gave 2 : 4-dinitrophenylpiperidine and 
4-chloro-2 : 6-dibromo-3-nitrophenol, which crystallised from light 
petroleum (b. p. 80—100°) in needles, m. p. 81—82° (0-0826 G. gave 
0-1302 g. AgCl +4 AgBr. C,H,O,NCIBr, requires AgCl + AgBr, 
0-1295 g.). 

2 : 4-Dichloro-6-bromophenol.—This substance was first prepared 
by Garzino (Gazzetta, 1887, 17, 495) by brominating 2 : 4-dichloro- 
phenol. We have found the following method to give excellent 
results: A solution of 16-5 c.c. of bromine in 90 c.c. of glacial 
acetic acid was added fairly rapidly to a stirred solution of 50 g. 
of 2: 4-dichlorophenol in a mixture of 500 c.c. each of water and 
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glacial acetic acid. When addition was complete the solution 
quickly became a pasty mass. Excess of water was added, the 
precipitate filtered, and shaken with 500 c.c. of boiling water. On 
cooling, almost pure 2 : 4-dichloro-6-bromophenol was obtained. 
After crystallisation from light petroleum (b. p. 60—80°), it had 
m. p. 68—69°. 

In order to confirm the constitution of this phenol, it was also 
prepared as follows: Chlorine was passed into a solution of 
35 g. of o-bromophenol in 200 c.c. of glacial acetic acid until an 
increase of 28 g. was obtained. The solution was freed from acetic 
acid by distillation, and the residue distilled under reduced pressure. 
The 2: 4-dichloro-6-bromophenol boiled at 192°/12 mm., 198°/15 
mm., or 204°/19 mm. After crystallisation from light petroleum 
it was identical with the product from dichlorophenol. 

2 : 4-Dichloro-6-bromo-3-nitrophenol was obtained by brominating 
2 : 4-dichloro-3-nitrophenol in glacial acetic acid in presence of 
sodium acetate; it crystallised from light petroleum (b. p. 80—100°) 
in pale yellow needles, m. p. 78—79° (0-1236 G. gave 0-2044 g. 
AgCl + AgBr. C,H,O,NCI,Br requires AgCl + AgBr, 0-2046 g.). 

2 : 4-Dichloro-6-bromo-5-nitrophenol—Similar bromination of 
2: 4-dichloro-5-nitrophenol gave the 6-bromo-derivative which 
separated from light petroleum (b. p. 80—100°) in aggregates of 
colourless prisms, m. p. 92—93° (0-1256 G. gave 0-2092 g. AgCl + 
AgBr. C,H,O,NCI,Br requires AgCl -+- AgBr, 0-2078 g.). 

2 : 4-Dichloro-6-bromo-2’ : 4'-dinitrodiphenyl ether, prepared from 
2 : 4-dichloro-6-bromophenol and: chlorodinitrobenzene, crystallised 
from alcohol in pale yellow leaflets, m. p. 140—141° (0-2414 G. gave 
0-2826 g. AgCl-+ AgBr. C,,H,;0,;N,Cl,Br requires AgCl -+ AgBr, 
0-2810 g.). 

Nitration of 2 : 4-Dichloro-6-bromo-2’ : 4'-dinitrodiphenyl Ether.— 
A solution of the ether in 10 parts of nitric acid was heated for 
4 hour at 100°. After cooling, water was added and the crude 
product (A) was collected. When dry it had m. p. 145—147°, 
and crystallised from a mixture of alcohol and glacial acetic acid in 
clusters of pale yellow prisms, m. p. 149—149-5° (0-1110 G. gave 
0-1198 g. AgCl-++- AgBr. Calc. for mononitration: AgCl + AgBr, 
0-1164 g.). 

The mixture so obtained was heated with piperidine, and the 
alkaline solution of the phenols formed was rendered just neutral 
with hydrochloric acid. The precipitate was crystallised from light 
petroleum and then had m. p. 92—93°, alone or when mixed with 
a@ specimen of 2: 4-dichloro-6-bromo-5-nitrophenol. Excess of 
hydrochloric acid was added to the solution from which this phenol 
had been precipitated, and the whole was extracted with ether. 
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The extract yielded a second phenol, m. p. 76—77°, which did not 
depress the m. p. of 2 : 4-dichloro-6-bromo-3-nitrophenol. 

2 : 4-Dichloro-6-bromophenyl p-toluenesulphonate, prepared in the 
usual manner, crystallised from light petroleum in colourless 
rhombohedra, m. p. 82—83° (0-0844 G. gave 0-1010 g. AgCl ++ AgBr. 
C,3H,O,Cl,BrS requires AgCl + AgBr, 0-1012 g.). 

Nitration of 2 :4-Dichloro-6-bromophenyl p-Toluenesulphonate.— 
The ester was dissolved in 10 parts of nitric acid (d 1-5). After 
20 minutes water was added until crystallisation began, whereupon 
excess of water was added. The crude nitro-derivative (B) crystal- 
lised from glacial acetic acid in pale yellow rhombohedra, m. p. 122— 
125° (0-1148 G. gave 0-1124 g. AgC] + AgBr. Calc. for mono- 
nitration: AgCl + AgBr, 0-1122 g.). 

Piperidine scission of the mixture so obtained gave 1-o-nitro- 
p-toluenesulphonylpiperidine, m. p. 112°, and a mixture of phenol 
which melted at 72—73°. A mixture of 2 : 4-dichloro-6-bromo-3- 
nitro- and 2 : 4-dichloro-6-bromo-5-nitro-phenol closely resembled 
this product, from which, by the method of partial precipitation 
from alkaline solution, a pure sample of 2 : 4-dichloro-6-bromo-5- 
nitrophenol was isolated, m. p. 92—93°. 

2:3: 4-T'richloro-6-bromophenol.—This phenol, required at one 
stage of the investigation, was obtained by adding bromine water 
to a solution of 2:3: 4-trichlorophenol until a colour persisted. 
Addition of water precipitated the bromo-derivative, which was 
dried in a vacuum, and then crystallised from light petroleum. It 
formed irregular rectangular plates, m. p. 84—85° (0-0858 G. gave 
0:1914 g. AgCl+ AgBr. C,H,OCI,Br requires AgCl + AgBr, 
0-1920 g.). 

2:4: 5-Trichloro-6-bromophenol was similarly obtained from 
2:4: 5-trichlorophenol, and formed a microcrystalline powder, 
m. p. 81—82° (0-0834 G. gave 0-1872 g. AgCl + AgBr. C,H,OCI,Br 
requires AgCl + AgBr, 0-1866 g.). 

o-Nitro-p-toluenesulphonyl Chloride——Reverdin and Crépieux 
(Bull. Soc. chim., 1901, 25, 1040) obtained this compound by 
nitrating p-toluenesulphony] chloride with mixed nitric and sulphuric 
acids. We have found it more convenient to add the chloride to 
15 parts of nitric acid (d 1-5), with subsequent precipitation on ice. 

2 : 4- Dichloro-6-bromo-3-nitrophenyl o-nitro-p-toluenesulphonate, 
from the last-named chioride and the appropriate phenol, crystal- 
lised from glacial acetic acid in almost colourless prisms, m. p. 122— 
122-5° (0-0344 G. gave 0-0332 g. AgCl + AgBr. C,,H,0,N,CI,BrS 
requires AgCl + AgBr, 0-0336 g.). The analogous 2 : 4-dichloro-6- 
bromo-5-nitrophenyl ester separated from glacial acetic acid in 
almost colourless rectangular plates, m. p. 134—135° (0-1196 G. 
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gave 0-1190 g. AgCl + AgBr. C,,H,0,N,CI,BrS requires AgCl ~- 
AgBr, 0-1169 g.). 

4-Bromo-2-nitro-4'-methyldiphenyl ether, prepared from p-cresol 
and 2: 5-dibromonitrobenzene, crystallised from alcohol in pale 
brownish leaflets, m. p. 109-5° (Found: Br, 26-7. C,,;H,gO,NBr 
requires Br, 26-0%). Piperidine scission of the ether occurred with 
some difficulty, and it was necessary to use 50% sulphuric acid to 
extract the 4-bromo-2-nitrophenylpiperidine formed from its mixture 
with unchanged ether. The p-cresol formed was identified as its 
p-toluenesulphony] derivative. 

Nitration of 4-Bromo-2-nitro-4'-methyldiphenyl Ether.—A solution 
of the ether in a mixture of 5 parts of glacial acetic acid and 5 parts 
of nitric acid (d 1-5) was heated for 2 hours at 100°. The solution 
was treated with water, and the precipitate crystallised successively 
from glacial acetic acid and alcohol. The product so obtained was 
an equimolecular compound, or an inseparable mixture, of unchanged 
ether with 4-bromo-2 : 2’-dinitro-4’-methyldiphenyl ether, and 
formed pale yellow plates, m. p. 126—127° (Found: Br, 24-1. An 
equimolecular mixture requires Br, 24-2°%). Piperidine scission of 
the substance proceeded readily, and 3-nitro-p-cresol, m. p. 33°, 
was isolated in addition to 4-bromo-2-nitrophenylpiperidine. 

4-Bromo-2-nitro-4’-methyldipheny] ether was dissolved in 10 parts 
of nitric acid (d 1-5) at 0°. After 10 minutes, the solution was 
poured into water, and the precipitated solid collected. Acidification 
of the filtrate, followed by ether extraction, yielded 4-bromo-2 : 6- 
dinitrophenol, m. p. 75—-76°. The precipitated 4-bromo-2 : 2’ : 3’- 
trinitro-4'-methyldiphenyl ether crystallised from glacial acetic acid 
in pale yellow plates, m. p. 166° (Found: Br, 20-2. C,,H,O,N,Br 
requires Br, 20-1%). This trinitro-ether was submitted to piperidine 
scission. The cooled solution was well shaken witli hydrochloric 
acid and ether, and the ethereal layer extracted with sodium 
hydroxide solution. Evaporation of the ethereal solution gave 
4-bromo-2-nitrophenylpiperidine, whilst acidification of the alkaline 
solution gave 2 : 3-dinitro-p-cresol, m. p. 156—157° (Found: N 
12-0. Cale.: N, 12-1%). 

4-Bromo-2'-nitro-4'-methyldiphenyl ether was obtained from 
p-bromophenol and 4-chloro-3-nitrotoluene. It crystallised from 
alcohol in pale yellow prisms, m. p. 82° (Found: Br, 26-3. 
C,,H,90,NBr requires Br, 26-0%). 

Nitrative Scission of 4-Bromo-2'-nitro-4'-methyldiphenyl Ether — 
The ether was added to 10 parts of nitric acid (d 1-5). After 15 
minutes, it was poured into water. The yellow solid precipitated 
was 4-bromo-2 : 6-dinitrophenol. 

Action of Sulphuric Acid on 4-Bromo-2-nitro-4'-methyl- and 
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4-Bromo-2'-nitro-4'-methyl-diphenyl Ether—The 2'-nitro-ether was 
heated at 100° with excess of concentrated sulphuric acid until 
solution occurred. Hydrogen bromide and a little bromine were 
given off even in the cold. On cooling and dilution, white silky 
needles of 2’-nitro-4'-methyldiphenyl ether 4-sulphonic acid separated, 
and after these had been dried in a vacuum over sulphuric acid 
they had m. p. 131—132° (Found: §, 11-0. C,,;H,,0,NS requires 
S, 10-4%). 

Under similar conditions the 2-nitro-ether was unaffected. 

2 : 4-Dinitro-4'-methyldiphenyl Ether—This was obtained from 
p-cresol and chlorodinitrobenzene, and crystallised from alcohol in 
very pale yellow rectangular plates, m. p. 97—98° (Found : N, 10-2. 
C13H 1 0;N, requires N, 10-2%). 

2:4: 2'-Trinitro-4'-methyldiphenyl Ether.—The last-named ether 
was dissolved in a mixture of 5 parts of glacial acetic acid and 
5 parts of nitric acid (d 1-5). The solution was heated for 2 hours 
at 100°, cooled, and poured into water. The precipitate was 
crystallised from glacial acetic acid, and gave pale yellow rectangular 
needles, m. p. 175—176° (Found: N, 13-2. C,,;H,O,N, requires 
N, 13-2%). 

Piperidine scission of the ether gave 2 : 4-dinitrophenylpiperidine 
and 3-nitro-p-cresol. 

2:4:2':3'-Tetranitro-4'-methyldiphenyl LHther.—2 : 4-Dinitro-4'- 
methyldiphenyl ether was added to 10 parts of nitric acid (d 1-5) 
at 0°. After 20 minutes, the solution was poured into water, and 
the resulting precipitate crystallised from glacial acetic acid. 
Brownish-yellow rectangular crystals were obtained, m. p. 184° 
(Found: N, 15-1. C,,H,O,N, requires N, 15-4%). 

Piperidine scission of this ether gave 2 : 4-dinitrophenylpiperidine 
and 2 : 3-dinitro-p-cresol, m. p. 156—157°. 

2: 4-Dinitro-2' : 4'-dimethyldiphenyl ether, prepared from m-4- 


xylenol and chlorodinitrobenzene, crystallised from alcohol con- — 


taining animal charcoal in brownish rectangular plates, m. p. 106° 
(Found: N, 9-9. C,,H,.0;N, requires N, 9-7%). 

Mononitration of 2 : 4-Dinitro-2’ : 4'-dimethyldiphenyl Ether.—The 
last-named ether was added to a mixture of 5 parts of glacial acetic 
acid and 5 parts of nitric acid (d 1-5). The solution was heated at 
100° for 2 hours, cooled, poured into water, and the precipitate 
collected. It crystallised from glacial acetic acid in yellow prisms, 
m. p. 129—130° (Found : N, 12-9. C,,H,,0,N; requires N, 12-6%). 

Piperidine scission of this ether gave 2 : 4-dinitrophenylpiperidine 
and 6-nitro-m-4-xylenol, m. p. 95° (Pfaff, Ber., 1883, 16, 616) (Found : 
N, 8-2. Cale.: N, 84%). 

Dinitration of 2: 4-Dinitro-2’ : 4'-dimethyldiphenyl Ether.—The 
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ether was added to 10 parts of nitric acid (d 1-5) at 0°. After 20 
minutes, the solution was poured into water, and the precipitated 
2:4:3' : 5'-tetranitro-2’ : 4'-dimethyldiphenyl ether crystallised from 
glacial acetic acid. It formed a cream-coloured microcrystalline 
powder, m. p. 198° (Found: N, 14-8. C,,H,,O,N, requires N, 
148%). 

Piperidine scission of the ether gave 2 : 4-dinitrophenylpiperidine 
and 2 : 6-dinitro-m-4-xylenol, which crystallised from light petroleum 
in small yellow needles, m. p. 162—163° (Found: N, 12-9. C,H,0;N, 
requires N, 13-0%). 

2 : 6-Dinitro-m-4-xylyl p-toluenesulphonate crystallises from alcohol 
in pale brown needles, m. p. 110—I111° (Found: N, 78. 
C,;H,,0,N,S8 requires N, 7-6%). 

5-Nitro-m-4-xylenol.—This was prepared by nitrating m-4-xylenol 
with a mixture of glacial acetic acid and nitric acid (d 1-4) (compare 
Wallach and Blembel, Annalen, 1901, 349, 99) (Found: N, 8-5. 
Cale.: N, 8-4%). 

The p-toluenesulphonyl derivative crystallised from alcohol in 
colourless plates, m. p. 111—112° (Found: §, 10-3. C,;H,,;0;NS 
requires S, 10-0%). 

5 : 6-Dinitro-m-4-xylyl 0-Nitro-p-toluenesulphonate—The above 
sulphonate was added to 10 parts of nitric acid (d 1-5) at the ordinary 
temperature. After 10 minutes the nitration product was pre- 
cipitated by adding water and was crystallised from alcohol-glacial 
acetic acid. It formed colourless plates, m. p. 140—141° (Found : 
N, 10-5. C,;H,,0,N,S requires N, 10-2%). 

When this compound was heated with piperidine, etc., it was 
converted into 5: 6-dinitro-m-4-xylenol, which crystallised from 
alcohol in bunches of green needles, m. p. 119-—-120° (Found: N, 
12-9. C,H,O;N, requires N, 13-0%). 

Nitration of 6-Nitro-m-4-xylenolThis phenol was added to 
10 parts of nitric acid (d 1-5) at room temperature. After 10 
minutes the solution was poured into water, and the precipitate was 
crystallised from alcohol. It formed slender green needles, m. p. 
119—120°, and was identical with the above 5: 6-dinitro-m-4- 
xylenol. 

4-Chloro-2-nitro-2' : 4'-dimethyldiphenyl ether, formed from m-4- 
xylenol and 2 : 5-dichloronitrobenzene, crystallised from alcohol in 
rosettes of pale brown rectangular plates, m. p. 77—78° (Found : 
Cl, 13-1. C,,H,,0,NCI requires Cl, 12-8%). 

4-Chloro-2 : 5'-dinitro-2' : 4'-dimethyldiphenyi Ether—The _last- 
named ether was dissolved in a mixture of 5 parts each of nitric 
and acetic acids. After the solution had been heated at 100° for 
2 hours, it was cooled and poured into water. The precipitate was 
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crystallised from alcohol, and formed pale yellow prisms, m. p. 88— 
89° (Found: Cl, 11-2. C,,H,,0;N,Cl requires Cl, 10-8%). 

Piperidine scission of this compound gave 4-chloro-2-nitrophenyl- 
piperidine, m. p. 48°, and 6-nitro-m-4-xylenol, m. p. 95°. 

4-Chloro-2 : 3’ : 5'-trinitro-2’ : 4'-dimethyldiphenyl Ether —4-Chloro- 
2-nitro-2’ : 4’-dimethyldiphenyl ether was added to 10 parts of 
nitric acid (d 1-5), and after 20 mins, the solution was poured into 
water. The solid precipitated crystallised from glacial acetic acid 
in pale yellow prisms, m. p. 140° (Found: Cl, 9-9. C,,H,,90,N,Cl 
requires Cl, 9-5%). 

Piperidine scission of this substance gave 4-chloro-2-nitrophenyl- 
piperidine, m. p. 48°, and 2 : 6-dinitro-m-4-xylenol, m. p. 162—163°. 

4-Bromo-2-nitro-2' : 4'-dimethyldiphenyl ether, prepared from m-4- 
xylenol and 2 : 5-dibromonitrobenzene, was crystallised from alcohol 
and then from light petroleum (b. p. 60—80°). It formed small 
cream-coloured irregular rectangular plates, m. p. 89—90° (Found : 
Br, 25-0. C,,H,,.0,NBr requires Br, 24-8%). 

4-Bromo-2 : 5’-dinitro-2' : 4'-dimethyldiphenyl Ether.—Nitration of 
the preceding ether with a mixture of 5 parts each of acetic and 
nitric acids (d 1-5) in the usual manner gave a product which crystal- 
lised from alcohol-glacial acetic acid in clusters of small pale yellow 
needles, m. p. 98—99° (Found: Br, 22-1. C,,H,,0;N,Br requires 
Br, 21-8%). 

Piperidine scission of this substance gave 4-bromo-2-nitro- 
phenylpiperidine, m. p. 48—49°, and 6-nitro-m-4-xylenol, m. p. 95°. 

Action of Fuming Nitric Acid on 4-Bromo-2-nitro-2' : 4'-dimethyl- 
diphenyl Ether —This ether was added to 10 parts of nitric acid 
(d 1-5) at 0°, and the solution was warmed at 100° for 15 mins. 
The cooled solution was poured into water, and the precipitated 
solid crystallised from aleohol-glacial acetic acid. It formed a pale 
yellow microcrystalline powder, m. p. 182—183°, unaffected by 
re-nitration (Found: N, 13-6%). 

Piperidine scission of this product gave 2: 4-dinitrophenyl- 
piperidine from the ethereal portion, and from the alkaline portion 
were obtained both 6-nitro-m-4-xylenol, m. p. 95°, and a little 2 : 6- 
dinitro-m-4-xylenol, m. p. 162—163°. 


One of us (D. L. F.) is indebted to the Chemical Society for a 
grant in aid of this investigation, and to the Department of Scientific 
and Industrial Research for a maintenance grant held during the 
last year. 


Beprorp COLLEGE, 
University oF Lonpon. [Received, June 19th, 1930.] 
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CCXLI.—Studies in Aromatic Substitution. Part II. 
The Action of Fuming Nitric Acid on the 4-Fluoro- 
2 : 6-dihalogeno-phenols and -anisoles. 
By Hersert Henry Hopeson and JosEPH NIxon. 


A PREVIOUS investigation (this vol., p. 1085) has established that 
4-fluoro-2 : 6-dibromo-phenol and -anisole each react with cold 
fuming nitric acid to give 2 : 6-dibromo-p-benzoquinone, and a 
theoretical explanation based on modern electronic theory was 
then suggested. It is now found that whilst 4-fluoro-2 : 6-dichloro- 
phenol and -anisole and also 4-fluoro-2 : 6-di-iodophenol each exhibit 
the same type of reaction, giving 2 : 6-dichloro- or 2 : 6-di-iodo- 
p-benzoquinone, 4-fluoro-2 : 6-di-iodoanisole, on the other hand, 
undergoes iodine displacement with subsequent nitration to 4-fluoro- 
6-iodo-2-nitroanisole. 

It is also noteworthy that whereas 4-fluoro-2 : 6-dichlorophenol 
is much more readily methylated by the methyl sulphate—xylene— 
potassium carbonate procedure (Haworth and Lapworth, J., 1923, 
123, 2986) than by methyl sulphate in aqueous alkaline solution, 
the reverse obtains with the methylation of 4-fluoro-2 : 6-di-iodo- 


phenol. 
EXPERIMENTAL. 


4-Fluoro-2 : 6-dichlorophenol was prepared by dissolving p-fluoro- 
phenol (11-2 g.) in water (200 c.c.) and adding gradually with 
vigorous shaking a solution of sodium hypochlorite (286 c.c.; 
1-4N in available chlorine), prepared from 10% aqueous sodium 
hydroxide. After standing over-night, the reaction mixture was 
just acidified with dilute sulphuric acid; the required phenol was 
precipitated as an oil, removed by steam-distillation, frozen, and 
then crystallised from light petroleum; colourless plates, m. p. 
42° (Found : Cl, 39-3. C,H,OFCI, requires Cl, 39-2%). 

4-Fluoro-2 : 6-dichloroanisole, prepared from the phenol by 
Haworth and Lapworth’s method (see above), crystallised from 
light petroleum in long white needles, m. p. 36° (Found: Cl, 36-6. 
C,H;OFCI, requires Cl, 36-4%). 

Action of Fuming Nitric Acid on the above Products.—The product 
(1 g.) was added gradually to ice-cooled nitric acid (10 c.c.; d 1-5) 
and the mixture poured after 15 minutes on ice, the resulting 
precipitate being washed free from acid, steam-distilled, and then 
recrystallised from light petroleum. 2 : 6-Dichlorobenzoquinone 
was obtained in each case as long yellow needles, the m. p. of each 
specimen alone or mixed with one another or with an authentic 
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specimen being 120—121° (compare Faust, Annalen, 1869, 149, 
153) (Found : Cl, 40-05, 40-10. Calc. : Cl, 40-0%). 

4-Fluoro-2 : 6-di-iodophenol was obtained by portionwise addition 
of a solution of iodine (50 g.) and potassium iodide (50 g.) in water 
(250 c.c.) to one of p-fluorophenol (10 g.) in water (80 c.c.) containing 
sodium hydroxide (9 g.). As the reaction proceeded, the 4-fluoro- 
2 : 6-di-iodophenol was precipitated owing to its sparing solubility 
in cold aqueous caustic soda solution; it was filtered off, washed 
with aqueous sodium bisulphite to remove free iodine, and crystal- 
lised from aqueous alcohol; small colourless plates, m. p. 67° 
(Found : I, 70-1. C,H,OFI, requires I, 69-8%). 

4-Fluoro-2 : 6-di-iodoanisole was best obtained by dissolving the 
above phenol in a large volume of hot 20% aqueous sodium hydr- 
oxide (necessary because of its sparing solubility) and adding the 
requisite amount of methyl sulphate. Practically no yield was 
obtained by Haworth and Lapworth’s method (loc. cit.). The 
product crystallised from light petroleum or aqueous alcohol 
in long colourless needles, m. p. 61° (Found: I,°67-5. C,H,OFI, 
requires I, 67-3%). 

Action of Fuming Nitric Acid on the foregoing Products.—By the 
same method as above, 4-fluoro-2 : 6-di-iodophenol gave 2 : 6-di- 
iodobenzoquinone, which crystallised from light petroleum in small 


| yellow plates, m. p. and mixed m. p. with an authentic specimen 


179° (compare Kehrmann and Messinger, Ber., 1893, 26, 2377) 
(Found: I, 70-8. Cale.: I, 70-5%), but 4-fluoro-2 : 6-di-iodo- 
anisole lost free iodine and gave 4-fluoro-6-iodo-2-nitroanisole ; 
this was volatile in steam and crystallised from light petroleum in 
colourless needles, m. p. 53° (Found : N, 5-0; I, 43-0. C,H,O,NFI 
requires N, 4-7; I, 42-8%). 

Analytical Note.——In halogen determinations by the Carius 
method of compounds which also contain fluorine, the small glass 
tube holding the substance to be analysed was severely etched in 
every case. 


The authors desire to thank the British Dyestuffs Corporation 
for generous gifts of chemicals. 


TECHNICAL COLLEGE, HUDDERSFIELD. [ Received, May 26th, 1930.]} 
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CCXLII.—Studies in Aromatic Substitution. Part III. 
The Action of Fuming Nitric Acid on the 3-Fluoro- 
2:4: 6-trihalogeno-phenols and -anisoles. 


By Hersert Henry Hopeson and JosePH NIxon. 


WHEN treated with ice-cold fuming nitric acid, the 3-fluoro-2 : 4 : 6- 
trihalogenophenols all give 3-fluoro-2 : 6-dihalogeno-p-benzo- 
quinones, thus resembling the various 2 : 4 : 6-trihalogenophenols 
already investigated (this vol., p. 1085, and preceding paper), and 
a like theoretical explanation would appear to be valid. 

Very remarkable differences, however, were found in the reactivity 
of the anisoles, for whereas 3-fluoro-2 : 4 : 6-tribromoanisole is 
nitrated normally in the 5-position (compare Kohn and Rosenfeld, 
Monatsh., 1925, 46, 101), yet with 3-fluoro-2 : 4 : 6-tri-iodoanisole the 
6-iodine atom is displaced by the nitro-group with formation of 
3-fluoro-2 : 4-di-iodo-6-nitroanisole (compare the similar formation 
of 4-fluoro-6-iodo-2-nitroanisole from 4-fluoro-2 : 6-di-iodoanisole, 
loc. cit.), and, still more remarkable, every chlorine atom in 3-fluoro- 
2:4: 6-trichloroanisole is replaced by the nitro-group to give 
3-fluoro-2 : 4 : 6-trinitroanisole. 

It is noteworthy that 3-fluoro-2 : 4 :6-tribromo- and_-tri-iodo- 
phenols are readily methylated by methyl sulphate in alkaline 
solution, whereas the trichloro-analogue requires the application of 
Haworth and Lapworth’s procedure (J., 1923, 123, 2986). 


ExPERIMENTAL. 


Preparation of the 3-Fluoro-2: 4: 6-trihalogeno-phenols and 
-anisoles.—3 - Fluoro-2 : 4 : 6-trichlorophenol. m - Fluorophenol 
(11-2 g.), dissolved in water (200 c.c.) containing sodium hydroxide 
(4 g.), was chlorinated by the gradual addition of sodium hypo- 
chlorite solution (430 c.c.; 1-4N in available chlorine), prepared 
from aqueous 10% sodium hydroxide. After standing for 2 hours 
at room temperature, the mixture was warmed on the water-bath 
for 5 minutes, cooled, and acidified with dilute sulphuric acid; 
3-fluoro-2 : 4 : 6-trichlorophenol was precipitated as an oil, which 
was separated, washed with water, steam-distilled, and crystallised 
from light petroleum, separating in long colourless needles, m. p. 
55° (Found : Cl, 49-8. C,H,OFCI, requires Cl, 49-4%). 

3-Fluoro-2 : 4 : 6-trichloroanisole was obtained from this phenol 
by Haworth and Lapworth’s method (loc. cit.), and, after removal 
from the reaction mixture by steam-distillation, it crystallised from 
light petroleum in long colourless needles, m. p. 35° (Found: (C1, 
46-8. C,H,OFCI, requires Cl, 46-4%). 
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3-Fluoro-2 : 4 : 6-tribromophenol. m-Fluorophenol (11-2 g.), dis- 
solved in water (1000 c.c.), was brominated by the portionwise 
addition of a mixture of bromine (15 c.c.) in water (100 c.c.) contain- 
ing potassium bromide (50 g.). The heavy white precipitate was 
kept for 30 minutes, filtered off, and recrystallised from dilute 
alcohol or light petroleum; long colourless needles, m. p. 90° 
(Found : Br, 69-1. C,H,OFBr, requires Br, 68-8%). 

3-Fluoro-2 : 4 : 6-tribromoanisole, obtained from the above phenol 
by addition of methyl sulphate to its solution in 20%, aqueous 
sodium hydroxide, crystallised from light petroleum in slender, 
colourless needles, m. p. 55° (Found: Br, 66:5. C,H,OFBr, 
requires Br, 66-2%). 

3-Fluoro-2 : 4 : 6-tri-iodophenol. m-Fluorophenol (11-2 g.), dis- 
solved in water (200 c.c.) containing potassium hydroxide (6 g.), 
was iodinated by the portionwise addition at 0° of a solution of 
iodine (77 g.) and potassium iodide (80 g.) in water (200 c.c.). The 
precipitated 3-fluoro-2 : 4 : 6-tri-iodophenol was filtered off after 
2 hours and washed with aqueous sodium bisulphite solution to 
remove any free iodine; it crystallised from dilute alcohol in short 
colourless needles, m. p. 138—139° (Found: I, 77-8. C,H,OFI, 
requires I, 77-8%). 

3-Fluoro-2 : 4 : 6-tri-iodoanisole was obtained in the same way as 
the bromo-analogue except that a large excess of 20% aqueous 
sodium hydroxide was required to dissolve the phenol. It crystal- 
lised from dilute alcohol in small colourless needles, m. p. 107° 
(Found : I, 76-0. C,H,OFI, requires I, 75-6%). 

Action of Fuming Nitric Acid on the 3-Fluoro-2 : 4 : 6-trihalogeno- 
phenols and -anisoles.—General procedure. The substance (5 g.) 
was dissolved in ice-cold nitric acid (50 c.c.; d 1-5), the mixture 
poured on ice after 15 minutes, and the resulting precipitate crystal- 
lised from alcohol. 

Phenols. Each of the three phenols yielded the corresponding 
3-fluoro-2 : 6-dihalogeno-p-benzoquinone:  3-Fluoro-2 : 6-dichloro- 
p-benzoquinone sublimes when heated in a vacuum, giving bright 
yellow plates, m. p. 145° (Found: Cl, 36-8. C,HO,FCI, requires 
Cl, 36:4%); 3-fluoro-2 : 6-dibromo-p-benzoquinone, small yellow 
plates, m. p. 150° (Found: Br, 56-9. C,HO,FBr, requires Br, 
56-4%);  3-fluoro-2 : 6-di-iodo-p-benzoquinone, small orange-red 
plates, m. p. 195° (Found : I, 67-3. C,HO,FI, requires I, 67-3%). 

Anisoles. (a) 3-Fluoro-2 : 4: 6-trichloroanisole gave 3-fluoro- 
2:4: 6-trinitroanisole, which crystallised from alcohol in long 
wolourless needles, m. p. 180° (Found: N, 16-5. C,H,O,N,F 
quires N, 16:1%). The absence of chlorine was proved both 
qualitatively and quantitatively. 
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(6) 3-Fluoro-2 : 4: 6-tribromoanisole was nitrated to 3-fluoro- 
2: 4: 6-tribromo-5-nitroanisole, which crystallised from dilute 
alcohol in small colourless needles, m. p. 87° (Found: Br, 59-2. 
C,H,0,NFBr, requires Br, 58-8°%). 

(c) 3-Fluoro-2 : 4 : 6-tri-iodoanisole gave iodine and 3-fluoro- 
2 : 4-di-iodo-6-nitroanisole, which crystallised from alcohol or light 
petroleum in small colourless needles, m. p. 102° (Found : I, 60-6. 
C,H,O,NFI, requires I, 60-2%). Its constitution was proved by 
the following independent synthesis. 

Synthesis of 3-Fluoro-2 : 4-di-iodo-6-nitroanisole.—Iodine (50 g.), 
dissolved in hot alcohol (150 c.c.), was obtained in a fine suspension 
by chilling, and to the mixture a solution of 3-fluoro-6-nitrophenol 
(15-7 g.) in alcohol (50 c.c.) was added with vigorous stirring, after 
which yellow mercuric oxide (5 g.) was introduced portionwise during 
2 hours’ stirring. The reaction mixture was then heated to boiling, 
filtered to remove mercuric iodide, the filtrate treated hot with just 
sufficient aqueous sodium bisulphite to remove free iodine, and then 
cooled ; 3-fluoro-2 : 4-di-iodo-6-nitrophenol was deposited in bright 
yellow needles which, after recrystallisation from alcohol, melted 
at 106° (Found : I, 62-4. C,H,O,NFI, requires I, 62-0%). Methyl- 
ation was effected by Haworth and Lapworth’s method (loc. cit.), 
since methyl sulphate did not react with the aqueous caustic alkaline 
solution of the phenol, and the 3-fluoro-2 : 4-di-iodo-6-nitroanisole 
so obtained crystallised from light petroleum in colourless needles, 
m. p. 102° (Found: I, 60-55%). Its identity with the foregoing 
product was established by a mixed m. p. determination. 

Analytical Note——As in previous work all the Carius halogen 
analyses are high, whilst considerable etching occurs in the inner 
tube. 


The authors desire to thank the British Dyestuffs Corporation 
for generous gifts of chemicals. 
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CCXLITI.—The Action of Nitrous Acid on Resorcinol 
Diethyl Ether. 


By Hersert Henry Hopeson and HuBert Ciay. 


Tuis reaction, due to Aronheim (Ber., 1879, 12, 30), was repeated by 
Kraus (Monatsh., 1892, 12, 368), who obtained a nitrosoresorcind 
monoethyl ether, which Kietaibl (Monatsh., 1898, 19, 536) believed 
to be 4-nitroso-3-ethoxyphenol, and a very unstable substance 
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which was thought to be a nitrosoresorcinol diethyl ether (see, 


- = | 





however, below). 
It has now been established that the reaction does not proceed in 
acetic acid alone, but that in the presence of hydrochloric or sulphuric 
D- acid, 4-nitroso-3-ethoxyphenol is formed in 80—90% yield. More- 
it over, 4-nitrosoresorcinol diethyl ether has been synthesised and found 
6. to be stable towards aqueous 5% potassium hydroxide and the 
vy usual organic solvents, although it is rapidly converted into 4-nitroso- i 
3-ethoxyphenol by the above mineral acids. These properties i 
«)s indicate that nitrous acid first reacts with resorcinol diethyl ether to : 
on form the 4-nitroso-derivative, which is then decomposed by the 
101 mineral acids as above, the last reaction probably proceeding with 
Ler much greater velocity than the nitrosation, since no 4-nitroso- 
ng resorcinol diethyl ether has been isolated. If de-ethylation to 
ng; resorcinol monoethyl ether preceded nitrosation, then the main 


ust reaction product should have been 6-nitroso-3-ethoxyphenol 
1en (compare Hodgson and Clay, this vol., p. 963). 

ght That mineral acids should preferentially attack the ethoxyl 
ted | substituent para to the nitroso-group is indicated by Robinson 
iyl- | (Chem. and Ind., 1925, 456), since the electron-restraining effect 
it.), | (—J, Ingold and Shaw, J., 1927, 2918) is greater at the 3- than at the 
line | ]-carbon atom, whilst the electron-releasing (+- 7’) effect. will more 
sole | readily reach the l-carbon atom and thereby preferentially admit of 
lles, | the capture of the proton by the attached oxygen of the ethoxy] 
oing | group. In this way an unstable oxonium salt will be formed ; 
at the l-ethoxyl group whose subsequent decomposition is a ; 
gen | de-ethylation. 

nner It is noteworthy that resorcinol dimethyl ether and also its methyl 

ethyl ether cannot be nitrosated under the conditions employed for 

the diethyl ether, thereby indicating that the ethyl group has a 

ation | greater activating influence than the methyl group, and supporting 

the view that nitrosation precedes de-ethylation. Also, in preparing 

30.] | the methyl ethyl ether, it has been found better to methylate 
resorcinol monoethyl ether by the usual procedure with methyl 

sulphate in caustic alkaline solution than to ethylate the mono- 

methyl ether by the corresponding reagents. 
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EXPERIMENTAL. 


Preparation of Resorcinol Diethyl Ether——Resorcinol (110 g.; 
1 mol.), dissolved in 10% aqueous sodium hydroxide (400 c.c.), 
ed by} was treated gradually at 60—70° with ethyl sulphate (160 g.; 10% 
rein excess over 1 mol.), and heated on the water-bath with frequent 
lievel] shaking for 30 minutes longer; the mixture, which was in two 
stan®} layers, was saturated with sodium chloride, the upper oily layer 
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removed, and the lower layer twice extracted with ether, the oil 
resulting from the evaporation of the ether being added to the 
main portion. The oil was steam-distilled, the distillate saturated 
with salt, extracted with ether, and the extract shaken with succes- 
sive portions (100 c.c. and 50 c.c.) of 10° aqueous sodium hydroxide, 
whereby resorcinol monoethyl ether, 25 g., b. p. 246—247° (Kietaibl 
gives b. p. 246—247°), was removed. The ethereal solution was 
dried with calcium chloride and distilled ; yield 15 g., b. p. 234—235° 
(Herzig and Zeisel, Monatsh., 1890, 11, 291, give b. p. 234-4— 
235-2°). When 2 mols. of ethyl sulphate were employed, the alkali- 
insoluble oil obtained always boiled over a range, but by the above 
procedure both the mono- and the di-ethyl resorcinol were obtained 
pure. 

Nitrosation of Resorcinol Diethyl Ether—This was first carried 
out according to the directions of Kraus (loc. cit.), whereby a solution 
of the ether (1 part) in glacial acetic acid (10 parts) was saturated 
with hydrogen chloride,* cooled to 0°, and treated with a large 
excess of a saturated aqueous solution of sodium nitrite. A dark 
green solid separated, and after 30 minutes the mixture was diluted 
with a large excess of water, the precipitated solid filtered off, and 
examined as follows : 

(a) By Kraus’s procedure. The crude product (8-7 g.) was 
triturated with ice-cold aqueous 5°% potassium hydroxide solution 
(100 c¢.c.), in which the major portion immediately dissolved ; 
the deep reddish-brown solution was filtered after being kept for 
2 hours in the ice-chest, and the buff-coloured residue (1-6 g.) was 
washed with cold alcohol and dried in a vacuum; m. p. 119—120° 
(Kraus gives m. p. 122—123°). This residue gave the characteristic 
blue colours described by Kraus with hydrochloric and sulphuric 
acids, and was readily soluble in benzene, chloroform, and ether, 
but possessed a higher nitrogen and lower ethoxyl content than 
those recorded by Kraus [Found: N, 7-8; OEt (Zeisel), 25-47. 
Cale. for CsH,ON(OEt),: N, 7-2; OEt, 46-2%]. The filtrate, on 
acidification, afforded 7 g. of crude 4-nitroso-3-ethoxyphenol, 
identified by comparison with an authentic specimen (Hodgson and 
Clay, loc. cit.) and by oxidation with alkaline potassium ferricyanide 
to 4-nitro-3-ethoxyphenol. 

(b) By avoiding use of alkali. The crude product after nitrosation 
was repeatedly extracted with cold benzene until no more dissolved. 
The insoluble residue (83-1°,) was identified as 4-nitroso-3-ethoxy- 
phenol (Found : in crude product, OEt, 26-1; in product recrystal- 

* The use of 5 c.c. of concentrated sulphuric acid instead of hydrogen 
chloride gave similar results, but the substitution of acetic acid failed to effect 
nitrosation. 
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lised from alcohol, OEt, 26-8. Cale. : OEt, 26-94%) by comparison 
with an authentic specimen and by oxidation to 4-nitro-3-ethoxy- 
phenol. The soluble portion (16-9) was identical with the alkali- 
insoluble product (17-2°%) in (a) above. 

Preparation of 4-Nitrosoresorcinol Diethyl Ether.—6-Nitro-3- 
ethoxyphenol (14 g.) was converted into 4-nitroresorcinol diethyl 
ether (10 g.) by Haworth and Lapworth’s procedure (J., 1923, 
123, 2986) (ethyl sulphate, 15 c.c. added at the rate of 1 c.c. in 
10 mins.; potassium carbonate, 12 g.; xylene, 90 c.c.) and this 
was reduced, either by tin and hydrochloric acid or by iron powder 
and dilute acetic acid to the 4-amino-compound. The hydro- 
chloride of this (1-5 g., colourless needles, m. p. 198°; Will and 
Pukall, Ber., 1887, 20, 1119, give m. p. 198°) was dissolved in water 
(150 c.c.), cooled to 0°, and the solution just rendered alkaline with 
aqueous sodium hydroxide and then faintly acid with acetic acid. 
Into this solution was rapidly stirred a solution. obtained by dis- 
solving potassium persulphate (4-2 g.) in concentrated sulphuric 
acid (5 c.c.), keeping it ice-cold for one hour, pouring it on ice 
(100 g.), neutralising it with potassium carbonate, and just acidi- 
fying it with acetic acid. A pale green solid separated almost 
immediately, and after it had been kept for 10 mins. at 0°, it was 
rapidly filtered off, washed with water (during which it quickly 
turned blue), and immediately steam-distilled. The 4-nitroso- 
resorcinol diethyl ether which passed over crystallised from light 
petroleum in pale-green needles, m. p. 104° (Found: N, 7:3. 
Ci9H,,0,N requires N, 7-2%%), which were readily soluble in acetic 
acid, alcohol, and benzene, but less soluble in light petroleum, 
giving stable green solutions. Cold aqueous hydrochloric and 
sulphuric acids convert this ether into 4-nitroso-3-ethoxyphenol, 
whereas cold aqueous 5°% potassium hydroxide is without action 
upon it. 


The authors desire to thank the Department of Scientific and 
Industrial Research for a grant to one of them (H. C.), and the 
British Dyestuffs Corporation for gifts of chemicals. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, June 28th, 1930.] 
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CCXLIV.—Structure of the isoCyanides and Other 
Compounds of Bivalent Carbon. 


By Dauzret Lu. Hammicx, Ranpat C. A. New, Nevin V. 
Srpewick, and Lesitre E. Sutron. 


THREE types of formula have been proposed for the bivalent carbon 
compounds, the isocyanides [carbylamines], the fulminates, and 
carbon monoxide : 

(I.) R—N=C (II.) R—N—C R—N=C (III.) 

O=C O—C O=C 

The first has long been abandoned on stereochemical grounds, and 
is obviously inconsistent with modern views of covalency; it was 
replaced more than thirty years ago by the second, mainly through 
the work of Nef (Annalen, 1892, 270, 267; 1895, 287, 265). The 
third was suggested by Langmuir (J. Amer. Chem. Soc., 1919, 41, 
1543) and accepted by G. N. Lewis (“ Valence,” 1923, p. 127), 
Lowry, Sugden (‘‘ The Parachor and Valency,” 1930, p. 171), and 
others; but it has never been definitely proved to be true, nor have 
its implications been discussed in detail, so that it has not displaced 
the Nef formula (II) in general use. 

We have now obtained direct evidence of the truth of this formula 
(III), mainly from the measurement of the parachors and the dipole 
moments of the isocyanides. 


EXPERIMENTAL. 


Preparation of Materials—Benzene. A. R. Benzene was frozen 
out four times, dried over calcium chloride, and then distilled over 
sodium ; m. p. 5-50° (corr.). 

p-Nitrobenzonitrile. A laboratory specimen was recrystallised 
repeatedly from ethyl alcohol; m. p. 148—149° (146°, Sandmeyer, 
Ber., 1885, 18, 1492; 149°, Borsche, ibid., 1909, 42, 3597). 

Ethyl isocyanide. Made by Guillemard’s modification (Ann. 
Chim., 1908, 14, 412) of Gautier’s method (ibid., 1869, 17, 233); 
dried over barium oxide and distilled several times. The main 
fraction (b. p. 77-8—78-3°) was used for the surface-tension measure- 
ments. 

Aromatic isocyanides. Made (from carefully purified amines) 
by the Hofmann reaction. Biddle and Goldberg (Annalen, 1900, 
310, 7) claim to have raised the yield of phenyl isocyanide to 35— 
40% by using powdered alkali instead of the alcoholic solution, but 
they give no precise details. We found that by the following 
method a 50% yield (calculated on the amine used) can be obtained. 
The amine (1/5 g.-mol.), dissolved in chloroform (13 c.c.) and methyl 
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alcohol (20 c.c.), is heated nearly to boiling under reflux, and 
powdered sodium hydroxide (3 g.) added: on shaking, the mixture 
boils gently, and when the reaction is nearly over, 5 c.c. of a mixture 
of chloroform (40 c.c.) and methyl alcohol (60 c.c.) are added, 
and a further 3 g. of powdered alkali. The process is repeated until 
60 g. of sodium hydroxide and 100 c.c. of the chloroform-alcohol 
mixture have been added. 

p-Tolyl isocyanide. Care must be taken to avoid decomposition 
of the product by prolonged heating. The mixture obtained as 
above was filtered from sodium chloride, the salt washed with ether, 
and the filtrate and washings were evaporated to a small bulk as 
quickly as possible in about 5 portions. The residue was steam- 
distilled in small portions, the distillate extracted with ether, the ex- 
tract well washed with dilute sulphuric acid (1 : 10) to remove amine 
and formamidine, and then with water; it was dried over potassium 
hydroxide, and the ether removed. The product was fractionated 
at least twice in a vacuum: b. p. 94°/25 mm. (99°/36 mm., Nef, 
Annalen, 1892, 270, 321; 99°/32 mm., Smith, Amer. Chem. J., 
1894, 16, 374). It was then frozen out two or three times, about 
one-third being rejected. So obtained, it was always dark green, 
owing to its rapid polymerisation; it was freed from the polymeride 
by sublimation, usually at the ordinary temperature, in a high 
vacuum, the receiver being cooled in liquid air. It is thus got as a 
perfectly white, finely crystalline mass, which slowly turns yellow 
in the cold. The m. p. was consistently 19-6°, and could not be 
raised (Smith, loc. cit., gives 21°). 

p-Methoxyphenyl isocyanide. This compound, which has not 
previously been described, was prepared as above, but without 
steam distillation. ‘The residue from ether was twice recrystallised 
from dilute alcohol, frozen out, and sublimed. It forms long 
colourless prisms, m. p. 30°, and turns green above its m. p., but 
much more slowly than the tolyl compound. It has a typical 
carbylamine smell, but rather weaker than that of tolyl isocyanide 
(Found: C, 72-08; H, 5-24; N, 10-62. C,H,ON requires C, 72-18; 
H, 5-26; N, 10-52%). With alcoholic hydrogen sulphide at 110° 
it gives thioform-p-anisidide, MeO-C,HyNH-CHS (hitherto unde- 
scribed), yellow needles, m. p. 127—129°, with an extremely bitter 
taste (Found: N, 8-14. C,H,ONS requires N, 8-4%). 

p-Chlorophenyl isocyanide. Made as before, but the vacuum 
distillation and the freezing out were omitted, as the carbylamine 
rapidly polymerises above its m. p. It was purified by conversion 
into a double compound by shaking in benzene solution with silver 
cyanide for an hour; the solid was washed with ether, decomposed 
with potassium cyanide solution, and the isocyanide extracted with 
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ether. The extract was washed with water, dried over potassium 
hydroxide, and the ether removed. It was then sublimed; m. p. 
72-5° (Ingold, J., 1924, 125, 97, gives m. p. 71°). 

Measurement of Parachor.—The method of surface-tension 
measurement used was essentially that of Sugden (J., 1924, 125, 
27) as modified by Hammick and Andrew (J., 1929, 754). The 
densities were measured with a modification of Sugden’s U-shaped 
pyknometer (J., 1924, 125, 1171). 

p-Tolyl isocyanide. Owing to its rapid polymerisation in the 
pure liquid state, a solution in carbon tetrachloride was used, and 
the results were calculated by the method of Hammick and Andrew 
(loc. cit.). ‘The values obtained were as follows : 


Surface Mean 

Mols. % Density, tension, Parachor parachor Parachor 
RNC. Temp. g./c.c. dynes/em. of soln. of soln. of R-NC. 

0 25° 1-5868 26-31 219-5 219-5 — 
22°35 7:8 1-4485 30:1 235-4 \ oar. P _ 
ss 11-3 14430 24-6 ees, «TF* ESE 

27-65 10-3 1-4075 30-0 238-8 \ 920. P ' 
‘ 14-4 1-4010 29-6 e380f 84 288145 
54-41 6-34 1+2353 32°6 258-6 \ one. 909 LL ¢ 
e 8-76 12322 32-4 so = ete 


The last column gives the parachor of the isocyanide with the 
computed errors, which are rather large; owing to the instability 
of the compound. The figures extrapolate (if we assume a straight- 
line relation, which is to be expected on Hammick and Andrew’s 
principles) to a value of 295 + 5 for the pure substance. The 
p-chloro-compound could not be examined, as it polymerised too 
rapidly even in solution. 

p-Methoxyphenyl and ethyl isocyanides were measured in the 
pure state : , 


p-Methoxypheny] isocyanide. Ethyl] isocyanide. 

Para- Para- 

Surface chor, Surface chor, 

Temp. Density. tension. R-NC. Temp. Density. tension. R-NC. 

31-3° 1-0574 39-4 315-0 17-3° 0-7457 24-4 163-9 

33-3 1-0553 39-1 315-0 12-1 0-7510 25-0 163-8 

35-2 1-0536 38-9 315-2 75 0-7558 25-6 163-7 

36-8 1-0523 38-7 315-2 Mean 163-8 
39-1 1-0504 38-4 315:1 
Mean 315-1 


Measurement of Electrical Dipole Moments.—These were measured 
by the convenient approximate method used by Lange (Z. Physik, 
1925, 33, 169), Williams (J. Amer. Chem. Soc., 1927, 49, 1676), 
Héjendahl (Diss., Kopenhagen, 1928) and others, in which the 
polarisation due to dipole orientation is determined as the difference 
between the total polarisation obtained from the dielectric constants 
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of solutions in benzene, and the electron polarisation obtained from 
the refractive indices of these solutions at the same temperature ; 
the results are extrapolated to infinite dilution (see Debye, “‘ Polare 
Molekeln,”’ Leipzig, 1929). 

The apparatus used will be fully described later. It was of the 
heterodyne type, and was modified in various ways so as to improve 
the ease and accuracy of working. The refractive indices were 
measured in a special Pulfrich refractometer provided with a double 
cell. 

The data are given in Table I. The first column gives f,, the 
molar fraction of solute, the second the density of the solution, 
the third e, the dielectric constant, the fourth P,, the total mole- 
cular polarisation of the solute, the fifth the refractive index, and 
the sixth eP,, the electron polarisation calculated from the latter. 
The temperature was 25°; the light was that of the mercury green 
line. 


TABLE I, 
p-Nitrobenzonitrile. 
Sue a**?, e. P,. n. cP» 

0-02698 0-8880 2-2992 47-4 

0-01743 0-8828 2-2907 47-9 

0-01198 0-8798 2-2853 47-6 

0-02596 (0-8875) 2-2978 47-45 

0-01874 (0-8838) 2-2920 47-50 

0-01333 (08809) 2-2870 47°71 

0-02732 0-8882 — — 1-50469 38°21 
0-01940 0-8840 — — 1-50394 38°15 
0-00929 0-8785 = —_ 1-50294 38-53 


P, at infinite dilution = 47-6; eP, = 38-6. 
Hence P, — eP, = 9-0, and » = 0-66 x 10718 £.S.U. 


p-Tolyl isocyanide. 


0-0293 08764 2-9278 324 
0-0198 0-8754 2-7155 335 
0-0097 0-8742 2-4928 353 
0-01606 08752 2-6440 350 
0-01074 0-8747 2+5249 361 
0-00827 08745 2-4547 345 
0-01874 08756 2-7093 348 
0-01280 0-8753 2-5656 353 
0-00918 (0-8745) 2-4822 355 
0-00470 (08741) 2-3763 348 
0-06396 08806 ae nes 1-50388 37-37 
0-04566 08784 ~ _ 1-50341 37-47 


P, at infinite dilution = 365 +7; eP, = 37-42; p = 3-98 + 0-03 or 
40 x 10-8 £.S.U. 
p-Chlorophenyl tsocyanide. 


0-0300 0-8853 2-4659 125-4 1-50400 37-50 
0-0214 0°8821 2-4121 127-1 1-50348 37-52 


P, at infinite dilution = 126; eP, = 37-5; p = 2-07 x 10-"* E.S.U. 
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The moments of the -NO, and -CN groups in aromatic com- 
pounds are known to be 3-9 and 3-84 respectively (these and other 
values of dipole moments quoted without authority are taken from 
Debye, ‘“‘ Polare Molekeln,” Leipzig, 1929, including the supple- 
mentary list issued by him in January 1930: they are expressed in 
E.S.U. x 1078). The low value of 0-66 given by p-nitrobenzo- 
nitrile shows that in this molecule the moments of the two groups 
are opposed to one another, that is, are similarly directed with 
respect to the ring; hence, since in —NO, the negative pole is 
away from the ring, the same must be true of the —CN group, 
<—|- -|> 
O.N-<_>-CN. (This symbol-—|—> for the dipole avoids the 
ambiguity of the simple arrow, which physicists write with the 
head pointing to the positive, and chemists to the negative end of 
the dipole.) In the two isocyanides examined, the —NC group is 
in the para-position to CH, and Cl respectively, and the moment 
in the first case is 4-0 and in the second 2-07. The moment of 
CH,-C< has been shown to be 0-5 (-|—>-) and that of CI-C< (<—-) 
1-55. (The symbol R-C< implies that the group R is attached to a 
benzene nucleus.) Hence if the negative pole of the >C-—NC group 
is remote from the ring, its moment will be increased by that of a 
para-methyl group, and diminished by that of the para-chlorine : 


+> -—\— <+ _|—> 
cH,< >-NC Cl _NC 
This is what we find to occur. The moment of >C-—NC calculated 


from the p-tolyl compound is 4-0 — 0-5 = 3-5; from the p-chloro- 
compound it is 2-07 + 1-55 = 3-62: mean value 3-6 (-|->). 


Discussion of Results. 


The parachors found for the three isocyanides are collected in 
the following table, the third column giving the value for the —NC 
group obtained by subtracting that of the attached radical: the 
calculated values for the alternative formule of Nef and Lang- 
muir are added; the atomic and structural parachors of Sugden 
(“ The Parachor and Valency ”’) are used throughout. 


Parachor Parachor Parachor calc., 
isoCyanide. of R-NC. of ~NC. for -N—C. for -N=C. 
SINE... nhatiiniaceseepeos 295 66 
p-Methoxypheny] ...... 315 66 
BARGE srcccvcevcvcccssececs 164 69 
Mean 67 40-5 62-3 


It will be seen that the results agree fairly well with those required 
by the co-ordinate structure, but differ widely from those calculated 
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for the Nef formula. It is true that we cannot say what effect the 
sextet of electrons in the carbon of the latter would have on the 
parachor, but the basis of the calculation for the Langmuir structure 
is clear, and the result agrees with observation. The same is the case’ 
with carbon monoxide, as Sugden (loc. cit.) has pointed out. The 
observed parachor (61-6) is much nearer to that of C=O (69-6) 
than to that of C—O (48-0). 

The dipole moments are even more convincing. They show (1) 
that in the nitrile group the nitrogen is the negative pole, and (2) 
that the isocyanide group has a moment of about 3-6, and that 
here the carbon atom is the negative pole. The moment 3-8 of 
-C=N is due to unequal sharing of the six electrons. We may 
assume as a first approximation that there is the same inequality 
of sharing of the electrons in a single and in a double link of carbon 
to nitrogen, so that the moment of —C-N is 1/3 of 3-8 = 1-3, and 
that of -C—N is 2/3 of 3-8 = 2-6 (both with the nitrogen negative). 
Such calculations are of course only rough; we cannot tell what 
allowance, if any, to make for a possible distortion of the orbits of 
the unshared electrons; but we may assume that this does not 
seriously affect the conclusions. The moment of the group >C—N=C 
would therefore be the resultant of two opposing moments of 
2-6 and 1-3 inclined at an angle of about 125°, and so would have a 
value of about 2 with the negative pole towards the ring, while the 
observed value is 3-6 in the opposite direction. In the alternative 
formula >C-N=C, the multiple link is formed of six shared electrons 
as in the nitriles, from which it differs only in that four of these 
six are derived from the nitrogen; this is the same as if one electron 
was transferred from the nitrogen to the carbon, and then a triple 
link was formed in the ordinary way. The observed moment is 
thus the resultant of three: (1) that of >C-N (1-3, 4—>), (2) that of 
the 6 shared electrons of the -N=C group, assumed to be shared as 
in the nitriles (3-8, <—|-), and (3) that due to the transferred electron, 
which is e x d, where e is the electronic charge of 4:77 x 10° 
E.S.U., and d is the distance of the transference in A.U. The 
observed value of 3-6 thus gives us 3-6 =e x d+ 1:3 — 3-8, so 
that e x d = 6-1, or d= 1:3 x 10°. This is a probable value for 
the distance between the atoms, especially as the corresponding 
distance in carbon monoxide has been shown (see below) to be 
1:16 x 10°. Thus the observed moment agrees with that required 
by the formula both in magnitude and in direction. 

A similar argument applies to carbon monoxide, which on our 
view should have the structure C=O, with a link exactly like that 
between the carbon and the nitrogen in the isocyanides. The 
moment of the double link C—O in the aldehydes and ketones is 
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about 2-7; a molecule C—O should therefore have a considerable 
moment. But the observed value (Debye, op. cit.) for carbon 
monoxide is 0-12. This can only be explained by the presence of 
a large counterbalancing moment, such as that due to a transferred 
electron. In C=O the six shared electrons would give a moment 
of about 3/2 x 2-7=4-1 (+>). The transfer will produce an 
opposing moment of 4-77 x d, as before. The distance between 
the nuclei in carbon monoxide has been shown from the infra-red 
absorption spectrum to be 1-16 A.U. (Schaefer and Philipps, Z. 
Physik, 1926, 36, 399). If we assume the charges produced by the 
co-ordination to be located at this distance apart, which is probably 
roughly but not accurately true, the second moment will have a 
value of 5-5 units (<—|-), and is thus of the same order as that due 
to the shared electrons, but in the opposite direction. The resulting 
moment should therefore be small, as it actually is. That the 
observed value is smaller thar the calculated is no doubt due to the 
various approximations involved in the calculation, and especially 
to the neglect of a possible distortion of the unshared orbits, and to 
the assumption that the degree of inequality of the sharing is un- 
affected by the electronic transference. 

A crucial test of the structure of the isocyanides would be the 
measurement of the dipole moment of p-diisocyanobenzene. On 
the Nef formula the two links of the >C—-N—C group must be 
inclined to one another as in the oximes, and the terminal carbon 
atom must lie off the straight line passing through the two para- 
carbon atoms of the ring (formula IV) : 


(IV.) NN, can -N= : (v.) 
c7 Ne 


Hence the two groups by their rotation round this line would produce 
asymmetry, and therefore a finite moment, as occurs in the diethyl 
ether of quinol (u = 1-7; Williams, Physikal. Z., 1928, 29, 683; 
Weissberger and Williams, Z. physikal. Chem., 1929, B, 3, 367; 
Hassel and Naeshagen, ibid., B, 6, 152) and in tetramethyl-p- 
phenylenediamine (u = 1-23; Weissberger and Sangewald, ibid., 
B, 5, 237). On the other hand, the co-ordinate formula, with a 
triple link between the carbon and the nitrogen, requires that 
these atoms should lie on the same straight line with the carbon 
of the ring (formula V). The molecule would therefore be sym- 
metrical, and hence non-polar. This point is being investigated. 

Further evidence is given by the values of the heats of rupture 
of these links, as calculated by the method of Grimm and Wolff 
(Geiger-Scheel, ‘‘ Handbuch der Physik,’ 1926, 24, 536; quoted 
by Eucken, “ Lehrb. d. chem. Physik,” 1930, p. 882). The mean 
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value (in kg.-cals. per g.-mol.) is for -C-O- 92, for C—C in ketones 
188, for the link in carbon monoxide 250 (ratio 1 : 2-04 : 2-75), 
clearly indicating a triple link in the last. (A similar argument 
was used by Holroyd, Chem. and Ind., 1923, p. 632.) The falling 
off in the last figure indicates the relative weakness of the ‘co- 
ordinate link. Similar results are given by the isocyanides, but 
here the values of Grimm and Wolff must be corrected for the 
recent redetermination of the heat of dissociation of nitrogen 
(220 kg.-cals.). The corrected values, calculated from the heats of 
combustion quoted by Kharasch (Bur. Standards J., 1929, 2, 410), 
are: —C-N-— 60, -C=N (from 3 aliphatic nitriles, range 193—197) 
mean 195; —N=C (from 5 aliphatic isocyanides, range 181—187) 
mean 184. The relative weakness of the co-ordinate link is again 
apparent, though less than in the oxygen compound. 

The presence of a co-ordinate link normally depresses the 
volatility of a compound, but, except when it arises through associ- 
ation, it does so only in virtue of the dipole moment which it produces 
(see Sidgwick, ‘‘ Electronic Theory of Valency,” p. 123). In the 
bivalent carbon compounds the co-ordinate link does not increase 
the moment: in carbon monoxide it almost destroys it. The 
minute polarity of the latter explains the close agreement in critical 
data between this gas and nitrogen to which Langmuir (loc. cit.) 
drew attention, an agreement which seemed incomprehensible 
when it was supposed that carbon monoxide was highly polar. 
The cyanides and isocyanides having nearly identical moments, 
their b. p.’s should lie near together: as a fact the cyanides boil 
about 20° higher than their isomerides, which corresponds to a 
difference in the heats of evaporation of only about 0-4 kg.-cal. 

We may therefore take it that the co-ordinate structure is 
established by the physical data. It is also in accordance with 
the chemical properties. The isocyanides (and the fulminates), 
as Nef (loc. cit.) pointed out, are distinguished by the fact that the 
unsaturated character is confined to the carbon, and does not 
extend, as it does in the cyanides, to the nitrogen, their addition 
compounds (¢.g., with chlorine, oxygen, and ethyl hypochlorite) 
being always of the type R-N—CX,. Ina molecule R—N=C the 
nitrogen has a fully shared octet, and so cannot co-ordinate either 
as donor or as acceptor. The carbon has a lone pair of electrons, 
so that it can act as a donor: also the co-ordinate link with the 
nitrogen is readily broken, as such links always are, by the return 
of the two electrons to the exclusive control of the nitrogen, and the 
carbon can then act as an acceptor. Hence the reactivity of the 
group resides in the carbon alone. In the nitriles, on the other hand, 
the nitrogen has a negative charge and a lone pair, so that it can 
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act as a donor (as it does in many complexes), but any further 
reaction involves the rupture of a link between the nitrogen and the 
carbon, and hence addition to both atoms. 

The behaviour of the isocyanides and carbon monoxide in complex 
formation gives support to these structures. The complexes 
formed by carbon monoxide (especially the carbonyls) are not fully 
understood, but it is clear that the CO groups are separately attached 
to the central atom (since they always come away separately) ; 
that they invariably act as donors and never as acceptors; and that 
each occupies one co-ordination place on the central atom, 1.e., 
provides one pair of electrons, like a molecule of water or ammonia. 
These last points follow from the composition of the ‘“ mixed ” 
carbonyl complexes, such as those formed by bivalent platinum, 
e.g., [Pt(NH,)(CO),)JCl,, [Pt(NH,),(CO)C1JC1 (Schutzenberger and 
Tommasi, Compt. rend., 1870, 70, 1288); [Pt(CO)Br,JH,C;H,;N, 
[Pt(CO)(SCN),JNH, (Mylius and Foerster, Ber., 1891, 24, 2438, 
3752). The same is true of the complexes formed by the isocyanides 
with metallic cyanides (Ag, Cu, Cd, Co, Ni), with other salts such as 
CoCl, and FeCl,, and again in the platinous compounds such as 
[Pt(CH,NC),]PtCl, and [Pt(CH,NC),Cl,] (Hofmann and Bugge, 
Ber., 1907, 40, 1774; Tschugaev and Teearu, ibid., 1914, 47, 570). 
It is evident that both carbon monoxide and the isocyanides form 
a link as donors, sharing a lone pair of electrons with the central 
atom. This is in complete agreement with the co-ordinated 
structure, in which the carbon has such a lone pair, and, to judge 
from the stability of the fully shared octet in carbon, must be very 
ready to share it. If, however, the Nef formula were correct, and 
the carbon had only six valency electrons, it is incredible that it 
should never complete its octet by acting as an acceptor. 

With the adoption of this formula for the isocyanides, the argu- 
ments as to the tautomerism of the cyanogen ion lose their meaning, 
as Lowry and others have pointed out; the ions produced by the 
two tautomeric forms of hydrocyanic acid are identical : 


H:CiN: —> | :cin: | <— ‘CNH 


The same is true in general of the ions of any tautomeric acid belong- 
ing to Laar’s dyad class (i.e., in which the hydrogen migrates from 
one atom of a chain to the next) as in nitrous or sulphurous acid. 

The general characteristic of carbon is to be stable only in the 
normal 4-covalent state, and to refuse to form either co-ordinate 
links or electrovalencies. But it is clear that in these bivalent 
compounds we have an exception to this rule, and the carbon is 
acting as an acceptor. This suggests that the same thing may 
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happen elsewhere, and that, for example, in some compounds in 
which the linkage >C—X is assumed to exist, this should be 
written >C<-X. The presence of the co-ordinate link would be 
detected through the properties of the compound and the consequent 
difference in the valency group of the atom X. Ingold and Jessop 
(J., 1929, 2359, note) have already suggested this possibility for the 
link of carbon to nitrogen, and have verified it (this vol., p. 713) 
for that of carbon to sulphur in an analogous compound; they ob- 
tained a fluorenyl-sulphonium derivative containing a group which 
they showed should be written >C<SMe, and not >C—SMe,. 
The latter formula involves an unco-ordinated 4-covalent sulphur 
atom, which is almost if not quite unknown in chemistry, while in 
the former the sulphur is in the familiar sulphonium state. It 
would be interesting to know if this compound has the other pro- 
perties to be expected from the presence of the C<- link. 

The recognition of this structure in the compounds of bivalent 
carbon removes an apparent anomaly in the behaviour of carbon 
as compared with its allies in the fourth group of the periodic table. 
In the later members of the group, the “ inertness ” of two of the 
valency electrons (compare Grimm and Sommerfeld, Z. Physik, 
1926, 36, 36; Sidgwick, op. cit., p. 178) is very evident, reducing the 
valency from 4 to 2. But as in the other periodic groups, this 
effect diminishes as the atomic number decreases, being most 
marked in lead, where the only stable ion is bivalent, less in tin 
(Sn**), faint in germanium, and practically absent in silicon. That 
it should reappear in force in carbon is against all analogy. 

It may be pointed out that it is still permissible to describe the 
isocyanides and carbon monoxide as compounds of bivalent carbon. 
The only satisfactory numerical definition of the valency of a com- 
bined atom is that of Grimm and Sommerfeld, that it is the difference 
between the number of unshared electrons that it has in the isolated 
state (atomic number) and the number that it has when combined. 
In these compounds the carbon has the valency group of two 
unshared and six shared electrons; it has shared two of its four 
valency electrons, and in this sense its valency is 2. But its 
covalency, which on the Nef formule was 2 in carbon monoxide 
and in the isocyanides, now appears as 3 in both. 

The supposed tautomerism of acetylene and its derivatives, 
H-C—C-H == H,C—C, suggested by Nef (Annalen, 1897, 298, 
332; Lawrie, Amer. Chem. J., 1906, 36, 487; Mrs. Ingold, J., 1924, 
125, 1528; see, however, Biltz, Ber., 1913, 46, 143) cannot be 
explained in this way, since the central carbon atom of the second 
formula has a fully shared octet and cannot co-ordinate. It can 
only occur if it is possible for carbon to exist with a valency sextet. 
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The structure adopted above for carbon monoxide gives some 
support to analogous formule for nitric and nitrous oxides. For 


nitric oxide a structure NiO, in which the nitrogen shares 3 electrons 


belonging to the oxygen, and the oxygen 2 from the nitrogen, has 
been proposed ; but until we know the dipole moment of nitric oxide 
we cannot judge of its truth. Of nitrous oxide, however, the 
dipole moment has been investigated and found to be zero (Ghosh, 
Mahanti, Mukherjee, Z. Physik, 1929, 58, 200; Williams, private 
communication quoted by Debye, op. cit.). This implies that the 
molecule is symmetrical with respect to its moments, which is only 
possible if it contains a rectilinear chain N-O—N, with two similar 
links. The only formula which seems to satisfy this requirement is 
N—O=N: we know that an atom joined by 4 shared electrons to 
each of two others lies in the same straight line with them, not 
only as a deduction from the tetrahedral atom, but also from the 
exact analogy of the non-polar O—C—O;; if either of the two links 
in nitrous oxide were single, it must be inclined at an angle to the 
other one, as in water or the oxides, and the molecule would have a 
moment. The close resemblance in physical properties between 
nitrous oxide and the “ isosteric ’’ carbon dioxide was pointed out 
by Langmuir (loc. cit.; see also Clusius, Hiller, and Vaughan, 
Z. physikal. Chem., 1930, B, 8, 427; compare Snow, Proc. Roy. 
Soc., 1930, 128, 294). 


[Note, added July 28th, 1930.] After this paper was sent in, 
Lindemann and Wiegrebe published (Ber., 63, 1650; July, 1930) a 
paper on the same subject, in which they record the parachors of a 
series of isocyanides, and draw from them the same conclusions as 
to the structure of bivalent carbon compounds that we do. Their 
measurements, where they deal with the same substances, are 
identical with ours; the two sets are given below, together with the 
values calculated for the co-ordinate structures. 


Parachors of isocyanides, R—NC. 


[P] obs. [P] obs. 

R. L., W. Bis, Bhay Bvy Be [P] cale. Anomaly. 
BEE. kaceccxnsace 122-1 —_ 118-4 +3-7 
TEBE 06352695 00050d5 — 164 157°3 + 6°7 
OS Pee 255-2 — 252°3 +2-9 
GEE * Senteenbicss 292-9 — 291-3 +1-6 
p-Tolyl  .....ssse0ee 295-5 295 291-3 +42 
OATEBY) 55000csse0n0p 314-1 — 311-3 +2°8 
p-Anisyl ..........+. 314-5 315 311-3 +3-2 


In conclusion we wish to express our gratitude to Prof. Debye 
for his kind help in the construction of the dipole apparatus; to the 
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CCXLV.—Optical Activity and the Polarity of 
Substituent Groups. Part XIV. Influence of 
Substituent Poles and Dipoles on the Rotatory 
Power of \1-Menthyl Acetate. 


By H. Gorpon Rutz, R. H. THompson, and (in part) 
A. ROBERTSON. 


In an earlier communication (Rule and J. Smith, J., 1925, 127, 2188) 
it was shown that the rotatory powers of the /-menthyl esters of 
a number of mono-substituted acetic acids vary with the electro- 
negative nature of the substituent, as determined by its influence on 
the dissociation constant of acetic acid : the greater the dissociation 
constant of the acid, the higher is the rotatory power of the ester. 
An attempt to relate the optical changes to the dipole character 
of the substituent groups was only partly successful owing to the 
lack of data, but with the recent development of the theory of 
dipoles it is now possible to discuss this problem from the more 
fundamental aspect of the electrical changes induced in that part 
of the molecule containing the substituent. 

Measurements of the dipole moments of compounds, carried out 
chiefly by Smyth, Williams, Hojendahl, and Errera, have established 
the fact that electronegative substituents such as NO,, CO,H, Cl, and 
OMe, represent dipoles oriented in the opposite sense to those of 
electropositive substituents such as Me, NH,, and NMe,. The 
experimental results indicate that the dipole may be regarded as 
being in the main located in the neighbourhood of the substituent 
itself or of the point at which it is attached to the adjacent carbon 
chain. Although no absolute method has yet been discovered for 
determining the orientation of a given type of dipole with respect 
to the parent molecule, it is tacitly assumed (compare Smyth, J. 
Amer. Chem. Soc., 1929, 54, 2380) that an electronegative substituent 
is responsible for a dipole oriented with its positive end towards the 
parent hydrocarbon chain, and an electropositive group for a dipole 
of inverse type : 


ect On ay. x ’ ee 
G-CH,CH,— - OSN-CH,CH,-—_—sHN-CH, CH, 
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This is in agreement with the generally accepted hypothesis that 
electronegative substituents have the property of attracting the 
valency pairs of electrons in the chain of atoms towards themselves, 
and that electropositive substituents exert a corresponding electron 
repulsion. The direction of the resulting electron shift has fre- 
quently been employed to explain the influence of a substituent on 
properties such as ionisation, chemical reactivity, and tautomeric 
change, e.g., 








—- + + _ , 
Cl-CH,COO...H -  4H,N-CH,COO...H 
Z = 

Shift assisting ionisation. Shift repressing ionisation. 


When a substituent group is introduced into a molecule, the ensu- 
ing change in the electrical state of the latter will depend primarily 
on the magnitude of the newly formed dipole and upon its sign. As 
is indicated in the above formule, an electronegative substituent 
may be regarded as creating a positive field, and an electropositive 
substituent a negative field, in that part of the molecule to which it 
is immediately attached. From this point of view the rotatory 
powers of the /-menthyl acetic esters previously investigated may 
be summarised in the statement that the stronger the positive field 
exerted at the asymmetric atom by the substituent, the greater is 
the increase in negative rotatory power. Hence it may be deduced 
that a negative field will lead to a diminished rotation. 

Similar considerations may be applied to the alteration in electrical 
state brought about when a substituent assumesa positive or negative 
charge on ionisation. Among derivatives of /-menthy] acetate, the 
ionisation of a substituent carboxyl group will lead to a super- 
imposed negative field, which will tend to reverse the original field 
due to the substituent. As an increasing positive field leads on the 
above line of reasoning to an increasing negative rotation, it would 
be anticipated that the sodium salt of /-menthyl hydrogen malonate 
would have a lower rotatory power than the free carboxylic acid 
when both are examined under the same conditions. The rotation 
of the dimethylamino-acetate, on the other hand, would be expected 
to be low compared with that of the unsubstituted ester but should 
tend to rise on conversion into the hydrochloride or methiodide, 
owing to the proximity of the positive charge on the nitrogen atom. 


HOOC-CH,-CO,C,,H,, Me,N-CH,°CO,C1H19 
Na... GOC-CH,-CO,C,oHj, 1... MegN-CHyrCO,C,9Hyo 


In order to test these conclusions, the previous investigation on 
l-menthyl esters of substituted acetic acids has now been extended 
to include the dimethylamino- and diethylamino-acetic esters together 
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with their hydrochlorides and methiodides, /-menthyl hydrogen 
malonate and its sodium salt, and sodium menthyl sulphoacetate. 
The manner in which the rotatory power alters with the changing 
sign and magnitude of the dipole is illustrated in Tabie I. Values 
(e.8.u.) of the dipole moments, yu, characteristic of the substituent 
groups are quoted from Williams (J. Amer. Chem. Soc., 1928, 50, 
2350), and in order to emphasise the fundamental nature of the 
dipole effect, other columns have been added showing its influence 
upon the dissociation constant (K,) of the acid and upon the velocity 
of chemical reaction. Under the last heading are given figures 
recorded by Tasman (Rec. trav. chim., 1927, 46, 653) for the speed 
with which the phthalide ring in 5-substituted phthalides is opened 
by alkalis : similar velocity data are available fornumerousreactions, 
but in few other cases have amino-groups been included among the 
substituents. 


TABLE I. 
Homogeneous |-menthyl esters of monosubstituted acetic acids, 
X-CH,°CO,H. 
3 r Phthalide 
X. px 10%, Kg x 10°. [M]p . opening. 
gedaan atc jan Smal] —154:6° — 
_ ™ RCRA Se ie 41-4 } aan 156-9 0-31 (NH,) 
puinbsiedopeeepsscetions sos -—- 1-8 157+3 1-00 
Di kntienetcrniseniantion +0-4 1-4 160-2 —_ 
ssf BREE ORE Cotas —0-9 160 160-2 — 
DO gi! edsdiicditsass cca’ —_ 23 160-6 — 
NN inline ak ta cies —1-2 33 165 pose 
ME sie devesaccecersasgeenne —1-7 15 165 (at 94°) — 
si pbeeesseettihieidi —1-5 138 169 1-53 
| as ee en —1-5 155 171 1-32 
ENF scsnpnecnronqusaqeseoenn —3-8 370 174 5-71 


Many of these rotatory powers have already been discussed in a previous 
communication (Rule and J. Smith, loc. cit.). For l-menthyl propylamino- 
acetate, Frankland and O’Sullivan (J., 1911, 99, 2332) find [M]}" —158-3°. 


Although the range of rotatory powers recorded above is relatively 
small and the values have been found in some cases to undergo minor 
fluctuations with temperature, it is evident that a close corre- 
spondence exists between the magnitude and sign of the dipole 
moment of the substituent group and its influence on the rotatory 
power. The expected lowering of the rotatory power by the 
electropositive basic groups is confirmed. 

In Table II will be found the rotatory powers [M]%,, in alcoholic 
solution of amino- and carboxy-esters, both in the free state and in 
the form of salts. The rotation of sodiwm |-menthyl sulphoacetate 
is also included, the solvent in this case being water as the salt is 
almost insoluble in alcohol. Values of rotatory powers are given 
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for the wave-length ;,,;, a8 being more accurately measured than 
those for the D line. 


TaB_e II. 

Values of [Mzi;, for |-menthyl esters, X*CH,*CO,C,9H,, in alcohol. 

x. ¢. [M }5te- x. é. [.M Tote: 
Wiles 21.) .063 5 —201° CO,H* ......... 5 —193° 
NMe,,HCI...... 5 207 CO,Na* ...... 5 —185 
NMe,l ......... 2 208 (CO,Nat ...... 5,in H,O —195) 
La 5 203 (SO,Na ......... 3,inH,O —210) 
NEt,,HC1 ...... 5 208 
NEt,,Mel ...... 4 208 


* Unpublished values determined by J. Harrower. 
t Rule, Hay, and Paul, J., 1928, 1348. 


From this table it will be seen that the negative field due to the 
ionisation of the carboxyl group leads to a definite lowering of the 
rotatory power.* The ionisation of the basic groups in the form of 
their hydrochlorides or methiodides results, on the other hand, in a 
small rise in rotation. These changes are in the direction anticipated 
from the previously established influence of electronegative dipoles 
on the rotatory power of /-menthyl acetate, although, owing to the 
distance separating the ionic charges from the asymmetric atom, the 
observed effects are small. Unfortunately, not only was the free 
sulphonic derivative found to be too unstable for preparation in the 
optically pure state, but the sodium salt is too sparingly soluble in 
alcohol for its rotation to be determined in this solvent. In aqueous 
solution the sodium sulphonate has a somewhat high rotation, as 
compared with, e.g., sodium menthyl malonate (see table). On 
theoretical grounds, however, it is improbable that the free sulphonic 
acid has a rotation differing in any marked degree from the sodium 
salt, since the sulphonic acid, unlike the carboxyl derivative, is 
already highly ionised in aqueous solution. Confirmation of this 
point may be obtained from the following figures recorded by 
Levene and Mikeska (J. Biol. Chem., 1924, 59, 45; Chem. Reviews, 
1925, 2, 205) for sulphobutane and sulphopropionic acid : 


8 ® 8 ® 
C,H,'SO,,0O 4 C,H,'SO,-0O—Na 
—4:39° — 6°29° 

8 is) 
S0,-O—H S0,-0—Na SO,-O—Na 

CH, CHC. CH, CHS , CH. yCHE ; 
CO-OH \C6-0H CO-O—Na 

+ 13-76°. +-12-84°. —3-28°. 


It is interesting to note that although the conversion of the sul- 
phonic acids into the sodium salts produces little change in the 


* A much greater decrease has been observed in the case of dialkylmalonic 
derivatives (Part XVI, Rule and Harrower, to be published shortly). 
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rotation, the ionisation of the carboxyl group in sulphopropionic 
acids leads to a depression which brings about a change of sign. In 
the latter case, salt formation corresponds to the creation of a new 
negative pole, thus exerting an electrical influence at the asymmetric 
atom which is the reverse of that due to the original carboxy] dipole(s). 

The relatively high rotatory power of sodium menthyl sulpho- 
acetate may be due in part to the powerfully electronegative 
character of the sulphonic group, which contains two semipolar 
double bonds arranged with their positive poles directed towards the 
menthyl radical. The optical behaviour of the sulphonic group in 
these esters is apparently in accordance with investigations on the 


| pl 0, + 
(Na)O Tri Tit la 
orienting power of this group in benzene substitution as carried out 
by Robinson (J., 1927, 2785), who concludes that, despite the free 
negative charge on the ion, the sulphonic group still retains a higher 
electron affinity than the hydrogen atom which it has replaced. 

In the foregoing discussion it has been assumed that the modi- 
fication in rotatory power due to the introduction of a substituent 
is related to the alteration in the electrical field at the asymmetric 
centre, or, more precisely, to the resulting displacements of the 
valency electrons in the neighbourhood of the asymmetric atom. 
This interpretation is employed as a simple means of correlating the 
dipole character of the substituent with the alteration in rotatory 
power rather than as suggesting a physical cause of optical rotation. 
The extensive investigations on the application of the Drude 
equation carried out by Lowry and others (see also Pickard and 
Hunter, J., 1923, 123, 434) indicate a very definite relationship 
between the optical activity and the absorption bands of a com- 
pound, a connexion which is also a feature of certain recent theories 
of optical activity (compare Kuhn, Trans. Faraday Soc., 1930, in 
the press). Attempts have been made by Dadieu (Z. Elektrochem., 
1929, 35, 288) and Scheibe (Ber., 1926, 59, 2617) to establish a 
general agreement between the polar character of substituent groups 
and their effect on the absorption spectra of compounds, and 
researches on these lines may eventually show that the nature and 
position of absorption bands are intimately dependent on the dipoles 
present in the molecule. In any case, the changes in the rotatory 
powers of the menthyl derivatives under discussion support the more 
general hypothesis developed in these communications, that the 
molecular rotation is a function of the signs, magnitudes, and 
relative positions of the poles and dipoles present in the molecule. 
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EXPERIMENTAL. 


l-Menthyl diethylaminoacetate was prepared from optically pure 
l-menthyl chloroacetate and diethylamine (Einhorn and Jahn, 
Arch. Pharm., 1902, 240, 646). It was isolated as a colourless 
liquid which boiled over a very narrow range, 142-5—143°/9 mm., 
and had a slight fishy odour (Einhorn and Jahn record b. p. 160— 
162°/20 mm.). After a second fractionation, the rotatory power, 
oe, — 62-79° (lL = 1), was unchanged by further treatment. In 
view of the tendency of the ester to acquire a yellow tint in air, it 
was examined at once for the rotatory power (a) in the homogeneous 
state, (6) in alcoholic solution, and (c) in alcohol containing 1 mol. of 
hydrogen chloride. It was then precipitated from dry ether as the 
hydrochloride, and the colourless salt dried in air over calcium 
chloride, m. p. 127° (Einhorn and Jahn, 108°). 

Some of the diethylamino-ester was converted into the methiodide 
by heating it for a short time with methyl iodide, and the salt was 
recrystallised from ethyl acetate until of constant rotatory power ; 
m. p. 161—162° (Einhorn and Jahn, m. p. 157°). 

l-Menthyl dimethylaminoacetate was similarly prepared from 
menthyl chloroacetate (37 g.) and dimethylamine (25 g.), the 
reaction being allowed to proceed in a tightly stoppered bottle for 
24 days at 2°. The mixture was poured into an excess of dilute 
hydrochloric acid, and any unchanged chloro-ester extracted with 
ether. Alkali was added to the aqueous solution, the basic ester 
extracted with ether, and dried over anhydrous potassium carbonate. 
The hydrochloride of the ester was then precipitated from the dry 
ethereal extract by means of hydrogen chloride. The salt was 
finally recrystallised rapidly from acetone containing a little 
hydrogen chloride; yield 24 g., m. p. 169° (Found: Cl, 12°8. 
C,,H,,0,NCI requires Cl, 12-7%). The hydrochloride is readily 
soluble in water, alcohol, ethyl acetate, and acetone. 

The greater part of the purified salt was dissolved in water at 
0°, treated with alkali, and the oily ester extracted with ether. 
1-Menthyl dimethylaminoacetate, b. p. 132°/9 mm., was obtained as a 
colourless and almost odourless liquid. The rotatory power, 
ae, — 71-96° (1 = 1), remained unchanged on repeated fraction- 
ation (Found: N, 5-85. C,,H,,O,N requires N, 5-8%). The 
methiodide of the ester, prepared by boiling equal weights of the 
constituents for 1 hour, was recrystallised from ethyl acetate, in 
which it is only sparingly soluble, even at the boiling point; it 
melts above 250° (Found : I, 33-4. C,,;H3)0,NI requires I, 33-2%). 

Sodium |-menthyl sulphoacetate was readily formed by heating 
optically pure /-menthyl chloroacetate (25 g.) with crystalline sodium 
sulphite (25 g.) in aqueous-alcoholic solution. After being boiled 
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gently for 5 hours, the mixture was poured into 500 c.c. of water, 
and unchanged chloro-ester removed by extraction with ether. 
The aqueous liquid on concentration gave a practically quantitative 
yield of sodium /-menthyl sulphoacetate. Prolonged boiling in 
aqueous solution leads to decomposition with formation of menthol. 
After being twice recrystallised from water, the salt was obtained 
as a white odourless mass of fibrous needles. It was very readily 
hydrolysed with warm aqueous alkali. The sulphonate is only 
sparingly soluble in water and is almost insoluble in alcohol. It 
contains 2 mols. of water of crystallisation (Found: loss at 100° 
with subsequent standing in a vacuum over sulphuric acid, 10-67; 
Na, 6-88. C,,.H,,0;SNa,2H,O requires loss, 10-71; Na, 6-85%). 
This water is rapidly reabsorbed in air, and the salt cannot be 
accurately weighed in an open vessel. 

Attempts were made to obtain the free sulphonic acid, both by 
precipitating the lead salt and treating it with hydrogen sulphide, 
and also by shaking the precipitated and dried barium salt for 3—4 
hours with an exact equivalent of dilute sulphuric acid, The 
resulting free acid was readily soluble in water and to a smaller 
extent in alcohol. Recrystallisation, even at low temperatures, 
always led to decomposition with liberation of menthol. Decom- 
position also occurred when the acid was dried in a vacuum 
desiccator, and it was therefore not further examined. 

The following rotatory powers were measured in a 2-dem. tube, 
except where marked by an asterisk, in which case l=1. The 
alcohol employed was dried over sodium, and densities were deter- 
mined in a pyknometer holding about 3 c.c. 

When the reciprocals of the rotatory powers are plotted against 
\* the values lie'approximately on a straight line. 


1-Menthyl diethylaminoacetate. 


Solvent. ¢. [Myec. [Mis [Min [More 
Homog.* ......... (a 0-9251). —117-4° —154-6° —182-7° —301-8° 
Alcohol ............ 4-532 — 171 203 — 
Hydrochloride in 

BEOOIIOE o.coccene 4-929 133 175 208 344 
Methiodide in 
alcohol ......... 3°947 141 175 208 339 
1-Menthyl dimethylaminoacetate. 
Homog.* ......... (do 0-9357) — 156-9 185-5 — 
Alcohol ............ 5-559 ~e 170 201 _— 
Hydrochloride in 
BISOHO! ......00 5-007 134 175 207 346 
Methiodide in 
alcohol ......... 2-062 140 177 208 346 
Sodium |-menthyl sulphoacetate. 
Water ..........+. 3-283 139 181 210 841 
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1-Menthyl malonate. 


Aboot oocccseccsss 5-022 — 164 193 — 
Na salt in alcohol 3-976 — 156 185 — 


Summary. 


The l-menthyl esters of dimethylamino- and diethylamino-acetic 
acids and their hydrochlorides and methiodides have been examined 
polarimetrically; also sodium /-menthyl malonate and sodium 
l-menthyl sulphoacetate. 

The free basic esters have relatively low rotatory powers, which 
rise when the compounds are converted into the hydrochlorides 
or methiodides. /-Menthyl hydrogen malonate, on the other hand, 
has a lower rotation in the form of its sodium salt. 

The influence of substituents in general, including the above 
basic groups, agrees closely with the sign and magnitude of their 
characteristic dipoles, and the direction of the change in rotation 
following upon the ionisation of a basic or acidic group is in the 
sense predicted from a knowledge of the effect of these dipoles. 


UNIVERSITY OF EDINBURGH. [ Received, June 7th, 1930.] 





CCXLVI.—Optical Activity and the Polarity of Sub- 
stituent Groups. Part XV. Phenyl-substituted 
Esters and Ethers of |-Menthol and B-Octyl Alcohol. 


By H. Gorpon RULE and JAMEs Barn, 


THE change in the optical activity of an organic compound due to 
the accumulation of pheny] radicals on an atom near an asymmetric 
group has been discussed by Hilditch (Z. physikal. Chem., 1911, 77, 
482), who suggested that this type of substitution leads to a degree 
of molecular symmetry which frequently results in diminished 
rotatory power. A remarkable example of this nature was subse- 
quently discovered by Tschugaev (Ber., 1912, 35, 2759) in the 
case of /-menthyl triphenylacetate, the rotation of which is lowered 
to such an extent that in certain solvents the sign becomes reversed. 
Now, in earlier communications of this series it has been established 
that the rotatory powers of menthy] and §-octy] esters of substituted 
acetic acids vary with the polarity of the substituent, in such a 
manner that the more electronegative the latter, the greater is the 
dissociation constant of the acid and the higher is the rotatory power 
of the ester (see preceding paper). It appeared possible, therefore, 
that the low rotation of the triphenylacetate might be a consequence 
of the parent acid possessing a low dissociation constant. This idea 
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seemed to be confirmed, not only by the observations of Elbs and 
Tolle (J. pr. Chem., 1885, 32, 624) and of Schmidlin and Hodgson 
(Ber., 1908, 41, 441), who describe the compound as an extremely 
weak acid, but also from a consideration of the known properties of 
triphenylmethyl halides, in which the aryl radical functions as a 
positive ion. It was therefore at first supposed that triphenyl- 
methyl—unlike the mono- and di-phenylmethyl radicals—exerted 
an electron repulsion in the sense 











4 ~ - + 
(C,H;);¢ —Cl (C,H;),C-COO—-—H 
> > 
Shift assisting ionisation. Shift repressing ionisation. 


A study of the literature relating to optically active phenyl- 
substituted compounds, however, reveals a second possibility. It 
has been shown (Bretscher, Rule, and Spence, J., 1928, 1493) that 
the rotatory power of l-menthyl benzoate, [M];4,, — 281° (in 
benzene, c = 5) is depressed by the introduction of a phenyl group 
into the ortho-position, /-menthyl diphenyl-2-carboxylate having 
[M5461 — 233° (in benzene, c = 5). This low rotation was assumed 
to result from the spatial proximity of the phenyl group to the active 
complex. A similar reason may be advanced for the abnormally 
low rotatory power observed by Rupe and Miinter (Annalen, 1909, 
369, 339) for /-menthyl 8-phenylvalerate, for which [M]p is — 107° 
as compared with the average value for an aliphatic ester of 
approximately — 157°. The researches of Frankland and of 
Pickard and Kenyon on the influence of growing chains suggest that 
in the 3-phenylvalerate the natural curvature of the carbon chain 
will bring the phenyl group into the neighbourhood of the menthyl 
radical. Possibly, therefore, the optical properties of /-menthyl 
triphenylacetate are due to the accumulation of bulky phenyl 
groups on the same carbon atom resulting in the benzene nuclei 
being forced into positions relatively close to the active complex. 


CO,C oH 19 
CoH, 


CgH,-CH,CHy’CH,CHy:CO,CypHyy — CgH —C—CO,CypHyy 
. C,H; 


It is of interest to note that the initial rise in the rotatory powers 
of -menthyl mono- and di-phenylacetates, followed by a fall in the 
tri-substituted compound, has also its parallel in the aliphatic 
series, not only in respect of rotatory power but also of the degree 
of electrolytic dissociation. This may be illustrated, for example, 
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by the following data referring to the mono-, di-, and tri-methyl- 
substituted acetic acids and their menthy] esters. 


Acid. Value of K x 10°. [M)p of ester (Rupe). 
OH CH COT i .cciscccccvcccicecs 1-4 — 160+2° 
(CHg)sCH-CO GH  acccosccoccccccees 1-5 — 163-5 
SUERTE . ccstusasneencontzos 0-98 —161-5 


A further example is to be found in the isomeric butyl esters of 
d-mandelic acid recently investigated by Wood, Chrisman, and 
Nicholas (J., 1928, 2180), among which the tertiary compound 
exhibits the lowest rotatory power. 


(a) ste 
C,H,-CH(OH)-CO,CH,-CHy-CHy-CHy s.esseccssssesssseeee ~110-0° 
CsH.-CH(OH)-CO,CH,-CH(CH,)_ «..+s-csscessessssesevesees — 123-5 
OSHS -CH(OH)-CO,C(CH,)p so-s.cee-sscscccssesccsesscrescerece — 945 


Here, again, the alternating influence of the n-, iso-, and tert.-butyl 
groups on the optical activity is repeated in the dissociation constants 
of the corresponding butyric acids, for which the following values 
of K x 105 are recorded: Valeric acid, 1-6; isovaleric acid, 1-73; 
trimethylacetic acid, 0-98. 

In order to ascertain whether the depressive influence of the 
triphenylmethy] group on the rotatory power is a general property, 
the /-menthyl and 8-octyl ethers of mono-, di-, and tri-phenyl- 
carbinols, and the @-octyl esters of mono-, di-, and tri-phenylacetic 
acids have been prepared and examined. d-Bornyl triphenylmethyl 
ether was also prepared in order to determine the sign of the rotation, 
but on account of their known tendency to isomerise, the bornyl 
derivatives were not further investigated. 

Since the only available evidence bearing on the acidic strength 
of triphenylacetic acid is of a qualitative nature, it was thought 
advisable to make a direct comparison of the conductivities of mono-, 
di-, and tri-phenylacetic acids in equivalent solutions (see below). 


Values of [M]®" for phenyl-substituted esters of 1-menthol and of 


B-octyl alcohol. (In solvents, c = 5.) 


R = l-Menthyl. R = 1-B-Octyl. 
CH,-CO,.R — 157-4° (homog.) _ : if ad on 
—43- omog. 
C,H,°CH,-CO,R a= 185 (homog.) 1 { oo 25 (C,H,) 
—61 (EtOH) 
—70°5 (homog.) 
(C,H,),CH-CO,R —277 —40 (C,H,) 
7a (C3) 
' +58-7 (CS,)? Me 
(CH s)sC-COR —14-6 (toluene) ® {+ i (tol) 


1 Rupe, Trans. Faraday Soc., 1914, 10, 47. 
2 Tschugaev and Glinin, Ber., 1912, 45, 2760 (c = 17—19). 
* Pickard and Kenyon, J., 1914, 105, 835. 
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Values of [M]i" for phenyl-substituted ethers of menthol and of 
8-octyl alcohol. 


R = l-Menthyl. R = L-B-Octyl. 
CH,:0-R — 162-9° (homog.) * — 
— 60-1° (homog.) 
C,H,-CH,-0-R —233 (homog.) * {= 59 (C,H,) 
— 64 (EtOH) 
— —117-7 (homog.) 
(C,H,).CH-O-R —627 (C,H,) {=103 (C,H,) 
-—-545 (acetone) — 91 (EtOH) 
— + 59-6 (homog.) 
(C.H,),C:O-R ~473 (C,H) {+ 47 (C,H) 
—454 (acetone) + 72 (EtOH) 


1 Tschugaev, Chem. Z., 1902, 1238. 


In each of the above series the introduction of the first and second 
phenyl groups into the molecule leads to successively increasing 
rotatory powers. The union of the third phenyl residue to the same 
carbon atom, on the other hand, results in a fall, which, except in 
the case of the /-menthyl ether, is so pronounced as to cause an 
inversion in sign. It was anticipated that the shorter distance 
between the triphenylmethyl group and the asymmetric complex in 
the ethers as compared with the esters would result in a greater 
tendency to inversion on the part of the former compounds. This 
expectation is realised in the /-octyl series, in which the dextro- 
rotation is of a high order of magnitude. In the l-menthyl di- and 
tri-phenylmethyl ethers it is possible that the high levorotation 
arises from the secondary effect of the benzene nuclei on the other 
asymmetric atoms of the menthyl radical. Evidence for the 
d-borny] ethers is incomplete, but the relatively high rotatory power 
of the trisubstituted ether, [Mj] + 190° (in benzene, c = 5) 
indicates that the triphenylmethyl radical produces no abnormal 
lowering of rotation. Similarly, the triphenylacetic ester of 
l-borneol, for which Tschugaev and Glinin (loc. cit.) record ([M]f" 
— 81-2° (in toluene, c = 17), has been observed by these authors 
to have a rotation not markedly different from the corresponding 
average aliphatic ester ([M], = — 88°). 

Molecular Conductivities of the Acids.—No attempt was made to 
determine the dissociation constants of the acids, since the tri- 
substituted compound is practically insoluble in water at ordinary 
temperatures. Consequently, as has been observed by Elbs and 
Télle and by Schmidlin and Hodgson (locc. cit.), an aqueous solution 
of the sodium salt of triphenylacetic acid is only stable in high 
concentrations. On dilution, the free acid is progressively liberated 
by hydrolytic dissociation and precipitated. A comparison was 
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therefore made of the molar conductivities of the acids.at similar 
dilutions in aqueous alcohol.* 


Molar conductivities of phenyl-substituted acetic acids in aqueous 
alcohol (60 vols. EtOH, 40 vols. H,O) at 20°. 


Dilution. Phenylacetic. Diphenylacetic. Triphenylacetic. 
64 0-78 0-79 — 
128 1-11 1-13 — 
256 1-55 1-61 — 
512 2-14 2-30 2-53 
1024 311 3°30 3°50 


The above figures show definitely that the trisubstituted acid does 
not possess the properties of an extremely weak acid, and that the 
parallel previously established between the dissociation constants 
of the acids and the rotatory powers of the esters cannot be upheld 
in the case of the triphenyl derivatives. ‘Taking into consideration 
the size and probable high viscosity of the triphenylacetic anion, 
we do not doubt that this acid is in reality the strongest of the series. 
The alternative suggestion may therefore be adopted, viz., that the 
lowered rotatory powers of the triphenyl-substituted esters and 
ethers are a consequence of the accumulation of phenyl radicals on 
one carbon atom, which has the effect of forcing these groups into 
close spatial proximity to the active complex. Similar depressions, 
as already stated, are observed in the analogous cases of /-menthy] 
diphenyl-2-carboxylate and l-menthyl 3-phenylvalerate. 

Dispersion.—When the reciprocal of the rotation is plotted against 
the square of the wave-length of the light employed, it is found that 
the deviations from the linear are in most cases small. Larger 
divergences are observed for the d-bornyl ether in acetone and in 
ethyl acetate. /-Octyl triphenylacetate has definitely anomalous 
dispersion in benzene solution, thus resembling the corresponding 
l-menthyl ester investigated by Rupe. This abnormality is not 
unexpected, as in both these cases the rotation is not far removed 
from zero. 

EXPERIMENTAL. 


The /-menthol employed in the following preparations had 
[ax]? — 49-75° (in alcohol, c = 10): the $-octanol was obtained by 
the method of Pickard and Kenyon and gave [«}%;, + 9-6° in the 
homogeneous state. 

l-Menthyl triphenylmethyl ether was prepared from tripheny!l- 
methyl chloride, /-menthol, and pyridine, according to the direc- 
tions given by Schmidlin (Ber., 1912, 45, 3188), who did not 


* The authors wish to thank Messrs. A. Robertson and J. Robertson for 
preliminary conductivity determinations with these acids, and for confirming 
the results qualitatively by colorimetric tests with “‘ Universal ’’ indicator. 
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examine the rotatory power of the ether. The pale yellow 
crystalline compound was recrystallised from hot alcohol until 
the rotatory power was constant; m. p. 136° (Schmidlin, m. p. 
135—136°). 

Triphenylmethyl 1-8-octyl ether was obtained in a similar manner to 
the above, from [-$-octyl alcohol (10 g.), triphenylmethyl chloride 
(9 g.), and pyridine (23 g.). The mixture was heated for 5 hours, 
washed free from pyridine and hydrogen chloride, and dried. 
After removal of the excess of octyl alcohol under diminished 
pressure, a yellow product remained which deposited fine crystals 
on standing. The latter proved to be triphenylcarbinol, m. p. 159°, 
derived probably from the aqueous hydrolysis of the ether during 
the washing process. The liquid portion was distilled and the 
fraction boiling at 178°/0-3 mm. was collected separately; yield, 
6g. If allowed to stand in contact with moist air, hydrolysis occurs 
with deposition of triphenylearbinol. Similarly, when a sample 
was warmed with methy] alcohol and animal charcoal the compound 
was converted into the methyl ether (Found: C, 87-0; H, 8-6. 
C,,H,,0 requires C, 87-1; H, 8-7%). 

d-Bornyl triphenylmethyl ether was prepared in the same manner 
from d-borneol having [«]i7) = + 30-5° (in alcohol, c = 5). The 
white crystalline ether was recrystallised from methyl alcohol until 
pure; it then melted at 116°; yield, 10 g. of purified product from 
20 g. of d-borneol (Found: C, 87-65; H, 83. Cy gH,,0 requires 
C, 87-8; H, 815%). 

1-Menthyl diphenylmethyl ether. Pure dry benzhydrol (14 g.) was 
dissolved in dry benzene (100 ¢.c.) and some fused calcium chloride 
added to the mixture. Dry hydrogen chloride was passed into the 
boiling solution for about 2 hours, after which the benzene layer was 
separated, the solvent distilled off on the oil-bath and the remaining 
liquid distilled ina vacuum. Diphenylmethyl chloride was collected 
between 155° and 157°/12 mm.; yield 14 g. 

The diphenylmethy! chloride (14 g.) in toluene was added to a 
toluene solution of J-menthol (20 g.) in which sodium (1-2 g.) had 
been dissolved. The mixture was boiled gently for 8 hours, during 
which a slow evolution of hydrogen chloride took place, due probably 
to the interaction between menthol and diphenylmethyl chloride. 
After cooling, the mixture was diluted with ether, washed with 
water, and dried over calcium chloride. The excess of solvents and 
menthol were distilled off under reduced pressure, and the yellow 
solid which remained was recrystallised from methyl alcohol. 
1-Menthyl diphenylmethyl ether crystallised in fine white needles, 
m. p. 67°; yield of pure ether, 15 g. (Found: C, 85-5; H, 9-3. 
Cy3H 590 requires C, 85-6; H, 9-4%). 
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Diphenylmethyl 1-B-octyl ether. This was first prepared in a 
similar manner to the menthyl ether, from potassium octyloxide 
(from a toluene solution of 10 g. of octyl alcohol in which 2 g. of 
potassium had been dissolved) and diphenylmethy] chloride (15 g.). 
Much difficulty was encountered in obtaining good yields of this 
ether : on removal of the excess of toluene and octyl alcohol under 
diminished pressure, a crystalline solid, m. p. 215—220°, was 
deposited on the sides of the flask; the substance might be tetra- 
phenylethylene, m. p. 221°, since diphenylmethy] chloride is known 
to decompose at high temperatures to give this compound together 
with hydrogen chloride. Better yields of the ether were obtained by 
using smaller proportions of diphenylmethyl chloride. From 7 g. 
of the latter, 15 g. of 1-8-octyl alcohol, and 1-7 g. of potassium in 
toluene solution, 3 g. of an octyl ether, b. p. 202°/10 mm., were 
isolated, the rotatory power of which was unchanged on further 
fractionation (Found: C, 84:8; H, 9-6. C,,H,,0 requires C, 85-1; 
H, 95%). 

Benzyl 1-8-octyl ether. A toluene solution of 11 g. of l-octyl 
alcohol, in which 2 g. of potassium had been dissolved, was treated 
with 15 g. of freshly distilled benzyl chloride and gently boiled for 
two hours. From the reaction mixture was isolated benzyl octyl 
ether, b. p. 154°/18 mm., which was fractionated until of constant 
rotation; yield of pure ether, 10 g. (Found: C, 81-7; H, 10-8. 
C,;H,,0 requires C, 81-7; H, 11-0%). 

1-8-Octyl phenylacetate was prepared from phenylacetic acid, 
m.p. 745°. This was treated with thionyl chloride and the resulting 
phenylacetyl chloride fractionated, giving a colourless liquid, b. p. 
94°/10 mm. The latter was converted into the octyl ester, pyridine 
being used as catalyst. The ester was obtained as a somewhat 
yellowish liquid, b. p. 174°/12 mm., which still retained its colour 
on further fractionation (Found: C, 77:1; H, 98. C,,H,,0; 
requires C, 77-35 ; H, 9:75%). 

d-6-Octyl diphenylacetate. Benzilic acid was converted into 
diphenylacetic acid by reduction with hydriodic acid and red 
phosphorus in glacial acetic acid solution. The recrystallised 
diphenylacetic acid melted at 146° (Symons and Zincke, Annalen, 
1874, 171, 126, quote m. p. 145—146°). This product contained no 
benzilic acid as it gave no violet coloration with concentrated 
sulphuric acid. 

The well-dried diphenylacetic acid (16 g.) and thionyl chloride 
(24 g.) were heated together on an oil-bath for 2 hours. After 
removing the excess of thionyl chloride under diminished pressure, 
the crystalline residual mass was dissolved in pyridine (20 g.) and 
d-8-octyl alcohol added. The reaction was completed by heating 
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for 4 hours at 120°. d-8-Octyl diphenylacetate was isolated from this 
mixture as a colourless liquid, b. p. 221°/17 mm.; yield of pure 
ester, 20 g. (Found: C, 81-4; H, 8-8. C,,H,,0, requires C, 81-4; 
H, 8-7%). 

d-8-Octyl triphenylacetate. The experimental details given by 
Schmidlin and Hodgson (Ber., 1906, 39, 634) for the preparation 
of triphenylacetic acid gave only extremely small yields. The best 
results were obtained by mixing well-dried triphenylmethy] chloride 
(33 g.) with magnesium turnings (5 g.) which had previously been 
thoroughly washed with ether, and dried for 3—4 hours at 100°. 
The mixture was placed in a 500-c.c. flask, fitted with a cork 
bearing a mercury seal and stirrer, a reflux condenser, a small glass 
tube for the addition of ether, and a wide glass tube through which 
carbon dioxide was passed into the flask. When all the air had been 
displaced, 300 c.c. of dry ether were added without interrupting the 
passage of the gas. The mixture was well stirred, and the flask 
warmed gently on the water-bath. Further treatment was accord- 
ing to the method of Schmidlin and Hodgson; yield of triphenyl- 
acetic acid 27 g., m. p. 263°. Since these details were evolved 
similar conditions have been published by Gilman and Zoellner 
(J. Amer. Chem. Soc., 1929, 51, 3493). 

Pure triphenylacetic acid (20 g.) was converted into the pure acid 
chloride, m. p. 126—127°, and thence by treatment with potassium 
octyloxide into d-octyl triphenylacetate. The ester was obtained as a 
pale yellow viscous liquid, b. p. 206°/0-03 mm.; yield 14 g. The 
rotatory power in benzene was unchanged on further fractionation 
(Found : C, 83-8; H, 8-0. C,,H,.0, requires C, 83-9; H, 8-05%). 

Determinations of Rotatory Power and Density—Measurements of 
rotatory power in solution recorded in the following tables all refer 
to a concentration of approximately c = 5. 








1-8-Octyl phenylacetate (d? 0-9578). 








Solvent. l. t. (My. [Mp [Me . [M]x.,. 
Homog. ...... 59 20° — 33-9° —43-4° — 52-3° — 
Benzene ...... 100 20 —20 — 25 —3l — 70° 
EtOH .«........ 100 20 —42 —61 —72 —113 

d-8-Octyl diphenylacetate (d}* 0-9974). 
Homog. ...... 100 15 + 53-0 + 70-5 + 84-7 +147-8 
Benzene ...... 100 20 +29 +39-5 + 48 + 85 
MONE ezdics st 100 14 +78 +99 +119 +220 
d-8-Octyl triphenylacetate. 

Aleohol ...... 200 20 +28 +33 +41 + 64 
A 200 20 +23 +29 +35 +56 
Acetone ...... 200 20 +21 +28 +35 +56 
Benzene ...... 200 20 + 1-3 — 0-6 — § — 6 
eee 200 20 —24 —34 —44 —94 
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Benzyl 1-8-octyl ether (d?° 0-8974). 


Homog. ...... 50 20 — 45-8 — 60-1 —71-3 —120-4 

Benzene ...... 200 20 — 46 — 59 —68 —116 

EtOH ......... 200 20 —42 —54 — 64 —109 

Diphenylmethyl 1-8-octyl ether (d)? 0-9675). 

Homog. ...... 25 17 — 88-7 —117-7 — 138-9 — 246-2 

Benzene ...... 100 17 — 83 — 103 —123 — 228 

ee 100 17 —72 — 91 — 108 —193 
1-Menthyl diphenylmethyl ether. 

Benzene ...... 200 17 —474 — 627 —748 — 1299 

Ethyl acetate 200 17 —421 — 562 — 668 —1157 

Acetone ...... 200 17 —412 — 545 — 650 —1117 
1-Menthyl triphenylmethyl ether. 

Benzene ...... 100 11 —365 —473 — 550 — 968 

Acetone ...... 100 18-5 — 348 — 454 — 532 —88sl 

Ethyl acetate 100 18°5 — 335 — 434 —518 — 826 

Triphenylmethyl |-G-octyl ether (d\* 1-026). 

(Homog.) ... 25 16 — + 59-6 +71-1 — 

Alcohol ...... 100 16 +54 +72 +92 +175 

Benzene ...... 100 16 — +47 +57 +104 
d-Bornyl triphenylmethyl ether. 

Benzene ...... 100 19 +138 +190 +225 +385 

Ethyl acetate 100 19 + 94 +165 +193 +337 

Acetone ...... 100 19 +109 +159 +191 +317 

Summary. 


A comparison of /-menthyl and §-octyl esters of mono-, di-, and 
tri-phenylacetic acids and of the corresponding mono-, di-, and tri- 
phenylmethy] ethers shows that the rotatory powers rise successively 
with the introduction of the first and second phenyl groups into the 
molecule, but fall on the insertion of a third. Except in the case of 
the /-menthyl ether, the presence of the triphenylmethyl complex 
leads to an inversion of sign. 

These optical effects in the esters do not correspond to the 
alteration in acidic strength of the acids, for triphenylacetic acid is 
now shown to be the most highly dissociated acid of the series. 
The statements in the literature describing it as an extremely weak 
acid are therefore incorrect. 

Whatever may be the reason for the depressive effect of the 
triphenylmethyl radical on the rotation, it is suggested that it is 
related to the enforced spatial proximity of the phenyl groups to 
the active complex. Similar depressions are caused by the pheny! 
group when introduced into the ortho-position in /]-menthyl benzoate, 
and into the 3-position in /-menthyl valerate. In the 8-pheny]l- 
valerate the normal bending of the methylene chain may be sup- 
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posed to bring the terminal cyclic groups into closer proximity than 
in the «- or $-substituted compounds, in which a rise of rotation 
occurs. 


The authors desire to thank the Moray Fund for a grant which has 
defrayed part of the expense of this investigation. 


UNIVERSITY OF EDINBURGH. [Received, June 7th, 1930.] 





CCXLVII.—Solubility of Magnesium Neodymium 
Nitrate in Water, Nitric Acid, and Magnesium 
Nitrate Solutions. 


By Jonn ALBERT NEwToN FRIEND. 


ALTHOUGH the double nitrates of magnesium and the rare- 
earth metals, of general formula 3Mg(NO,).,2M(NO,),,24H,O, are 
frequently used in the fractional crystallisation of the cerium group 
(where M represents elements No. 57 to 62) both from acid 
(Demargay’s method, Compt. rend., 1896, 122,728; 1900, 130, 1019, 
1185) and neutral (Drossbach, Ber., 1902, 35, 2827) solution, it 
is remarkable that their solubilities have been so little studied. 
As regards the magnesium neodymium double salt, Jantsch (Z. 
anorg. Chem., 1912, '76, 303) has given the solubility at 16° in nitric 
acid of d 1-325. This high acid concentration was used because 
the supply of material at his disposal was too small to allow of the 
determination of the solubility in pure water. Unfortunately, 
the result is expressed as 0-0635 g.-mol. of salt per litre, and as the 
density of the solution is not given it is impossible to convert the 
figure into the more usual expression of g. per 100 g. of solution, 
The only other published data appear to be those of Prandtl and 
Ducrue (Z. anorg. Chem., 1926, 150, 105) which comprise four 
determinations of the solubility in pure water at 15°, 30°, 50°, and 
70° (see Fig. 1). It seemed desirable, therefore, to investigate 
more fully the solubility of the salt in neutral and acid solutions. 


EXPERIMENTAL. 


Preparation of Material_—An account has already been given of 
the separation of pure neodymium as the double magnesium nitrate 
from acid solutions of a mixture of rare-earth residues (Friend, this 
vol., p. 1633) ; a batch of the crystals was recrystallised several times 
from dilute nitric acid, washed with distilled water, and air-dried 
on filter paper. The double salt does not crystallise so sharply 
from pure aqueous solution as from dilute acid, and analyses of the 
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crystals from aqueous solution (Table I, a and b) showed that they 
contained a slight excess of magnesium as though the neodymium 
salt had been leached away. Crystals from dilute nitric acid 
solution, however, usually gave practically normal values for the 
ratio Nd,O, : 3MgO (Table I, c and d). 

The apparatus used in preparing saturated solutions was the same 
as that already described (Friend, loc. cit.) ; when the solution density 
was required, the apparatus figured by Friend and Smirles (J., 1928, 
2244) was attached, save that the glass-wool filter was replaced by 
one of sintered glass. In general, some 10—15 g. of solution were 
taken, diluted to 250 c.c., and the neodymium precipitated as 
oxalate from an aliquot portion. The weight of neodymia ranged 
from 0-3 to 0-6 g., and the equivalent amount of double salt was 
obtained on multiplying by the factor 45702. It was not con- 
sidered necessary to estimate the magnesium separately, as Prandtl 
and Ducrue (loc. cit.) found that, within the error of experiment, 
the ratio of neodymium to magnesium in the solution remained 
constant at approximately the theoretical value, the mean mole- 
cular excess of neodymium in solution in their four solubility 
determinations being only about 0-3%. This amount, although 
small, is further evidence of the slight leaching action referred to 
above. 

When the solubilities in nitric acid solution were required, owing 
to the corrosive action of nitrous fumes upon rubber, the saturation 
bottle was fitted with a ground-in stopper which carried a vertical 
tube approximately 12 ins. long, down which the stirring rod passed. 

Separation of Neodymium from Magnesium.—lIt has already been 
pointed out (Friend, Joc. cit.) that perhaps the most accurate and 
convenient method of estimating neodymium consists in pre- 
cipitation as oxalate and ignition to oxide. In the presence of 
barium salts, however, it was found necessary to take special pre- 
cautions against adsorption which was liable to affect the result by 
several units %. Less trouble was to be anticipated with mag- 
nesium in view of the generally greater solubility of its salts, although 
it has long been known that in neutral or ammoniacal solution it is 
liable to be occluded when calcium has been previously separated 
as oxalate (see Richards, McCaffrey, and Bisbee, Z. anorg. Chem., 
1901, 28, 71; Korte, J., 1905, 87, 1503; Lemarchand, Compt. 
rend., 1925, 180, 745). Before proceeding with the solubility 
determinations, therefore, it was necessary to ascertain if the 
oxalate precipitation would give correct results for neodymium in 
the presence of magnesium. 

(a) Approximately 1-6 g. of double nitrate were dissolved in 
about 350 c.c. of water, raised to boiling point, and neodymium 
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oxalate precipitated by addition of excess hot oxalic acid solution. 
Next day the precipitate was filtered off, washed with hot, dilute 
oxalic acid solution, and ignited to oxide, 0-3495 g. being obtained. 
This was dissolved in nitric acid, reprecipitated as oxalate, and 
ignited to oxide, yielding 0-3492 g. Any adsorption of magnesium 
was thus negligibly small. 

(6) To solutions of neodymium sulphate were added solutions of 
magnesium nitrate containing respectively 1 and 2 equivs. of 
magnesium salt. The mixed solutions were diluted to 400 c.c. and 
treated as in (a) above. The weights of neodymia obtained were 
0-1422 g. and 0-1421 g. respectively, 0-1416 g. having been taken 
originally. The data suggest very slight adsorption, but too small 
appreciably to affect the results of the present research. 

In the solubility determinations, therefore, the neodymium, 
which was the only constituent estimated, was determined as above. 

Analysis of the Double Nitrate-—Determination of the neodymia 
and magnesia was regarded as sufficient. The simplest method 
consists in melting the crystals in a platinum crucible, gradually 
raising the temperature to expel combined water and finally de- 
composing the nitrate. The crucible is cooled, and the friable 
solid residue crushed with a glass rod and heated over the blowpipe 
to ensure complete conversion into oxide. After weighing, the 
residue is dissolved in dilute nitric acid, the neodymia estimated 
by the oxalate method, and the magnesia by difference. The results 
of some of the analyses are given in Table I. 


TABLE I. 


Analyses of different batches of crystals of the double nitrate, 
3Mg(NOz3).,2Nd(NO,)3,24H,O. 


a b. c. d Cale. 

NG Og (%) occccccccccccccccccccsecces 21-31 20-84 21-10 21:49 21-88 
SMBO (9G). .nccccccnccscraccrcsccasiocs 8-01 8-24 7-71 7°81 7°86 
Ratio Nd,O, : 3Mg0 _............. 2-66 2-53 2-74 2-75 2-79 

a,b. Moist crystals from neutral solution. 

c,d. Moist crystals from dilute acid solution. 

é. Fe gy: h. 

SNA(NOg)s (%) socccovccesccccccssee 40-78 41-37 41-76 41-41 
SMg(NO,)e (%) -cvreerecccecceceeees 28-35 28-47 28-77 28-54 
iki gs ji 4 sprees 30-87 30-16 29-47 30-05 
Ratio Nd,O;: 3MgO _............ 2-697 2-725 2-722 2-720 

e, f. Dried residues from neutral solution in saturation bottle at 0°. 

g. Dried residue from N-acid solution in saturation bottle at 0°. 


h. Dried crystals prepared at — 8° (see p. 1907). 
* Theory for 27H,O, 30-56%. 


The solubilities (S) given in Table II are expressed as g. of hydrated 
salt per 100 g. of solution, and are shown in Figs. 1 and 2. 
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TABLE II. 
Neutral solution. 
ce 0-4° 0-6° 4-4° 14-2° 17-0° 27-2° 40-6° 
AD edekccceessanas 60-42 60-84 61-92 64-00 63-81 67-28 70-72 
Temp. ...... 48-8° 65-4° 75°6° 87-0° 90-6° 109°* 
iP ansesnbensinons 72-50 77-64 81-07 84-35 86-89 100-0 
* Congruent melting point (Jantsch, loc. cit.). 

Nitric acid. N. N. N. N. 2-2N. 2-2N. 
PAA. 00 44h ban onphedecpegss 0-6° 14-4° 24-2° 77-2° 15-2° 50-2° 
EP skibbndineciarsedataateotre 57-21 60-25 63-06 78-26 54-49 63-14 
rE ye oe _- 1-499 — — _ = 

Nitric acid. 5-2N. 5-2N. 652N. 11-26N. 11-25N. 11-25N. 
OM. sb cebicnechidisveb 14-8° 24-8° 74-0° 14-8° 49-0° 78-0° 
iP dcdécheseeusdschontiibnenes 42-01 45-84 64-40 5-64 30-98 62-47 
BEET cdidvcrsvspettnives -— _ _: 1-357 — _ 

Magnesium nitrate. 0-7N. 1-77N. Saturated solution. 
RTT Sere 24-8 24-4 24-2 
recpbrawardocishexchuneghecnndcpane 59-23 50-31 2-92 
Fic. 1. 
Wig | 
rs 
o. 
-—- 
= 80F 
me 
Fy: 
os 
Zs 60F 
<5 
ae 
= 404+ 
os 
ZA 
80 
= 204 
> 
~ 0 rt i 1 i 1 Bani 
0° 20° 40° 60° 80° 100° 109° 
Temperature. 


P and D = Prandtl and Ducrue (loc. cit.). 


Consideration of the Results. 


Neutral Solution.—The solubility curve (Fig. 1) appears to be 
continuous from about 5° upwards to the melting point. The results 
between 15° and 70° are very slightly lower than those of Prandtl 
and Ducrue, but the difference is relatively small in view of the 
great solubility of the salt. The results at 0° are slightly lower than 
one would expect from the general slope of the curve, and analyses 
of the solid phase in the saturation bottle at 0° (Table I, e, f, g) 
suggest the existence of a higher hydrate. Attempts were made to 
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prepare it in a pure condition by grinding the tetradodecahydrate 
in a minimum quantity of dilute nitric acid and stirring vigorously 
for some 5 hours in a mixture of ice and salt. The solid phase was 
drained on a sintered-glass funnel, pressed between filter papers, 
and analysed. The analysis (Table I, h) closely resembles analysis 
f. The excess of water above that required for 24H,O appears too 
great to be due to mere adsorption, but examination of the crystals 
under the microscope yielded no indication of change of structure. 
This point is being investigated with allied double salts. 


Fic. 2. 


80 HNo 


,24H,0 





to 
So 


per 100 g. of solution. 


of 3Mg(NO,),,2Nd(NO,), 


G. 





Otani ' Y said 

1 2 5 8 11-25 
Initial normalities of nitric acid and magnesium nitrate. 
J = Jantsch (loc. cit.). 





Nitric Acid Solution.—In these solutions the solubility falls 
steadily with increase of concentration of acid. No initial increase 
in solubility on addition of dilute acid was observed similar to that 
found (Friend, loc. cit.) on addition of dilute sulphuric acid to 
neodymium sulphate. Jantsch (loc. cit.) states that 0-0635 g.-mol. 
of the salt dissolves per litre of solution in nitric acid of d 1-325 at 
16°. From the “ International Critical Tables ’’ (Vol. ITI, 1928) 
the normality of the acid is calculated as 10-88. From Table II 
the density of the solution would be approx. 1-360, from which the 
solubility of the salt is 7-18 g. per 100 g. of solution at 16°. This 
De result agrees very satisfactorily with the data in Table II (see J, 
ts Fig. 2). The rapid rise in solubility with the temperature is mainly 
tl due to the large amount of combined water in the crystals, which 
ne reduces the normality of the acid in the solution until, at the melting 
in point, it has fallen to zero. 
es Magnesium Nitrate Solution.—Quill, Selwood, and Hopkins (J. 
g) Amer. Chem. Soc., 1928, 50, 2929) have observed that the effect of 
to magnesium nitrate upon the absorption bands of a solution of 
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neodymium nitrate is closely similar to that of free nitric acid; but 
for equivalent concentrations of the two the band-shift is more 
pronounced with magnesium nitrate than with free acid. 

If the usually accepted explanation is correct, viz., that the 
shifting of the bands is due largely to increased electrostriction 
consequent upon a higher concentration of a common ion, one would 
expect magnesium nitrate to reduce the solubility of the salt to a 
greater extent than equivalent amounts of nitric acid. Fig. 2 
shows that such is the case. The magnesium nitrate was prepared 
by adding a slight excess of pure magnesia to nitric acid and filtering 
the solution. The normality of the solution was determined 
gravimetrically. 


THE TECHNICAL COLLEGE, 
BIRMINGHAM. [Received, June 12th, 1930.] 





CCXLVIII.—The Treatment of Cedrene with Mercuric 
Acetate. 


By James BELL. 


AQuEOoUS mercuric acetate has proved of considerable value in 
investigations of the structures of certain terpenes and sesqui- 
terpenes (compare Balbiano and Paolini, Ber., 1902, 35, 2994; 
Henderson and Agnew, J., 1909, 95, 289; Deussen, J. pr. Chem., 
1926, 114, 63). It has now been found that cedrene reacts slowly 
with this reagent, mercurous acetate being precipitated. The 
aqueous solution contains an amorphous organo-mercury com- 
pound, which is slightly soluble in ethyl alcohol and insoluble in 
most other organic solvents with the exception of glacial acetic acid 
and chloroform. 

Owing to the insolubility of this primary product, it is impossible 
to replace the acetoxy-group by halogens, since addition of an 
alkali halide to a solution in alcohol containing a little acetic acid 
reprecipitates the original compound. These observations show 
that it is not a true acetoxymercuri-derivative of the sesquiterpene 
(compare Deussen, loc. cit.). The compound is purified by precipit- 
ation from chloroform solution by addition of ether. Analysis 
indicates C,,H,,0,Hg, as the most probable formula, suggesting 
that it is a mixture of two or more derivatives, the separation of 
which is impossible owing to their amorphous nature. 

In investigating the oxidation of pinene with mercuric acetate, 
Henderson and Agnew (loc. cit.) obtained the same oxidation 
products by the action of mercuric oxide in glacial acetic acid. In 
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the case of cedrene, there is some resinification during the reaction, 
but a mercury-free oxidation product is obtained. This consists of 
an alcohol. The formula C,,;H,,0 is indicated by analysis, but a 
tricyclic alcohol of this composition would be unsaturated, whilst 
the above oxidation product is fully saturated and therefore should 
have the formula C,;H,,0. A similar observation has been made 
by Henderson and Sword (unpublished work) who obtained a 
saturated alcohol by oxidation of cedrene with hydrogen peroxide. 
Analysis of this alcohol also indicated the formula C,;H,,0 rather 
than C,;H,,0. These two products are apparently identical with 
the tertiary alcohol, pseudo-cedrol, isolated by Semmler (Ber., 
1912, 45, 1384) from cedar-wood oil. 


EXPERIMENTAL. 

Treatment of Cedrene with Mercuric Acetate.—Cedrene (28 g.) was 
added to a solution of mercuric acetate (86 g.) in water (400 g.) and 
kept for five or six weeks with occasional shaking. At the end of 
that time the aqueous liquor was filtered from mercurous acetate, 
extracted repeatedly with chloroform, and the extract washed and 
dried. After removal of the greater part of the chloroform by 
evaporation, ether was added, and the product precipitated as a 
fine yellow powder, which was filtered off and dried on porous pot. 
After several reprecipitations it melted at 193—195° (decomp.). 
Under a pressure of 1—2 mm. the mercury compound could be 
heated to 280° without melting, though slight darkening occurred 
in the region of 240°. Some decomposition took place, for beads of 
metallic mercury were observed and the characteristic smell of 
cedrene was perceptible on opening the tube. The compound gave 
the cacodyl test, showing the presence of the acetoxy-group (Found : 
C, 265; H, 355; Hg, 57-5. C,,H,,O,Hg, requires C, 26-8; 
H, 3-9; Hg, 559%). 

Oxidation of Cedrene with Mercuric Oxide.—Mercuric oxide (24 g.) 
was added in small quantities to a solution of cedrene (20 g.) in 
glacial acetic acid (200 c.c.) at 60—70°; metallic mercury soon 
began to separate, and the reaction appeared complete after about 
four hours. The mercury was filtered off, the filtrate diluted with 
an equal volume of water, neutralised with sodium carbonate, and 
extracted with ether. The brownish oil thus obtained gave, on dis- 
tillation, two fractions : (a) b. p. 125—130°/10 mm. and (6) b. p. 140— 
150°/10 mm. Fraction (a) was proved to be cedrene by examination 
of its physical constants: d? 0-9504; nj’ 1-5020. Fraction (6), 
which appeared to be an alcohol, had d?’ 0-9872; n®’ 1-5071, 
[R,]p 66-9 (Cale. for a tricyclic sesquiterpene alcohol, 66-4) (Found : 
C, 81:5; H, 10-7. C,;H,,9 requires C, 81-3; H, 11-7. C,;H,,0 
382 
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requires C, 81-9; H, 10-9%). The alcohol was fully saturated 
towards bromine. No crystalline p-nitrobenzoate or phenyl- 
urethane was obtained. 


I desire to take this opportunity of expressing my thanks to 
Professor G. G. Henderson, F.R.S., for his continued encouragement 
and advice. 


UNIVERSITY OF GLASGOW. [Received, July 4th, 1930.] 





CCOXLIX.—The Arsinic Acids of p-Aminophenol. 
By MontaGuE ALEXANDRA PHILLIPS. 


THE methods employed for the preparation of 5-amino-2-hydroxy- 
phenylarsinic acid are based on the reduction of the nitro-compound 
obtained by (a) the application of the Bart reaction to 4-nitro-2- 
aminophenol (Bart, D.R.-P. 250,264), (6) the nitration of 2-hydroxy- 
phenylarsinic acid (Keimatsu and Kakinuma, J. Pharm. Soc. Japan, 
1925, No. 520, 2), or (c) the action of alkali hydroxide on 5-nitro- 
2-aminophenylarsinic acid (Benda, Ber., 1911, 44, 3295). The last 
method has now been modified by the use of the acetyl derivative, 
obtained by the nitration of 2-acetamidophenylarsinic acid. In 
addition, the reduction of chloro-2 : 4-dinitrobenzene to 2-chloro- 
5-nitroaniline provides an easy route to 5-nitro-2-hydroxyphenyl- 
arsinic acid (Balaban, this vol., p. 183). 2-Nitro-4-acetamidophenol 
could not be employed as a source of the amino-acid on account of 
difficulty of reduction. 

The only method given in the literature for the preparation of 
2-amino-5-hydroxyphenylarsinic acid is that commencing with 
3-oxalylaminophenylarsinic acid (D.R.P. 261,643; compare 
Fourneau, Navarro-Martin, and Tréfoul, Ann. Inst. Pasteur, 1923, 
37, 577). Ready fission of arsenic throughout the process, however, 
led to the application of the following methods for the preparation 
of this acid : (a) Application of the Bart process to the corresponding 
nitroaminophenol, (6) reduction of 5-nitro-2-acetamidophenyl- 
arsinic acid and replacement of the. amino- by the hydroxyl group, 
and (c) from 4-nitro-m-phenylenediamine. The yield by method 
(6) is good, but purification is difficult. 

Method (c) depended on Kehrmann and Mermod’s proof (Helv. 
Chim. Acta, 1927, 10, 64) that mono-acetylation of the diamine 
occurs para to the nitro-group, and this has been confirmed, 
de-amination of the nitroaminoacetanilide giving p-nitroacetanilide. 
Application of the Bart reaction to 4-nitro-3-aminoacetanilide 
(m. p. 200°, not 178° as given by Kehrmann and Mermod, loc. cit.) 
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then gave 2-nitro-5-acetamidophenylarsinic acid, from which, by 
deacetylation, 2-nitro-5-aminophenylarsinic acid was obtained : the 
acetyl group appears to cause less de-arsenication than the oxalyl 
group. The method of D.R.-P. 261,643 for the formation of 2-nitro- 
5-hydroxyphenylarsinic acid was then followed. Although consider- 
able de-arsenication is caused by the action of alkali on 2-nitro-5- 
oxalylaminophenylarsinic acid, no nitroresorcinol was isolated in 
this case, and the yield of the desired acid indicates its greater 
stability to alkali than that of 5-chloro-2-nitrophenylarsinic acid, 
which is completely decomposed by boiling alkali (Barber, J., 1929, 
2334). 

Another o-nitro-arsinic acid stable to boiling concentrated alkali 
is 2-nitro-3-aminophenylarsinic acid, the carbethoxy-derivative of 
which gives a 68% yield of 2-nitro-3-hydroxyphenylarsinic acid 
with this reagent after prolonged treatment (compare Newbery, 
Phillips, and Stickings, J., 1928, 3053). 

Reduction of 2-nitro-5-acetamidophenylarsinic acid gives the 
corresponding amino-acid, which, by deacetylation, yields 2 : 5- 
diaminophenylarsinic acid, also obtainable from 5-amino-2- 
acetamidophenylarsinic acid (p. 1915). Finally, by the diazo-reaction 
applied to 2-amino-5-acetamidophenylarsinic acid, 5-acetamido-2- 
hydroxyphenylarsinic acid is formed. 

The methyl ether of 5-acetamido-2-hydroxyphenylarsinic acid 
could not be obtained by methylation in alkali of the hydroxy-acid. 
This may be a general property of o-hydroxyphenylarsinic acids 
since the parent acid could not be methylated in alkali. By 
application of the Bart reaction to o-anisidine, followed by nitration, 
5-nitro-2-methoxyphenylarsinic acid was obtained; reduction and 
subsequent acetylation then gave 5-acetamido-2-methoxyphenylarsinic 
acid. 

EXPERIMENTAL. 


Nitration of o-Acetamidophenylarsinic Acid.—To this acid (50 g.), 
dissolved at 20° in sulphuric acid (400 c.c.), was added a mixture of 
nitric acid (13 c.c.; d 1-42) and sulphuric acid (20 ¢.c.) at 5°. After 
precipitation in ice-water (1-5 1.), and purification by reprecipitation 
of its alkaline solution by hydrochloric acid, 5-nitro-2-acetamido- 
phenylarsinic acid (42 g.; Found: As, 24-5. Cale.: As, 24-79%) was 
obtained. It forms pale yellow prisms insoluble in water, and 
hydrolyses to 5-nitro-2-aminophenylarsinic acid. 

5-Amino-2-acetamidophenylarsinic Acid.—To the above nitro-acid 
(8 g.) in 2N-caustic soda (100 c.c.) at 10°, sodium hyposulphite 
(20 g.) was added. After some minutes, acetic acid (15 c.c.) was 
added, and the precipitated amino-acid purified by solution in dilute 
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hydrochloric acid and reprecipitation with sodium acetate (4 g.). 
It forms colourless prisms soluble in alkalis, alkali carbonates, and 
dilute mineral acids, but insoluble in water (Found: As, 27-5; N, 
10-0. C,H,,0,N,As requires As, 27-4; N, 10-2%). 

5-Nitro-2-hydroxyphenylarsinic Acid.—5-Nitro-2-acetamido- 
phenylarsinic acid (40 g.) was refluxed with 50° sodium hydroxide 
solution (100 c.c.) for 3 hours. On cooling and acidification with 
hydrochloric acid (Congo-red) the above nitro-acid was precipitated 
in an almost pure condition (30 g.) (Found: As, 28-7. Cale. : 
As, 28°5°%). 

5-Amino-2-hydroxyphenylarsinic acid was obtained by reduction 
of this nitro-acid by using sodium hyposulphite (compare Newbery 
and Phillips, loc. cit., p. 122), ferrous sulphate and sodium hydroxide 
(compare Jacobs, Heidelberger, and Rolf, J. Amer. Chem. Soc., 1918, 
40, 1580), or glucose and alkali (compare Newbery, Phillips, and 
Stickings, loc. cit.). On acetylation in alkaline solution, 5-acetamido- 
2-hydroxyphenylarsinic acid (Found: As, 27-4. Cale.: As, 27-3%), 
colourless plates, m. p. 230—235° (decomp.), is obtained ; the calcium 
and magnesium salts are amorphous, the barium salt forms colourless 
boat-shaped needles. This acid was also obtained in an impure 
condition by heating the diazo-compound of 2-amino-5-acetamido- 
phenylarsinic acid with acid copper sulphate solution. 

m-Arsanilic Acid.—To a solution of ferrous sulphate (hydrated, 
400 g.) in water (350 c.c.) was added a solution of sodium hydroxide 
(125 g.) in water (250 c.c.) at 90° with shaking, and, to the resulting 
paste of ferrous hydroxide, m-nitrophenylarsinic acid (50 g.) in 30% 
sodium carbonate solution (350 c.c.) was added in portions. After 
filtration, the solution was made faintly acid to Congo-red, and the 
pure amino-acid separated ; yield 57%. 

3-Oxalylaminophenylarsinic Acid.—m-Arsanilic acid (120 g.) was 
heated at 150° for 5 hours with 190 g. of oxalic acid crystals. The 
product was dissolved in 2N-sodium carbonate, the solution filtered, 
and acidified (Congo-red); a 75% yield of the above acid (Found : 
As, 26-0. Calc.: As, 25-9°%) was obtained. 

2-Nitro-5-oxalylaminophenylarsinic Acid.—The above acid (57 g.) 
mixed with potassium nitrate (20 g.) was added to sulphuric acid (200 
c.c.) at 0°, and poured into ice-water (1 litre); the nitro-acid was 
precipitated (yield 30%), and a large amount of inorganic arsenic 
remained in the filtrate. Purified by solution in sodium carbonate 
and reprecipitation by mineral acids, the nitro-acid forms pale 
yellow prisms, insoluble in water (Found: As, 22-4. Cale.: As, 
22-45%). 

4-Nitro-3-aminoacetanilide.—4-Nitro-m-phenylenediamine (60 g.) 
was refluxed for 2 hours with acetic acid (300 c.c.); acetic anhydride 
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(35 c.c., 1 mol.) was then cautiously added. When the reaction 
was over, the mixture was boiled for 1 hour and poured into water 
(1 1.). A mixture of 4-nitro-3-aminoacetanilide and of the 1 : 3- 
diacetamido-compound in the proportion of 2: 1 was precipitated, 
from which the former was isolated, after many crystallisations from 
30% acetic acid, as red prisms m. p. 200° (Found: N, 21-5. Cale. : 
N, 21-5%). 

Deamination of 4-Nitro-3-aminoacetanilide.—The amino-compound 
(3-5 g.) in hydrochloric acid suspension (50 c.c.; 3%) at 0° was 
diazotised by sodium nitrite (1-3 g.), the solution added to 250 c.c. of 
boiling alcohol, and the mixture evaporated to dryness, giving 
p-nitroacetanilide, m. p. 207° (yield, 63%). 

3-Chloro-4-nitroaniline.—4-Nitro-3-aminoacetanilide (3-5 g.) was 
diazotised as above; cuprous chloride (1-8 g.) was added, and after 
decomposition at 50°, the solid was collected and hydrolysed with 
boiling 25% sulphuric acid (10 c.c.; 30 mins.). The filtered solution 
was made alkaline with ammonia, and the solid crystallised from 
alcohol, m. p. 152°, alone and mixed with 3-chloro-4-nitroaniline 
from the nitration of m-chloroacetanilide. 

2-Nitro-5-aminophenol.—(a) 4-Nitro-3-aminoacetanilide (3-5 g.) 
was diazotised as above in sulphuric acid, the diazo-solution added 
to a mixture of 30 c.c. each of 2N-copper sulphate solution and 
2N-sulphuric acid, the solution concentrated to half volume, and the 
solid collected, washed, and hydrolysed with 25%, sulphuric acid 
(10 ¢.c.). By neutralisation with ammonia, 1-1 g. of 2-nitro-5- 
aminophenol (m. p. 163°, from water) were obtained (Found: N, 
18-1%). 

(6) (compare Barbaglia, Ber., 1874, 7, 1259). 4-Nitro-1 :3- 
diacetamidobenzene (20 g.) and 40% potassium hydroxide solution 
(100 c.c.) were refluxed for 6 hours. Addition of sodium acetate 
to the filtered solution gave the nitroaminophenol, orange needles, 
m. p. 163° after crystallisation from water (Barbaglia gives m. p. 
135°). It did not depress the m. p. of the product from (a) (Found : 
N, 18-0. Cale.: N, 182%). The acetyl derivative, m. p. 200°, 
from water or aqueous alcohol consists of pale yellow prisms (Found : 
N, 14-4. C,H,O,N, requires N, 14-39%), and the diacetyl derivative 
formed white needles, m. p. 118° (Found: N, 12-0. Cy, 9H, 0;N, 
requires N, 11-8%), from water. 

5-Chloro-2-nitrophenol.—2-Nitro-5-aminophenol (1 g.) in 4N- 
hydrochloric acid (2 mols.) was diazotised at 0° with sodium nitrite 
(1 mol.) and 1 g. of cuprous chloride was added. Steam-distillation 
gave the chloro-compound, m. p. 40°, not depressed when mixed with 
the product from nitration of m-chlorophenol or from dearsenication 
of 5-chloro-2-nitrophenylarsinic acid (Barber, loc. cit.). 
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Nitration of m-Acetamidophenol._—m-Acetamidophenol (30 g.) 
was added at 0° during 2 hours to nitric acid (d 1-45; 220 c.c.), and 
poured into ice-water (800 c.c.); the precipitate (21 g.) was soluble 
in 12 parts of boiling alcohol. Fractionation from alcohol then gave 
(a) 8 g., m. p. 260°, soluble in 25 parts, and (6) 4.g., m. p. 221°, soluble 
in 9 parts of boiling aleohol. Fraction (a) on hydrolysis with 25% 
sulphuric acid and crystallisation from water gave 5 g. of 4-nitro- 
3-aminophenol, m. p. 185° (Found : N, 18-0%), which on deamination 
gave p-nitrophenol (68%) (compare Meldola and Stephens, J., 1900, 
77, 924; Morgan and Porter, J., 1915, 107, 657). Fraction (6) on 
hydrolysis gave 2-1 g. of a nitroaminophenol (Found: N, 18-3. 
Cale.: N, 18-2%), which melted at 163° after repeated crystallisation 
from aqueous alcohol but depressed the m. p. of 2-nitro-5-amino- 
phenol; its acetyl derivative, m. p. 221° (Found: N, 14-6. Cale. : 
N, 14:3%), also depressed the m. p. of 2-nitro-3-acetamidophenol. 
The constitution of this compound, stated by Meldola and Stephens 
(loc. cit.) to be 6-nitro-3-aminophenol, is being investigated. 

2-Nitro-5-acetamidophenylarsinic Acid.—10 G. of the mixture of 
compounds obtained from the acetylation of 4-nitro-m-phenylene- 
diamine, together with water (150 c.c.) and hydrochloric acid (d 1-16, 
10 c.c.), were diazotised at 10° by 4 g. of sodium nitrite. After 1 
hour’s stirring, the mixture was filtered from unchanged 4-nitro- 
1 : 3-diacetamidobenzene (3°5 g., m. p. 246° from alcohol) and the 
filtrate added to a copper arsenite suspension (arsenious oxide, 7-5 g. ; 
sodium hydroxide, 8-4 g.; water, 50 c.c.; 2N-copper sulphate 
solution, 14 ¢c.c.). The solution was boiled, filtered, and acidified 
to Congo-red (hydrochloric acid), and the arsinic acid (Found: 
As, 24-9. C,H,O,N,As requires As, 24-7%) was precipitated on 
cooling in 67°% yield (calculated on the nitroaminoacetanilide present 
in the original mixture). It forms yellow plates from 30% acetic 
acid, insoluble in mineral acids and water, soluble in alkalis and 
alkalicarbonates. The calcium and magnesium salts are amorphous. 

2-Amino-5-acetamidophenylarsinic acid, prepared from the nitro- 
acid by reduction with sodium hyposulphite as before (p. 1911), 
forms white prisms (Found: As, 27-8. C,H,,0,N,As requires As, 
27-4%). 

2-Nitro-5-aminophenylarsinic Acid.—(a) 2-Nitro-5-oxalylamino- 
phenylarsinic acid (95 g.) was refluxed for 30 minutes with 2N- 
hydrochloric acid (120c.c.) ; on cooling, the nitroamino-acid separated 
(38 g.; 50%). The filtrate contained large amounts of inorganic 
arsenic, and on addition of sodium acetate gave 18 g. of p-nitroaniline. 
The acid forms pale yellow needles from alkaline solution by pre- 
cipitation with dilute minerals acids, in which it is insoluble (Found : 
As, 28-4; N, 10-9. Cale.: As, 28-6; N, 10-7%). 
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(6) 2-Nitro-5-acetamidophenylarsinic acid (80 g.) was similarly 
treated with 2N-hydrochloric acid (250 c.c.), and 55 g. (80%) of 
the nitroamino-acid were obtained (Found: As, 28:6; N, 10-5%). 
There was a trace of inorganic arsenic in the filtrate. 

2-Nitro-5-hydroxyphenylarsinic Acid.—(a) 4-Nitro-3-aminophenol 
(3 g.) was arsenated by the modified Bart method described on p. 1914; 
the yaad of purified nitro-acid was 2 g. (37%) (Found: As, 27-0%). 
(6) 2-Nitro-5- -aminophenylarsinic acid (50 g.) was refluxed for 3 
hours with 25% sodium hydroxide solution (250 c.c.), the mixture 
cooled, acidified with hydrochloric acid (Congo-red), and the acid 
purified by acidification of its alkaline solution; yield 35 g. (70%) 
(Found: As, 26-9; N, 5-2. C,H,O0,NAs,H,O requires As, 26-7; 

. %): the filtrate contained inorganic arsenic. The acid forms 
a monohydrate (yellow laminz) and does not lose water at 100°, but 
melts at 175°, resolidifying and melting again at 205°. On reduction 
with ferrous sulphate and sodium hydroxide it gives the amino-acid 
(yield 60°) (compare Fourneau, Navarro-Martin, and Tréfoul, 
loc. cit.), which on acetylation in caustic alkali solution gives 2- 
acetamido-5-hydroxyphenylarsinic acid (Found: As, 27-1; N, 4-9. 
Cale.: As, 27-3; N, 5 1%) in 75% yield. This forms colourless 
prisms, m. p. 230° (decomp.), insoluble in water and mineral acids, 
readily soluble in alkalis, etc. The magnesium salt is amorphous, 
the barium salt microcrystalline, and the calcium salt forms hexa- 
gonal plates. This acid is also obtained in small yield from 5- 
amino-2-acetamidophenylarsinic acid by diazotisation in sulphuric 
acid and treatment of the diazo-solution at 90° with acidified copper 
sulphate solution, the dark brown amorphous solid being repeatedly 
treated in alkaline solution with small amounts of sodium hypo- 
sulphite (Found: As, 27-3%). 

2:5-Diaminophenylarsinic acid (Found: As, 32:2; N, 12-0. 
Cale.: As, 32-3; N, 12-1%), obtained by acid hydrolysis of either 
of its monoacety] derivatives, consists of colourless prisms, m. p. 220°, 
readily soluble in mineral acids, alkalis, and alkali carbonates, but 
insoluble in water. The calcium salt forms polyhedra, and the 
magnesium salt is amorphous. On acetylation, 2 : 5-diacetamido- 
phenylarsinic acid was obtained as white plates, m. p. 225° (decomp.), 
containing 1 mol. of water not lost at 100° (Found: As, 22-8; N, 
8-8. Cy 9H,,0;N.As,H,O requires As, 22-4; N, 84%). The 
calcium salt forms colourless needles, and the barium salt moderately 
soluble needles, but the magnesium salt is amorphous. 

5-Nitro-2-methoxyphenylarsinic | Acid.—2-Methoxyphenylarsinic 
acid (45 g.; from o-anisidine by the method of Johnson and Adams, 
J. Amer. Chem. Soc., 1923, 45, 1311) was dissolved at 20° in sulphuric 
acid (130 c.c.), and a mixture of nitric acid (14 c.c.; d 1-42) and 
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sulphuric acid (20 c.c.) was added at 5°. After 1 hour the mixture 
was poured on ice and the separated solid crystallised by solution 
in caustic alkali and reprecipitation by mineral acids. The arsinic 
acid (60% yield) consists of white needles, dissolving in alkalis and 
alkali carbonates to yellow solutions (Found: As, 27:2. C,;H,O,NAs 
requires As, 27-1%). On reduction by ferrous sulphate and 
sodium hydroxide, 5-amino-2-methoxyphenylarsinic acid was obtained 
(yield 55%); it forms white needles decomposing at 240—245°, 
readily soluble in alkalis and acids (Found: As, 30-4; N, 5-65. 
C,H,,0,NAs requires As, 30-4; N, 5-7%). The acetyl derivative 
(Found: As, 26-0; N, 5-0. C,H,,0,;NAs requires As, 26-1; N, 
4:85%), decomposing at 260—262°, consists of colourless needles 
insoluble in water or mineral acids, readily soluble in alkalis and 
alkali carbonates. The monosodium salt forms a monohydrate which 
loses its water at 90° (Found, on vacuum-dried material: As, 22-6; 
H,0, 5-6. C,H,,O;NAsNa,H,O requires As, 22-8; H,O, 5-4%). 


In conclusion, the thanks of the author are due to Mr. R. H. 
Klein, F.1.C., for many of the analytical results recorded. 


RESEARCH LABORATORIES, Messrs. May & BAKER, LTD., 
WaANDsworth, S.W. 18. [ Received, December 19th, 1929.] 





CCL.—Syntheses by Means of Magnesium Amyl 
Halides. Part II. The Reduction of Benzophenone. 


By WALTER CULE Davies, Rospert Srxciark Drxon, and WILLIAM 
JACOB JONES. 


THE reducing action of Grignard reagents on benzophenone and the 
isolation of benzhydrol and of ethylenic hydrocarbons have been 
described by several investigators (Sabatier and Mailhe, Compt. 
rend., 1904, 139, 343; 1905, 141, 298; Konovalov, Miller, and 
‘Timtschenko, J. Russ. Phys. Chem. Soc., 1906, 38, 447; Lagrave, 
Ann. Chim., 1927, 8, 372; Blicke and Powers, J. Amer. Chem. Soc., 
1929, 51, 3378). Pinacols have been isolated from the products of 
interaction between diaryl ketones and Grignard reagents; thus, 
benzpinacol was prepared both by Schmidlin (Ber., 1906, 39, 4202), 
through the action of benzophenone on the magnesium derivative 
of triphenylchloromethane in the presence of excess of magnesium, 
and by Gilman and Fothergill (J. Amer. Chem. Soc., 1929, 54, 3149) 
in the apparent absence of magnesium. The pinacol was also 
obtained by Gomberg and Bachmann (J. Amer. Chem. Soc., 1927, 
49, 237, 2666) on heating together benzophenone, magnesium, and 
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phenyl halide and hydrolysing the product. Barnett, Cook, and 
Nixon (J., 1927, 505), from the product of the interaction between 
magnesium phenyl bromide and the esters of o-benzylbenzoic acid, 
obtained s-oo'-dibenzylbenzpinacol, which, they suggest, is formed 
by the reduction of the intermediate o-benzylbenzophenone. These 
authors, however, according to a private communication to Boyd 
and Hatt (J., 1927, 909), could not obtain the pinacol when they 
used a filtered Grignard solution. Lagrave (loc. cit.), by the action 
of magnesium propyl bromide obtained 1—2% of benzpinacol, 
and 2—3°% with the n- and iso-butyl compounds. 

In the present work we have established that reduction occurs 
when employing n-amyl, dl-$-methylbutyl, and isoamyl (y-methyl- 
butyl) Grignard reagents, and have isolated benzhydrol and benz- 
pinacol from the products of reaction. 

The following explanation, which appears to be in conformity 


swith the views of Gomberg (loc. cit.; Rec. trav. chim., 1929, 48, 847), 


of Blicke and Powers (loc. cit.), and of Gilman and Brown (J. Amer. 
Chem. Soc., 1930, 52, 1128), accounts for the mechanism of the 
reducing action of alkyl magnesium halides on ketones : 


R:CO-R’ + C,H, .;.MgX —> C,Ho,.13+ CRR’O-MgX . (a) 
(I.) (II.) 

The deep, red colour, which develops on the addition of benzo- 
phenone to amy] Grignard reagents, may be ascribed to the formation 
of the halogenomagnesium kety] radical (II), the magnesious halide 
analogue of the highly-coloured sodium ketyls described by Schlenk, 
Weickel, and Thal (Ber., 1911, 44, 1182; 1913, 46, 2840). 
RR’C-OMgX __, RR'C-O_ yy McX. (b 
RR‘C-OMgX ” RR'G-07 M8 + MBX2 (0) 

(III.) (IV.) 


2C,Hon rs laces Con Han2 ° ° ° ° . (c) 
| | 
C,Ho.+1-+ CRR’-O-MgX —> C,H», + CHRR”OMgX. (d) 


The addition reaction would be represented by the equation 


20RR’-O-MgX == 


| 
(,H»,. -+ CRR”O-MgX —> CRR'(C,H»,.;)OMgX. (e) 


By the mutual oxidation of the free alkyl radical (I) and reduction 
of the radical (II), represented by equation (d), there would result 
in the case of magnesium amyl bromide and benzophenone, after 
hydrolysis, benzhydrol and amylene. Hydrolysis both of the halo- 
genomagnesium pinacolate (III) and of the magnesium pinacolate 
(IV) would account for the formation of benzpinacol. 

Reactions (a), (6), (c), (d), and (e) are all to be considered as 
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proceeding simultaneously, when, as in the present experiments, the 
ketone is added gradually to the Grignard reagent, and the actual 
proportions of ethylenic and dialkyl hydrocarbons and of pinacol, 
hydrol, and carbinol in the final product will be determined by the 
relative speeds of these reactions, which, in turn, will be determined 
by the particular ketone and Grignard reagent used. For instance, 
where magnesium methyl and ethyl halides are employed, benzo- 
phenone yields mainly the methyl- and ethyl-diphenylcarbinols, 
and in those cases benzpinacol and benzhydrol are subsidiary 
products. Moreover, when methyl ethyl ketone and acetophenone 
react with magnesium n-amyl bromide, there result fair yields of the 
products of addition, viz., methylethyl-n-amylcarbinol and pheny!l- 
methyl-n-amylearbinol, respectively (Davies, Dixon, and Jones, 
this vol., p. 468), and then the reducing action of the amyl Grignard 
reagents is not prominent. 

It may be noted that the mechanism here offered to account for 
the reduction of benzophenone by magnesium amyl bromides 
demands, in consequence of equations (c) and (a), that decane in 
excess of that produced by the synthetic action of magnesium 
[equation (f)] should be present in the final product of the reaction : 


2C,, Hon. Br + Mg ari. 6 C2,H4n+2 + MgBr, , * . (f) 


In the present experiments equivalent weights of magnesium, 
amyl bromide, and benzophenone were employed, and, therefore, 
owing to the synthetic action [equation (f)], the Grignard reagent 
was rather deficient of being equivalent to the benzophenone used. 
However, more benzophenone was recovered from the products of 
the reaction than was accounted for by this deficiency of Grignard 
reagent, and this may be ascribed to (1) lenity of interaction between 
the ketone and the reagent, and (2) oxidation of the bromomagnesium 
ketyl radical by air. That both these causes are operative is shown, 
first, by an experiment in which the system, after the complete 
addition of benzophenone, was immediately treated with ice and 
dilute sulphuric acid, and, secondly, by the results of the experi- 
ments of Gomberg and Bachmann, in which they actually convert 
the iodomagnesium ketyl radical entirely back to ketone by the 
action of oxygen. 

It should be pointed out that in our experiments the Grignard 
solutions were decanted off from unused magnesium before the 
benzophenone was added, but were not filtered. 

Incidentally, enolisation during Grignard reactions, where 
possible, can be explained in a natural way by the present theory, 
thus : 


R-CO-CH, ++ C,,Ho,. ;MgX —> CR(OMgX):CH, + C,Ho».2 (9) 
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since Gomberg (Rec. trav. chim., 1929, 48, 851) has pointed out that 
the binary system (MgX,-+ Mg), or magnesious halide, MgX, 
possesses many of the properties of metallic sodium. 


EXPERIMENTAL 


Reactions —A solution of 50 g. of the amyl bromide (n-amyl, 
di-6-methylbutyl, or isoamyl) in 100 c.c. of absolute ether was added 
gradually to 8-1 g. of magnesium, a trace of iodine, and 100 c.c. of 
ether, contained in an apparatus which permitted of continuous 
stirring of the liquid. The resulting Grignard solution was syphoned 
without contact with the air into a reaction bottle where it was 
cooled to 10°, and a solution of 60 g. of benzophenone in 100 c.c. of 
ether was added to it drop by drop. The interaction was not 
vigorous. A deep red colour developed and usually persisted until 
the end of the addition, a crystalline mass having then separated. 

The mixture was kept for 24 hours, then poured on ice, and 
treated with 150 c.c. of 15% sulphuric acid and 30 c.c. of benzene 
to dissolve the precipitated substances. The ether—benzene layer 
was dried over potassium carbonate, and the solvents were removed 
at room temperature in a vacuum. A thick oil remained from which, 
after several days, a mass of crystals (A) separated. These crystals 
were separated from their mother-liquor (B), dried on porous plate, 
and shown to be a mixture of benzophenone and benzpinacol in the 
following way. They were washed by being allowed to stand in 
contact with 300 c.c. of light petroleum (b. p. 60—80°), with 
occasional stirring, for 24 hours. The crystals remaining undis- 
solved after this treatment consisted of almost pure benzpinacol 
(Found: C, 85-0; H, 6-0. C,,H,.O0, requires C, 85-2; H, 6-1%), 
identified by conversion into $-benzpinacolin, m. p. 180° (Gomberg 
and Bachmann, loc. cit., give m. p. 179—180°). The wash-liquor 
on being concentrated by evaporation to 100 c.c. deposited a mixture 
(C) of crystals of benzpinacol and benzophenone. This crop of 
crystals was separated from the wash-liquor, which was then 
allowed to evaporate off completely, whereupon it yielded practically 
pure benzophenone (separation D). 

The mother-liquor (B) contained the decane, benzophenone, 
benzhydrol, and probably some diphenylamylcarbinol, but practic- 
ally no benzpinacol. It was apparently the decane that kept the 
benzophenone in solution in this liquor, and when the hydrocarbon 
was removed, benzophenone crystallised out. The composition of 
the mother-liquor (B) was established as follows. It was either 
preserved in the open air under protection from dust for 3 months, 
during which practically the whole of the benzophenone separated 
in the form of large crystals, or it was immediately cooled to — 10°, 
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whereupon the benzophenone separated as small crystals, which 
were removed by filtration below 0°. The residual liquor from 
either treatment was distilled under low pressure, whereby there was 
obtained a large fraction (E) consisting mainly of benzhydrol, a 
first fraction (F) consisting of the decane being obtained in those 
cases in which the mother-liquor had been immediately cooled. 
The decane was purified by washing with concentrated sulphuric 
acid. In all cases in distillation at this stage, a residue of material, 
boiling higher than benzhydrol, was obtained. 

The quantities (in g.) of the various products obtained per 8-1 g. 
of magnesium and its equivalent of amyl bromide and benzophenone 
are given in the following table, together with the m. p.’s or b. p.’s. 


Magnesium amyl bromide used. 
n-Amyl. dl-B-Methylbutyl. isoAmyl. 
Crystalline separation 


epee < Oy Wor se eee 6-7 (85—160°) 8-2 (72—130°) 6-0 (80—155°) 

Benzpinacol from (A) 2-3 (182—186°) 5-2 (182—184°) 3-0 (178—181°) 
Mixture (C) ............ 1-0 (42—160°) 0-4 (75—170°) 0-4 (76—165°) 
Benzophenone (D) 

from (A) ....cceseees 3-1 (48°) 2-2 (48°) 2-5 (48°) 
Benzophenone from 

(B) by freezing ... 13-0 (48°) _- 14-0 (48°) 
Benzophenone from 

(B) on keeping ... -— 5-0 (48°) — 
Decane from (F) ...... 5-6 -— 4-9 
Fraction (E) (mainly 

benzhydrol) ......... 19-0 (146—150°/ 15-0 (146—148°/ 20-0 (148—151°/ 

3 mm.) 3 mm.) 3 mm.) 


That fraction (E) consisted mainly of benzhydrol was proved by 
freezing and separating the solid, whereby there were obtained 
crystals (Found: C, 84-8, 84-5; H, 6-2, 6-4. Cale. for C,,H,,0: 
C, 84-7; H, 6-6%),.m. p. 66°, mixed m. p. with an authentic specimen 
of benzhydrol 66°, giving a bright red coloration with concentrated 
sulphuric acid. 

The amount of decane given in the above table is not the total 
amount formed. In order to obtain an estimate of the total, a 
separate experiment was carried out in the case of magnesium 
n-amyl bromide and benzophenone in which the original ethereal 
solution was decanted off from the precipitated magnesium salts, 
deprived of its ether by evaporation, and the residue then treated 
with concentrated sulphuric acid; 7-7 g. of n-decane, b. p. 169°/760 
mm., were thus obtained. This amount of the hydrocarbon is in 
excess of that obtained when amyl Grignard reagents interact either 
with certain other aldehydes and ketones (Davies, Dixon, and Jones, 
loc. cit.) or with antimony trichloride (Dyke, Davies, and Jones, this 
vol., p. 467). 

In an experiment with magnesium isoamy] bromide in which the 
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reaction product was not allowed to stand, but was immediately 
treated with ice and dilute sulphuric acid, the total amount of 
benzophenone recovered was 27-6 g., an amount greater than those 
given in the table. 


THE TatTeEmM LABORATORIES, UNIVERSITY COLLEGE, 
CARDIFF. [Received, July 1st, 1930.] 





CCLI.—Organic Antimonial Compounds. Part II. 
By WitrrReD James Ceci, Dyke and Wiiam Jacos JONES. 


THE present communication contains an account of the preparation 
and properties of certain derivatives of the higher tri-n-alkylstibines, 
which were recently prepared by Dyke, Davies, and Jones (this vol., 
p. 465). Such derivatives have hitherto been but little studied. 
Berlé (J. pr. Chem., 1855, 65, 385; Annalen, 1856, 97, 316) prepared 
the oxide, dichloride, dibromide, di-iodide, sulphate, and dinitrate 
of a triamylstibine, but only the last was obtained crystalline. 
Partheil and Mannheim (Arch. Pharm., 1900, 238, 166) described 
the preparation of tetra-n-propylstibonium mercuri-iodide by heat- 
ing together ”-propyl iodide and mercuric antimonide at 180°. They 
also prepared tetra-n-propylstibonium hydroxide, iodide, picrate, 
mercurichloride, chloroaurate, and chloroplatinate. The action of 
tri-n-butylstibine on chloroplatinic acid has been investigated by 
Morgan and Yarsley (J., 1925, 127, 189). 

Several difficulties were encountered owing to (1) the extraordinary 
ease with which the stibines combine with the oxygen of the air, 
(2) the weak affinity of antimony for higher alkyl groups, in con- 
sequence of which the compounds decompose giving antimony on 
being heated, (3) the very weakly basic character of the stibinic 
oxides, which permits of hydrolysis of the salts even by atmospheric 
moisture, and (4) the low crystallisability of the higher stibinic and 
stibonium salts. 

Oxidation of a higher alkylstibine by atmospheric oxygen results 
in the precipitation of a double compound, of the general formula 
R,SbO,Sb,0,, which is difficultly soluble in the stibine, in ether, 
benzene, alcohol, or water. Simultaneously there is formed a stibinic 
oxide, R,SbO, which remains in solution in the stibine. The 
insoluble double oxide and the trialkylstibinic oxide are the homo- 
logues of the ethyl oxides described by Liéwig (Annalen, 1853, 88, 
323). The double oxide may be regarded as the trialkylstibinic 
metantimonite, R,Sb(SbO,),. The trialkylstibinic oxide is best 
prepared by shaking an absclute-alcoholic solution of the stibine 
with red mercuric oxide. The higher trialkylstibinic oxides are 
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gelatinous substances, which soften when warmed, and ignite on 
being heated in the air. When concentrated nitric acid is added to 
a stibine, there ensues a violent reaction, flames appearing, and a 
residue of antimony oxides remaining. 

Combination does not occur when solutions of higher trialky!- 
stibines and of rhombic sulphur in carbon disulphide are mixed. 
When a mixture of tri-n-propylstibine, water, and rhombic sulphur 
is refluxed, there is formed a double sulphide, (C;H,),SbS8,Sb,8;, 
which may be regarded as tri-n-propylstibinic metathioantimonite. 
The ethyl homologue has been described by Léwig (loc. cit.). The 
simple sulphide, (C,H,),SbS, can be prepared by passing hydrogen 
sulphide through an alcoholic solution of the stibinic oxide. 

The higher trialkylstibines readily combine with chlorine, giving 
stibinic chlorides, which are also produced by the action of hydro- 
chloric acid on the oxides. Stibinic bromides may be prepared by 
adding the equivalent of bromine to an ethereal solution of the 
stibine, or by heating finely powdered antimony with the alkyl 
bromide in a sealed tube; in contact with water, they are immedi- 
ately hydrolysed. Stibine di-iodides are formed quantitatively on 
mixing solutions of the stibine and iodine. 

Although Morgan and Yarsley (loc. cit.) prepared additive com- 
pounds of trimethylstibine with platinous and palladous chlorides, 
they failed to produce stable derivatives from the ethyl- and n-buty]l- 
stibines. In the present investigation also, an unsuccessful attempt 
was made with the mn-amylstibine. Moreover, instantaneous 
reduction ensued on addition of the higher stibines to cold solutions 
of mercuric chloride. Chloroauric acid and silver nitrate were also 
reduced to the metal on warming, and attempts to obtain crystalline 
addition compounds by mixing alcoholic solutions of zine chloride 
and stibines, and preserving the mixtures for several months, led 
only to the formation of gelatinous precipitates of indefinite 
composition. 

The methiodides of the higher trialkylstibines are formed slowly 
when their components are mixed. Combination of stibines with 
ethyl iodide is still more lethargic. When solutions of the stibonium 
iodides are boiled, there is a slight evolution of stibine; on this 
account these salts cannot be purified by recrystallisation from water 
or alcohol, and when they are required pure, attention must be paid 
to the purity of the stibine and of the alkyl iodide used in their 
preparation. The corresponding hydroxides are fairly strong bases 
and bear considerable resemblance to potassium hydroxide in theit 
properties, ¢.g., the low solubility of their chloroplatinates. On the 
other hand, the fact that stibine is slowly evolved when aqueous 
solutions of their salts are boiled indicates hydrolysis. 
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ExPERIMENTAL. 


In preparations involving manipulations of stibines, atmospheric 
moisture and oxygen were excluded by mixing the reactants in an 
atmosphere of dry carbon dioxide. For this purpose, the stibine 
was distilled in a vacuum (Dyke, Davies, and Jones, loc. cit.), and 
dry carbon dioxide was admitted into the receiver, which was then 
sealed and removed into a wooden chamber, into which the other 
reactant had already been introduced. A vigorous stream of 
carbon dioxide was continuously maintained through the chamber, 
which was provided with glass windows for observation and with 
arm-holes, which permitted the operator freedom of manipulation 
from the outside. The reactants, diluted suitably with solvents 
where necessary, having been thus mixed in absence of air in flasks, 
the latter were sealed with stoppers and removed for further treat- 
ment. It was necessary to exclude moisture rigorously at all stages 
in the preparations both of stibinic compounds and of stibonium salts. 
In preparations where water is required, the fact is expressly stated 
in the sequel. 

Estimations of antimony in the stibinic compounds were effected 
either by the method of Little, Cahen, and Morgan (J., 1909, 95, 1478; 
Analyst, 1909, 34, 3) or by that of Schmidt (Annalen, 1920, 421, 
244). In stibinic halides the halogen was determined by refluxing 
with an excess of an alcoholic solution of potassium hydroxide; the 
resulting solution was diluted with water, the alcohol expelled, and 
dilute nitric acid and excess of silver nitrate solution were added. 
Stibonium halides, being ionised in aqueous and alcoholic solution, 
were analysed by precipitation of silver halides from such solutions. 
In the chloroplatinates the chlorine was estimated by heating in 
a tube with anhydrous sodium carbonate, followed by solution in 
dilute nitric acid and precipitation of silver chloride. 

Tri-n-propylstibine reacts energetically with atmospheric oxygen, 
tri-n-propylstibinic metantimonite [Found: C, 19-3, 19-1; H, 4-2, 
37; Sb, 66-7. (C,H,),Sb0,Sb,0, requires C, 19-3; H, 3-8; Sb, 
65:4°%] being immediately precipitated as a finely divided, white 
solid, which, after being washed with ether and dried, remains 
unchanged even on being heated to 220°. 

Tri-n-propylstibinic oxide is obtained by shaking an absolute- 
alcoholic solution of the stibine with red mercuric oxide. Immediate 
reduction to mercury occurs. The solution is decanted, and the 
alcohol is then evaporated in a vacuum, ‘The stibinic oxide which 
remains forms a gelatinous mass [Found: C, 40-2; H, 7:7; Sb, 
45:1. (C,H,),SbO requires C, 40-5; H, 7-9; Sb, 45-6%], soluble in 
alcohol and possessing a very bitter taste. 
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When a mixture of tri-n-propylstibine, powdered rhombic sulphur, 
and water is refluxed for two hours, impure tri-n-propylstibinic 
metathioantimonite [Found: Sb, 62-3. (C,H,),Sb(SbS,). requires 
Sb, 58-7°] is produced as a brown solid, which is insoluble in water, 
alcohol, or ether. Before analysis it was washed with carbon 
disulphide. It blackens at about 180°, but it does not melt even 
at 200°. 

Tri-n-propylstibinic sulphide is produced when dry hydrogen 
sulphide is passed into an absolute-alcoholic solution of tri-n-propyl- 
stibinic oxide. The solution, after filtration, is concentrated by 
slow evaporation in a desiccator, whereupon small yellowish needles 
of the sulphide are deposited. This compound [Found: Sb, 44-1. 
(C;H,),SbS requires Sb, 43-1%] melts at 88°, and darkens on 
exposure to the air. When it is boiled with acids, hydrogen sulphide 
and the stibine are evolved. Tri-n-propylstibinic sulphide is 
decomposed when its alcoholic solution is warmed. 

Tri-n-propylstibinic chloride [Found: Sb, 37-7. (C,;H,),SbCl, 
requires Sb, 37-8%] was made by mixing solutions of chlorine and 
the stibine in carbon tetrachloride, and evaporating off the solvent 
in a vacuum. It is a mobile liquid with a pleasant odour, and 
decomposes on being distilled. 

Addition of a solution of bromine in carbon tetrachloride to a 
similar solution of the stibine yields a solution of tri-n-propyl- 
stibinic bromide, which remains as an oil on evaporation of the 
solvent ina vacuum. When crystallised from ether, the compound 
forms colourless crystals, m. p. 45° [Found: C, 26-1; H, 5-3; Br, 
38-6, 39-0. (C,H,),SbBr, requires C, 26-3; H, 5-2; Br, 38-9%]. 
Decomposition with deposition of antimony occurs on distillation. 
The bromide is easily soluble in ether, but when added to water it 
is immediately hydrolysed. 

When ethereal solutions of iodine and the stibine are mixed, 
tri-n-propylstibinic iodide [Found: I, 49-4. (C,H,),SbI, requires 
I, 50-3%] is quantitatively produced. It forms a yellow, semi-solid 
mass. 

Methyltri-n-propylstibonium iodide was obtained on keeping a 
mixture of 3 c.c. of tri-n-propylstibine and 4 c.c. of methyl iodide 
for a week; the excess of methyl iodide was evaporated in a vacuum, 
and the yellowish crystals (yield, 5-8 g.) were well washed with dry 
ether [Found : I, 32-3. CH,(C,H,),SbI requires I, 32-3%]. The 
salt melts at 140°, and is soluble in water and in alcohol, but insoluble 
in ether. It possesses a very bitter, salty taste. When the aqueous 
solution is boiled, stibine is slowly evolved. 

On dissolving the methiodide in cold water, shaking the solution 
with fresh silver oxide, and then removing the solvent under reduced 
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pressure, methyltri-n-propylstibonium hydroxide remains as an oil. 
It is soluble in water, absorbs carbon dioxide, and reacts alkaline 
to litmus. It precipitates cupric, stannous, ferric, aluminium, and 
zinc hydroxides from solutions of their salts. The stibonium 
sulphate forms an oil, which is easily soluble in water. The chloro- 
platinate, [CH,(C,;H,),Sb],PtCl, (Found : C, 25-5; H, 5-0; Cl, 22-4. 
CygHygCl,Sb,Pt requires C, 25-5; H, 5-1; Cl, 22-6%), m. p. 142° 
(decomp.), is prepared by dissolving the hydroxide in boiling dilute 
hydrochloric acid, filtering the solution if necessary, and adding 
excess of chloroplatinic acid to the hot solution; on cooling, glisten- 
ing reddish-golden plates of the chloroplatinate are deposited. 

Ethyltri-n-propylstibonium iodide [Found : I, 31-5. C,H;(C,H,),SbI 
requires I, 31-2%], m. p. 185° (decomp.), is produced when its 
components are mixed together and kept for a month. At the 
ordinary temperature its formation is slow, but,at 100° a quantita- 
tive yield is obtained in 4 hours. It forms large white crystals, 
soluble in water and in alcohol. The hydroxide forms an oil which 
attacks filter paper ; its aqueous solution is alkaline and precipitates 
the difficultly soluble metallic hydroxides from solutions of their 
salts. LEthyltri-n-propylstibonium chloroplatinate crystallises from 
dilute solutions in aqueous alcohol as stellate clusters of fine, orange- 
red needles, m. p. 141° (decomp.) (Found: C, 26-8; H, 5-7; Cl, 
21-9. C,.H;,Cl,Sb,Pt requires C, 27-3; H, 5-4; Cl, 22-0%). 

Aerial oxidation of tri--butylstibine yields a precipitate of the 
double oxide, (CyHy),SbO,Sb,0, (Found: C, 23-8; H, 4-8; Sb, 
59°3. Cy .H,,0,Sb, requires C, 24:0; H, 4:5; Sb, 608%). This 
compound was boiled with alcohol before analysis, to remove 
adherent stibinic oxide. 

Tri-n-butylstibinic oxide [Found: C, 46-1; H, 8-8; Sb, 39-2. 
(C,H,),SbO requires C, 46-6; H, 8-8; Sb, 39-4%] is produced in 
good yield on shaking an alcoholic solution of the butylstibine with 
mercuric oxide. On evaporation of the solvent, the oxide remains 
as a thick, viscous syrup, possessing a bitter taste and an odour 
reminiscent of linseed. 

Tri-n-butylstibinic chloride, prepared similarly to the propyl 
compound, is a spirituous-smelling, heavy liquid [Found : Cl, 20-0. 
(C,H,),SbCl, requires Cl, 19-5°%] which decomposes on being distilled. 

T'ri-n-butylstibinic bromide was prepared by heating together in 
a sealed tube 4 g. of finely powdered antimony and 10 c.c. of n-butyl 
bromide for 30 hours at 250°. A solid cake of crystals mixed with 
antimony and liquid resulted, and when the tube was opened, 
gaseous hydrocarbons escaped. On extraction of the cake with 
ether, filtration, and evaporation of the solvent in an evacuated 
desiccator, the bromide remained as an oil [Found: ©, 31-3; H, 
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5-9; Br, 35-5, 34-6. (C,H,),SbBr, requires C, 31-8; H, 6-0; Br, 
353%]. It was also prepared by mixing ethereal solutions of 
tri-n-butylstibine and bromine. 

When equivalent solutions of its components in chloroform are 
mixed, and the solvent is removed in a vacuum, tri-n-butylatibinic 
iodide remains as a soft, oily solid [Found: I, 45-8. (C,H,),Sbl, 
requires I, 46-4%], slowly decomposed by boiling water. 

A mixture of tri-n-butylstibine and methyl iodide, when kept in a 
sealed flask for 2 weeks, yielded, on removal of excess of methyl 
iodide, methyltri-n-butylstibonium iodide as a thick oil admixed with 
crystals [Found: I, 28-5. CH,(C,H,),SbI requires I, 29-2%]. 
When the alcoholic solution is boiled in the air, a precipitate of 
tri-n-butylstibinic metantimonite is slowly produced. 

Methyltri-n-butylstibonium hydroxide is an oil which, when 
dissolved in water, precipitates the hydroxides or oxides of the heavy 
metals from solutions of their salts. On dissolving the hydroxide 
in alcohol, acidifying with hydrochloric acid, boiling, adding chloro- 
platinic acid, and cooling, golden plates of the chloroplatinate, 
[CH,(C,H,),Sb],PtCl, (Found: C, 30-1; H, 6-1; Cl, 208. 
CogH gpCl,Sb,Pt requires C, 30-5; H, 5-9; Cl, 208%), m. p. 134° 
(decomp.), are formed. 

Tri-n-amylstibinic metantimonite, (C;H,,),5b(SbO,), (Found: 
Sb, 57-7. C,;H;,0,Sb, requires Sb, 56-9%), forms an insoluble, 
infusible white powder. Tri-n-amylstibinic oxide, (C;H,,),8b0 
(Found: C, 51-4; H, 9-7; Sb, 34:2. C,;H,,OSb requires C, 51-3; 
H, 9-5; Sb, 34-7%), forms a thick syrup. 

Prepared from its components, tri-n-amylstibinic chloride is an 
unstable, sweet-smelling liquid [Found: Cl, 18-2. (C,;H,,),SbCl, 
requires Cl, 17-5%], readily decomposed by water. 

Tri-n-amylstibinic bromide, prepared similarly to the propyl 
bromide, forms a white pasty mass [Found : Br, 32-4. (C;H,,),SbBr, 
requires Br, 32-3%], slowly decomposed by water. 

When a mixture of methyl iodide in excess and tri-n-amylstibine 
was preserved for 3 months out of contact with air, methyltri- 
n-amylstibonium iodide was gradually formed. The excess of methyl 
iodide was removed by evaporation in an evacuated desiccator, and 
the stibonium iodide, which was a mixture of crystals and oil, was 
washed with ether (Found : I, 26-8. C,,H;,ISb requires I, 26-6%). 
The salt is soluble in water and in alcohol, but insoluble in ether. 

Methyltri-n-amylstibonium hydroxide was obtained as an oil on 
treating the iodide in aqueous alcohol with silver oxide, and evaporat- 
ing the solvent in a vacuum. The hydroxide reacts alkaline to 
litmus, absorbs carbon dioxide from the air, and is readily soluble 
in dilute acids. The sulphate is an oil, easily soluble in water. 
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Prepared as in the case of the butyl compound, the chloroplatinate 
[(CH,(C;H,,)sSb],PtCl, (Found: C, 348; H, 66; Cl, 19-0. 
C'ygH.Cl Sb, Pt requires C, 34-7; H, 6-6; Cl, 19-2%) forms glistening, 
brown plates, m. p. 127° (decomp.). 

The investigation of derivatives of triisoalkylstibines and of 
mixed alkylstibines is being pursued. 


Summary. 

The preparation and properties of the oxides, sulphides, halides, 
and methiodides of the higher tri-n-alkylstibines are described. 
Attention is drawn to the decreased affinity of antimony for the 
higher alkyl radicals and to the difficulty of purifying derivatives of 
the higher stibines either by distillation or by recrystallisation. The 
action of water in causing hydrolysis and decomposition of stibinic 
compounds is described, and the necessity of excluding moisture and 
air during the preparation of these substances is indicated. 


THE TATEM LABORATORIES, UNIVERSITY COLLEGE, 
CARDIFF. [Received, May 12th, 1930.] 





CCLIT.—The Equilibrium between Acetone and Salts. 


By W. R. G. Bett, C. B. Rowxanps, I. J. BamMrorp, W. G. THomas, 
and W. J. JoNEs. 


Ix the present communication are given solubilities of salts in 
absolute acetone, compositions of solid phases in equilibrium with 
the saturated solutions, transition temperatures, and dissociation 
pressures of acetonates. The methods employed are similar to those 
already described in connexion with alcoholic systems (J., 1926, 318, 
321; 1928, 658; 1929, 1440). 


EXPERIMENTAL. 


The purest procurable acetone was fractionally distilled through 
a 12-pear column, and the first runnings and the residue were 
rejected. The middle fraction (about 75% of the original sample) 
was allowed to stand, with occasional shaking, in contact with 
potassium permanganate for 24 hours, and was then fractionally 
redistilled. The distillate was purified through the sodium iodide 
compound as described by Shipsey and Werner (J., 1913, 103, 
1255). The product was dehydrated by either calcium chloride 
or potassium carbonate, and distilled, the first and the last portions 
being rejected. The acetone thus purified, b. p. 56-1°/760 mm., 
d?” 0-79081 (compare 0-79082, Price, J., 1919, 115, 1116), did not 
decolorise dilute permanganate solution even in 30 minutes, and was 
used in the present work. 
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The salts were purified first chemically and finally by recrystal. 
lisation from water. They were then thoroughly dried by heating 
in a vacuum (Turner and Bissett, P., 1913, 29, 233). Their degree 
of purity were: CoCl,, 995%; NiBr,, 99:7%; CoBr,, 99-89%; 
Ca(NO,),, BaBr,, MgCl,, ZnBr,, each 99-99%; CaBr,, LiCl, LiBr, 
Nal, CaCl,, SrBr,, each 100-0%. Great care was exercised to 
exclude atmospheric moisture during the purification of the salts and 
of the acetone, and in the subsequent work. 

The dissociation pressures were determined by the dynamical 
method, and the experimental arrangements were precisely similar 
to those adopted for the alcoholates (J., 1926, 321), except that a 
U-tube filled with silica gel was used as desaturator in place of that 
filled with phosphoric oxide and glass wool. The mass of the acetone 
removed by the current of air could be determined either by the low 
in weight of the mixture of acetonates in the saturator or by the 
gain in weight of the silica gel in the desaturator. Experiments in 
which both loss and gain were measured demonstrated that, within 
the limits of experimental error, these were equal. Before use, the 
silica gel was activated by several hours’ heating at 150° in a vacuum. 

Whenever possible, the results obtained by the dynamical method 
were confirmed by the method of Bagster (J., 1917, 111, 494). 

Results.—In the following tables solubilities (all directly deter. 
mined) are given as g. of salt per g. of acetone, and pressures in mm. 


of mercury. 
Solubilities in absolute acetone. 


Temp. LiCl. LiBr.* Cal,. Ca(NO;),. NiBry,. ZnBr,. 
0° 0-0173 _— 0-726 0-209 0-0166 — 
10 0-0148 0-134 0-805 0-170 0-0116 — 
20 0-0118 0-182 0-888 0-168 0-0081 3°64 
30 0-0087 0-213 0-972 0-171 0-0055 3-63 
40 0-0069 0-263 1-056 0-172 0-0036 3°80 
50 0-0061 0-346 1-129 0-184 0-0027 3°81 
60 — 0-397 1-196 — — —_ 


Temp. Nal. CaCl, CaBr,. SrBr,. BaBr,. CoCl,. CoBr, 
0° 0-115 0-000062 0-0290 0-00869 0-000287 0-0447 0-541 


10 0-182 0-000073 0-0282 0-00753 0-000275 0-0332 0-543 
15 0-232 0-000086 —_ ~= oo — 
20 0-299 0-000101 0-0274 0-00599 0-000262 0-0289 _ 
22-5 —_— —_ — —_— — 0-0340 _— 
25 0-401 0-000118 0-0272 — 0-000261 0-0371 0-650 
27 — — — 0-00454 — — 0-687 
28-5 — — — 0-00429 —_— — _ 
30 0-389 0-000131 0-0272 — 0-000258 0-0451 0-696 
35 0-367 0-000154 0-0279 0-00359 — — —_ 
40 0-348 0-000173 0-0292 0-00323 0-000254 0-0601 0-924 
45 0-329 0-000190 — _— os _- —_—' 
50 0-309 0-000213 — 0:00274 0-000246 0-0725 — 
55 0-293 —_— —_ -— ae — _— 


* The solubilities at 32°, 35°, and 37° were respectively 0-221, 0-224, and 
0-237. 
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In the cases of lithium chloride, nickel bromide, and barium 
bromide the solid phases in equilibrium with the saturated solutions 
were the non-solvated salts throughout. The calcium salts and 
cobalt bromide were acetonated, the compositions of the solid 


phases being as follows : 
Salt in solid phase, %. 


Solid phase. Found. Cale. 
cE dsatstasencniseabriessvetkicrente 63-3 62-8 
COE ata is ctiicdebvccidesioessebice 73-2 73-9 
CaBr,,2C,H,O COOP e eee eee e ee eeeeeseeeeeeee 63-3 63-3 
Rah aEEEAD cpcrcponcsssssonpscuccconsesseces 79-0 79-0 


Calcium bromide diacetonate forms short transparent fleedles, 
calcium nitrate monoacetonate long needle-shaped crystals, and 
cobalt bromide monoacetonate large deep-blue crystals. Bagster 
(loc. cit.) has shown that calcium chloride in contact with its 
saturated solution is diacetonated. 

Transition points were observed with lithium bromide, zinc 
bromide, sodium iodide, strontium bromide, and cobalt chloride, 
and were confirmed in every case by the use of dilatometers. 
Lithium bromide diacetonate at 35-5° is transformed into the non- 
solvated salt. The transition point of zinc bromide hemiacetonate 
into zinc bromide lies at about 31°. At 25-5° sodium iodide tri- 
acetonate is transformed into the non-acetonated salt. The 
transition temperature of strontium bromide sesquiacetonate into 
the monosolvated form is 32-5°. Above 19-5° cobalt : chloride 
monoacetonate breaks down, yielding cobalt chloride. Results of 


analyses are as follows : 
Salt in solid phase, %. 


Solid phase. Found. Cale. 
ED cacteonndeccensewntsamielsanenson 42-7 42-8 
SEED ” cxcnasccohoatg nteeeengeataete 87-3 88-6 
LAC Os iscciciccccsscesivdeetedecces 73°8 74-0 
A © Ee terre 79-9 81-0 
Ra aM). cncccnsscsicscsvsccssescozenesses 69-1 69-1 


Cobalt chloride monoacetonate forms fine, pale-blue crystals. 

In the present measurements the solutions and the solid acetonates 
were freshly prepared from the pure components immediately 
before use. Considerable decomposition was apparent in saturated 
solutions of calcium iodide, of zinc bromide, and of calcium bromide 
kept in the dark for 3 months; on preservation in the dark for 6 
months the solid acetonates of zinc bromide, strontium bromide, 
calcium bromide, and calcium iodide had all become brown, and on 
addition of water yielded precipitates or turbid solutions. 

The values of the solubilities of lithium chloride given above do 
not agree with those of Laszcezynski (Ber., 1894, 27, 2287), viz., 
0-046 at 0° and 0-0214 at 58°. Moreover, we have failed to confirm 
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the existence of his monoacetonate. The present solubility 
determinations for calcium nitrate do not accord with that of 
D’Ans and Siegler (Z. physikal. Chem., 1913, 82, 35), viz., 1-41 at 25°, 
The solubilities of sodium iodide given agree well with those of 
Macey and Thomas (J. Amer. Chem. Soc., 1926, 48, 1547), and 
excellently with those of Wadsworth and Dawson (J., 1926, 2784). 
The acetonates of sodium iodide and of calcium chloride have 
already been described by Patten (Chem. News, 1909, 100, 321) and 
by Bagster (loc. cit.) respectively. The present results accord 
fairly well with Naumann’s value for cobalt chloride at 18°, viz., 
0-0275 @. per g. of acetone (Ber., 1904, 37, 4328), but not with 
those of Laszezynski (loc. cit.) and of Krug and McElroy (J. Anal. 
Appl. Chem., 1892, 6, 184). 

Below are given the compositions of the solid phases, the succes. 
sive stages of de-acetonation on dissociation being indicated, and the 
dissociation pressures at various temperatures. 


Dissociation pressures of acetonates. 


Pressures at given temperatures. 





Acetonates. 0°. 10°. 15°. 20°. 25°. 30°. 
Nal,3C,H.O:: Nal .......sceese%. 36-4 77-1 1141 1563 a 
MgCl,,3C,H,O : MgCl, ......... — 14-5 25-8 41-2 62-1 — 
CoBr,,C,H,O : CoBr,............ — 4-0 75 11-7 2 25-2 
pea oe aes Serer — 103-6 125-0 = — —_ 
Ca(NOs3).,C sas O: Ca(NO,), — 30-0 43-9 63-4 87-4 126-8 
SrBr,,14C,H (0: SrBr,,C,H, O — 113-7 137-6 154-6 ~- — 


The variations of the dissociation pressures of these acetonates 
with temperature are such that over the above range the logarithm 
of the pressure is a rectilinear function of the reciprocal of the 
absolute temperature. This being the case, heats of dissociation 
per mol. of acetone, Q, can be calculated by means of the relation, 
I — log, p = Q/RT, wherein I is a constant for a given acetonate. 
For instance, in the range of temperature between 0° and 20° the 
absorption of heat in the dissociation of sodium iodide triacetonate 
to sodium iodide and acetone vapour amounts to 11,600 cals. per 
mol. of acetone liberated. 

These data can also be used to calculate the affinities of salts for 
acetone. The loss of free energy per mol. of acetone on formation 
of an acetonate from its components is given by RT iog. P/p, wherein 
P is the saturated vapour pressure of liquid acetone, and p the 
dissociation pressure of the acetonate at T° absolute. For instance, 
the loss of free energy when 1 mol. of liquid acetone combines at 20° 
with 4 mol. of sodium iodide to form the triacetonate is 102 cals., 
the saturated vapour pressure of acetone at 20° beings186-3 mm. 
(Price, loc. cit.). 
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The only previous investigation of the dissociation pressures of 
acetonates is that of Bagster (loc. cit.), who worked with the mono- 
and di-acetonates of calcium chloride. 


THe TatemM LABORATORIES, UNIVERSITY COLLEGE, 
CARDIFF. [Received, July Tth, 1930.] 





CCLILI.—Anthracene-1-carboxylic and -1 : 5-dicarboxylic 
Acids and their Derivatives. 
By Epwarp Auty CouLson. 


THE discovery of methylanthracenes in certain low-temperature tar 
distillates (Morgan and Coulson, J., 1929, 2203, 2551), together with 
the possibility that other alkylanthracenes might also be present, 
rendered it desirable to review the methods available for the prepar- 
ation of such compounds. Some of these substances should be 
obtainable by a process depending primarily upon the action of a 
Grignard solution on the ester of an anthracenecarboxylic acid, and 
as a number of such acids are easily available it was decided to 
examine this method. Since Barnett and his co-workers have shown 
that substituents in «-positions may profoundly influence the 
properties of an anthracene derivative, it was decided in the first 
place to confine the investigation to the esters of the two acids men- 
tioned in the title. 

The results were disappointing, for the methyl monocarboxylate 
gave only resinous products both with methyl magnesium iodide and 
with benzyl magnesium chloride; and it was only with methyl 
magnesium iodide that any crystalline product was obtained from 
the ethyl dicarboxylic ester. This diol (I) lost water very easily, 
giving 1 : 5-diisopropenylanthracene (II), and this in turn yielded 
1 : 5-diacetylanthraquinone (III) on oxidation. 








CO.Et CMe,-OH 
x 4 /\ 
MeMglI | (I.) 
lV \ 
CO,Et OH-CMe, 
Pm SPP eas CH, 
(IIT.) A aio ¢ <q. (II.) 
"A 
CO Me-C: cH” 


This diacetylanthraquinone is probably identical with that, m. p. 
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318—319°, described (B.P. 289,585; U.S.P. 1,730,081) as being 
obtained by oxidising one of the diacetylanthracenes formed to a 
slight extent when anthracene is condensed with acetyl chloride. 

Methyl anthracene-1-carboxylate when treated with bromine gives 
an additive compound which is undoubtedly (IV) although too un- 
stable to be analysed. It readily passes into methyl 10(or 9)-bromo- 
anthracene-\-carboxylate by loss of hydrogen bromide, and with 
pyridine gives an unstable compound (undoubtedly V) which very 
easily loses a molecule of pyridine hydrobromide and passes into the 
stable monopyridinium salt (V1; or analogous 9-compound) (com- 
pare Barnett and Matthews, Rec. trav. chim., 1924, 43, 538). 


al? Eo. 
Ry. /H 
OH 7 _30 | 
Tavs iy 


(R = C;H,NBr-). 


Of the possible formule for the bromoanthracene-1-carboxylic 
ester and the monopyridinium bromide, the two first-mentioned 
are the more probable, since Barnett and his co-workers (Ber., 1929, 
62, 3064; 1930, 63, 472, 1114, etc.) have brought forward consider- 
able evidence in support of the suggestion that a group with lone 
electrons in an «-position tends to immobilise a hydrogen atom in the 
pert-position to it through co-ordination. 

Ethyl anthracene-1 : 5-dicarboxylate is very inert towards halogens 
but a 9-monobromo-derivative was obtained in poor yield by bromin- 
ation in boiling acetic acid solution. The prolonged action of 
chlorine resulted in the production of a substance which was not 
purified but was probably the 9:10-dichloro-compound. It 
reverted to the original ester when warmed or treated with pyridine. 


CO,Me 


wt) 


EXPERIMENTAL. 


Anthraquinone-1-carboxylic Acid.—In the preparation of this acid 
(Barnett, Cook, and Grainger, Ber., 1924, 57, 1777), oxidation pro- 
ceeds more rapidly if 50 g. of benzanthrone, dissolved in 3 litres 
of water and 600 c.c. of concentrated sulphuric acid, are treated with 
200 g. of chromium trioxide. 

1 : 5-Dicyanoanthraquinone.—The method of Scholl, Haas, and 
Meyer (Ber., 1927, 62, 107), who prepared the compound from | : 5- 
diaminoanthraquinone, is less convenient than the following which is 
based on a method outlined in E.P. 261,422. 1 : 5-Dichloroanthra- 
quinone (100 g.), benzyl cyanide (300 g.), and cuprous cyanide (80 g.) 
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were heated in an oil-bath beneath a wide air-condenser. At 
ca. 230° (bath temp.) a vigorous reaction set in, the cuprous cyanide 
and dichloroanthraquinone dissolved, and 1 : 5-dicyanoanthra- 
quinone began to crystallise from the boiling solution. After } hour 
the solution was cooled, and the nitrile filtered off and repeatedly 
boiled with dilute nitric acid and water to free it from copper salts ; 
yield 78 g. (83%). Although very sparingly soluble in the common 
solvents, it can be crystallised from benzyl cyanide and forms 
yellowish-brown needles, m. p. >360° (Scholl and co-workers give 
m. p. >390°, decomp.). 

Anthraquinone-1 : 5-dicarboxylic Acid—The nitrile (78 g.) was 
readily hydrolysed by a few minutes’ boiling with 265 g. of con- 
centrated sulphuric acid and 47 g. of water. Most of the dicarboxylic 
acid crystallised out at once; the mixture was cooled and diluted, 
and the acid filtered off and purified by extraction with dilute caustic 
soda and precipitation with acid. It formed colourless or white 
needles; yield 81 g., m. p. >360° (Scholl and co-workers obtained 
yellowish needles, m. p. >390°). No trace of the ethyl ester was 
obtained after boiling the acid (5-0 g.) for 6 hours with 20 g. of 
absolute alcohol containing 2-0 g. of concentrated sulphuric acid. 

Anthracene-1-carboxylic and -1 : 5-dicarboxylic Acids.—The anthra- 
quinone-mono- and -di-carboxylic acids were reduced in boiling, 
moderately concentrated, ammoniacal solution with zinc dust. In 
each case the reaction was complete in 4 hours, the initial carmine- 
red coloration being completely discharged. After filtration, the 
solutions were acidified. Anthracene-l-carboxylic acid was precipit- 
ated in yellow needles, m. p. 245° (compare Graebe and Blumenfeld, 
Ber., 1897, 30, 1118). Anthracene-1 : 5-dicarboxylic acid, also 
precipitated in yellow needles, was well washed with water. It is 
sparingly soluble in acetic acid and boiling water, and melts above 
360° (Found: C, 71-9; H, 3-9. C,gH,,0, requires C, 72-2; H, 
38%). In each case the yield was practically quantitative. 

Methyl Anthracene-1-carboxylate.—5-0 G. of the dry acid and 7-0 g. 
of phosphorus pentachloride were ground together and then heated 
gently until the mixture reacted with liquefaction. The product 
was cooled, treated with methyl alcohol in slight excess in portions, 
and kept over-night. The ester which had separated was crystallised 
from acetic acid and formed irregular yellow plates, m. p. 108° 
(Found: C, 81:2; H, 4-96. C,,H,,0, requires C, 81-4; H, 5-1%). 

Ethyl Anthracene-1 : 5-dicarboxylate—A solution of the acid in 
dilute caustic soda was well shaken for 2 hours with excess of methyl 
p-toluenesulphonate but no crystalline ester separated. The acid 
(13 g.) was boiled with a solution of phosphorus pentachloride (21 g.) 
in phosphorus trichloride (50 g.), but it did not dissolve. Finally the 


oT 
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ester was prepared by grinding the acid (33 g.) with phosphorus 
pentachloride (50 g.), heating the mixture to 150° for 2 hours, and 
treating it with alcohol after cooling. The crude ester was washed 
with cold caustic soda solution and water, and crystallised from 
acetic acid; yield 18-3 g., and 7-2 g. of acid were recovered from the 
soda extract. Ethyl anthracene-1 : 5-dicarboxylate separates from 
alcohol (in which it is slightly soluble), acetic acid, or benzene in pale 
yellow rhombic plates, m. p. 185° (Found: C, 74:3; H, 5:7. 
CyopH ,,0, requires C, 74-5; H, 56%). 

The two esters show brilliant purple fluorescence when illuminated 
by the carbon arc, but not noticeably in daylight. 

Ethyl Anthraquinone-| : 5-dicarboxylate—The anthracenedicarb- 
oxylic ester, 3-2 g., was dissolved in sufficient boiling acetic acid, and 
2-0 g. of chromium trioxide were added in portions. After a few 
minutes the solution was poured into water, and the viscous solid 
which separated on standing was recrystallised from acetic acid, 
forming tufts of very pale yellow, stout needles or prisms of the 
anthraquinone ester, m. p. 155°; yield 2-3 g. (Found: C, 67-9; 
H, 4-6. Cy 9H,,0, requires C, 67-9; H, 4-5%). 

Action of Grignard Reagents wpon Anthracene-1 : 5-dicarboxylic 
Ethyl and -1-carboxylic Methyl Esters. 1 : 5-Diisopropylolanthracene 
(1).—To the Grignard reagent prepared from 11-4 g. of methyl iodide 
and 2-0 g. of magnesium (8 mols.) in a little ether were added 3-2 g. 
of ethyl anthracene-1 : 5-dicarboxylate (1 mol.). The ester dissolved 
readily on boiling to give a deep yellow solution. After a further 
2 hours’ boiling, this was poured upon a mixture of crushed ice and 
ammonium chloride. A yellow gum separated and soon solidified. 
It was washed with dilute ammonium chloride solution and water, 
and crystallised from alcohol. The 1 : 5-diisopropylolanthracene 
(yield almost quantitative) formed pale yellow prisms containing 
1 mol. of alcohol of crystallisation, which is lost at 100° (Found: 
C,77:8; H,7-9. Cy9H.0,,C,H;,OH requires C, 77-6; H, 8-2%); the 
unsolvated diol crystallises from benzene in yellow flakes, m. p. 
182-5°, showing a brilliant purple fluorescence when illuminated by 
the carbon are (Found: C, 81:3; H, 7-5. C,)H,.0, requires (, 
81-6; H, 7-5%); it dissolves in cold concentrated sulphuric acid with 
a deep green coloration. 

The product from the interaction of methyl magnesium iodide 
(8 mols.) and methyl anthracene-1l-carboxylate (1 mol.), carried out 
as above, was resinous and could not be obtained crystalline. 

Benzyl magnesium chloride (8 mols.) and ethyl anthracene-1 : 5- 
dicarboxylate (1 mol.) did not interact in boiling ether : the ester did 
not dissolve and was recovered unchanged (m. p. and mixed m. Pp.) 
Methyl anthracene-1-carboxylate when treated with this Grignard 
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reagent yielded an uncrystallisable gum. When ethyl magnesium 
bromide and the ethyl dicarboxylic ester reacted in boiling ether, and 
the product was worked up as before, there resulted a resinous mass 
from which nothing crystalline could be isolated. 

1 : 5-Diisopropenylanthracene (I1)—When the above diol was 
dissolved in boiling acetic acid it lost 2 mols. of water and the 
unsaturated hydrocarbon crystallised from the solution on cooling in 
large irregular yellow flakes, m. p. 121° (Found: C, 93-1; H, 6-7. 
Cy9H,, requires C, 93-0; H, 7-0%). 

1 : 5-Diacetylanthraquinone (III).—To the hydrocarbon (1-50 g.), 
dissolved in sufficient boiling acetic acid, 3-67 g. of chromium trioxide 
were added in portions. The latter was rapidly reduced and the 
pale yellow oxidation product began to crystallise from the boiling 
solution. After } hours’ boiling, the whole was poured into water, 
which precipitated the crude quinone. This was washed with cold 
dilute caustic soda solution and water, and then crystallised from 
acetic acid in short pale yellow needles, m. p. 317° (darkening above 
280°) (Found: C, 73-6; H, 43. C,,H,.0, requires C, 73-95; 
H, 4-1%). 

Action of Bromine upon Methyl Anthracene-1-carboxylate — 
A solution of 2-8 c.c. of bromine in 10 c.c. of carbon disulphide was 
gradually added with stirring to 12-0 g. of the ester suspended in 
20 c.c. of carbon disulphide and cooled in ice and salt. The ester 
dissolved but no hydrogen bromide was evolved and a mass of colour- 
less or white crystals began toseparate. After 20 minutes the methyl 
9: 10-dibromo-9 : 10-dihydroanthracene-l-carboxylate (IV) was 
filtered off. In view of its instability no attempt was made to 
crystallise it. 

Methyl 10(or 9)-Bromoanthracene-1-carboxylate-—The crystalline 
residue obtained by allowing carbon disulphide to evaporate from the 
mother-liquor was recrystallised from acetic acid (in which it is very 
soluble) and alcohol until it melted constantly at 130° and formed 
yellow needles (Found : Br, 25-4. C,,H,,0,Br requires Br, 25-4%). 

1-Carbomethoxyanthranyl-10(or 9)-pyridinium Bromide (VI or 
similar).—When the dibromide (IV) was added to excess of cold 
pyridine it rapidly dissolved and a resin separated. After 2 days this 
was collected and crystallised from alcohol and ether. The colour- 
less or white crystals of 1-carbomethoxy-9 : 10-dihydroanthraquiny]- 
9: 10-dipyridinium dibromide (V), m. p. 180°, so obtained was ex- 
ceedingly unstable and began at once to lose pyridine hydrobromide. 
The compound was boiled for } hour with water, in which it is very 
soluble even in the cold. The aqueous solution rapidly became 
bright yellow, and on cooling, yellow needles of 1-carbomethoxy- 
anthranyl-10(or 9)-pyridinium bromide separated, which when 
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recrystallised from water melted at 271° (decomp.) (Found: Br, 
25-2. C,,H,,0,NBr requires Br, 25-5%). It is insoluble in ether 
but moderately easily soluble in water or alcohol. 

1-Carbomethoxyanthranyl-10(or 9)-pyridinium dichromate. This 
salt was precipitated when potassium dichromate solution was 
added to a boiling aqueous solution of the pyridinium bromide. 
It was recrystallised from boiling water, in which it is sparingly 
soluble, and formed orange needles, m. p. 192° [Found: Cr, 12-0. 
(C,,H,,0,N),Cr,0, requires Cr, 12-3%]. 

Action of Bromine wpon Ethyl Anthracene-1 : 5-dicarboxylate.— 
The ester (3-0 g.), suspended in carbon disulphide (20 c.c.), was cooled 
in a freezing mixture, and a solution of bromine (1-6 g.) in carbon 
disulphide (10 c.c.) slowly added. There was no reaction even when 
the whole had acquired room temperature, and the ester was 
recovered after the bromine and carbon disulphide had been allowed 
toevaporate. It was also recovered unchanged after treatment with 
a solution of bromine in pyridine at the ordinary temperature for 3 
days. When 3-0 g. of the ester and 1-6 g. of bromine were dissolved 
in 50 c.c. of acetic acid and boiled under reflux, hydrogen bromide was 
freely evolved. The mixture was cooled, crystals of unchanged ester 
(0-5 g.) were removed, and the solution was treated with water. The 
precipitated gummy product crystallised from acetic acid (in which 
it is very soluble) and alcohol, forming pale yellow rhombs, m. p. 
117°, of ethyl 9-bromoanthracene-1 : 5-dicarboxylate (Found: Br, 
19°8. Cy 9H,,0,Br requires Br, 19-95%). 

Action of Chlorine upon Ethyl Anthracene-1 : 5-dicarboxylate.— 
The ester, when kept for several days with a solution of chlorine in 
carbon tetrachloride partly dissolved, and from the solution, by 
evaporation at the ordinary temperature and extraction of the residue 
with chloroform, a solution of the very unstable 9 : 10-dichloride was 
obtained which crystallised, as the chloroform evaporated, in very 
pale yellow rhombic plates, m. p. 125°; it could not be purified, 
however, as it so readily lost chlorine, re-forming the unchlorinated 
ester. 

Bromine and 1 : 5-Diisopropylolanthracene.—No reaction occurred 
between equimolecular proportions dissolved in carbon disulphide at 
room temperature, and the diol was recovered unchanged after 
evaporation of the bromine and carbon disulphide. 


Srr Joun Cass TECHNICAL INSTITUTE. [ Received, June 30th, 1930.] 
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Theodore William Richards Memorial Lecture. 
DELIVERED ON APRIL 25TH, 1929. 
By Sm Haroxtp Harttey, M.C., C.B.E., F.RS. 


It is nearly forty years since the first of these Memorial Lectures 
was given to the Chemical Society by J. W. Mallet, who came from 
Virginia to pay a tribute to Jean Servais Stas in a memorable 
discourse on the determination of the relative masses of the atoms. 
He appealed to chemists to continue Stas’s work and bring it if 
possible to an even higher pitch of perfection, and he pointed out 
with much sagacity the principles by which such work must be 
guided. Little did he realise that the task was already in progress 
in his adopted country, and that the next stage was so near at hand. 
We meet to-day to do honour to the memory of Theodore William 
Richards, whose name will always be remembered with those of 
Berzelius and Stas—the three great masters of atomic-weight 
determination. In Richards, Chemistry has lost the founder of a 
famous school of research, a great experimenter and one whose 
methods and example have exerted a profound influence on chemical 
investigations in every country. This Society has special reason to 
mourn his loss. He was one of our Honorary Fellows, our Faraday 
Medallist of 1911, and he had a most affectionate and sympathetic 
regard for this country, and was always eager to welcome English 
chemists to Harvard. 

To give a picture of his endearing personality and to do justice 
to his massive achievements in research is no easy task. Richards 
himself was always interested in presenting the growth of a subject, 
the incidents and accidents that shaped its course, and I will do my 
best to trace the development of his own scientific career, the decisive 
factors and influences in his life, in the hope of giving some indication 
of the debt that Chemistry owes to him, and of conveying to those 
who did not know him some impression of the man who was so 
beloved by his pupils, his colleagues, and his friends.* 

Theodore Richards was born in Germantown, Pennsylvania, on 
January 3lst, 1868. His father, William Trost Richards, of English, 
Dutch, and Welsh extraction, was a well-known marine painter. 

* The preparation of this lecture would have been impossible without the 
assistance of Professor Richards’s friends and pupils. I am particularly 
indebted to Professor Baxter’s biography in the Harvard Graduates Magazine, 
from which I have borrowed freely. In addition I owe much to the help of 
Professor P. W. Bridgman, Professor J. B. Conant, Professor H. B. Dixon, 
Mr. Garrod-Thomas, Dr. Lawrence P. Hall, Professor L. J. Henderson, Mr. 


W. D. Hutchinson, Professor G. N. Lewis, Professor Loring Jackson, Principal 
H. R. Raikes, and Dr. W. T. Richards. 
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His mother, Anna Matlack Richards, who came of an old English 
Quaker family in Philadelphia, was a woman of great cultivation 
and activity of mind, and a writer of prose and verse. 

Richards grew up under the close influence of his two gifted 
parents, and his rapid progress and the wide interests which he kept 
throughout his life were due to the stimulating atmosphere of his 
home and to the devotion of his parents to their children. Each 
summer was spent by the sea, where the boy watched his father 
painting and began to sketch at a very early age. When he was six 
years old the family went to Newport, Rhode Island, so that his 
father might study the effect of waves breaking upon rocks. This 
visit was to have a decisive effect on the boy’s career, as he there 
made friends with Professor Josiah Parsons Cooke of Harvard, who 
showed to his wondering eyes the rings of Saturn through a four- 
inch telescope, an experience which Richards never forgot. His 
mother, mistrusting the local schools where the pace was set by the 
slowest-witted, decided to teach her younger children herself and 
Richards received from her virtually the whole of his education before 
going to college. He always spoke with affection and gratitude of 
his debt to his mother’s skilful and sympathetic teaching. 

In 1878 the family came to Europe for two years. Most of the 
time was spent in England, the winters in London and the summers 
on the Cornish and Dorset coast, where Richards first gained his 
love of the English countryside. Even as a child he was never 
happier than when using his fingers, and in 1880 he made a model 
schooner, the ‘“‘ Yankee,” which he sailed with pride across the Round 
Pond in Kensington Gardens, flying the Stars and Stripes. His first 
chemical experiments were made with Pharaoh’s serpents and 
coloured flames in Warwick Gardens, Kensington. His next 
Christmas present was a box of chemicals and apparatus, and so 
quickly did his interest develop that in 1881 he was allowed to 
attend some chemical lectures at the University of Pennsylvania. 
In the same year he printed on a hand-press an edition of his mother’s 
sonnets, which was bound and made copyright,’and with the proceeds 
of its sale he fitted up a small laboratory in his home in Germantown. 
By this time his earliest dreams of becoming an artist like his father 
had faded, and he had already set his heart on science. He entered 
Haverford College in 1882 at the unusually early age of 14, without 
ever having been to school. Here chemistry and astronomy were 
his main subjects and but for his defective eyesight * he might have 
chosen to become an astronomer. In 1885 he graduated as Bachelor 
of Science at the head of his class, and this success led his parents to 
send him to Harvard to work under his old Newport friend Professor 


* His left eye was myopic, and his right hypermetropic and astigmatic. 
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Cooke. In order to do so he studied Greek with his mother during 
the summer, and entered as the youngest member of the Senior Class 
in the autumn. In the following year he received the degree of 
Bachelor of Arts, swmma cum laude, with the highest honours in 
Chemistry. 

At Harvard Richards came directly under the influence of Cooke, 
whose interests were largely in the field nowcalled physical chemistry, 
partly by inclination, partly perhaps through association with 
Regnault, with whom he had worked in Paris. Cooke had always 
been interested in the combining proportions of the elements, and 
his work on the atomic weight of antimony—the first extended work 
of the kind in America—had emphasised once more the nearness of 
many atomic weights to whole numbers if they are referred to oxygen 
as 16, a regularity which disappears if hydrogen = 1 is taken as the 
standard. Hence Cooke decided to investigate anew the ratio of 
oxygen to hydrogen, to see if it was not really 16: 1 in accordance 
with Prout’s hypothesis, instead of 15-96:1, the value found by 
Dumas in 1842 by weighing the amount of water formed by the 
reduction of a known weight of cupric oxide. The work begun in 
1883 had been delayed by Cooke’s bad eyesight, and Richards was 
chosen to carry on the determinations, which involved the weighing 
of globes of hydrogen, the passage of the gas over cupric oxide and 
the weighing of the resulting water. It was a most difficult piece of 
work for a novice of eighteen years of age to undertake, and its 
success was an early proof of Richards’s exceptional experimental 
skill.1_ The value found for the atomic weight of oxygen, viz., 
15-869 + 0-0017,* does not differ much from the value accepted 
to-day (15-875), and it showed that the atomic weight was even 
further from a whole number than Dumas had supposed. The work 
was finished in 1888 and its excellence was recognised by the Uni- 
versity by the award of the Parker Fellowship which enabled 
Richards to spend a year in Europe. The winter semester was spent 
at Géttingen, where he studied analytical chemistry under Jannasch 
and vapour density determinations under Victor Meyer. A research 
with Jannasch on the determination of sulphate in the presence of 
iron gave Richards some experience of the difficulties of precipitating 
a pure substance from a solution. The spring and summer of 1889 
were spent in visiting most of the important laboratories of Germany, 
Switzerland, France, and England. This plan of spending half a year 


1 This and other numerical references relate to the short bibliography of 
selected papers on p. 1968. 

* The value in the original paper, 15-953 -+- 0-0017, which seemed to support 
Dumas, was subsequently corrected at Lord Rayleigh’s suggestion for the 
contraction of the globe on evacuation. 
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abroad in intensive work in one institution, followed by half a year 
of peripatetic study, he always advocated to students as offering 
on the whole the greatest good for the time available. It was in this 
summer that he first met Lord Rayleigh,Sir Henry Roscoe, and other 
English chemists who were to remain his life-long friends. In the 
autumn he returned to Harvard as assistant in quantitative analysis, 
never again to, break his connexion with the University except for 
his visit to Berlin as visiting Professor in 1907. Promotion to an 
instructorship came in 1891 and to an assistant professorship in 
1894. In the following year the death of Cooke made it necessary 
to find an instructor in physical chemistry, and Richards was sent by 
the University to spend a semester with Ostwald at Leipzig and 
Nernst at Géttingen in order to study the developments of the new 
subject and the methods of teaching it. In 1901 Richards received 
the rather unusual compliment of a call to a Chair in a European 
University, when Géttingen invited him to accept a full professorship 
in Chemistry with only nominal teaching duties. To a man impatient 
to make more rapid progress in research, and working with a heavy 
load of teaching in a laboratory that was far from ideal, such an offer 
was tempting in the extreme. But Harvard, realising the distinction 
of Richards’s work and what a loss he would be to their scientific 
school, rose to the occasion with the offer of a full professorship 
coupled with a drastic reduction of the amount of teaching and 
administrative work that would be expected of him. Many other 
offers came to Richards, but he remained at Harvard, to which he 
was attached by so many bonds, and in 1912 on the retirement of 
Professor Jackson he was appointed to the Erving Professorship of 
Chemistry (endowed in 1792) which he held until his death. 
Richards’s main reason for choosing an academic career was the 
opportunity it offered of pursuing his investigations, and of satisfying 
the great intellectual wish of his life—‘‘ an intense desire to know 
something more definite about the material and energetic structure 
of the universe.” On his return from Europe in 1889 he resumed 
the investigation of atomic weights, a field of research which was to 
occupy a great part of his life, and seldom can an investigator have 
been better fitted to attack the problem of his choice. This field 
was chosen “not merely because I felt more competent in that 
direction than in any other (having already shewn the atomic weight 
of hydrogen to be distinctly too high and that of copper distinctly 
too low)*, but also because atomic weights seemed to be one of the 
primal mysteries of the universe. They are values which no man 


* The work on the atomic weight of copper had been started while he was 
investigating the hydrogen : oxygen ratio, and two preliminary papers had 
been published in 1887. 
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by taking thought can change. They seem to be independent of 
place and time. They are silent witnesses of the very beginning of 
the universe, and the half-hidden, half-disclosed symmetry of the 
periodic system of the elements only enhances one’s curiosity about 
them. Moreover among the many properties possessed by an 
element, the atomic weight seems one of the most definite and 
precise. Hence in trying to satisfy a desire which had as its object 
the discovery of more knowledge concerning the fundamental nature 
of things, one naturally assigns to the atomic weights an important 
place.” 

He returned first to the investigation of copper, a fortunate choice, 
as the examination of the various methods used by previous workers 
and the detection of the errors that had affected their resu!ts gave 
him a wide range of experience of the subtle sources of error which 
may influence work of this kind—the difficulty of avoiding occlusions 
in precipitates, the impossibility of preparing oxides free from 
included gases, and the care needed to ensure that all substances are 
weighed in an anhydrous condition. The work showed, too, the 
advantage of the Marignac-Stas method of analysing whenever 
possible the haloid compounds of an element by means of silver 
precipitation. The research extended over several years and led to 
a detailed investigation of many compounds of copper which must 
have given him most valuable experience. It was carried out with 
the thoroughness which was to become typical of Richards’s work. 
Every cause of variation was tracked to its source, and finally a 
value of 63-57 * was found as the mean of the results of five different 
methods, a value which stands unchanged to-day; the older value 
was 63°3.2 

The analysis of copper sulphate by means of barium sulphate had 
revealed an uncertainty in the atomic weight of barium, and this 
was the element next investigated by means of the analysis of the 
bromide andchloride, yielding a value of 137-37 for the atomic weight 
in place of the previous value of 137-0. Convinced by these results 
of the necessity for the re-determination of these constants, Richards 
proceeded with the remaining metals of the group in the order 
strontium, zinc, magnesium, and calcium, and, with the assistance 
of a number of graduate students who were now associated with him, 
progress became much more rapid. The work on strontium was 
notable for producing two new experimental devices, the bottling 
apparatus and the nephelometer, on which the accuracy attained in 
modern atomic-weight determination is largely dependent.* Richards 


* Since the values of the atomic weights obtained by the analysis of halides 
are dependent on the value assigned to silver, all the older values quoted are 
referred to the present accepted value of silver, 107-88. 
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had found that the only safe method of removing the last traces of 
included or occluded moisture from a substance before weighing it 
was to fuse it in a dry atmosphere. Strontium bromide when so 
treated became alkaline owing to loss of hydrogen bromide, and 
hence it was necessary to fuse it in a stream of this gas, which was 
then displaced by dry nitrogen, in which the solid was cooled. The 
transference of the boat or crucible to a weighing bottle through the 
atmosphere always resulted in the absorption of traces of moisture. 
Hence a method was devised for carrying out all these operations 
without exposure to the air. A crude form of this device used with 
strontium was elaborated in the following year with the assistance 
of H. G. Parker into the well-known bottling apparatus shown in 

















Fig. 1. ‘ This simple device consists of a quartz ignition tube fitted 
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to a soft-glass tube which has a projection or pocket in one side. A 
weighing-bottle is placed at the end of the latter tube, and its 
stopper in the pocket. The boat containing the substance to be 
dried is heated in the quartz tube, surrounded by an atmosphere 
consisting of any desired mixture of gases. These gases are dis- 
placed, after partial cooling, first by nitrogen, and then by pure dry 
air, and the boat is pushed past the stopper into the weighing bottle, 
the stopper being then forced into place, and the substance thus 
shut up in an entirely dry atmosphere. The weighing-bottle may 
now be removed, placed in an ordinary desiccator, and weighed at 
leisure. The substance is really dry, and its weight has definite 
significance.” 

The nephelometer was devised to overcome certain difficulties 
which arise from the slight solubility of the silver halides when the 
atomic weight of an element is determined through its chloride or 
bromide by finding what weight of the corresponding silver halide 
is precipitated by silver nitrate, or by finding what volume of a 
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s of silver nitrate solution is exactly equivalent to the weight of haloid 
g it salt taken. The solubility of the silver halides affects the accuracy 
n SO of both methods, since in the first allowance must be made for the 
and weight of silver halide remaining in solution, and in the second the 
was end-point is difficult to detect since the silver salt in solution will 
The be precipitated by either of its component ions. Richards first 
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1 at used Stas’s method of detecting the end-point by seeing when an 

nite equal excess of silver or haloid ion produced an equal amount of 

opalescence observed by transmitted light. Silver bromide is so 
ties insoluble that the opalescence is hard to observe accurately, and 
the Richards hit on the idea of comparing the amounts of scattered light 

2 or from two precipitates. Later, with Wells,4 this developed into 

lide the instrument called the nephelometer shown in Fig. 2. “Its 

of a construction is very simple. Two test tubes, near together and 











1944 HARTLEY : 


slightly inclined toward one another, are arranged so as to be partly 
or wholly shielded from a bright source of light by sliding shades. 
The tubes are observed from above through two thin prisms, which 
bring their images together and produce an appearance resembling 
that in the familiar half-shadow apparatus. The unknown quantity 
of dissolved substance is precipitated as a faint opalescence in one 
tube by means of suitable reagents; and a known amount, treated 
in exactly the same way, is prepared in the other. Each precipitate 
reflects the light; the tubes appear faintly luminous. If, then, the 
shades have to be adjusted at exactly the same height in order that 
the precipitates may show like tints to the eye, the precipitates may 
be assumed to be equal. If, on the other hand, the shade over the 
standard tube must be arranged so as to expose to the light only 
half as much of this opalescent mixture as the other shade exposes 
of the other in order to show a like tint, the former precipitate may 
be assumed to be about twice as plentiful. Accordingly a new 
standard tube with a known amount is made, about half as con- 
centrated as before, and a new comparison is made. In this way, 
in a very short time, the amount of suspended precipitate in the 
unknown tube may be estimated with considerable precision, and 
therefore the trace of dissolved substance may be determined.” 

At this point research was interrupted by Richards’s second visit 
to Germany in 1895. This was a decisive episode in his career as it 
changed his outlook from that of an old-fashioned investigator 
of atomic weights to that of an enthusiastic if somewhat critical 
disciple of van’t Hoff and Ostwald, and enabled him to bring to bear 
on his problems all the resources of the new theory of solutions. 

The first elements to be tackled on his return were nickel with 
Cushman and cobalt and iron with Gregory P. Baxter, who was later 
to be so closely associated with Richards as a colleague at Harvard 
and to carry out so many admirable atomic-weight determinations 
on his own account. In each case the existing values of the atomic 
weights were found to need correction. These investigations were 
followed quickly by work on calcium, uranium (with Merigold) on 
account of Becquerel’s discovery of its radioactivity and its position 
as the heaviest element, and cesium (with Archibald). 

Until 1903 all Richards’s values for atomic weights were based on 
Stas’s values for the fundamental atomic weights of silver, chlorine, 
and bromine, and although Richards had improved on Stas’s 
technique in certain respects he had never doubted the accuracy of 
his values. It is true that discrepancies in the values obtained for 
barium and other elements from the analysis of their chlorides and 
bromides might have suggested to him that Stas’s values were not 
impeccable, and it is a tribute to his modesty that he suspected his 
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own work rather than that of his forerunner. The determinations 
of the atomic weight of nitrogen by both physical and chemical 
methods had already led Guye and other chemists to suspect Stas’s 
values for that element and also for silver, but Richards was critical 
of the gas density method owing to the danger of adsorption and the 
uncertainty of the extrapolation to zero pressure. In 1904 he 
endeavoured to support Stas’s values, and showed that this worker’s 
determinations of the silver: bromine ratio agreed exactly with 
his own. 

But Stas was not infallible and it fell to Richards to establish the 
errors in his work. The immediate occasion of this was character- 
istic of the thoroughness of the methods of the Harvard school. 
Richards was determining the transition temperatures of a number 
of salt hydrates for use as fixed points in thermometry, among them 
being sodium bromide with R. C. Wells,® and after this salt had been 
purified with great care, its transition temperature was found to be 
so definite that it was thought worth while to make a few analyses 
of its composition. These gave a value for the atomic weight of 
sodium 0-2% lower than that of Stas, assuming his values for silver 
and bromine (107-93 and 79-955) to be correct. This discrepancy 
could not be disregarded, as it indicated either an impurity in the 
sodium bromide or a flaw in the classical work of Stas. When the 
first alternative had been pursued in vain, the second was examined 
with the help of all the physico-chemical knowledge acquired since 
1865. The re-determination of the atomic weights of silver, chlorine, 
and sodium proved conclusively that Stas’s work was vitiated by 
appreciable errors, which were quickly traced and eliminated. In 
his analysis of sodium chloride Stas dropped the solid salt into silver 
nitrate solution, causing occlusion of sodium chloride by the precipi- 
tate. His sodium chloride contained traces of platinum and silica, 
his silver traces of oxygen. And finally there was a slight inaccuracy 
in the end-point of each analysis. In the revision of Stas’s values 
for the fundamental atomic weights*’a new era of accuracy in 

analytical methods was inaugurated by Richards and his pupils. 
Richards and Weils ® carried out a masterly series of measure- 
ments of the ratios Ag : AgCl, AgCl: NaCl, Ag : NaCl, which con- 
firmed exactly the atomic weight of sodium found from the bromide. 
But this left Stas’s value 107-93 for the atomic weight of silver still in 
doubt, and this, together with the uncertainty in the value for 
nitrogen, led to a repetition with G. 8. Forbes of Stas’s synthesis of 
silver nitrate from silver.? Richards’s aim in repeating this work 
was to exceed in accuracy any chemical work which had ever been 
published, and to-day we know how well he succeeded. Silver was 
purified with every precaution, converted into silver nitrate, fused 
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and weighed in a quartz vessel: 100-000 parts of silver in six 
experiments gave 


157-481 15 
157-480 157: 


parts of silver nitrate, and a long series of experiments to examine 
the purity of the product showed that it contained no dissolved 
gases, no nitric acid, less than 5555 of 1% of ammonia, and less than 
room Of 1% of water. The corrected weight of silver nitrate was 
therefore taken as 157-479, a result of great interest as it showed that 
if the atomic weight of nitrogen had as low a value as 14-01, silver 
must be 107-88 instead of 107-93 as Stas had supposed. The next 
step was to establish definitely the value for silver. This was 
attempted in two ways. In 1907 while Richards was in Berlin as 
visiting professor, the ratio NH,Cl: AgCl was determined with 
K6thner and Tiede * and this, together with the previous values 
found for the ratios Ag: AgCl, Ag: AgNO,, gave values for the 
atomic weights of silver 107-879, chlorine 35-456, and nitrogen 
14-008, on the basis of O = 16, assuming the value 1-0078 for 
hydrogen. 

A more direct method of attack on the silver : oxygen ratio by 
means of the decomposition of the oxyhaloid salts such as the 
chlorates, as used by Stas, was known to be associated with many 
difficulties and errors, but finally after a long search lithium per- 
chlorate was found to be a suitable substance since it could be 
formed quantitatively by the action of perchloric acid on lithium 
chloride. With the help of H. H. Willard ® the ratios Ag : LiCl and 
LiCl: LiClO, were determined, which when combined give a value for 
silver directly in terms of oxygen. The value found was 107-871, 
and this Richards always considered more probable than the value 
107-88 adopted by the Atomic Weight Commission. And so the 
question remained in slight uncertainty until 1927-29 when Honig- 
schmid, who had learned tht Harvard technique in 1910 when he 
was working with Richards on the atomic weight of calcium, re- 
determined, in Munich, the ratios Ag : AgCl and Ag : AgNO, with the 
utmost precision and care. The results are a complete confirmation 
of the values obtained by Richards twenty years earlier, the agree- 
ment being exact to one part in 100,000. Hénigschmid found 
that the lithium perchlorate ratio could not be determined with equal 
precision owing to the corrections necessary for loss of lithium 
chloride in its transference to the quartz vessel and for the presence 
of unavoidable traces of lithium chloride in the perchlorate. To 
quote his own words, “‘ Such corrections constitute a defect in an 
accurate determination which must be eliminated if possible. The 
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investigation in question was carried out in so masterly a way that 
the limits of accuracy obtainable were actually reached. Even 
to-day, twenty years later, in spite of all our accumulated experience, 
we can see no way of improving the method so as to eliminate the 
corrections.” Hénigschmid substituted for it the conversion of 
barium perchlorate into barium chloride and found a value of 107-879 
for silver,!° which agreed exactly with the values found by Zintl and 
Meuwsen and Zintl and Goubeau from the study in his laboratory 
of the ratios NaNO, : NaCl: Ag and KNO,: KCl: Ag. The work of 
Hénigschmid together with that of Richards appears to settle 
definitely the values of these fundamental atomic weights and it is 
noteworthy that the final decision came by the use of Harvard 
technique in the hands of one of Richards’s éarlier collaborators. 

Richards’s early work had all been done under most trying 
conditions in Boylston Hall, which had been built in 1858. His 
own laboratory had been intended for the assistant who gave out 
all the apparatus and chemicals and it was still lined with cupboards. 
The door of the draught cupboard had iron sashes which gave a 
continual rain of iron rust, and he could never feel sure that noxious 
gases from other parts of the building might not ruin the work of 
many weeks. On one occasion the ceiling of his laboratory was 
brought down about his ears by a flood in the room overhead, and 
constant watchfulness to avoid untoward accidents of this kind was 
as important for his work as analytical skill. That he was able to 
carry on such magnificent work under such conditions is a splendid 
example of the triumph of man over circumstances. Visions of a 
new laboratory were often in his mind and finally, in 1912, thanks 
largely to the generosity and interest of Dr. Morris Loeb, the Wolcott 
Gibbs Memorial Laboratory was planned and erected. In equip- 
ment, convenience, freedom from fumes and dirt and from rapid 
temperature changes it probably excels any other research laboratory 
in the world, and so for the last fifteen years of his life Richards 
worked under ideal conditions. 

Year by year a constant stream of researches on atomic weights 
came from Harvard, some directed by Richards and even more by 
Baxter, and one by one these constants were established with 
greater precision, but still the solution of the problem of their 
relationships seemed no nearer. In discussing the discrepancy 
between the obvious order of the elements cobalt and nickel in the 
Periodic System and their relative atomic weights, Richards said : 
“ This added to my conviction that the table of the Periodic System 
represents only in a very crude fashion relationships which are 
highly complex and subtle. Clearly the nature of these elements is 
not always capable of being depicted by any such simple sequence 
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of atomic weights and properties as may be ordered by placing the 
elements in definite pigeon holes.” 

In 1912 the answer to the riddle came from an entirely different 
quarter, the consideration of the changes in atomic weight and 
atomic number accompanying radioactive transformations, which 
led Russell, Fajans, and Soddy independently to the conception of 
isotopes. This involved a radical change in the significance of 
atomic weights, and in the early days of radioactivity there was a 
certain feeling of doubt as to whetherall the care andlabour expended 
on their determination had been justified: the answer to these 
sceptics came with dramatic force and swiftness. At the moment 
when the ideas of chemists were undergoing the most revolutionary 
change since the time of Dalton, it was to Richards’s laboratory that 
Lembert was sent in 1913 by Fajans to ascertain whether uranium 
lead really differed in atomic weight from ordinary lead, and the 
rapid acceptance of the new theory rested largely on the result of the 
crucial experiment made under Richards’s supervision,!! and con- 
firmed by Hénigschmid and Curie. From 1914 until the develop- 
ment of the mass-spectrograph by Aston in 1919, the only con- 
clusive evidence in support of the theory of isotopes was the difference 
between the atomic weight of ordinary lead and the values found for 
specimens of radioactive origin. 

This work led Richards to a long series of researches on uranium 
lead. The atomic weights of specimens from a number of sources 
were determined, leading ultimately to a probable value of 206-02 
for the atomic weight of the pure isotope Pb. ,. Richards was 
specially interested in the geophysical problems associated with the 
isotopic leads, and the uranium-—lead ratio for the mineral from which 
the pure isotope Pby», was extracted indicated that it was at least 
1,500,000,000 years old, the greatest previous estimate of the kind 
being of the order of 1,200,000,000 years. A very accurate com- 
parison was made of the properties (atomic volume, melting point, 
solubility, refractive index, thermoelectric effect) of ordinary and 
uranium lead, and of certain of their compounds, which showed that 
the values for both kinds of lead were identical within the limits of 
experimental error, when reckoned on an atomic or a molecular 
basis to eliminate the difference in atomic weights. 

Even in his earliest work Richards was always alive to the possi- 
bility that specimens of an element of different origin might have 
different atomic weights, but when investigating copper, barium, 
calcium, sodium, and chlorine identical values were found for speci- 
mens from different quarters of the globe. Later, Baxter at 
Richards’s suggestion investigated iron and nickel from meteorites 
and found atomic weights identical with those for material of 
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terrestrial origin, a result which in the light of our present knowledge 
of isotopes gives us, as Richards said, “ an added realisation of the 
essential unity of the universe.”’ 

In view of the development of the mass-spectrograph for the 
accurate determination of the mass numbers of isotopes it is pertinent 
to ask, and it is a question which Richards must often have asked 
himself, what is the present significance and value of chemical 
atomic weights? It is true that they represent only the average 
of the mass numbers of the isotopes present and depend for their 
interpretation on the help of the mass-spectrograph, but as Richards 
always maintained, although their significance has altered, an exact 
knowledge of them is more important than ever, now that we know 
their real meaning. Until it is possible to calculate the atomic 
weight of an element from the mass numbers of its isotopes by 
measuring with sufficient accuracy their relative proportions by 
means of the intensities of their respective lines in the mass spectrum, 
chemical methods are our only means of knowing these average 
atomic weights, which are the constants most frequently required 
by chemists in quantitative measurements of every kind. Then 
again, chemical atomic weights are the most direct proof of the 
identity of specimens of an element from different sources, while 
variations give us perhaps the most certain clue as to their origin 
and history. In the recent work of von Hevesy on the isotopes of 
potassium, the proof that fractionation had been effected and the 
calculation of the increased concentration of the isotope K,, depend 
on the refinement of Hénigschmid and Goubeau’s atomic-weight 
determinations which revealed with certainty a change from 39-104 
to 39-109. Chemical atomic weights too are the only means, apart 
from internal agreement, of establishing the correctness of the mass 
numbers found with the mass-spectrograph, thus giving a special 
importance to acturate determination for elements with only one 
isotope. Two of Richards’s last investigations were on the atomic 
weights of cesium,!* and a specially pure uranium lead,!* both of 
which should consist of a simple isotope. For uranium lead Pb, 9¢ 
he found a value 206-02, after applying a small correction for the 
thorium lead present, and this number he believed to be too high, 
but Aston’s recent determination with the mass-spectrograph has 
given a value of 206-016, so the two are in almost exact agreement. 
On the other hand Richards found a value 132-81 for cesium, and 
Aston 132-93, a discrepancy which points to the existence of a small 
proportion of a hitherto undetected lighter isotope. 

These examples show the force of Richards’s contention in his 
Nobel Lecture (1921): “‘ The subject of atomic weights is thus far 
from being a completed and closed chapter of Science. The future 
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opens up a prospect of almost endless further investigations . . . let 
us hope that yet finer means of research and yet deeper chemical 
knowledge may make possible further improvements.”’ 

Richards investigated either with his own hands or with the aid 
of his pupils the atomic weights of twenty-five elements. The 
results of his work together with the older values and those accepted 
to-day are given in the following table, which is a most striking 
testimony to his achievement. 


Atomic weights determined by Richards and his pupils at Harvard, 





Date of Previous Harvard Present 
Element. publication. value. value. value. 
IEEE xascnccessseces 1888 1-002 1-0082 1-0078 
DEED odin dendimdinness 1910 7-03 6-94 6-94 
eer seen 1915 12-0 12-005 12-000 
EE bvavancessenses 1907 14-04 14-008 14-008 
SD. ekeddddotdessctes 1905 23-05 22-995 22-997 
Magnesium _ .........+6- 1896 24-2 24-32 24-32 
pS ee 1921 27:1 26-96 26-97 
pce eet Eee 1907 32-06 32-07 32-06 
0 ne ee 1905 35°45 35-458 35-457 
| CREE, SRCee 1907 39-14 39-095 39-104 
GE “ecdiddissensesetec 1910 40-00 40-07 40-07 
Pen: | <cccbouacassadbeeseste 1900 56-00 55-85 55-84 
(arene 1899 58-5 58-68 58-69 
EN cucantaasommateek 1899 59-1 58-97 58-94 
QOET © csisccccessiveszese 1886—92 63-3 63-57 63-57 
ree 1895 65-0 65-37 65-38 
EE sc conscuununenacae 1923 69-9 69-716 69-72 
ID cin dddcdiivddedtied 1907 79-95 79-917 79-916 
PEED. dthivuntenaeecdee 1903 85-5 85-42 85-44 
IR secsinétnasences 1894 87-5 87-62 87-63 
i Be TS 1910 107-93 107-88 107-880 
GET . wwenvededutnesaxies 1903—28 132-9 132-81 132-81 
INI teiiderictitsnitimeietibcties 1893 137-0 137-37 137-36 
Lead (Uranium) ...... 1915—26 — 206-02 206-02 
WO cavdsssssiiconn 1902 240-2 238-4 238-14 


And if we add to these the atomic weights determined independently 
by Baxter* and those by Hénigschmid ¢ using the Harvard 
technique, we find that, of the 92 elements, our knowledge of the 
atomic weights of no less than 55 rests to a large extent on the 
work of Richards and his former pupils. 

When we survey the magnitude of the task, the accuracy with 
which it has been performed and the progress it represents, we 
naturally ask what were the principles that guided it and ensured 
its successful issue. The answer is given by Richards himself in a 


* Helium, boron, neon, phosphorus, silicon, argon, titanium, chromium, 
manganese, iron, cobalt, nickel, germanium, arsenic, bromine, cadmium, tin, 
iodine, lanthanum, neodymium, praseodymium, lead. 

+ Beryllium, boron, chlorine, silicon, potassium, scandium, iron, bromine, 
yttrium, zirconium, silver, antimony, cerium, barium, dysprosium, hafnium, 
mercury, bismuth, lead, radium, thorium, uranium. 
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short monograph of fifteen pages on ‘‘ Methods used in Precise 
Chemical Investigations,” 14 which merits reading and re-reading 
by all students of chemistry young and old, for it sets out with 
masterly clearness and brevity the considerations that should guide 
the worker in any accurate investigation. ‘‘ The cause of Richards’s 
success in quantitative measurements,’ writes Professor Conant, 
“was his ability to foresee all sorts of sources of error and possible 
calamities which the average investigator would have overlooked 
completely. He thus took precautions against many things which 
less imaginative people would have ignored and reckless people 
would have been willing to forget optimistically. He was never 
willing to put aside a possible source of trouble on the ground that 
good fortune might prevent the possible disaster from descending 
on his work.” 

Compare this with Richards’s own words: “ Every substance 
must be assumed to be impure, every reaction must be assumed to 
be incomplete, every method of measurement must be assumed to 
contain some constant error, until proof to the contrary can be 
obtained. As little as possible must be taken for granted.” 

“To sum up the matter in a few words, it may be said that the 
secret of success in a precise chemical or physico-chemical measure- 
ment lies in so choosing the particular substance and process and so 
checking every operation by parallel experiments that both chemical 
and physical errors may be avoided as effectually as possible; and 
this choice often involves much study and above all the application 
of sound common sense. The precautions must be of a consistent 
order of refinement. Far more depends upon this intelligent choice 
of conditions than upon mere mechanical execution of the operations, 
although that too is important.” 

Although Richards is best known for his work on atomic weights, 
which brought him the greatest honours that can fall to a chemist, 
including the Nobel Prize, it occupied only a fraction of his energies 
and he had wide interests in other branches of physical chemistry in 
which he carried out many investigations of outstanding importance. 
Indeed his success in the field of atomic weights was due largely 
to the fact that he was not a narrow specialist, his wide experience 
of other problems supplying the clue to many a difficulty. To follow 
his interest in other fields we must retrace our steps to the beginning 
of his scientific career. His first paper, published in 1886, actually 
dealt with the heat evolved in the precipitation of silver chloride 
from various metallic chlorides. But his active interest in physical 
chemistry dates from his visit to Germany in 1895. It was just at 
this time that the new subject was taking shape in the hands of 
van’t Hoff, Arrhenius, Ostwald, and Nernst. The Zeitschrift fiir 
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physikalische Chemie was founded in 1887, and chemists’ minds 
were full of the early triumphs of the new theory of solutions. The 
explanations it offered of so many obscure points in quantitative 
chemistry naturally made a great appeal to Richards, and he gladly 
welcomed the opportunity of visiting the laboratories of Ostwald 
and Nernst. After his return his field of research was soon enlarged 
to include investigations in electrochemistry, thermochemistry, and 
ionic equilibria. G. N. Lewis was his first graduate student in 
physical chemistry, and with him was begun the study of the 
electrochemistry and thermochemistry of amalgam cells. It wasa 
fortunate partnership, for Lewis was later to make such important 
practical and theoretical contributions to our knowledge of electro- 
motive forces. 

Not only was this a time of great activity in the laboratory, but 
Richards was busily speculating on the issues which his recent 
experiences had raised in his mind. The fruits of his theoretical 
labours were brought to a focus in four papers }° on “ The Signi- 
ficance of Changing Atomic Volume ” published in 1901-4, which 
are of special interest in outlining the fields of physical chemistry 
with which he was to be associated most closely for the next 
twenty-five years. 

The starting point in 1899 of Richards’s speculations as to the 
relationship of atomic compressibility to the chemical and physical 
behaviour of the elements, was the fact that the so-called constant, 
b, of van der Waals’s equation, is really variable under great pressure. 
This suggested to him that the current view of the molecule and 
of the atom as hard incompressible particles was incorrect, and he 
was thus led to think that atoms might undergo volume changes 
during chemical action as a result of changes in the internal pressure 
due to their cohesive and chemical attractions for one another. 
Examination of the facts afforded ample confirmation of this 
inference. Richards was by nature an experimenter and he almost 
always attacked problems from an inductive standpoint. ‘The 
guiding hypothesis and the mathematical treatment,”’ he says of this 
inquiry, ‘‘ were developed from the actual behaviour of matter. 
For it may be that matter possesses intrinsic potentials which cannot 
be discovered except by the study of matter itself.” 

In the first two papers Richards summarised the evidence for 
changing atomic volume, and showed the close correspondence that 
exists between the volume changes during chemical combination 
and the heats of combination of metals withoxygen and the halogens, 
which led him to think that the heat of reaction represents the work 
done in the compression of the atoms by the force of chemical 
affinity, the change in volume being an approximate measure 
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of the pressure resulting from the affinity of the atoms for one 
another. 

The third paper dealt with the relationship of the changes in free 
energy and total energy accompanying a reaction, a problem which 
was then attracting so much attention among physical chemists in 
connexion with the attempts to integrate the Gibbs—Helmholtz 
equation. Richards attacked it from the point of view of the 
difference in heat capacity of the reactants and resultants which he 
thought was associated with the change in volume. A comparison 
of the experimental data for ten galvanic cells involving a reaction 
of the type 

Zn + CuSO, = ZnSO, + Cu 

showed that the sign and magnitude of the difference between the free 
and total energy changes are in fact dependent upon the sign and 
magnitude of the change of the heat capacity during the reaction. 
This, in conjunction with the Gibbs—Helmholtz and Kirchhoff 
equations, led him to the further inference that the change of the 
free energy of a reaction with temperature must have some funda- 
mental connexion with the change of total energy with the tem- 
perature, and he showed that for these cells at 18°, 


dA/dT = — M.dU/dT, 


where M had an average value of 2. The diagram of the values 
showed that the values of A and U must approach one another 
rapidly as the temperature is lowered, dA/d7’ and dU/dT in most 
cases appearing to become zero as the absolute temperature is 
approached. G. N. Lewis says “the curves presented by Richards 
very nearly imply the generalisations which were later to be embodied 
in the third law of thermodynamics.” But although it is doubtful 
whether Richards at the time saw the full implication of his results, 
the paper was a very suggestive contribution to one of the most vital 
theoretical issues of the day and attracted much attention, van’t 
Hoff making it the subject of a special memoir. 

The last paper of the series discussed the relative effects of the 
pressures produced by cohesion and chemical affinity, and showed 
that the agreement between theory and experiment is improved by 
taking into account the compressibilities of the reacting substances, 
the change in volume being less with less compressible elements. 

After 1900 the theory of compressible atoms was constantly in 
Richards’s thoughts and by means of it he sought to correlate a 
wide range of phenomena. But the main value of such a theory lies 
in its stimulus to new experiments. As Richards said, ‘‘ the saying 
of Scripture, ‘ By their fruits ye shall know them,’ applies in full 
force to theories as well as to men,”’ and his theory of compressible 
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atoms gave the impulse to two of the main groups of his researches, 
those on compressibility and surface tension, and those on thermo- 
chemistry. 

A new method of determining compressibilities up to 500 atmos. 
pheres was worked out in 1904,1° and by means of it he measured 
the compressibility of forty elements and many compounds. 
Richards thus discovered that compressibility was a periodic 
function of the atomic weight of the elements, closely related to 
their atomic volume, as is seen in Fig. 3. 
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An examination of the physical properties of a number of liquids 
showed that in groups of similar substances close relationships exist 
between their compressibilities, and their densities, surface tensions, 
boiling points, molecular heats of vaporisation, and coefficients of 
expansion, all these properties being dependent on the internal 
pressures exerted by the cohesive forces. 

Richards was always striving to put his theory on a mathe- 
matical basis, but this was difficult owing to the number of variables 
involved. He regarded the state of a substance as determined by a 
balance of pressures due to compressing and distending agencies. 
For monatomic elements these can be expressed by the equation 

ptr=nt+ Po 
where p represents external pressure, s the sum of all possible 
intrinsic compressing effects, x, the intrinsic distending or repulsive 
pressure, and P, the thermal pressure arising from the kinetic 
energy of the atoms which is approximately equal to 7'«/8, where « 
and @ are the coefficients of expansion and compressibility respec- 
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tively. A number of attempts were made to evaluate the internal 
pressure by various methods, one of the main difficulties being that 


the effect of pressure on compressibility was only 


atmospheres, while it was probable that the internal pressures had 
much higher values. However, fresh possibilities were opened in 
1922 by Bridgman’s researches on compressibility up to pressures of 
12,000 atmospheres, and during the last year of Richards’s life much 
of his time was devoted to the analysis of Bridgman’s results and his 
own earlier work, and his final estimates of the internal and thermal 
pressures of isotropic elements are given in the following table : 


Estimates of Intrinsic Cohesive Pressures of Several Isotropic Elements 
together with Approximate Thermal Pressures at 20° C. 


Thermal pressure. Cohesive pressure. 
IIL 8 cuncuenpemnnsabees 2,100 15,300 
RENE. ud cncuncsscccecacecs acess 4,000 33,000 
NOU i cidssciivesssietonvericses 13,100 41,300 
OE ar erernr ene 10,340 72,000 
RR BORE Hae 14,000 191,000 
ED svnas babtenthubalodtbsiondtbine 16,120 208,000 
ey Peers ee F 21,800 243,000 
BPE: « iscsuccccactavsavcasneriace 19,390 376,000 
ER. | sevcnisdescinsactioseses 21,000 465,000 
BEE, ediuvcneceitendneaiomembe 16,000 587,C00 
NL sesh snnaavminhaceoncuien 13,400 1,000,000 


(The unit of pressure is the megabar, i.e., 0-987 atmosphere.) 


The relative magnitudes of the internal pressures correspond 
satisfactorily with the physical properties of the elements, their 
volatility, hardness, and elasticity, and in certain cases there is a 
close agreement between the heat of evaporation calculated from 


the internal pressure and that found by experiment. 


little doubt that Richards’s values represent the order of magnitude 
of the internal pressures, and they are confirmed by recent work on 
the breaking stress of materials, such as Griffith’s work with fine 
glass fibres which indicated a breaking stress of 100,000 atmospheres. 

Richards was one of the first to recognise the fundamental 
importance of this aspect of atomic physics, and his experimental 
data will be invaluable to future workers in the field. He showed 
remarkable physical insight in his interpretation of atomic properties 
in terms of the compressible atom: he foresaw the asymmetric 


distortion of the atom due to chemical combination, 


call polarisation, and to-day we use the word deformation to denote 
some of the effects which Richards had in mind. His theory was a 
prophetic forecast of the future, and perhaps he hardly realised that 
his ideas, which were not always regarded with favour in 1900, have 
now become almost axiomatic. He was not entirely sympathetic 
to the view that explains chemical affinity solely in terms of elec- 
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tronic forces, and this was typical of a certain conservative tendency 
in him, which showed itself in other ways—in his attitude towards 
physical methods of determining atomic weights, in his reluctance 
to adopt electrical methods of thermometry. And it is perhaps one 
of the essential characteristics of those who are to bring to com- 
pletion some long scheme of experimental work : certainly Richards 
and Berzelius possessed it in common. 

We come now to the long series of researches in thermochemistry 
associated with Richards and the Harvard school, which originated 
in his interest in the energy changes and the changes in heat capacity 
accompanying chemical action, and their relation to his theory of 
compressible atoms. The lack of agreement between the existing 
thermochemical data quickly convinced him of the need for their 
revision, and a study of the methods used by Marignac, Thomsen, 
Berthelot and others showed that they lacked the accuracy and 
precision which were to Richards essential in any measurements of 
important constants.* He always had a great respect for the work 
of his predecessors, and he began by a most careful analysis of the 
possible errors affecting their results and the best methods of avoiding 
them. 

His initial papers all dealt with questions of technique. First 
came the introduction of the transition temperatures of hydrated 
salts as new fixed thermometric points to facilitate the standardis- 
ation of short-range thermometers without subjecting them to large 
changes of temperature. The following table shows the systems that 
were studied at different dates : 


Transition temp. 


System. on hydrogen scale. Date. 
Na,CrO,,10H,O-Na,CrO,,6H,O ............ 19-525° 1911 
Na,CrO,,10H,O-—Na,CrO,,4H,0O ............ 19-987° 1911 
Na,CrO,,6H,O-Na,CrO,,4H,O ............ 25-90° 1911 
Na,SO,,10H,O-Na,SO,  .............ceeeeeee 32-383° 1898—1902 
ee a rrr torre 50-674° 1906 
MnCl,,4H,O-MnCl,,2H,O  ......seeeeeeeeeee 58-089° 1907 
SrCl,,6H,O-SrCl,,2H,O  .....c.ececcceeeeeees 61-341° 1918 
SrBr,,6H,O-SrBr,,2H,O ...........0000e000e 88-62° 1918 


This was followed in 1905 by work on improved methods of 
calorimetry with A. B. Lamb, L. J. Henderson, and G. 8. Forbes 


* The different values used by different authors for the total heat capacity 
of a system when calculating the heat of reaction, e.g., the neutralisation of 
an acid by a base, are an example of the uncertainty of thermochemical 
measurements at this date. Ostwald and Luther used the sum of the initia] 
capacities, Thomsen often used the capacity of the water alone, Berthelot 
the heat capacity of an equal volume of water. Richards pointed out that 
a heat of reaction corresponds to the initial or final temperature according 
as it is computed from the heat capacities of the resultants or reactants, and 
that owing to changes in heat capacity during a reaction the method of com- 
putation may affect the result considerably. 
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which led to the introduction of the adiabatic calorimeter, in which 
the errors due to “ the cooling correction ’’ and to thermometer lag 
are eliminated by surrounding the calorimeter with a jacket, the 
temperature of which can be kept equal to that of the calorimeter by 
means of chemical or electrical heating. Calorimeters were con- 
structed embodying this new device, the design of which gave 
greatly increased accuracy, particularly as regards errors arising 
from insufficient stirring (which Richards showed to be a constant « 
defect of the older experiments) and from loss of heat by evaporation. 
With these, a comprehensive study of the thermochemistry of 
electrolytes was begun with Rowe in 1907, which continued until 
1914, although most of the results were not published until 1920— 
1922.17 It included the determination of the heats of dilution 
and the specific heats of solutions of hydrochloric, hydrobromic, 
hydriodic, and nitric acids and of the chlorides, nitrates, and hydr- 
oxides of lithium, sodium, potassium, and cesium. The specific 
heats of the more concentrated solutions were found by measuring 
the rise in temperature of a known quantity of solution caused by 
the heat given out in the neutralisation of a known quantity of dilute 
sulphuric acid contained in a platinum vessel submerged in the 
calorimeter, and comparing it with the rise in temperature of water 
with precisely the same procedure. The specific heats of the more 
dilute solutions were found indirectly by means of Kirchhoff’s Law 
(or, as Richards preferred to call it, the Person—Kirchhoff Law, as 
Person had used it before Kirchhoff) from measurements of the heat 
of dilution of a solution of known specific heat at two temperatures. 
The whole research, which involved a vast amount of difficult 
experimental work, was carried out with the most meticulous 
accuracy, and it constitutes an invaluable contribution to our 
thermochemical knowledge. It raised many points of theoretical 
interest in connexion with the change in heat capacity of the con- 
stituents of the solution with dilution, but Richards concluded that 
while they indicated changes dependent upon the dissociation of the 
electrolyte, the hydration of ions, and the polymerisation of water, 
any attempt to explain them would be premature at the moment. 
This work was a necessary preliminary to the accurate measure- 
ment of the heats of neutralisation of lithium, sodium, and potassium 
hydroxides with the above-mentioned acids at different dilutions. 
These values, which are of such great theoretical interest, had 
already been determined by a number of observers, but their results 
were not adequate to decide whether the differences between them 
were due to experimental error or not. Richards and Rowe’s 
results are probably accurate to + 0-02% and they showed that 
at the dilutions studied there are definite differences between the 
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heats of neutralisation for each pair of acids and bases, and these 
differences, although showing some systematic tendencies—the 
values for potassium hydroxide are greater than for sodium, those for 
bromides greater than for iodides—also exhibit certain unexplained 
irregularities. The heats of neutralisation vary with dilution, and 
by extrapolation from the various series Richards found that the 
heat of formation of water from its ions at 20° probably lies between 
* 13-69 and 13-62 Calories. 

Simultaneously work was in progress on the heats of solution of 
metals in acids.1® These are among the most important thermo- 
chemical data since the heats of formation of the metallic compounds 
depend upon them, and owing to the long duration of each experi- 
ment the older values were particularly susceptible to errors due to 
the uncertainty of the cooling correction. The adiabatic method 
was especially suitable for lengthy determinations of this kind, and 
by using metals in a fine state of division and dissolving them entirely 
Richards avoided the errors arising from the withdrawal of the 
undissolved metal at the conclusion of an experiment. The great 
difficulties of the investigation were overcome with Richards’s usual 
skill, and very concordant data were obtained for the heats of 
solution of zinc, aluminium, magnesium, cadmium, and iron. 

Another field to be investigated was the thermochemistry of 
organic compounds. Considerable improvements were effected in 
the calorimetric bomb in order to secure complete combustion of the 
compounds under investigation, and the adiabatic method was 
applied in this case also. Investigations were made of the heats of 
combustion of the substances proposed for standardising the bomb— 
sugar, benzoic acid, and naphthalene—and also of a number of 
isomeric compounds, among them being the octanes and xylenes, to 
see if accurate thermochemical study would throw light on the 
differences in their energy content, which were found however to be 
extremely small. 

Throughout his pre-war calorimetric work, Richards invariably 
employed Beckmann thermometers for measuring temperature, 
and although he recognised certain advantages in electrical thermo- 
metry, he clung to the simplicity and directness of his mercury 
thermometers. In his hands and in those of his co-workers they 
gave amazingly good results, which are a striking testimony to his 
skilful experimentation and the accuracy of his calibrations. Only 
those who have tried to repeat these measurements can really 
appreciate them. However, after 1922 the study of aqueous 
solutions was taken up again, using platinum resistance thermometers 
which increased the thermometric sensitivity ten-fold, and copper- 
constantan thermocouples or “thermels”’ for indicating the difference 
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in temperature between the calorimeter and its-jacket, thus avoiding 
the necessity of reading two thermometers simultaneously and 
facilitating the maintenance of adiabatic conditions. There were 
also a number of improvements in the design of the calorimeters and 
in the experimental procedure. For the direct determination of 
specific heats with Gucker !* an ingenious modification of the Joule— 
Pfaundler twin-calorimeter was devised. Two exactly similar 
calorimeters enclosed in submarine jackets were immersed in a large 
water-bath, and the difference in temperature of each from the 
temperature of the bath was measured by a thermel. Similar 
heating coils were placed in each calorimeter and the same current 
was sent through both, hence if the liquid in each calorimeter had 
the same heat capacity the rate of rise in temperature would be the 
same in both. Many errors were avoided by using one calorimeter 
as a tare and always placing in it the same volume of water, while 
in the other water and solution were alternately introduced in such 
quantities that the rise in temperature was the same in both cases 
as in the tare: with minor corrections, their heat capacities were 
therefore inversely proportional to their masses. 

A repetition of some of the earlier experiments on specific heats 
by Richards and Rowe confirmed these very closely, except in the 
case of sodium hydroxide, the value of which was dependent on the 
work of earlier observers. This discrepancy was disquieting as it 
affected the values for the heats of neutralisation and a further 
investigation with L. P. Hall confirmed the high value found by 
Gucker, and incidentally the value of the specific heat of KOH + 
100H,O was found directly to be 0-9567, while Richards and Rowe 
had found 0-9568 directly and 0-9567 indirectly ten years previously, 
so that the accuracy of the earlier work was upheld. A further 
study of the heats of dilution of sodium hydroxide made possible 
the recalculation of the values for the heats of neutralisation of 
sodium hydroxide. The value of the heat of formation of water 
from its ions was finally fixed as 13-65 Cals. by determining the heat 
of neutralisation of acetic acid by sodium hydroxide which decreases 
with concentration, while those of strong acids increase, so that the 
value found from the joint extrapolation shown in Fig. 4 is much 
more accurate. 

Richards published over sixty thermochemical papers dealing 
with many subjects in addition to those already mentioned, such as 
the latent heat of evaporation of water, and the heats of dilution of 
amalgams and the heats of solution of metals in mercury, which had 
& special interest in connexion with his long series of researches on 
the electromotive force of amalgam cells. It is impossible in a brief 
summary to do justice to the value of his work in this most exacting 
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field. He was the pioneer of modern precision calorimetry and for 
thirty years he sought continuously to increase the accuracy of 
experimental methods, and the exactness with which thermo. 
chemical data are defined. 

The remaining field of Richards’s investigations was electro. 
chemistry, in which his interests centred on Faraday’s laws of 
electrolysis, and the accuracy of the voltameter, or as he preferred 
to call it the coulometer, and on the study of electromotive forces, 
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particularly of amalgam cells. In determining the atomic weight 
of copper he had compared the amounts of silver and of copper 
deposited by the same current and a difference between the value 
obtained in this way and by various chemical methods led him to 
investigate the accuracy of the copper and silver coulometers. 
When he had traced the main source of the discrepancy to the 
solution of copper in copper sulphate to form a cuprous ion, he 
turned his attention to the deposition of silver and with Collins and 
Heimrod he devised a very simple and accurate silver coulometer 
which has been much used in exact investigations. Its main 
feature was a porous pot surrounding the silver anode to prevent the 
anode solution and sludge from reaching the cathode. 
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In 1902 he carried out an investigation with Stull 2° to test 
Faraday’s law over a wide range of temperatures and solvents by 
comparing the amounts of silver deposited from an aqueous solution 
of silver nitrate at 25° and from silver nitrate dissolved in a mixture 
of fused potassium and sodium nitrates at 250°. The weight of 
the deposits agreed to one part in 20,000 parts, thus showing 
“that Faraday’s Law is not a mere approximation, but is rather 
to be ranked among the most precise and general of the laws of 
nature.” 

Amalgams had been a favourite subject with Richards ever since 
he was at Leipzig. He saw in them great possibilities since they 
are solutions free from the complications arising from electrolytic 
dissociation, and yet admitting of a much more varied investigation 
than other solutions of non-electrolytes. He hoped to get from 
them knowledge of the general theory of solutions which was 
inaccessible in other ways. His investigations of the electromotive 
forces of amalgam concentration cells, and of their thermochemistry 
and other properties extended over thirty years: no doubt the 
accuracy with which the electromotive forces could be measured 
made a special appeal to him. The study of zinc and cadmium 
amalgams, begun with G. N. Lewis in 1897, was continued with 
G. 8. Forbes, and the accuracy of the measurements was greatly 
increased, the electromotive forces being measured to 10-° volt. 
The heat of dilution of the amalgams was found directly and com- 
pared with that calculated from the Gibbs—Helmholtz equation. 
In 1905 came the study of thallium, indium, tin, zinc, cadmium, 
lead, copper, and lithium amalgams with Hunt Wilson and Garrod 
Thomas, an accuracy of 10° volt being obtained.24 Thallium 
amalgams received special attention on account of the large solubility 
of thallium in mercury, and a most detailed thermochemical 
investigation was made with Daniels and with Smyth. Sodium 
amalgams were studied with Conant and cadmium with Frevert and 
Teeter. All these researches showed that amalgams were far from 
possessing the properties of ideal solutions. At great dilutions the 
electromotive force of a concentration cell can be calculated from 
the simple formula 

E = RT /nF. logC,/C, 
but the values diverge rapidly with increasing concentration, those 
for sodium, thallium, indium, and cadmium being too great, and for 
zinc, lead, and tin too small. These results together with the heats 
of dilution make it clear that considerable affinities exist between 
the mercury and metallic atoms, probably hydrargyration and 
association both being concerned. Richards’s work is a most 
valuable contribution to our knowledge of amalgams; many new 
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and useful facts were established, but it left the puzzling nature of 
these systems still an unsolved problem. 

The impelling forces of Richards’s life were his desire to win a 
deeper understanding of Nature’s secrets and his belief that such 
understanding would come from a more exact knowledge of her 
fundamental constants and laws. All his efforts were centred on the 
determination of these constants—atomic weights, compressibilities, 
surface tensions, densities, energy changes, thermochemical data— 
and the testing of accepted generalisations such as Faraday’s laws 
and the constancy of atomic weight. He was always seeking dis- 
crepancies which might suggest some lack of uniformity, some 
unsuspected irregularity, ‘‘ some crack,’ as he said, “‘ into which you 
could drive a wedge so as to go deeper into things, and approach 
nearer to the truth.” It is remarkable how few among his many 
papers were unproductive of results of lasting value, and how little 
effort was expended on data of use only for proving or disproving 
some ephemeral hypothesis. His work constitutes a coherent attack 
on the constants of nature, and he would return again and again 
to some measurement to check his earlier results and make their 
value more secure by some new refinement. 

Richards was first and foremost an experimentalist. He had 
very remarkable hands that could do many things well, an exact 
co-ordination of hand and eye, and the artist’s joy in perfection of 
accomplishment. And to these were joined “‘ an infinite capacity 
for taking pains, an uncompromising attitude towards the possi- 
bilities of hidden errors, a determination to be certain that no pre- 
caution had been overlooked, and an extraordinary persistence in 
the patient repetition of exacting and laborious experiments.” 
When planning a research every detail of the measurements was 
subjected to a most careful scrutiny, almost every contingency was 
foreseen, and as a result Richards’s investigations proceeded with 
unusual smoothness. His methods were never unnecessarily 
elaborate, he disliked complicated apparatus and preferred to get a 
result if possible by simple means. In the choice of method and the 
design of apparatus he showed remarkable physical intuition and 
mechanical ingenuity, and he was equally gifted as regards the pure 
chemistry of his investigations. Like Berzelius he had a wonderful 
instinct for choosing the right substance and method for his purpose, 
and his wide knowledge and his discerning mind seldom failed to 
overcome the many chemical problems which his work presented. 
No chemist had ever taken such care that his materials should be 
as pure as possible, or had subjected his methods of -purification to 
such rigid examination, and this gives to all his results an additional 
assurance of validity. His simple ways of overcoming difficulties— 
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the bottling apparatus, the nephelometer, the use of two resistance 
boxes as a potentiometer, his method of standardising weights, 
the use of the centrifuge for separating the mother-liquor in re- 
erystallisations—have all become common practice in other labora- 
tories, and it is impossible to over-estimate the saving of time and 
the increase in accuracy that have resulted from their adoption. 

But despite his experimental skill, when one looks back at 
Richards’s massive contribution to chemical science—nearly three 
hundred communications, many of them involving many months 
of labour—the question inevitably arises, How was it possible for 
one man to accomplish somuch? The answer is that Richards was 
by nature and temperament a great teacher and a leader, with the 
keenest personal interest in the young men around him and the gift 
of imparting to them his own enthusiasm and his own standard of 
attainment. 

Richards’s teaching experience began as an assistant when he was 
a graduate student. From 1889 to 1902 he taught quantitative 
analysis at Harvard. He was a most conscientious teacher and 
demanded of his students the utmost accuracy both in experiment 
and in thinking. He was one of the first to insist on the importance 
of understanding the principles underlying quantitative work, at a 
time when the new theories were beginning to throw light on the 
empirical system of quantitative analysis. In 1895 he began to give 
the lectures on physical chemistry with which he was associated 
until his death. As the advanced course was taken mainly by 
graduate students, Richards gave in addition the elementary course 
in order to keep in touch with the undergraduates. He realised the 
stimulus which a teacher can receive from presenting to competent 
but immature students the elements of a great subject. He enjoyed 
tracing the history of the main principles of his science and the 
successive discoveries on which they depended, and to the very end 
he clung with interest and pride to his course on ‘‘ Elementary, 
Theoretical, and Physical Chemistry, including the Historical 
Development of Chemical Theory.” 

Richards was an admirable lecturer with an exceptionally clear and 
pleasant voice that compelled attention. His simple logical way 
of presenting a subject seemed to rob it of its difficulties, and many 
a student owed to him his first real insight into the principles of 
chemistry. They learnt from him too the thrill of discovery, and 
his vividly sketched picture of the unsolved problems was to them 
“a challenge to join the ranks.’’ Richards knew how to get the 
best out of young men. They felt his interest in them, and his 
innate kindness, which often took a practical form. They went to 
him with their troubles,they did their best to live up to his standards, 
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and when he went round the laboratory a look of disappointment 
from him was more effective than anger or sarcasm. But with all 
his kindness Richards was a shrewd judge of men and of their work, 
and quick to detect any lapse from that uncompromising integrity 
which he looked for in an investigator. Anyone who tried to bluff 
him quickly became aware of a sterner side to his character. 
Richards was a most meticulous and inspiring director of research. 


He usually spent some time every day with each of his students,, 


seeing the progress of their work, insisting upon the utmost purity 
of the substances they used, and if their results were not reproducible 
he would spare no pains to ascertain the source of trouble. Even 
the most persistent difficulties yielded to his skilful diagnosis, 
including the almost supernatural vagaries of a delicate galvano- 
meter which he traced to the movements of a man in an adjoining 
room with a large bunch of keys in his pocket. 

As years went by, more and more graduate students came to him 
and their supervision left less and less time for his own experiments, 
so that in the last twenty years he did little with his own hands, 
But he had the most remarkable gift for devising methods that his 
students could carry out almost as well as he could himself. In this 
he differed from some of the great experimenters, whose success has 
depended on their individual technique and who left no school to 
follow them. Richards’s skill was no less than theirs, but his 
methods made accuracy as far as possible independent of the human 
element. Under his leadership his laboratory became one of the 
most active centres of research, with a wide range of investigations 
in progress all controlled by his well-ordered mind, and picked 
students came eagerly from many countries to learn the methods of 
exact experiment that will always be associated with the Harvard 
school. I was fortunate enough to spend a fortnight in that stimu- 
lating atmosphere in 1902, and even that short time was enough to 
give me a fresh impulse and a new standard of precision, which I 
like to think have not been altogether without effect. I always look 
back with gratitude to Richards’s kindness to an unknown beginner 
and to the encouragement and help that came in each of his 
letters. 

From Richards’s laboratory went out a constant stream of men 
trained in his methods and imbued with his ideals, and there is no 
better tribute to his memory than the list of his pupils who are now 
handing on the traditions of the Harvard school in many countries 
and in many fields of research :—Gregory Baxter at Harvard and 
Otto Hénigschmid at Munich, the two leaders to-day in atomic 
weight research in the new world and the old, G. N. Lewis in 
California, E. H. Archibald in Vancouver, R. C. Wells in Washington, 
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A. B. Lamb, L. J. Henderson, G. 8. Forbes, and Grinnell Jones at 
Harvard, Arthur Staehler at Berlin, J. Howard Mathews and 
Farrington Daniels at Wisconsin, H. H. Willard at Michigan, 
Frederick Barry at Columbia, H. Krepelka at Prague, J. B. Conant 
and Norris Hall at Harvard, and lastly his son, William T. Richards, 
at Princeton. 

In 1896 Richards married Miss Miriam Stuart Thayer, daughter 
of Professor Thayer of the Harvard Divinity School. In her he 
found a wife who sympathised wholeheartedly with his devotion to 
research, and she did all in her power to help and encourage his work. 
Of their three children, the eldest, Grace Thayer, is the wife of 
Professor James B. Conant of Harvard, William Theodore inherited 
his father’s scientific tastes and is Assistant Professor of Chemistry 
at Princeton, and the youngest, Greenough Thayer, is a student of 
architecture. 

The current of Richards’s life after his marriage ran smoothly and 
tranquilly and there are few events to chronicle except his journeys 
to Europe and the many honours that came to him. In 1907 he 
spent six months in Berlin as Exchange Professor, where he was the 
guest of Emil Fischer. He gave a course of lectures on the theory 
and practice of accurate physico-chemical measurements and carried 
out a number of investigations with graduate students. In his 
inaugural lecture he discussed the relations of imagination and 
experiment in scientific progress. The subject gave ample scope to 
his breadth of outlook and his wide reading and it was a most 
polished and suggestive discourse. On the occasion of his lecture 
on atomic weights to the German Chemical Society the President, 
Graebe, spoke of the effect of his work on Europe : “ The light which 
formerly radiated from Europe to America is now brilliantly reflected 
back again.” ‘ 

In 1908 he gave the Lowell Lectures, in 1910 he received the Davy 
Medal of the Royal Society, followed in 1911 by the award of the 
Faraday Medal, the greatest honour our Society can bestow. He 
came to England with his family to give the Faraday Lecture in June 
of that year on ‘“‘ The Fundamental Properties of the Elements,”’ ** 
and the recollection of the charm of that lecture, its modesty, its 
simplicity, its clearness, and its optimism are still fresh in the minds 
of many of us. It was most appropriate that on that occasion the 
vote of thanks to Richards was proposed by Odling, the only 
survivor of the conference on atomic weights held at Karlsruhe in 
1860, when some of the views expressed about atomic weights were 

\ 80 vague that Odling won approval by his vigorous insistence on the 

fact that an element could only have one atomic weight. Richards 

was Py pleased, too, with Professor H. B. Dixon’s happy 
U 
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allusion to him as having fulfilled Canning’s prophecy : “ I look to 
the new world to redress the balance of the old.” 

The summer was spent in England revisiting his old haunts, 
seeing old friends and making many new ones, and he returned to 
America with honorary degrees from Oxford, Cambridge, and 
Manchester. In 1912 he received the Willard Gibbs Medal, in 1914 
he was President of the American Chemical Society and in November 


1915 came the news of the greatest honour of his career, the award | 


of the Nobel Prize in Chemistry. The voyage across the Atlantic 
was attended with special dangers in 1916 so the Nobel lecture was 
postponed to more peaceful times. In 1922 he set out with his 
two sons to Sweden to deliver it, but the critical illness of his elder 
boy kept him in Paris throughout the summer, when he received the 
Le Blanc and Lavoisier Medals. In 1925 Richards had the unusual 
honour paid him of the foundation at Harvard of a Professorship in 
Chemistry named after him by Thomas W. Lamont in memory of 
his brother Hammond Lamont, who had been Richards’s class-mate 
and close friend. 

During his last years much time was spent in putting the theory 
of compressible atoms into a mathematical form, and he made good 
progress in the analysis of Bridgman’s results. A number of papers 
were written giving a comprehensive account of his views. But 
experimental work never ceased: the Wolcott Gibbs laboratory 
was full of keen graduate students and the quality of his researches 
was as fine as ever. Notable among them were determinations of 
the atomic weights of gallium, cesium, and various uranium leads, 
The final group of papers on thermochemistry published post- 
humously was a fitting conclusion to his labours on account both of 
their perfection of technique and of their confirmation of his earlier 
work. In 1927 his mind was as active and clear as ever but his 
physical strength was beginning to weaken. On March 9th, 1928, 
he gave his final lecture, three days later he left his laboratory for 
the last time, and he died on April 2nd at the age of sixty. 

‘“*T want to go down with my colours flying,” he said in those last 
weeks, and his wish was granted. 

To his English colleagues Richards’s death came as-a sad loss. 
For many years he had been such a link between the chemists of the 
two countries, and we here appreciated to the full his distinction and 
his many lovable qualities—his perfect modesty and simplicity, his 
courtesy, his kindness and unselfishness, his good company and his 
humour, and his affection for his friends. But for the intimate 
details of his personality I will quote two tributes from his Harvard 
colleagues with whom his life was passed. : 
‘The distinguished and characteristic precision of Richards’ 
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experimental work was not merely dictated by the need of accuracy 
for the sake of trustworthy scientific results; it was inspired by his 
inner honesty and by his joy in perfect workmanship. The man’s 
noble ideal of character and the artist in him conspired to bring to 
full fruition his vigorous and broadly developed mind. Of singular 
modesty and devoted to his very happy home, his friendliness and 
charm made his society highly prized, and he moved in a large circle, 
admired and beloved. His friendships ran through many countries, 
and his varied interests brought him into contact with a wide range 
of people. His colleagues recall with deep gratitude the unstinted 
help he knew how to give and his peculiar gift of instilling new 
courage at critical moments of baffling difficulty. His strength, 
never robust, was for years scrupulously conserved for his work, and 
he often longed for a greater physical power to carry into execution 
the plans of investigation which thronged his mind. 

‘Capable of strong feeling and strict judgment, he described the 
guiding principles of his life as ‘ kindliness and common-sense’ ; 
we may add that these modest qualities were served by genius. 
The moral conditions of successful scientific work—‘the over- 
whelming importance,’ as he put it, ‘ of perfect sincerity and truth ’ 
—were never absent from his mind, and of them he was himself, in 
all ways, the very embodiment. Modest, lovable, competent in 
business, interested in games, possessing a trained knowledge of 
music and a critical appreciation of art, patient with obstacles, 
unsparing in painstaking labor, he gave himself to his carefully 
ordered tasks with joy of life and work and thought.” 2% 

Professor Baxter writes of him: ‘Genial and social in his 
inclinations and with a whimsical sense of humour, Richards was a 
welcome addition to any gathering, for his interests included 
practically every form of human activity, especially art and music. 
His artistic inheritance might well have been developed as his 
vocation. As a youngster he planned to follow in his father’s 
footsteps, and always obtained enjoyment from exercising his ability 
to sketch and paint. One of the most interesting sights in the Gibbs 
Laboratory was a marine picture which was the joint production of 
father and son. He was particularly warm-hearted and generous 
towards his friends. No troubie was too much for him to take in 
their interests and no pleasure greater than his at their success. 
To me the thirty-five years of close association with Richards as his 
pupil, colleague, and friend will always be one of the greatest 
privileges of my life.” 

“ Although never an athlete in a strict sense, he was fond of 
various outdoor sports. He was especially interested in yachting, 
and for many years as a young man spent a portion of his summers 
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on his cruising yawl. At one time he was a good tennis player and 
was one of the earlier devotees of golf in America. The latter 
pastime he never gave up.”’ 

“It would be hard to decide which was the greater, his devotion 
to his family, to the University or to science, but it is certain that no 
one could have been more forgetful of self in the interest of any one 
of them. His creed with relation to the last one of the three has 
been left in his own words, and is typical of his desire to give faithful 
service : 

“* First and foremost I should emphasise the overwhelming 
importance of perfect sincerity and truth; one must purge oneself 
of the very human tendency to look only at the favourable aspects 
of his work, and be ever on the look-out for self-deception (which may 
be quite unintentional). Next, one should never be content with 
a conventional experimental method or scientific point of view; 
one should be open-minded as to the possibility that the procedure 
or hypothesis may be incomplete. . Each step should be questioned, 
and each possibility of improvement realised. And then, patience, 
patience! Only by unremitting, persistent labor can a lasting 
outcome be reached.’ ”’ 

Berzelius, when asked to choose an inscription for a medal to be 
struck in his honour, chose a balance and the words pondere et 
numero: Richards had the Harvard crest and the single word 
veritas carved over the door of his laboratory. What more fitting 
epitaph than these three words for one whose life was spent in the 
quest of truth through the measurement of Nature’s forces ? 


ex pondere et numero veritas. 
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CCLIV.—The Nitrosation of Phenols. Part X. Further 
Study of the Nitrosation of m-Iodophenol. 


By Herspert Henry Hopason and ARNOLD KERsHAW. 


WuEN m-iodophenol is nitrosated, the initial product is obtained 
in bright yellow needles which are rapidly tarnished by ultra-violet 
or sun-light, although unaffected in the dark. When this product 
is submitted to the transformation procedure employed for the 
chloro- and bromo-analogues (J., 1929, 1553; this vol., p. 967), 
3-iodobenzoquinone-4-oxime is obtained in very pale yellow needles 
which are stable to light. Moreover, the bright yellow product is 
more soluble in chloroform (0-3%) than the oxime (0-1°%), and the 
latter gives a bluer Liebermann nitrosoamine reaction. Neither 
product has a melting point, but the close analogy of all the other 
characteristics with those of the corresponding chloro- and bromo- 
analogues indicates the initial product of nitrosation to be the 
nitroso-compound. Hodgson and Moore’s syn- and anti-forms 
(J., 1925, 127, 2260) would now appear to correspond to the nitroso- 
and quinone-oxime tautomerides respectively. 

It is noteworthy that methylation of the 3-halogeno-benzoquinone- 
4-oximes by methyl sulphate in aqueous sodium hydroxide solution 
proceeds with increasing facility in the order Cl<Br<I, whereas 
benzoylation has the reverse order, Cl>Br>I. 

A specimen of 3-chloro-4-nitrosoanisole which had been kept in 
the dark for a year was almost completely converted into 3-chloro- 
benzoquinone-4-oxime, which, not being volatile in steam, could 
be completely separated from the original material by this method. 
The bromo- and iodo-analogues are more stable, although some 
crystals of the former, which were made at the same time as 3-chloro- 
4-nitrosoanisole, are now showing visible signs of partial trans- 
formation. 

All the 3-halogeno-4-nitrosoanisoles are readily converted into 
the corresponding 3-halogenobenzoquinone-4-oximes when heated 
under reflux with dilute mineral acids. 
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EXPERIMENTAL. 


3-Iodo-4-nitrosophenol (?)—This is prepared by the following 
modification of the nitrosation procedure hitherto employed: 
Solutions of m-iodophenol (4 g.) in aqueous 20% sodium hydroxide 
(8 c.c.) and water (40 c.c.), and of concentrated sulphuric acid (10 c.c.) 
in water (40 c.c.), are added simultaneously during 2 hours to an 
ice-cold solution of sodium nitrite (40 g.) and concentrated sulphuric 
acid (4 c.c.) in water (400 c.c.). The crude product (2-1 g.) is filtered 
off and washed first with water and subsequently with a little ether. 
The filtrate, after a further 2 hours’ standing in the cold, deposited 
0-5 g. of bright yellow micro-needles which darkened on heating and 
decomposed rapidly at about 190° (Found: N, 5-7; I, 51-2. Cale.: 
N, 5-6; I, 51-0%). 

3-lodobenzoquinone-4-oxime is produced from the above product 
both by the alkali and by the acid method (loc. cit.), and crystallises 
from the usual solvents, in which it is very sparingly soluble, in 
pale straw-coloured needles ‘which, on being heated, behave very 
similarly to the nitroso-tautomeride (Found: N, 5-8; I, 51-2%). 
The benzoate crystallises from chloroform, on addition of light 
petroleum, in long stout prisms, m. p. 166° (Found: I, 36-2. 
C,,H,O,NI requires I, 35-99%). The methyl ether is obtained by the 
addition of methyl sulphate to a solution of the oxime in saturated 
aqueous sodium carbonate, followed by a few drops of aqueous 
sodium hydroxide, and is readily isolated by steam-distillation; 
it crystallises from aqueous alcohol (50%) in yellow needles, m. p. 
143° (Found: I, 48-6. C,H,O,NI requires I, 48-3%). 

3-Iodo-4-nitrosoanisole is prepared in the same way as the chloro- 
and bromo-analogues (loc. cit.) by the oxidation of the 4-amino- 
anisole hydrochloride (1-5 g.) with Caro’s acid (potassium per- 
sulphate, 6-6 g.; concentrated sulphuric acid, 7-3 c.c.), the mixture 
being stirred for 3 hours. The product (0-82 g.), isolated as usual, 
erystallises from alcohol in bright green prisms, m. p. 72-5 (Found : 
N, 5-4; 1,48-3. C,H,O,NI requires N, 5-3; I, 48-3%). 


The authors desire to thank the British Dyestuffs Corporation 
for gifts of chemicals. 


TECHNICAL COLLEGE, HUDDERSFIELD. [ Received, June 28th, 1930.] 
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CCLV.—The Chemistry of the Caryophyllene Series. 
Part III. Clovene Alcohol and a-Caryophyllene Alcohol. 


By James Bett and GeorGe GERALD HENDERSON. 


In a previous paper (Henderson, McCrone, and Robertson, J., 1929, 
1368) it was recorded that analysis of the liquid by-product obtained 
during the preparation of caryophyllene dihydrochloride indicated 
the presence of a liquid monohydrochloride of a tricyclic sesquiter- 
pene, presumably clovene, ring closure of some of the caryophyllene 
having been effected by the hydrochloric acid. We have now con- 
firmed the presence of this monohydrochloride, C,,H,;Cl, by pre- 
paring from it a saturated tricyclic alcohol, C,,H,,-OH, through the 
action of silver acetate and subsequent hydrolysis of the product. 
Moreover, confirmation of the view that this alcohol is a derivative 
of clovene has been obtained by the observation that an apparently 
identical alcohol is produced by saturating Wallach’s clovene, 
prepared from 8-caryophyllene alcohol, with hydrogen chloride and 
treating the product with silver-acetate. The alcohol is a colorrless, 
viscous liquid, b. p. 146—150°/10 mm., di 0-9934, nj 1-5039, 
[Rz]o 66-15. It yields no crystalline derivatives on treatment with 
phenylearbimide or p-nitrobenzoyl chloride. When dehydrated in 
the usual manner with phosphoric oxide it is converted into a 
sesquiterpene closely similar in physical properties to clovene. It 
must therefore be regarded as a new isomeride of «- and 8-caryo- 
phyllene alcohols. 

No systematic examination of «-caryophyllene alcohol has 
apparently been carried out since it was first prepared by Asahina 
and Tsukamoto (J. Pharm. Soc. Japan, 1922, 463). We have now 
investigated its behaviour towards certain reagents with a view to 
establish its relationship to $-caryophyllene alcohol. Wallach and 
Walker (Annalen, 1892, 271, 285) showed that the latter alcohol on 
treatment with phosphorus pentachloride gives a crystalline chloro- 
derivative, C,;H,,Cl. This compound has been found by Hender- 
son, Robertson, and Kerr (J., 1926, 62) to be remarkably stable 
towards reagents for the elimination of hydrogen chloride. We 
find that «-caryophyllene alcohol when treated under exactly similar 
conditions yields no corresponding derivative, the product being 
a hydrocarbon resembling clovene in physical properties. It is 
therefore evident that the constitution of the «-alcohol is different 
from that of 8-caryophyllene alcohol. 

Dehydration of «-caryophyllene alcohol with phosphoric oxide 
or anhydrous oxalic acid yields a sesquiterpene whose physical 
constants indicate a close resemblance to, if not identity with, 
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clovene, as shown by the following table. Sesquiterpenes (1) and 
(2) were obtained by dehydration of «-caryophyllene alcohol with 
phosphoric oxide and with anhydrous oxalic acid, respectively, and 
(3) is clovene. The calculated [R,]> for a tricyclic sesquiterpene is 
64-4. 

(1) B. p. 118—123°/12 mm., di?" 0-9252, nif" 1-5000, [Rz]o 64:8, 

(2) b. p. 116—122°/12 mm., di 0-9308, nj 1-4950, [Rz]o 64-1, 

(3) b: p. 111—114°/10 mm., d?" 0-9240, nf" 1-4980, [Rz]p 64-7. 
The hydrocarbon from the «-alcohol gives no crystalline hydro- 
chloride, thus showing the absence of isoclovene (compare Hender- 
son, McCrone, and Robertson, loc. cit.). 

8-Caryophyllene alcohol is not attacked by potassium per- 
manganate and is stable even after prolonged treatment with 
hydrogen peroxide (Henderson, Robertson, and Kerr, loc. cit.). 
We have recently found, however, that it does not resist oxidation 
by means of Beckmann’s chromic acid mixture, and that comparison 
of the oxidation products of «- and 8-caryophyllene alcohols shows 
that these alcohols are structural isomerides. $-Caryophyllene 
alcohol on oxidation with this reagent yields as main product a 
viscous acid which cannot be induced to crystallise, but analyses of 
its silver salt and methyl ester indicate that it has the formula 
Cy9H,.0,. It is evident that oxidation in this manner results in 
considerable degradation of the original nucleus. 

a-Caryophyllene alcohol when similarly treated with chromic 
acid mixture is oxidised to a crystalline dicarboxylic acid, which is 
identical with an acid prepared in Professor Ruzicka’s laboratories 
by the chromic acid oxidation of the sesquiterpene obtained as by- 
product in the hydration of caryophyllene (private communication). 
Hence it may be assumed that the tricyclic sesquiterpene produced 
by the dehydration of «-caryophyllene alcohol is identical with this 
by-product. It is possible that the production of this tricyclic 
liquid by-product of hydration is due to the dehydration of the 
a-caryophyllene alcohol as soon as it is formed, the dehydration 
being effected by the sulphuric acid used in the preparation. 


ExPERIMENTAL. 


Purification of Liquid By-product obtained during Preparation of 
Caryophyllene Dihydrochloride.—The mother-liquor from the prepar- 
ation of the dihydrochloride was a black mobile oil, smelling strongly 
of hydrogen chloride. After as much as possible of the dihydro- 
chloride had been removed by cooling to 0°, the liquid was kept for 
72 hours in a vacuum desiccator containing caustic soda. The oil, 
which then showed no trace of acid fumes, was shaken repeatedly 


with dilute sodium bicarbonate solution, extracted with ether, the 
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extract washed and dried, and the solvent removed at room temper- 
ature. A small quantity of the solid caryophyliene dihydrochloride 
crystallised after four days at —10°, leaving a clear yellowish-brown 
oil, containing Cl, 18-4% (Calc. for C,;H,,;Cl: Cl, 14-6%), so it was 
evident that a small percentage of the dihydrochloride still remained 
in solution, but decomposition ensued when an attempt was made 
further to purify the monohydrochloride by distillation under 
diminished pressure. 

Preparation of Hydroxyl Derivative from the Liquid Hydrochloride. 
—Treatment with moist silver oxide in ether proved useless, the 
hydrochloride being recovered unchanged after 5 days’ heating 
under reflux. Better results were obtained by using silver acetate. 

Finely divided silver acetate (17 g.) was added in small quantities 
during 6 hours to a solution of the monohydrochloride (20 g.) in 
glacial acetic acid (200 c.c.); the mixture was then maintained at 
50—60° for 3 hours, and, after cooling, the precipitated silver 
chloride was removed and the acetic acid neutralised with sodium 
carbonate. The product which separated was extracted with ether, 
and on removal of the solvent was obtained as a viscous red-brown 
oil. After hydrolysis with methyl-alcoholic potassium hydroxide 
(10°%), the product was distilled in a current of steam, collected, 
dried and distilled, yielding finally two main fractions: (a) b. p. 
118—124°/10 mm., and (6) b. p. 146—154°/10 mm. Fraction (a) 
was proved to be clovene by examination of its physical constants ; 
d” 0-9276, n?” 1-4992, [Rz]p 64:6. Fraction (6) reacted slowly with 
metallic sodium and had dj? 0-9934, njj° 1-5039, [Rz]p 66-15 (Calc. 
for a tricyclic sesquiterpene alcohol, 66-4) (Found: C, 81-8; H, 
11-5. C,;H,,O requires C, 81-1; H, 11:7%). The alcohol was 
saturated towards bromine and potassium permanganate. It gave 
no solid derivative when treated with phenylcarbimide or with 
p-nitrobenzoyl chloride, and therefore appears to be a tertiary 
alcohol; on dehydration with phosphoric oxide, it yielded clovene, 
di? 0-9250, niz" 1-5004, [RzJo 648. 

Preparation of Hydroxyl Derivative of Clovene.—Clovene, prepared 
from §-caryophyllene alcohol by dehydration with phosphoric 
oxide, was dissolved in twice its volume of anhydrous ether, cooled 
to 0°, and saturated with dry hydrogen chloride. After standing 
for 24 hours, the ether was removed at the ordinary temperature. 
The resulting oil was purified by washing with dilute sodium bicar- 
bonate solution and with water, and then contained Cl, 12-4% 
(Cale. for C,,H,,Cl: Cl, 146%). It was treated with silver acetate 
as previously described, and the products were similar to those 
obtained from the by-product monohydrochloride. In this case, 


however, the recovered clovene constituted about three-quarters 
3uU2 
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of the total product, consequently purification of the higher fraction 


was more difficult. This fraction had b. p. 143—152°/10 mm.;}- 


di 0-9860, ni 1-5010, [Rz]o 66-3 (Found, C, 82-6; H, 11-5%). 
These results indicated the presence of the tricyclic alcohol previously 
obtained. 

Action of Phosphorus Pentachloride on «-Caryophyllene Alcohol.— 
Vigorous reaction took place when «-caryophyllene alcohol was 
heated with phosphorus pentachloride, hydrogen chloride fumes 
being evolved. The product consisted entirely of a resinous oil 
from which it appeared that the reaction had been too violent. To 
avoid this, the alcohol was dissolved in carbon tetrachloride and 
treated at the ordinary temperature with phosphorus penta- 
chloride suspended in the same solvent. The tetrachloride solution 
was subsequently washed with dilute ammonia and with wat« ; 


On removal of the solvent an oil was obtained which contained no | 


chlorine, and appeared similar to the dehydration product of 
«-caryophyllene alcohol. It was not further examined. 
Dehydration of «-Caryophyllene Alcohol.—(a) By phosphoric oxide. 
a-Caryophyllene alcohol (10 g.) was dehydrated by means of phos- 
phoric oxide according to the method by which isoclovene was 
obtained from 8-caryophyllene alcohol (Henderson, Robertson, and 
Kerr, loc. cit.). The product consisted of a colourless mobile oil 
having b. p. 118—123°/12 mm., dj 0-9252, nj 1-5000, [Rz]p 648 


(Found : C, 87-8; H, 11-6. Cale for C,;H,,: C, 88-2; H, 11-7%). | 


No solid hydrochloride was obtained on saturation of the oil at 0° 
with dry hydrogen chloride, and thus the absence of isoclovene was 
proved. 

(b) By oxalic acid. «-Caryophyllene alcohol (10 g.) was mixed 
with anhydrous oxalic acid (10 g.) and kept for four days at 150— 
160°. The product was then distilled in steam; a faintly yellowish 
oil resulted, similar to that obtained by the previous method of 
dehydration, and after distillation in a vacuum it showed the 
following constants: b. p. 116—122°/12 mm., di? 0-9308, nj 
1-4950, [Rz]p 64:1 (Found: C, 87-6; H, 11-6%). As before, this 
sesquiterpene yielded no solid hydrochloride. 

Oxidation of 8-Caryophyllene Alcohol.—The chromic acid mixture 
used in this and the following oxidation was made from 60 g. of 
potassium dichromate (1 mol.), 80 g. of concentrated sulphuric 
acid (4 mols.), and 27 g. of water. @-Caryophyllene alcohol (10 g.) 
was dissolved in glacial acetic acid (150 ¢.c.) and the mixture 
(100 c.c.) added. The whole was then kept at 60—70° for 35—40 
hours; the bulk of the acetic acid was then distilled off under reduced 
pressure, and the residue repeatedly extracted with ether. The 
extract was washed and dried, the solvent removed, and the semi- 
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solid product heated with aqueous sodium carbonate. The alkaline 
solution was freed from mechanically suspended neutral products by 
extraction with ether, and on removal of the ether, the neutral 
product solidified and was found to consist of unchanged {-caryo- 
phyllene alcohol (m. p. and mixed m. p. 96°; recovered, 5g.). The 
acid product was obtained by acidifying the alkaline solution in the 
form of a viscous oil, which was freed from traces of chromium and 
neutral products by conversion into the sodium salt. For further 
purification the acid was converted into the methyl ester, which was 
prepared from the insoluble silver salt by the action of methyl 
iodide in the usual manner. The ester was a colourless, somewhat 
viscous oil, the main bulk distilling at 170—180°/10 mm. (Found : 
®, 67-8; H, 7-4. C,,H,,0, requires C, 68-0; H, 7:2%). This 
étalysis, indicating C,)H,.0, as the formula for the acid, was 
supported by analysis of the silver salt which gave 187 as the 
molecular weight of the acid (assumed monobasic). The purified 
methyl ester on hydrolysis yielded the acid as a viscous oil once 
more. 

Oxidation of «-Caryophyllene Alcohol.—«-Caryophyllene alcohol 
(10 g.) was oxidised by means of chromic acid mixture under the 
same conditions as described for the 8-alcohol, and the products 
were worked up similarly. Practically no «-caryophyllene alcohol 
was recovered unchanged, but the neutral products contained a 
small quantity of an oil which appeared to be a hydrocarbon. The 
acid product was obtained as a white, crystalline solid. A further 


| quantity of the same acid was obtained by boiling the neutral 





products with aqueous caustic soda; in this way any acid present 
as anhydride could be extracted (total yield of acid, 4.g.). The acid, 
recrystallised from ethyl alcohol, melted sharply at 187°. When 
heated above its m. p. it lost the elements of water, forming an 
anhydride. The anhydride when recrystallised from light petroleum, 
in which the acid was insoluble, melted at 49-5°. Mixed melting- 


dicarboxylic acid, and also on the anhydride mixed with the 
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CCLVI.—The Conditions determining the Thermo- 
dynamic Stability of Cyanohydrins of Carbonyl 
Compounds. Part II. Dissociation Constants of 


some Cyanohydrins derived from Methyl Alkyl and | 


Phenyl Alkyl Ketones. 


By ArtHcr LapwortH and RicHArD HELMUTH FRED MANSKE. 


In Part I (J., 1928, 2533) the dissociation constants of a number of 
cyanohydrins derived from (i) substituted benzaldehydes and (ii) 
closed-chain ketones were given. In the present communication 
these are supplemented by dissociation constants of a number of 
cyanohydrins derived from ketones belonging to two main types, 
namely, Alk-CO-CH, and Alk-CO-C,H;. 

As before, the number of compounds examined makes it impractic- 
able to do much more than indicate the source of each and the 
mode adopted for purification preparatory to the quantitative 
measurements. Most of the ketones examined were liquids and 
were therefore at the final stages subjected to repeated fractionation 
as recommended by Richards (J. Amer. Chem. Soc., 1912, 34, 978). 

The majority of the purely aliphatic ketones, higher than methyl 
ethyl ketone, were purchased and carefully fractionated several 
times. Methyl tert.-butyl ketone (pinacolin) was made from pure 
pinacone hydrate by Hill’s process (ibid., 1923, 45, 1559). 

Most of the phenyl alkyl ketones, Alk-CO-C,H,, were prepared 
by the action of benzene and aluminium chloride on the acid 
chlorides. Propionyl, n-butyryl, and isobutyryl chlorides were 
purchased from British Drug Houses, Limited, and fractionated. 
Other chlorides were prepared by the action of thionyl chloride on 
the corresponding acids. Of the latter, isovaleric acid was pur- 
chased from Kahlbaum, and n-hexoic (caproic) acid from British 
Drug Houses, Limited ; n-valeric acid was synthesised from n-butyl 
bromide by acting on the Grignard derivative with carbon dioxide 
(Gilman and Parker, ibid., 1924, 46, 2816); isobutyl- and isoamy]l- 
acetic acids were synthesised by the malonic ester process. The 
boiling point ranges of the fractionated phenyl alkyl ketones in no 
case exceeded 1°. 

Phenyl isohexyl ketone, C,H,*CO-[CH,],*CH(CH,),, does not appear 
to have been prepared before. It had b. p. 273—274°/740 mm. 
(Found: C, 81-8; H, 9:5. C,3;H,,0 requires C, 82-1; H, 9-4%). 
cycloHexyl phenyl ketone was made by heating cyclohexyl magnes- 
ium bromide in ether with benzonitrile for 3 hours, evaporating the 
solvent, decomposing the pasty residue with ice and ammonium 
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chloride, and then distilling it in steam. The later portions of the 
volatilised oil solidified; these were collected, dried, and recrystal- 
lised from light petroleum. From 82 g. of cyclohexyl bromide, 30 g. 
of ketone (m. p. 57°) were obtained. The compound had previously 
been made by other methods (Compt. rend., 1904, 139, 345; Ber., 
1897, 30, 1942; 1915, 48, 1698). 

Pheny]! ¢ert.-butyl ketone was made from pure phenyl isopropyl 
ketone by the action of methyl iodide and potassium hydroxide 
in a closed tube (Nef, Annalen, 1900, 310, 318). The process was 
repeated, and the final product fractionated three times through a 
short column; it had b. p. 219—219-5°/740 mm. 

The next three ketones included do not belong to either of the two 
preceding categories ; thedissociation constants of their cyanohydrins 
illustrate the result of replacement of «- and $-hydrogen respectively 
in an aliphatic ketone by a phenyl group. 

Phenylacetone (methyl benzyl ketone) was made by Young’s 
process (J., 1891, 59, 623). Benzylacetone (methyl $-phenylethyl 
ketone) was prepared from ethyl benzylacetoacetate by alkaline 
hydrolysis (Guareschi and Conti, Chem. Zentr., 1901, i, 581), separated 
from traces of indifferent oil by dissolving it in aqueous sodium 
bisulphite, and subsequently recovered from the solution. @-Phenyl- 
ethylacetone (methyl y-phenylpropyl ketone), C,H;*[CH,],-CO-CH,, 
was prepared from ethyl $-phenylethylacetoacetate (b. p. 160— 
163°/10 ram.) by allowing the ester (34 g.) to remain with a cold 
solution of potassium hydroxide (15 g.) in dilute alcohol (70 c.c.) for 
two days, then heating them under reflux. The portion of the 
neutr@l product which boiled at 240—260° was converted into solid 
bisulphite compound, from which the ketone was recovered and 
twice fractionated. The ketone had b. p. 242-5°/740 mm. (Found : 
C, 81-1; H, 8-6. Calc. for C,,H,,0: C, 81-5; H, 8-6%). 

The dissociation constants of the cyanohydrins were determined 
in 96% alcohol at 20° + 0-5°, the procedure being precisely as 
described in Part I (loc. cit., p. 2542). 

The consistency of separate measurements for the same ketone 
in experiments carried on side by side was satisfactory throughout ; 
the “ probable errors ”’ were less than 5% in all cases, but are omitted 
from the following tables since they tend to suggest a standard of 
accuracy for the absolute values of the constants which is in many 
cases much in excess of what the authors can claim. When the 
values of K are greater than about 0-02, not only the absolute but 
also the relative importance of experimental error increases rapidly. 
For this reason the numbers in the last column (free energy changes), 
which are rounded to the nearest unit or half-unit, according to the 
magnitude of K, are the least likely to be misleading. 
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TABLE [. 
Dissociation constants of cyanohydrins of some methyl alkyl ketones, 
Ketone. No. of detns. K x 10%. AF x 10°, 
PID ccccrcmnarenecienvesesesesseve 5 3°05 — 20 
Methyl ethyl ketone ............ 5 2-65 —21 
a n-propyl ketone ......... 4 3°55 —19 
aa n-butyl ketone ......... 4 3-2 —20 
a isopropyl ketone ......... 4 1-55 —24 
eo tert.-butyl ketone ...... 4 3-1 —20 
The following provide an interesting comparison : 
Methyl] benzyl ketone ............ qd 2-15 —22 
*» B-phenylethyl ketone ... 4 3°5 —20 
»» y-phenylpropyl ketone 3 3°6 —19 
TABLE II. 


Dissociation constants of cyanohydrins of some ketones containing both 
aliphatic and aryl residues. 


Ketone. No. of detns. K x 16, SF x 10%. 
Phenyl methyl ketone ............ 6 130 2 
9” ethyl ketone ............ 5 60 5 
99 “eer ketone ......... 5 90 —0-5 
o n-butyl ketone ......... 4 115 1 
- n-amyl ketone ............ + 130 2 
9” n-hexyl ketone ......... 4 145 2 
o isopropyl ketone ......... 4 25 —8 
* isobutyl ketone ......... 3 155 3 
9” isoamyl ketone ......... 4 155 é 
isohexyl ketone .,........ 3 125 l 
”» tert.-butyl ketone ...... 4 9 —14 
ee cyclohexyl ketone ...... 4 40 — 6 
(Benzaldehyde ...00.ccccescesseoses 0-47 —@#) 


Discussion of Results. 

Replacement of [H] in [H]-CO-CH, or in [H]-CO-C,H; by an alkyl 
group leads in all cases to a large decrease in the stability of the 
corresponding cyanohydrin. The dissociation constant of the 
cyanohydrin is about 11 times as large in the case of acetone as in 
that of acetaldehyde (Jones, J., 1914, 105, 1560), while, in passing 
from benzaldehyde to acetophenone there is a 280-fold increase. The 
authors take the view that the “ primary ”’ effect of the substituent 
on the carbon to which it is directly attached is here the main factor 
concerned (Part I, loc. cit., p. 2536) : 


[Alk}—CO-R [Alk]—C(OH)(CN)-R 
~~ Si 


though direct effects of the substituent on the other atoms in the 
carbonyl group, on the one hand, and in the OH and CN groups, on 
the other, are by no means negligible. 
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The effect of phenyl as substituent in direct attachment to the 
carbonyl carbon is in thesame sense as thatof alkyl, but is much more 
striking, the cyanohydrin dissociation constant increasing in 42-fold 
ratio on passing from acetone to acetophenone. It seems probable 
that the influence of conjugation between the carbonyl and phenyl 
groups contributes largely to this result (J., 1928, 2536) by raising 
the stability of the carbonyl structure. 

The effects observed on varying the size or structure of the alkyl 
groups enclosed in square brackets in the preceding formule do not 
admit of any simple interpretation. Any such change of structure 
must modify not only the primary effect of the alkyl group on the 
attached carbon atom, but also the direct effects (electropolar and 
“steric ’’) of the alkyl group on other parts of the carbonyl and 
cyanohydrin systems. The data obtained by the authors indicate 
that the sum total of these direct effects may sometimes be in one 
sense and sometimes in the other, but in its influence on cyanohydrin 
equilibrium it remains subsidiary in importance to the primary effect. 

The effect of replacement of hydrogen in the «-position in the 
ketone by alkyl] or phenyl is, at the first and second steps at least, to 
increase the stability of the cyanohydrin, and in addition to examples 
occurring in Tables I and II, the similar case of 2-methylcyclo- 
hexanone may be cited (Part I, loc. cit., p. 2548). Phenyl, as 
substituent in the «-position, is apparently more effective than 
methyl, ethyl, or n-propyl. These effects of «-substitution bear a 
close resemblance to those of ortho-substitution on the dissociation 
constants of cyanohydrins of aromatic aldehydes (Part I., loc. cit., 
p. 2547), where a uniformly stabilising influence of the substituent 
was found.* In the study of ionisation constants of aliphatic 
carboxylic acids, effects which correspond closely with “ ortho- 
effects ’’ have also been observed, but more clearly in the 8- than in 
the «-position (compare Fliirscheim, J., 1909, 95, 727), but it must be 
pointed out that in the ionisation of such acids the substituent is 
operating, directly or indirectly, on atoms of the carboxyl group 
only, while in the cyanohydrin equilibrium it may be operating 
effectively on the CN group of the cyanohydrin, and obviously 
a-methyl in the ketone must be reckoned as $-methyl in the corre- 
sponding cyanohydrin. 

Perhaps the most disconcerting feature of the data relating to 
cyanohydrin stability is the fact that the substitution of methyl for 
hydrogen in the -position in the aliphatic radical attached to the 


* There is a possible connexion between such stabilising effects at close 
quarters and the function, a, in van der Waals’s equation, 


RT = (p + a/v?)(v — 5). 
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carbonyl compounds shows nothing of the stabilising effect associated 
with ortho-substitution (the nearest analogue of $-substitution) in 
the aromatic series. 

On comparing the constants for isobutyl with n-propyl and iso- 
amyl with n-butyl in the series of phenyl! alkyl ketones it would seem 
that, except in the «-position, methyl exercises a small destabilising 
effect on the cyanohydrin of an aliphatic ketone, which is consistent 
with the recognised electron-repulsive electropolar properties of 
alkyl groups. Nevertheless, as also may be gathered from con- 
sideration of the ionisation constants of the lower fatty acids, it 
seems evident that, in the near neighbourhood of the carbonyl or 
carboxyl group, the conditions are highly complex, and attempts 
to assign to each factor its precise share in any comparatively small 
observed effect are probably foredoomed to failure. 

How slightly replacement of methyl by phenyl, except in direct 
attachment to the carbonyl carbon atom, affects the results, in spite 
of the supposed opposite electropolar effects of the two substituents 
in question, may be gathered by comparing the values of AF x 10° 
for the cyanohydrins derived from the three pairs 


CH,Ph-CO-CH, (— 22) and CH,Me-CO-CH, (— 21), 

Ph-[CH,],*CO-CH, (— 20) and Me-[CH,],-CO-CH, (— 19), 

Ph-[CH,],-CO-CH,(— 19) and Me-[CH,],-CO-CH, (— 20). 
(Differences of one unit in 20 cannot be guaranteed as real here.) 


A remarkable variation from the usual effect of substitution of 
hydrogen by methyl] is observed in passing from the cyanohydrin 
of dimethylacetone (isopropylacetone) to that of «««-trimethyl- 
acetone (tert.-butylacetone). Here an analogy with the changes 
observed in basic affinity constant in passing through the series, 
NH,, NH,°CH,, NH(CH,), and N(CH;)3, may be suspected. Fiir- 
scheim has already discussed the latter case (J., 1910, 97, 88, 89), 
and the present authors, without wishing to signify agreement with 
all his deductions, accept his theoretical demonstration that when 
two factors, each consistent in sign, are acting in opposition to one 
another, their joint influence on chemical properties in a second or 
third substitution may not be in the same sense as that produced by 
the first. Regarded from this point of view, the absence of a similar 
reversal in the series of dissociation constants in Table II appears 
less remarkable. Irregularities which are conspicuous in small 
molecules may become submerged in larger ones, and generally 
the constants for the n-alkyl ketones in Table II lie more nearly 
on a smooth curve than do those in Table I. 
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Summary. 


A number of ketones of the types Alk-CO-CH, and Alk-CO-C,H; 
have been obtained in nearly pure condition, and the dissociation 
constants of their cyanohydrins have been measured at 20° -- 0-5°, 
the medium being 96% alcohol. 

The effect of replacing a hydrogen atom in the «-position in the 
alkyl group is usually to increase the stability of the corresponding 
eyanohydrin, though a decrease is noticed on passing from methyl 
isopropyl ketone to methy]l tert.-butyl ketone. Methyl, replacing 
H in the 8-position, usually causes a slight fall in the stability of the 
cyanohydrin. These effects are thought to be, in the main, due to 
direct influence of the substituent on the CO or C(OH):CN groups— 
a stabilising ‘‘ steric effect ’’ at very close quarters and a destabilising 
“ electropolar ”’ effect at points more remote. A connexion between 
“steric ”’ effects of this kind and the function, a, in van der Waals’s 
equation is suggested. 


The authors desire gratefully to acknowledge that a considerable 
proportion of the cost of materials required for the investigation was 
defrayed from a grant made by Imperial Chemical Industries, 
Limited. 
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CCLVII.—The Migration of Acyl Groups in 
o-Aminophenols. 
By Frank BELL. 


Smsce the acetyl derivative of 0-benzylideneaminophenol on 
hydrolysis gives 2-hydroxyacetanilide (Bell and Kenyon, J., 1926, 
1893) it appeared possible that this type of reaction might be 
utilised to throw light on the migration of acyl groups in o-amino- 
phenols (see, inter alia, Raiford and Couture, J. Amer. Chem. Soc., 
1924, 46, 2305; Raiford and Lankelma, ibid., 1925, 47, 1111). An 
attempt was made to prepare suitable acyl derivatives by interaction 
of o-benzylideneaminophenol with acid chlorides in pyridine solution, 
but the only isolable product with acetyl, benzoyl, «-naphthoyl, 
or $-naphthoyl chloride was the corresponding N-acyl-o-amino- 
phenol. When, however, p-toluenesulphonyl chloride was used 
there was produced a mixture of two isomeric substances. One of 
these was readily hydrolysed to give 2-p-toluenesulphonoxyaniline, 
from which it could be regained by interaction of this amine with 
benzaldehyde in alcoholic solution; it must therefore possess the 
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constitution (I). The other, less soluble, higher-melting isomeride 
on hydrolysis gave 2-hydroxy-p-toluenesulphonanilide, which 


Ac fo ‘C,H, 
N:CH-C,H, f™. cH J “ 
‘SO,°C,H, i R ae 
ea 
CO \o% 
(I.) (II.) (III.) 


indicates that the p-toluenesulphonyl residue is already present on 
the nitrogen atom. Ekeley and his co-workers (J. Amer. Chem. 
Soc., 1912, 34, 361; 1913, 35, 282; 1914, 36, 603; 1915, 37, 582; 
1922, 44, 2655) have shown that benzylideneanthranilic acids on 
treatment with acetic anhydride yield dihydrobenzoxazones of the 
general formula (II). By analogy, the N-p-toluenesulphonyl 
derivative obtained above is probably 2-p-toluenesulphonyl-1-phenyl- 
dihydrobenzoxazole (111), in which case it contains an asymmetric 


‘0 CoH, ,0 {0 C,H, S0,-C;H, 
N, 
va. \, a y miei : é CH(OH)-C,H, 
aM ie Xo. H, af” Ke HyNMe, \/04 Ne, 
(IV.) (V.) (VI.) 


carbon atom. Consequently the corresponding camphorsulphonyl 
derivative (IV) should be separable into diastereoisomerides, whilst 
the p-dimethylaminobenzylidene analogue (V) should be capable of 
resolution by combination with optically active acids. Attempts 
to prepare compound (IV) resulted in the production of viscous gums, 
whilst compound (V) in contact with acid underwent addition of 
water to give (VI) (compare Dimroth and Zéppritz, Ber., 1902, 35, 
988). Consequently, conclusive proof of the correctness of the 
benzoxazole structure is lacking, but it is regarded as more probable 


S0,-C;H, 
N=CH-C,H, 
OC ! Ore Os C,H,-NMe, 
ve 0-80,°C,H, 
0 
(VII.) (VIII.) (IX.) 


than the possible alternative of inner ammonium-salt formation 
(VII), analogous to that in the anhydride of 2-hydroxyphenyltri- 
methylammonium hydroxide (VIII) described by Griess (Ber., 
1880, 13, 249). The only compound which could be isolated from 
a pyridine solution of molecular quantities of p-benzylideneamino- 
phenol and p-toluenesulphonyl chloride was the O-p-toluene- 
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sulphonyl derivative. Unfortunately, it was not found possible to 
prepare m-benzylideneaminophenol because m-aminophenol reacted 
very readily with benzaldehyde to give high-melting products 
(triphenylmethane derivatives ?). 

The compounds prepared in the course of these experiments were 
suitable for an extension of the work of Raiford (loc. cit.) on the 
migration of groups in diacylated-o-aminophenois, and the following 
results were obtained. 2-Acetoxy-a-naphthanilide and 2-a«-naphth- 
oxyacetanilide were distinct substances although both on hydrolysis 
gave 2-hydroxy-«-naphthanilide. This is of interest because 
Raiford and Lankelma have shown that 3-chloro-5-acetamido- 
p-cresol with «-naphthoy] chloride gives the same compound as that 
obtained by the interaction of 3-chloro-5-«-naphthamido-p-cresol 
with acetic anhydride. In the first case migration only occurs 
during hydrolysis, whilst in the second it occurs during acylation. 
Similarly, 2-benzoxy-«-naphthanilide and 2-a«-naphthoxybenzanilide 
were clearly defined substances which both gave 2-hydroxy-«-naphth- 
anilide on hydrolysis. Next, 2-p-toluenesulphonoxyacetanilide 
was distinct from 2-acetory-p-toluenesulphonanilide, and the first on 
hydrolysis gave pure 2-hydroxyacetanilide and the second pure 
2-hydroxy-p-toluenesulphonanilide. This normal hydrolysis (inhibi- 
tion of migration) was obtained with the corresponding «- and 
@-naphthoyl derivatives. Moreover, 2-d-camphorsulphonoxyacet- 
anilide was easily hydrolysed to give pure 2-hydroxyacetanilide. 
These experiments clearly indicate the marked influence of substi- 
tuents in determining the migration of acyl groups, and also the 
dependence of migration on some peculiarity of the -O-CO- link 
which is absent from the -O-SO,: link. Both of these points will be 
the subject of a more systematic investigation. 


ExPERIMENTAL. 


Reduction of 2-Nitrophenyl p-Toluenesulphonate-—To this com- 
pound (20 g.) in alcohol (100 c.c.) was added stannous chloride 
(50 g.) in concentrated hydrochloric acid (80 c.c.), and the reaction 
completed by warming on a steam-bath for } hour. To the cold 
solution was added sodium hydroxide (about 80 g. dissolved in a 
little water), the liberated base was extracted with ether, the extract 
dried over sodium sulphate, evaporated, and the residue crystallised 
from alcohol. 2-Aminophenyl p-toluenesulphonate, m. p. 102°, was 
obtained in 75% yield, whilst from the mother-liquor was isolated 
a small amount of 5(?)-chloro-2-aminophenyl p-toluenesulphonate, 
stout needles, m. p. 112° (Found: C, 52-2; H, 3-7. C,3H,,0,NCIS 
requires C, 52-4; H, 4-0%). With acetic anhydride this readily 
gave 5( ?)-chloro-2-acetamidophenyl p-toluenesulphonate as colourless 
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cubes, m. p. 168° (Found : C, 52-7; H, 4:2. C,;H,,0,NCIS requires 
C, 53-0; H, 4:1%). 

4-Aminophenyl p-toluenesulphonate, m. p. 145°, and 3-amino- 
phenyl p-toluenesulphonate, large prisms, m. p. 98° (Found : C, 59-5; 
H, 5-1. C,,;H,,0,NS requires C, 59-3; H, 5-0%), were obtained 
from the corresponding nitro-compounds by the same process. 
3-Nitrophenyl p-toluenesulphonate, obtained by interaction of 
m-nitrophenol and p-toluenesulphonyl chloride in pyridine solution, 
crystallised from alcohol in large prisms, m. p. 112° (Found: C, 
53:2; H, 3-9. C,,H,,0,;NS requires C, 53-2; H, 3-8%). 

The following benzylidene derivatives were obtained by inter- 
action of the above bases with benzaldehyde in alcoholic solution : 
2-Benzylideneaminophenyl p-toluenesulphonate, needles, m. p. 98° 
(Found : C, 68-1; H, 4-9. C,9H,,0,NS requires C, 68-4; H, 4:9%); 
3-benzylidene isomeride, stout needles, m. p. 90° (Found: C, 68-0; 
H, 5:-1%); 4-benzylidene isomeride, needles, m. p. 165°, rather 
sparingly soluble in alcohol (Found: C, 68-3; H, 4-8%). 

Interaction of o-Benzylideneaminophenol with Acid Chlorides.— 
Molecular amounts were dissolved in pyridine and the solution, 
after standing for 12 hours, was poured into water. 

(1) p-TYoluenesulphonyl chloride. The precipitated oil was 
separated, desiccated, and dissolved in hot benzene. On cooling, 
2-p-toluenesulphonyl-1-phenyldihydrobenzoxazele (III) separated in 
long needles, m. p. 138° (Found: C, 68:3; H, 5-0. C,.,H,,0,NS 
requires C, 68-4; H, 4-9%). The mother-liquor after concentration 
and dilution with petrol furnished 2-benzylideneaminophenyl 
p-toluenesulphonate (above). This constitution was confirmed by 
hydrolysis, for when boiled with water for 4 hours the compound 
lost benzaldehyde and gave pure 2-aminophenyl p-toluenesulphonate. 
The higher-melting compound was neutral, and stable to warm 
dilute acids, but on being warmed with alcoholic hydrogen chloride 
for 4 hour it was converted into 2-hydroxy-p-toluenesulphonanilide, 
which was also prepared, m. p. 139°, by interaction of o-aminophenol 
and p-toluenesulphonyl chloride (1 mol.) in pyridine solution. 

(2) Acetyl chloride. The precipitated oil was rubbed with alcohol, 
and 2-hydroxyacetanilide, m. p. 205°, was isolated in 25% yield. 

(3) Benzoyl chloride [compare (2)]. 2-Hydroxybenzanilide, m. p. 
167°, was isolated in about 50% yield. 

(4) «-Naphthoyl chloride [compare (2)].  2-Hydroxy-«-naphth- 
anilide, m. p. 194°, was isolated in 75% yield, and its constitution 
was confirmed by its preparation from o-aminophenol and «-naph- 
thoyl chloride (1 mol.) in pyridine solution (Found: 77-5; H, 5-0. 
C,;H,,0,N requires C, 77-6; H, 49%). The «-naphthoyl chloride 
was obtained by interaction of «-naphthoic acid and thionyl 
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chloride, and after distillation (b. p. 163°/10 mm.) rapidly set to a 
colourless solid, m. p. 26°. This appears to be the first time it has 
been obtained in a solid condition. 

(5) 8-Naphthoyl chloride [compare (2)]. 2-Hydroxy-8-naphth- 
anilide, m. p. 194°, was isolated in 75% yield; it depressed the 
m. p. of the «-isomeride above, and was alternatively prepared as 
follows. A solution of 6-naphthoyl chloride (3-5 g.) and o-amino- 
phenol (2-0 g.) in pyridine was left over-night and then poured into 
water. The resultant gum was solidified by rubbing with alcohol, 
separated (3-6 g.), and boiled with chloroform; the naphthanilide 
(1-3 g.) was left undissolved (Found: C, 77-8; H, 4:9. C,,H,,0.N 
required C, 77-6; H, 49%). The chloroform solution was evapor- 
ated and the residue after crystallisation from alcohol gave 2-8-naph- 
thoxy-B-naphthanilide, m. p. 150° (Found: C, 80-7; H, 4-5. 
C,,H,0,N requires C, 80-6; H, 46%). §-Naphthoyl chloride, 
from the acid and thionyl chloride, separated from benzene—light 
petroleum as a crystalline powder, m. p. 51°. 

2-p- Toluenesulphonyl - 1 - dimethylaminophenyldihydrobenzoxazole 
(V)—A pyridine solution of p-dimethylaminobenzylidene-o-amino- 
phenol (5 g.) and p-toluenesulphonyl chloride (4 g.) was left over- 
night and then poured into water. The sticky precipitate was 
filtered off, dried on a porous plate, and boiled with alcohol. The 
insoluble substance (m. p. ca. 180°) after recrystallisation from 
alcohol formed needles, m. p. 186° (3-3 g.) (Found : C, 67-2; H, 5-6. 
CyoHp20,N,8 requires C, 66-9; H, 5-6%). 2-Hydroxy-p-toluene- 
sulphonanilide was the only compound isolated from the mother- 
liquor. To a solution of d-camphorsulphonic acid (1-7 g.) in alcohol 
was added compound (V) (2-8 g.). On dilution with water there 
were obtained needles of the N-p-tolwenesulphonyl derivative of 
p-dimethylaminobenzaldehyde-o-hydroxyaniline [o-(p-dimethyl- 
amino-w-hydroxybenzyl)aminophenol] (VI), m. p. 92° (2-9 g.), 
optically inactive and unchanged in m. p. after recrystallisation from 
aqueous alcohol or benzene (Found : C, 64-0; H, 5-6. C,.H,,0,N,8 
requires C, 64-1; H, 5-8%). This compound rapidly dissolved in 
sodium hydroxide solution but was reprecipitated as 2-hydroxy- 
p-toluenesulphonanilide, m. p. 139°. The d-camphorsulphonic acid 
used in the above experiment could be replaced by acetic acid 
without affecting the result. 

2-p-Dimethylaminobenzylideneaminophenyl p - toluenesulphonate 
(IX), prepared by condensation of p-dimethylaminobenzaldehyde 
and 2-aminophenyl p-toluenesulphonate in alcohol solution, formed 
pale yellow needles, m. p. 135° (Found: C, 67-2; H, 5-7. 
C,,H,.0,N.S requires C, 66-9; H, 56%). 

2-p-Toluenesulphonoxy-x-naphthanilide, prepared by interaction 
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of either (a) 2-hydroxy-«-naphthanilide and -toluenesulphony] 
chloride or (b) 2-p-toluenesulphonoxyaniline and «-naphthoy] 
chloride in pyridine solution, crystallised from alcohol in needles, 
m. p. 125° (Found: C, 69-0; H, 4-5. C,,H,g0,NS requires C, 69-1; 
H, 46%). It was hydrolysed by boiling under reflux with 5N- 
sodium hydroxide and gave 2-hydroxy-«-naphthanilide. 

2-p-Toluenesulphonoxy-8-naphthanilide, prepared as _ above, 
crystallised from acetic acid in needles, m. p. 125° (Found : C, 69-2; 
H, 4:4%), depressed on admixture with the «-isomeride. On 
hydrolysis it furnished 2-hydroxy-f-naphthanilide. 

2-Acetoxy-p-toluenesulphonanilide, prepared by warming 2-hydroxy- 
p-toluenesulphonanilide with acetic anhydride, crystallised from 
acetic acid in needles, m. p. 123° (Found: C, 58-6; H, 4-9. 
C,;H,,0,NS requires C, 59-0; H,4-9%). It was rapidly hydrolysed 
by warm 3N-sodium hydroxide to give 2-hydroxy-p-toluene- 
sulphonanilide. 

2-p-Toluenesulphonoxyacetanilide, prepared (a) by solution of 
2-p-toluenesulphonoxyaniline in acetic anhydride or (6) from 
2-hydroxyacetanilide and p-toluenesulphony] chloride, crystallised 
from acetic acid in prisms, m. p. 134° (Found: C, 58-6; H, 5-0°%), 
On being warmed with 3N-sodium hydroxide for several hours, it 
gave 2-hydroxyacetanilide. 

2-p-Toluenesulphonoxy-p-toluenesulphonanilide, prepared by inter- 
action of (a) 2-p-toluenesulphonoxyaniline or (b) 2-hydroxy- 
p-toluenesulphonanilide with p-toluenesulphony] chloride in pyridine 
solution, crystallised from acetic acid in large prisms, m. p. 143° 
(Found : C,57-6; H, 4-2. C,)H,,0;NS, requires C, 57-3; H, 4-6°%,). 

2-Acetoxy-«-naphthanilide, prepared by solution of 2-hydroxy- 
«-naphthanilide in acetic anhydride, crystallised from aqueous acetic 
acid or chloroform-light petroleum in long needles, m. p. 153° 
(Found: C, 74-4; H, 49. C,,H,,O,N requires C, 74-7; H, 4-9%). 
It was equally readily obtained by use of acetyl chloride in pyridine 
as the acetylating agent. Hydrolysis with sodium hydroxide 
readily gave 2-hydroxy-«-naphthanilide. 

2-a-Naphthoxyacetanilide, prepared by interaction of 2-hydroxy- 
acetanilide and «-naphthoyl chloride in pyridine solution, crystallised 
from aqueous acetic acid in needles, m. p. 139° (Found: C, 75-0; 
H, 49%). Hydrolysed as above, it gave pure 2-hydroxy- 
«-naphthanilide. 

2-Benzoxy-«-naphthanilide, prepared by interaction of 2-hydroxy- 
«-naphthanilide and benzoyl chloride in pyridine solution, crystal- 
lised from acetic acid in needles, m. p. 176° (Found: C, 78-2; H, 
4-7. C.,H,,0O,N requires C, 78:5; H, 46%). Hydrolysis gave 
2-hydroxy-«-naphthanilide. 
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2-x-Naphthoxybenzanilide, prepared by interaction of 2-hydroxy- 
benzanilide and «-naphthoyl chloride in pyridine solution, crystal- 
lised from acetic acid in needles, m. p. 170° (Found: C, 78-1; 
H, 48%). Hydrolysis gave 2-hydroxy-«-naphthanilide. 

2-Acetoxy-f-naphthanilide (compare «-isomeride) formed needles, 
m. p. 149° (Found : C, 75-2; H,5-1%). Hydrolysis gave 2-hydroxy- 
6-naphthanilide. 

2-d-Camphorsulphonoxyacetanilide, prepared by interaction of 


' 2-hydroxyacetanilide and d-camphorsulphony] chloride in pyridine 


solution, crystallised from benzene in large needles, m. p. 133°, 
[~]54g, + 60-9° in acetone (c = 2-53) (Found: C, 59-5; H, 6-2. 
C,gH.,0,NS requires C, 59-2; H, 63%). It was easily hydrolysed 
by sodium hydroxide to give 2-hydroxyacetanilide. o-Aminophenol 
with d-camphorsulphonyl chloride (1 mol.) in pyridine gave an 
uncrystallisable gum. 


The author wishes to express his thanks to Imperial Chemical 
Industries, Ltd., for a grant which has defrayed the cost of this 
investigation. 


BATTERSEA PoLtyTecunic, 8.W.11. [ Received, May 7th, 1930.] 





CCLVITI.—The Structure of the Tungstic Acids. 


By ArtTHuUR MILNES MORLEY. 


Tue object of this research was to determine whether the various 
“hydrated tungstic oxides ” consist of a limited number of definite 
chemical compounds, or whether a continuous series of products of 
varying complexity and indefinite composition exists, as with the 
stannic acids (Collins and Wood, J., 1922, 121, 441). 

Laurent (Ann. Chim. Phys., 1847, 21, 54), from a study of the salts 
of tungstic acid, concluded that at least five or six different ‘‘ acids ” 
existed, whereas Riche (ibid., 1857, 50, 5) postulated only two acids, 
a white gelatinous product, WO,,2H,O, and a yellow, very dense 
substance, WO,,H,O. More recently, Burger (Z. anorg. Chem., 1922, 
121, 240) made an X-ray examination of tungstic oxide and also of 
one white and one yellow tungstic acid, concluding that, in addition 
to WO,, there exist two chemical compounds of composition H,WO, 
(yellow) and H,WO,; (white). Hiittig and Kurre (ibid., 1922, 122, 44), 
from a study of dehydration curves, deduced that yellow tungstic 
acid prepared from a boiling solution is a compound, H,WO,, but that 
the white product prepared in the cold is a colloid, behaving as a 
“heap of tungsten trioxide particles, arranged in an irregular 
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manner ”’ (see also Hiittig, Kolloid-Z., 1924, 35, 337). Van Liempt 
(Z. anorg. Chem., 1923, 127, 215) has shown that under certain 
conditions, mixtures of white and yellow tungstic acids may be 
obtained by precipitating sodium tungstate solutions with mineral 
acids. 

From these few references to the voluminous literature on the 
subject, it would appear that the existence of a yellow compound 
H,W0O, is definitely established, but that the composition of white 
tungstic acid is uncertain, it having been regarded as a compound 
H,WO,, and also as hydrated amorphous tungstic oxide. The 
composition of the mixed tungstic acids has not been determined. 

Many changes in the general appearance of tungstic acids in 
particular circumstances are on record, but the reason for such 
changes is only partially understood. Particularly is this the case 
with the “ white—yellow ” change. Marignac (Ann. Chim. Phys., 
1863, 69, 5) first pointed out the conditions under which the white 
acid changed colour, viz., when it was either washed with hot water or 
kept in contact with cold water for a long time, or when it was 
boiled with a mineral acid. In most cases, the yellow substance 
produced was the usual type of amorphous precipitate. A product 
with a “ silky lustre ” was obtained by Lottermoser (Chem. Z., 1911, 
1111) and by Freundlich and Diesselhorst (Physikal. Z., 1916, 17, 
117). 

In the present experiments, various tungstic acids of known com- 
position were submitted separately to the prolonged action of water, 
and of solutions of inorganic salts and of mineral and organic acids, 
and the products were separated and again analysed. All the 
original tungstic acids, and certain ‘“‘ aged ”’ products were also 
examined by means of X-rays. The results show that two definite 
compounds exist of composition H,WO, and H,W0O,,H,O, other 
tungstic acids being mixtures containing several constituents. 


EXPERIMENTAL. 


As a result of numerous preliminary experiments, four obviously 
different specimens of precipitated tungstic acid were chosen as the 
“standard ” acids. The preparations were made from Kahlbaum’s 
purest ammonium tungstate, 2(NH,),0,5W0O,,3H,0, and A.R. 
hydrochloric acid. Analyses of the tungstate gave WO,, 87-93; 
(NH,),0, 7:93; H,O, 4:05; total, 99-91%, and the tungstic oxide 
obtained by ignition was shown to be pure by quantitative reduction 
to metallic tungsten in a stream of purified hydrogen. Details are 
given of the preparation of one product of each standard type. 

Preparation of the “ Standard ’”’ Tungstic Acids.—Type A. Yellow, 
produced by a spontaneous change from white tungstic acid at laboratory 
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temperature. A cold solution of ammonium tungstate (200 g. in 4-48 
litres of distilled water) was poured with continuous stirring into 
1:126N-hydrochloric acid (5 litres), the temperature of the mixture 
being 19-4°; the acidity of the filtered solution (methyl-orange) 
was 0-55N. The very pale yellow precipitate was washed by 
decantation with distilled water until the washing water contained 
only faint traces of chloride and ammonia; the liquid contained 
tungsten and had attained a constant pq of 3. At this stage, a 
pronounced change occurred in the appearance of the tungstic acid : 
its volume considerably decreased, the yellow colour deepened, and 
the slightly opalescent supernatant liquid exhibited a silvery silky 
lustre when shaken. A suspension of the precipitate when shaken 
exhibited a very pronounced yellow silky lustre; this was pre- 
sumably the effect obtained by Lottermoser, and by Freundlich and 
Diesselhorst (locc. cit.), but these investigators did not identify the 
particular tungstic acid involved. The yellow tungstic acid was 
now filtered through calico and dried in air to constant weight (40 g. ; 
19% of theoretical), precautions being taken to exclude dust. 

The lemon-yellow powder so obtained appeared amorphous, but 
under a microscope (x 800) was seen to consist of flat leaflets, the 
largest being 10 in length and 44 across the broadest part. 
Frequent twinning occurred, suggesting that the particles should be 
regarded as very small crystals. Analysis gave WOs,, 85-49; 
H,O, 14:39; NHg;, 0-01; Cl, nil; total, 99-89%, corresponding with 
the formula WO,,2-17H,0. 

Type B. Greyish-white, prepared at laboratory temperature. Acids 
of this type were prepared as above, but the precipitate obtained was 
washed by decantation with Manchester tap-water (of ca. 3° of hard- 
ness) instead of with distilled water. This slight variation produced 
a remarkable difference in the nature of the product. After pre- 
cipitation, the temperature of the mixture was 16-8°, and the 
acidity (methyl-orange) of the filtered solution 0-55N. During the 
washing, the precipitated tungstic acid gradually assumed a bluish- 
white colour, and even after the most prolonged washing showed no 
trace of yellow. The final washing waters contained tungsten, a 
trace of chloride (from the tap-water), but no ammonia. The pg 
value was constant at 3. The bluish-white precipitate was filtered 
off, and air-dried, as with type A. The final product was a greyish- 
white powder, which under the microscope appeared entirely 
amorphous and glassy. The irregularly shaped particles had a 
maximum breadth varying from 2» to 50y. From 200 g. of 
ammonium tungstate, 60 g. of tungstic acid were obtained (29% of 
theoretical). 

All preparations of this type differed from those of type A in that, 
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on fusion with sodium carbonate a small portion (shown to consist of 
calcium carbonate, with a small quantity of magnesium carbonate) 
was unaffected. These metals had evidently been adsorbed from 
the tap-water, and it was calculated that ca. 3% of the salts 
present in the washing water (calculated as CaCO,) had been thus 
adsorbed. It is significant that Wilke-Dérfurt and Deker (Kolloid. 
Z., 1925, 36, Zsigmondy Festschr., 305) have shown that calcium 
is taken up by silicic acid during dialysis against tap-water. 

The analysis of this product was: WO,, 84:10; H,O, 15-14; 
NH,, 0-01; Cl, trace; infusible matter, 0-78; total, 100-03%, 
corresponding with the formula WO,,2-32H,0. 

Type C. A mixed product prepared at the boiling point. For this 
preparation, the concentrations of solutions were the same as for 
type A, but the precipitation was carried out from boiling solutions 
(i.e., slightly above 100°), the acidity of the filtered solution being 
0-59N. The precipitated tungstic acid was a mixture, consisting 
chiefly of a white product, together with a small amount of a much 
denser yellow product. To avoid loss by peptisation, the acid was 
washed by dialysis in parchment bags against distilled water. 
After 10 days, the washing water contained traces of ammonia and 
tungsten, but no chloride; the p_ was constant at 4-5. When this 
preparation was placed on porous tiles to dry, the white portion 
turned pale green, the yellow portion remaining unchanged. The 
colour of the final product was dependent upon the proportion of the 
green and yellow constituents. The ammonia content varied in a 
similar manner, but was always comparatively high. The water 
and ammonia contents of portions of the green and yellow con- 
stituents which were collected separately were as follows: Green, 
NH,, 0-82; H,O, 8-03; yellow, NH,, 0-50; H,O, 7:90%. The 
products were microscopically amorphous, and consisted of very 
small, almost spherical, particles, of average diameter 1 p. (This 
value is identical with that given by van Liempt, loc. cit., for the 
average diameter of the particles in a number of tungstic acids 
which had been precipitated at different temperatures.) 

From 200 g. of ammonium tungstate, the yield of air-dried mixed 
tungstic acid was 62-5 g. (33% of theoretical) (WO,, 89-69; H,0, 
9-56; NH;, 0-77; Cl, trace; total 100-02%, corresponding with 
WO,,1-37H,0). 

Type D. Deep yellow, prepared at the boiling point. A solution of 
ammonium tungstate (200 g. in 4-48 litres of distilled water) was 
poured into concentrated hydrochloric acid (2 litres of 35-4%), 
each solution being at the boiling point. The temperature of the 
mixture was 102°, and the acidity of the filtered solution 2-78N. 
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The deep yellow precipitate formed was immediately washed by 
dialysis, as with type C. After 9 days, the washing liquid was free 
from chloride, but contained traces of ammonia and tungsten; the 
a Value was constant at 4-4. The tungstic acid was now removed 
from the dialysers and air-dried in the usual manner. Microscopical 
examination showed the visible structure of the deep yellow powder 
to be identical with that of preparationC. From 200g. of ammonium 
tungstate, 105 g. of tungstic acid were obtained (55% of theoretical) 
(WO, 91-44; H,O, 8-38; NH, 0-05; Cl, trace; total 99-87%, 
corresponding with WO,,1-18H,0). 

All preparations, before the final air-drying, were finely ground, 
so as to pass through a 90-mesh I.M.M. sieve. 

Dehydration of the Tungstic Acids—In order to gain information 
regarding the stability of the various preparations, specimens of each 
type were dried to constant weight under the conditions stated below, 
and the loss tabulated includes both the water and the ammonia 
driven off during ignition. 


Type of preparation. 





Method of drying. A. B. C. D. 
Air-dried at lab. temp. .....<syeerccessenees 14-26% 14:56% 887% 8-73% 
OE A MEET scesesscessenuspesnseens 7-13 5-44 5-43 8-52 
Drie. BE BDO” in BIE on rrcccciicessscssiniccs 0-75 1-935 2-07 1-08 
Dried in vacuum over P,O,; atlab. temp. 8-49 7-63 5-61 7-83 
NH; content of air-dried product ...... 0-01 0-02 0-82 0-045 


(Cale. for WO;,H,O : H,O, 7:2; for WO;,2H,0: H,O, 13-43%.) 


Ageing of the Tungstic Acids.—General method. Eight series of 
ageing experiments were carried out. Since, as is well known, 
hydroxides are much more chemically reactive in the freshly 
precipitated condition than when dried, the acids in four of the ageing 
series were used in the form of “ paste,” i.e., they had been 
thoroughly washed, but not dried. In the remaining four series, air- 
dried acids were employed, but in such cases, much higher concen- 
trations of the acid ageing solutions were used. For each set of 
experiments, one tungstic acid of each type was specially prepared. 
Throughout the experiments, flasks of Jena glass were used, those 
containing water and sodium tungstate solution being coated 
internally with the purest high-melting paraffin wax. Conductivity 
water was used for the preparation of the solutions. 

All the salts used were Kahlbaum’s purest products; the acids 
were of A.R. quality. 

(a) Series with tungstic acid as paste. In all cases, preparations 
were made from 200 g. of ammonium tungstate; the washed 
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precipitate was made up to 2 litres with distilled water, and 100 c.c. 
of the well-shaken suspension were placed in each of 14 flasks, 
100 C.c. of the acid or salt solution of double the required con. 
centration were then added to the appropriate flask, thus giving 
200 c.c. of approximately the desired concentration. 

(b) Series with solid tungstic acid. For these experiments, 
separate tungstic acid preparations were made as in (a), and in 
each experiment, 4-0 g. of the solid were added to 200 c.c. of the 
appropriate solution. 

In all series, the flasks, fitted with waxed corks, were kept in a 
thermostat at 20° for approximately 100 days, and then transferred 
to a thermostat at 25° for a further 200 days, being well shaken at 
regular intervals. At the end of 300 days, suitable portions of each 
liquid were separated by centrifuge. In the paste series, the p, 
values of most of the liquids were determined electrometrically, both 
the hydrogen and the quinhydrone electrode being used. In the 
solid series, the acid solutions were titrated with carbonate-free 
sodium hydroxide solution, with phenolphthalein as indicator. The 
tungstic acids were now removed from the solutions, and freed from 
acid or salt by dialysis in parchment bags for 90 hours, against 
distilled water. The purified products were then dried in air after 
being sieved through a 200-mesh I.M.M. sieve. 

Portions of the original eight products, which had not been aged, 
were treated similarly, such products being regarded as standards 
with which the aged samples might be compared. All tungstic 
acids, both standard and aged products, were finally dried to 
constant weight in large desiccators over sulphuric acid [d 1-344, 
aqueous vapour tension 8-5 mm. at 20° (Sorel), i.e., rather less than 
that of the atmosphere under normal conditions]. 

The loss on ignition of each product was determined, and when 
necessary, the ammonia and chlorine contents also. The infusible 
matter in certain B products was also estimated. 

The results of these experiments are given in the accompanying 
tables, but the pronounced changes in the appearance of the 
tungstic acids which often occurred during ageing are not recorded. 
The column headed “ Conc.” shows the normality of the original 
solution unless otherwise stated, and those headed py give the final 
Pu value of the solution. In every case, S refers to the product 
retained as a standard. 

In certain cases, peptisation of the tungstic acids occurred 
during the ageing, this being indicated by a definite opalescence 
in the solutions concerned. Sols were produced with products 
Nos. 1, 3, 14, 29—31, 36, 38—42, 43—45, 50, 52, 54—56, 57, 
75—77, 84. 
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Type A. Paste. Type B. Paste. 
i a ° ; ~ 
Ageing Loss on ignition, Loss on ignition, 
solution. Cone. No. %. pu No. %. pu- 
: *S 14-29 *S 14-52 
Distilled water — 1 14-39 3°80 *15 12-10 2-64 
Tap water...... — 2 14:59 3:47 16 10-64 2-59 
Na,WO, ...... 0-0002 3 14:53 3-82 17 11-88 2-69 
ar 0-17 *4 12-84 2-71 18 — 2-35 
WEE. os<-pnars 0-17 5 14:26 2-50 19 12-23 . 2-42 
se 0-17 6 13-22 2-36 20 13°18 2°22 
ele 1-014 7 1434 (1016N) 21 14-44 (1-000N 
_) Per 0-01 8 14-39 1-93 22 9-04 2-07 
HBO, .0-c0c0re 1-008 9 14-39 (1:002N) 23 14:98 (1-000N) 
HSO, ...-0000- 0-01 19 14-39 =1-97 24 12-68 2-14 
H-CO,H ...... 1-015 11 14:06 1-70 *25 8-93 1-74 
8 aa 0-01 12 14-42 2-24 *26 15-73 2-50 
CH,:CO,H 1-020 3 14-44 2-28 27 13-95 = 2-35 
CH,-CO,H 0-01 14 1445 3-34 28 «1187 2-78 
Type A. Paste. 
Ammonia contents: 8, 0-:038%; No. 5, 0-085%. 
Chlorine contents: 8S, nil; No. 5, nil; No. 7, trace. 
Time of ageing: 107 days at 20°, 177 days at 25°. 
Type B. Paste. 
Ammonia content: S, 0-01%. 
Chlorine contents: S, No. 21, trace. 
Infusible matter: S, 0-87%. 
Time of ageing: 108 days at 20°, 182 days at 25°. 
* Products chosen for X-ray examination. 
Type C. Paste. Type D. Paste. 
sa emi "i 
Ageing H,O, NH;, Loss on ignition, 
solution. Conc. No. %. %..'). Due No %. pu- 
*S 8-61 0-60 *S 8-59 
Distilled 
water -— *29 9-79. - 0-51 3-89 43 822 3-54 
Tap water -- 30 9-43 0-54 3-61 44 8-27 3:42 
Na,WO, ... 00002 31 9-59 0-55 3-77 45 8-32 3-42 
ae 0-17 32s 8881 0-40 2-69 46 8-21 2-85 
NH,Cl 0-17 33 8-28 1:02 2-45 47 843 2-69 
Cai, ...... 0-17 34 9-17 0-45 2-67 48 828 2-95 
Pa 1-004 35 9-66 0-18 (1:000N) *49 8-18 (1-010N) 
| ae 0-01 36 (1)9-01 (1)0°35 2-03 50 834 2-03 
HBO, ...... 1009 «37 9-64 0-24 (1:000N) 51 8-29 (1:009N 
H,SO, ...... 0-01 38 (1)8-91 (1)0-45 2-09 52 838 2-07 
H-CO,H 1-016 39 8-93 0-42 1-76 53 =8-30—s-11-72 
(CO,H), 0-01 40 (1)9:51 (1)0-37 2-38 54 836 2-50 
*(2) 10-12 (2)0-59 
CH,CO,H 1-022 41 (1)9-04 (1)0-45 2-33 55 8-28 2-33 
CH;CO,H 0-01 42 (1)9-63 (1)0-36 3-53 56 §=8:37 86335 
(2) 9-71. (2) 0-65 
(1) refers to separated yellow portion. 
(2) ” 9 green ” 
Type C. Paste. 
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Chlorine contents: S, No. 33, nil; No. 35, trace. 
Time of ageing: 105 days at 20°, 185 days at 25°. 


Type D. Paste. 


Ammonia contents: 8, 0-05; No. 47, 0-18%. 
Chlorine contents: 8S, No. 49, nil; No. 47, trace. 


Time of ageing: 103 days at 20°, 191 days at 25°. 
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Type A. Solid. Type B. Solid. 
Final Final 
Conce., Loss conc., Loss cone., 
g. per onig- g. per onig- g. per 
Ageing 100 g. nition, 100g. nition, 100g. 
solution. soltn. No. %. soltn. Ro. - %,. soltn. 
*S 14-16 *S 14-54 
Distilled water — 57 14:29 (py4-61) *66 13-59 (pu 3°32) 
CH;,‘CO,H ...... 23-37 58 14-19 23-38 67 14-09 23-46 
». (see 45-60 59 14-28 45-39 68 13-83 45-62 
Oo. ..9eeese 68-1 60 14-18 67-8 69 14-47 67-93 
» (glacial) 99- *61 8-55 99-7 70 14-25 99-6 
BENE, cichonsctgegebes 7-01 62 14-22 6-99 71 14-34 7-03 
Ob. ; “etnoensusypepes 13-76 63 14-25 13-75 72 14-15 13-69 
ns ( cieeesenimee 20-11 64 14-30 19-96 73 13-52 20-03 
1. Aeneneceneneney 25-86 65 14-29 25-78 *74 12-74 25-75 


Type A. ' Solid. 
Ammonia content: S, 0-01%. 
Chlorine contents: 8S, No. 64, trace. 
Time of ageing: 105 days at 20°, 188 days at 25°. 
Type B. Solid. 
Ammonia content: 8, 0-01%. 
Chlorine contents: S, nil; No. 73, trace. 
Infusible matter: 8, 0-86; No. 66, 0-53; No. 71, 0-43%. 
Time of ageing: 105 days at 20°, 189 days at 25°. 








Type C. Solid. Type D. Solid. 
Final Final 
Conce., cone., Loss cone., 
g. per g. per on ig- g. per 
Ageing 100 g. H,O, NH; 100g. nition, 100g. 
solution. soltn. No. %. %. soltn. No. x. soltn. 
*S 8-42 0-85 *S 8-29 


Distilled water — *75 11:27 0-56 (py3-33) 84 8-38 (pq 3-85) 
CH,°CO,H ... 23:37 76 9-91 0-52 23-48 85 8-54 23-42 


” soo 46°00 77 9-43 0-55 45-49 86 §=8-40 45-55 

% soe 68-1 78 9-28 0-67 67-9 87 8-48 67-8 

» (glacial) 99-7 *79 8:95 0-70 99-4 *88 8-56 99-5 
BIRT vesccssseess 701 80 10:92 0-33 6-96 89 = 88-27 6-97 
de!) 'evdeccoses 13-76 81 11:39 0-31 13-71 90 =8-08 13-69 
ue ‘besescedetes 20-11 *82 11:46 0-25 19-97 91 8-22 20-06 
do’ Lendsoosaves 25-86 83 11:22 0-21 25-70 92 8-23 25-74 


Type C. Solid. 
Chlorine contents: 8, No. 82, trace. 
Time of ageing: 106 days at 20°, 186 days at 25°. 
Type D. Solid. 
Ammonia contents: 8, 0:04; No. 90, 0-008; No. 92, 0-007%. 
Chlorine contents: 8S, No. 91, trace. 
Time of ageing: 105 days at 20°, 185 days at 25°. 


* X-Ray Examination of Tungstic Acids.—The aged products 
indicated in the tables, being those which had undergone the 
* The X-ray examination was undertaken in collaboration with Dr. A. J. 
Bradley in Prof. W. L. Bragg’s laboratories. The author wishes to expre** 


his appreciation’ of the help rendered by Dr. Bradley, without which t!¢ 
photographing of the specimens would have been impossible. 
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greatest change in external appearance or composition, were sub- 
mitted to X-ray examination, together with the eight standard 
tungstic acids and the following additional products. 

(a) Anhydrous tungstic oxide, a primrose-yellow oxide prepared 
by heating a preparation of type A in an electric muffle furnace for 
3 hours at ca. 800°. 

(b) The separated green and yellow components of tungstic acid, 
type C. 

(c) Solids from solubility experiments. It was shown during a 
series of solubility experiments (to be described in a subsequent 
publication) that green products of type C usually turned white 
when subjected to the prolonged action of a solution of sodium 
hydroxide. In certain cases a similar effect was observed with 
yellow products of type D. The following white products were 
selected for X-ray examination: (i) Solid extracted after 226 days 
from a solution of a tungstic acid C in 0-06N-sodium hydroxide at 
25°; (ii) solid extracted after 60 days from a solution of tungstic 
acid D in 0-06N-sodium hydroxide at 25°. 

(d) Tungstic acid, type E, a special preparation made as follows : 
A solution of ammonium tungstate (100 g. in 2-24 1. of distilled 
water) was poured into hydrochloric acid (1 1. of 4-9N) at the 
boiling point, and the bright yellow precipitate obtained washed in 
exactly the same manner as tungstic acids of type D; yield 43 g. 
(44% of theoretical) [Found: H,O, 9-19; NH, 0-22; Cl, trace; 
WO, (by diff.), 90-59%]. 

For the X-ray examinations, the powder method was used. The 
radiation employed was copper K,, the § radiation being filtered out 
by a nickel screen. In each case, the powder was exposed to the 
radiation for 8 hours,-the tube current being about 8 milliamps. 
The photographs reproduced were made from diapositives screened 
to show up the centre lines; the relative intensities of the lines near 
the centre holes are therefore not exactly true to the originals, on 
which they are almost obscured by fog. 

The photographs are numbered as follows :— 


(1) Anhydrous tungsten trioxide. 

(2) Standard tungstic acid, type A, solid. (In place of the 4 lines 
marked with a star, standard, type A paste shows only 3 
faint lines. This difference is discussed below. ) 

(3) Standard tungstic acid, type B. 

(4) Standard tungstic acid, type C, paste. 

(5) Standard tungstic acid, type C, solid. 

(6) Standard tungstic acid, type D. 

(7) Green component of C preparation. 








1996 MORLEY: THE STRUCTURE OF THE TUNGSTIC ACIDS. 


(8) Yellow component of C preparation. Tp 


(9) White solid, obtained as described under (c) (ii), above. 
(10) Aged product No. 29. | 


Results of X-Ray Examination.—A visual examination of all the 


twenty-eight X-radiograms taken shows that in addition to the |i 


crystal structure of anhydrous tungstic oxide there are only three 
other types of structure, each of the standard preparations A, C, and 
D corresponding to a unique type. Standard type C preparations 
are variable in character, the genuine C type of structure being 
found mixed with various proportions of the A structure (in standard 
C, solid) or the D structure (in standard C, paste). Products of 
type B may be regarded as amorphous. A slight variation in the 
structure of type A tungstic acids has been indicated in the key to 
the photographs. A possible explanation of this is that a group of 
atoms inside the crystal is capable of replacement by another group 
of identical size; for example, occasional H,WO, molecules might 
be replaced by a group of four molecules of water. Standard 
tungstic acids D (paste and solid series) gave identical photographs. 

The two white solids from solubility experiments showed identical 
lines with the “ nuclear C ” structure (i.e., C without superimposed 
A and D lines), see photograph 9. 

Tungstic acid E (photograph not shown) exhibited a crystal 
structure identical with that of product D. 

The green and yellow portions of the mixed product C showed 
different structures (photographs 7 and 8); in (7) the green portion 
shows the nuclear C structure with two of the strong D lines super- 
imposed ; in (8) the yellow portion shows a pronounced D structure, 
with some of the broader C lines as a background. 

The aged products possessed the following structures : 


Type A. Paste, No. 4, structure A, with some D. 
Solid, No. 61, complete D structure. 
Type B. Paste, No. 15, mixture of A and D; No. 25, complete D 
structure ; No. 26, complete A structure. 
Solid, No. 66, complete A structure; No. 74, mixture of 
A and D. 
Type C. Paste, No. 29, mixture of A and D, with possibly the 
original C; No. 40 (2), mixture of A, D, 
and nuclear C. 
Solid, No. 75, mixture of A and C; No. 79, identical with 
standard; No. 82, A structure with a 
little nuclear C. 
Type D. Paste, No. 49, and Solid, No. 88, identical with standard. 
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‘ty at should be realised that in all cases there is the possibility of the 
presence of several units °/, of amorphous products and also of small 
quantities of other crystalline substances, which would scarcely be 
noticeable in the X-ray examination.) 
all the} It can be seen from the above analysis of the X-radiograms that 
to thejin all cases where a change of structure occurred as a result of 
y three |ageing, the new structure was identical with that of one of the 
C, and joriginal standard tungstic acids, or was a mixture of two or more 
rations jof such structures. The complete evidence from all the X-radio- 
being |grams shows that the following tungstic acids exist (the statements 
sndard jregarding stability are deduced from the general ageing results 
icts of |given in the tables) : (1) Greyish-white amorphous products (type B, 
in the jvery unstable). (2) White tungstic acids with a definite structure 
key to (one component of type C, unstable). (3) Two yellow tungstic 
oup of jacids, differing in shade, one microscopically crystalline (type A, 
group |comparatively stable), and one microscopically amorphous, but 
might |crystalline to X-rays (type D, very stable). 
ndard 
raphs. Discussion. 
mtical | Deduction of the Structure of the Various Tungstic Acids.— 
posed | Structure D. This structure is shown by tungstic acids of types D 
and E, and by the yellow portion of tungstic acid C. The water 
rystal | content of the air-dried product is rather higher than the value 
demanded by the formula WO,,H,0. 
iowed The following possible structures may be considered: (1) 
rtion |WO,,H,O; (2) a mixture of an amorphous product of high water 
uper- | content with a crystalline substance of low water content; (3) 
ture, |H,WO,. The great firmness with which the water is held during 
attempted dehydration, -and the stability exhibited during ageing, 
suggest strongly that tungstic acid D is a compound H,WQ,, con- 
taining a little adsorbed water. (There is also evidence, from the 
solubility experiments previously referred to, which indicates that a 
small proportion of the nuclear C tungstic acid is present in type D 
te D | products.) 
ture. Structure A. Tungstic acids of type A are microscopically 
re of | crystalline, show a definite crystal structure to X-rays, and contain 
rather more water than is required for the formula WO,,2H,0. It 
the | would appear, therefore, that the substance is a definite chemical 
i, D, | compound. The following possibilities may be considered: (1) 
WO,,2H,0O; (2) H,WO,,H,O; (3) H,WO,; (4) a mixture, as with 
with | (2) described under structure D. The dehydration experiments 
th a | and ageing results (No. 61) strongly suggest that one mol. of water is 
lost during the dehydration process. The X-radiogram of No. 61 
ard. | shows that the product produced by ageing was tungstic acid D. 
3X 
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If, therefore, this type is H,WO,, the evidence suggests that A is 
H,WO,,H,O. On theoretical grounds, the formula H,WO, is 
discredited, since this would apparently require the very improbable 
fivefold co-ordination. Also (4) is most unlikely, since microscopical 
examination of the substance immediately after preparation showed 
that the greater part was composed of twin leaflets. 

The evidence therefore clearly points to the formula H,W0O,,H,0 
for tungstic acid A. This compound either adsorbs water or takes 
water into solid solution, as has been suggested. 

Structure C. Tungstie acids of type C are mixtures of yellow 
tungstic acid D (H,WO,), and a pale green substance having the 
“nuclear C”’ structure. This latter structure was also shown by 
the two white solids from the solubility experiments, but was never 
produced by an ageing change. The structure as a whole is 
unstable, tending to change into structure A. 

The evidence at present available is insufficient for the satisfactory 
elucidation of this structure, but the following alternative explan- 
ations are suggested : 

(1) The nuclear C structure may be that of an imperfectly 
crystallised tungstic acid—the tendency is to form crystalline 
H,WO, at the boiling point—crystallisation being inhibited by the 
presence of ammonia (see tables). This impurity may thus give rise 
to a metastable (a kind of distorted D) structure. On the removal 
of ammonia (e.g., by ageing), the “normal” form might then 
develop. 

(2) The structure may be that of a condensed tungstic acid 
produced by the intramolecular condensation of 2 or more mols. 
of H,WO,, possibly accompanied by the splitting off of water, 
producing a salt-like condensation product with a higher degree of 
co-ordination of the oxygen atoms round the tungsten atoms. The 
presence of amorphous tungstic acid must also be assumed, to account 
for the presence of the ammonia and for the production of A structure 
during ageing (product No. 75). 

Theory (2) would indicate that tungstic acid C is ordinarily 4 
mixture of at least three constituents, viz., (a) H,WO,, (6) a con- 
densed acid, and (c) amorphous tungstic acid. 

Structure B. Tungstic acids of this type are amorphous, but in 
the ageing process may be converted into crystalline H,WO, or 
H,W0,,H,O, or into a mixture of these components. In this 
process, the infusible matter is considerably reduced (see Nos. 66, 
71). A plausible explanation of these facts is that tungstic acid B 
consists essentially of particles containing irregularly arranged 
groups of H,WO,, or H,W0,,H,O, which are prevented from 
crystallising by the presence of calcium and magnesium. If, during 
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the ageing process, the calcium content is in some way reduced, 
crystalline H,WO, or H,W0O,,H,O may be produced. 

Product B, therefore, may be regarded as a hydrated, amorphous 
tungstic acid, although the evidence is not conclusive on this 
point. 

Summary. 

(1) The preparation of four types of tungstic acid is described. 
The products differed in appearance and in composition. 

(2) The loss on ignition of each product has been determined after 
drying under various conditions. 

(3) With each type of tungstic acid, two series of ageing experi- 
ments have been carried out: (a) with the products immediately 
after precipitation and washing, but before drying, and (6) with the 
solid air-dried product. Tables of analytical results are given. 

(4) Twenty-eight selected tungstic acid products have been 
submitted to X-ray examination by the powder method. 

(5) From the combined study of the results of analytical and 
X-ray examination of the various products, the existence of the 
following tungstic acids has been deduced : (a) A crystalline yellow 
product, H,WO,, whose crystalline nature is not revealed micro- 
scopically. (6b) A paler yellow microscopically crystalline tungstic 
acid of composition H,WO,,H,O. (c) An amorphous greyish-white 
substance, probably a hydrated amorphous variety of either H,WO, 
or H,WO,,H,O. (d) A mixed product, containing at least three 
constituents, viz., (1) H,W0O,, (2) amorphous tungstic acid, (3) a 
condensed, or imperfectly crystallised tungstic acid. 


The author wishes to express his sincere thanks to Dr. J. K. Wood, 
F.L.C., for his constant interest and advice during the progress of 
these investigations, and to Professor W. L. Bragg for permission to 
use the necessary X-ray apparatus. 


MunicrpaL CoLLEGE oF TECHNOLOGY, 
UNIVERSITY OF MANCHESTER. [Recewed, May 23rd, 1930.] 


CCLIX.—Syntheses in the Indole Series. Part IV. 
Derivatives of 2: 3-Benz-y-carboline. 


By Witt1am Ocitvy Kermack and JAMES FErGus SMITH. 


THE aim of this work was to prepare derivatives of 2 : 3-benz-y- 
carboline (I) * in order to ascertain whether they possess chemo- 
therapeutic activity. y-Carboline was prepared from 4-chloro- 


* The numbering of the benzcarboline nucleus is based on the suggestion 
of Gulland, Robinson, Scott, and Thornley (J., 1929, 2926). 
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pyridine and o-phenylenediamine by Robinson and Thornley (J., 
1924, 125, 2169), via 4-0-aminophenylaminopyridine, and the 
CH, 


. sa 
2 x. Jk N Os (IL.) 
9 \ ‘2 * NN 


/ hy 
(I.) N 17 ‘ | 
H ue | | ed 


triazole derivative. In an analogous way, 4-0-aminophenylamino. 
2-methylquinoline was obtained when 4-chloro-2-methylquinoline and 
o-phenylenediamine were heated together at 140° under a pressure 
of 20—30 mm., and this base was readily converted into 4-(benztri- 
azolyl-3' )-2-methylquinoline (II). 

The latter compound was heated in syrupy phosphoric acid until 
the evolution of nitrogen had ceased, and from the resulting solution 
a crystalline base, m. p. 298°, was isolated, the properties (e.g., 
fluorescence) of which indicated that it was the desired 5-methy/- 
2 : 3-benz-y-carboline. 

By an analogous series of reactions from 4-chloro-6-methoxy- 
2-methylquinoline, there were prepared 4-0-aminophenylamino- 
6-methoxy-2-methylquinoline, 4-(benztriazolyl-3')-6-methoxy-2-methyl- 
quinoline, and a base, m. p. 236°, which was presumably 15-methozxy- 
5-methyl-2 : 3-benz-y-carboline. 

The method of synthesis of these two bases does not, however, 
decide their constitution unambiguously, for it is possible that a base 
possessing structure (III) might have arisen from the triazole 
compound at the final stage. 


CH, 
‘3 CH, CH, , 
naanilt \nM __4\NncH 
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(III.) (IV.) (V.) 

Besides the general similarity of these new bases to the isomeric 
4: 5-benz-8-carboline (5: 6-benz-4-carboline) previously prepared 
(Kermack and Slater, J., 1928, 32), and the agreement of their 
properties with those to be expected of derivatives of 2 : 3-benz- 
y-carboline, the further evidence given below appears to leave little 
doubt that these bases have the assigned constitutions. 

When equimolecular quantities of p-anisidine and ethyl methyl- 
acetoacetate were kept at 37° for several days, and the water formed 
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was removed, a solid separated, but the mixture did not form a hard 
mass as happened, for example, when p-anisidine and ethyl aceto- 
acetate were similarly treated. When the soft mixture was rapidly 
heated to 250° it was converted in 55% yield into 4-hydroxy-6- 
methoxy-2 : 3-dimethylquinoline. 

By treatment with phosphorus oxychloride at 130°, this compound 
yielded 4-chloro-6-methoxy-2 : 3-dimethylquinoline, which reacted with 
o-phenylenediamine at 140° under diminished pressure to form 
4-0-aminophenylamino-6-methoxy-2 : 3-dimethylquinoline. When this 
was treated with nitrous acid in the cold, 4-(benztriazolyl-3’)-6- 
methoxy-2 : 3-dimethylquinoline was formed, but all attempts to 
obtain from this compound, by heating with phosphoric acid, a 
crystalline base, or a substance exhibiting a violet fluorescence were 
unsuccessful. 

This affords negative evidence in favour of the benzcarboline 
constitution of the fluorescing bases described above, since in this 
case position 3 in the quinoline nucleus is blocked, but position 5 is 
open. If the fluorescing bases had the constitution of the type (III), 
it is probable that an analogous compound would have been obtained 
from 4-(benztriazolyl-3’)-6-methoxy-2 :3-dimethylquinoline, whereas, 
of course, the formation of a benzcarboline derivative would have 
been impossible. 

More direct evidence was sought by attempting new methods 
of synthesis, which, independently, or along with the synthesis 
previously mentioned, might remove ambiguity. 

4-(8-Phenyl-8-methylhydrazino)-2-methylquinoline was prepared 
from 4-chloro-2-methylquinoline and phenylmethylhydrazine by 
heating them together at 160—180°. Attempts to convert this 
compound, by an extension of Fischer’s indole synthesis analogous to 
that employed by Schoff (Ber., 1896, 29, 267), Japp and Findlay (J., 
1897, 71, 1117), and Japp and Maitland (J., 1903, 83, 269), into 
| : 5-dimethyl-2 : 3-benz-y-carboline were unsuccessful. Phosphoryl 
chloride in boiling toluene solution appeared to be without effect, and 
anhydrous zine chloride at 140—180° caused considerable decom- 
position, but neither a crystalline base nor any substance exhibiting 
fluorescence could be isolated. 

The following method of synthesising 1 : 5-dimethyl-2 : 3-benz- 
y-carboline proved successful : o-Acetamidoacetophenone, obtained 
by the reduction of o-nitroacetophenone (Kermack and Smith, J., 
1929, 814) and acetylation of the o-aminoacetophenone, was con- 
verted into its phenylmethylhydrazone, and when this compound was 
treated in boiling toluene solution with phosphoryl chloride a base, 
m. p. 173—174°, was obtained, which yielded fluorescent solutions 
and was apparently 1 : 5-dimethyl-2 : 3-benz-y-carboline. 
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To settle the question, an attempt was made to prepare a common 
derivative of the two bases of m. p.’s 298° and 173—174°. The 
former was converted into its methosulphate, m. p. 277° (decomp.), by 
treatment with methyl] sulphate in dry toluene, and from this the 
anhydronium base, m. p. 262°, was obtained by treatment with alkali. 
This base, presumably 4 : 5-dimethyl-2 : 3-benz-y--carboline (IV), 
yielded a methosulphate (V), m. p. 292°, when treated with methyl 
sulphate in dry benzene solution. This salt should be identical with 
the methosulphate of the supposed 1: 5-dimethyl-2 : 3-benz-y- 
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carboline, m. p. 173—174°. This latter compound, of which only 
a limited quantity was available, was therefore treated with methyl 
sulphate in dry toluene solution; the methosulphate obtained was 
somewhat impure and its m. p. could not be raised above 281°, but 
the m. p. of an intimate mixture of the two compounds was 286°, and 
microscopic examination of the crystals showed them to be similar, 
except that those obtained by the second method were slightly 
contaminated by amorphous material. In other respects the 
compounds exhibited the same behaviour, so there seems little doubt 
that they are identical, and the proposed structures are confirmed. 

It also follows that the anhydronium base derived from the metho- 
sulphate by treatment with alkali has the constitution (IV), similar to 
that postulated by Kermack, Perkin, and Robinson (J., 1922, 121, 
1877) in the case of derivatives of $-carboline and other analogous 
compounds, and confirmed by Kermack and Slater (J., 1928, 32) in 
the case of 4 : 5-benz-8-carboline. 

Although Armit and Robinson (J., 1922, 121, 827) failed to obtain 
an anhydronium base from the methosulphate of 3: 4-benz-é- 
carboline (VI), Mrs. Robinson (J., 1929, 2948) found that 2 : 3-(2’- 
phenylpyrrolo)(4’ : 5’)-quinoline methosulphate (VII), in which the 
relationship between the nitrogen atoms is very closely similar, does 
yield an anhydronium base. She suggests that in the second case 
the valency changes involved can occur over a more direct path and 
do not have to proceed round the greater part of the benzene 
nucleus as in 3:4-benz-3-carboline. No short peripheral path 
presents itself in the case of 2 : 3-benz-y-carboline now investigated, 
but if p-linkages are permissible, only a very simple series of valency 
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changes need be postulated in the formation of this anhydronium 
base. 
EXPERIMENTAL. 

4-0-Aminophenylamino - 2 - methylquinoline.—4-Chloro-2-methyl- 
quinoline (10 g.) and o-phenylenediamine (6 g.) were heated together 
at 140° in an oil-bath under a pressure of 20—30 mm. for 2 hours. 
The yellow solid which separated was extracted with boiling dilute 
hydrochloric acid (10%), and the solution filtered. The filtrate on 
cooling deposited a greyish-green mass of prismatic crystals of the 
dihydrochloride, yield 13 g., m. p. 301° (Found: Cl, 22:3. 
C,gH,5;N3,2HCl requires Cl, 22-1%). 

The base precipitated by alkali from an aqueous solution of this 
salt was recrystallised from benzene, separating in clumps of white 
prismatic needles, m. p. 220° (Found: C, 77-6; H, 6-3. C,,H,,;N; 
requires C, 77:2; H,6-0%). It is soluble in dilute mineral acids and 
dissolves readily in benzene, alcohol, and chloroform, but is almost 
insoluble in either light petroleum or water. Its solution in con- 
centrated sulphuric acid exhibits a faint greenish fluorescence in the 
arc light. / 

4.(Benztriazolyl-3')-2-methylquinoline.—A_ solution of sodium 
nitrite (1-6 g.) in water (20 c.c.) was slowly added with constant 
stirring to a well-cooled solution of 4-o-aminophenylamino-2-methyl- 
quinoline (6-4 g.) in 3% hydrochloric acid (about 400 c.c.) until a 
slight excess of sodium nitrite was present. The voluminous white 
precipitate of the hydrochloride which separated was filtered, washed 
with water, and recrystallised from boiling water, forming fine 
colourless needles, m. p. 210° (Found: Cl, 10-7; loss at 110°, 11-1. 
C,,H,.N,,HCI,2H,O requires Cl, 10-7; 2H,0, 10:8%). 

The base precipitated from the hot solution of the hydrochloride 
by alkali was filtered, dried, and recrystallised from hot aqueous 
alcohol, separating as slender, colourless needles, m. p. 149° (yield 
4g.) (Found: C, 73:7; H, 4:6. C,gH,.N, requires C, 73-8; H, 
46%). It is soluble in dilute nitric, sulphuric, acetic, phosphoric, 
and lactic acids, moderately soluble in benzene, very soluble in 
alcohol, but insoluble in either light petroleum or water. Its clear 
solution in cold concentrated sulphuric acid exhibits a light blue 
fluorescence in the arc light; when the solution is heated, brisk 
effervescence takes place and the resulting brown solution exhibits a 
strong bluish-violet fluorescence, presumably due to the formation 
of 5-methyl-2 : 3-benz-y-carboline. 

5-Methyl-2 : 3-benz-y-carboline.—Anhydrous 4-(benztriazolyl-3’)-2- 
methylquinoline (5 g.) was heated in syrupy phosphoric acid (50 c.c.) 
until the evolution of nitrogen ceased. The yellow precipitate 
separating from the cool solution on basification was filtered, dried, 
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and recrystallised from methyl alcohol; it formed light brown 
needles, m. p. 298° (Found: C, 82-6; H, 5-3. C,gH,.N, requires 
C, 82-8; H,5-2%). This compound is insoluble in water and in light 
petroleum, sparingly soluble in benzene and in ether, moderately 
soluble in ethyl and still more soluble in methyl alcohol. The 
hydrochloride is sparingly soluble in water, but the base is readily 
soluble in dilute phosphoric, lactic, and acetic acids. In all solutions, 
neutral and acid, 5-methyl-2 : 3-benz-y-carboline exhibits a strong 
bluish-violet fluorescence. Its clear solution in concentrated 
sulphuric acid assumes a bluish colour on heating. It is sparingly 
soluble in concentrated nitric acid, but easily dissolves on warming 
to yield a pale yellow solution, which when cool deposits a yellow 
solid. 
4-0-Aminophenylamino-6-methoxy-2-methylquinoline.—4-Chloro-6- 
methoxy-2-methylquinoline (6-9 g.) and o-phenylenediamine (4 g.) 
were condensed together at 140° under reduced pressure (12 mm.) 
until the contents had become solid (l1—2 hours). The yellow 
product was extracted with boiling water, and the hot solution 
filtered; the monohydrochloride separated from the filtrate, on 
cooling, in the form of pale yellow needles, m. p. 294° (yield 90%) 
(Found : Cl, 10-0. C,,H,,ON,;,HCI1,2H,O requires Ci, 10-1%). 

The base, obtained as a white precipitate by addition of caustic 
soda to an aqueous solution of the hydrochloride, separated from 
hot aqueous alcohol as pink, slender, rectangular prisms, m. p. 
188° (Found: N, 15-1. C,,H,,ON, requires N, 15-1%). It is 
fairly soluble in dilute mineral acids, much more so in dilute acetic 
and lactic acids, moderately soluble in alcohol, sparingly soluble in 
hot benzene, and insoluble in both light petroleum and water. It 
dissolves very readily in concentrated nitric acid to yield a yellow 
solution which becomes crimson on heating. 

4-( Benztriazolyl-3’ )-6-methoxy-2-methylquinoline.—To a well-cooled 
solution of the preceding base (8 g.) in 3° hydrochloric acid (400 c.c.), 
a solution of sodium nitrite (2 g. in 10 c.c. of water) was added until a 
slight excess was present. The white gelatinous precipitate of the 
hydrochloride of the base obtained was filtered off and recrystallised 
from boiling water, separating in the form of white needles, m. p. 221° 
(Found: Cl, 8-8. C,,H,,ON,,HCI1,4H,O requires Cl, 8-9%). 

The base was obtained, on basifying a hot aqueous solution of the 
hydrochloride, as a light-coloured voluminous precipitate, and was 
subsequently recrystallised from hot aqueous alcohol, separating as 
large, pink, rhombohedra, m. p. 144° (yield 4-7 g.) (Found: C, 70-6; 
H, 4:9. C,,H,,ON, requires C, 70:3; H, 48%). This base forms 
very sparingly soluble salts with dilute mineral acids, and even its 
salts with acetic and lactic acids are only moderately soluble in the 











a nh sk «st 2 foe eee 





brown 
quires 
n light 
rately 
. The 
eadily 
itions, 
strong 
trated 
ringly 
rming 
yellow 


oro-6- 
(4 g.) 
mm.) 
rellow 
lution 
e, on 
90% 


wustic 
from 
n. p. 
It is 
wcetic 
le in 

It 
ellow 


r0led 
.¢.), 
itil a 
f the 
lised 
221° 


f the 
was 
ig as 
0-6; 
rms 
1 its 
the 




















SYNTHESES IN THE INDOLE SERIES. PART IV. 2005 


hot and sparingly so in the cold; these last two solutions exhibit a 
light blue fluorescence in the arc light. It dissolves in cold con- 
centrated sulphuric acid with difficulty, and the clear solution, 
which gives a faint greenish fluorescence, darkens and effervesces 
slightly on warming, and then exhibits a very strong violet fluo- 
rescence [compare the behaviour of 4-(benztriazoly]-3’)-2-methy!- 
quinoline}. 

15-Methoxy-5-methyl-2 : 3-benz-y - carboline.—4 - (Benztriazoly! -3’)- 
6-methoxy-2-methylquinoline (1 g.) was heated in syrupy phosphoric 
acid (10 c.c.) until effervescence had ceased. The resulting dark 
liquid was poured into a large excess of water (400 c.c.) and neutralised 
with caustic soda, and the yellow solid which separated was filtered 
off at the pump, dried on the water-bath, extracted with ammoniacal 
methyl alcohol, and the extract filtered hot; the base separated on 
cooling as dark brown rhombic crystals (containing 1 mol. of methyl 
alcohol) apparently of the hemimorphic class, m. p. 236° (Found : 
C, 73:7; H, 66; N, 9-3. C,,H,,ON,,CH,OH requires C, 73-8; 
H, 6-2; N, 9-5%). The solubilities of this base in methyl alcohol, 
ethyl alcohol, benzene, etc., are very similar to those of the 5-methy! 
analogue (p. 2004). It is sparingly soluble in dilute mineral acids, 
moderately soluble in acetic and lactic acids, all these solutions 
(particularly the acid ones) exhibiting a bluish-violet fluorescence. 
The solution in cold concentrated sulphuric acid, in which the base 
is sparingly soluble in the cold, exhibits a violet fluorescence, darken- 
ing to reddish-brown on warming. The base dissolves in cold con- 
centrated nitric acid to form a dark yellow solution which exhibits 
scarcely any fluorescence; after being heated and then cooled, 
however, it deposits yellow crystals. 

4 - Hydroxy - 6 - methoxy - 2 : 3- dimethylquinoline.—Equimolecular 
quantities of p-anisidine (31 g.) and ethyl methylacetoacetate (36 g.) 
were warmed together on the water-bath until the former had 
dissolved completely. The layer of water which separated on 
standing for 3—4 days at 37° was subsequently removed in the 
vacuum desiccator, leaving a semi-solid, dark brown, crystalline mass 
of the condensation product. This was rapidly heated to 250°, 
whereupon a vigorous reaction took place. The residue in the flask 
was extracted with boiling water, from which, on filtering and 
cooling, light yellow crystals of the monohydrate of 4-hydroxy-6- 
methoxy-2 : 3-dimethylquinoline, m. p. 294°, separated. This mono- 
hydrate was obtained from aqueous alcohol as nearly colourless 
needles (Found: loss at 110°, 8-0. C,,H,,;0.N,H,O requires loss, 
81%. Found, on anhydrous base: N, 6-8. C,,H,,0,N requires 
N, 6-9%). . 

The —_ may also be obtained from the cooled reaction mixture 

2x5 
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more conveniently (yield 55°) but in a less pure form by extracting 
it with dilute hydrochloric acid (3%) and basifying the extract. It 
is moderately soluble in hot dilute mineral acids, cold dilute acetic 
and lactic acids, and alcohol, but insoluble in either benzene or light 
petroleum. Its solution in concentrated sulphuric acid, which 
exhibits a faint blue fluorescence in the arc light, darkens very 
considerably on warming. It readily dissolves in concentrated nitric 
acid to yield a reddish solution unaltered by heating. 

4-Chloro-6-methoxy-2 : 3-dimethylquinoline.—The foregoing hydr- 
oxy-compound (16 g.) was heated with phosphoryl chloride (32 g.) 
at 130—140° for 1—2 hours, the product cautiously decomposed by 
addition of water, and the mixture made alkaline with sodium 
hydroxide and steam-distilled. 4-Chloro-6-methoxy-2 : 3-dimethyl- 
quinoline was obtained by filtering the distillate as a white solid, 
which was less volatile in steam than the 2-monomethyl compound; 
it separated from alcohol as long colourless needles, m. p. 111° 
(Found : N, 6-2. C,,H,,ONCI requires N, 6-3%). 

This base is soluble in dilute mineral acids, the solutions exhibiting 
a strong blue fluorescence in the arc light. It is moderately soluble 
in alcohol, benzene, and light petroleum, but sparingly soluble in 
dilute lactic-acid. With concentrated sulphuric and nitric acids it 
yields solutions which exhibit a very strong blue fluorescence in the 
arc light but do not undergo any colour changes on warming. 

4-0-Aminophenylamino-6-methoxy-2 : 3-dimethylquinoline.—The 
preceding compound (7-4 g.) was heated with o-phenylenediamine 
(4 g.) under the same conditions as for the monomethyl analogue, 
and bronze-coloured needles of the monohydrochloride, m. p. 125° 
(decomp.), were obtained (Found: Cl, 9-9. C,,H,,ON;,HCI,2H,0 
requires Cl, 9-7%). When dilute hydrochloric acid (5%) was used 
to extract the condensation product, green crystals of the dihydro- 
chloride, m. p. 284° (decomp.), separated (Found: Cl, 17-9. 
C,,H,,ON,,2HCI,2H,O requires Cl, 17-7%). 

The base was obtained from an aqueous solution of either of the 
hydrochlorides as a light yellow precipitate on neutralisation with 
caustic soda. When recrystallised from hot aqueous alcohol, it 
separated in the form of yellow-brown cubes and short rectangular 
prismS;m. p. 193° (Found : N, 14-5. C,,H,,ON; requires N, 14-3%). 
Its solubilities are similar to those of the monomethyl compound. 
It is sparingly soluble in*concentrated sulphuric acid, yielding 4 
reddish-brown solution which loses its reddish tinge on heating, and 
darkens slightly. It is soluble in concentrated nitric acid, yielding 4 
dark red solution which darkens still more on heating. 

4-(Benztriazolyl-3')-6-methoxy-2 : 3-dimethylquinoline.—A_ solution 
of the preceding base (8-8 g.) in 3% hydrochloric acid (300 c.c.) 
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was treated with sodium nitrite as for the monomethyl analogue. 
No precipitate of the hydrochloride was formed, but the base was 
obtained on basification as a white voluminous precipitate, which 
separated from alcohol as white, hexagonal prisms, m. p. 201° 
(Found: N, 18-7. C,,H,,ON, requires N, 18-4%). 

The solubilities of the salts of this compound are similar to those 
of the monomethyl compound, the solutions, especially those in dilute 
acetic and lactic acids, exhibiting a faint violet fluorescence in the arc 
light. The base dissolves with difficulty in cold concentrated 
sulphuric and nitric acids to yield yellow solutions which exhibit a 
faint bluish-green fluorescence in the arc light. No change takes place 
on heating the latter solution, but the former develops a dark green 
colour on warming for some time, without, however, effervescing in 
the slightest [compare 4-(benztriazolyl-3’)-2-methyl- and -6-methoxy- 
2-methyl-quinoline]. 

4-(8-Phenyl- 8 - methylhydrazino) -2 -methylquinoline.—4-Chloro -2- 
methylquinoline (3 g.) and phenylmethylhydrazine (2-5 g.) were 
heated together at 160—180° for 2 hours under an air condenser. 
The sticky yellow solid which had formed was extracted with hot 
dilute hydrochloric acid (3%), and the extract filtered; the hydro- 
chioride separated from the filtrate on cooling as yellow rectangular 
prisms, m. p. 172°. The base, obtained as a light yellow precipitate 
by the addition of ammonium hydroxide to a hot aqueous solution of 
the hydrochloride, separated from benzene in the form of short 
yellow needles, m. p. 237° (Found: N, 16-1. C,,H4,N, requires N, 
160%). This compound is sparingly soluble in alcohol and in 
benzene, and is insoluble in either light petroleum or water. It is 
very sparingly soluble in dilute hydrochloric acid in the cold but 
easily dissolves on warming to yield a yellow solution from which 
yellow crystals separate on cooling. The base dissolves readily in 
cold dilute sulphuric acid; it is moderately soluble in concentrated 
sulphuric acid, yielding a dark brown solution which on heating 
darkens to crimson and exhibits a bluish-violet fluorescence. It 
dissolves immediately with frothing when treated with concentrated 
nitric acid, yielding a crimson solution, and is sparingly soluble in 
dilute acetic and lactic acids. 

o-Acetamidoacetophenone Phenylmethylhydrazone.—Solutions of 
0-acetamidoacetophenone (2 g.) and of phenylmethylhydrazine, each 
in 10 c.c. of acetic acid (50%), were mixed and heated on the water- 
bath for 30 minutes. The yellow crystals which separated on stand- 
ing for a few hours were filtered off and dried (yield 0-7 g.). When 
recrystallised from light petroleum, this compound separated in the 
form of tetragonal bipyramids, m. p. 131—132° (Found: C, 72-7; 
H, 6-5. C,,H,,ON, requires C, 72-6; H, 6-8%); it is moderately 
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soluble in alcohol, benzene, and hot light petroleum, but insoluble in 
water. It is sparingly soluble in dilute mineral acids but dissolves 
readily when warmed. In dilute, but not concentrated, nitric acid it 
dissolves to form a reddish-purple solution, the colour gradually fading 
on warming or standing for some time. A similar colour is also 
observed when a drop of dilute sodium nitrite solution is added to a 
solution of the compound in dilute hydrochloric acid. When a 
solution of the compound in dilute acetic acid, but not lactic acid, is 
kept over-night, the reddish-purple colour which develops does not 
fade on heating or standing. The compound dissolves with difficulty 
in cold concentrated sulphuric acid to form a yellow solution which 
darkens on heating, and then exhibits a greenish fluorescence in the 
arc light. 

1 : 5-Dimethyl-2 : 3-benz-y-carboline.—A solution of the foregoing 
phenylmethylhydrazone (2 g.) and phosphorus oxychloride (4 c.c.) in 
dry toluene (10 c.c.) was refluxed for 2 hours; a dark viscous oil 
adhering to the sides of the flask gradually separated. The toluene 
was decanted off, and the sticky residue washed several times with 
light petroleum. The residue was then boiled with alcoholic 
potassium hydroxide (20%), and the insoluble potassium phosphate 
filtered off. The dark filtrate was poured into a large excess of water; 
the yellow solid which separated was so finely divided that it passed 
through filter paper, but after being coagulated by the addition of a 
little sodium chloride solution, it could be separated without difficulty, 
and was then dried on the water-bath. This base may be recrystal- 
lised from benzene or ligroin, separating from the latter solvent in 
characteristic yellow, sharp-pointed, petal-like crystals arranged 
radially, m. p. 173—174° (Found: C, 81-8; H, 5-7; N, 11-4. 
C,,H,,N, requires C, 82-9; H, 5-7; N, 11-4%). 

This compound, which is readily soluble in alcohol, moderately 
soluble in benzene and in ligroin, and sparingly soluble in dilute 
mineral acids with a bluish-violet fluorescence, dissolves readily in 
dilute acetic and lactic acids with an intense green fluorescence. 
When treated with concentrated sulphuric acid, it yields a reddish- 
brown solution, exhibiting a light blue fluorescence; on warming, 
the solution loses its reddish tinge, and the fluorescence changes to 
violet. 

5-Methyl-2 : 3-benz-y-carboline Methosulphate——A suspension of 
5-methyl-2 : 3-benz-y-carboline (1-5 g.) in 50 c.c. of benzene (freshly 
distilled over phosphoric oxide) was boiled with a slight excess of 
methyl sulphate (1-5 g.) for 2 hours under reflux. The hot solution 
was filtered at the pump, and the light-coloured residue treated with 
water ; all the methosulphate easily dissolved and was thus separated 
from any unchanged benzcarboline. The aqueous solution was 
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evaporated to dryness, and the residue extracted with boiling alcohol 
and filtered. On cooling, fine white needles of the methosulphate 
separated from the strongly fluorescing solution. These were again 
erystallised from alcohol and then melted at 277° (decomp.) (Found : 
N, 8:2. C,,H,.N,,Me,SO, requires N, 7-8%). 

This compound exhibits a very strong blue fluorescence in all its 
solutions. It is extremely soluble in water, but sparingly so in 
alcohol and in hot benzene. Its aqueous solution is precipitated by 
ammonium hydroxide. It dissolves readily in cold concentrated 
sulphuric acid to give a colourless solution (exhibiting the usual 
strong blue fluorescence), which on warming rapidly becomes blue, 
thus resembling the behaviour of the parent base when similarly 
treated. It is very sparingly soluble in cold concentrated nitric acid, 
but easily dissolves on warming and is reprecipitated on cooling or on 
dilution with water. 

4: 5-Dimethyl-2 : 3-benz-y--carboline.—An aqueous solution of the 
above methosulphate was made alkaline with ammonium hydroxide, 
and the pale yellow solid which separated was filtered, air-dried, 
and recrystallised from aqueous alcohol, separating as pale yellow 
needles, m. p. 262°, of the monohydrate of the base (Found : loss at 
110°, 6-5. Cj,H,,N,,H,O requires loss, 6-89. Found, in anhydrous 
base: C, 82-1; H, 5-9; N, 11-4. C,,H,,N, requires C, 82-9; H, 5-7; 
N, 11-4%). 

This base was soluble in dilute hydrochloric or sulphuric acid, but 
sparingly soluble in dilute nitric acid. It is more soluble, however, in 
dilute acetic and lactic acids, giving a much stronger fluorescence 
than with the mineral acids. It is sparingly soluble in water, the 
solution exhibiting a faint blue fluorescence. It easily dissolves in 
cold concentrated sulphuric acid to form a clear solution showing a 
strong light blue fluorescence, which on warming yields first a violet 
and finally a Prussian-blue colour. It is soluble in concentrated 
nitric acid to form a light yellow solution, which changes to reddish- 
brown on warming, but reverts to its original colour on continued 
heating; on dilution a white solid is precipitated. 

Methosulphate. A solution of the base (2 g.) and methyl sulphate 
(2 g.) in dry toluene (10 c.c.) was refluxed for 1—2 hours. The light- 
coloured solid which separated was filtered off, dissolved in water, and 
the solution filtered and evaporated to dryness; the residue was 
dissolved in alcohol, from which the methosulphate was obtained after 
two recrystallisations as fine white needles, m. p. 292° (Found: N, 
7-7. C,,H,,N,,Me,SO, requires N, 7-5%). 

A solution of this compound in water, in which it is extremely 
soluble, exhibits a very strong blue fluorescence, but, unlike the 
methosulphate of the 5-monomethyl compound, it is unaffected by 
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treatment with ammonium hydroxide solution, although with dilute 
sodium hydroxide solution a canary-yellow precipitate is obtained 
which easily dissolves on addition of a slight excess of dilute hydro. 
chloric acid. It dissolves freely in cold concentrated sulphuric acid 
to yield a yellow solution which, on warming, changes to royal blue 
and finally to Prussian blue. With concentrated nitric acid this 
compound behaves in a similar manner to the original base. It is 
sparingly soluble in alcohol and in hot benzene, in which solvents it 
exhibits a bluish-violet fluorescence in the arc light. 

1 : 5-Dimethyl-2 : 3-benz-y-carboline Methosulphate.—A solution of 
the base (0-3 g.) and methyl sulphate (0-3 g.) in toluene was worked 
up as in the preceding case, and the product obtained melted not very 
sharply about 260°. When it was recrystallised twice from ethyl 
alcohol, slightly greyish, thin needles were obtained, m. p. 281°, 
which when examined microscopically appeared to be contarninated 
with a small quantity of amorphous material. An intimate mixture 
of this compound with an approximately equal amount of the 
4: 5-dimethyl methosulphate melted without previous softening at 
286°. The solubilities of this compound are indistinguishable from 
those of the 4: 5-dimethyl methosulphate; its colourless aqueous 
solution exhibits a beautiful blue fluorescence readily visible in 
diffused daylight, and is unaffected by ammonium hydroxide, but 
sodium hydroxide produces a canary-yellow precipitate soluble in 
excess of hydrochloric acid. 


The authors desire to express their thanks to the Advisory Council 
of the Department of Scientific and Industrial Research and to the 
Trustees of the Carnegie Trust for the Universities of Scotland for a 
Grant and a Research Scholarship, respectively, to one of them 
(J. F. 8.), which has enabled this research to be carried out; also to 
Mr. F. Hall, of Oxford, for certain of the analyses. 
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CCLX.—The Ternary System Carbamide-Ammonium 
Nitrate-Sodium Nitrate. 


By Wit11amM Joun Howe LLs. 


In a previous paper (J., 1929, 910) the behaviour of the system 
carbamide-ammonium nitrate was described, and that of the 
ternary system carbamide-ammonium nitrate-sodium nitrate is 
now recorded. A complete study of the system was not possible 
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since carbamide and ammonium nitrate decompose at temperatures 
well below the m. p. of sodium nitrate. 

The relevant binary systems show the following characteristics : 
(1) Carbamide and ammonium nitrate (Howells, loc. cit.) show a 
eutectic at 44-7° and 47%, of carbamide; the transition of regular 
to rhombohedral ammonium nitrate occurs at 126°. (2) As a mean 


of the results of Early and Lowry (J., 1922, 124, 963) and of Perman_ 


(ibid., p. 2473), the eutectic of ammonium and sodium nitrates 


/ 


Fie. 1. 
Carbamide + sodium nitrate. 
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may be placed at 120-9° and 20-3% of sodium nitrate, and the 
transition point of the former is at 126° (see above). (3) The 
thermal diagram of the system carbamide-sodium nitrate is shown 
in Fig. 1; it exhibits a eutectic point at 83-9° and 29-5% of sodium 
nitrate, but no compound formation. 

The Ternary System.—Details of the experimental work involved 
were as previously described (loc. cit.). The compositions of the 
14 ternary mixtures investigated are indicated in the tables of 
freezing points. The thermal equilibrium curves corresponding to 
these various systems are shown as projections on an equilateral 
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triangle in the general equilibrium diagram (Fig. 2), which indicates 
the solid phases separating and the phase reactions involved. 
The minimum points on the curves are denoted by crosses, and 
transition points by dots. Isothermal lines are shown at intervals 
of 20°. 

A few curves require special mention. The left-hand branch of 
Curve d (right-hand in Fig. 2) is slightly convex, rising to a maximum 
at 95°; the solid phase is sodium nitrate. A sharp minimum occurs 


Fig. 2. 


NaNO, 











NH,NO, CO(NE,); 


at 69° and 58% of ammonium nitrate; at this point the solid phases 
sodium nitrate and ammonium nitrate are precipitated. The 
ammonium nitrate branch shows a transition point at 126-5°. 

‘urve e consists of three main branches. The middle branch, 
where the solid phase is sodium nitrate, is slightly convex, showing 
a maximum at 66-3°. Two sharp minima occur at 63° and 57°, 
corresponding to 22-3% and 53% of ammonium nitrate, respectively. 
The third branch has a transition point at 126-5°. The convex 
branches in Curves d and e do not indicate the formation of com- 





dicates 
volved, 
8, and 
tervals 


inch of 
ximum 
occurs 


(NH), 


The 


inch, 

57°, 
vely. 
nvex 
0m- 





CARBAMIDE—AMMONIUM NITRATE-SODIUM NITRATE. 2013 


pounds, since their projections run to the ammonium nitrate 
corner (Fig. 2), and not parallel to the base of the triangle. 

Curve f consists of two main branches, and shows a sharp minimum 
at 40° and 46-3% of carbamide. The left-hand branch shows a 
break at 108° and 7-5% of carbamide. Up to this point the curve 
runs—for practical purposes—along a ternary eutectic curve. 

The other curves are of the usual two-branch type. Only 
essential portions of systems p and qg have been studied. Similarly 
to Curves a, b, d, and e, Curves i and q show transition points at 
126-5° and 126-7°, respectively. 

There are three main areas in the diagram. In the largest, the 
solid phase precipitated is sodium nitrate. The ammonium nitrate 
area is sub-divided into two distinct sections by a monovariant 
boundary line where the two solid phases, regular and rhombohedral 
ammonium nitrate, are precipitated. The transition of rhom- 
bohedral to x-rhombic ammonium nitrate at 83° was not observed : 
apparently the latter modification is not readily formed in the 
presence of carbamide (compare the system ammonium nitrate— 
water; Millican, Joseph, and Lowry, J., 1922, 121, 959). 

The ternary eutectic point of the system occurs at 37-1°, and a 
composition of about 45% carbamide, 47-5°% ammonium nitrate, 
and 7-5%, sodium nitrate. The temperature given is the mean of 
a series of ternary eutectic arrests observed. 

Analysis of one solid phase. The left-hand branches of Curves 
f and g show a somewhat sudden change in gradient, and in order 
to examine this more closely, the solid phase was analysed at a few 
appropriate points on the largest saturation surface. It was 
practically impossible to drain the solid phase free from the viscous 
mother-liquor, so the analysis was done indirectly by analysing the 
mother-liquor remaining after precipitation. When the temperature 
was allowed to fall very slowly the minute crystals settled fairly 
readily to the bottom of the tube. Portions of the initial melt and 
of the final almost clear mother-liquor were treated in the same way. 
Since the other two components were decomposed and volatilised at 
high temperatures, the sodium nitrate present was estimated by 
conversion into sulphate. 

{In the absence of a better method, the ammonium nitrate was 
estimated by boiling with an excess of standard potassium hydroxide 
solution. Any of the latter which was decomposed by the carbamide 
present was converted into an equivalent amount of carbonate, so 
that titration of the excess alkali with standard sulphuric acid gave 
the percentage of ammonium nitrate present; the end-point with 
methyl-orange was not sharp, however. The carbamide was 
estimated by difference. The following results were obtained : 
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Initially. Finally. 
(0) NaNO, ....-0004.. 24-92%, 16-39% 
HNOy coon BETS ati 226:1 $8089 bratio 227 +1 
(b) NaNO, ............ 24-97% 16-99% 
CON, I 309262} Ratio 148:1 — 39°784? | Ratio 1-51 : 1 


Allowing for error in the estimation of ammonium nitrate (a 
small error is magnified many times in the final results), and for the 
attendant error in the estimation of carbamide, it appears that the 
proportion of ammonium nitrate to carbamide remains constant 
during separation of the solid phase. It follows that the solid phase 
is sodium nitrate. (For the theoretical basis—which is geometrical 
—of this argument, see Bancroft, J. Physical Chem., 1902, 6, 178; 
Carveth, ibid., 1898, 2, 209.) 


Freezing Points of Various Mixtures. 
(i) Carbamide and sodium nitrate. 


NaNO,, NaNO,, NaNO,, NaNO,, 
%. F. p. %. F. p. %. F. p. %. F. 
0 132-0° 23-22 95-8° 29-49 84-3° 33-20 109-0° (a) 
2-19 128-3 27:00 88-8(a) 30°50 = 888-4 36-69 131. 7 


6-90 121-4 29:00 84-1(b) 31-01 92-5(c) 41-30 156-0 
16-35 106-8 


Eutectic arrests observed at points marked (a), (b), (c), and (d) 
were at 84-9°, 84-5°, 83-6°, and 84-2°, respectively ; mean 84-3°. 


(ii) (Carbamide +- sodium nitrate) eutectic and ammonium nitrate. 


NH,NO,, NH,NO,, NH,NO;, NH,NO,, 
%. F. p. %. F. p. %. F. p. %. F, p. 
0 83-9° 21-13 94-7° 60-23 74-0° 90-28 137-2° 
2-17 84-4 26-02 94-0 64-86 83-6 91-20 139-5 
3°37 85-4 37:90 89-7(a) 69-86 94-4 93-84 148-7 
5-66 87-9 45-49 85-5(b) 81-50 116-5 95°13 153-0 
14°16 94-5 50°05 79-5 82-98 118-5 95-69 154-0 


20-03 95-0 56-14 71-6(c) 86-87 126-0 
Ternary eutectic arrests observed at points marked (a), (6), and 
(c) were at 36-5°, 37-2°, and 37-2°, respectively. 


(iii) (Carbamide +- 24% sodium nitrate) mixture and ammonium 


nitrate. 
NH,NO,, NH,NO,, NH,NO,, NH,NO,, 

> F. p. %. F. p. » * F. p. %. F, p. 

0 94-5° 26-01 64-2° 50-97 58-1° 87-69 127-6° 

7-79 85-4 28-20 64-7 56°39 63-0 89-63 134:3 
14°84 75:3 35°03 66°3 61-86 74-9 93-57 146-8 
18-29 70-3 39-99 65-4(a) . 70-81 94-2 97-15 158-5 
20-25 67-8 46-94 62-0 80-57 113-7 100 169°5 
23-09 63-4 


A ternary eutectic arrest observed at the point marked (a) was 
at 37-0°. 
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CARBAMIDE-—AMMONIUM NITRATE-SODIUM NITRATE. 2015 


(iv) (Ammonium nitrate + sodium nitrate) eutectic and carbamide. 


CO(NH,)s, CO(NH,)2, CO(NH,),, CO(NH,)., 
%. -p. %. F. p. %. F. p. %. | * 
2-88 115-9° 17:97 97-0° 31-42 76-6°(a) 55°77 60-4° 
5-01 112-0 20-86 93-5 32-95 74:5 67-36 83-0 
5-46 111-1 22-76 91-7 35°56 68-7 70-96 89-0 
8-00 107-4 25-20 87-4 37-97 64-0 74-40 95-0 
10°31 105-6 26-10 86-6 41-07 56:1 77-40 99-8 
12-79 103-0 27°46 83-5 44-93 42-7(b) 80-60 104-9 
14:80 101-0 30-05 79-4 51:48 51:3 100 132-0 


Ternary eutectic arrests at points marked (a) and (6) were at 
37:3° and 37-5°, respectively. 


(v) (Ammonium nitrate and 25% sodium nitrate) mixture and 


carbamide. 
CO(NH,)>, CO(NH,)2, CO(NH,)2, CO(NH,),, 
%. y. a %. F. p. %. F. p. %. F. p. 
0 131-7° 31-01 95-2° 38-92 78-2° §2-11 51-4° 
4-66 127-6 32°94 91-8 45-08 62-6 53-23 52-9 
14-98 118-0 35-10 87-0 48-01 51-4 54-93 56-6 
23-00 107-7 36°82 82-9 49-97 46-1 58-01 63-6 


28-05 100°5 


(vi) (Ammonium nitrate and carbamide) eutectic and sodium nitrate. 


NaNO,, NaNO,, NaNO;, NaNO;, 
%. - ?p- %. F, p. %.- F. p. %. F. p. 
0 44-72 10:50 47-66) 16-1 82-62 22-37 114-7 
3-93 39-9 11-92 54-9 18-51 96-9 23-00 116-0 
7-07 39-1 12-99 61-6 18-96 98-7 25-05 125-4 
8-79 39-8(a) 13-99 68-7 19-98 103-2 30-40 145-1 


Ternary eutectic arrests observed at points marked (a) and (5) were 
at 37-6° and 37-2°, respectively. 


(vii) (Ammonium nitrate and 10% carbamide) mixture and sodium 


nitrate. 
NaNO,, NaNO;, NaNO;, NaNO;, 
%. F. p. %. F. p. %. F. p. %. F. p. 
0 135-0° 7-68 120-4 18-51 106-8° 24-88 130-8° 
1-17 131-0 10°12 116-5 19-50 110-1 30-00 148-0 
2-05 128-9 15-08 110-1 22-14 121-3 32-28 1543 
4-08 124-8 16-81 108-6 


(viii) (Ammonium nitrate and 25%, carbamide) mixture and sodium 


nitrate. 
NaNO,, NaNO,, NaNO,, NaNO,, 
,* F, p. %. F. pe %- F. p. %. F. p. 
0 99° 13-45 85-4° 16-55 95-9° 21-01 115-6° 
4:39 94-9 14-39 85:3 17-88 102-1 25-19 131-4 
9-94 89-5 15:01 88-1 














2016 


(ix) (Ammonium nitrate and 32% carbamide) mixture and sodium 


NaNO,, 
Pak 
0 83-0° 
4:92 77:9 
712 759 


(x) (Ammonium nitrate and 42% carbamide) mixture and sodium 


NaNO,, 
%,. F. p. 
0 59-0° 
5:37 55-0 
9-02 52-1 
11-19 53-2 


(xi) (Ammonium nitrate and 65% carbamide) mixture and sodium 


NaNO,, 
%. F. p. 
0 79-0° 
4:14 73:3 
5-94 70-8 
8-92 66-1 
11-61 62-9 


A ternary eutectic arrest observed at the point marked (a) was 


at 36-4°. 


(xii) (Ammonium nitrate and 80% carbamide) mixture and sodium 


NaNO,, 
%. F. p. 
0 105-0° 
3:06 100-5 
6-81 94:8 
11-14 88-5 
(xiii) 
NaNO,, 
%- F. p. 
0 124-0° 
7:34 114-5 
13°45 104-7 
18-40 96-0 


(xiv) (Carbamide and 11% sodium nitrate) mixture and ammonium 


eeeeereee 


NaNO,, 
o/ 


/o° 
11-43 
12-79 
13-57 


NaNO,, 


NaNO,, 


%. 
12-68 
14-06 
15-02 
16-17 
17-11 


14- 98 
15-65 
18-10 
20-98 


(Ammonium nitrate 





43-81 





TERNARY SYSTEM CARBAMIDE—AMMONIUM NITRATE, ETC, 


nitrate. 
NaNO,, 
F. p. %. F. p. 
72-9° 16-41 92-7° 
73-6 19-89 108-7 
76-6 


nitrate. 
NaNO,, 
F. p- %. F. p- 
60-0° 15-54 83-2° 
63-4 16-53 89-2 
74:3 19-00 101-9 


nitrate. 
NaNO,, 

F. p. %. F. p. 

59:7° 18-89 78-6° 
59-3 21-03 91-8 

57-6(a) 21-98 97-8 

57-5 22-96 102-8 

64-6 


nitrate. 
NaNO,, 
F. p. %. F. p. 
82-3° 22-01 73-2° 
81-5 23-21 80-9 
76-5 24-76 92-4 
71-7 


and 94%, carbamide) mixture and sodium 


nitrate. 
NaNO,, 
F. %. >> 
87°4° 28-13 86-0° 
81-8 28-95 92-9 
80-9 29-88 97-9 


nitrate. 
45-50 47-66 49-92 
45-7° 41-4° 42-0° 














NaNO,, 
%- F. p. 
25-24 130-6° 
29-49 145-2 


NaNO,, 

%. F. p. 
21-00 110-5° 
22-47 116-7 
27-01 134-9 


NaNO,, 

%. F.p 
23-44 105-2° 
25-02 113-2 
27-22 124-0 


31-36 141-7 


NaNO,, 

%. F. p- 
27-02 106-1° 
29-13 118-0 
31-19 128-9 


NaNOs, 

o/ 

/0* - Pp. 
30-65 104-7° 
31-66 111-6 
33-02 120-4 


57-73 
59-2° 


55-99 
55-6° 











TC, 


sodium 


130-6° 
145-2 
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(xv) (Ammonium nitrate and 9% sodium nitrate) mixtureand carbamide. 

CO(NH,)., % 0 1-53 3°32 5-02 7:93 11-49 

F. p. .ccccccovese 147-0° —_140-8° 134-5° 128-6° 122-0° 115-1° 
Summary. 

The general equilibrium diagram of the system consists of three 
main areas, or saturation surfaces. The solid phase precipitated 
on the largest area is sodium nitrate. 

A number of the curves show transition points at about 126°, 
corresponding to the transition of regular to rhombohedral ammon- 
ium nitrate. Consequently, the ammonium nitrate area is sub- 
divided into two. The transition of rhombohedral to «-rhombic 
ammonium nitrate, at 83°, was not observed. 

The ternary eutectic point of the system is at 37-1°, and a com- 
position of 45% carbamide, 47-5%% ammonium nitrate, and 7-5% 
sodium nitrate. The corresponding molecular percentages, viz., 
52-4, 41-5, and 6-1, respectively, are in the inverse order of the 
melting points of the components. 


MounicipaL SECONDARY SCHOOL, 
QUAKERS’ YARD. [ Received, July 16th, 1930.] 





CCLXI.—The Walden Inversion. Part III. 
By Hans Nicotat KELLERMANN RORDAM. 


In Parts I and II (J., 1928, 2447; 1929, 1282) the author developed 
a new hypothesis of the reaction mechanism of the Walden inversion 
based upon the assumption that, when one of the radicals linked to 
the asymmetric carbon.atom is split off, the optically active molecule 
oscillates between two configurations, each of which, by the 
addition of a new radical, can produce only one of the two possible 
optical antipodes. 

Two types of Walden inversion are therefore postulated (see 
Part II) according as the scission is effected (1) spontaneously or 
by a molecule which is neither identical with nor contains the 
entering radical, or (2) by collision with a molecule containing the 
entering radical. In the first case both forms will be produced, for 
some of the incomplete molecules will react while in one phase, and 
others in the other phase, and the proportion of molecules retaining 
the original configuration can be calculated. In the second case, 
there is a definite distance between the entering radical and the 
vacant place at the moment of scission; consequently only one 
form of the reaction product will be produced, and this may be of 
the inverted or of the original type according to the structure and 
size of the reacting molecules and to the time of oscillation. 
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Reactions between halogeno-acids (e.g., bromosuccinic acid) 
and hydroxyl ions or other anions (e.g., the xanthogenate ion) 
are examples of Type 1, and those between hydroxy-acids and 
phosphorus pentachloride are assumed to be examples of Type 2. 

In the present paper the investigation of the stereochemical 
result of the reaction between a /-bromosuccinate and a xanthogenate 
is continued. In Part II (loc. cit.) a curve was obtained showing 
the relation between n (i.e., the fraction of the reaction product 
which retains its original configuration) and cx (i.e., the mean 
of the concentrations of the xanthogenate ion at the beginning 
and end of the reaction) for values of the latter between 0-05 and 
1-95M. 

In all these experiments the concentration of the bromosuccinate 
ion was the same, and only cx was varied, as this concentration was 
deemed the crucial one. Nevertheless, it was also thought necessary 
to ascertain the influence of variations in the concentration of the 
other component, and experiments were therefore made in which 
(1) both concentrations were varied simultaneously, and (2) one 
concentration was increased while the other was decreased in such 
a manner that their sum was kept constant. The ionic strength 
was kept constant throughout (u = 2-5) by addition of indifferent 
salts except in one special experiment described later (No. 20). 
On the other hand, it has been necessary to avoid experiments in 
which the bromosuccinate was in excess, because the reaction 
product would then require fractionation, which would entail 
alteration in the stereochemical composition of the xanthogeno- 
succinic acid formed in the reaction. 

The range of concentration has now been extended from cx = 
0-0005M, which is probably near the lower limit of concentrations 
in sufficiently accurate Walden inversion experiments, up to cx = 
8-95M, which corresponds to saturation of the solution with 
potassium xanthogenate during the whole course of the reaction. 
This last experiment, therefore, constitutes the exception in which 
the ionic strength was necessarily not 2-5. 

As in preceding papers, it is assumed that » is proportional to 
the probability that the oscillating molecule reacts with the entering 
ion while in one of the oscillation phases whose configuration is 
identical with the original. But although this probability was 
provisionally regarded as proportional to cx, for a short range of 
concentrations, or for studies where the aim was only to procure 4 
general survey of the relevant data in the literature, such a simple 
assumption is not valid for measurements over larger ranges of 
concentration. Consequently, it is necessary to replace the former 
equation, n = kc, f, by one based upon a more exact treatment. 
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We assume now that this probability can be equated to that 
fraction of the reacting ions which, according to Maxwell’s dis- 
tribution law, possess speeds lying between such limits that they can 
produce collision during those periods wherein the oscillating 
molecule has its original configuration. A necessary condition for 
the whole theory is, of course, that the optically active molecule at 
the moment of splitting off a radical is not surrounded by the 
entering ions (referred to subsequently as X-ions) at all possible 
distances from the closest proximity to the maximum at the 
concentration concerned; for, if this were the case, could only 
vary from unity at the highest concentrations (where all the oscil- 
lating molecules are closely surrounded by X-ions) down to 0-5 at 
the lowest concentrations (where both very small and very great 
distances could occur so that reaction could take place in all possible 
oscillation phases, producing practically equal amounts of d- and 
l-forms) and the reaction mechanism would not be capable of 
explaining a Walden inversion, of which the essential characteristic 
is that n<0-5. 

Actually it is improbable that xanthogenate ions will be found in 
very close proximity to the bromosuccinic ion, for the double 
negative charge of this ion will tend to keep them at as great a 
distance as possible. When the bromine atom is spontaneously 
split off, the excess of negative charge in the bromosuccinic ion is 
halved, and the repelling force exerted by this ion upon the 
surrounding xanthogenate ions being thus suddenly diminished, the 


bombardment of the amphoteric ion, -0-CO-CH,CH-CO-0-, begins 
from the mean molecular distance prevailing at that moment. 

A corresponding conception can be used for all the Walden 
inversions classified in Type 1 (see above), since the author’s assign- 
ment to this class of all inversions where the results are influenced 
by the concentration was based upon the common feature of a 
spontaneous expulsion of a negative radical and subsequent addition 
of a new radical present in the solution in the form of a negative 
ion. 

The way in which the shape of the n-curve is affected by the 
duration of the several phases in the oscillating molecule must now 
be examined more closely. In our preliminary examination, we 
provisionally assumed that only one of the radicals remaining 
linked to the asymmetric carbon atom was oscillating, the other 
two being assumed to be at rest, but it was emphasised that this 
assumption was merely for the sake of simplicity. Only in molecules 
of very special structure (which it is proposed to investigate later) 
can the oscillation take place in this simple way, which would entail 
that the duration of the first phase is 6/4 and that of all the later 
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phases is 6/2, 6 being “‘ the time of oscillation.”’ In these circum. 
stances all oscillating molecules reacting during the periods 

0. 30_50. 7096. 

a oS =< -— 
reckoned from the moment of their scission, would give a reaction 
product of the same configuration as the original asymmetric 
molecule, whereas molecules reacting during the alternate periods 


6 36 50 70 960 110. 

r ome Sey oe Ce) See’ Seddon 

would give inversion. The corresponding n-curve for large values 
of cx, would be asymptotic to unity; as the values of cx decreased, 
however, the curve would pass through a minimum below n = 0-5, 
and thereafter rise again and, through a sequence of ever decreasing 
maxima and minima, approach n = 0-5 for cy, = 0. 

For the general case the above picture of the state of an oscillating 
molecule would be far more complicated, for, not only one, but 
all three radicals will oscillate simultaneously, and though the 
corresponding n-curve will be of the type indicated, the shape and 
situations of the individual maxima and minima will become altered, 
except the maximum at the highest concentration. 


res H CO,’ 
In the case of th llat lecule, Can’.cn > £ d 
n the case of the oscillating molecule, “> <CH,-CO, orme 


0 


when the bromine atom is eliminated from the bromosuccinic ion, 
the oscillation of the hydrogen atom will probably begin first and 
dominate at the outset, but later the other two radicals will also 
make their oscillations felt, and consequently we can no longer 
expect the regular succession of the phases depicted above. It may 
happen that the return of one radical to its original position in the 
molecule (which would mean the return of the whole molecule to 
its original configuration, if the two other radicals had stayed 
at rest) will be compensated by the simultaneous oscillation of 
another radical, or perhaps even that the oscillation of one radical 
may be impeded by another, and such occurrences will give rise 
to phases of very different length. 

The oscillations which are assumed to underlie the Walden 
inversions must not be expected to be identical with the atomic 
oscillations causing the infra-red spectra, but must rather be 
looked upon as oscillations of thecentres for theseinfra-red oscillations, 
brought about by the splitting of the molecule and showing fre- 
quencies of quite a different order of magnitude. It is true that 
such oscillations may not have been observed elsewhere, but since 
the Walden inversion has not hitherto been explained in terms of 
already known molecular mechanics, it seems justifiable to resort 
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to ad hoc hypotheses, especially as there is nothing inherently 
improbable in that now advanced. 

The fraction of molecules having a speed exceeding a given value 
c, is given by the expression (Jeans, “‘ The Dynamical Theory of 
Gases ”’) 


$1 = J -[ ede pe eet 

bade, SVar 

where x, = V3/2‘c,/c, c being the kinetic r.m.s. velocity, V3RT/M. 
If an oscillating molecule is to react during its first phase of oscil- 
lation, the relative velocity of the reacting ions must be such that they 
meet within the duration 0, of the first phase. The fraction of ions 
having this or a greater speed is denoted by ¢,; 9, denotes the 
duration of the first and the second phase together, and ¢, the 
fraction of the ions which have a speed that enables them to traverse 
the said distance in the time 6,, and so on. Consequently we have 


nm = $1 + ($3 — dz) + ($5 — Py) +--+ - 


In solution, however, the reacting ions will collide with extraneous 
molecules (e.g., those of the solvent) before they meet, and the 
conditions for collisions between them are therefore obtainable 
from Ejinstein’s theory (Z. Elektrochem., 1908, 235) of the displace- 
ment of molecules and ions in solutions. His equation for the 
displacement A of an ion during the time 7 is 


A = V2RT/NK .vs 


where R, 7’, and N have their usual significance and K is given by the 


expression . 
K = 108 x 9654 x 96540/N. . . . (1) 


Here 2 denotes the mobility of the ion, expressed as the equivalent 
conductivity at infinite dilution. If the displacement A is able to 
produce collision during the time 6,, A must be equal to the average 
distance between the reacting ions; this distance is often equated 
to 1/*/m, where m denotes the molality, but owing to the difficulties 
in judging the state in a solution, we shall replace this expression 
by k,/m?, where the index p is determined experimentally (see p. 
2022). For reasons explained later, we replace m by cx, obtaining 


k,/cx = V2RT/NKV 9, 
Introducing the value of the r.m.s. velocity c, we obtain 


hk, [NK 
ae ae ae 
Er ni 2M0, 
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which gives the speed c, necessary to produce collision in the first 
phase. The equation for x, then becomes 


di as 4 3NK 
Ck 4RT®, 
Introducing the expression for K given by (1), expressing cx as the 
number of ions present per c.c., and assigning the values 7' = 298, 
R= 831 x 107, N = 6-05 x 1073, and A = 55, we have 
_ k, 2-69 x 10° ; 
“1 oe: Ve, e's Boe ee 

As both of the reacting ions are in motion, a mean value 55 has 
been used for the mobility : that of the amphoteric ion is not known 
but it is assumed to be equal to that (62) of the univalent ion of 
malic acid, and similarly the mobility of the xanthogenate ion is 
estimated to be of the same order of magnitude as for the thiolacetic 
ion, viz., 51. The factor k, is dependent upon the activity co- 
efficients and is constant at constant ionic strength ; it is equated 
to unity for the sake of simplicity. 

The concentration cx which enters into the equations for c, and 
x, is of decisive importance for the stereochemical result of the 
reaction. Although, for experimental purposes (see p. 2018), the 
concentration of the X-ions must always be greater than, or at least 
equal to, that of the bromosuccinic ion (referred to in the sequel as 
the B-ion), it might seem surprising that the sum of these two 
concentrations is not used instead of cx. Two reasons justify the 
use of the latter, however. (1) The experimental results clearly 
indicate cx as the required variable. (2) The validity of the pro- 
cedure may be deduced from the following argument. A uniform 
distribution of the X-ions, if they were at rest, would place them at 
the corners of a cubic space lattice of side 1/ 4/cx, and in solutions 
where the B-ions have the same concentration, these might be placed 
in the centres of the cubes. In experiments where the concentration 
of the B-ions is less than that of the X-ions, the centres of some of 
the cubes cannot be occupied by B-ions, but by the SO,’’ ions added 
to keep the ionic strength constant; the distance from a B-ion to 
the nearest X-ion, however, remains the same. 

The movements of the ions, and other disturbing factors, require 
that the cube root should be replaced by a different power of cx, and 
the experimental results show that, instead of p = 0-333, the index 
p = 0-2 gives good agreement between the theoretical curve and the 
experimentally found values of n. The main shape of the curve is 
only slightly influenced by small variations in py. The factors which 
determine the value of p cannot be discussed here, but we may 
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mention that probably not all collisions produce reaction, and that, 
on the other hand, ions from more remote layers may occasionally 
be able to collide and produce reaction. 

The experimental results and the theoretically calculated values 
of n are collected in Table I, where B and X represent the bromo- 
succinate and xanthogenate radicals respectively. As the calcul- 
ation is a little troublesome, and since it is of interest to see how the 
colisions are distributed over the several phases, the values of x 
and ¢ are given in Table II. The values of ¢ were read from a 
curve drawn for this purpose through points calculated by the aid 
of a table of the “‘ error ” function (see Jeans, op. cit.). 

In the calculation of n, the value of 6, was provisionally left open 
and equation (2) used in the form x, = K’/cx’v/0,; by the method 
of trial, it was then found that the value 


K’jV0, =0-886. . . . . . (3) 


TABLE I, 
(u = 2-5 except in No. 20). 


Composition of mixture. n. 





4 


Na.B. KX. Na,SO,. KNO,. ex. Wcx.* Found. Cale. 
0-001 0-001 0-499 0-999 0-0005 0-079 0-19 0-180 
0-002 0-002 0-498 0-998 0-001 0100 0-08 0-125 
0-004 0-004 0-496 0-996 0-002 0-126 0-07 0-087 
0-006 0-006 0-494 0-994 0-003 0-144 0-06 0-071 
0-008 0-008 0-492 0-992 0-004 0-159 0-06 0-063 
0-010 0-010 0-499 0-999 0-005 0-171 0-07 0-058 
0-020 0-020 0-480 0-980 0-010 0-215 0-07 0-055 
0-040 0-040 0-460 0-960 0-020 0-271 0-10 0-079 
0-060 0-060 0440 0-940 0-030 0-311 0-14 O-llL 
10 0-080 0-080 0-420 0-920 0-040 0-342 0-18 0-142 
1l 0-100 0-100 0-400 0-900 0-050 0-368 0-16 0-171 
12 0-200 0-200 0-300 0-800 0-100 0-464 0-25 0-274 
13 0-300 0-300 0-200 0-700 0-150 0-531 0-31 0-345 
14 0-400 0-400 0-100 0-600 0-200 0-585 0-36 0-396 
15 0-500 0-500 0-000 0-500 0-250 0-630 0-37 0-439 
16 0-400 0-600 0-100 0-400 0-400 0-737 0-47 0-521 


+ 


OWNS Orie Choe O 


17 0-300 0-700 0-200 0-300 0-550 0-819 0-55 0-576 
18 0-200 0-800 0-300 0-200 0-700 0-888 0-60 0-614 
19 0-100 0-900 0-400 0-100 0-850 0-947 0-64 0-645 
20 0-200 8-95 — —_— 8-95 2-076 0-86 0-884 


(const.) 


* This col. is added because this function of cx is used for plotting the curve 
of Fig. 1 (see p. 2025). 


should be used. In determining this it must be remembered that 
the part of the experimental curve which goes from the highest 
concentrations to the minimum for n, represents collisions mainly 
in the first and the second phase, namely, ¢, in the first and ¢, — ¢, 
in the second; the fraction ¢, — ¢, occurring in the third phase is 
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TABLE II. 

No. Cx. Xs. 9. Tq. d:- n, cale, 
| 0-0005 4-053 0-000 0-676 0-820 0-180 
2 0-001 3-528 0-000 0-588 0-875 0-125 
3 0-002 3-071 0-000 0-512 0-913 0-087 
4 0-003 2-832 0-001 0-472 0-930 0-071 
5 0-004 2-674 0-003 0-446 0-940 0-063 
6 0-005 2-557 0-005 0-426 0-947 0-058 
7 0-010 2-226 0-020 0-371 0-965 0-055 
8 0-020 1-937 0-057 0-326 0-978 0-079 
8) 0-030 1-787 0-094 0-298 0-983 0-111 

10 0-040 1-687 0-127 0-281 0-985 0-142 
ll 0-050 1-614 0-158 0-269 0-987 0-171 
12 0-100 1-405 0-264 0-234 0-990 0-274 
13 0-150 1-295 0-337 0-216 0-992 0-345 
14 0-200 1-223 0-390 0-204 0-994 0-396 
15 0-250 1-170 0-434 0-195 0-995 0-439 
16 0-400 1-064 0-517 0-177 0-996 0-521 
17 0-550 0-999 0-572 0-166 0-996 0-576 
18 0-700 0-952 0-610 0-159 0-996 0-614 
19 0-850 0-915 0-642 0-152 0-997 0-645 
20 8-95 0-572 0-884 = ad 0-884 
Fig. 1 
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The curve is drawn through the theoretically calculated points. c 
© represents the experimentally found values of n given in this paper (u = 2-5). 
Part Il. 


] ” ” ” ” ” ” 
nearly zero since ¢, in these experiments is very nearly 1-0. The 
minimum in the curve occurs when almost all the collisions take 
place in the second phase and only very few in the two neighbouring 
phases, and the very low experimental value of n at the minimum 
(i.e., the high value of 1—n) shows that the second phase is much 
longer than the first: actually, calculation from the experiments 
showed that 6, (i.e., the sum of the two first phases) is equal to 
360,, consequently x, = 2x,/6. Since it may be calculated that 
even at the lowest concentrations 82% of the collisions take place 
in the first and the second phase, it may be assumed that practically 
no collisions occur later than the third phase, and although the 
experiments afford no data from which to calculate the duration of 
this phase, it appears to be legitimate to equate ¢, to 1-0 throughout. 

Fig. 1 shows the theoretically calculated curve and also the 
values of » found experimentally in the present work and in Part 
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Constant stirring to 40-1 c.c. of water and 9-91 c.c. of 2M-sodium 
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II (loc. cit.). The lower value of the ionic strength employed in 
Part II, and the use of a /-bromosuccinic acid of slightly lower 
rotatory power than the acid now employed, account for these 
points being somewhat below the curve. For convenience in 
plotting, ¥/cx is used for abscisse instead of cx. 

Although the duration of even the first phase does not depend _ 
upon the oscillation of one single radical, from it we can obtain an 
approximate estimate of the frequency of the oscillations which, 
according to our theory, are the cause of the Walden inversions of 
both types. By putting K’ = 2-69 x 10° in (3) we get 6, = 6/4 = 
9-2 x 10-1 and the corresponding frequency v = 1/0 = 2-7 x 108. 


ExPERIMENTAL. 


The experimental method was exactly the same as that used in 
Part II (loc. cit.). The l-bromosuccinic acid had [«]?, — 76-6°. 
The solutions containing potassium xanthogenate, the necessary 
amounts of neutral salts required to give a constant ionic strength, 
and the appropriate volume of approximately 2M-sodium hydroxide 
solution were prepared as before, and, having been brought to 25°, 
were rapidly poured over the weighed quantity of /-bromosuccinic 
acid which was dissolved by several minutes’ violent shaking. The 
reaction mixture was then placed in a thermostat at 25° for about 
72 hours. The xanthogenosuccinic acid formed by the reaction 
was liberated by addition of a slight excess of dilute sulphuric acid, 
extracted with ether, and, after the extract had been dried by 
anhydrous calcium chloride and the ether removed by evaporation 
at room temperature, obtained as yellowish-white crystals. 

For determinations of the rotatory power, solutions of approxim- 
ately 0-6 g. of the acid in 10-0 c.c. of ethyl acetate were measured 
at 25-0° with the yellow mercury line (A = 578 yu). For the cal- 
culation of n, the rotation of pure /-xanthogenosuccinic acid was 
taken as [«]#, — 107°, as previously. 

The experimental] details are collected in Table III. Only Expt. 
No. 20, in which the solution was kept constantly saturated with 
potassium xanthogenate, needs special explanation. In a pre- 
liminary experiment the solubility of this salt at 25° was estimated 
by stirring a portion of the solid salt with water in a flask placed in 
the thermostat for several hours, adding 27-35 c.c. of 1M-hydro- 
chloric acid to the saturated solution, filtering off the precipitated 
xanthogenic acid, and titrating the filtrate with 2M-sodium hydroxide 
(required, 9-20 c.c.); hence, the solubility is calculated to be 8-95M. 
In Expt. No. 20, 80 g. of potassium xanthogenate were added with 
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TaB_eE III. 
Weight (g.) of Vol. (c.c.) of 
2M- Total 
No. 1-B. KX. Na,SO,,10H,0. KNO, NaOH. mixture. [a i 
1 0-394 0-3206 321-6 202-0 1-99 2000 — 69-78° 
la 0-394 0-3206 321-6 202-0 1-99 2000 — 61-08 
2 0-788 0-6412 320-9 201-8 3°97 2000 — 89-80 
3 0-788 0-6413 159-9 100-7 3-97 1000 — 93-03 
3a =s-:« 0-788 0-6413 159-9 100-7 3°97 1000 — 93-93 
4 1-182 0-9618 159-2 100-5 5-96 1000 — 95-04 
5 1-576 1-2824 158-6 100-3 7-92 1000 — 94-48 
6 0-985 0-8015 78-98 50-03 4°96 500 — 92-77 
7 1-970 1-603 77°38 49-53 9-92 500 — 92-60 
8 1-970 1-603 37-07 24-26 9-92 250 — 86-74 
9 2-364 1-923 28-36 19-00 11-91 200 — 77-05 
10 2-364 ]-923 20-32 13-95 11-91 150 — 68-12 
ll 2-955 2-405 19-33 13-65 14-89 150 — 72°18 
12 3-940 3-206 9-666 8-088 19-85 100 — 52-81 
13 2-955 2-405 3-222 3-539 14-89 50 — 41-63 
14 3-940 3-206 1-611 3-033 19-85 50 — 30°52 
15 4-925 4-008 0 2-528 24-81 50 —27:17 
16 3-940 4-809 1-611 2-022 19-85 50 — 7°33 
17 2-955 5-611 3-222 1517 14-89 50 + 9-87 
18 3-940 12-82 9-666 2-022 19-85 100 + 21-72 
19 2-955 21-64 19-33 1-517 14-89 150 + 30-24 
20 


1-967 80-0 —_ — 9-91 50 +77°32 


hydroxide solution; when saturation was complete, 1-9672 g. of 
l-bromosuccinic acid were added, and rapid stirring was continued 
for 21 hours. The solution was then acidified and treated as in 
the other experiments. 

In order to test the reproducibility of the values of n at the lowest 
concentrations used, Expts. Nos. 1 and 3 were repeated with the 
utmost care. The results (Nos. la and 3a, Table III) indicate 
that, even at these very low concentrations, the reproducibility is 
such as to leave no doubt as to the shape and direction of the 
curve. 

Finally, since the shape of the curves for the activity coefficients 
at the higher concentrations is not known with accuracy, it was 
deemed advisable to weigh the quantities of the indifferent salts 
more accurately than would otherwise be required to obtain 4 
sufficiently well-defined value of the ionic strength. 


PoLYTECHNIC INSTITUTE, 
COPENHAGEN, DENMARK. [Received, June 16th, 1930.) 
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CCLXII.—The Parachor of Co-ordinated Hydrogen in 
the Ortho-substituted Phenols. 


By Nevi. V. Stpewick and Nost S. Bayziss. 


Co-ORDINATED hydrogen is generally assumed to occur in the poly- 
merised molecules of hydroxylic compounds (I) and also as part of a 
chelate ring in many ortho-substituted phenols (II) (Sidgwick and 
Callow, J., 1924, 125, 532), in B-diketones (Sidgwick, J., 1925, 127, 
907), in the monoximes of «-diketones (Taylor and Ewbank, J., 
1926, 2818), and elsewhere. Sugden has recently (“‘ The Parachor 


I.) H—O>H—0> ao 


and Valency,”’ 1930, p. 150) disputed the occurrence of this chelation 
in §-diketones, on the ground of their parachor values. We do not, 
however, know what the parachor of co-ordinated hydrogen is. 
Associated liquids (type I above) are less suitable for the investig- 
ation of this property (owing to the impossibility of determining 
their molecular complexity) than the chelate compounds, where 
co-ordination takes place within a single molecule. We have there- 
fore determined the parachors of a series of substituted phenols and 
their derivatives. 
EXPERIMENTAL. 


Purification of Materials—Benzene. Frozen out 4 times, shaken 
twice with concentrated sulphuric acid, and distilled over sodium ; 
m. p. 55°. (All recorded temperatures are corrected.) 

p-Xylene. Kahlbaum’s material was frozen out 4 times, and 
distilled over sodium; m. p. 13-4° (13-4°, Perkin, J., 1900, 77, 278). 

Phenol. Freed from its homologues by conversion into the 
hydrate and freezing this out 5 times: then distilled thrice; m. p. 
40-6° (41°, ‘‘ International Critical Tables,” 1926; 40°, Tammann, 
Z. physikal. Chem., 1910, 69, 571). 

0-Nitrophenol. Recrystallised from water and then from light 
petroleum; m. p. 44-5° (44-3°, Mills, Phil. Mag., 1882, 14, 27; 44-95°, 
Hulett, Z. physikal. Chem., 1899, 28, 666). Another sample made 
from the pure phenol (above) had the same m. p. 

0-Nitroanisole. Made by methylation of o-nitrophenol with 
methyl sulphate in presence of xylene, by the method used by 
Robinson and Baker (J., 1929, 156) for the methylation of dinitro- 
guaiacol. Purified by shaking with alkali, and repeated distillation 
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in a vacuum. Pale yellow; b. p. 144°/14 mm.; m. p. 9-3—9%-4' 
(9-4°, Hantzsch, Ber., 1906, 39, 1097). 

m-Nitrophenol. Recrystallised from benzene; m. p. 96° (96°, 
Neumann, Ber., 1886, 29, 2979; 97°, Holleman, Rec. trav. chim,, 
1902, 21, 435). 

p-Nitrophenol. Recrystallised twice from benzene; m. p. 112° 
(111-4°, Mills, loc. cit.; 111-8°, Garelli and Calzolari, Gazzetta, 1899, 
29, ii, 363). 

p-Nitroanisole. By the methylation of p-nitrophenol with 
methyl sulphate (Ullmann, Annalen, 1903, 327, 115); yield 90°; 
m. p. 54° (54°, Willgerodt, Ber., 1882, 15, 1004). 

Salicylaldehyde. Owing to the difference of the density and 
m. p. of our purified product from the recorded values (especially 
Walden, Z. physikal. Chem., 1906, 55, 220; 1907, 59, 395), this was 
purified in three ways. (1) The aldehyde in benzene solution was 
shaken with alkali to remove salicylic acid, washed, dried, and 
distilled. (2) The bisulphite compound was decomposed with 


dilute sulphuric acid, and the aldehyde steam-distilled, and fraction- f 


ated ina vacuum. (3) A laboratory sample was frozen out 5 times. 
All three products were neutral to litmus, and boiled at 195°/760 
mm. and 92°/22 mm.; they melted at 0-9—1-0°; d? 1-1612. 
Walden (loc. cit.) gives m. p. — 10°, d? 1-1539. As a further proof 
of identity the phenylhydrazone was prepared; it melted at 142° 
(142—143°, Lockemann and Lucius, Ber., 1913, 46, 1013). 

o-Methoxybenzaldehyde. Salicylaldehyde (50 g.), 50% aqueous 
potassium hydroxide (30 c.c.), and water (500 c.c.) were shaken 
together. Redistilled methyl sulphate (100 g.) and potassium 
hydroxide solution (100 g.) were added alternately in small portions, 
the mixture being kept alkaline and well-shaken. Finaily, the 
mixture was heated for an hour on the water-bath. o-Methoxy- 
benzaldehyde was extracted with ether; it crystallised when the 
ether was removed, and was fractionated in a vacuum; b. p. 
119°/13 mm. ; m, p. 35-6° (35°, Voswinckel, Ber., 1882, 15, 2024; 38°, 
Katschalowski and von Kostanecki, ibid., 1904, 37, 2347). 

m-Hydroxybenzaldehyde. Recrystallised thrice from hot water; 
m. p. 104° (104°, Rieche, Ber., 1889, 22, 2348; 108°, Jowett, J., 
1900, 77, 707). 

p-Hydroxybenzaldehyde. Recrystallised twice from hot water; 
m. p. 117° (115—116°, Reimer and Tiemann, Ber., 1876, 9, 834). 


p-Methoxybenzaldehyde. Purified through the bisulphite com- 


pound; b. p. 249° (248°, Perkin, J., 1889, 55, 551). 
p-Methoxysalicylaldehyde (o-vanillin). A pure laboratory sample; 

m. p. 41° (41°, Friedlander, Sitzungsber. Wien Akad., 1909, 118, 

660). 
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Methyl salicylate. Fractionated in a vacuum; b. p. 98°/12 mm. ; 
m. p. — 0-8°; dz 1-1782 (m. p. — 8-3°, Schneider, Z. physikal. 
Chem., 1897, 22, 233). 

Methyl p-hydroxybenzoate. Made from Kahlbaum’s acid by the 
method of von Hoessle (J. pr. Chem., 1894, 49, 501). Recrystallised 
from a mixture of alcohol and water, and then from benzene; m. p. 
128° (131°, von Hoessle) : further recrystallisation did not affect the 
m. p. The benzoyl derivative melted at 133° (135°, von Hoessle) 
and the acetyl derivative at 83° (85°, von Hoessle). 

Measurement of Surface Tension.—The apparatus used was 
essentially that of Sugden (J., 1924, 113, 271) as modified by 
Hammick and Andrew (J., 1929, 754). It was calibrated with 
benzene. At higher temperatures a glycerol bath with adjustable 
thermostat was used, which could be kept constant within 0-1°. 

Measurement of density. At 25° this was done in an ordinary 
pyknometer. For substances with higher melting points, a 5 c.c. 
pipette with capillary tubes and a tap at the top was used. This 
was fixed in a test-tube containing the substance and immersed in 
the bath. When temperature equilibrium was reached, the liquid 
was sucked into the pipette up to the mark, and the tap closed. 
The pipette was then removed and weighed. Repeated measure- 
ments showed that the results were accurate to less than | part in 
1000 parts. The errors of the surface tensions are less than 1 in 200 
(Sugden, loc. cit.), so the error of the parachor should not exceed 
1 in 400: this is well within the accuracy of additivity of the 
parachor. 

The thermometers were calibrated against a standard. 

Boiling Point Measurements.—In order to discover whether the 
association of p-nitrophenol is affected by temperature, its molecular 
weight was determined ebullioscopically in p-xylene. The apparatus 
was a modification of that of Washburn and Cottrell, and is described 
by Sidgwick and Sutton (this vol., p. 1467). A known volume of 
pure p-xylene was run into the apparatus, and successive weighed 
amounts of solute were added through the side-tube. The ebullio- 
scopic constant was determined with benzil as solute with the 

following results : 





Rise G. of benzil in 
in b. p. 100 g. of xylene. EZ, 
0-133° 0-703 3-97 
0-360 1-763 4-29 
0-557 2-707 4:32 
0-819 3-980 4-32 
Mean 4-23 


Brown (J., 1905, 87, 268) gives the heat of vaporisation of p-xylene 
as 8566 cals. /g.-mol., which corresponds to H = 4:14. 
3¥ 
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The results obtained with p-nitrophenol at 138° are given below. 
They are calculated on the experimental value 4-23. 


plotted the values of A.F., the association factor. 


Rise G. solute to 
in b. p. 100 g. xylene. 100 mols. solvent, 
0-146° 0-515 
0-191 0-663 
0-247 0-858 
0-344 1-201 
0-485 1-698 
0-522 1-872 
0-785 2-906 
1-162 4-436 
1-222 4°773 
1-615 6-684 
1-947 8-372 


Mols. solute to 


0-392 
0-505 
0-654 
0-916 
1-295 
1-428 
2-216 
3-383 
3-640 
5-097 
6-384 


Mol. 


wt. 


149 
147 
147 
148 
148 
152 
157 
161 
165 


In Fig. 1 are 


A. F. 


1-072 
1-06 
1-06 
1-07 
1-07 
1-09 
1-130 
1-16 
1-19 
1-26 
1-31 








Degree of association. 
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G.-mols. of solute in 100 g.-mols. of solvent. 
—O— p-Nitrophenol in p-xylene at 138° (S. & B.). 
—x— p-Nitrophenol in naphthalene at 80° (Auwers). 
—+— Phenol in naphthalene at 80° (Auwers). 


Discussion of Results. 


The substances whose parachors are given in Table [ are of three 
kinds : (1) those for which chelation is possible, i.e., ortho-substituted 
phenols, (2) those phenols which cannot chelate, because the sub- 
stituent is not in the ortho-position, (3) compounds in which the 
phenolic hydrogen is replaced by methyl. 


In Tables IT, III, and IV 
the mean parachors, classified in this way, are tabulated and com: 
pared with those calculated on Sugden’s values for the open-chail 
structures (in Table II, ‘“‘ Anomaly I ”’ is this difference : ‘‘ Anomaly 
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Substance. 


o-Nitrophenol............ssse0e 
o-Nitroanisole  .............45. 


m-Nitrophenol ..............++ 


p-Nitrophenol ............004. 
p-Nitroanisole .........s..+06+ 


o-Hydroxybenzaldehyde .... 


o-Methoxybenzaldehyde .... 


m-Hydroxybenzaldehyde 


p-Hydroxybenzaldehyde .... 


p-Methoxybenzaldehyde .... 
SPUMMEEEEL Sovcssnetssenskocesess 


Methyl salicylate ............. 


Methyl p-hydroxybenzoate ... 
RE icienesesccnelncemnenatoni 


TABLE [. 
Temp. Density. 
oe 50° 1-2709 
= 25-0 1-2408 
57°4 1-2078 
e 108-8 1-2698 
118-5 1-2593 
et 121-0 1-279 
zx 68-4 1-2083 
94-8 1-1837 
be 25-0 1-1612 
51-8 1-1310 
ia 50-8 1-0992 
79-4 1-0727 
- 113-6 1-1299 
rr 119-6 1-1364 
136-7 1-1238 
- 25-0 1-1143 
at 50°6 1-2065 
90-4 1-1778 
.. 25:0 = -1-1782 
58-0 11-1454 
137-2 1-1208 
49-6 (1-049)f 
51-0 1-0477 
70°5 1-0297 
71-4 (1-029) 
90-8 (1-011) 
91-8 1-0106 
110-5 0-9912 
110-8  (0-9925) 
130-0 0-9741 
131-6 (0-9725) 
147-5 (0°9565) 
149-6 0-9538 


y. 
42-3 
45-9 
42-3 
44-6 
43-5 
46-1 
41-6 
39-1 
42-0 
38-2 
40-4 
39-7 
41-7 
45-1 
42-9 
43-7 
44-7 
39-8 
38-6 
34-9 
35°8 
37-8 


35-1 
33-4 
31-2 


29-1 
27°3 


[P]. 
274-7 
321-0 
323-1 
282-9 
283-6 
283-2 
321-8 
323°3 
267-6 
268-3 
312-0 
312-7 
274-5 
278°3 
278-0 
313-9 
325-9 
324-2 
321-5 
322-6 
331-8 


222°3 


to bo 
bo bo 
ot 
om 


224-0 


224-6 
224-8 


[P] (mean). 
274-7* 


322-1 


283-3 


283-2* 
322-6 
268-0 


312-4 
274°5 


278-2 
313-9 


325-1 


322-1 
331-8 


* The parachors of these compounds were determined by Bhatnagar and 
Singh (J. Chim. physique, 1928, 25, 21), who found for o-nitrophenol 273-2, 


and for p-nitrophenol 280°8. 


¢ Values in brackets were obtained by interpolation. 


Substance. 


0-Nitrophenol.............+ 
o-Hydroxybenzaldehyde 
ITE « ccssonnncccceonnee 


Acetylacetone ............ 
Propionylacetone ......... 
Benzoylacetone ............ 


TABLE IT. 
Parachor. 

Obs. Calc. (open). Anomaly I. 

274-7 283-0 —8-3 

268-0 275-1 —71 

325-1 334-1 —9-0 

322-1 330-9 —8-8 
Mean —8°3 

245-4 247-2 —1-8 

279-7 286-2 —6°5 

382-4 381-1 +1+3 


Anomaly II. 
—14-4 
—13-2 
—15-1 
—14-9 
—14-4 
— 79 


—12-6 
—48 
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TaBLeE III. 
Parachor. 
Substance. Obs. Cale. Anomaly. 
M-Nitrophenol ........06...scccceccscseee 283-3 283-0 +0°3 
p-Nitrophenol  ..........-..sssseesereeees 283-2 283-0 +0°2 
m-Hydroxybenzaldehyde ............ 274-5 275:1 +0-6 
p-Hydroxybenzaldehyde ............... 278-2 275-1 +31 
Methyl p-hydroxybenzoate ............ 331-8 330-9 +09 
gg ER ere 222-3 227-1 —4-8 
sar GREE D-  tevcarezensconcsosmnenornes 224-8 227-1 —2-3 
TaBLeE IV 
Parachor. 
Substance. Obs. Cale. Anomaly. 
ORE ETE 322-1 322-0 +0-1 
SE Sanidesadanndied$ingeenpece 322-6 322-0 +0-6 
o-Methoxybenzaldehyde ............... 312-4 314-1 —1-7 
p-Methoxybenzaldehyde ............... 313-9 314-1 —0-2 


II’ is explained below). The values given by Sugden (op. cit., 
p. 150) for the 8-diketones are added for comparison in Table II. 
It will be seen that the parachors of these ortho-phenols are all about 
8 units low. This cannot be due to association, since by every 
test they have been shown not to be associated. It is not likely to 
be due to any special structural parachor for di-ortho-derivatives of 
benzene, such as was suggested by Mumford and Phillips (J., 1929, 
2112), since the ortho-phenol ethers in Table IV give normal para- 
chors. It must therefore be due to the formation of a chelate ring; 
and as the anomaly is practically the same in all the four compounds 
examined, we may assume that the chelation is practically complete 
in all of them. If this is so, the new 6-ring so formed will cause an 
increase in the parachor of 6-1 units (Sugden, p. 38): that no 
modification is introduced by the presence of two 6-rings fused in 
the ortho-positions may be assumed, since naphthalene is found to 
give a normal parachor (Bhatnagar and Singh, loc. cit.: obs. 312°, 
calc. 313-0). The observed defect should therefore be increased by 
6-1 to allow for the new ring: values calculated on this basis are 
given under “ Anomaly II” in Table II. It will be seen that of the 
three $-diketones examined by Sugden, one gives results agreeing 
with ours (if allowance is made for the presence of some 20% of the 
ketone form), while the other two, for some unexplained reason, give 
smaller values. 

It therefore appears that the co-ordination of a hydrogen atom to 
form the group —O-H- involves a decrease of 14-4 units in the 


parachor. If we may assume that 1-6 of this are due to the trans f 


ferred electron, as Sugden finds in such links as N>O and S>0, 
the rise in the covalency of the hydrogen from 1 to 2 results in 4 
contraction of 12-8 units. Now Sugden has already shown that 
when an atom increases its valency in a covalent compound by 
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two beyond the normal (e.g., if we compare quinquevalent with 
tervalent phosphorus or antimony in their chlorides) a contraction 
of about 25 units (P 26-1, Sb 24-2, mean 25-2) takes place. For an 
increase of one in the covalency of hydrogen we might thus expect 
half of this, or 12-6, and so our result of 12-8 is in agreement with his. 
The explanation which he gives of this contraction—that it is due to 
the formation of singlet links—is open to various objections. It 
implies that a link of one electron can be as stable as a link of two, 
and in fact is indistinguishable from it in properties. The supposed 
deduction of singlet links for co-ordinated hydrogen from Pauli’s 
principle is unsound; this principle states that an atom cannot 
have more than two electrons in the first quantum group, but it does 
not deny that it may also have two in the second group (see Sidgwick 
and Callow, loc. cit.). Moreover, the application of Sugden’s 
theory to co-ordinated hydrogen in the light of our results leads to 
the conclusion that the atom has one singlet link, i.e., a valency 
group of three shared electrons, which is against all analogy. It is 
more probable that in these atoms, such as phosphorus in the penta- 
chloride, or co-ordinated hydrogen in o-nitrophenol, the links are as 
usual formed of two electrons each, and the observed decrease in the 
parachor is due to the change in the valency group, in the phosphorus 
from an octet of two unshared and six shared electrons to a group of 
ten shared electrons, and in the hydrogen from two shared to four 
shared. ‘The effect on the parachor is twice as great in the first case 
as in the second. It is true that while the increase in covalency is 
also twice as great, the increase in the size of the valency group is 
the same (viz., 2) in both; but at present we do not know why 
particular changes of parachor are associated with certain changes in 
the valency group, and-we can only record the facts. 

If this decrease of 12-8 + 1-6 = 14-4 represents the effect of the 
conversion of >O + H- into >O—>H-, it should occur also in 
associated hydroxylic compounds in general. The recorded values 
(Sugden, op. cit., p. 167; Jones, J., 1928, 1196) on the whole support 
this conclusion. The defect (calculated on the simple molecule) 
should be 1/2 x 14-4 = 7-2 for a double, and 2/3 x 14:4 = 9-6 for 
a triple polymeride. Further, since the association normally 
diminishes with a rise of temperature, the defect should do the same. 
The results for water (Sugden, op. cit., p. 169) are anomalous on any 
theory yet advanced : the defect is very small, and increases with 
rise of temperature (— 1-1 at 0°, — 2-1 at 100°); but methyl alcohol 
shows the expected anomaly (— 6-5 at — 65°, — 5-3 at 0°, — 1-3 at 
190°) and ethyl alcohol almost the same (— 8-0 at — 57°, — 5-8 at 
0°, — 1-2 at 200°). The carboxylic acids, which readily form double 
molecules, but appear not to polymerise any further, give at the 
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ordinary temperature the following anomalies (assuming for the 0, 
group the value of 60 found by Sugden in the esters) : acetic —6-7, 
propionic — 6-5, n-butyric — 7-4, n-valeric — 6-3. Nitric acid 
(— 6-8 at 11-6°, — 5:5 at 78°) and sulphuric acid (—14-4 at 10°, 
—6-9 at 133°) also agree. The anomalies are on the whole rather 
smaller than we should anticipate, but they are in the right direction, 
and have the expected change with temperature. 

When, however, we come to the m- and p-substituted phenols 
(Table III), the results are most surprising. The whole behaviour 
of these compounds points to their being associated. Auwers and 
his pupils (Z. physikal. Chem., 1895, 18, 595; 1897, 21, 337; 1899, 
30, 300) have shown that in solution the m- and p-nitro- and 
-aldehydo-phenols are more associated than phenol itself; and this 
is natural, since the same donor power of the oxygen which makes it 
co-ordinate in the ortho-position with the hydroxyl of the same 
molecule would lead to its co-ordination in the meta- and para- 
positions with that of another molecule, i.e., to association. These 
compounds should therefore show a negative anomaly like that of 
the alcohols and acids. But in fact, as can be seen from Table III, 
they show no negative anomaly at all: the observed values are 
slightly above the calculated, but within the limits of experimental 
error. That this is not due to some unexplained term in compounds 
of this type is shown by the methyl ethers of these phenols (Table 
IV), which also give normal values, and by the behaviour of phenol 
itself, which gives the expected defect. 

It seemed possible that the association of these phenols might 
diminish rapidly with temperature, and might practically have dis- 
appeared at the temperatures (110—140°) at which the parachors 
were measured. To test this point, the molecular weight of p-nitro- 
phenol was measured ebullioscopically in p-xylene solution (at 138°). 
The results are plotted in Fig. 1, along with those obtained cryo- 
scopically in naphthalene at 80° by Auwers (Z. physikal. Chem., 
1895, 18, 595) for p-nitrophenol and for phenol itself. It will be 
seen that p-nitrophenol is almost as much associated at 138° as at 
80°, and much more so than phenol at 80°; yet phenol at 80° gives 
a parachor anomaly of — 4-1, and p-nitrophenol none at all (+ 0-2). 
This explanation therefore will not serve; and at present we can 
give no reason for the absence in these compounds of the parachor 
defect which usually accompanies association. 





We wish to express our thanks to Imperial Chemical Industries, 
Ltd., for a grant towards the cost of this research. 


Dyson Prerrins LABORATORY, 
Ox¥ForRD. [Received, July 30th, 1930.] 
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NOTES. 


Methylfurfuraldehyde Oxide as a By-product in the Preparation of 
Hydroxymethylfurfuraldehyde. By J. P. C. CHANDRASENA. 


Ix the course of a preparation of hydroxymethylfurfuraldehyde 
by Troje’s method (Z. Ver. Deut. Zuckerind., 1925, 635) an interesting 
by-product has been isolated. The method consists in heating 
sucrose and oxalic acid in aqueous solution in an autoclave under 
a pressure of 3 atm., extracting the product with ethyl acetate, 
removing the solvent, and distilling the residual liquid in a very 
high vacuum. After the hydroxymethylfurfuraldehyde had passed 
over there remained a considerable quantity of a dark brown 
sludge, which, after standing for a few days on porous earthenware, 
gave a light brown solid. This was recrystallised from hot water 
(charcoal) and gave bright yellow needle-shaped crystals, m. p. 
120° (Found: C, 61-6; H, 4-4. Cale. for C,,H,,0;: C, 61-5; H, 
43%). 

Kiermayer (Chem. Zig., 1895, 19, 1003) prepared a substance of 
this formula, viz., methylfurfuraldehyde oxide, by dehydrating 
$-hydroxy-8-methylfurfuraldehyde over concentrated sulphuric 
acid, and the author’s product resembles this substance in reducing 
Fehling’s solution and giving the silver mirror test. Kiermayer, 
however, crystallised his material from alcohol. 

Cold alkaline permanganate and 2N-nitric acid at 80° oxidised 
the substance to oxalic acid, but hot alkaline permanganate gave 
a product which did not melt at 250° and was not obtained in 
sufficient quantity to be identified. The compound is obviously 
derived from the fructose residue of the sucrose molecule.—CEYLON 
University CoLLEGE, CoLomBo. [Received, June 30th, 1930.] 





The Action of Freshly Precipitated Mercuric Oxide on a Suspension of 
3: 5-Dinitrotoluene in Aqueous Sodium Hydroxide. A Novel 
Preparation of 3: 5-Dinitro-p-cresol. By Herrpert HENRY 
Hopeson and ERNEST WALTER SMITH. 


Tuis reaction affords 3 : 5-dinitro-p-cresol in approximately 50%, 
yield, the other products being amorphous substances mixed with 
metallic mercury. Mercuric oxide has no action upon 3 : 5-dinitro- 
toluene in the absence of sodium hydroxide, and the latter reagent 
alone gives no simple hydroxylated product ; moreover, no reaction 
takes place even after 10 hours’ boiling when sodium carbonate is 
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substituted for the hydroxide. Neither m-nitrotoluene nor nitro. 
benzene reacts under the conditions employed, whilst m-dinitro- and 
s-trinitro-benzene give amorphous complex products accompanied 
by copious evolution of ammonia. It is suggested that the very 
positive 4-carbon atom first forms an unstable complex with 4 
hypothetical mercurate ion (compare Fuseya, J. Amer. Chem, 
Soc., 1920, 42, 368), and subsequent hydrolysis gives the above 
result. 


A mixture of mercuric chloride (13 g., dissolved in a little water), f 


20% sodium hydroxide (120 c.c.), and 3: 5-dinitrotoluene (3 g,) 
was diluted to 500 c.c. with water and boiled under reflux for 10 
hours, some ammonia being evolved. The filtrate, from the black 
residue of amorphous substances and metallic mercury, was acidified, 
and the precipitate purified by distillation in superheated steam; 
3 : 5-dinitro-p-cresol crystallised (1-5 g.) from hot water in pale 
yellow needles, m. p. 79—80° (Found: N, 13-8. Calc., N, 14-1%), 
and was proved to be dissimilar from 3 : 5-dinitro-o-cresol, m. p. 
86°. 

To ensure that no 3 : 5-dinitro-p-cresol was present in the initial 
3 : 5-dinitrotoluene, which had been prepared from 3 : 5-dinitro. 
p-toluidine by the usual diazotisation—-elimination procedure, the 
dinitrotoluene was steam distilled several times from sodium carbon- 
ate solution (boiling caustic soda solution slowly converts it intos 
dark brown insoluble amorphous product). When the reaction is 
carried out on the water-bath instead of at the boil, it proceeds 
much more slowly and the 3 : 5-dinitro-p-cresol can be removed as 
formed by filtration and acidification of the filtrate as above, the 
residue containing the unchanged 3: 5-dinitrotoluene being sub- 
sequently boiled with fresh aqueous sodium hydroxide to give 
further amounts of the cresol. 


The authors desire to thank the Department of Scientific and 
Industrial Research for a grant to one of them (E. W. S.), and 
Messrs. J. W. Leitch and Co. for gifts of chemicals used in this 
investigation —TrcHNiIcaL CoLLEGE, HUDDERSFIELD. [Received, 
May 26th, 1930.] 
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THE CATALYTIC ACTION OF HYDROGEN, ETC. 2037 


CCLXIII.—The Catalytic Action of Hydrogen on the 
Carbon Monoxide Flame. 


By W. E. Garner and D. A. Hatt. 


Tue radiation from the “dry ” carbon monoxide flame decreases 
on the addition of hydrogen or water (Garner and Johnson, J., 1928, 
281), and the curves obtained by plotting the radiation emitted 
against the percentage of hydrogen added show a step at 0-03% 
of hydrogen (Garner and Roffey, J., 1929, 1123). Above and below 
this step, the radiation falls continuously as hydrogen is added. 
There are thus two distinct effects of hydrogen: (1) a continuous 
fall in emission, and (2) an abrupt change at a critical percentage 
of hydrogen. It was suggested in the previous communication 
that the continuous fall in radiation was due to quenching of the 
chemiluminescence of the flame in a manner analogous to the 
extinction of fluorescence by impurities, and the particular 
mechanism suggested for the process was CO,* + H,O —~ CO, + 
H,0*. The discontinuity was considered to be due to an abrupt 
change in the mechanism of flame propagation, and the equations 
suggested for the reactions occurring above and below the step 
were: For the “dry” reaction, 2CO + O,—— 2CO,; for the 
hydrogen reaction, CO + H, + O, —~ CO, + H,0. 

In the present investigation, these ideas have been put to experi- 
mental test by examining the effect of changes of pressure on the 
phenomena observed, and by comparing the results so obtained with 
predictions based on the above hypothesis. The pressure—radiation 
curves obtained for hydrogen-containing mixtures supply inform- 
ation with regard to both the continuous and the discontinuous 
effects. These are discussed later (p. 2045), where it is shown that 
the new experimental results are in agreement with the mechanisms 
suggested above. 

EXPERIMENTAL, 


The apparatus employed did not differ appreciably from that of 
Garner and Roffey (loc. cit.). The following improvements were, 
however, made: (1) The connexions from the hydrogen reservoir 
to the bomb were glass and metal throughout, (2) platinum wire 
was used for firing the gases, (3) phosphoric oxide distilled in oxygen 
was used for drying them, (4) the time of evacuation of the bomb 
and the drying of the gas was increased to 2 hours, the pressure 
being 10-4 cm., and (5) the bomb was permanently fixed in relation 
to the thermopile and to the gas container. The gas was introduced 
into the dried bomb and fired within 5 minutes. These modific- 
3Z 
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ations led to greater reproducibility in the results, and to the 
attainment of a higher degree of drying than was possible before. 
Quartz windows were employed throughout instead of the fluorite 
windows used by the above authors, in order to minimise the 
percentage loss of radiation which occurs through absorption by the 
gases ahead of the flame. The average extinction coefficient of the 
gases in front of the flame and also of the products of the flame is 
smaller for the radiation which passes through a quartz window 


Fie. 1. 


Radiation (area). 





a7 06 Os 04 
1/log speed. 


than for that passing through a fluorite window. Thus, corrections 
for absorption and the errors in their application will be smaller 
for quartz than for fluorite windows. 

Radiation through Quartz Window for Gases initially at Atmospheric 
Pressure.—In this series of experiments, the bomb was that used 
by Roffey, and as in his experiments, the speed of flame movement 
and the radiation emitted were measured simultaneously. The 
radiation was measured by means of a Kipp and Zénen thermopile. 
This was connected to a Downing galvanometer, the deflexion of 
which was recorded on photographic paper. The area under the 
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curve so obtained is proportional to the radiation falling on the 
thermopile. In Fig. 1, the inverse of the logarithm of the speed * 
is plotted against radiation. The step on the curve occurs at 
0'03% of hydrogen, as in the earlier experiments with the same 
bomb (loc. cit.). There is, however, one marked difference between 
the results with the quartz and with the fluorite window at low 

of flame. With the latter, the linear portion of the curve 
immediately above the step extends to the lowest speeds measured ; 
for the former, on the other hand, the radiation approaches a 
constant value when the speed approaches 50 cm./sec. Thus, a 
limiting value for the emission of the 2-8 » band is reached before 
the limit for the speed of flame is attained. The cause of this 
difference between the results obtained with ‘fluorite and with 
quartz windows is obscure at present, and further work will be needed 
before any explanation can be given. The lowest speed measured 
was 31 cm./sec., which is of the same order as those found by Bone 
for “ dry ” gas mixtures, but comparison of speeds in metal bombs 
and in quartz tubes is perhaps not justifiable. 

The results for the continuous fall in radiation above the step 
(Fig. 1) are of interest in that they permit a test of the theory put 
forward previously. If the cause of the decrease in radiation is 
deactivation of activated molecules of carbon dioxide according to 
the scheme . 





CO,*——-CO,+fv . .... (i) 
CO,* + H,O —~- CO, + H,O + kinetic energy . (2) 
then dx,/dt = k,[CO,*] and dz,/dt = k,[CO,*][H,O]. Since [CO,*] 
is the same for both reactions at every stage in the process of com- 
bustion, the radiation emitted is given by the equation 
R= Rok, /(k, + &[H,0]) 
where R, is the radiation of the dry hydrogen-free gas mixture. 


Therefore 
ky/k, = R[H,O)/(Rp—-R) . « « + (3) 


If this mechanism be correct, then R[H,O]/(R, — R) should be 
constant. Unfortunately, a very accurate test is precluded by the 


magnitude of the experimental error, but Table I shows that the 
TABLE I, 
H,, %. R (mean). 10°ky/k,. Mean speed (cm./sec.). 
0 22-7 32—50 
0-005 21-5 4-0 109 
0-010 20-2 3-62} Mean 3°57 157-4 
0-019 17-8 3-08 215 





* The speeds were measured as in the previous paper, but the pointed 
electrodes used in the earlier work were replaced by platinum T-pieces. 
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theory holds within these limits. The mean value of k,/k,, viz., 
3-57 x 10>, is very approximate. It is employed later in the 
analysis of the results obtained at lower gas pressures, and is found 
to be in agreement with the radiation—pressure curves obtained. 

The figures in Table I are of value in indicating the lower limit 
of concentrations of hydrogen required to produce an appreciable 
effect on the radiation emitted. It will be seen that 0-005% has 
a definite effect, and it is of interest to determine whether such an 
effect is, on the above hypothesis, kinetically possible. 

The ratio k,/k, can be calculated if certain assumptions are made 
with regard to reactions (1) and (2). If, in the case of reaction (2), 
it be postulated that every collision between a water molecule and 
a molecule of carbon dioxide is effective for deactivation, then from 
the kinetic theory, it can be shown that the initial rate of reaction 
(2), when the carbon dioxide is at atmospheric pressure and contains 
0-005°% of water vapour, is 1-46 x 10° g.-mols./litre/sec. From 
this rate, the value of k, is 1-47 x 1012, whence k, = 5-24 x 10’. 
The latter constant gives 1-3 x 10-§ sec. as the average life of a 
molecule of activated carbon dioxide, which is somewhat smaller 
than the normal value for the excited states of atoms (10). I, 
however, only one in ten collisions is effective in deactivating 
molecules of carbon dioxide, then the calculated life of the excited 
state would agree with the normal value. Thus, the number of 
collisions between activated carbon dioxide and water or hydrogen 
is sufficiently large to make the above hypothesis feasible. 

Effect of Pressure of Gas Mixture on the “ Step.’’—In this series of 
experiments, a smaller bomb, 2-5 cm. in diameter and 32 cm. long, 
was used (compare Garner and Tawada, Trans. Faraday Soc., 1929, 
37). This made it possible to carry out a larger number of experi- 
ments with the limited quantity of gas contained in the gas-holders, 
and a change of bomb was desirable in order to determine if the 
step was due to purely adventitious circumstances connected with 
the dimensions of the bomb. The smaller bomb also permitted of 
placing the thermopile in such a position that it did not “ see”’ any 
portion of the walls of the bomb. We have never found any effect 
due to the position of the thermopile, but the above precaution was 
taken wherever possible. With this bomb, it was, however, im- 
possible to measure speeds. 

Extinction Coefficient of Gases in Front of the Flame.—Previously, 
when corrections were made for absorption of the radiation from the 
flame by carbon monoxide, use had been made of the figures 
of Coblentz (‘‘ Investigations of Infra-Red Spectra,” Carnegie 
Institution of Washington, 1904, 50, 175) and those of Garner and 
Johnson (Phil. Mag., 1928, 5, 301). The method adopted was 
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possibly not very accurate, so it was decided to measure the average 
extinction coefficients directly. A cell 10-765 cm. long, with 
fluorite windows, was placed in front of the bomb and between it 
and the thermopile. The cell was filled with carbon monoxide at a 
pressure such that the quantity of the gas traversed by the radiation 
was equivalent to one-half of the gas in the bomb itself when this 
gas was at atmospheric pressure. The extinction coefficient was 


Fie. 2. 
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PRESSURE ¢mp 
I. Dry gas. III. Dry gas + 0-2% Hy. III. Dry gas + 2-:0% Hg. 


calculated from the readings of the radiation (1) from gas at 1 atm. 
pressure with the cell evacuated, (2) from gas at 4 atm. pressure 
with the cell evacuated, and (3) from gas at } atm. pressure with the 
cell filled with carbon monoxide to a pressure of 750 mm. The sum 
of the radiations from (2) and (3) was found to be exactly equal to 
that from (1). The extinction coefficients were as follows, the 
thickness of the window being 1 cm. in each case : 

Radiation through quartz (x 105): 8-6; 8-8; 8-5. 

Radiation through fluorite (x 104): 2-4; 2-8. 

Pressure of Unburnt Gas.—After every experiment, the pressure 
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of the gas mixture was measured. It was found that the percentage 
of gas burnt varied somewhat with the state of dryness of the gas, 
Curves in Fig. 2 show the manner in which the percentage of gas 
burnt varies with pressure for a mixture free from hydrogen, and 
for those containing 0-2 and 2% of this gas. These percentages 
were used together with the extinction coefficients in correcting 
the radiation in the curves of Fig. 3. 

Experimental Results —These are summarised in Fig. 3, which 
gives the radiation plotted against pressure for the “dry ”’ mixture 
and for mixtures containing 0-019, 0-0315, 0-0537, 0-101, 0-200, 
0-517, and 2-02% of hydrogen. The ‘“‘step” occurs at 0-03% for 
1 atm. pressure, in agreement with the results in the long bomb 


Fie. 3. 





Pressure (cm.). 


S 





o 


I. Dry hydrogen-free gas. V. Gas +0-101% H,. 


II. Gas + 0-019% Hy. VI. ,, +0-200% H,. 
Ill. , +0-0315% H,. VII. ,, +0-517% H,. 
IV. ,, + 0-0537% H,. VIII. ,, +2-02% H,. 


(Fig. 1). This critical percentage has thus been observed for three 
different sets of experimental conditions.* 

The step occurs at a greater hydrogen pressure the lower the 
pressure of the mixture of carbon monoxide and oxygen (Table 
II). The relationship between py, and pz,, at the step is such that 
their product is practically constant. The drift in this value is 


TABLE II. 
at OE EEE: ccstiineenenies 236 346 504 72 124 240 
Ste Ae :cmemmcementteichioens 75 64-5 60 36 24 12 
Peas X Pu, X 107 — crccceceeeee 1:77 2-25 2-52 2-59 2-99 2-88 


outside the limits of experimental error, but several factors which 
may influence such a relationship are difficult to evaluate. Better 
constants are obtained if the equation p,,, = @/Py, + 6 is employed, 
but the consideration of such refinements is not warranted at this 
stage. 


* Smithells, Whitaker, and Holmes (this vol., p. 185) also note that this 
is a critical percentage for the catalysis of the carbon monoxide flame by 


hydrogen. 
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The interpretation of the step as the point at which one chemical 
mechanism replaces another is supported by the fact that it is 
possible to suggest mechanisms for the two reactions which are in 
accord with the above relationship. Provided that the dry reaction 
is a chain mechanism whose velocity is given by 


dar, [dt = ky{O,*) 
and that the mechanism of the wet reaction is given by 
dx,/dt = k[H,}[0,*][CO], 


Fie. 4. 


Calculated effect of hydrogen on the radiation from the “‘dry”’ carbon 
monoxide flame. 








. Hs 4 A AW 
=e LYK! 

































































@ ar 5 ZZ 
. YL 
| 
Fw LL 
|_| A 
aw A 
é 
20 G 
io 
0 i 
re) + 49 la % 20 2+ 2 3 % fo 
‘ Raniation (Anes) 
I. Dry gas. II. Gas + 0-02% H,. III. Gas + 0-032% Hy. 


IV. Gas + 0-054% Hy. 


then the speeds of reaction, which are equal at the step, give us 
dx,/dt = dx,/dt, or k, = k.[H,][CO}, 
which is the relationship found. If the step is due to the onset of 
the reaction 
H, + 0,.* + CO—CO,+H,O .. . (4) 

which replaces the “dry ” reaction, then since water is produced 
simultaneously with carbon dioxide, it is possible that the carbon 
dioxide formed, owing to the proximity of water at the moment of 
formation, will give less chemiluminescence than the same molecules 
when produced by the “dry ” reaction. Thus, the fall in radiation 
at the step may be accounted for. 

The fall in radiation at the step, Rs, is proportional to the radiation 
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above the step, R (see Table III), except in the case of curve VII 
(see Fig. 3) for which there are insufficient experiments. This 
proportionality is not incompatible with the above interpretation. 


Taste III. 
Hy, % veees 00 0-019 0-0315 0-0537 0-101 0-200 0-517 2-02 
Ra/B ...00 —- —_— 0-33 0-38 0-36 0-39 0-52(?) 0-40 
Intercept, 
p,cm.... 115 12-0 11-0 10-5 80 5-0 — 1-2 


These theoretical conclusions can be readily submitted to further 
test. For example, since the concentration of oxygen enters into 
the velocity equations of both the dry and the hydrogen reaction, 
then the position of the step should not be affected by the addition 
of excess oxygen. Excess carbon monoxide should change the 
position of the step to lower pressures. Such tests of the theory 
are now being made by Mr. F. E. Harvey. 

The Slope of the Pressure—Radiation Curves.—If the energo- 
thermic theory is correct, then the relationship (3), which was 
found to hold for the radiation from flames initially at atmospheric 
pressure, should apply also to the results embodied in Fig. 3. Such 
a relationship will not hold exactly unless the whole of the radiation 
is chemiluminescence. Neither will it hold if there is appreciable 
deactivation of activated molecules by the walls of the bomb. 
An examination of the slopes of the curves in Fig. 3 and a com- 
parison between them and the corresponding curve for the hydrogen 
flames (Garner and Tawada, loc. cit.) will throw light on this matter. 

The pressure-radiation curves for hydrogen-oxygen flames are 
concave to the radiation axis, and the curves pass through the 
origin. This type of curve would be given by a hypothetical flame, 
the radiation from which was due solely to its being a hot body. 
It is called for brevity the “ thermal ” type of curve, and is concave 
towards the radiation axis because the cooling of gases is more 
rapid at low than at high pressures. This is a consequence of the 
fact that the mean free path of the gases increases with decrease 
in pressure. If hydrogen—oxygen flames give “thermal ” curves, 
then it is because the radiation from them is in the main thermal 
in origin. This view is supported by the effects obtained on addition 
of inert gases to the hydrogen flame (loc. cit.). 

The hydrogen-free carbon monoxide curve is, however, linear, 
and does not pass through the origin but intercepts the pressure 
axis at p= 12cm. Thus it does not show the characteristics of the 
“thermal” curve. If, however, the radiation were entirely due 
to the chemiluminescence from molecules whose average life was 
10-7 sec., and these molecules were not deactivated by collision, 
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VII then the emission should be simply proportional to the pressure. 
This Thus, a linear pressure—radiation curve would be obtained which 
ion. would pass through the origin. It is the intercept of the carbon 


monoxide curve which requires a special interpretation. This 
intercept diminishes as hydrogen is added to the gas, and practically 
02 disappears when the hydrogen percentage is 2% (Table III). Thus 


“40 it isa characteristic property of carbon monoxide flames containing 
2 small quantities of hydrogen. 

An explanation of the intercept can be given if the activated 
ther molecules possess a life of the order of 1 to 10-* sec. Under these 
into conditions, there will be appreciable loss of energy on account of the 
tion, fact that within this time the Brownian movement of activated 
ition molecules to the walls will be appreciable. This movement will be 

the assisted by turbulence in the flame. On this assumption, at 12 cm. 
eory pressure, practically the whole of the activated molecules would be 
deactivated by the walls. The assumption of a long life for the 
TgO- activated state is not in opposition to any results so far obtained, 
was and it is supported by the fact that the addition of inert gases which 
heric reduce the Brownian movement decreases the magnitude of the 
Such intercept.* 
ition In view of the fact that there is probably appreciable deactivation 


iable by the walls of the bomb, equation (3) would not be expected to 
omb. hold quantitatively. Qualitatively, however, it would be predicted 
com- that on addition of hydrogen the radiation—pressure curve should 
ogen | become concave to the pressure axis, 7.¢., it should have the opposite 
tter. curvature to that observed for the hydrogen flame. This will 
; are | occur because the deactivation process must be bimolecular, and 
. the |’ hence will be especially favoured at high pressures. This curvature 
ame, is actually found, and on calculating the values of R for hydrogen 
ody. | mixtures from values for the hydrogen-free mixture, using equation 
cave (3), the curvatures predicted are, within experimental error, the 
more | same as those actually obtained (see Fig. 4). The only discrepancy 
f the | which occurs is the shift of the curves bodily towards greater values 
rease | Of R as the percentage of hydrogen increases, and this is probably 
ves, | due to the same discrepancy as that referred to in the preceding 
srmal | paragraph. (It is interesting to note that, as a consequence of this 
lition | shift, the radiation from the 20-cm. flames increases as hydrogen 
is added, and then decreases.) 

near, The general conclusion reached from a consideration of the 
esure * Note added in proof.—No account has been taken of the transference of 
of the energy from one carbon dioxide molecule to another by resonance at distances 
r due many times the molecular diameter. If this be considered, much shorter times 


» was | than 10-* second will be needed to account for the intercept (compare Beutler 


ision, and a Z. physikal. Chem., 1930, B, 8, 231, 403). 
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change in radiation with pressure is that the radiation of the 
hydrogen-free carbon monoxide flame is in the main chemilumin. 
escence. This explanation is necessary in view of the curvature of 
the radiation—pressure curves of the hydrogen-containing mixtures, 

Other Features of Curves——As the pressure of the hydrogen 
increases, there appears a further irregularity on the curves. This 
is separated from the “step” by a region in which reproducible 
results are obtained. Curve V was determined in more detail 
than the others in order to determine the boundary of the irregularity. 
It is obviously of a different character from the “ step,” but, like 
it, the irregularity moves to lower pressures with increasing hydrogen 
concentration. Whether this is due to a second change in mechan- 
ism or not is uncertain. It could probably be investigated better 
at pressures higher than those used in this work, for the region 
increases in extent as the pressure is raised. This irregularity was 
missed in the earlier work with the long bomb, so its magnitude 
probably depends on the size of the explosion vessel. 

Above the irregularity, i.¢., at higher pressures, the values of 
R become reproducible again, but little attention has been paid to 
the curves obtained. 


Summary. 


The “step” which was found to occur on the radiation—1/log 
speed and radiation—hydrogen curves of the carbon monoxide 
flame has been confirmed. This step, which lies at 0-03% of 
hydrogen for the gases initially at 1 atm. pressure, occurs at a 
greater hydrogen pressure the lower the pressure of the mixture of 
carbon monoxide and oxygen: y,Pgas is found to be constant at 
the “ step.” 

The decrease in the emission of radiation which occurs for percent- 
ages of hydrogen less than 0-03% is given by the equation 
R = Rok, /(k, + &[H,0]), where R, is the radiation for the 
hydrogen-free mixture. 

The radiation—pressure curve for the hydrogen-free carbon 
monoxide flame is linear, giving an intercept on the axis at 12 cm. 
This is different in type from that of the hydrogen flame, which is 
concave to the radiation axis. Flames of carbon monoxide con- 
taining hydrogen give radiation—pressure curves concave to the 
pressure axis. These results are in agreement with the view that 
the radiation from the carbon monoxide flame is mainly chemi- 
luminescence. 

An irregularity occurs on the radiation—pressure curves above the 
step, and like it, this irregularity moves to lower pressures with 
increasing hydrogen concentration. 
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The extinction coefficients of the gases ahead of the flame have 
been determined for the radiation that passes through quartz 
and through fluorite. 


We wish to express our indebtedness to the Imperial Chemical 
Industries for a grant for the purchase of apparatus, and one of us 
(D. A. H.) his appreciation of the maintenance grant awarded 
him by the Department of Scientific and Industrial Research. 
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CCLXIV.—Aromatic Arsenic Compounds containing 
Sulphur Groups attached to the Nucleus. Part I. 
Sulphonic Acids and their Derivatives. 


By Harry James BARBER. 


THE possibility that the trypanocidal activity of arsenic compounds 
is in some way connected with the thiol group present in animal 
tissue makes the preparation of such compounds containing sulphur 
groups, and thiol groups in particular, of considerable interest. 
The object of this work is the systematic investigation of the 
applicability to arsenic compounds of the methods available for 
the introduction and transformation of sulphur groups, and, since 
the sulphonic acids are the most generally useful starting points, 
they form the subject of Part I of this series. 

Leuckardt’s xanthate method (J. pr. Chem., 1890, 41, 179) was 
used by Hewitt, King, and Murch (J., 1926, 1369) to obtain 
p-sulphophenylarsinic acid, and 3-amino-4-hydroxy-5-sulphopheny]- 
arsinic acid (I) was isolated by King (J., 1921, 149, 1108, 1416) asa 
by-product in the reduction of 3-nitro-4-hydroxyphenylarsinic acid 
by sodium hyposulphite, being formed probably by rearrangement 
of an intermediate sulphamic acid (Christiansen, J. Amer. Chem. Soc., 
1922, 44, 2334). Krishna and Krishna (J. Indian Chem. Soc., 
1929, 6, 666) claim to have obtained 3-sulphophenylarsinic acid by 
applying Béchamp’s direct arsenation method to benzenesulphonic 
acid. As this method is usually only applicable to amines and 
phenols which readily undergo direct substitution, and as 3-sulpho- 
phenylarsinic acid has now been prepared by the xanthate method 
and found to present no difficulties in isolation as suggested by 
Krishna and Krishna, it seems unlikely to have been formed by 
Béchamp’s method. Moreover, in this present work the arsenation 
of phenol-p-sulphonic acid, a substance much more likely to react 
in this way, was attempted without success. 
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From experiments with a number of different types of arylarsinic 
acids, it seems probable that direct sulphonation only occurs with 
the simple hydroxyphenylarsinic acids. Thus, 4-hydroxy- and 
2 : 4-dihydroxy-phenylarsinic acids give monosulphonic acids which, 
in the absence of a satisfactory means of orientation, are represented 

s (II) and (III) by analogy with the corresponding nitration 
products. 

4-Amino-, 4-acetamido-, 3-hydroxy-4-acetamido-, and 4-chloro- 
phenylarsinic acids all failed to give sulphonation products even 
under most drastic conditions. The use of chlorosulphonic acid 
(J., 1922, 121, 2555) has no advantages over sulphuric acid since, 


AsO,H,  AsO,H, AsO,H, oN 
O OH 
SO,H. NH, S0,H SO,H\ 
OH S0,-CH, 
(I.) hv ) aa; ) (IV.) 


in the case of the hydroxyphenylarsinic acids, the sulphony] 
chlorides, if formed, are soluble in water and rapidly hydrolysed, so 
the products isolated are the sulphonic acids. 

The Bart reaction appears not to be applicable to aminopheny]- 
sulphonic acids, although in the only case examined, viz., p-amino- 
phenylmethylsulphone (IV), the corresponding sulphone reacts 
normally. The failure may be due to the strongly negative group 
present: 2: 4-dinitroaniline will not give the arsinic acid if the 
Bart reaction is carried out in the usual manner. 

The action of sodium sulphite on the various halogenophenyl- 
arsinic acids in which the halogen has been found to be reactive 
(Barber, J., 1929, 2334) has been investigated. Of these, 2-iodo- and 
2-iodo-5-aminophenylarsinic acid gave the corresponding sulphonic 
acids, (V)and (VI). The reaction between sulphite and the halogeno- 
nitrophenylarsinic acids does not proceed normally and satisfactory 
products have not been obtained. 2-Bromo- and 4-iodo-phenyl- 
arsinic acids both failed to react under the present conditions. 

2-Sulphophenylarsinic acid is remarkably stable towards 
hydrolysis, being unchanged by boiling with 25% sulphuric acid or 
sodium hydroxide solution. Treatment of the sodium salt with a 


AsO 3H, 
AsO,H, SO,H As:0 O,H, 
SO,H NH, SO,Cl 0,(1 
(V.) (VL.) (VII.) (VIII.) 


mixture of phosphorus trichloride and pentachloride and subsequent 
partial hydrolysis gives 2-chlorosulphonylphenylarsenious oxide 
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(VII), which is converted into the arsinic acid (VIII) by oxidation 
with cold hydrogen peroxide. With ammonia and amines, the 
sulphonyl chloride (VII) forms sulphonamides (IX; R =H, Ph) 
which are remarkable in being soluble in organic non-hydroxylic 
solvents ; it seemed probable that they had the cyclic structure (X) 
analogous to the saccharin ring system and to the imide derived 
from benzene-o-disulphonic acid (Hurtley and Smiles, J., 1926, 
1822). With hydrogen iodide or thiolacetamide, this cyclic system 
should, unless ring fission occurs, give rise to the monosubstituted 
derivatives (XI; X = I or S-CH,°CO-NH,), but actually the normal 
di-iodoarsine or the phenylthioarsinite (XII) is formed. Moreover, 


Gib 
y NR —> 
Soum > Besa CX OC 
V/ 
(IX.) (XII.) (X. = (XI. “a 


these sulphonamides are readily oxidised by iodine or hydrogen 
peroxide to the arsinic acids (XITT). 


AsO,H, s:O OH, | 
SO,-NHR SO,H Lh | 
(XIII.) (XIV.) ” 2 Ew r 


Reduction of the sulphonyl chloride (VII) with sodium sulphite 
produces 2-sulphinophenylarsenious oxide (XIV). This behaves 
abnormally in giving no colour reaction with anisole and concen- 
trated sulphuric acid, in giving no iron salt with acid ferric chloride 
(J., 1909, 95, 342), and in not reacting with nitrous acid to give a 
disulphohydroxylamine (Koenigs, Ber., 1878, 44, 615). Further, it 
is unusually stable in acid solution, being transformed very slowly 
into a mixture of disulphide and disulphoxide which on mild 
oxidation gives the arsinic acid (XV). It forms a normal silver 
salt which, with methyl iodide, gives the sulphone, and this is 
oxidised by iodine to 2-methylsulphonylphenylarsinic acid. The 
sulphinic acid appears to react with quinones and this reaction and 
others are being investigated with a view to obtain the arsenic 
analogues of the thioxanthone and thionaphthen derivatives 
obtainable from 2-sulphinobenzoic acid (Price and Smiles, J., 1928, 
2860, 3155). 





EXPERIMENTAL. 


3-Sulphophenylarsinic Acid.—3-Aminophenylarsinic acid was 
diazotised and treated with a solution of potassium ethyl xanthate 
exactly as described for the 4-isomeride (King, loc. cit.). The yield 
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was poor and no disulphide was encountered as an intermediate 
stage in the oxidation. The product was isolated as a somewhat 
soluble barium salt, from which the free acid was obtained in the 
usual way as large colourless prisms extremely soluble in water but 
sparingly soluble in glacial acetic and concentrated mineral acids 
(Found: As, 26-4; S, 11-7. C,H,O,SAs requires As, 26-6; §, 
11-35%). 

Attempted arsenation of phenol-p-sulphonic acid was carried out 
in the usual way at 140—150° with crystalline arsenic acid, and the 
reaction mixture worked up to give barium salts, but only that of 
the phenolsulphonic acid could be obtained, no arsenation having 
occurred. 

3-Sulpho-4-hydroxyphenylarsinic Acid (I1).—4-Hydroxyphenyl.- 
arsinic acid (30 g.) was heated for 14—2 hours at 100° with concen- 
trated sulphuric acid (120 c.c.), and the whole then poured into 
water (2 litres). After being neutralised with barium carbonate, 
filtered and evaporated, the liquor deposited the barium salt of the 
required acid. After removal of the barium as sulphate and con- 
centration of the liquors to small bulk, the acid was obtained; it 
was freed from adhering mother-liquor with glacial acetic acid, in 
which it is nearly insoluble; yield 15 g. (Found: As, 25-2; S, 11-25. 
C,H,O,SAs requires As, 25-2; 8, 10-75%). It is extremely soluble 
in water, giving a strongly acid solution, with which ferric chloride 
gives a wine-red colour. 

5-Sulpho-2 : 4-dihydroxyphenylarsinic Acid  (III).—2: 4-Di- 
hydroxyphenylarsinic acid (Ber., 1915, 48, 515) was sulphonated 
exactly as above; the sulpho-acid has similar properties to the 
monohydroxy-compound and also gives a red colour with ferric 
chloride (Found: As, 23-4; S, 10-35. C,H,O,SAs requires As, 
23-8; S, 10-2%). 

4-Methylsulphonylphenylarsinic | Acid.—4-Aminophenylmethyl- 
sulphone when submitted to the Bart reaction gave the required 
acid (36% yield) (Found: As, 26-1; S, 11-9. C,H,O,SAs requires 
As, 26-8; S, 11-4%). 

2-Sulphophenylarsinic Acid (V).—An aqueous solution of sodium 
2-iodophenylarsinate (350 g.), sodium sulphite (140 g.), and copper 
acetate (trace) was concentrated until it had b. p. 106—110°, and 
was then boiled under reflux for an hour. The solution was diluted 
with water (ca. 3 litres), heated to boiling, and filtered (charcoal), 
and a hot solution of barium chloride (260 g.) was added. The 
barium salt at once crystallised as plates, and was filtered off hot 
and dried; yield 385—395 g. (90—95%) (Found: As, 176. 
C,H,O,SAsBa requires As, 180%). The sulphonic acid was 
obtained from this salt in the usual way as large prisms extremely 
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soluble in water (200%) and alcohol, sparingly soluble in concen- 
trated hydrochloric acid, in 25% sulphuric acid (5%), and in glacial 
acetic acid (1%); it was recrystallised from the last solvent (Found : 
As, 26:7; S, 11-6. C,H,O,SAs requires As, 26-6; S, 11-35%). It 
titrates as a dibasic acid (litmus), and when it is boiled with hydrogen 
iodide (1 g. in 10 c.c.) for a few minutes arsenious iodide begins to 
separate. 

2-Iodo-5-aminophenylarsinic Acid.—2-Iodo-5-nitrophenylarsinic 
acid (J., 1929, 2336; 20 g.) reduced at 50° with ferrous hydroxide 
gave the required amino-compound in 65% yield; this forms 
prisms from 50% acetic acid (Found: As, 21-8; N, 4-0; I, 340. 
C,H,O,NIAs requires As, 21-8; N, 41; I, 341%). The acetyl 
derivative forms monohydrated diamond-shaped plates from 50% 
acetic acid (Found: As, 184; H,O, 46. C,H,O,NIAs,H,O 
requires As, 18-6; H,O, 45%). 

The preparation of 2-iodo-4-hydroxy- and -4-acetamido-pheny]- 
arsinic acids was attempted by applying the Sandmeyer reaction to 
the corresponding amino-compounds (compare J., 1929, 2335), 
but in each case rapid elimination of arsenic occurred. 

2-Sulpho-5-aminophenylarsinic acid (VI) was obtained from the 
iodo-arsinic acid as for (V), but was isolated directly by acidification 
of the diluted reaction mixture. It forms fibrous needles sparingly 
soluble in water (Found: As, 25-0; 8, 11-0. C,H,O,NSAs requires 
As, 25-2; S, 10-75%). The acetyl derivative was formed both by 
the action of acetic anhydride and also from 2-iodo-5-acetamido- 
phenylarsinic acid with sodium suJphite, but was contaminated with 
the amino-compound owing to the extreme ease with which it 
hydrolyses. It forms colourless prisms readily soluble in cold 
water. ; 

2-Chlorosulphonylphenylarsenious Oxide (VII).—Sodium 2-sulpho- 
phenylarsinate (20 g.) was ground with phosphorus trichloride 
(10 c.c.), and the pentachloride (40 g.) was added in small quantities 
as the vigorous reaction moderated. After standing for } hour, 
the mass was treated with crushed ice and after a further hour the 
oily product was separated. This substance was soluble in most 
organic solvents and was probably 2-chlorosulphonylphenylchloro- 
hydroxyarsine (Found: Cl, 21-9. C,H,;0,C1,SAs requires Cl, 
23-4%). It did not solidify on standing in a vacuum desiccator at 
0° for several days. It is slowly hydrolysed by cold water to the 
arsenious oxide, and if its acetone solution is poured into a large 
volume of cold water, the required 2-chlorosulphonylphenylarsenious 
oxide separates as a white microcrystalline powder, insoluble in 
water and organic solvents (yield 11—12 g.; 70—75%) (Found: 
As, 27:8; Cl, 13-7. C,H,Q,CISAs requires As, 28-1; Cl, 13-4%). 
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2-Chlorosulphonylphenylarsinic Acid (VIII).—The above oxide 
(2 g.) was suspended in hydrogen peroxide solution (25 c.c.; 6%) 
until it was all converted (ca. } hour) into the crystalline arsinic 
acid (prisms); yield 1 g. (Found: As, 25-1; Cl, 11-7. C,H,O,;CISAs 
requires As, 25-0; Cl, 11-8%). The transformation is readily 
followed by microscopic examination. 

2-Sulphonamidophenylarsinic Acid (XIII; R=H).—tThe 
sulphonyl chloride (2 g.) was treated with ammonia (5 c.c.; d 
0-880) and, when solution was complete, with hydrogen peroxide 
solution (6 c.c.; 6%). On acidification, the acid crystallised in 
square plates (Found: As, 26-2. C,H,O;NSAs requires As, 
26-6%). The thiolacetamide derivative had m. p. 171—173° (Found : 
M, 396. Cy 9H,,0,N,8,As requires M, 411). 

2-Sulphonanilidophenylarsenious Oxide (IX; R = C,H;).—The 
sulphony] chloride (1 g.) was treated with aniline (3 c.c.), warmed 
until solution was complete, and the mixture added to excess of 
dilute sulphuric acid. The owide was collected and purified by 
solution in ammonia and precipitation by sulphuric acid (Found: 
As, 23-0. C,,H,)0,NSAs requires As, 23-2%). It is a white 
amorphous powder soluble in alkalis, alcohol, acetic acid, benzene, 
and ether. With thiolacetamide it gives di(carbamidomethyl) 
2-sulphonanilidophenylthioarsinite (XII; R=C,H;, X= 
S-CH,°CO-NH,) (Found: M, 485. C,,H,,0,N,S,As requires YW, 
487). 

2-Sulphonanilidophenyldi-iodoarsine (XII; X = 1).—The oxide, 
suspended in excess of hydriodic acid (d 1-7), was treated with just 
sufficient ether to give a homogeneous solution, and gently warmed 
to expel the solvent; the di-iodoarsine crystallised in yellow prisms 
(Found : I, 45-0. C,,H,,O,NI,SAs requires I, 45-3%). 

2-Sulphonanilidophenylarsinic acid (XII1; R = C,H;), obtained 
by oxidation of the oxide (IX) or by the action of aniline on (VIII), 
forms square plates from 50% acetic acid (Found: As, 20-6. 
C,.H,,0;NSAs requires As, 21-0%). 

2-Sulphinophenylarsenious Oxide (XIV).—The sulphonyl] chloride 
(VII) (12 g.) was shaken with anhydrous sodium sulphite (20 g.) 
in water (200 c.c.) until solution ensued, slight alkalinity being 
maintained by addition of sodium carbonate solution. On strong 
acidification with 50% sulphuric acid, the product crystallised in 
white prisms; yield 8-5 g. (80%) (Found: As, 32-3; 8, 14-25. 
C,H,;O,SAs requires As, 32:3; S, 13-8%). The acid absorbs 2 
atoms of iodine on titration in bicarbonate solution. It gives no 
colour or precipitate with ferric chloride solution and is recovered 
unchanged on acidification of an alkaline solution containing 
sodium nitrite. The silver salt (Found: Ag, 31-1. C,H,O,SAsAg 
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requires Ag, 31-89%) was obtained as a white amorphous precipitate 
on addition of the calculated quantity of silver nitrate to a hot 
neutral solution of the acid in ammonia; it reacted readily when 
refluxed with methyl iodide in methyl-alcoholic solution for 4 hour. 
On removal of silver iodide and oxidation of the product in the 
usual way, 2-methylsulphonylphenylarsinic acid was obtained in 
colourless prisms (Found: C, 30-4; H, 3-5. C,H,O,SAs requires 
C, 30-0; H, 3-2%). 
ResEARCH LABORATORIES, Messrs. May & Baxker, LTp., 
WanpDswoktH, 8.W. 18. [Received, July 10th, 1930.] 





CCLXV.—A Simple Electrochemical Method for the 
Simultaneous Determination of the Constitution 
and Equilibrium Constant of Complex Ions in 
Solution. Application to Complex Silver Ions. 


By Freprerick Kari Victor Koc. 


A PREVIOUS determination (J., 1928, 269) of the solution tension 
of silver in ten organic liquids showed that there was no simple 
relationship between this property and the dielectric constant of the 
solvent. In liquids whose molecules contained amino- or nitrile 
groups silver was found, however, to have a much higher solution 
tension than in those containing hydroxyl or ketonic groups. These 
facts indicated an interconnexion between solution tension, solvation, 
and complex formation, and led to the present investigation. 


yal a's 
Consider the cell, M | Prem, E.. oi A | M, where MS is a salt of 


the metal M. Then if c, and cg are the concentrations (or, more 
strictly, activities) of the metal ion M"* in the solvents A and B 
respectively, according to the Nernst formula the #.M.F. (E) of 
this cell is given by 


E —e = (RT /nF) .log, Pscs/Pes 
= (RT /nF) log, cs/yancas - + «+ (i) 


where P, and Py are the respective solution tensions of the metal 
in the two solvents, yss = Ps/P, is the ratio of these solution 
tensions, and e is the liquid-junction potential. It may be noted 
that y,s is identical with what Nernst has called the specific ionic 
distribution coefficient of the metal ion between two solvents; for, 
in the special case of distribution equilibrium, it is evident on 
thermodynamic grounds that Z = 0 and equation (1) then reduces 
to 


e = (RT /nF) . log, yasca/Ce 
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which is the formula given by Nernst (Z. physikal. Chem., 1892, 2, 
139) for the liquid-junction potential at distribution equilibrium. 
The ratio y,, in equation (1) is in the nature of an activity 
coefficient, since it is evidently the factor by which the concentration 
of A-solvated ions must be multiplied in order to give the concen. 
tration at which B-solvated ions would have the same electro. 
motive effect. When y.s = 1, equation (1) reduces to the formula 
for a concentration cell with a single solvent. For a solvent § 
compared with water, the ratio Py/Ps; = ysw, determined in the 
previous investigation (loc. cit.), may be called the “ solvation activity 
coefficient ”’ of a given ion in that solvent; 4s is therefore the ratio 
of two solvation activity coefficients. The further significance of 
this concept will be developed in a later paper. 
Consider now the cell, M MBS in jus in mixture of! wy in 
>“ |solvent B; solvents A and B , 
which the pure solvent B contains B-solvated ions at concen- 
tration cs,, whilst the mixed solvent contains both A-solvated and 
B-solvated ions at the respective concentrations c,’ and c,’. If it 
be assumed that the respective degrees of solvation of the ions in the 
mixture are the same as those in the pure solvents, then the £.M.F. 
(£) of the above cell will be given by 
E —e = (RT/nF) . log. ¢g/(¢x’ + yanta’) «© + (2) 
In a solution of the salt MS in the mixture of solvents A and B, 
the following equilibrium will exist between the metal ions and the 
solvent molecules 
MA,"* + i3B => MB,"*+1A. . . . (8) 
where x and y are the respective numbers (not necessarily integers) 
of molecules of A and B with which a single ion M"* is solvated 
and 7, and #, are the respective numbers of molecules of A and B in 
the mixture. If the concentration of salt present be very small 
compared with the concentration of either solvent, then 
Ky =cy.N*/c,’.(l1—NY . . . . (4) 
where JN is the mol. fraction of solvent A in the mixture and Ky 
is the equilibrium constant when the concentrations are expressed 
in mol. fractions. Eliminating c,’ between (2) and (4), we have 
E —e = (RT /nF) . log, [yn + Ky(1 — N)Y/N*] — 
(RT /nF) .log.cg/e.’ . . (5) 
If the proportion of A to B in the mixture be small, (1 — N) can 
be regarded as unity, and the mol. fraction may be taken as pro- 
portional to the concentration (m) expressed in g.-mols./litre. 
Equation (5) thus becomes 


E—e=(RT'/nF) log. (ys +- Km/m*) — (RT /nF).log. cafe,’ . (5a) 
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where K,, is the equilibrium constant when the concentrations are 
expressed in g.-mols. /litre. 

In this last equation m and cg can be arbitrarily chosen, y,, can 
be determined by a method previously described (loc. cit.), H can be 
measured, and e can be made negligibly small or estimated on the 
basis of an assumption such as that made in the previous work, 
but c,’ cannot, in general, be evaluated. The problem is, therefore, 
to choose conditions such that c,’ becomes approximately equal to 
some experimentally determinable quantity. 

If to a solution of the salt MS in the solvent B, with which the 
metal ion forms relatively unstable solvates, there is added a second 
solvent A (in amount which is small compared with B, but large 
compared with MS), with which the metal ion forms relatively 
very stable solvates (i.c., complexes), then practically all of the 
B-solvated ions originally present will be converted into A-complex 
ions. In this special case, which corresponds with the condition 
that K be very small, c,’ in equation (5a) may be replaced by c’, the 
original concentration of B-solvated ions in the B-solution before 
addition of A. If, however, the salt MS is notably incompletely dis- 
sociated in B, it may be necessary to correct c’ in order to allow for 
the change in the degree of dissociation caused by the addition of A. 

In the above special case it is therefore possible to solve equation 
(5a) for K,,/m* at any arbitrary value of m. By plotting log K,,/m* 
against log m, it is thus possible to determine K, and 2 
simultaneously. 

By determining K,, at various temperatures and substituting 
d(log. Km)/dT' in the van ’t Hoff isochore, 

— AH,’ = RT? . d(log. Km)/dT, 
the heat of reaction (3), AHs’, may be determined. The free energy 
of this reaction is given by the van ’t Hoff isotherm as — AA,’ = 
RT . log. Km. 

It should be noticed (i) that conditions have been chosen so that 
it is unnecessary to know the value of y, and (ii) that if ys, be very 
small, equation (2) reduces to 


E —e = (RT /nF) . log, cg/cs’ 


which is the expression ordinarily employed on the assumption 
that the complex ion MA,"* is electromotively inactive. In a 
number of cases y,, in equation (5a), may actually be neglected in 
comparison with K,,/m*. 


ExPERIMENTAL 


Materials and Apparatus—The purification of the reagents and 
the apparatus for the conductivity and H#.M.F. measurements 
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have been previously described (loc. cit.; J., 1927, 647; 1928, 
524). 

Quadrant LElectrometer as Null Instrument.—The Mudford’s 
galvanometer (having an internal resistance of 10,000 ohms) was 
replaced by a Dolezalek quadrant electrometer, which was kindly 
lent by Professor H. B. Baker, F.R.S. This electrometer was used 
as a null instrument. One pair of quadrants was earthed and the 
other pair connected to the sliding contact of the potentiometer 
wire. One pole of the cell, the H.M.F. of which was to be measured, 
was earthed, and the other pole was connected to one end of the 
bridge wire. By moving the sliding contact, a point may be found 
for which the electrometer will show no deflexion. The second pair 
of quadrants will then be at earth potential and the potential drop 
along the part of the wire in this circuit will be equal to the #.M.F. 
of the cell. A condenser was inserted between the electrometer 
needle and the high-voltage battery in order to keep the potential 
on the needle steady and to prevent any chance short-circuiting. 
The instrument was encased in an earthed tin-box so that move- 
ment in its neighbourhood (causing capacity changes) should 
not produce unnecessary swinging of the needle. By using the 
finest and longest phosphor-bronze suspension available, and a 
potential of 108 volts on the needle, a deflexion of 0-7 mm. was 
obtained for a P.D. of 1 millivolt across the quadrants. The zero 
point was checked by earthing: the second pair of quadrants both 
before and after each reading, since, although usually constant, it 
sometimes changed slightly. 

This arrangement may be used with advantage (1) when measuring 
the £.M.F.’s of cells with a high internal resistance and (2) in cases 
where it is desirable that no current shall flow. It can, however, 
only be used when a greater accuracy than | millivolt is not required, 
and has the disadvantage that there is no damping. 

In some of the later experiments, a Broca galvanometer (internal 
resistance 1000 ohms) was used. 

Half Elements.—A thermometer was inserted into each of the 
half elements used for the determination of d(log, K,)/dT’. The 
liquid junction of the elements was disconnected during an alteration 
of temperature. For measurements at room temperature the 
thermometer was replaced by a second silver electrode, made by 
fusing about }” of platinum wire between about }” of silver wire 
and about 5” of copper wire ; the seal through the bottom of the glass 
tube is at the platinum, and any accidental leak would be noticed 
at once owing to the entry of liquid. None of the electrodes leaked 
even when heated to 80°. The electrodes were plated as before. 

Solutions.—The solutions in the pyridine-water and pyridine- 
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ethyl alcohol mixtures, used for the determination of K,,, were 
made up by weight and weight dilution. A quantity of silver 
nitrate corresponding to a 0-1m-solution was weighed into a 100-c.c. 
graduated flask and made up to the mark with a weighed quantity of 
mixture. The 0-Olm- and 0-00lm-silver nitrate solutions were 
prepared from this by weight dilution. It seems, however, that 
volume dilution would have been sufficiently accurate, and in the 
other cases a given weight of silver nitrate and the complex-forming 
liquid were, therefore, weighed into a 100-c.c. graduated flask and 
made up to the mark with water. The aqueous ammonia was 
estimated with acid in the usual manner. In the tables the con- 
centrations of the free complex-forming substance have been 
expressed in all cases as g.-mols./litre(m). For the above two 
series, the mol. fractions have been converted to g.-mols./litre by 
the formula m = (1000p /M)N (where p is the density and M the mole- 
cular weight of solvent B); p has been taken as 1-0 and 0-79 for the 
pyridine-water and pyridine-ethyl alcohol mixtures respectively. 
Some values are recorded in the tables in which the concentration 
of silver nitrate is not negligible compared with that of the complex- 
forming substance A; in these cases the concentration of the latter 
has been corrected on the assumption that the complex ion is of the 
type AgA,* (see later). 

Except in the case of the pyridine-ethyl alcohol mixtures, 
measurements were made of cells of the type 
| AgNO, in} AgNO, in | 
| water (c) ' mixture (c) | 
where c is 0-1m, 0-0lm, or 0-001m. Since silver nitrate in water at 
these concentrations can be regarded as almost completely dis- 
sociated, it may be assumed that the only effect of the complex- 
forming substance is the formation of complex ions, and that the 
degree of dissociation of the silver nitrate is not appreciably 
different from that in pure water. A change of 5% in the ionic 
concentration would, moreover, cause an error of only 
+ 0-058 log,, 1-05 = + 1-2 millivolts in the measured #.M.F. 

The H.M.F. (E) of the above cell (the liquid-junction potential 
being negligible) is given by (5a) as 

E = (RT /nF) . log. (yan + Km/m*). 


The values of 43 used to convert logso (Yas + Km/m*) to logyy Km/m? 
are given in Table IV. The value of y,s for the silver ion for 
ammonia—water has not been determined. It will be observed that, 
except in the case of the acetonitrile-water mixtures, 4x is negligibly 
small compared with K,,/m*. 

The error which is characteristic of any individual value of the 


Ag 
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dissociation constant is eliminated in the determination of 
d(log. Km) /dT if the same cell is used for all temperatures (see results 
for pyridine—water, Fig. 2). 

The convention has been adopted of giving the #.M.F. (#), which 
is in volts, the same sign as the electrode in the mixture. 

Results —The results for three pairs of solvents are given in 
Table I and those for pyridine-ethy] alcohol are recorded separately 
in Table IT. 


TaB_eE I. 
Ammonia—water. 
0-1m-AgNO3. 0-01m-AgNOs3. 

m. —EF. —logy(yan + Km/m*). m —E. —logy(yan + Km/m*). 
0-037 0-252 4-34 0-047 0-256 4-40 
0-274 0-356 6-12 0-094 0-302 5-20 
0-747 0-407 7-01 0-217 0-340 5°85 
1-694 0-445 7-68 0-454 0-374 6-42 

0-927 0-410 7-09 
1-874 0-455 7-81 
Acetonitrile—-water. 
0-01m-AgNOs. 
m. —E. —logy)Km/m*. 

0-0397 0-004 0-10 

0-0995 0-012 0-24 

0-219 0-018 0°35 

0-458 0-028 0-53 

0-936 0-041 0-85 

1-892 0-070 1-97 

Pyridine—water. 
0-1m-AgNO3. 0-01m-AgNO3. 

m. —E£. —log i) Km/m*. m. —E. —logy)Km/m*. 
0-0555 0-090 1-56 0-00510 0-037 0-639 
0-181 0-148 2-55 00191 0-053 0-919 
0-481 0-210 3-64 0-0456 0-080 1-38 

. . 0-136 0-130 2-25 

yr i te 0-292 0-185 3-20 
0-124 0-132 2-28 
0-679 0-220 3-80 


Pyridine-ethyl alcohol. Since the degree of dissociation of silver 
nitrate in ethyl alcohol cannot be regarded as remaining unaffected 
by the addition of pyridine, it is necessary to determine the ionic 
concentration in each case. This has been done, on the assumption 
that the ionic concentration may be deduced from conductivity 
data, by an inverse use of the method of determining the solution 
tension of metals in non-aqueous solvents previously described 
(loc. cit.). It has been shown that the #.M.F. (Z’) of the cell 

| AgNO, in a 
Ag| AgNO, in water | non-aqueous | Ag 
| | solvent 
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is a linear function of logy) xw/«s, where kw and xg are the specific 
conductivities of silver nitrate in the aqueous and the non-aqueous 
solvent respectively, 7.e., 


E’ = B+ Alogiynw/ks. . « « « (6) 
A and B are constants connected by the equation 
B= A logy PwA.w/Pshns - - + + (7) 


where Py and P are the solution tensions of silver and A, w and A, 
are the molecular conductivities at infinite dilution of silver nitrate 
in water and in the non-aqueous solvent respectively. The values 
of A and B have thus been determined for a number of cells of the 
above type, pyridine-ethyl alcohol being the non-aqueous solvent, 
and the corresponding values of ew — ey = (R7'/nF) . log, Pw/Ps 
have been calculated ; (ew — ¢y) is the difference between the electrode 
potential of silver in the aqueous and the pyridine-ethyl alcohol 
solutions when the concentrations of silver ions in both solutions 
are the same. Since the previous investigation has shown that the 
difference in normal potential of silver in water and in ethyl alcohol 
is 0-126 volt, the substitution of ethyl alcohol for water in the 
left-hand side of the above cell would give 

€, — €y = (RT/nF) . log. Py/Ps — 0-126 
but by (5a) e, — ey = (RT/nF) . log. (yan + Km/m*) 
hence 
(RT /nF) . log. (yan + Km/m*) = (RT /nF) log. Pyw/Ps — 9-126 (8) 

If AU w at 25° is taken as 134 and A as — 0-065 (see below), the 
value of the term A log,,) A,,w/A,,s, in equation (7), is 0-018 volt when 
the non-aqueous solvent is pure ethyl alcohol (A, at 25° = 57-4), 
and 0-024 volt when the non-aqueous solvent is pure pyridine 
(A,s at 25° = 71-4). The difference is thus only 0-006 volt, and 
therefore, since practically all the ions are pyridinated, the values of 
A,,s for silver nitrate in these pyridine-ethyl alcohol mixtures have, 
for the purpose of this investigation, been taken as the same as 
that in pure pyridine. 

In Table II, xg is the specific conductivity in mho/em. at 25° 
+ 0-02° of silver nitrate in the pyridine-ethyl alcohol mixture. 
In the third, fourth, and fifth columns are given the #.M.F.’s 
(Z,, Z,, Es) in volts of the mixture electrode measured against each 
of three standard aqueous silver nitrate electrodes (0-1m, 0-01m, 
and 0-001m) in whose solutions silver nitrate had specific con- 
ductivities («w) at 25° of 9-072 x 10-8, 1-035 x 10-8, and 1-118 x 10+ 
mho/cm. respectively. In the sixth column are given the values 
of B deduced from the linear plots of the Z.M.F.’s against logo xw/s 
(three points). The mean slope (A) of the lines is — 0-065, which is 
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the same as that found previously for pure pyridine. In the 
seventh column are given the values of log,) K»,/m* calculated by 
equation (8). 


TABLE II. 
Pyridine-ethyl alcohol. 
m. Kg. E;. E,. E3. B. —logy) Ky,/m*. 
0-1m-AgNOQ3. 
0-0543 1-270 x 10° +0-008 +0065 +0-125 +0-060 1-28 
0-108 1-342 ,, —0-031 +0023 +0082 +0-017 1-94 
0-285 1-411 ,, —0-084 —0-026 +0035 —0-035 2-74 
0-01m-AgNO3. 
0-0397 2-215 x 10* —0-030 +0028 +0-090 +0-070 1-12 
0-102 2-324 ,, —0-078 —0-012 +0-050 -+0-028 1-77 
0-354 2-393 ,, —0-147 —0-082 -—0017 —0-040 2-82 
0-001m-AgNO3. 
0-0348 3-316 x 10° —0-098 —0-030 +0-036 +0-073 1-08 
0-0594 3-332 ,, —0-104 —0-045 +0-015 +0-048 1-45 
0-199 3-372 ,, —0-:179 —0-115 —0-048 —0-012 2-38 
0-374 3-640 ,, —0-200 —0-141 —0-078 —0-048 2-94 
0-629 3-758 ,, —0-233 —0-166 —0-100 —0-068 3°25 
TABLE III. 
Variation of logyg Km with temperature. 
Ammonia-—water Pyridine—water. 
0-01m-AgNO,; 0-01m-AgNO, ; 0-1m-AgNO,; 
0-3588m-NH,. 0-4785m-C,H,N. 0-4956m-C,H,N. 
Temp. —Z. —log,K,. Temp. —Z. —log,K,. Temp. —Z. —logyK» 
0° 0-372 7-77 0° 0-210 4-52 0° 0-195 4-60 
18-5 0-366 7-24 17 0-202 4-16 18 0-180 4:13 
25 0-363 7-03 30 =: 0-190 3°80 40 0-166 3-66 
30 0-359 6-86 40 0-184 3-60 50 0-157 3°44 
40 0-349 6-49 50 =0-174 3°35 60 0-146 3-20 
52 0-338 6-16 70 360-156 2-93 70 0-137 3-02 
80 0-144 2-70 78 0-128 2-84 


Independent Evidence of the Existence of Complex Ions.—Woodman 
and Corbet (J., 1925, 127, 2461) have shown that the simple dis- 
tribution law, c,/c. = constant, holds for the distribution of 
pyridine between benzene and water when there is less than 6% of 
pyridine in the system. In the following table are given some 
results now obtained for the distribution of pyridine between 
benzene and aqueous solutions of silver nitrate. The pyridine was 
estimated by titration with N-nitric acid, methyl-orange being 
used asindicator. The total available pyridine is 57-5 and 11-5 mols. 
per mol. of silver nitrate for the 0-02m- and 0-lm-silver nitrate 
solutions, respectively. 


AgNO,, g.-mols./1. Pyridine, g.-mols./I. Mols. pyridine/ 


(in water). Water. Benzene. mols. AgNO. 
0 0-303 0-847 — 
0-02 0-331 0-818 


1-9 
0-10 0-451 0-699 2-0 
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n the The existence of the complex ion AgPy,* in aqueous and alcoholic 
ed by | solution has also been deduced by Schmidt and Keller (Z. physikal. 
Chem., 1929, A, 141, 331) from conductivity and transport-number 
data.’ The existence of the complex ion Ag(NH,),*+ in aqueous 
solution has been proved in several ways by Bodlander and Fittig 
Km/m*. | (Z. physikal. Chem., 1902, 39, 597). 

There is no recorded evidence of the existence of the complex 











~ ion Ag(CH,°CN),* in aqueous solution. The refractive index 
74 and density of a solution of silver 
nitrate in pure acetonitrile (in which Fie. 1. 
co it is as highly dissociated as in ¢ 
39 water) of concentration 0-63904 \ 
g.-mol. AgNO,/1000 g. acetonitrile 4 
8 were found to be 1-35589 and 0-85835 
“4 at 25° + 0-03° respectively. The 64 
4 refractive index and density of pure 
5 acetonitrile at 25° were 1-34169 and .. 
077683 respectively. Hence the & 
molecular refraction of silver nitrate 
in acetonitrile under these conditions 3 
is17-3. The corresponding value for ~ 
; ‘ ‘ . | 
N. silver nitrate in water was found to 
Km § be 16-0. 
60 Discussion. 
e The Linear Relationship—When 
44 logi9 Km /m* is plotted against log, m 
ee the points lie about a straight line of 
+84 slope « = 2 (see Fig. 1), in accordance yr» 





with the formula AgA,*. Table IV 
dman gives the values of K,, deduced from 


P " the graphs and of y,s found in the previous investigation (loc. cit.). 
n oO 


— logy) m. 


%, of TABLE IV. 

mee Equilibrium constants. 

wee 

» oan Solvent A. Solvent B. } oe YAL- 
aM Ammonia Water 6-3 x 10-8 -- 
being Pyridine Water 71 x 10° 2-1 x 10° 
mols. Pyridine Ethyl] alcohol 1-6 x 10-4 1-4 x 10-8 
rear Acetonitrile Water == 5-2 x 1072 


The above value for K,, for the silver ion in ammonia—water is in 
good agreement with that given by Bodlander and Fittig (loc. cit.), 
viz., 7-88 x 10°. For the acetonitrile-water mixtures, the plot of 
logso Km/m* against log,, m is not a straight line (see Fig. 1) and 
this must be due to the fact that the conditions for the determination 
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of the equilibrium constant are not fulfilled. Ifa single measure. 
ment had been made in the usual manner, an erroneous value of 
the equilibrium constant would have been deduced. 

The existence of the linear relationship is proof that the conditions 
are fulfilled. Conversely, when the linear relationship does not 
hold, the equilibrium constant cannot be deduced from Z.M.P, 
data. 

Thermodynamics of the Reaction MA,"* +- i,B == MB,"* + i,A.— 
If in the above reaction, the x molecules of A were to redissolve 
in pure solvent A, and the y molecules of B in pure solvent B, 
then this reaction would be equivalent to the transference of the 
ion M"*+ from pure solvent A to pure solvent B. When, however, 
the reaction takes place in a mixture of A and B containing a large 
excess of B, both the x molecules of A and the y molecules of B 
may be regarded as redissolving in pure solvent B. 

If AA,’ and AH,’ are the free energy and heat of the above 
reaction in solvent B, then 


— AA,’ = RT . log, Km and — AH,’ = RT? . d(log, Km)/aT 


and if AAs and AH; are the free energy and heat of transference of 
the ion M"* from solvent A to solvent B, then 


— AAg = RT . log, yu and — AH, = RT?. d(log, yun) /AT.. 


If in a special case the free energy and heat of solution of A in B 
were negligibly small compared with the free energy and heat of 
transference of the ion from A to B, K,, would be equal to yx. Since 
it might be supposed that ionic-molecular forces are more powerful 
than intermolecular forces, a parallelism between the ionic distri- 
bution coefficient (y,,) and the equilibrium constant (K,,) might be 
expected. From the experimental results of Table IV it is evident, 
however, that the influence of intermolecular forces is by no means 
negligible. 

There are, unfortunately, no data for d(log, ysx)/d7’, and values of 
AH; cannot therefore be given. The differences (AAs — AAs) 
and (AH, — AH,') should, however, be independently calculable 
from the free energies and-heats of solution of Ain B. The values 
of (AH, — AH,’) (independent) given in the last column of the 
following table have thus been obtained by taking (from the 
“ International Critical Tables ”) the heats of solution of 1 g.-mol. 
of pyridine in an infinite volume of water as 2-1 Cals., and in an 
infinite volume of ethyl alcohol as 0-13 Cal. 

The free energies and heats (in Cals.) in the following table have 
been calculated from the experimental results set out in Tables 
II. and IV. The slopes of the plots of log,) Km against T are 0:0317 
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agure- and 0-0225 for the ammonia—water and pyridine-water mixtures 

lue of | respectively (see Fig. 2). 

+4 Solvent Solvent AHs— AH, 

litions a hho. hes (ahem the Ally. Gdegeeded 

2S not NH, H,O — 9-6 — 12-3 — 

MP. C,H;N H,O 7600 BS 21 8-75 4:2 
G;H.N C,H,0OH 105 61 5-4 _ 0-26 

LA Summary. 

ssolve - , 

nt B (1) A simple electrochemical method for the simultaneous 


of the | determination of the constitution and equilibrium constant of 
complex ions in solution 





wever, Fic. 2 
large f i8 given. It is shown 8 
; of Bf that the equilibrium con- 
stant can only be deduced 
above | from #.M.F. data if it is - 
small. 
; (2) The method is ap- 
z plied to the silver ion in P 
nee of | @mmonia—water, aceto- 
nitrile-water, pyridine- ; 
water, and pyridine-ethyl < _ 
r. alcohol mixtures. wo °F 
| 


in B (3) The thermo- 
eat of dynamics of the equilibr- 
Since — ium between the solvated 
werful § ions and the solvent mole- 
distri: cules is discussed in 
sht be relation to the experi- 
ident, | mental results. , 

neans (4) In developing the 
theory it was found use- 











ues of | ful to introduce a new 10° 20° 30° 40° 50° 60° 70° 80° 
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ation activity coefficient.” QO 01M \ 
ulable ctivity coefficient R oom} lAgNno, 
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2064 LINSTEAD AND MANN : 


CCLXVI.—Investigations of the Olefinic Acids. Part 
III. Homologues of Teraconic, Terebic, and Pyro- 
terebic Acids. Further Evidence of the Effect of Two 
y-Alkyl Groups on Three-carbon Tautomerism. 


By ReainaLtp Patrick LinstEaD and JASON THOMAS 
WILLiAM MANN. 


THE striking stability towards alkaline reagents of pyroterebic acid, 
its ethyl ester, and the related methyl ketone [CMe,-CH-CH,°COR 
(I); R = OH, OEt, Me respectively] recently observed (J., 1928, 
2350; 1929, 2503; this vol., p. 909) has provided the only evidence 
of the large effect of two y-alkyl groups in favouring the By-phase 
of a three-carbon system. Confirmatory evidence of this general 
principle has now been obtained from a study of the homologous 
acid (II), and a further illustration of its working can be found in 
Reichstein’s recent observation (Ber., 1930, 63, 751) that yy-di- 
methylallyl bromide yields pyroterebic acid by conversion into the 
nitrile and subsequent hydrolysis, under conditions such that 
crotyl bromide yields largely At-pentenoic acid. 

The acid now under discussion (II) is reported by von Auwers 
and Heyna (Annalen, 1923, 434, 162) to be the product of the 
reduction of y-methylsorbic acid with sodium amalgam in acid 
solution. Recent work on the reduction of sorbic acid and its 
homologues (Goldberg and Linstead, J., 1928, 2345; Evans and 
Farmer, J., 1928, 1644; Burton and Ingold, J., 1929, 2027) strongly 
indicates, however, that such a reduction product would contain a 
considerable proportion of the y3-isomeride—on theoretical grounds 
Burton and Ingold suggest about as much as is formed from sorbic 
acid itself (some 50%). Apart from this, neither the ®y-acid (II) 
nor its «$-isomeride has been prepared, and the bulk of the experi- 
mental work now described is concerned with their synthesis. 

Pyrolysis of the corresponding paraconic acid (IV) was an obvious 
line of attack, and three methods for the preparation of this acid 
were examined: (a) oxidation of sec.-butylsuccinic acid (V), (0d) 
lactonisation of y-methyl-y-ethylitaconic acid (VI), and (c), following 
Grignard (Ann. Chim. Phys., 1902, 27, 550) and Simonsen (J., 
1907, 91, 184), hydrolysis of the y-hydroxy-ester (VII). In practice, 
only methods (6) and (c) proved suitable, and with the former, the 
preparation of the acid (VI) from methyl ethyl ketone and ethyl 
succinate was complicated by the presence in the reaction product of 
a preponderating amount of the corresponding “ aticonic ”’ acid 
(IX), as observed by Stobbe (Annalen, 1894, 282, 280; 1902, 321, 
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105). From this aticonic acid Stobbe prepared a lactonic acid 
(m. p. 125—126°), to which he assigned (loc. cit.) first the paraconic 


CH,Me-CMe(OH)-CH(CO,Et)-CH,-CO,Et | CH,Me-CHMe-C(CO,Et),-CH,-CO,Et 


(VII.) (VIEL) | Gy 
CH,Me-CMe:C(CO,H)-CH,-CO,H G CH,Me-CHMe-CH({0,H)-CH,-CO,H 
(VI.) (V.) } 
CH,Me-COMe —Z @ es 
Y 
| CHMe:CMe-CH(CO,H)-CH,-CO,H mare eT 
IV.) 
| (IX.) 





CH,Me-CMe-CH-CO,Et © CHMe-CHMe- + CH,-CO,H m CH,Me- ant CH,: qi 
\7 


O—————_CO 2 Oo———-CO 
(XII.) (X.) (XI.) 


CH,Me-CHMe-CHO —> CH,Me-CHMe-CH:CH-CO,H = CH,Me-CMe:CH-CH,-CO,H 
(XIII.) (III.) (II.) 

(IV) and then the isoparaconic (X) formula. A modification of 
his process enabled us to separate the dibasic acids (VI and IX). 
Treatment of the aticonic acid (IX) with mineral acids yielded 
Stobbe’s lactonic acid (m. p. 128°), together with a small amount 
of an isomeric acid of m. p. 146°. Lactonisation of the itaconic 
acid gave mainly the new (146°) acid and a smaller amount of the 
128°-acid. From this it appeared that the 146°-acid was the 
desired y-methyl-y-ethylparaconic acid and that the acid of lower 
m. p. had the isoparaconic acid formula proposed by Stobbe. This 
view was fully confirmed by the preparation of the 146°-acid free 
from its isomeride by alkaline hydrolysis of ethyl y-hydroxy- 
8-carbethoxy-y-methyl-n-hexoate (VII) (method c). The form- 
ation of the two lactonic acids side by side from the dibasic acids 
indicates that these undergo tautomeric change in the acid solution 
during lactonisation (compare Fichter and Gisiger, Ber., 1908, 
42, 4707; Kon and Linstead, J., 1925, 127, 616), but not with 
sufficient rapidity to prevent each unsaturated acid from forming 
mainly its own lactone. Separation of the lactonic acids is a matter 
of some difficulty and it is probable that Sircar’s ‘‘ y-methyl-y- 
ethylparaconic acid ” (J., 1927, 1257) of m. p. 131—132°, produced 
by acid hydrolysis of the y-lactone of $-hydroxy-$-ethylbutane- 
y83-tricarboxylic acid, is a mixture of the two isomerides. 

The paraconic acid (IV) can be distilled in part unchanged at 
atmospheric pressure, but the major portion passes into y-methyl- 
A’-hexenoic acid (II) and the corresponding lactone (XI). Slow 
distillation favours lactone formation, doubtless owing to 
spontaneous ring closure similar to that observed by Fittig and 
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Geisler (Annalen, 1881, 208, 37), but as much as 40% of pure 
unsaturated acid could be obtained under the optimum conditions, 

The comparatively rare valeraldehyde (XIII) required for the 
preparation of the isomeric y-methyl-Ac-hexenoic acid (III) was 
prepared from sec.-butyl bromide and ethyl orthoformate, the 
alternative method, from methyl ethyl ketone through the glycidic 
ester (XIT) (Darzens, Compt. rend., 1904, 139, 1214), being unsatis. 
factory owing to the stability of the oxide ring (compare Kyriakides, 
J. Amer. Chem. Soc., 1914, 36, 657). 

The «8- and the By-acid so prepared showed the expected differences 
in properties (see below), and the tautomeric change between them 
in hot alkali was studied by the standard methods (Linstead, J., 
1927, 2579). The equilibrium mixture contained 77% of By-acid, 
and the mobility 10(4, + k,) was 3-1 (¢in hours). There was thusa 
general resemblance to the pyroterebic series, the y-methyl-y-ethyl 
group being rather less efficient than the y-gem-dimethyl in 
stabilising the By-phase. The equilibrated «@-acid treated by the 
process of partial esterification (Sudborough and Thomas, J., 1914, 
99, 2307; Eccott and Linstead, J., 1929, 2153) readily yielded 
By-acid almost identical in properties with that prepared from the 


paraconic acid. 
M [Rzlp %-Iodine 
B. p./ (titration)  (Calc., addition 
13 mm. (Calc., 128). 35-60). (10 mins.). 


GBR cccoccesccecceccccssceseccsess 125° 127 36-65 0-5 
Equilibrated aB-acid ..........+. 116—122 128 35-93 75-2 
Equilibrated By-acid ............ _- 128 35-98 77:3 
By-Acid from equilibrium ...... 118 128 35-81 93-9 
By-Acid from paraconic acid ... 118 128 35-78 95-8 


The general resemblance between the new fy-acid and pyro- 
terebic acid extended to the reaction with thionyl chloride (compare 
Linstead, J., 1929, 2504), in that both acids tend to form addition 
products with hydrogen chloride; even with phosphorus trichloride 
the new acid yielded slightly chlorinated products, and only on 
one occasion could a pure derivative of the acid be obtained. 


EXPERIMENTAL. 

Preparation of y-Methyl-y-ethyl-itaconic and -aticonic Acids (VI 
and IX).—Methy] ethyl ketone and ethyl succinate were condensed 
by Stobbe’s method (loc. cit.). To a suspension of dry sodium 
ethoxide (2 g.-mols.) in anhydrous ether was added slowly, with 
vigorous shaking, a mixture of the ketone (72 g.) and the ester 
(174 g.). The mixture was left for several hours in a freezing 
mixture and then at room temperature for 7—10 days. The 
semi-solid product was poured into ice-water (400 c.c.), the aqueous 
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layer extracted twice with ether to remove neutral products, and 


ra acidified with 50% sulphuric acid. The resulting dark brown oil 


tions. 
or the f (A) was separated and allowed to stand; it deposited very little 
) was solid, and was taken up in ether and dried with calcium chloride. 


>, the } The residue, after complete removal of the solvent and standing for 
lycidie J) ® week, yielded a considerable quantity of a solid (B) which was then 
nsatis. | separated from the adhering oil (C). Extraction with ether of the 
kides | aqueous liquor from which the original oil (A) had separated yielded 
‘Ba mixture (10—15 g.) of the aticonic acid and succinic acid, from 
rences § Which the former was obtained pure by extraction with chloro- 
them § form and recrystallisation first from chloroform and then from 
id, J., § water (4 g.). 
y-acid, The solid (B) was the almost pure aticonic acid. It was freed 
thus, from a trace of dark-coloured impurity by trituration with light 
-ethyl petroleum, and then had m. p. 135° (60 g.). When extracted with 
yl in successive small quantities of ether, the last portion to dissolve was 
ny the the pure aticonic acid (m. p. 141°), which indicated that no 
1914, § appreciable amount of the itaconic acid, which is much less soluble 
ielded § in ether, could be present. On crystallisation from boiling water 
m the @ containing a little animal charcoal, y-methyl-y-ethylaticonic acid 
(IX) was obtained pure (45 g.); it forms hard aggregates of nodules, 
Iodine § m. p. 141° (Stobbe, loc. cit., gives 141—142°) (Found: C, 56-1; 
dition FH 7-1; M by titration, 172. Cale.: C, 55:8; H, 70%; M, 


mins.). 


0-5 | dibasic, 172). 


15-2 _The oil (C), mainly a mixture of acid esters, was boiled with an 
ba. equal weight of 25°, aqueous sodium hydroxide for 4 hour, cooled, 
5-8 and acidified. (Under these conditions no appreciable tautomeric 


change occurs in the acids.) After standing for 2 hours, the 
Py § separated solid was filtered off and dried. Extraction of this solid 
mpare § with ether removed a mixture of acids which could not be readily 
idition separated, and left a less soluble residue of m. p. 172—178°, which 
nloride § after crystallisation from water yielded the pure itaconic acid 
oly on § (10 g.). y-Methyl-y-ethylitaconic acid (VI) crystallises from hot 
water in needles, which melt at 186° (decomp.) with slow heating. 
The m. p. is several degrees higher with rapid heating (compare 
Stobbe, Joc. cit., who gives m. p. 181° with slow heating) (Found : 
ds (VIC, 55-9; H, 67%; M, 172). 
densed § Lactonisation of the acids. (i) Through the bromo-lactonic acid. 
odium f &-Bromo-fy-dimethylbutyrolactone-«-acetic acid, 
, with yest ener ines ort 
2 ester CO : 
reezing § WaS prepared from the aticonic acid by Stobbe’s method (Annalen, 
The § 1894, 282, 314), 33% of the pure acid being obtained as bold 
queous f Prismatic needles from water, m. p. 160—161° (Found: Br, 31-9. 
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Cale.; Br, 31-89%). Reduction of this with either zinc and aceti¢ 
acid or sodium amalgam yielded mixed products, and was no 
proceeded with. 

(ii) With hot mineral acids. Uniform results were obtained 
with 50% sulphuric acid, constant-boiling hydrobromic acid, and 
concentrated hydrochloric acid, and two typical experiments are 
described below. 

(a) The aticonic acid (2 g.) was heated on the water-bath for 
3 hours with 48% hydrobromic acid (50 c.c.), and the product 
neutralised with sodium carbonate and re-acidified. Extraction 
with ether yielded 1-9 g. of a crystalline solid, which was recrystallised 
from water. The first crop on further crystallisation from a mixture 





of ether and light petroleum yielded hard prismatic needles of the| ¢,, 


isoparaconic acid, m. p. 128°. The fraction more soluble in wae 
was allowed to crystallise slowly from ether and light petroleum, 
and yielded two well-defined types of crystal: prismatic needles, 
similar to the above, and soft shining overlapping plates. There’ 
was no tendency for mixed crystal formation, but several aggregates 
were found in which the prisms had been “‘ cemented ”’ together by 
the plates. These crystals were separated by hand-picking and 
recrystallisation from the above mixed solvents. The plates 
(the paraconic acid) were then obtained in a state of purity; m. p. 
146°. The product remaining in solution after this series of crystal- 
lisations was a mixture of these two acids having m. p. 112—1%’ 
and the correct equivalent. 

(6) The itaconic acid (2 g.) was heated on the water-bath with 
50% sulphuric acid (50 c.c.) until completely dissolved (some 
5 hours). The product (1-9 g.) was worked up as above, and on 
crystallisation from water yielded the crude 146°-acid, which was 
purified as before and identified (mixed m. p.) with that already 
prepared. The portion more soluble in water was separated as 
above, prismatic needles being obtained, m. p. 128° alone or when 
admixed with the sample already prepared. 

y-Methyl-y-ethylisoparaconic acid (X) (probably identical with 
Stobbe’s acid, m. p. 125—126°) crystallises from concentrated 
hydrochioric acid in hard prismatic needles, m. p. 128°, the m. p. 
being unchanged on cooling and redetermination, but being de- 
pressed to 115° by admixture with the 146°-acid (Found : C, 55°; 
H, 7:1; M, monobasic, 172. Cale.: C, 55-8; H, 70%; M, 172). 
After the initial titration a further equal amount of baryta was 
neutralised when the solution was heated with excess of the reagent, 
corresponding to the opening of the lactone ring. 

y-Methyl-y-ethylparaconic acid (IV) forms soft plates from water, 
m. p. 146°, unchanged on solidification and redetermination (Found: 
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(, 55°83; H, 7-0; M, monobasic, 171. C,H,,0, requires C, 55-8; 
H, 7-0%; M,172). A further equal amount of baryta was neutral- 
ised when the neutral solution was heated with excess of the reagent. 

Synthesis of the Paraconic Acid from Ethyl Acetosuccinate.— 
Grignard (loc. cit.) has shown that ethyl acetosuccinate reacts 
mainly in the enolic phase with magnesium methyl iodide, leading 
to decomposition of the latter without condensation. The same 
difficulty was met with in the present case, the best yield of con- 
densation product being obtained by slowly adding 144 g. (} g.-mol.) 
of the ester in 3 vols. of ether to 1 g.-mol. of well-cooled magnesium 
ethyl iodide. After 3 hours’ further standing in a freezing mixture, 
the product was isolated in the usual manner and separated by 
fractionation into unchanged ethyl acetosuccinate (90 g.; b. p. 
150°/15 mm.) and a high fraction (33 g.; b. p. 150—170°/15 mm.) 
mainly composed of ethyl y-hydroxy-f$-carbethoxy-y-methyl-n- 
hexoate (VII). Magnesium ethyl bromide gave a lower yield of 
this high fraction. 

50 G. of the crude high-boiling fraction, 850 g. of 10% aqueous 
caustic potash (50%, alkali caused extensive hydrolysis to succinic 
acid), and sufficient alcohol to effect solution were left at room 
temperature over-night. The acid fraction of the product, isolated 
by extraction in the usual manner, was left in an evacuated desiccator 
for several days. The separated solid was freed from adhering 
liquid (mainly levulic acid) by suction, washed on porous earthen- 
ware with light petroleum, and crystallised from water. y-Methyl- 
y-ethylparaconic acid then separated in the pure condition in soft 
plates, m. p. 146—147°, alone or when admixed with the acid 
prepared from methylethylitaconic acid (Found: C, 55:6; H, 
69%). 2 

Preparation of this paraconic acid from sec.-butylsuccinic acid 
(V)—method (a)—had to be abandoned, as no appreciable quantity 
of the intermediate ester (VIII) could be prepared by any of the 
methods successfully used for the :sopropyl homologue. 

Preparation of Methylethylacetaldehyde (XII1).—sec.-Buty] alcohol 
was slowly distilled with 3 equivs. of 48% hydrobromic acid, 
distillation being stopped when the temperature rose above 80°. 
The bromide layer was washed with concentrated hydrochloric 
acid (which recovered some 5—10% of unchanged alcohol), dried 
with calcium chloride, and redistilled; yield, 76%, of b. p. 90—93°. 
This bromide was converted into the aldehyde by the following 
method, all other conditions giving poor yields. 

Magnesium sec.-butyl bromide, from 16 g. of metal and 88 g. of 
the bromide in 400 c.c. of ether, was decanted from a little unchanged 
metal into a dry flask, and ethyl orthoformate (55 g.—rather more 
4A 
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than 4 equiv.) was slowly added. No reaction was apparent at 
first, but towards the end of the addition a white crystalline solid 
separated. The mixture was heated under reflux for an hour, the 
solvent removed, and the residue heated on the steam-bath for an 
hour with constant shaking, much heat being developed as the 
last traces of ether came off. The resulting hard solid mass wag 
cooled, and decomposed with water and a scant excess of dilute 
acid. The oily layer (of the acetal) was separated, and more was 
liberated from the water by salting out but not by extraction. The 
combined acetal layer was heated on the water-bath under reflux 
for 15 minutes with 3 vols. of 20° sulphuric acid, the air in the flask 
being displaced by carbon dioxide. The aldehyde layer was 
separated by salting out, and at once converted into its bisulphite 
compound, which was filtered off, washed well with ether, and 
dried on porous earthenware. A further small quantity of aldehyde 
could be isolated as bisulphite compound by similar treatment of the 
ethereal extracts of the aqueous layer after the hydrolysis of the 
acetal; yield, 30 g. of dry bisulphite compound (25% on the 
bromide). 

Methylethylacetaldehyde was liberated from the _bisulphite 
compound with sodium carbonate, dried over calcium chloride, and 
distilled, the entire product boiling at 92—93° (Fourneau and 
Ribas, Bull. Soc. chim., 1927, 41, 1054, give 90° for the r-aldehyde; 
Ehrlich, Ber., 1907, 40, 2556, gives 90—92° for the d-aldehyde). 
All work with this substance was carried out in an atmosphere of 
carbon dioxide. The semicarbazone crystallised from aqueous 
alcohol in very small needles, m. p. 103° (Found: N, 29-2. 
C,H,,ON, requires N, 29-4%). 

The aldehyde was also prepared, but in very poor yield, by the 
Darzens—Claisen method. 

y-Methyl-y-ethylglycidic ester (XII) was prepared in 32% yield by 
Claisen’s method (Ber., 1905, 38, 707), but better by the following 
process: Dry sodium ethoxide (2 g.-mols.), cooled in a freezing 
mixture, was treated slowly and with constant shaking with a 
mixture of methyl ethyl ketone (130 g.) and ethyl chloroacetate 
(220 g.). The product was kept over-night, heated for 5 hours at 
100°, and decomposed in the cold with very dilute sulphuric acid. 
The glycidic ester, extracted by means of ether, was dried and 
redistilled, 160 g. (56°) being obtained, b. p. 91—95°/17 mm. It 
was hydrolysed by being poured into the calculated amount of 
saturated sodium ethoxide, and an equivalent amount of water 
added. On cooling the hot solution in a freezing mixture, an almost 
quantitative yield of the sodium salt of the glycidic acid was obtained. 
This was washed with alcohol and ether and used without further 
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purification. Some 15% of crude aldehyde (b. p. 88—98°) was 
obtained by isolating the acid from this salt and distilling it very 
slowly in the vacuum of an oil pump, the distillate being collected 
in a receiver cooled in a freezing mixture and in traps immersed in 
liquid air, but other methods gave only traces of aldehyde and 
much high-boiling product. 

y-Methylhexenoic Acids.—(1) By-Acid from the paraconic acid. 
y-Methyl-y-ethylparaconic acid (23 g.) was heated as rapidly as 
possible in the apparatus described by Goldberg and Linstead 
(loc. cit.). At 260° (thermometer in the liquid), distillation occurred 
without charring. The colourless liquid so obtained was distilled in 
a current of steam, which left a residue of 4 g. of the crude paraconic 
acid. The steam-distillate was treated with sodium bicarbonate 
(25 g.) and saturated with salt, and the lactonic material was 
extracted with ether (3-9 g.; product A). The bicarbonate solution 
after acidification and extraction yielded 6-7 g. of By-acid. Slower 
heating appeared to favour production of the lactone. 

y-Methyl-A®-hexenoic acid, so prepared, is a colourless liquid 
with the unpleasant smell characteristic of such substances. It 
has b. p. 118°/12 mm., di$” 0-9644, nif” 1-4512, [R,]p 35-78 (Calc., 
35:60) (Found: for a sample prepared as described on p. 2072, 
C, 65-4; H, 9-4; M, 128. C,H,,0, requires C, 65-6; H, 94%; 
M, 128). Auwers and Heyna (loc. cit.) give for the reduction 
product of y-methylsorbic acid, d? 0-966, ni 1-4503, [R,]|p 35-67. 
(They describe this substance as a liquid, and presumably 
“Schmelzp. 111°” is a misprint.) The acid readily changes on 
exposure to air, and a specimen kept in a corked flask for 6 weeks 
yielded 25°, of high-boiling material on redistillation. This change 
was accompanied by a large decrease in iodine addition, a rise in the 
equivalent, and a fall in the carbon and hydrogen percentages, 
indicating some form of oxidation. This makes it essential that 
experiments with this acid should be performed on freshly prepared 
material. 

The lactonic product (A, above) distilled entirely at 103—104°/ 
10 mm., and was undoubtedly identical with Grignard’s y-methyl- 
y-ethylbutyrolactone (loc. cit., p. 559). It had d?* 0-9983, nj* 
14460, [R,], 34:22, and did not solidify in a freezing mixture 
(Found: ©, 65-4; H, 9-7; equiv., by warming with excess of 
baryta and back titration, 129. Calc. : C, 65-6; H, 9.4%; equiv., 
128). 

(2) «8-Acid from methylethylacetaldehyde. 63 G. of malonic acid 
were dissolved in dry pyridine (83 g.) and 35 g. of the aldehyde 
added, the air in the flask being displaced by carbon dioxide. The 
mixture was kept for 4 days at room temperature, and then warmed 
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for some hours on the water-bath. The acid (41 g., 80%) was 
isolated from the product in the usual manner, and a little aldehyde 
was recovered as bisulphite compound from the low-boiling fraction, 

y-Methyl-A*-hexenoic acid is a colourless liquid which does not 
solidify at — 15°. It has b. p. 125°/13 mm., d?* 0-9441, n}* 1-4526, 
[R,]p 36-65 (Calc., 35-60) (Found : C, 65-6; H, 9-6; M, by titration, 
127. C,;H,,0, requires C, 65-6; H,9-4%; M, 128). 

The acid chloride, b. p. 65—66°/11 mm., prepared by using 
thionyl chloride, readily yielded the anilide, prismatic needles from 
benzene and light petroleum, m. p. 110° (Found: C, 76-7; H, 86, 
C,,;H,,ON requires C, 76-8; H, 8-4%). The p-toluidide, prepared 
similarly, crystallised from aqueous alcohol in long needles, m. p. 
92° (Found: C, 77-2; H, 8-8. C,,H,,ON requires C, 77-4; H, 
88%). 

Equilibration of the Acids——The pure acids and mixtures in 
known proportion had the following iodine additions in 10 minutes 
(Linstead and May, J., 1927, 2565) : 


aB-Acid, % ......+ 100 80 60 40 20 0 (By-acid) 
Iodine addition ... 0-5 205 396 594 79:0 95:8 


The acids were equilibrated in the usual way, except that a temper- 
ature of 104° was used in error and the mobility is therefore slightly 
high. The unsaturated acid was freed from hydroxy-acid and 
lactone by the standard technique, and its composition found 
iodometrically, the absence of extraneous impurity being checked 
in several cases by determination of the equivalent. 


Starting material ............ -a@B- af- aB- af- af- ap- Py 
Time CAML) ioc0ccdsdedcsonssocse 2 4 6 10 16 20 16 

Iodine addition of product 34-5 62:3 65-1 73:0 74:7 75:2 773 
ee 345 52-9 66-0 73-9 75:7 76-2 783 


From the intermediate values from the «$-side the mobility given 
on p. 2066 was calculated. 

By-Acid from equilibrium mixture. The «a®-acid (24 g.) was 
equilibrated for 20 hrs. and yielded 18-3 g. of equilibrium mixture 
(properties on p. 2066), together with 1-6 g. of non-steam-volatile 
and 1-4 g. of neutral material. 17-5 G. of the equilibrium mixture 
(which could not be separated into its constituents by fractionation) 
were added to N-alcoholic hydrochloric acid (41 ¢.c.) and absolute 
alcohol (123 c.c.). After 4 hours the product was separated by the 
usual method (Eccott and Linstead, loc. cit.) into 14 g. of ester, b. p. 
78°/11 mm., and 4:5 g. of acid boiling mainly at 124—126°/14 mm., 
with an iodine addition of only 25%. On careful hydrolysis with 
cold 10% aqueous-alcoholic potash, the ester yielded the almost 
pure By-acid (9-0 g.) with dil 0-9633, nijj* 14510, and the other 








~_ lh lh UCUVL.hlUC<Ci OlC re  ehULCCe CU Cee 


—_ > -* ~~ fc eet Fs ee UlUc~xf.hUC(<i—<— HC rhhC(—. 


~a—™ Ff CO Ft ee 


>) Was 


lehyde 
action. 
es not 
1-4526, 
ration, 


using 
s from 
H, 8-5, 


res in 
Linutes 


-acid) 


pm per- 
lightly 
d and 

found 
necked 








THE PHOTOCHEMICAL REACTION BETWEEN OXYGEN, ETC. 2073 


properties given on p. 2066. This showed the same tendency towards 
the spontaneous formation of high-boiling products as the material 
already described. 

Derivatives of the By-acid. y-Methyl-A*-hexenoic acid (from the 
paraconic acid) was dissolved in an equal amount of benzene and 
warmed on the water-bath for 15 minutes with 1 equiv. of phosphorus 
trichloride (compare Eccott and Linstead, this vol., p. 909). The 
product, which contained no unchanged acid, boiled over the range 
60—80°/15 mm. On refractionation, above 50% was obtained of 
b. p. 64—68°/16 mm., which yielded an anilide crystallising in long 
needles. These melted rather indefinitely at 77—78° and contained 
atrace of chlorine. Repeated recrystallisation from aqueous alcohol 
and from mixtures of benzene, ether, or acetone with light petroleum 
did not alter the m. p. (Found: C, 76-5; H, 87%). 

Treated similarly, the @y-acid obtained from the equilibrated 
xf-acid yielded an acid chloride of b. p. 65—68°/15 mm., and an 
anilide melting indefinitely at 83° and containing traces of chlorine, 
which again could not be removed by simple crystallisation. This 
did not depress the m. p. of the anilide already prepared. One 
sample which had been kept for some time first in an evacuated 
desiccator and later in the air ultimately yielded a chlorine-free 
product. From this, after repeated recrystallisation from aqueous 
alcohol, the pure anilide was obtained as bold needles, m. p. 91°, 
unchanged by further crystallisation (Found: C, 76-9; H, 8-6. 
C,;H,,ON requires C, 76-8; H, 8-4%). A mixture of this with the 
a8-anilide (m. p. 110°) melted at about 83°, and one with the impure 
by-anilide (m. p. 77—78°) at 78°. 

Our thanks are due to the Chemical Society and the Government 
Grant Committee of the Royal Society for grants which have 
largely defrayed the cost of this work. 
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CCLXVII.—The Photochemical Reaction between 
Oxygen and Hydrogen Chloride. 


By ArtHur JoHN ALLMAND and RearNvaALp GEORGE FRANKLIN. 


IsoLaTED observations on the oxidation of hydrogen chloride by 
oxygen in light have been made in the past, but very little systematic 
work has been done. McLeod (J., 1886, 49, 608), Backelandt 
(Bull. Acad. belg., 1886, 11, 194), Richardson (Brit. Assoc. Reports, 
1889, 59), and others all report that if a sufficiently concentrated 
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solution of hydrochloric acid be exposed to oxygen or air in sun. 
light, a certain amount of chlorine is produced. In a first paper 
(Ann. Chim., 1890, 19, 515) M. Berthelot asserts that perfectly 
pure solutions will not behave in this way, a trace of dissolved 
manganous or ferric chloride being necessary; and in a second 
paper (Ann. Chim. Phys., 1904, 3, 295) he states that contact with 
gold or platinum has the same effect. The most conclusive experi- 
ments are those of Backelandt and of Richardson. 

Experiments on the corresponding gaseous system were carried 
out by Backelandt (loc. cit.), Richardson (J., 1887, 51, 801; Brit. 
Assoc. Reports, 1888, 89), and Thiele (Ber., 1907, 40, 4914; Z. angew. 
Chem., 1909, 22, 2472), the first two authors working with glass 
vessels in sunlight, and the last using quartz vessels and a quartz- 
mercury lamp. All found the oxidation to take place under suit- 
able conditions. There were, however, differences in detail. 
Richardson could obtain practically complete oxidation of the 
hydrogen chloride if the gases were moist, with definite indications 
that the reaction was photosensitised by the chlorine produced, 
but found the rate to diminish with partly dried, and to fall to zero 
with phosphoric oxide-dried, gases. On the other hand, Backe- 
landt reported the formation of chlorine in a “ perfectly dry” 
gaseous mixture. Thiele, employing light of shorter wave-length 
and sulphuric acid-dried gases, also found the reaction to take 
place. 

Thermodynamic Considerations.—The reaction 2Cl, + 2H,O — 
4HCl + O, tends to take place spontaneously in dilute aqueous 
solution and can be effected in practice by the action of light (some 
chloric acid is produced in addition to the oxygen). The question 
arises as to whether the reverse reaction taking place in a con- 
centrated hydrochloric acid solution is also spontaneous, or whether 
it is not rather accompanied by an increase in free energy derived 
from the light, 7.e., is endoenergetic. The point can be answered 
in the following way. We know that the equilibrium in the Deacon 
reaction moves in favour of the chlorine—water vapour side of the 
equation with fall in temperature. Extrapolating the data given 
by Nernst (Z. Elektrochem., 1909, 15, 689) for the constant X, = 
Pia,’ Piso /Pica* Po,, down to 25°, we find log K, = 13-9 (pressures in 
atmospheres). Combining this figure with data for the pavrtial 
pressures of hydrogen chloride and water vapour over various 
aqueous solutions of hydrochloric acid, we can calculate whethet 
the free energy decrease associated with the reaction 


4HCl(p,) + O, (1 atm.) —> 2Cl, (1 atm.) + 2H,O(p,) 


is positive or negative. 
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TABLE I. 
Normality Log pit,0/pitc1 
of (pressures in 
solution. Py» mm. Po mm. atmospheres). Log K,— %y log p. 
10-5 37-5 6-28 1-05 + 12-85 
8-0 3-01 10-5 5-83 + 8-07 
6-5 0-57 13-4 8-99 + 4-91 
3°33 0-0133 19-64 15-85 — 1-95 


We have used for the purpose the data of Dobson and Masson 
(J., 1924, 125, 668), with the results shown in Table I. Thermo- 
dynamically, then, there is no reason why irradiation of the three 
more concentrated acid solutions in presence of oxygen at 1 atm. 
pressure should not result in the formation of chlorine at very 
considerable pressures. A 3-33N-solution is, however, not capable 
of forming chlorine even at 1 atm.; the maximum developable 
pressure is clearly governed by the relation 


2 log pu, = — 1-95, or pu, = 0-106 atm. 


No quantitative data have hitherto been published on this 
reaction. The object of the present experiments was to fill this 
gap, particularly as regards the reaction in the liquid phase, working 
under well-defined conditions, investigating the energetics, and 
attempting to discover why the reaction apparently proceeds to a 
far less degree than is predicted on thermodynamical grounds. 


EXPERIMENTAL. 


Apparatus and Methods.—The majority of our experiments were 
carried out with a cell similar in construction to those described in 
J., 1925, 127, 829. The glass block was 5 em. deep, the volume 
of the cell cavity being about 220 c.c. The quartz faces were 
cemented on by a very thin layer of pitch. A tap (A), sealed into 
a hole which was drilled through the base of the glass block, allowed 
samples of the photolyte to be drawn off for analysis. A vertical 
tube (B), sealed into a similar hole, which entered the cell cavity 
vertically and tangentially to the horizontal diameter of the latter, 
served to pass oxygen or air into the cell. A third hole, 1 cm. in 
diameter, was drilled vertically through the middle of the top of 
the glass block into the cavity. It was closed by a ground joint (C). 
Through the latter was introduced a rotating glass stirrer which 
passed through a seal (G) of the usual type, fitting on to the out- 
side of C, and filled with a hydrochloric acid solution of the con- 
centration under experiment. The seal was sufficiently deep, and 
the wing attached to the stirrer rod sufficiently long, to allow of 
the stirrer being raised right out of the liquid, which filled the 
lower part of the cell, into the top part of the cell (filled with gas) 
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during insolation. Connected with B was a reservoir of oxygen (D) 
of about the same capacity as the cell, sealed with a solution of 
hydrochloric acid, the height of which could be adjusted by a 
levelling bulb (E) in the usual manner. A side tube (F) allowed 
of oxygen being passed directly into D when E was lowered. 

The usual experimental procedure was to fill the greater part 
of the cell through C with the acid, already pre-saturated with 
oxygen, and then, with G open, to lower E, and to pass oxygen 
via F successively through D, B, the acid in the cell, and out 
through C. When the gas space in the cell had been swept out 
and the acid well saturated with oxygen, G was closed, the oxygen 
stream stopped, and F just sealed by raising E. The residual gas 
space in the cell was shielded from the light source by an aluminium 
screen (this was invariably done when the liquid phase was inso- 
lated), and insolation commenced. After a given time, the stirrer 
was lowered, the acid stirred, and one-third drawn off through A 
for analysis, the oxygen pressure in the cell being kept constant by 
raising E. After readjustment of the aluminium screen and raising 
the stirrer, a further insolation was made, and another one-third 
of the cell’s contents withdrawn. A similar procedure was adopted 
for the insolation of the final third part of the solution. 

In the first experiments, a water-cooled tungsten arc lamp was 
used, but it proved erratic in behaviour owing to deposition of 
tungstic oxide on the electrodes. Quartz mercury lamps were 
subsequently employed, placed a few inches in front of the cell 
without any lens system. The filters used for monochromatic light 
will be described later. A l-cm. quartz cell, through which dis- 
tilled water flowed, was normally placed between the lamp and the 
reaction cell in order to keep down the temperature of the latter. 

The course of the reaction was followed iodometrically. The 
potassium iodide used was iodate-free, and a solution was freshly 
prepared for each experiment, as also was the “soluble starch ” 
indicator. A progressive liberation of traces of iodine was found 
to occur when aqueous potassium iodide was added to pure con- 
centrated (10—12N) hydrochloric acid solutions, but on diluting 
the latter five-fold with water, no detectable amount appeared until 
after 20 minutes. The procedure finally adopted was to dilute 
the chlorine solutions until the acid concentration was 2—2-5N, 
add the potassium iodide and starch solutions, and titrate with 
0-01N-sodium thiosulphate. Tested on solutions of known chlorine 
content, the titration figures were found to be raised very slightly 
by the presence of the acid, but to be consistent. In titrating 
50 c.c. of the photolyte, the end-point could be determined to 4 
single drop of thiosulphate, corresponding to an error in the chlorine 
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concentration of 0-006 x 10°°N. Blank tests for the presence of 
traces of chlorine or other oxidising agents in the concentrated acid 
solutions used were invariably made before these were insolated. 

Preliminary Hapervmenis.—After first observing that solutions 
of concentrated hydrochloric acid saturated with oxygen and 
exposed to the full radiation of the tungsten or mercury arcs for 
an hour or so did, in fact, develop chlorine, it was shown that no 
such reaction took place either in the dark or in the diffused light 
of the laboratory. A glass plate, 0-6 cm. thick, placed before the 
cell prevented any perceptible reaction during the course of 34 hours, 
the conclusion being that the essentially active rays, under our 
experimental conditions, lay in the short or medium ultra-violet. 

Experiments were then done in which concentrated solutions of 
acid saturated with oxygen were exposed in the apparatus described 
above (i) successively for 1, 2, and 3 hours, (ii) for 3 hours, (iii) for 
4,5, and 6 hours. The concentrations of chlorine produced, [Cl,], 
are shown below as normalities, the same convention being adopted 
throughout this paper. 


ii. iii. 








~ ~ 


i 
BED, OCD nccccccscces 1 2 3 3 4 5 6 
23 0-28 0-28 0-34 0-37 0-41 


If these data are plotted, the curve is seen gradually to flatten 
out, indicating an asymptotic approach to a limiting chlorine con- 
centration. It appeared possible that this result might be due to 
loss of chlorine from the liquid to the gas phase, but one or two 
experiments, confirmed later, showed this diffusion loss to be 
negligibly small. In the present instance, a 0-14 x 10-N-solution 
had become 0-11 x 10-3N after 46 hours in the dark; another 
solution, originally 0-19 x 10°N, was still 0-15 x 10°N after 
67-5 hours in the dark. The average fall in concentration was thus 
only of the order of 0-0006 x 10-°N per hour, and therefore quite 
insufficient to explain the course of the observed curve. 

In view of the emphasis laid by Berthelot (loc. cit.) on the 
accelerating effect of manganese chloride on the reaction, a few 
experiments were done with air-saturated acid solutions containing 
small quantities of this salt. Parallel experiments in absence of 
manganese chloride were carried out. In every case under our 
conditions, the addition of the salt resulted in a definite retardation 
of the reaction, of the order of 20%. Incidentally, it was shown 
that chlorine is slowly formed when concentrated acid solutions 
are insolated in thin glass test-tubes, although at a rate quite 
negligible compared with that of its production in quartz vessels. 


This point is of interest, as it shows that light of wave-length 
4a2 
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greater than 300 uy is active; such radiation is present in quantity 
in sunlight, which most of the previous workers had used. 

Experiments were next done on the effect of the oxygen con- 
centration. On insolation of 11N-acid in quartz test-tubes by the 
total light of the mercury arc, the chlorine concentration was 
0-44 x 10°3N after one hour, a photolyte saturated with oxygen 
being used, whilst the figure for air-saturated acid was 0-30 x 10-°N 
(in both cases the mean of several experiments). In order definitely 
to show that, in absence of oxygen, the reaction ceased, a quartz 
test-tube was provided with a ground tubulus, which permitted of 
oxygen-free atmospheric nitrogen being passed through the solution 
before insolation. In two such experiments, no formation of 
chlorine could be detected after 2—3 hours, whereas acid containing 
dissolved air gave figures of the order of 0-1 x 10-°N (lower than 
before owing to the “‘ ageing ”’ of the lamp). 

Experiments were also done to test the effect of the acid con- 
centration. In one hour’s insolation, the following comparable 
chlorine concentrations were produced : 


AGI COMCOTRUBAEION occccccoccceccccccces 11N 5-5 N 2-5N 
PUMaE De DU" entccravasspecisaccncepsesscssess 0-16 0-05 0-02 


It is of interest to compare the results obtained in this respect by 
previous observers (locc. cit.), working with sunlight in glass vessels. 


[HCl]. Result of insolation. Observer. 
Fuming acid (13) Chlorine formed Berthelot 

12-6N Marked action Backelandt 

9-5N Definite action Richardson 

6-8N Less pronounced action Backelandt 

4:3N Trace of chlorine Richardson 

1-0N No action Backelandt 


Having settled these preliminary points, attention was next 
directed to the factors responsible for the fall off in rate of reaction 
with time of insolation noted above. 

The Stationary State with 11N-Acid Solutions.—A series of experi- 
ments was carried out in which 11] N-acid, saturated with oxygen, 
was insolated under identical conditions for increasing periods of 
time, varying between 2 and 160-5 hours, by the full light of the 
mercury lamp. The gradual development of a marked yellow colour 
in the photolyte during insolation was first noticed in these experi- 
ments. In order to obtain the eleven readings taken, four successive 
cell fillings were required. The results, shown below, indicate once 
more a slow approach to a limiting chlorine concentration. 


Time of insolation, hours ... 2 4 6 8-5 10 12 
TEMan OC... -canddosiwanacoeuapens 0-13 0-18 0-22 0-26 0-29 0-31 
Time of insolation, hours ... 21-5 48 71-5 96 160-5 

MRE BOF Cocctstcckbccpescduee 0-44 0-72 0-79 0-85 0-96 





C_ S—- => © Dm ~~ = =e S&S FF & wee 


— o> 


oO 


tity 


con- 
’ the 
was 
ygen 
0-3 NV 
itely 
lartz 
d of 
ition 
1 of 
ning 
than 


con- 
‘able 


t by 
sels. 


next 
stion 


peri- 
gen, 
is of 
the 
lour 
peri- 
ssive 
once 


» 


)-31 











REACTION BETWEEN OXYGEN AND HYDROGEN CHLORIDE. 2079 


Further experiments showed that loss of chlorine from the photo- 
lyte by diffusion was negligible. The alterations in concentration 
during a period of 18 hours’ standing in the dark in the reaction 
cell are as follows : 


(Cl,] x 10%, initially ............... 0-76 1-49 1-51 1-50 1-62 
¥ TERRE! do cccdscédctiee 0-75 1-46 1-51 1-48 1-60 
Loss by diffusion ..............000. 0-01 0-03 nil 0-02 0-02 


The change in acid concentration during the insolation is im- 
perceptible, and in view of the small quantity of oxygen consumed 
and the slow rate of reaction, any retardation due to delayed 
solution of this gas would be negligible. We are led, then, to the 
conclusion that the chlorine formed in the reaction is responsible 
for the retardation of the latter. This view was confirmed by 
insolating in the same apparatus solutions of 11N-acid, saturated 
with oxygen and containing various small but definite concentrations 
of added chlorine. After each insolation and titration, the residual 
solution was allowed to stand in the cell in the dark, and the rate 
of loss of chlorine by diffusion determined, this figure being subse- 
quently corrected for the difference between the conditions during 
the insolation and during the dark observations on the assumption 
that the rate of change of concentration by diffusion would be 
proportional to the ratio surface/volume of the liquid. The results, 
contained in Table II, are somewhat irregular, but plainly show 


TABLE IT. 
Time of Fall in 
insolation, [Cl,] x 103 [Cl,] x 108 [Cl,] x 108 
hours. initially. finally. Diff. x 10%. by diffusion. 
23-5 0-95 0-99 +0-04 
42 1-06 . 1-09 +0-03 | Not 
24 1.56 1.56 Tal. [determined 
48 1-56 1-56 nil 
20 1-95 1-90 —0-05 0-02 
22-25 2-30 1-95 —0-35 0-07 
21-5 2-28 2-19 —0-09 — 
24-5 2-48 2-44 —0-04 0-03 
22 5-12 4-40 —0-72 0-39 
22 5°58 4-47 —1-ll 0-32 


that there is a tendency towards a stationary chlorine concentration 
of about 1-6 x 10°, this figure being very slowly approached 
during insolation from the sides both of lower and of higher con- 
centration. 

The yellow colour of the solution was very marked at 1-56 x 10°°N 
(chlorine water of this concentration is colourless, even in presence 
of enough dilute hydrochloric acid to repress the hydrolysis), and 
it was further noticed that at higher chlorine concentrations, the 
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colour became less pronounced, and at 5—6 x 10-°N had practically 
disappeared. 

Further, it was remarked when making up the solutions that, up 
to about 2-5 x 10-3N, there was very little loss of chlorine during 
saturation with oxygen, but that this loss became relatively far 
greater when working with more concentrated chlorine solutions, 
This fact is reflected in the diffusion losses in the last column of 
the table. 

In view of the calculation at the beginning of this paper, the 
decomposition by light of solutions of chlorine of concentrations 
of 2—5-5 x 10°°N was unexpected, as were, on general grounds, 
the maximum in visible colour and the sudden rise in chlorine 
volatility. 

Separate test-tube experiments, done with 11N-acid solutions 
saturated with air, and using a far higher light intensity, gave a 
final chlorine concentration of 1-48 x 10-°N after 20-75 hours, and 
suggest that the stationary concentration may be independent both 
of the light intensity and of moderate changes in oxygen con- 
centration. 

Stationary State with 5-5N-Acid Solutions——Similar experiments 
were done with 5-5N-solutions. Commencing with the photolyte 
saturated with oxygen, but free from chlorine, a limiting chlorine 
concentration of 0-08 x 10-°°N was reached after 25 hours (un- 
changed at 45-5 hours) when the complete light of the lamp was 
used—this is a far lower figure than was given with the 11N-acid. 
Results with the same solution pre-charged with various chlorine 
concentrations are shown in Table III. Parallel dark experiments 
were carried out to determine the diffusion loss correction. 


TABLE III. 


Loss in chlorine normality x 10° 





Time of insol- [Cl,] x 10° A vi 
ation, hours. initially. due to light. due to diffusion. 
24 0-096 (0-01 gain) nil 
21-5 0-21 0-01 0-01 
20-25 0-39 0-01 0-025 
18 0-75 0-01 0-07 
20-75 1-60 0-07 0-08 
18 3-06 0-26 0-47 
18 3-58 0-23 0-80 


It will be noticed that any photodecomposition between 0-09 
and 0-75 x 10-°N is very small and comparable with the experi- 
mental error. At 1-6 x 10-°N and at higher concentrations, on the 
other hand, it is quite definite. The chlorine diffusion losses are 
far greater than with the 11N-acid solutions (Table II). The depth 
of colour in solutions of equal chlorine content is considerably less 
in 5-5N- than in 11N-acid, and the colour maximum, which is less 





tically 


at, up 
during 
ly far 
itions, 
mn of 


sr, the 
‘ations 
ounds, 
ilorine 


utions 
save a 
s, and 
t both 
1 Con: 


ments 
tolyte 
vlorine 
s (un- 
p was 
]-acid. 
lorine 
ments 


hd 


0-096 
xperi- 
yn the 
es are 
depth 
'y less 
is less 





REACTION BETWEEN OXYGEN AND HYDROGEN CHLORIDE. 208] 


marked, occurs at about 0-8 x 10°N. It would seem as if, in this 
case, the stationary state concentration lies below that of the colour 
maximum and that, between these concentrations, a slow decom- 
position of chlorine occurs on exposure to light. Above the colour 
maximum, both chlorine volatility and photosensitivity markedly 
increase. That fraction of the chlorine present as the non-volatile 
form of strong visible colour would seem to be insensitive to light. 
Effect of Wave-length—The filter vessels used were of the same 
general construction as the insolation cells and water filter. The 
solutions employed and the transmission of the completed filters 
for the mercury arc lines as measured by a combination of mono- 
chromator, thermopile, and galvanometer (filter 1 was measured 
photographically) were as follows : 
Solutions. Fractional transmissions. 
1.5 Mm. 0-0087% p-nitrophenol + 365 yy, 0-04; 265 pp, 0-08; 254 up, 
5 mm. 0-002% p-nitrosodi- 0-15; much of 546 and 579 up ; smaller 


methylaniline. amounts of other visible lines; traces 
of other ultra-violet lines. 


5 Mm. 0-0125% auramine O+ 313 yp, 0-19; 303 py, 0-09. 
5 mm. 0-0125% acid fuchsine. 


3, 5 Mm. 0-075% acid fuchsine. * 1% 0-08; 405 py, 0:27; 365 up, 


to 


4.5 Mm. 4% quinine sulphate + 436 up, 0-59. 
5 mm. 0-085% Victoria blue. 

In addition, a 1-cm. cell filled with chlorine gas at 1 atm. was used. 
Its transmission was about 50% between 250 and 290 uy, in addition 
to which it passed appreciable amounts of 365 uy and proportions 
of the visible lines, increasing with increase in wave-length. 

Formation of chlorine. In confirmation of the preliminary experi- 
ments, which indicated that the effect of ultra-violet rays trans- 
mitted by glass is relatively very slight, we found that no appreciable 
reaction took place when 11N-acid saturated with oxygen was 
insolated for 8 hours with light passed by filters 2 and 3, whilst the 
reaction was definite when filter 1 was used. 

Concentrations above the stationary state. Solutions of chlorine of 
about 4 x 10-°N concentration in 11N-acid were prepared, satur- 
ated with oxygen, and insolated by filtered light for about 18 hours 
with filters 2—4 and the chlorine gas filter and for 43 hours in the 
case of filter 1. In every case there was marked loss of chlorine 
after correction for the diffusion * loss. In the particular case of 

* This was considerable with these relatively concentrated chlorine solutions 
and, as the insolation cell was always found to rise 3—4° in temperature 
during insolation, experiments were done to see if this temperature rise was 
of any significance. It was found not to be the case. Working under our 


conditions, the rate of loss of chlorine from the photolyte was practically the 
same in a thermostat at 25° as at a room temperature of 16°. 
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filter 1, this loss was 3—4 times as great as could be accounted for 
by the small amount of 365 uy light present. In view of the 
particular interest of this point, the experiments were repeated 
several times, always with the same result. Further, it was shown, 
by combining a quinine filter with filter 1, that the visible mercury 
lines passed are inactive. It seems, therefore, that light in the 
wave-length region 250—270 uy causes the formation of chlorine 
at concentrations below the stationary state, and brings about the 
disappearance of chlorine at concentrations above this value. 

The stationary state concentration. A 1-64 x 10-°N-chlorine 
solution in oxygen-saturated 11N-acid was insolated by light 
passed by filter 3 for 18 hours. There was no perceptible decom. 
position or formation of chlorine, although, at rather higher con. 
centration, the decomposition was marked (see above). Since, 
when the complete light of the lamp is used, the concentration at 
this point does not change on insolation, it is reasonable to assume 
that all wave-lengths are, at the most, only slightly active at the 
stationary state. 

Concentrations below the stationary state. A number of exper 
ments were done, using filters 3 and 4, on oxygen-saturated 11N-acid 
solutions with chlorine concentrations below 1-6 x 10°N. In no 
case was there any change in chlorine concentration exceeding the 
experimental error as the result of 18 hours’ insolation. Hence 
those wave-lengths which bring about reaction of chlorine at higher 
concentrations have no such action below the stationary state. 

Summarising, it appears (i) that ultra-violet light can cause 
formation of chlorine from oxygen and concentrated hydrochloric 
acid solutions up to a certain limiting concentration, the shorter 
wave-lengths being far more effective in this respect than the 
longer ; (ii) that these solutions of chlorine, of strong visible colour 
and low chlorine pressure, are insensitive to light; (iii) that, at the 
stationary state, both formation and decomposition of chlorine are 
very slight; (iv) that light of all wave-lengths between 254 and 
436 uu can decompose solutions in concentrated acid of chlorine of 
concentrations exceeding that of the stationary state, these solutions 
being of relatively less extinction in the visible and having relatively 
high chlorine pressures. 

Some Properties of Dilute Solutions of Chlorine in 11N-Hydro- 
chloric Acid.—The striking dependence on the chlorine concet- 
tration of the colour of these solutions and of their chlorine vapour 
pressures was investigated more closely. 

Colour of the solutions. Ten different solutions of chlorine it 
11N-acid, covering a concentration range of 0-13N to 0-00015N, 
were filled into Nessler tubes, and their colours compared quali- 
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tatively. Table IV shows that, as the chlorine concentration fell 
from 0-00533 to 0-00258N, the colour (i) became far more marked 
and (ii) changed in quality. Its maximum intensity was reached 
at 0-0013NV, after which it fell off on further dilution. Comparison 
between two solutions of different colour quality must, of course, 
be made with caution, but it may be recorded that, visually, the 
solutions of concentration 130 x 10-°°N and 0-3 x 10°N appeared 
to have equal depth of colour, as did 5-33 x 10°°N- and 0-15 x 
10°N-solutions. A second set of tests gave a similar result; the 
solution of minimum greenish colour lay at 8 x 10-°N, the change 
in quality was commencing at 3-36 x 10°°N, and the solution of 
maximum brown colour was one of 1-76 x 10°N. In a third set 
of observations, a 1-54 x 10-*N-solution was found to have a dis- 
tinctly darker tint than either a 0-82 x 10° or a 2-42 x 10°°N- 
solution; all were of a deep brownish-yellow. 





TABLE IV. 
[Cl,] x 108 130 65 32 16 633 2-58 13 06 O38 O15 
Nature of colour <-~-Greenish-yellow----> <-----Brownish-yellow--—-> 
Depth of colour Very  pecreasing Barely Pro- Deep-  pecreasing 
def- percep- nounced est — 
inite tible tint 


In the second and third series, after the above observations had 
been made, the solutions were diluted with an equal volume of 
distilled water, thus halving both acid and chlorine concentrations, 
and their colours again examined. Apart from the diminished 
depth of colour observed in every case, it was found that the diluted 
solutions which had the deepest tint were derived from those with 
the maximum colour before dilution, 7.e., in 5-5N-acid, the chlorine 
solutions of strongest yellow colour were 0-88 x 10°°N and 0-77 x 
10-°N in the second and third series respectively. The position of 
the colour maximum would appear to depend on the ratio [Cl,]/ 
[HCl], and the depth of colour at the maximum on [HCl]. Dilution 
of the acid was, as before, accompanied by a marked increase in 
chlorine vapour pressure for solutions of the same chlorine con- 
centration. 

Absorption spectra. A number of photographic measurements 
were made on solutions of 11N-hydrochloric acid and on such solu- 
tions containing various amounts of dissolved chlorine. A Judd 
Lewis sector photometer and a Hilger quartz spectrograph were 
employed, together with a series of special absorption cells, con- 
sisting of 4-cm. quartz plates cemented over 3-cm. cavities drilled 
through plane-parallel glass blocks or plates of various thicknesses 
down tol mm. The results are not given in detail; they covered 
the spectral region 250—380 up only, and have since been repeated 
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with greater accuracy and extended by Dr. D. W. G. Style, who 
will publish his data later. Our figures for hydrochloric acid solu. 
tions were in moderate agreement with those of Brannigan and 
Macbeth (J., 1916, 109, 1277) obtained for 12M-acid, the two sets 
of extinction coefficients practically coinciding at 283 uy, but our 
values being definitely the greater both at higher and at lower 
frequencies. In the case of the solutions of chlorine in 11N-acid, 
the Beer-Lambert law appeared to hold (within our not inconsider. 
able experimental error) up to 0-0015N-, and possibly up to 0-0017N-, 
solutions, a tendency for extinction coefficients to fall with increase 
in [Cl,] being most marked for the longer wave-lengths. Above 
the concentrations named, the extinction coefficients fell off rapidly ; 
thus, for 0-004N-solutions, they were of the order of one-third of 
the values at lower concentrations. This decrease was again most 
marked for the longer wave-lengths. The band found at 330 uy 
in chlorine gas could not be detected; the extinction coefficients 
appeared to increase throughout with frequency over the range 
investigated (Dr. Style has since shown this statement to require 
modification) and, for dilute chlorine solutions, were of the order 
of 10,000 at 260 uu (cm.; common logarithms), compared with 
about 0-024 for hydrochloric acid in 11N-solutions and 0-24 for 
chlorine gas (von Halban and Siedentopf, Z. physikal. Chem., 1922, 
103, 71). 

Our measurements therefore sufficed to show (i) that the great 
increase * in the extinction coefficients of chlorine caused by the 
addition of concentrated hydrochloric acid, apparent to the eye in 
the visible region, persists in the ultra-violet, and is very pronounced 
in the region of these rays which bring about the oxidation of the 
hydrogen chloride; and (ii) that, when the stationary state con- 
centration of chlorine is exceeded, these extinction coefficients fall 
off, thereby more nearly approaching, though still far exceeding, 
those for ordinary chlorine. 

Partial pressure of chlorine. A few preliminary experiments were 
done to confirm the obvious conclusion drawn from the sudden 
rise in diffusion and manipulation losses on passing the stationary 
chlorine concentration. Three 100-c.c. wash-bottles were con- 
nected in series in a thermostat at 25°, filled (the first two partly, 
the third nearly completely) with the solution under experiment, 
and allowed to stand for a few hours. A sample was withdrawn 
from the third bottle and analysed for chlorine, and a slow stream 
of air (200—300 c.c./hour) passed through for 2—5 hours, the 

* The extinction coefficients of chlorine in water, when allowance is made 


for partial hydrolysis, are similar to those of chlorine gas. See the preliminary 
results in J., 1927, 657. 
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chlorine carried forward being trapped in potassium iodide solution 
and titrated. After the run, the chlorine content of the last bottle 
was again determined. The total volume of air passed was measured 
by a calibrated aspirator. The results are contained in Table V. 








TABLE V. 

[Cl,] x 10, Partial 

a A ’ pressure of 
in gaseous [Cl,] in gas . chlorine at 
initially. _ finally. phase. [Cl,] in soltn. (average) 25°, mm. 

0-52 0-48 0-0046 0-0092 0-042 
1-65 1-61 0-0113 0-0069 0-10 
2-61 2-61 0-0212 0-0081 0-19 
3°35 3°31 0-0522 0-0157 0-48 
3-72 3-52 0-0835 0-0231 0-76 
4-26 3-78 0-198 0-0493 1-8 


Though no particular accuracy can be claimed for them (the con- 
centrations in the last saturator changed during most of the runs), 
they suffice to show that the fugacity coefficient of the chlorine 
remains practically constant up to about 2-5 x 10°°N (if indeed 
it does not pass through a flat minimum at or very near the 
stationary concentration), and then proceeds to rise rapidly. This 
confirms in every way our previous observations. 

Solutions of Chlorine in Concentrated Aqueous Lithium Chloride. — 
In view of the above results, some observations were made on the 
colour of dilute solutions of chlorine in concentrated aqueous 
solutions of the alkali-metal chlorides. 0-03—0-04N-Chlorine solu- 
tions in pure saturated aqueous potassium or sodium chloride were 
of a pale yellow colour, which decreased normally on dilution with 
the saturated salt solution. With concentrated lithium chloride 
(330 g./litre) remarkable results were obtained. The colour of a 
0-034N-chlorine solution was a pale yellow, as with solutions in 
potassium and sodium chlorides. On the addition of fresh con- 
centrated lithium chloride, a deep brown-yellow appeared, far more 
intense than any observed with hydrochloric acid solutions, only to 
disappear on further dilution. If chlorine gas were passed into the 
solution when the colour was at its greatest intensity, the latter dis- 
appeared in a few moments. A further experiment gave the same 
type of result, the colour maximum lying near [Cl,] = 0-0175N. 

All chlorine solutions of concentration below the colour maximum 
had so low a chlorine partial pressure as to be practically undetect- 
able by smell. Dilution with an equal volume of water simply 
lessened the intensity of the colour, as with hydrochloric acid 
solutions but less markedly. Solutions of chlorine in saturated 
calcium chloride and in concentrated (225 g./litre) lithium sulphate 
solutions behaved normally. 
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The analogy between the results shown by chlorine dissolved jn 
concentrated aqueous hydrochloric acid and lithium chloride soly. 
tions led us to test the behaviour of the latter when exposed to air 
in quartz vessels and insolated by the full radiation of a mercury 
lamp. Small amounts of chlorine, readily detectable by the yellow 
colour, were produced; thus, in two experiments, the concen. 
tration after one hour was 0-1 x 10°N, about one-third of what 
would have been formed in 11N-aqueous hydrochloric acid under 
the same conditions. Dr. Style has suggested to us that this pro. 
duction of chlorine may be the result of slight hydrolysis of the salt, 
combined with very low solubility of lithium carbonate in con. 
centrated lithium chloride solutions. Similar experiments with 
concentrated calcium and potassium chloride solutions gave negative 
results. 

Nature of the Stationary State—As pointed out, the cessation of 
the oxidation of the acid solutions when the stationary state con. 
centration is reached is clearly due to the chlorine formed. Our 
extinction coefficient measurements, although only approximate, 
enable us to decide whether this limit to the concentration is merely 
an apparent one, 7.e., whether the internal light filter action of the 
non-photosensitive chlorine is simply so great at this point as to 
make undetectable the further formation of chlorine which never- 
theless takes place, or whether it is a true one, characterised by 
equality between rates of oxidation of hydrochloric acid by oxygen 
and of water by chlorine, 7.e., to the setting up of the dynamic 
equilibrium, 4HCl + O, — 2H,0 + C\l,. 

Measurements of the energy distribution in the radiation of the 
mercury lamps used and of the extinction coefficients of the acid 
solutions, together with our experiments with monochromatic light, 
made it clear that the only rays actively concerned in the formation 
of chlorine in our experiments were those centred on 254 uy and 
265 uu. For these lines our measurements give the following 
approximate molecular extinction coefficients : 


HCI (in 11N-solution). Cl, (below stationary state). 
BEE OM sesessnneses 0-026 15,000 
WOO MS scccconceses 0-022 6,500 


With their aid, one can calculate, for a 2-cm. cell, (i) that about 
70%, of the incident active light is absorbed by an 11N-acid solution 
free from chlorine, and (ii) that practically all the incident radiation 
of the 254 uy» and 265 uy lines is absorbed when [Cl,] has become 
0-25 x 10°°N and 0-5 x 10-3N, respectively. The distribution of 
the absorbed energy between the two absorbing constituents for 
different chlorine concentrations is indicated in the following table, 
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which contains the fractions of each wave-length absorbed by the 
acid. In the calculation of the figures at [Cl,] = 4 x 10°°N, the 
provisional values assumed for «, were 5000 and 2200 at 254 wy 
and 265 py respectively. 


[C1,) X 1D .....cccrecccreccceee 0-2 0-6 1-0 1-4 1-6 18 4 
Fraction absorbed {254pp 0-160 0-060 0-037 0-027 0-023 0-021 0-028 
by acid 265 yz 0-271 0-110 0-069 0-051 0-044 0-040 0-052 


These figures make it clear that we are dealing with a true, not 
an apparent, stationary state, and that the internal light filter 
effect is simply to delay the establishment of this state. Formation 
of chlorine was found experimentally to occur in solutions in which 
its concentration had already reached 1:0 x 10°N. At the 
stationary state (1-6—1-8 x 10°N), the amount of active light 
absorbed by the acid is still 60% of that absorbed at 1 x 10°N. 
The fact that no further perceptible production of chlorine takes 
place can only then be caused by the slow rate of formation being 
balanced by a slow rate of decomposition, due to a sufficient frac- 
tion of the chlorine being present in the photosensitive form of 
high fugacity and low extinction. At concentrations above the 
stationary state, such as 4 x 10°°N, the two opposed reactions 
must still both take place simultaneously on insolation with light 
of wave-length absorbed by the acid, as the figures at the end of 
the table indicate. The net result, as has been shown, is a dis- 
appearance of chlorine, due, of course, to the greater proportion 
of this substance being present in the photosensitive form. 

Quantum-efficiency Measurements—A number of determinations 
were carried out on 11N-acid solutions saturated with oxygen 
(in one case with air) using both the whole light and filtered light 
from a quartz—mercury lamp. The latter was of the vacuum type, 
U-shaped, of 3000 c.p., and taking about 2 amps. at 150 volts. 
The first experiments gave irreproducible results, the chlorine yield 
falling off in successive runs. This was traced to a diminution in 
the ultra-violet radiation of the lamp as its life lengthened. The 
experiments recorded below were all carried out when the lamp 
was well “aged,” radiation of A<254 up being practically absent, 
and were concordant with one another. As soon as they had been 
completed, measurements both of the total energy in the beam 
employed for the insolation and of its spectral distribution were 
made by standard methods * and used in the subsequent calculations. 

In the actual experiments, the light from the lamp, made 
approximately parallel by means of a quartz lens, was passed 

* See Franklin, Maddison, and Reeve (J. Physical Chem., 1925, 29, 713), 


the calculations being modified in accordance with the later work of Ridyard 
and Style (ibid., 1928, 32, 861). 
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through a quartz—water cell, and then either directly or through a 
filter into the reaction cell, which was 2 cm. deep, of the same 
type as previously used, and contained 55 c.c. of acid. The filter 
used consisted of 5 mm. of 0-0087% p-nitrophenol and 5 mm. of 
0-002% p-nitrosodimethylaniline, between quartz plates. Its 
transmission over the mercury spectrum was determined photo- 
graphically, three plates showing excellent agreement. The only 
figures relevant here are 15% for 254 yu and 8% for 266 uy, either 
the filter transmission or the unfiltered intensities of the other 
ultra-violet lines being so low as to make it possible to neglect 
them. The total intensity of the beam falling on the front of the 
reaction cell after passing through the water-filter varied consider- 
ably from point to point, owing to the shape of the lamp. The 
average of 16 readings taken in different parts of the beam in the 
plane occupied previously by the front face of the reaction vessel 
was 50-6 H.K. Of this amount, 2-05% and 1-81% represented 
254 uy and 265 uy respectively. 

Using the filter, about 24 hours’ exposure was given, and about 
6 hours with the complete light of the lamp. During this period, 
it was necessary to keep the lamp current constant by hand regu- 
lation. The concentrations of chlorine, estimated as previously, 
were always so low as to render diffusion and back reaction losses 
both quite negligible. The calculation of the total number of 
quanta absorbed by the acid during the experiment, as distinct 
from the number absorbed by the chlorine, was carried out by a 
graphical integration method, the extinction coefficients for 11N- 
hydrochloric acid and for the thermally-absorbing variety of 
chlorine already given being used. The final results are contained 
in Table VI. It is considered that the errors in the last column 
are of the order of 15%. In the experiments with whole light, the 
calculations are made on the assumption that only the rays at 
254 uu and 265 up are active. The agreement between the values 
obtained under these conditions and those given by the filtered 
light is evidence that this assumption is very near the truth. 


TaBLeE VI. 
Time of Quanta absorbed 
insolation, per molecule of 
Conditions. hours. (Cl,] x 10%. HC! oxidised. 

254—265 py filter. Acid 23-5 0-148 4-6 
saturated with oxygen. 23-5 0-148 4:6 
26-0 0-168 4-2 
Whole light. Acid satur- 5 0-237 4-2 
ated with oxygen. 7-5 0-316 3-9 
Whole light. Acid satur- 5-5 0-187 6-7 


ated with air. 
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The Reaction in the Gaseous Phase-—A few experiments on this 
problem are briefly described. An equimolecular mixture of chlorine 
and water vapour, contained in sealed glass tubes and subjected to 
the complete radiation of a quartz—mercury lamp at a distance of 
4-5 cm. gave no detectable trace of hydrochloric acid in 19 hours at 
a temperature of 155°. The chlorine content of the tubes after 
insolation showed that any formation of acid subsequently taken 
up by the alkali in the glass was negligible. 

Moist hydrogen chloride-oxygen mixtures, insolated in a similar 
way for 17—19 hours, gave 0-46% and 0-60% conversion of the 
acid into chlorine in two experiments. Blank experiments showed 
no dark reaction at 155° in the same period. Roughly drying the 
gases by sulphuric acid reduced these figures to 0-08% in one case, 
and to a mere trace in another experiment (compare Richardson, loc. 
cit.). The prior addition of chlorine exerted no retarding effect— 
indeed, if anything, it seemed to sensitise the reaction (compare 
idem, ibid.). Thus, with 3% and 5-3% of the total chlorine present 
initially as chlorine gas, the conversion figures rose to 0-77% and 
106% respectively. It is thus clear that light of wave-length> 
300 py can slowly bring about the oxidation of gaseous hydrogen 
chloride just as it does the oxidation of the aqueous acid. The 
retarding effect of the removal of water vapour is of interest. 

Further experiments were done in sunlight at ordinary temper- 
atures, working with 


(a) gaseous hydrogen chloride and oxygen dried by sulphuric acid ; 

(6) moist gaseous hydrogen chloride and oxygen ; 

(¢) moist gaseous hydrogen chloride and oxygen standing over 
11N-hydrochloric acid ; 

(d) as (c), but with some manganese chloride dissolved in the 
aqueous acid. 


The period of insolation (June 6th to July 7th, 1924) included 
many bright sunny days. In cases (a) and (5), the oxidation of 
the hydrochloric acid was complete. In (c), the chlorine con- 
centration in the liquid phase (pale yellow in colour) was 2-5 x 
10°N, whilst the total chlorine in the gas phase was 0-75 of that 
in the liquid phase. More chlorine was produced in (d), in quali- 
tative agreement with Berthelot (loc. cit.); the concentration in 
the gas phase remained as in (c), but that in the deep brown liquid 
phase had risen to 6-9 x 10°°N. 

The significance of these results, which agree closely with the 
work of Richardson, seems clear. In absence of any liquid phase, 
prolonged insolation of a gaseous mixture of hydrogen chloride 
and oxygen with intense light of wave-length>300 yy will lead, 
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even when the gases are partially dried, to a state not far removed § a 
from thermodynamic equilibrium. In the presence of aqueous f g 
hydrochloric acid, however, a complex stationary state is set up, J n 
corresponding to equality in the velocities of the opposed photo- § o 
chemical reactions it 
gas and liquid phases _ ; b 

4HCl + O, % ~ 2Cl, + 2H,0. ‘ 

liquid phase 

The addition of manganese chloride, owing presumably to the } * 
formation of some manganese tetrachloride, leads to a higher f 





Le | 


potential chlorine concentration in the liquid phase at this stationary 
state. The contribution of the gaseous reaction to the total velocity 
read from left to right is probably far more important than that of 
the liquid reaction. 
Discussion. 

We have seen that, using light of average wave-length 260 uy, 
y is about 0-23 and 0-15 for 11N-hydrochloric acid saturated with 
oxygen and with air respectively. This fall with decreasing oxygen 
concentration at once suggests as the primary mechanism the 
formation of an activated acid molecule, this reacting with an 
oxygen molecule only when the necessary collision occurs during 
the life-time of the activated state. Such a mechanism is rendered 
the more probable by the fact that radiation by 4>300 uy can bring 
about the formation of chlorine (a rough estimate of the value of y3¢5 
gives about 2% of the figure obtained with 260 uu). Whilst the 
dissociation of hydrochloric acid into hydrogen and chlorine atoms 
(¢q = 101 Cals. = 281 yu) would be possible with 260 uy light, it 
would be practically excluded when light of A>300 yu is used. In 
addition, some kind of a chain reaction might be anticipated in the 
case of primary optical dissociation of the acid molecule, but of 
this there is no sign. 

We suggest therefore a mechanism of the following type : 


(i) HCl + hy—~> HCI*, 

followed by 
(iia) HCI* + O, + HCl——> Cl, + H,O, — 29-3 Cals., 
(iiia) H,O, + 2HCl —~> Cl, + 2H,0, 

or 
(iib) HCI* + O, + HCl—~> Cl, + H,O + O — 74:3 Cals., 
(iiib) 2HCl + O—+> H,O + Cl,, 

or 

(iic) HCI* + O, + HCl—~> 2HC1O — 18:8 Cals., 

(iiic) 2HClO + 2HCl —> 2Cl, + 2H,0. 

The ternary collision involved in stage (ii) does not seem improb- 
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able when the high concentration of the solution is considered, 
quite apart from the possibility that partial association of the acid 
molecules may take place. And the fact that yogq is of the order 
of 0-2 instead of 4 signifies, of course, that all but 5% of the absorb- 
ing hydrochloric acid molecules lose their energy of activation 
before undergoing such a ternary collision. It is also clear that all 
three alternatives under (ii) are thermochemically possible, even 
with 365 uu light (~ 78 Cals.). But the fact that y is undoubtedly 
far less for 365 yu than for 260 vy suggests that (iib) and (iiib) 
represent the most likely of the three alternatives. 

In the case of the gaseous reaction, the mechanism is more 
difficult to appreciate. Dry hydrogen chloride only commences to 
absorb at 215 wu, and it is generally agreed that absorption in this 
region results in optical dissociation into hydrogen atoms and 
metastable chlorine atoms. It would seem, then, highly improb- 
able that any reaction should take place in sunlight in completely 
dried gases, a conclusion which agrees with the results of Richardson. 
On the other hand, in agreement with earlier workers, we found the 
reaction to go to completion in daylight in glass vessels, using moist 
or incompletely dried gases, and we also noticed that water vapour 
had an accelerating effect. In default of any data on the absorption 
of moist as compared with that of dry gaseous hydrogen chloride, it 
seems possible that the “ gaseous” oxidation actually takes place 
in a surface film of concentrated aqueous acid formed on the walls 
of the containing vessel, and therefore essentially proceeds in 
accordance with the main reaction investigated in this paper. 

With regard to the very curious properties of dilute solutions of 
chlorine in concentrated aqueous hydrochloric acid, we can say 
little further at this stage. We have written throughout of two 
different states of chlorine, the one highly absorbing, insensitive 
to light and of low fugacity, the other of relatively weak absorption, 
photosensitive, and of high fugacity. The effect of changing con- 
centration on the proportions of these two assumed forms seems to 
forbid any application of the ordinary laws of chemical equilibrium 
to the conditions of their co-existence.* We imagine rather that 
the phenomena observed are due to the attraction and distortion 
exerted on a proportion of the molecules of chlorine by the mole- 
cular and ionic fields of the dissolved acid. It may, in fact, be the 
case that the suggested two definite states of chlorine do not exist, 
and that the effects of variation. of chlorine concentration are 


* It should be mentioned that those workers who have concluded that such 
complexes as HCl, are present in solutions of chlorine in hydrochloric acid 
(¢.g., Mellor, J., 1901, 79, 232) were dealing with solutions of the gas of far 
higher concentrations. 
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explicable in terms of a continuously varying function of the eler. 
trical environment of the hydrogen chloride molecules. It is inter. 
esting to note that very recently Vaillant (Compt. rend., 1930, 190, 
170) has been led to correlate the extinction coefficient of the cobaltou 
ion with its activity, a rise in the former being accompanied by a 
fall in the latter. In our case we find that a rise in the extinction 
coefficient of chlorine in concentrated hydrochloric acid solutions is 
accompanied by a fall in its fugacity coefficient. 


Summary. 

1. The photochemical oxidation of concentrated aqueous hydro. 
chloric acid solutions by dissolved oxygen has been studied. 

2. The reaction is found to take place in ultra-violet light of 
wave-length 254—365 uu. 

3. At 260 uy, the quantum efficiency is of the order of 0-2, and 
falls off rapidly at longer wave-lengths. 

4. The chlorine concentration produced is limited by the setting 
up of a stationary state, determined by the equality of two opposing 
photochemical reactions. Ultra-violet light can both form and 
destroy chlorine under these conditions, whilst visible light can only 
effect the latter reaction. The chlorine concentration at the 
stationary state is lower the lower the concentration of the acid. 

5. The oxidation of gaseous hydrogen chloride by oxygen takes 
place slowly in ultra-violet light under laboratory conditions, goes 
to practical completion in sunlight, and is sensitised by chlorine 
and retarded by the removal of water vapour. It is suggested 
that in reality the oxidation takes place in a liquid film on the 
surface of the vessel. If concentrated aqueous acid also be present, 
a complex stationary state, involving both liquid and “ gaseous” 
reactions, is set up in sunlight. 

6. Dilute solutions of chlorine in concentrated aqueous hydro- 
chloric acid or lithium chloride behave anomalously on change of 
concentration, in respect both of their extinction coefficients and 
of their chlorine partial pressures. Further work on this subject 
is in progress. 


The experimental work described above was carried out between 
December 1922 and July 1924. We are indebted to Messrs. 
Brunner Mond and Company, Limited, for a grant which enabled 
us to purchase the quartz lenses and cells employed. The junior 
author (R. G. F.) also wishes to acknowledge the grant received 
by him from the Department of Scientific and Industrial Research 
whilst a student-in-training. 


UNIVERSITY OF LONDON, 
Kine’s COLLEGE. [Received, June 7th, 1930.] 
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CCLX VIII.—Heats of Adsorption and Isotherms in the 
System Platinum—Hydrogen. 


By Epwarp BrapDFoRD MAXTED. 


Ir the differential heat of adsorption of hydrogen on certain metals— 
viz., the function dQ/dC, in which Q is the heat evolved and C the 
adsorbed hydrogen content—is plotted against this adsorbed hydro- 
gen content, curves are obtained which confirm in a remarkable way 
the non-uniformity in the degree of unsaturation of a catalytic 
surface. Thus, Fryling (J. Physical Chem., 1926, 30, 818) found 
that the heat of adsorption of hydrogen per mol. on nickel rose from a 
lowvalue to a maximum of about 32,000 cals. as the hydrogen content 
was increased, this value falling once more with further, increments 
in the adsorbed hydrogen content. Somewhat similar results were 
obtained by Kistiakowsky (Proc. Nat. Acad. Sci., 1927, 13, 1); 
farther, Kistiakowsky, Flosdorf, and Taylor (J. Amer. Chem. Soc., 
1927, 49, 2200) observed a curve of this form, with a maximum 
heat of adsorption of about 18,000 cals. per mol., for hydrogen on 
copper. These curves resemble those obtained by Garner and 
McKie (J., 1927, 2451) for the adsorption of hydrogen on carbon. 

In a recent paper by Taylor, Kistiakowsky, and Perry (J. Physical 
Chem., 1930, 34, 799), the heats of adsorption of a number of gases 
on platinum have been measured, and results have been obtained 
which differ somewhat from those cited, in that no rise to a maximum 
value of the heat of adsorption was observed, this heat decreasing 
continuously with each increase in the adsorbed hydrogen content. 

Since the form of the heat of adsorption curve possesses con- 
siderable importance from the standpoint of the catalytic activation 
of hydrogen, it is of interest to ascertain whether the non-occurrence 
of a maximum with platinum depends on certain conditions, which 
include those employed by the last-named investigators, or whether, 
with this metal, the form is general. A further object of the work 
now described was to determine the effect of the “‘ ageing” of a 
hydrogenation catalyst on the heat of adsorption and on the hydrogen 
isotherm. It will be seen that the keeping of a catalyst such as 
platinum black for a considerable period of time causes a diminution 
both in the differential and in the integral heat of adsorption, as 
well as in the adsorptive capacity for hydrogen at a given pressure, 
the latter effect being especially marked with hydrogen at relatively 
low pressures. These effects of ageing seem to correspond with a 
breaking down or stabilisation of the highly active areas which are 
usually assumed to be responsible both for abnormally energetic 
adsorption and for the specific or pseudo-chemical adsorption com- 
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ponent (Langmuir, J. Amer. Chem. Soc., 1918, 40, 1361; Benton, 
ibid., 1923, 45, 887), viz., for that part of the total adsorption which 
is influenced relatively little by gas pressure. It is well known that 
ageing, under the conditions employed, usually gradually diminishes 
the activity of platinum black for catalytic hydrogenation. 


EXPERIMENTAL. 


The calorimeter and manometer connexions employed were similar 
to those used by Garner and his collaborators (see, especially, 
McKie, J., 1928, 2870), save that the quartz vacuum calorimeter 
was provided with a water jacket through which water from a 
thermostat could be circulated; and the author wishes to express 
his thanks to Prof. W. E. Garner for familiarising him with the 
construction involved. In this apparatus, small known quantities 
of hydrogen could be admitted to a known mass of finely divided 
platinum, the rise in temperature being photographed, by means of 
a copper-constantan thermocouple and a Moll galvanometer 
illuminated by a “ Pointolite ’ lamp, on a rotating drum. 

For evacuation, a mercury diffusion pump, backed by a Hyvac 
rotary oil pump, was used. Measurements of gas pressure were 
made with two McLeod gauges, suitable together for a pressure 
range from 0-0001 to 2 mm., beyond which upper limit measure. 
ments were not undertaken. 

The same specimen of platinum black, weighing 9-48 g., was used 
throughout. It was prepared as described by Mond, Ramsay, and 
Shields (Phil. Trans., 1895, A, 186, 657) by reducing a dilute 
solution of hydroplatinic: acid with potassium formate, and was 
placed, after being washed and dried, in a cylindrical cage of fine- 
meshed platinum gauze, approximately 5 cm. high and 1-5 cm. i 
diameter, surrounded by a small glass container and suspended by 
fine glass links within the vacuum calorimeter. The thermocouple, 
which was sheathed in as thin glass as possible, was inserted approxim- 
ately in the centre of the platinum mass. The hydrogen employeé 
was prepared by electrolysis and purified from oxygen by being 
passed over the filament, heated to dull redness, of an electric lamp, 
followed by phosphoric oxide. 

In order to minimise the “ gas effect,’ the temperature of the 
calorimeter jacket and stoppers, also that of the cold junction of 
the thermocouple, was adjusted before each run to that of the 
adsorbing mass, determined by the galvanometer deflexion. The 
effect of a small partial pressure of helium was also determined, 
with the object of improving the conductivity of the platinum mas 
as low hydrogen pressures ; but, under the conditions employed, the 
addition of helium was found to produce no appreciable effect 0 
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the curve. Helium, supplied in a pure condition through the 
courtesy of Prof. M. W. Travers, was also used for the calibration 
of the volume of the apparatus. Access of traces of mercury vapour 
to the platinum, from the pump, manometers, or gas burettes, was 
prevented by isolating the catalyst, by means of taps, at all times 
save during actual measurements, and by the insertion of traps 
containing aluminium and silver gauze. 

The platinum was at no time exposed to a temperature greater 
than 100°, in order to avoid the possibility of structural changes 
in the active areas, it having been shown by Kistiakowsky, Flosdorf, 
and Taylor (loc. cit.) that the heat treatment of copper leads to 
adsorption curves containing no maximum. In the present work, 
accordingly, the “‘ degassing ’’ of the metal was made as complete 
as possible by using very efficient methods of evacuation rather 
than by unduly raising the temperature. 

Measurements of the Heat of Adsorption.—In all, four series of 
measurements were made, the first at 0° and the remainder at 
about 20°. Of these, Series 1 was probably less accurate than the 
other three, owing to experimental difficulties of working, with the 
apparatus employed, at temperatures differing greatly from that of 
the laboratory. In Series 4, a small partial pressure (0-01 mm.) of 
helium was present throughout the measurements. Before each 
series, the platinum was degassed for at least three hours at 100°, 
by means of the combined Hyvac and diffusion pumps, the pressure 
obtained being lower than could be measured on the McLeod gauge. 
Save in Series 1, successive small increments of hydrogen were 
added, the rise in temperature being photographed in the manner 
already described ; and the platinum was allowed to cool approxim- 
ately to the original temperature before a fresh addition of hydro- 
gen was made. The results of these four series are contained in 
Table I. 

If, for any of the above series, the total adsorbed hydrogen con- 
tent be plotted against the total heat evolved, sinuous curves are 
obtained. In general, the total heat evolved during the acquisition 
of a given adsorbed hydrogen content decreases with the age of the 
catalyst. Thus, the relatively freshly prepared catalyst evolved 
about 8 cals. in adsorbing a total of about 8 c.c. of hydrogen, whereas 
a catalyst which had been kept in the apparatus for 40 days evolved 
only slightly over 4 cals. for approximately the same adsorption ; 
but the heat of adsorption appeared then to have become steady, 
since it was only slightly less for a catalyst that had been kept for a 
total of about 90 days. It should be noted that these heats of 
adsorption refer to the first, and more energetic, part of the adsorp- 
tion curve; and the heats are consequently greater than those 
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TABLE I. 
Age of Hydrogen adsorption, c.c. Heat evolution, cals. 
catalyst, + ~ 4 “ i 
Series. days. Increment. Total. Increment. Total. 
1 2—3 ~ 0-513 — 0-232 
oa 1-26 _ 0-93 
— 1-66 — 1-47 
— 2-52 — 2-08 
—- 3-23 — 2-48 
2 8—9 0-764 0-76 0-50 0-50 
0-694 1-46 0-67 1-17 
1-35 2-81 1-55 2°72 
1-98 4-79 2-88 5-60 
1-60 6-39 1-29 6-89 
1-05 7-44 0°77 7-66 
0-51 7-95 0-40 8-06 
3 40 1-16 1-16 0-80 0-80 
1-14 2-30 0-88 1-68 
1-38 3-68 0-75 2-43 
1-37 5-05 0-84 3°27 
0-79 5-84 0-44 3°71 
0-49 6-33 0-26 3°97 
0-44 6-77 0-19 4-16 
4 89 0-66 0-66 0-25 0-25 
0-70 1-36 0-36 0-61 
1-35 2°71 0-93 1-54 
1-68 4-39 1:17 2-71 
1-03 5-42 0-66 3°37 
0-68 6-10 0-31 3°68 
0-35 6-45 0-14 3°82 
0°35 6-80 0-12 3°94 


measured by Mond, Ramsay, and Shields (Z. physikal. Chem., 
1898, 25, 656) for the total adsorption. These authors found that 
9-74 g. of platinum adsorbed a total varying between 7-4 and 8:3 c.c. 
of hydrogen with a heat evolution varying between 4-6 and 5:2 
cals., the catalyst being probably less completely degassed than is 
possible with the vacuum pumps now available. 

When tangents are drawn to the above curves in order to deter- 
mine the differential heat of adsorption per mol. for various contents 
of adsorbed hydrogen, curves with well-defined maxima are obtained. 
The indications of a maximum are least in Series 3, this being possibly 
due to insufficiently complete degassing. The molecular heats of 
adsorption obtained in this way are given in Table II. 

Of these curves, Series 2 and 4 have been reproduced in Fig. 1. 
The general effect of ageing is to flatten the curve by the elimination 
of the peak portion, as well as to lower the integral heat of adsorp- 
tion; but, while the form of all the curves is similar, the actual 
curve obtained for a given specimen of platinum is dependent on 
its history and on conditions such as the degree of degassing applied 
prior to the adsorption measurement. The order of magnitude 
agrees fairly well with those obtained for other metals, and with the 
bulk of Taylor, Kistiakowsky, and Perry’s values for platinum, the 

































deter- 
ntents 
ained. 
ssibly 
ats of 


fig. 1. 
nation 
dsorp- 
actual 
nt on 
pplied 
nitude 


th the § 


n, the 




















IN THE SYSTEM PLATINUM—HYDROGEN. 2097 


Taste II. 
Content of Differential heat of adsorption, cals. per mol. of hydrogen. 








adsorbed r ~ 
hydrogen, c.c. Series 1. Series 2. Series 3. Series 4, 
0-5 14,500 14,200 15,700 8,900 
1 23,400 19,100 20,000 11,700 
1-25 32,000 —_ _— — 
1-5 27,100 — 19,400 a 
2 16,600 27,800 18,500 17,000 
2-5 16,300 — — = 
3 14,800 37,000 14,800 18,200 
4 — 29,300 13,600 15,100 
5 — 21,900 13,200 13,900 
6 — 17,900 13,200 10,200 
7 _- 17,300 13,000 -= 
8 — 17,000 —_ — 
Fie. 1. 
40,000 
30,000 
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non-observance of a maximum under the experimental conditions 
employed by the last-named investigators being possibly due to the 
employment of a relatively high temperature (250—350°) for 
degassing. This similarity of the value for the heats of adsorption 
of hydrogen on various metals suggests that the main heat effect 
measured is due to a common process, specific to the hydrogen and 
independent of the metal. 

Measurements of Isotherms.—The variation in the isotherms with 
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the gradual ageing of a catalyst is a subject of considerable interest. 
Miiller znd Schwabe (Z. Elektrochem., 1929, 35, 165) have shown that 
all the platinum metals, when reduced from their oxides by hydrogen, 
adsorb initially a far greater volume of hydrogen than is the case if 
the metal is degassed and allowed to re-adsorb; and this diminution 
appears to continue if the catalyst is allowed to remain. 

In the adsorption of hydrogen at low pressures by platinum, the 
bulk of the gas is adsorbed almost instantaneously; and this stage 
is followed by a relatively slow adsorption, in such a way that 
equilibrium between the adsorbed and the free gas phases is only 
approximately reached after a time of the order of several days, 
This effect has been found in other cases of gas adsorption and is 
illustrated by the typical isotherm reproduced in Table III, in which 
a relatively large volume (3-3 c.c.) of hydrogen was introduced into 
the apparatus, at 17°, containing the platinum black, previously 
degassed at 100°. The third column gives the completeness of the 
adsorption, expressed as a percentage of the gas ultimately adsorbed. 


TABLE III. 

Time, Hydrogen % of total Time, Hydrogen % of total 
mins. pressure,mm. adsorption. mins. pressure,mm. adsorption. 
0 1-119 — 40 0-0274 99-2 
3 0-0867 93-9 60 0-0253 99-5 
7 0-0590 96-4 75 0-0232 99-6 
14 0-0405 97-0 105 0-0211 99-7 
20 0-0341 98-5 24 hrs. 0-0189 —- 

30 0-0312 98-9 


Even with the relatively large volume of gas admitted, about 
94°% of the total adsorption takes place during the first 3 minutes, 
and over 96% in the first 7 minutes. In the measurements of the 
heat of adsorption already described, the volume of gas admitted 
was, in general, less than 3 c.c.; accordingly, any error due to 
adsorption “ drift’ during the period of the recording of temper- 
ature (10 mins.) will not be appreciable. 

In the following isotherms, the pressure 7 minutes after the 
admission of hydrogen has been taken throughout. The results 
refer to the same specimen (9-48 g.) as was used for the measure- 
ments of the heat of adsorption; indeed, the isotherms were, for 
the greater part, measured in conjunction with these. Before the 
first series, the platinum was treated with excess of hydrogen at 
room temperature and degassed for 3 hours at 100°. The figures 
for this series are abnormal, a result which is of interest in con- 
nexion with the well-known high activity of freshly prepared 
catalysts and with the observations of Miiller and Schwabe (loc. cit.). 

The form of the isotherms and the effect of ageing are seen more 
clearly on plotting these graphically. The wide range of pressure 
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TABLE IV. 
Age of Age of 
catalyst, Press. of Vol. of H, catalyst, Press. of Vol. of H, 
days. H,,mm. adsorbed, c.c. days. H,,mm. adsorbed, c.c. 
2 0-0008 0-51 40 0-0067 2-30 
0-0014 3°23 0-032 3-68 
0-0120 8-11 0-26 5-05 
3 0-0017 2-52 0-66 5-84 
0-0396 4-89 1-36 6-33 
0-300 6-58 2°35 6-77 
8 0-00084 1-46 89 0-0025 0-66 
0-0059 2-81 0-0063 1-36 
0-0733 4:79 0-0206 2-71 
0-230 6-39 0-16 4-39 
1-14 7-44 0-56 5-42 
2-02 7-95 1-56 6-10 
2-20 6-45 
2-98 6-80 
Fig. 2. 
0-3 if 
P 
q 0-2 z o 
‘ a9 Dolce 
= 
w 
im) 
7 Wy, F 
0 2 Days O 
0 2 4 6 


Hydrogen adsorption, c.c. 


involved precludes the inclusion of all points on a single diagram ; but 
the isotherms for pressures up to 0-3 mm. have been plotted in Fig. 2. 
The curves, with the exception of the first—in which substantial 
saturation was not reached—are all of the type observed by Gauger 
and Taylor for nickel, namely, of a form in which a relatively large 
change of pressure, once the preliminary stage has been passed, does 
not greatly influence the adsorbed hydrogen content; and the 
gradual shift, with time, towards the pressure axis is well seen. 

It would appear that both the heat of adsorption and the hydrogen 
isotherms are properties which, like catalytic activity, are specific, 
hot only to an individual specimen of a hydrogenation catalyst, but 
also to its condition and to its history. The possession of a high 
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differential heat of adsorption and of a high primary adsorptive 
capacity—primary adsorption being that component which rela. 
tively rapidly attains substantial saturation even at low pressures— 
should be intimately related to the possession of a relatively high 
catalytic activity, since it would be expected that a given point in 
the catalytic surface must possess at least a certain critical free 
energy in order to bring about, by this adsorption, activation of the 
hydrogen and, consequently, catalysis. Further, this necessary 
critical energy should be greater for a difficult hydrogenation, such 
as the saturation of a benzenoid ring, which requires a relatively 
active catalyst, than for a relatively easily saturated bond such as 
an ethylenic or an acetylenic linkage. This point is being tested, 
and the apparent occurrence of a maximum in the heat of adsorption 
for non-sintered catalysts is being further investigated by a modi- 
fication of the ice calorimeter method used by Mond, Ramsay, and 
Shields for the total heat; since it is recognised that the initial rises 
in temperature take place under conditions in which accurate 
thermometric determinations are rendered difficult, both by the low f - 
thermal conductivity of non-coherent, finely divided metals at low § ‘ 
pressures—although this effect should be eliminated by the use of 
an inert conducting gas, such as helium or argon—and by thef # 
probability that the adsorption of the first quantities of gas take — 
place preferentially, or even exclusively, on those parts of the metal  * 
t. 
d 





which first meet the gas to be adsorbed, viz., on the outside portions 

of the adsorbing mass, which are, in general, farthest removed from 

the seat of measurement of temperature. These factors, unless § ° 
controlled by experimental conditions, would, for thermometrically § 
determined heats, in themselves tend to give too low apparent § ¢ 
initial heats of adsorption even if the rise to a maximum value were § ® 
not an inherent part of the adsorption itself. Pp 
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CCLXIX.—The Behaviour of Molybdenum Penta- } % 
chloride in Organic Solvents. 
By Wu114am Warpitaw and Harry WILLIAM WEBB. 


It is generally considered that in the pentahalides of the metals and 
non-metals five covalencies are present, as in the pentachloride of 
phosphorus or antimony. Holroyd (Chem. and Ind., 1923, 348; 
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Holroyd, Chadwick, and Mitchell, J., 1925, 127, 2492) found that 
phosphorus pentachloride had a small conductivity in nitrobenzene 
solution although it had none in benzene or ethylene dibromide, and 
inferred the presence of an ionised form [PC1,]Cl. The evidence for 
such an assumption, however, is inconclusive (Sidgwick, “‘ Electronic 
Theory of Valency,’’ p. 162). It is interesting to read, therefore, 
that Lloyd (J. Physical Chem., 1913, 17, 592) records conductivity 
measurements of molybdenum pentachloride in various organic 
solvents which suggest that, in the case of this pentahalide, ionis- 
ation can take place. He finds that when the black crystalline 
pentachloride is dissolved in organic liquids the solutions produced 
are either green or red-brown. Green solutions are obtained with 
methyl acetate, benzaldehyde, and acetone, and the molecular 
conductivities in the first two solvents decrease with dilution; in 
acetone, a minimum value for the molecular conductivity is recorded. 
On the other hand, pyridine and glycerol give red-brown solutions 
with small molecular conductivities which increase on dilution. 
In carbon tetrachloride, carbon disulphide, and nitrobenzene, 
dark red solutions result which are practically non-conducting. 
Lloyd describes the solution in methyl acetate as being “ almost 
as conductive as standard potassium chloride.” Although this 
investigator does not advance any theoretical explanation of his 
results, one is justified in deducing that considerable ionisation of 
the pentachloride takes place in this last solvent, and varying 
degrees of ionisation in the other solvents mentioned. In the 
course of some work on molybdenum pentachloride it was apparent 
that the substance was very reactive, and it appeared remarkable 
to us that in some of the cases cited above a chemical reaction did 
not take place between the solvent and the solute. Molybdenum 
pentachloride is immediately attacked by moisture, for example, 
and if the water is not present in excess, green solutions are obtained 
containing molybdeny] trichloride, MoOCl,, and hydrogen chloride. 
Furthermore, we found that at ordinary temperatures dry alcohol 
reacts vigorously with the pentachloride, ethyl chloride and hydrogen 
chloride being evolved and green molybdeny] trichloride produced. 
Here the pentachloride shows a marked resemblance in behaviour 
to phosphorus pentachloride. These results are especially signi- 
ficant, for, with one exception (pyridine), the solvents used by Lloyd 
are difficult to free from traces of moisture or organic substances 
containing a hydroxyl group. For example, he states that “on 
account of the difficulty of keeping benzaldehyde free from benzoic 
acid no great accuracy is claimed for the results obtained from it.” 
As he does not record that rigid precautions were taken in other 


cases » ensure the purity of the solvents used and to exclude 
B 
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moisture during the conductivity determinations, his conductivity 
data, especially for the green solutions, are open to criticism. 

It is not improbable that the green colour of his solutions was due 
to the presence of molybdenyl trichloride formed by the decom. 
position of the pentachloride. The fact that he obtained 
oxychlorides on electrolysis of molybdenum pentachloride in his 
organic solvents substantiates this view. Moreover, we have found 
that the presence of small amounts of hydrogen chloride greatly 
accelerates the rate of absorption of oxygen by solutions of the 
pentachloride in certain organic solvents. 

The case of acetone is especially noteworthy. This alone of the 
solvents used gave a minimum value for the molecular conductivity 
of the molybdenum pentachloride solution although at every 
dilution the solution was green. We found that such solutions 


acquired an increasingly darker green colour as the drying of thef 


solvent became more intense, but even with the most intensively 


dried acetone an exothermic reaction took place with the penta § 


chloride. It appears that with this solvent there is a ‘specific 
reaction with the molybdenum pentachloride like that with pho 
phorus pentachloride. In view of the disadvantages of the solvent: 
used by Lloyd in preparing green solutions, ether was selected as: 
solvent which can be readily obtained free from moisture ani 
organic hydroxylic compounds and yet is stated in the literatur 
(Lichte and Kempe, Annalen, 1873, 169, 344) to give a gree 
solution with molybdenum pentachloride. When specially drie 
ether was used, the solution was not green but very dark red (almost 
black); with traces of water, however, it reverted immediately t 
green. From the ethereal solution it was possible to isolate the 
co-ordination compound MoCl,,2(C,H;),.0, which, in the presence 
water, yielded green molybdenyl chloride. These results confirm 
the suggestion that the formation of green solutions is in all case 
due either to a reaction between the solvent and the solute or to tht 
use of an impure solvent. 

It may be urged that, even if the conductivity measurements ¢ 
the green solutions are open to the objection that possibly molyb 
deny] chloride and other products are present, such a suggestion ® 
not applicable to the red-brown solution in pyridine which condutt 
and gives increasing molecular conductivity with dilution. Investif 
ation showed that here, also, a reaction occurs between the solutt 
and the solvent, and co-ordination compounds, MoCl,,7C;H3\ 
where x = 3, 4, and 5, may be isolated from the reaction products 
The results of this investigation show that molybdenum pent 
chloride is a most reactive substance, and one cannot accep 
therefore, the results of conductivity measurements in the not 
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aqueous solvents hitherto employed, as indicating that molybdenum 
pentachloride is other than a covalent compound. 


EXPERIMENTAL. 

Preparation of Molybdenum Pentachloride—The method adopted 
was a modification of that recommended by Biltz (Z. anorg. Chem., 
1924, 172, 385). The molybdenum, purchased in the form of sheet 
metal from Messrs. Johnson Matthey and Co., was cut into small 
pieces and introduced into a combustion tube. Air was displaced 
by the passage of chlorine through the apparatus for at least 3 
hours. When using sheet metal, it was found unnecessary to 
displace the air by carbon dioxide and then remove traces of oxygen 
as molybdenum oxychloride by the passage of hydrogen chloride 
as advocated by Biltz. At low red heat, chlorination begins. Too 
high a temperature causes the production of lower chlorides. It is 
not advisable to chlorinate more than 6 g. of metal at one time when 
using the standard combustion tube, for otherwise, stoppages are 
likely to occur in the tube. The dark green, almost black solid 
gave Mo, 35-20 (Calc. : Mo, 35-10%). 

Reaction with Alcohol—Dry alcohol reacts vigorously with 
molybdenum pentachloride. If the quantity of alcohol is small, 
the solution is dark, becoming dark green and finally brown on the 
addition of further quantities of alcohol. The presence of molyb- 
denyl trichloride in this solution was proved by the isolation of the 
derivative [NMe,H],{[MoOCl,] (Found: Mo, 24-9; Cl, 46-65. 
Cale.: Mo, 25-16; Cl, 46-53%) with dimethylamine hydrochloride. 
The analogy with the reaction of alcohol and phosphorus penta- 
chloride is very clearly seen. 

Other alcohols (e.g., methyl and benzyl) gave a similar reaction, 
but phenols did not. 

Reaction with Ether.—Dry ether (100 c.c.) was added to powdered 
molybdenum pentachloride (5 g.) out of contact with air, and the 
dark solution decanted and evaporated in a vacuum. Black 
hygroscopic leaflets, insoluble in chloroform and in benzene and 
decomposed by alcohol, were obtained [Found: Mo, 22-34; Cl, 
42:39. MoCl;,2(C,H;),0 requires Mo, 22-77; Cl, 42-11%]. Ethyl 
chloride was obtained by heating the compound to 80° and condensing 
the product. 

If slightly moist ether is used, a green oil is formed; if this is 
washed with ether it forms green needle-shaped crystals, melting a 
little above room temperature [Found: Mo, 24-90; Cl, 30-71. 
Mo0CI,,2(C,H,),0 requires Mo, 26-18; Cl, 29-06%]. The product 
18 very unstable and has not yet been obtained pure. By saturating 
the green oil with hydrogen chloride, a second green crystalline 
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compound was obtained in flat plates, difficult to purify [Found; 
Mo, 31:42; Cl, 37-00. MoOCl,,(C,H;),0 requires Mo, 32-82; 
Cl, 36-41%]. In view of the difficulty in purifying the preceding 
compounds, confirmation of the presence of molybdeny] trichloride 
in the green oil was obtained by adding dimethylamine hydro. 
chloride in chloroform and forming the co-ordination compound of 
the type R.[MoOCl,]. The green salt thus obtained was recrystal- 
lised from a solution of alcoholic hydrogen chloride (Found: Mo, 
25-16; Cl, 46-81. Calc.: Mo, 25-17; Cl, 46-53%). 

The pyridinium compound (C;H,N),[MoOCI,] was also isolated 
by a similar procedure and confirms the formation of molybdenyl 
trichloride in the original reaction. 

The reaction between molybdenum pentachloride and ether is 
remarkable in that a trace of moisture appears to convert the black 
addition product (g.v.) into the green molybdenyl chloride. This 
suggests that the following cycle of changes takes place : 


MoCl,,2(C,H;),0 == (C,H;5).0 + (C,H;5),0->MoCl,, 
(C,H,),0->MoCl, == MoOCl, -- 2C,H,Cl. 


Compounds of the type R,{[MoOCI,] are known to be green, but 
hitherto these have been obtained in a stable form only when R( 
is an ionised substance. This may explain the instability of the 
intermediate product. 

Determination of Molybdenum.—This was done by boiling the 
substance with ammonia (5N), oxidising the molybdenum to the 
sexavalent state with “ hyperol,” adding colourless ammonium 
sulphide, and precipitating the sulphide of molybdenum by addition 
of dilute sulphuric acid. The chlorine was determined as silver 
chloride in the filtrate and washings. 

Reaction with Pyridine —Molybdenum pentachloride (12 g.) and 
dry pyridine (250 c.c.) were allowed to react in a sealed vessel for 
ten days. The brown amorphous suspension was then filtered off, 
and washed free from pyridine and soluble salts with dry chloro- 
form. Pyridinium chloride was present in the filtrate. The light 
brown amorphous powder (13 g.) thus obtained (Found: Mo, 
20:27; Cl, 30-01; N, 8-95. MoCl,,3C;H;N requires Mo, 20-21; 
Cl, 29-87; N, 8-84) was insoluble in the usual organic solvents. 
It was slowly decomposed by heating with water, dilute acids, o 
ammonia. 

This compound was also formed when a solution of pyridine i 
chloroform was kept in contact with molybdenum pentachloride. 
Pyridine (30 g.) was dissolved in chloroform (100 c.c.; free from 
alcohol and acetone, and carefully dried) and shaken at regulat 
intervals during 3 weeks with molybdenum chloride (2 g.). The 
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light brown solid obtained by filtration and treatment as described 
above (Found: Mo, 20°68; Cl, 31-02%) had the same properties as 
that just described. 

The mother-liquor from the first preparation of this compound 
deposits on longer standing an almost colourless crystalline sub- 
stance which is difficult to separate from other products except by 
flotation of the amorphous substances and separation of remaining 
crystals by hand. This substance (Found: Mo, 17-07; Cl, 25-0. 
MoCl,,4C;H;N requires Mo, 17-32; Cl, 25-63%) was similar in 
properties to the previous derivative. 

The compound MoCl,,5C;H;N was obtained in the form of dark 
red orthorhombic crystals on prolonged standing of the mother- 
liquor from the above preparation. It was more readily obtained 
by boiling the compound MoCl,,3C;H;N with pyridine for some 
hours until solution was complete, and concentrating the solution 
over sulphuric acid (Found: Mo, 15-43; Cl, 22-64. MoCl,,5C;H;N 
requires Mo, 15-16; Cl, 22-43%). This compound is unstable in 
air, the crystals efflorescing with loss of pyridine. Like the other 
derivatives, itis very insoluble. It passes rapidly into an amorphous 
light yellow powder (Found: Mo, 17-00; Cl, 25-97%) when kept 
over sulphuric acid in a vacuum, and this changes slowly with 
further loss of pyridine into a substance approximating to the 
composition of the tripyridine salt, but even after 3 months the 
change is sti]l incomplete. 

To decide whether these compounds were derivatives of quadri- 
valent or of tervalent molybdenum, a valency determination was 
carried out. It seemed not improbable that the compound 
MoCl,,3C;H,;N might be in reality the complex salt 

C;H,N[MoCl,,2C;H;N], 

although salts of this type are as yet unknown. Such a configur- 
ation assigns a covalency of six to the molybdenum atom, and a 
valency of three. That such a formula was incorrect and that the 
compounds contained quadrivalent molybdenum was evident from 
the following results : MoCl,,3C;H,N (1-4 g.) was dissolved in dilute 
sulphuric acid (200 c.c.); 50 c.c. of this solution required 14-6 c.c. 
of V/10-potassium permanganate, and after passage through the 
reductor (J., 1923, 123, 973) 22-2 c.c. were required ; hence valency= 
6 — 14-6/7-4=4. It will be seen that the percentage of molyb- 
denum present in the compound, as calculated from this titration, 
viz., 20-2%, is almost that demanded by theory. 

A blank determination with pyridinium sulphate indicated that 
no perceptible reduction of the salt to a piperidine derivative had 
taken place. 
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Discussion. 


The mechanism of the action of molybdenum pentachloride on 
pyridine is not clear. Sell and Dootson (J., 1898, 73, 432) state that 
with phosphorus pentachloride no chlorination of pyridine takes 
place in the cold, and that even when pyridine had been boiled with 
a saturated solution of phosphorus pentachloride in phosphorus 
oxychloride for 14 days, the amount of pentachloride had diminished 
only very slightly. They conclude, however, (loc. cit., p. 432), that 
in the reaction of dry chlorine with dry pyridine “ there is without 
doubt an additive compound of pyridine and chlorine formed,” and 
this idea is confirmed by the observations of Reitzenstein and 
Bruning (Zenir., 1911, i, 819) on the action of chlorine upon pyridine 
: 4: CH ,N—NC,H 
in ethereal solution. They suggest the constitution “°~y% “\¢j * 
for the substance formed, without offering any conclusive evidence 
in support of this. It is now suggested that possibly the reaction > 
between molybdenum pentachloride and pyridine is preceded by 


the formation of an addition product, CH N< oC.’ which then f 
Ag 


breaks up into molybdenum tetrachloride and the additive com- § 
pound of pyridine and chlorine constituted as above. The im- 
probability of any appreciable amount of direct chlorination is 
shown, in our opinion, by the fact that MoCl,,3C,H,N is formed in § 
chloroform solution and also that only a minute amount of a chloro- 
pyridine, m. p. 90—92°, can be isolated. In the new compounds of 
molybdenum tetrachloride now isolated, it appears that the molyb- 
denum can have a covalency of seven in MoCl,,3C,H;N and eight 
in MoCl,,4C;H,N. 

Owing to the insolubility of the material, molecular-weight 
determinations could not be made, and the possibility of polymeris- 
ation cannot therefore be excluded. An alternative configuration 
for the compound MoCl,,3C;H;N, which obviates the necessity of 
postulating a covalency of seven for the molybdenum, is 

‘ Cl 
CsHsN<yyfoC,,2C,H,N’ 
With this structure the covalency of molybdenum is six and the 
valency four, whilst in the pentapyridine compound the covalency 
would be eight. A similar structure has been proposed for the 
. C;H,;N-Cl 
platinum compound Pt °H.N-Cl’ 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, July 12th, 1930.] 
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CCLX X.—Degradation of Quaternary Ammonium Salts. 
Part Il. 


By Tuomas STEVENS STEVENS. 


THIs paper contains the results of a study of the generality of the 
reaction (I-->II) described in Part I (J., 1928, 3193). It has been 
found that the replacement of the benzyl radical by m-bromobenzyl, 
p-methoxybenzyl, «-phenylethyl, benzhydryl, or 9-fluorenyl, of the 
phenacyl group by p-bromophenacyl, or of the dimethylammonium 
system by piperidinium, does not prevent the migration. Indeed, 
the benzhydryl and fluoreny! radicals wander so readily that the 
quaternary salts cannot be isolated. Further examples of the 
reaction are recorded in Part III (following paper). 
Ph-CO-CH,"N Me,X fb >-rcnt ‘5 Ph-CO-CH-NMe, 
CH,Ph CH,Ph 
Mechanism of the Rearrangement.—The process was shown to be 
an intramolecular one by acting on a mixture of phenacyl-m-bromo- 
benzyldimethylammonium and _ p-bromophenacylbenzyldimethyl- 
ammonium bromides with sodium ethoxide solution. Under similar 
conditions, the rates of transformation of the two substances 
separately are of the same order of magnitude, and the mixture 


(I.) (II.) 


' yielded only the rearrangement products corresponding to the 


individual salts; neither w-dimethylamino-w-benzylacetophenone 
nor w-dimethylamino-w-m-bromobenzyl-p-bromoacetophenone could 
be detected. Further, the reaction takes place in alkaline solutions 
(sodium or potassium hydroxide, sodium ethoxide, ammonia), but 
not in a neutral medium. The most plausible mechanism of the 
transformation appeared to be the conversion of the salt, by alkali, 
into the keto-enolic betaine (III— IV), followed by the detachment 
of the benzyl radical as a kation, and its reattachment at the original 
methylene carbon atom. The process would thus be analogous to 
the conversion of betaine into methyl dimethylaminoacetate 
(Willstatter, Ber., 1902, 35, 603), or of the anhydride of N-trimethyl- 
o-aminophenol into dimethyl-o-anisidine (Griess, Ber., 1880, 413, 
248). The marked acidity and ready alkylation of «-amino-ketones 
have already been recognised (Rabe and Schneider, Ber., 1908, 41, 
872; Wedekind and Bruch, Annalen, 1929, 471, 86). 


Ph-CO-CH,"NMe,‘CH,Ph °#, Ph-CO-CH-NMe,-CH,Ph (IIL) 


Yt 


Ph-CO-CH-NMe,) 


‘dp Ba Ph-C(0):CH-NMe,’CH,Ph (Iv.) 
+CH,Ph| ‘x 
Ph-CO-CH(NMe,)*CH,Ph 
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The very facile migration of the benzhydry] and fluorenyl radicals 
(groups of high kationic stability) lent support to this explanation, 
and it was thought that the view could be most readily confirmed 
by determining the relative migratory tendencies of substituted 
benzyl groups. Velocity measurements showed that the reaction 
is unimolecular in absolute-alcoholic sodium ethoxide solution 
(salt-formation at the active methylene group is probably complete 
in sodium ethoxide solution) and the results are quite irreconcilable 
with the suggested mechanism : 


Substituent H. m-Br. p-Br. p-OMe. p-NOQ,. 
Relative velocity 1-00 1:60 2:52 0-77 ca. 30 


These values are of a preliminary character, as the determination 
of the relative quantities of the two possible products formed in the 
rearrangement of salts of the type Ph-CO-CH,*-NMeX(CH,Ar)-CH,Ar’ 
was expected to yield more accurate and more rigorously valid data. 
These expectations were not realised (see following paper), and a 
more accurate and comprehensive series of velocity determinations 
will be undertaken. 

The values just mentioned suggest that the benzyl radicals are 
detached as anions and lead to the following scheme, in which the 
«-carbon atom of the phenacylidene group is considered to ‘‘capture” 
the benzyl anion before it can escape into the bulk of the reaction 
mixture : 


mm * + 
Ph-CO-CH-NMe, Ph-CO-CH-NMe, | Ph-CO-CH-NMe, 
CH,Ph ~ | H,P 
+ CH,Ph| CH,Ph 


The first stage is formally analogous to the reversed Michael and 
allied reactions, e.g., 


catCH,COPh -#_ 1) -¢, CH-COPh __ 
Ph-CH<(y-COPh == Ph-CH< oy .cOPh 
CH-COPh . 
Ph-CHY +_ pp.cH7 


—_—— 


+CH,COPh + CH,-COPh 


(compare Vorlinder, Ber., 1900, 33, 3185), and the second to the 
very energetic action of the Grignard reagent on salts of the pseudo- 
bases, >C:NR,X + RMgX —»> >CR-NR, + MgX, (Freund, Ber., 
1904, 37, 4666). (No implication is intended as to the constitution 
of the Grignard reagents: their reactions are, however, analogous 
to those of substances believed to contain anionic hydrocarbon 
radicals.) The ready migration of the benzhydryl and fluorenyl 


CH-COPh 
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radicals (which tolerate anionic as well as kationic charges) is in 
accordance with this view also. It may be noted that, according 
to the above scheme, the ammonium nitrogen atom is not essential, 
and the reactions should be capable of wide extension. 

Constitution of the Rearrangement Products.—In each case the 
assigned structure has been confirmed by degradation to, or syn- 
thesis from, the related chalkone or hydrochalkone. This defines 
the carbon skeletons of the products, but does not exclude the 
possibility of the reaction having taken the course 


Ph-CO-CH,-NMe,X NMe, 
CH,Ph ” Ph-CO-CH,-CHPh 


and several experiments were carried out in order to devise a 
practicable and rigorous method of establishing the constitutions 
of the new bases. 

Synthesis of the type 


Ph:CO-CH,°CH,Ph —> Ph-CO-C(:NOH):CH,Ph —> 
Ph-CO-CH(NH,)-CH,Ph —> Ph-CO-CH(NMe,)-CH,Ph 


was projected, but preliminary experiments on the methylation of 
w-aminoacetophenone by the Eschweiler reaction (alkaline reagents 
being presumably inadmissible owing to pyrazine formation) 
yielded no trace of the expected product. Again, the process 
MgPhBr + CN-CH(NMe,)-CH,Ph -——-> Ph-CO-CH(NMe,)-CH,Ph 
was investigated, but the only isolable product of the reaction was 
«8-diphenylethyldimethylamine, CHPh(NMe,)-CH,Ph. The inter- 
action of the Grignard reagent with «-aminonitriles is under investig- 
ation, and this replacement of cyanogen by a hydrocarbon radical 
seems to be of somewhat general occurrence (compare the recent 
observations of Cocker, Lapworth, and Walton on the detachment 
of the cyano-group from «-substituted nitriles, this vol., p. 453). 
It was considered that compounds of the type 
CH,Ph-CH(NMe,)-CH,Ph 

might be obtained from the rearrangement products by reduction, 
and that their synthesis would not present great difficulties, but 
preliminary experiments on the reduction of phenacyldimethylamine 
were disappointing: hydriodic acid and red phosphorus caused 
decomposition, and reduction by Clemmensen’s method gave only 
ethylbenzene. 

Theoxidation of w-dimethylamino-w-p-bromobenzylacetophenone, 
PhCO-CH(NMe,)-CH,°C,H,Br (following paper), was carried out 
under a variety of conditions, for the isolation of p-bromophenyl- 
acetic acid would have provided the required: proof of constitution. 


The — was remarkably stable towards acid oxidising agents, 
B 
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but was readily attacked in alkaline solution, and in each case thy 

only brominated product was p-bromobenzoic acid. 
«-Piperidino-w-benzylacetophenone was synthesised from piperidiy 
and «-bromo-«-benzylacetophenone, of known constitution (Part | 
p. 3194), but «w-dimethylamino-w-benzhydrylacetophenone could ne 
be obtained in a similar manner from w-bromo-w-benzhydrylacet:. 
phenone. By analogy with the last-mentioned compound, th 
bromination product of w-9-fluorenylacetophenone was probabl; 
«-bromo-w-9-fluorenylacetophenone, Ph-CO-CHBr-CH<C,,Hg, an 
it was rapidly converted in the cold by dimethylamine (or hy 
ammonia) into w-9-fluorenyl. 

Fie. 1. ideneacetophenone, 
Ph-CO-CH°C<C,,H, 

—a striking example of th 





atoms in fluorene. 
Bromination of oa 
phenylethylacetophenone 
gave a homogeneous pro 
duct, probably 
Ph-CO-CHBr-CHMePh, 
which, with dimethylamine, 
yielded the $-stereoisomerid 
(vide infra) of w-dimethy! 
amino-w-«-phenylethylaceto- 
phenone (V). An attemp 
to prepare the latter com- 
pound from magnesiuD 
methyl bromide and o-t 
2000 3000 4000 methylamino-«-benzylidene 


Oscillation frequencies. acetophenone, 
Ph-CO-C(NMe,):CHPh 
(from dimethylamine and «-bromochalkone, compare Dufraisse and 
Moureu, Bull. Soc. chim., 1927, 44, 464), was unsuccessful, the mail 
product being a neutral, saturated ketone. 
Ph-CO-CH(NMe,)-CHPhMe (V.) 

The Stereoisomeric w-Dimethylamino-w-«-phenylethylacetophenone 
(V).—The substance (V) contains two dissimilar asymmetri 
carbon atoms, and can therefore exist in two racemic forms. By 
rearrangement of phenacyl-x-phenylethyldimethylammonium bromitt, 
the two isomerides were produced in nearly equal quantities, and 
were separated by fractional crystallisation of the picrates. The 
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jsomeride formed almost colourless needles, while the other, which 
appeared to be dimorphous, was usually obtained in deep yellow 
peridin plates, but occasionally in light yellow nodules. This difference, 
(Part | unusual in such closely related stereoisomerides, is not so marked 
uld yg in solution as in the solid state, and the absorption spectra (for which 
ylacete the author is indebted to Dr. S. Mitchell and Mr. D. Greig) are very 
nd, th similar (Fig. 1). It may be noted that most of the rearrangement 
robabh}, Products described in this and the following paper form almost 
lis anf, colourless needles, closely resembling the corresponding modification 
of the «-phenylethyl compound. 

The yellow form is converted, apparently completely, into the 
less coloured form by hot sodium ethoxide solution. Presumably 

H the groups round the carbon atom next to the carbonyl group under- 
~ of tht go inversion, by enolisation, as in the epimerisation of the lactones 
ydroge of the sugar acids and similar compounds. 





2ase th 
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EXPERIMENTAL. 


eel In methyJations by the Eschweiler method, the hydrochloride of 
wa pte the initial base was heated at 130° for 3 hours with a moderate excess 


of 40% ‘‘formalin.”” The product, separated from non-basic 
material, was then isolated as described for the individual cases. 

MiePh, : 

Several of the quaternary salts were prepared in cold benzene, 


pe since secondary changes appeared to take place on heating. Re- 
methy@ @Tangement was brought about by heating on the water-bath for 
ylaceto 30 minutes with an excess of 2N-sodium hydroxide solution; the 
attemp yields were nearly quantitative. 

oe als Low values for carbon were consistently found with some of the 
gnesiun compounds of the benzhydryl and fluorenyl series. Better results, 


2 gil indicated by an asterisk, were obtained by combustion in moist 
oxygen. The picric acid in several of the picrates of tertiary bases 
was estimated by titration with potassium hydroxide in absolute 
HPh alcohol, phenolphthalein being used as indicator. 
m-Bromobenzyldimethylamine.—m-Bromobenzyl bromide (pre- 
pared according to Shoesmith, J., 1926, 219; bromination with 
liquid bromine led to an impure product) gave the tertiary base in 
good yield, either by the hexamine method (Sommelet and Guioth, 
Compt. rend., 1922, 174, 687) or by the action of dimethylamine as 
shenoni| “escribed for the p-isomeride (following paper). In the former 
mmetricf ©28¢ some m-bromobenzaldehyde (oxime, m. p. 72°), and in the 
ns. By latter some quaternary salt, was produced. m-Bromobenzyldi- 
bromide, Methylamine picrate was most easily isolated in the first place from 
ies, and ether; it crystallised from benzene or acetone-ether in spherical 
1g, Thee *88regates of minute orange prisms, m. p. 139—141° (Found: 
O,H,0,N;, 51-2. C,H,,NBr,C,H,0,N, requires C,H,0,Ng, 517%). 
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Phenacyl-m-bromobenzyldimethylammonium bromide, formed fairly 
rapidly from bromobenzyldimethylamine and bromoacetophenone 
in cold benzene solution, crystallised from alcohol-ether in stout 
needles, m. p. 140—143° (Found: ionisable Br, 184, 
C,,H,,ONBr-Br requires Br, 19-3%). 

«-Dimethylamino-w-m-bremobenzylacetophencne formed colourless 
needles from methyl alcohol, m. p. 72—73° (Found: Br, 24], 
C,,H,,ONBr requires Br, 24:1%). It very slowly resinified when 
kept. The picrate crystallised from methyl alcohol in bright 
yellow plates, m. p. 141—143°. The methosulphate, prepared in 
hot benzene solution, was rapidly decomposed on boiling with 
alkali, giving phenyl m-bromostyryl ketone. The same substance 
(m. p. and mixed m. p. 84—85°) was formed by condensation of 
m-bromobenzaldehyde and acetophenone in warm methyl alcohol 
containing a little concentrated potassium hydroxide solution. It 


crystallised from methyl alcohol in colourless, rectangular lamina, | 


and gave with sulphuric acid a deep yellow coloration, changing to 
cherry-red on addition of nitric acid (Found: Br, 27-9. C,;H,,OBr 
requires Br, 27-9%). 
p-Methoxybenzyldimethylamine.—p-Methoxybenzylamine was pre- 
pared by reduction of anisaldoxime substantially as described by 
Goldschmidt and Polonowska (Ber., 1887, 20, 2407). The substitu- 
tion of methyl for ethyl alcohol in this and similar preparations is 
advantageous, as it prevents the separation of sodium acetate. 
The methoxybenzylamine hydrochloride melted at 237—239° and 
the acetyl derivative at 96° (Goldschmidt and Polonowska give 
231° and 96° respectively). p-Methoxybenzyldimethylamine was 
obtained in but moderate yield by the Eschweiler methylation of 
the primary base; much anisaldehyde (identified as phenylhydraz- 
one) was also formed. The picrate, precipitated from the ethereal 
solution of the crude base by ethereal picric acid, crystallised from 
acetone-ether in deep yellow prisms, m. p. 103—105° (Found: 
C,H,0,N3, 57-5. Cj 9H,;0N,C,H,0,N, requires C,H,0,N3;, 58-1%). 
As hot alkaline picrate solutions oxidise the base, it was liberated 
by addition of aqueous alkali to a solution of the picrate in lukewarm 
acetone, and immediately extracted with benzene or ether. 
Phenacyl-p-methoxybenzyldimethylammonium bromide, prepared 
from the components in cold ether, separated as an oil which slowly 
solidified, and crystallised from alcohol-ether in rosettes of stout 
needles, m. p. 183—136° (Found: Br, 21-6. C,,H,.0,NBr requires 
Br, 220%). The picrate, deep yellow prisms from methyl alcohol, 
melted at 112—113° (Found : C,H,0,N,’, 44-8. C,,H,.0,N-C,H,07N; 
requires C,H,O,N,’, 44:5%). 
«-Dimethylamino-w-p-methoxybenzylacetophenone formed pale 
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yellow needles from methyl alcohol, m. p. 52—54° (Found : C, 75-9 ; 
H, 7-0. C,,H,,0,N requires C, 76:3; H, 7-4%), and resinified 
very slowly on keeping. The picrate crystallised from methyl 
alcohol in thick, dark yellow laminz, m. p. 143—145°. By heating 
with sodium hydroxide solution, the methosulphate, prepared in the 
usual manner, yielded phenyl p-methoxystyryl ketone, identical 
(mixed m. p.) with a specimen prepared from anisaldehyde and 
acetophenone. 
a-Phenylethyldimethylamine—The reaction mixture from the 
methylation of «-phenylethylamine hydrochloride by the Eschweiler 
method was basified, extracted with ether, and the extract mixed 
with ethereal picric acid solution. The resulting picrate, obtained 
in good yield, crystallised from alcohol, or from acetone-—light 
petroleum, in yellow leaflets, m. p. 184—137° (Found: C, 50-6; 
H, 5-0. C,.H,,0,N, requires C, 50-8; H, 48%). The free base is 
an oil with a penetrating, unpleasant, basic smell. 
Phenacyl-«-phenylethyldimethylammonium bromide, prepared by 
the interaction of bromoacetophenone and the tertiary base for a 
week in cold benzene solution, formed warty masses from alcohol- 
ether, m. p. 155—157° (decomp.) (Found: Br, 22-8. C,,H,,.ONBr 
requires Br, 23-0%). 
w-Dimethylamino--«-phenylethylacetophenones.—The crude re- 
arrangement product melted at about 90° and contained the «- and 
the $-isomeride approximately in the ratio 4:5. To effect a 
separation, the mixture was dissolved in acetic acid (50 parts of 
25%), and precipitated in six fractions by addition of picric acid. 
The first fraction consisted principally of the «-picrate, and the 
third and fourth of the @-compound. A complete separation was 
achieved by recrystallising the fractions either from aqueous acetic 
acid, which yielded preferentially the «-form, or from acetone-light 
petroleum, from which the @-form separated most readily. Although 
the separation was expeditious, it was somewhat erratic, and 
required careful control by mixed melting-point determinations. 
The «-picrate formed yellowish pointed leaflets, m. p. 186—187°, 
and yielded on decomposition the «-base, almost colourless needles 
from methyl alcohol, m. p. 111—112° (Found: C, 80-7; H, 7°8. 
CisH,,ON requires C, 80:85; H, 7-8%). The @-picrate appeared 
to be dimorphous, since on two occasions pale yellow prisms were 
Obtained in addition to the usual deep yellow nodules. The two 
forms melted, separately or mixed, at 174—176° (slight darkening), 
and when decomposed, gave the same base, which crystallised from 
methyl alcohol or light petroleum in bright yellow plates, m. p. 
111—113° (Found: C, 80-5; H, 7-6%). The intense colour of this 
base was not removed by careful recrystallisation (charcoal), or 
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even by steam-distillation, but on slow crystallisation from alcohol 
at room temperature, the base was obtained as primrose-yellow 
nodules, m. p. 111—113°. These were no doubt a polymorphic 
modification of the same substance, for, when heated at 100°, they 
rapidly reverted to the yellow form without loss in weight. The 
interconversion of the two stereoisomerides was investigated by 
heating them separately for 2 hours on the water-bath with strong 
alcoholic sodium ethoxide solution. The «-form was recovered 
unchanged, and no trace of the $-form could be detected by micro. 
scopic examination of the later crops, whereas the $-isomeride was 
completely converted into «- (mixed m. p.), and no unchanged 
material could be found. 

Synthesis. «-«-Phenylethylacetophenone, obtained in moderate 
yield by the action of hydriodic acid on acetophenone as described 


by Graebe (Ber., 1874, '7, 1625), was brominated with the theoretical 
quantity of bromine in carbon tetrachloride solution. The mixture 
was washed with dilute sodium carbonate solution and evaporated | 


to dryness, and the residue recrystallised from methyl alcohol. An 
apparently homogeneous bromination product resulted, in more 
than 80% of the theoretical quantity, and no other substance was 
isolated corresponding to the second possible stereoisomeride. 


«-Bromo-w-«-phenylethylacetophenone formed fine white needles, | 


m. p. 76° (Found: Br, 26-9. C,,H,,OBr requires Br, 26-4%). 
This was treated with dimethyiamine (2 mols.) in alcoholic solution 
for 12 hours in the cold, and then for 2 hours on the water-bath. 
The diluted liquid was extracted with benzene, and the base extracted 
thence by hydrochloric acid and precipitated by ammonia. It was 
identical with the 8-form of -dimethylamino-w-«-phenylethylaceto- 
phenone (m. p. and mixed m. p. of base and picrate), and none of the 
«-form could be detected. 

Benzhydryldimethylamine.—The Eschweiler reaction gave in- 
different results with benzhydrylamine hydrochloride (Goldschmidt, 
Ber., 1886, 19, 3233) : much benzophenone was produced (identified 
as oxime). The base crystallised readily on liberation from its 
salts, and formed colourless needles from methyl] alcohol, m. p. 
68—69°, which had a pronounced basic smell, and volatilised fairly 
readily in steam (Found: C, 84-7; H, 8-2. C,;H,,N requires 


C, 85-25; H, 8-1%). It was not decomposed by boiling for a short § 


time with concentrated hydrochloric acid. The picrate crystallised 
from methyl alcohol in yellow needles, m. p. 196—198°. The 
hydrobromide formed minute prisms from alcohol-ether, m. p. 215° 
(Found: Br, 25-7; loss at 120°, 5-8. C,,H,,N,HBr,H,O require 
Br, 25-8; loss, 5-8%). 

«-Dimethylamino-w-benzhydrylacetophenone—When a _ benzene 
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solution of benzhydryldimethylamine and bromoacetophenone was 
heated on the water-bath for 3 hours or allowed to stand for 2 weeks, 
crystals of benzhydryldimethylamine hydrobromide separated. 
These were collected, washed with warm benzene, and the filtrate 
and washings were extracted with dilute hydrochloric acid. The 
base was set free by ammonia, and any benzhydryldimethylamine 
removed by distillation in steam. w-Dimethylamino-w-benzhydryl- 
acetophenone crystallised from methyl alcohol in pale yellow needles, 
m. p. 167°, which decomposed with effervescence at 200° (Found : 
0,* 840; H, 7-4. C,3H,ON requires C, 83:85; H, 70%). The 
methosulphate, prepared in hot benzene, gave on decomposition 
with alkali w-benzhydrylideneacetophenone, which did not depress 
the m. p. of a specimen prepared according to Kohler and Johnstin 
(Amer. Chem. J., 1905, 33, 35). The synthesis of the base was 
attempted by acting on w-bromo-w-benzhydrylacetophenone (Kohler, 


> ibid., 1904, 31, 642) with dimethylamine in alcoholic solution, but no 
) action appeared to take place below 100°, and above that temperature 
) decomposition set in, and no definite product could be isolated. 


9-Fluorenyldimethylamine.—F luorenone oxime was reduced accord- 
ing to the method of Schmidt and Stiitzel (Ber., 1908, 41, 1247); 
the first portions of zinc dust had to be added very cautiously, as 
the reaction proceeded with semi-explosive violence. The crude 
9-fluorenylamine hydrochlorides were methylated by Eschweiler’s 
method, which gave a good yield of the desired product, together 
with a little fluorenyl alcohol. There was no indication of the 
presence of a second modification, as described in the case of the 
primary amine. The liberated tertiary base was extracted with 
ether, and the gummy salt precipitated from the dried solution by 
hydrogen chloride was recrystallised from alcohol-ether. The free 
base readily solidified on liberation from its salts, and its properties, 
as well as those of the picrate, agreed with the description by Ingold 
and Jessop (J., 1929, 2361) (Found, for the free base: C, 85-6; 
H, 7-0. Cale. for C,;H,;N: C, 86-1; H, 7:2%). Short boiling 
with strong hydrochloric acid did not bring about hydrolysis. The 
hydrobromide crystallised from alcohol-ether in minute irregular 
prisms, m. p. 204—206° (Found: Br, 27-3. C,,;H,;N,HBr requires 
Br, 27-6%). 

«-Dimethylamino-w-fluorenylacetophenone was prepared in cold 


| benzene as described for the benzhydryl analogue. The reaction 


required only 4—5 days, and this less soluble product was apt to 
separate from the reaction mixture along with the fluorenyl- 
dimethylamine hydrobromide. Crystallised from methyl alcohol, 
in which it was sparingly soluble and thereby easily separated from 
fluorenyldimethylamine, it formed pale yellow needles, m. p. 145— 
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148° (efferv.) (Found: C,* 84:1; H, 6-2. ©,,H,,ON requires 0, 
84:4; H,64%). Ifthe preparation was carried out in hot benzene, 
in the same manner as that of the benzhydryl compound, the 
principal product was «-fluorenylideneacetophenone (vide infra), 
The methosulphate, prepared as usual, was converted by reduction 
with zinc dust and sulphuric acid into w-fluorenylacetophenone, 
identical (m. p. and mixed m. p.) with a sample prepared according 
to Wislicenus and Mocker (Ber., 1913, 46, 2792). 

With a view to the synthesis of dimethylaminofluorenylaceto. 
phenone, fluorenylacetophenone was treated with the theoretical 
quantity of bromine in warm chloroform, and the product recrystal. 
lised from methyl alcohol. The bromo-ketone formed clusters of 
prisms, m. p. 111—113°, which decomposed with effervescence at 
160° (Found: Br, 22-2. C,,H,,OBr requires Br, 22-0%); when 
its cold ethereal solution was shaken with aqueous dimethylamine, 
it became yellow and soon deposited deep-yellow laminz of fluorenyl. 
ideneacetophenone, m. p. 137—140° (Found: C,* 886; H, 53. 
C,,H,,0 requires C, 89:3; H, 50%). Hydrogen bromide was 
removed equally readily when the bromo-ketone was similarly 
treated with ammonia. 

p-Bromophenacylbenzyldimethylammonium bromide was prepared 
from p-bromophenacyl bromide (‘‘ Chemical Syntheses,” Vol. IX, 
20) and benzyldimethylamine in cold benzene. It crystallised from 
alcohol-ether in stout prisms, m. p. 188—191° (Found : ionisable 
Br, 19:2. C,,H,,ONBr,Br requires Br, 19-3%). The bromide did 
not dissolve readily in cold water, and the nitrate was remarkably 


sparingly soluble—a distinct precipitate was produced on addition} 


of V/10-nitric acid to an aqueous solution of the bromide. 

p-Bromo-w-dimethylamino-w-benzylacetophenone formed long, pale 
yellow prisms, m. p. 106—107°, from methyl alcohol (Found: 
Br, 23-9. C,,H,,ONBr requires Br, 24-1%). The hydrochloride 
crystallised in minute scales, m. p. 235—238° (decomp.), very 
sparingly soluble in dilute hydrochloric acid. The methosulphate, 
prepared in the usual manner, crystallised readily in rather difi- 
cultly soluble needles, which were easily ‘‘ salted out ” by addition 
of alkali to their aqueous solution. Decomposition by sodium 
hydroxide solution gave p-bromopheny] styryl ketone, colourless 
leaflets, m. p. 104—105°, not depressed by admixture with a specimet 
prepared from p-bromoacetophenone and benzaldehyde (Dilthey, 
J. pr. Chem., 1921, 101, 202). The properties of the substance 
agreed with those ascribed to it by Dilthey; Kohler, Heritage, and 
Burnley (Amer. Chem. J., 1910, 44, 60) obtained, by another method, 
a presumably identical compound which they described as forming 
yellow plates, m. p. 100—101°. 
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Phenacylbenzylpiperidinium bromide, prepared from 1-benzyl- 
piperidine (Schotten, Ber., 1882, 15, 423; Haase and Wolffenstein, 
ibid., 1904, 37, 3232) and bromoacetophenone in cold benzene 
(4—5 days), crystallised from alcohol-ether in minute prisms, m. p. 
135—138° (slight effervescence) (Found: Br, 20-3, 20-4. 
C9H,,ONBr,H,O requires Br, 20-4%). An attempt to dehydrate 
the salt at 100° led to decomposition. 

w-Piperidino-w-benzylacetophenone formed fine, colourless needles 
from methyl alcohol, m. p. 80—81° (Found: C, 81-8; H, 7-9. 
CypHygO0N requires C, 81-9; H, 7-9%), which were quite stable. 
The picrate, deep yellow crystals from methyl alcohol, softened at 
180° and melted at 185—187° (decomp.). These properties may be 
compared with those of the isomeric §-piperidinobenzylaceto- 
phenone (Georgi and Schwyzer, J. pr. Chem., 1912, 86, 273). To 
synthesise the base, o-bromo-w-benzylacetophenone (Part I, p. 3197) 
was treated with piperidine in methyl alcohol for 12 hours in the 
cold and 1 hour on the water-bath. After dilution, the mixture was 
extracted with benzene, the base removed from the benzene by 
hydrochloric acid, and recovered by basification. It was identical 
(mixed m. p.) with that just described. 

Velocity Measurements.—These were carried out at 36-9° in 
N/10-sodium ethoxide solution. Samples were withdrawn, and the 
reaction checked by adding them to a known excess of standard acid. 
The mixture was then titrated back with standard alkali, phenol- 
phthalein being used as indicator, and the alcohol concentration 
adjusted to 30—40%. Under these conditions the errors resulting 
from the acidity (‘‘ active methylene group ”’) of the quaternary salts 
and from the basic properties of the rearrangement products were 
reduced. Over the range 20—80% conversion, the coefficients 
agreed within + 5% of the mean, often within + 3%. The results 
are nevertheless not thoroughly trustworthy, because there was 
some indistinctness in the end-points, because the coefficients 
obtained (though probably not their ratio for a given pair of salts) 
varied somewhat with the (small) water content of the alcohol used, 
and because small but appreciable quantities of neutral products 
were formed in several cases. 

The velocity of rearrangement of phenacyl-p-nitrobenzyldimethyl- 
ammonium bromide (following paper) could not be determined by 
the method described, for the solutions became too dark for titration ; 
a very approximate value was obtained by direct isolation of the 
product, however. The reaction was checked by adding the samples 
to ice and ammonium chloride, and the tertiary base immediately 
extracted by benzene, while the aqueous layer was acidified and 
unchanged quaternary salt precipitated with potassium iodide. 
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The benzene solution was extracted with hydrochloric acid and the 
base recovered. Each experiment thus gave a maximum and a 
minimum value for the velocity coefficient : 


t(mins.). Tertiary base. 0-434k. Quaternary iodide. 0-434k. 


l 23% 0-111 49% 0-329 
2 40 0-114 22 0-310 
20 60 _ Nil ht 


Much material was lost by side reactions (see following paper). 
Under the same conditions for phenacylbenzyldimethylammonium 
bromide, 0-434k was 0-00475. 

In order to test the intramolecular nature of the reaction, p-bromo- 
phenacylbenzyldimethylammonium (A) and _ phenacyl-m-bromo- 
benzyldimethylammonium (B) bromides (2 g. of each), in sufficient 
N /10-sodium ethoxide solution to effect rearrangement of 54-1°%, of 
the material, were kept at 36-9° for 24 hours (ample time to complete 
the reaction). 1-912 G. (42-9%, instead of 45-9°% reckoned on the 
total mixed initial material) were recovered as mixed quaternary 
iodides; and the tertiary bases were extracted with benzene, 
transferred to dilute sulphuric acid, and treated with hydrochloric 
acid, giving 0-704 g. (19-7°%%) of sparingly soluble hydrochloride, 
m. p. 235—238° (decomp.). On decomposition, this gave w-dimethyl- 
amino-w-benzyl-p-bromoacetophenone (A), m. p. 104—105° with 
slight previous softening; the m. p. of the hydrochloride was 
unaltered on recrystallisation, and careful examination of the 
mother-liquors yielded only a little (0-03 g.) of the isomeric dimethyl- 
amino-m-bromobenzylacetophenone (B). The original liquors from 
which the hydrochloride had separated were basified, and gave 
0-819 g. (25-5%) of base, m. p. 60—65°. This was converted into 
the picrate, which consisted substantially of that of the base (B) 
(m. p. 139—142°). From the last mother-liquors, a little (0-03 g.) 
of the base (A) was isolated as hydrochloride, and no other compound 
could be detected. The deficiency in quaternary iodides (45-9— 
42-9 = 3-0%) was no doubt due to loss in manipulation, but the 
defect in tertiary bases (54-1—19-7—25-5 = 8-9%) almost certainly 
represented the formation of neutral by-products. If the reaction 
had proceeded strictly intermolecularly, with ‘‘ impartial ’’ recom- 
bination of the free radicals, the dibrominated and the bromine-free 
base would each have been produced to an extent corresponding to 
some 13% of the initial materials. 

The ratio of the velocity coefficients for the (separate) rearrange- 
ment of the quaternary salts (A) and (B) is 1: 2-39, Allowing for 
the speedier consumption of the more rapidly changing salt (B), 
the 54:1% of expected tertiary bases should have been composed of 
19-5% (A) and 346% (B). That the actual figures were more 
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nearly equal is no doubt due to the salt (A) being enabled, by its 
greater acidity (bromine atom nearer to active methylene group), 
to secure the larger share of the alkali present in the solution. 


The author wishes to express his thanks to the Carnegie Trustees 
for a teaching fellowship, and to Mr. A. B. Gordon for assistance 
with the experimental work. 
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CCLX XI.—Degradation of Quaternary Ammonium Salts. 
Part Ill. 


» By Tuomas Stevens STEVENS, WILLIAM WHITELAW SNEDDEN, 


Eric THomas STILLER, and THomas THOMSON. 


THE quaternary salts whose rearrangement is described in Parts I 
and II (J., 1928, 3193; preceding paper) all contain a phenacyl 
radical (I —- II; R = COPh). It is now shown that the replace- 
ment of the phenacyl group by acetonyl does not prevent the 
reaction: thus acetonylbenzyldimethylammonium chloride (1; R = 
COMe, R’ = CH,Ph) yields with alkali «-dimethylamino-«-benzyl- 
acetone (II; R = COMe, R’ = CH,Ph). A similar change could 
not be brought about with cyanomethyl- or carbethoxymethyl-benzyl- 
dimethylammonium salts (I; R=CN or CO,Et, R’ = CH,Ph). 
The nitrile group of the former compound was rapidly hydrolysed 
by aqueous alkali, and when sodium ethoxide was employed, com- 


| plete exclusion of water.was rendered difficult by the fact that the 


only salt which could be obtained crystalline was the picrate, which 
could not be degraded directly, owing to the oxidising action of 
picric acid in alkaline media. Moreover, the expected product, 
«-dimethylamino-8-phenylpropionitrile (II, R = CN, R’ = CH,Ph), 
is readily decomposed to phenylacetaldehyde, but this also did not 
appear to be formed in any experiment. 


(I.). CH,R-NMe,X-R’ —> CHR(NMe,)R’ (IL) 


Attempts to prepare cyanomethylbenzyldimethylammonium 
chloride from chloroacetonitrile and benzyldimethylamine in hot 
benzene yielded dibenzyldimethylammonium chloride, probably 
owing to a dissociation and combination of the type discovered by 
Wedekind (Ber., 1902, 35, 767) : 


CN-CH,-NMe,Cl-CH,Ph —> CN-CH,-NMe, + CH,PhCl 
CH,Ph-NMe, + CH,PhCl —-> (CH,Ph),NMe,Cl 
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Further, phenacyl-p-bromo- and -p-nitro-benzyldimethylammonium 
salts were investigated (I; R= COPh, R’ = CH,°C,H,Br or 
CH,°C,H,-NO,). The former readily yielded «w-dimethylamino. 
w-p-bromobenzylacetophenone (II; R = COPh, R’ = CH,°C,H,Br), 
but the latter underwent considerable decomposition, and gave, in 
addition to w-dimethylamino-w-p-nitrobenzylacetophenone (11; R= 
COPh, R’ = CH,’C,H,’NO,), p-nitrotoluene and pp’-dinitrodibenzyl, 
The formation of nitrotoluenes by the action of alkalis on simple 
nitrobenzylammonium salts was noticed by Ing and Robinson (J., 
1926, 1667, 1668), and is of interest in connexion with Fenton and 
Ingold’s explanation of the paraffinic decomposition of “ -onium” 
salts (J., 1929, 2343). 

In order to investigate the relative ease of migration of substituted 
benzyl groups in this reaction, it was proposed to prepare the salt 
(III) and to determine the proportion in which the two possible 
products of its rearrangement are formed, by analysing the mixed 
product (IV and V) by methylation and reduction, followed by 
determination of the distribution of bromine between the basic 
(VI and VIII) and the neutral (VII and IX) products. This salt, 


Ph:CO-CH,‘NMeX-CH,Ph 


K ~ 
(Iv.) Ph-CO-CH-NMe:CH,Ph Ph-CO-CH:NMe-CH,°C,H,Br v) 
CH,:C,H,Br CH,Ph 
(VI.) NMe,*CH,Ph + (VIII.) NMe,CH,*C,H,Br + 


(VIL) Ph-CO-CH,-CH,°C,H,Br (XI) Ph-CO-CH,*CH,Ph 


however, could not be prepared, for when phenacylbenzylmethyl- 
amine (from benzylmethylamine and w-bromoacetophenone) was 
treated with p-bromobenzyl bromide under a variety of conditions, 
only gummy materials, insoluble in water, were produced. Benzyl- 
p-bromobenzylmethylamine (from benzylmethylamine and p-bromo- 
benzylbromide) and w-bromoacetophenone behaved similarly. There 
would therefore appear to be some specific obstacle to the formation 
of the required salt, irrespective of the order of introduction of the 
organic radicals. Possibly the formation of such complicated 
quaternary salts is hindered sterically; tribenzylamine, for example, 
does not combine with benzyl chloride (Marquardt, Ber., 1886, 
19, 1030). 
EXPERIMENTAL. 

Acetonylbenzyldimethylammonium Chloride.—This salt, prepared 

from chloroacetone and benzyldimethylamine in benzene solution: 
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was obtained as an oil which crystallised very reluctantly. It 
formed stout plates from alcohol-ether, m. p. 75—77°, containing 
| mol. of water of crystallisation (Found : Cl, 14-4, C,,H,,ONCI,H,O 
requires Cl, 14-59%). The picrate crystallised from methyl alcohol 
in irregular dark yellow prisms, m. p. 141—143° (Found: C,H,0,N,’, 
540. C,.H,.O,N, requires C,H,O,N,’, 543%). 

«-Dimethylamino-«-benzylacetone.—The above quaternary 
chloride was heated on the water-bath with N-sodium hydroxide 
solution. Some tar was produced, and the aminoketone distilled 
in steam as an unpleasant-smelling oil, which was taken up in acetic 
acid and treated with aqueous picric acid. «-Dimethylamino- 
u-benzylacetone picrate formed stout yellow needles from alcohol, 
m. p. 140—144° (Found: C, 51-2; H, 5-0. C,,H,,0N,C,H,0O,N, 
requires C, 51-4; H, 48%). To confirm the structure assigned to 
the base, the methosulphate, prepared in benzene, was reduced with 
zinc dust and dilute sulphuric acid, and the resulting benzylacetone 
identified as the semicarbazone (m. p. and mixed m. p. 142°). 

Carbethoxymethylbenzyldimethylammonium Chloride.—The com- 
bination of ethyl chloroacetate and benzyldimethylamine in benzene 
or in acetone-ether gave hard, colourless nodules, which were 
hygroscopic, and melted at 176° (decomp.) (Found: Cl, 13-8. 
C,3;H,,O,.NCl requires Cl, 13-8%). The picrate formed a micro- 
crystalline powder, m. p. 126—128°. When the chloride was heated 
with sodium hydroxide solution, no oily base was produced, and 
the only product isolable on neutralisation and treatment with 
picric acid was identical with that obtained from the original 
quaternary salt by acid hydrolysis; it was therefore carboxymethyl- 
benzyldimethylammonium wpicrate. This salt separated most 
readily from solutions containing a trace of mineral acid, and 
crystallised from aqueous methyl alcohol in bright yellow needles, 
m. p. 146—148° [Found by titration : /,429. C,,H,,0,N, (monobasic) 
requires M/, 422]. In another experiment, the quaternary chloride 
was heated with a solution of sodium in anhydrous alcohol, but 
after hydrolysis the greater part of the material was recovered 
as the picrate just mentioned, and no other product could be 
detected. 

Cyanomethylbenzyldimethylammonium  Salts-—-When _ chloro- 
acetonitrile and benzyldimethylamine were refluxed in benzene 
solution, an oily salt was obtained which yielded a picrate, m. p. 
144—-146°, identical with dibenzyldimethylammonium picrate, 
prepared from benzyldimethylamine and benzyl chloride (compare 
Baker and Ingold, J., 1926, 2462). On the other hand, when the 
components were allowed to react in cold, anhydrous ether, a 
colourless, viscous gum separated, which could not be induced to 
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crystallise. The corresponding picrate formed stout, bright yellow 
needles, m. p. 140—143° (Found: C,H,O0,N,’, 56-2. C,,H,,0.N, 
requires C,H,O,N,’, 56-6%). The chloride was rapidly hydrolysed 
by 0-25% sodium hydroxide solution, yielding carboxymethyl. 
benzyldimethylammonium hydroxide, isolated as picrate. Even 
when the reaction was carried out in a current of steam, neither 
a-dimethylamino-8-phenylacetonitrile nor phenylacetaldehyde could 
be detected in the distillate. To avoid this hydrolysis, the picrate 
was dissolved in absolute alcohol, the picrate radical precipitated 
by nitron sulphate, and the filtrate heated with sodium ethoxide, 
but no evidence of rearrangement was obtained. 

p-Bromobenzyldimethylamine.—p-Bromobenzyl bromide was con- 
veniently prepared by brominating p-bromotoluene with undiluted 
bromine; the reaction, which set in spontaneously, was completed 
by heating under reflux, and the product isolated by distillation ina 
vacuum and recrystallisation from alcohol. Conversion into the § 
tertiary base by the hexamine method (Sommelet and Guioth, 
Compt. rend., 1922, 174, 687) gave only a moderate yield, together 
with a considerable quantity of p-bromobenzaldehyde (m. p. and 
mixed m. p. 57°). Better results were obtained by treating p-bromo- 
benzyl bromide with dimethylamine (2—3 mols.) in alcoholic 
solution. After remaining for 12 hours, the mixture was heated for 
2 hours on the water-bath, concentrated, diluted with water, and 
extracted with benzene. On treatment with picric acid, the benzene 
layer yielded p-bromobenzyldimethylamine picrate (minute, bright 
yellow prisms, m. p. 133—135°, from benzene), together with a little 
of the picrate of the quaternary base, most of which remained in the 
aqueous layer. p-Bromobenzyldimethylamine hydrochloride forms 
white microcrystals from alcohol-ether, m. p. 219—220° (Found: 
Cl, 14:1. C,H,,NCIBr requires Cl, 14:2%). Di-p-bromobenzyl- 
dimethylammonium picrate forms stout, deep yellow prisms, m. Pp. 
165—167°, which are scarcely soluble in benzene (Found : Br, 26-2. 
Cy9H50,N,Br, requires Br, 26-1%). 

Phenacyl-p-bromobenzyldimethylammonium bromide, prepared from 
p-bromobenzyldimethylamine and w-bromoacetophenone in hot 
benzene solution, crystallised from alcohol-ether in minute lamine, 
m. p. 193° (Found: ionisable Br, 19-5. C,,H,,ONBr-Br requires 
Br, 19-4%). 

«-Dimethylamino-w-p-bromobenzylacetophenone.—The _ foregoing 
bromide was heated on the water-bath for an hour with excess of 
2N-sodium hydroxide solution, and the product recrystallised from 
methyl alcohol, giving colourless needles, m. p. 61°, which slowly 
resinified on keeping (Found: Br, 24-0. C,,H,,ONBr requires 
Br, 24:1%). The picrate formed dark yellow nodules from methyl 
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alcohol, m. p. 149—150°. When the methosulphate, prepared in 
benzene solution, was boiled with dilute alkali, phenyl p-bromo- 
styryl ketone was produced, and this separated from alcohol in 
colourless needles or plates, m. p. 124°, which did not depress the 
m. p. of a specimen prepared from p-bromobenzaldehyde and aceto- 
phenone. Weygand (Annalen, 1927, 459, 118) describes the 
substance as forming yellowish crystals, m. p. 123-5°. 

Phenacyl-p-nitrobenzyldimethylammonium bromide, prepared from 
p-nitrobenzyldimethylamine (Goss and Ingold, J., 1926, 2459) and 
o-bromoacetophenone in hot benzene, forms cubes, m. p. 169—171°, 
from alcohol-ether, and is rather sparingly soluble in cold water 
(Found: Br, 20-7. C,,H,,0,N,Br requires Br, 21-1%). 

w-Dimethylamino-w-p-nitrobenzylacetophenone.—The above salt was 
heated on the water-bath for 7 minutes with an excess of N-sodium 
hydroxide solution. A dark red gum rapidly separated, alkaline 
vapours were evolved, and the odour of p-nitrotoluene was readily 
perceptible. The cooled mixture was extracted with ether, which 
dissolved almost all the gum, and the basic products were extracted 
from the ether by very dilute hydrochloric acid (A). On concen- 
tration, the ethereal solution deposited yellow needles of pp’-dinitro- 
dibenzyl, m. p. 181°, not depressed by admixture with a specimen 
prepared by the method of Green, Davies, and Horsfall (J., 1907, 
91, 2079). By evaporation of the ethereal mother-liquors, and 
distillation of the residue in steam, p-nitrotoluene was isolated, 
m. p. and mixed m. p. 52—54°. The possibility that the dinitro- 
dibenzyl might be a secondary product resulting from atmospheric 
oxidation of p-nitrotoluene under the influence of the alkaline 
medium was excluded by heating that substance with N-sodium 
hydroxide solution for 2 hours in an open vessel on the water-bath, 
no dinitrodibenzyl being produced. 

The hydrochloric acid extract (A) yielded, on basification with 
ammonia, about 60%, of the theoretical quantity of w-dimethylamino- 
w-p-nitrobenzylacetophenone, which crystallised from methyl alcohol 
in light yellow prisms, m p. 79—82° (Found: C, 68-0; H, 6-2. 
C,,H,,0,N, requires C, 68-4; H, 60%). When stronger alkali 
or more prolonged heating was used in the degradation, the yield 
of base was diminished, and phenyl p-nitrostyryl ketone (m. p. 
165°; semicarbazone, m. p. 178—179°) was produced in quantity. 
The dimethylamino-picrate separated from methyl alcohol in 
clusters of yellow prisms, m. p. 144—145°. The methosulphate, 
prepared in warm benzene, appeared to be fairly stable in the 
absence of alkali; addition of potassium hydroxide solution caused 
immediate decomposition and production of phenyl p-nitrostyryl 
ketone (m. p. and mixed m. p. 164°). It may be recalled that 
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Hanhart and Ingold obtained p-nitrostyrene, but no quaternary 
salt, by the action of $-phenylethyl chloride on §-p-nitropheny]l- 
ethyldimethylamine (J., 1927, 1008). 

In order to establish the constitutions of dimethylamino- 
p-nitro- and -p-bromo-benzylacetophenones, attempts were made to 
prepare them from dimethylaminobenzylacetophenone of known 
constitution (Part I, p. 3194) by nitration and bromination respec- 
tively, but in each case the initial material was either recovered 
unchanged, or, under more drastic conditions, completely destroyed. 
On careful reduction with stannous chloride, or with zinc and acetic 
acid, the nitro-compound yielded a diazotisable amine. This 
substance was difficult to obtain pure in reasonable quantity, and 
the replacement of the amino-group by bromine or hydrogen could 
not be effected. 

Benzylmethylamine.—The following method (compare Zaun- 
schirm, Annalen, 1888, 245, 282; Fischer, Ber., 1886, 19, 748) gave 
an over-all yield of above 40%. <A slight excess of benzaldehyde 
was added to methyl-alcoholic methylamine (8%, from the hydro- 
chloride and sodium methoxide). After 12 hours, the solvent was 
distilled off through a column, the residue diluted with water, and 
the product extracted with ether, dried, and distilled (b. p. 178— 
182°). The crude material, in 25 parts of absolute ethyl alcohol, 
was stirred and reduced in the cold with twice the theoretical 
quantity of sodium amalgam. Most of the alcohol was then dis- 
tilled (column), the residue acidified, extracted with ether to 
remove neutral products, made strongly alkaline, and the base 
isolated in the usual manner. 

Phenacylbenzylmethylamine.—w-Bromoacetophenone (1 mol.), dis- 
solved in ether, was added to benzylmethylamine (2 mols.) in the 
same solvent; the reaction proceeded rapidly, and after 12 hours 
the separated benzylmethylamine hydrobromide was collected, and 
the tertiary base extracted from the ethereal solution by acid. Itis 
an oil, b. p. 195—205°/15 mm.; the picrate formed yellow crystals 
from alcohol, m. p. 137—138° (Found: C, 56:2; H, 465. 
C,,.H,,ON,C,H,0,N, requires C, 56-4; H, 4:3%). The metho- 
bromide, prepared via the methosulphate, is identical (mixed m. p.) 
with benzyldimethylamine phenacylobromide (Part I, p. 3196). 

Many attempts were made to combine the base with p-bromo- 
benzyl bromide, in various solvents, at different temperatures, and 
for various periods of heating. An oil which separated showed no 
tendency to form a picrate under a variety of conditions. 

Benzyl-p-bromobenzylmethylamine.—This base, prepared in the 
same way as phenacylbenzylmethylamine, was obtained as an oil, 
b. p. 194—196°/20 mm. (Found: Br, 27-9. C,;H,,NBr requires 
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Br, 27-6%). The picrate and hydrochloride showed no tendency 
to crystallise, and the phenacylobromide could not be prepared. 


The authors are indebted to the Carnegie Trustees for a teaching 
fellowship held by one of them (T. S. S.). 


THe UNIVERSITY, GLASGOW. (Received, July 25th, 1930.] 





CCLX XII.—Conductivity Measurements of the Com- 
parative Rates of Hydrolysis of Lactones Derived 
from Simple Sugars. 


By SypDNEY RayMOND CARTER, WALTER NoRMAN Hawortu, and 
RoBERT ANTHONY ROBINSON, 


A COMPARATIVE study of the rates of hydrolysis of lactones in the 
sugar series has revealed striking characteristics which may be used 
to differentiate a y-lactone from an isomeric 8-lactone derived from 
the same parent sugar. 


i? O0,H 0 0,H 
OMe O to) OMe Grote (a) ym 
(H‘OMe ; _. (8) CH-OMe CH-OMe Q _. (8) CH-OMe 
~ (vy) CH-OH CH‘OMe | ~  (y) CH-OMe 
(H-OMe CH‘OMe CH——~— (3) CH-OH 
CH,"OMe CH,*OMe CH,"OMe CH,"OMe 
y-Lactone. Acid. 8-Lactone. Acid. 


It has been established that a relationship subsists between the 
ease of hydrolysis or stability of a lactone and its oxide-ring struc- 
ture, and since the oxide ring in the parent methylated sugar is 
preserved in the lactone derived from it by simple oxidation, the 
nature of the cyclic structure of the sugar may be ascertained with 
a considerable measure of certainty. This method of diagnosis of 
ring structure provided one of the two lines of investigation which 
led in the first paper of this series (Charlton, Haworth, and Peat, 
J., 1926, 89) to the advocacy of the new pyranose formula for glucose 
in its normal derivatives. On that occasion the comparative rates 
of hydrolysis of the lactones were measured by observing the 
changes of optical rotation in aqueous solution. In a subsequent 
paper (Drew, Goodyear, and Haworth, J., 1927, 1237) a series of 
curves was given expressing these speeds of hydrolysis in terms of 
the percentage of lactone present at any specified time. 

We are now able to communicate similar evidence drawn from 
the study of the increasing electrical conductivity of aqueous solu- 
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tions of these and of a further series of lactones. We have employed 
this method merely as a qualitative means of distinguishing between 
the two classes of lactones, inasmuch as it is recognised that the 
determinations are not sufficiently exhaustive to be regarded as a 
study in chemical dynamics. The earlier results had demonstrated 
that the hydrolytic changes did not proceed to completion, and thata 
state of equilibrium was reached in the reaction 


lactone + water —> free acid. 


The method consisted in dissolving the lactone in water and 
determining the conductivity at appropriate intervals of time. 
Since the concentration of acid is varying and is usually unknown, 
a quantity 2 has been introduced which has been termed the 
‘apparent equivalent conductivity.’ This quantity is defined as 
the quotient of the specific conductivity divided by the concen- 
tration (in mols. per c.c.) of the total lactone, 7.e., lactone + undis- 
sociated acid + hydrogen ion. This is seen to differ from the 
‘equivalent conductivity’ A as ordinarily defined, which is the 
quotient of the specific conductivity by the concentration (in mols. 
per c.c.) of acid, t.e., undissociated acid + hydrogen ion. 

The percentage p of free acid formed during the hydrolysis of the 
lactone has been calculated as follows. 

Let [H]p, mm, 9 be the hydrogen-ion concentration, total acid 
concentration, and apparent equivalent conductivity respectively 
in the solution of the free acid, and let [H], m, and 2 be the corre- 
sponding quantities during the reaction either at equilibrium or at 
any intermediate time ¢. Also let A be the true equivalent 
conductivity of the mixture at equilibrium or at time ¢, and A,, the 
true equivalent conductivity of the pure acid at infinite dilution. 
If K is the dissociation constant of the acid, we have 





K = [H]9?/(m — [H]p) = [HP /(m—[H]) . - (I) 
Also PLA eg) ooo. iow ok bo o® 
[H]o/mp=%/A, - + - + + (3) 
and [Hjfe=A/A, . . 1. . . & 
Since m/my = »/A 
and (m — [H])/(m_ — [H]o) = 27/A_? 
it can be shown that 
f2>2 | 2~AA™ — ra\)\ - 
p = 100m/my = 100) + ( —)p . . © 
or approximately o =m 10027? ......« + «+ & 


The values of the conductivity at infinite dilution have been taken 
from H. Lundén’s “ Affinitaétsmessungen an Schwachen Sauren und 
Basen,” 1908, Stuttgart. The acids from the lactones in Table I 
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contain 37, 33, 30, or 25 atoms, whence A,, = 335, 335 (extra- 
polated), 336, and 337 respectively at 18°. The tetramethyl- 
§-galactonic acid (37 atoms) has an extrapolated value of 373 at 25°. 

Table I gives the percentages of lactone present at equilibrium 
for sixteen lactones calculated by equation (5), together with an 
estimate of the time, ¢’, required to attain half the equilibrium value. 








TaBLeE I. 
y-Form. §-Form. 
Lactone, %, Lactone, %, 
Lactone. at equil. t’, hrs. at equil. t’, hrs. 
Tetramethyl mannono- ... 89-1 624 31-9 34 
a glucono- ...... 24-3 216 21-6 2°5 
rs galactono- ... 72:3 120 10-9 2 
Trimethyl rhamnono- ...... — — 62-6 21 
i arabono- ......... 49-0 144 2-6 3 
3 SIM — i505 <c00s 38-5 288 46-7 52 
DE dcdecedctoinchvaseses 81-5 264 61-1 12 
Dy.  vshiecisbesconnsnent’ 19-6 — 10-7 2 
SII cccnscsecgnssaccvapnn 75-4 292 — -— 


It will be seen that, in the case of the five 3-forms of methylated 
glucono-, galactono-, arabono-, xylono-, and mannono-lactones, the 
equilibrium percentages of lactone previously determined are in 
satisfactory agreement with the present results. In addition, a new 
crystalline member of the series has been examined, viz., trimethyl 
thamnonolactone, prepared from trimethyl methylrhamnoside 
(Avery and Hirst, J., 1929, 2466). This is found to be similar in its 
rate of hydrolysis to tetramethyl 8-mannonolactone, to which, 
moreover, it is configurationally related. 

Included also in these determinations are the two “ 8-lactones ”’ 
prepared originally by Nef (Annalen, 1914, 403, 204) from gluconic 
and mannonic acids. These unsubstituted lactones are seen to 
correspond closely with the fully methylated 8-lactones in respect to 
both extent and rate of hydrolysis, and there can be, therefore, little 
doubt that the views expressed by Haworth and Nicholson (J., 1926, 
1899) are justified, and that the supposed “ 8-lactones ’’ must be 
regarded as 8-gluconolactone and 8-mannonolactone. 

The resemblance between the corresponding methylated and 
unmethylated lactones extends also to the y-series. Here the 
crystalline y-gluconolactone and y-mannonolactone, prepared by Nef 
(loc. cit.) and by earlier workers, are seen to have a close relation to 
the tetramethyl y-lactones of the same series, although it is noticed 
that the rate of hydrolysis of y-mannonolactone is slightly more 
rapid than in the case of its methylated derivative. 

Again, the unsubstituted y-galactonolactone, obtained as the 
monohydrate, had a slower rate of hydrolysis than the tetramethyl 
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tions of these and of a further series of lactones. We have employed 
this method merely as a qualitative means of distinguishing between 
the two classes of lactones, inasmuch as it is recognised that the 
determinations are not sufficiently exhaustive to be regarded as a 
study in chemical dynamics. The earlier results had demonstrated 
that the hydrolytic changes did not proceed to completion, and thata 
state of equilibrium was reached in the reaction 


lactone + water => free acid. 


The method consisted in dissolving the lactone in water and 
determining the conductivity at appropriate intervals of time. 
Since the concentration of acid is varying and is usually unknown, 
a quantity a has been introduced which has been termed the 
‘apparent equivalent conductivity.’ This quantity is defined as 
the quotient of the specific conductivity divided by the concen- 
tration (in mols. per c.c.) of the total lactone, 1.e., lactone + undis- 
sociated acid + hydrogen ion. This is seen to differ from the 
‘equivalent conductivity’ A as ordinarily defined, which is the 
quotient of the specific conductivity by the concentration (in mols. 
per c.c.) of acid, i.e., undissociated acid + hydrogen ion. 

The percentage p of free acid formed during the hydrolysis of the 
lactone has been calculated as foliows. 

Let [H]o, mm, % be the hydrogen-ion concentration, total acid 
concentration, and apparent equivalent conductivity respectively 
in the solution of the free acid, and let [H], m, and 4 be the corre- 
sponding quantities during the reaction either at equilibrium or at 
any intermediate time ¢. Also let A be the true equivalent 
conductivity of the mixture at equilibrium or at time ¢, and A,, the 
true equivalent conductivity of the pure acid at infinite dilution. 
If K is the dissociation constant of the acid, we have 





K = [H]_?/(1m) — [H]o) = [HP/(m—[H]) . ~ (I) 
Also [HL AHj=a fA. 2. ee ee &F 
(HL /mg= AJA, 2 Se. ® 
and [Hifeme AJA, 2. wk Oe. 
Since m |My = A/A 
and (m — (H]) /(2m — [H]Jp) = 22/29? 
it can be shown that 
fr>2 | AA — a)\) . 
= 100m/m, = 100\— + = ny 
P [mo li? ( A, y ( 
or approximately p=100%/)% .....- @& 


The values of the conductivity at infinite dilution have been taken 
from H. Lundén’s “ Affinitétsmessungen an Schwachen Sauren und 
Basen,” 1908, Stuttgart. The acids from the lactones in Table I 
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contain 37, 33, 30, or 25 atoms, whence A,, = 335, 335 (extra- 
polated), 336, and 337 respectively at 18°. The tetramethyl- 
§-galactonic acid (37 atoms) has an extrapolated value of 373 at 25°. 

Table I gives the percentages of lactone present at equilibrium 
for sixteen lactones calculated by equation (5), together with an 
estimate of the time, ¢’, required to attain half the equilibrium value. 








TABLE I. 
y-Form. 8-Form. 
Lactone, %, Lactone, %, 
Lactone. at equil. t’, hrs. at equil. ¢’, hrs. 
Tetramethyl mannono- ... 89-1 624 31-9 34 
a glucono- ...... 24-3 216 21-6 2-5 
ee galactono- ... 72:3 120 10-9 2 
Trimethyl rhamnono- ...... — — 62-6 21 
a arabono- ......... 49-0 144 2-6 3 
1 a eee 38-5 288 46-7 52 
BEEP sewesesspbonccosseess 81-5 264 61-1 12 
DEEP: --vankagiecaadabaaenme 19-6 a 10-7 2 
IE Krier nckvepereanswiget 75-4 292 — — 


It will be seen that, in the case of the five 5-forms of methylated 
glucono-, galactono-, arabono-, xylono-, and mannono-lactones, the 
equilibrium percentages of lactone previously determined are in 
satisfactory agreement with the present results. In addition, a new 
crystalline member of the series has been examined, viz., trimethyl 
rhamnonolactone, prepared from trimethyl methylrhamnoside 
(Avery and Hirst, J., 1929, 2466). This is found to be similar in its 
rate of hydrolysis to tetramethyl 8-mannonolactone, to which, 
moreover, it is configurationally related. 

Included also in these determinations are the two “ 8-lactones ” 
prepared originally by Nef (Annalen, 1914, 403, 204) from gluconic 
and mannonic acids. These unsubstituted lactones are seen to 
correspond closely with the fully methylated 8-lactones in respect to 
both extent and rate of hydrolysis, and there can be, therefore, little 
doubt that the views expressed by Haworth and Nicholson (J., 1926, 
1899) are justified, and that the supposed “ 8-lactones ’’ must be 
regarded as 8-gluconolactone and 8-mannonolactone. 

The resemblance between the corresponding methylated and 
unmethylated lactones extends also to the y-series. Here the 
crystalline y-gluconolactone and y-mannonolactone, prepared by Nef 
(loc. cit.) and by earlier workers, are seen to have a close relation to 
the tetramethyl y-lactones of the same series, although it is noticed 
that the rate of hydrolysis of y-mannonolactone is slightly more 
rapid than in the case of its methylated derivative. 

Again, the unsubstituted y-galactonolactone, obtained as the 
monohydrate, had a slower rate of hydrolysis than the tetramethyl 
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y-galactonolactone, the rate of hydration of which appears to be 
among the most rapid in the y-series. It may be said, therefore, 
that the present results confirm, apart from some minor variations, 
the general and significant classification of the two series of lactones. 

In Fig. 1 the comparative rates of hydrolysis are expressed by 
graphs, the percentage hydrolysis having been calculated by the 
approximate formula (6). This approximation leads to an error 
which depends both on the initial concentration of the free acid and 
on the stage which the reaction has reached. It can be shown that 


Fie. 1. 
Relative rates of hydrolysis of y- and 5-lactones. 
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XV. 5-Gluconolactone. 


the maximum error occurs when the ratio of unhydrolysed lactone 
to free acid is 75 : 25, and the average of this maximum error for the 
16 lactones is 23%. 

The 8-lactones are divisible into two series, viz., the moderately 
rapidly (Curves VIII, XII, XIII, XIV) and the extremely rapidly 
hydrolysing (Curves IX, X, XI, XV), but even the lowest rate found 
among the 8-lactones is several times as great as the highest among 
the y-series. 

Although the free acids cannot be isolated in the pure state, theif 
affinities can be judged approximately from their equivalent con- 
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ductivities, measured as soon as possible after their liberation by 
mineral acids from their barium salts. In the case of ten methylated 
acids in which the concentrations lay between 0-0605N and 0-03431, 
the equivalent conductivity lay between 41-67 and 23-10 mhos. 

In the earlier investigation, where the progress of the hydrolysis 
was followed by means of polarimetric measurements, it was 
pointed out that the variation of concentration and the presence of 
increasing amounts of free acid in the lactone solutions in the course 
of hydrolysis, would render the observations slightly inaccurate ; 
nevertheless, it was considered that the values afforded a close 
approximation. The slight error caused by the presence of sodium 
sulphate in the solutions of the optically active acids has been 
obviated in these experiments by liberating the free acids from their 
barium salts. We have endeavoured to work with the same con- 
centration of a lactone and its related acid, but in some instances 
thishas not been possible owing to scarcity of material. 


EXPERIMENTAL. 


The solutions of the different lactones were made by rapidly dis- 
solving ca. 0-1 g. in 10 c.c. of water, giving a solution about 0-05. 
The electrical conductivity was measured by the usual Kohlrausch 
method, readings being taken immediately after dissolution and 
again at suitable intervals of time. The water used had a specific 
conductivity of 3 x 10% mho, and measurements were made at 
18°. The lactone was also converted into the free acid by treatment 
with 0-1N-baryta at 60° in order to form the barium salt of the 
corresponding acid, and, after cooling, the addition of the exact 
equivalent of sulphuric acid liberated the free acid, the conductivity 
of which was observed immediately and again at intervals. It was 
ascertained from separate experiments that the conductivity of the 
barium sulphate produced under these conditions was negligible. 

In many cases we were handicapped by the rarity of certain of the 
substances, which are difficult to prepare and to preserve in an 
anhydrous condition. The success with which we were able to 
liberate the free acids from the barium salts by the addition of an 
exact equivalent amount of sulphuric acid may be judged by a 
comparison of the values of the apparent equivalent conductivities 
of the equilibrium mixtures produced first from the lactone and 
secondly from the free acid. The two values should be in complete 
agreement,* except in the case of the unmethylated lactones where 
the free acid is capable of generating a mixture of y- and 3-lactones. 


* Where the equilibrium value, as deduced by measurements on the free 
acid, differs from the measurements on the lactone, the former has been used 
in Table I, except in the case of tetramethyl 8-galactonolactone, for which 
the mean of the two has been given. 
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In the above manner the hydrolysis of the lactone to the equili- 
brium mixture of free acid and lactone, as well as the reverse change 
from free acid to equilibrium mixture, could be followed, although 
in this investigation greater importance has been attached to the 
former reaction. 

The following tables record the experimental results obtained. 
The apparent equivalent conductivity 4 of the lactone solution is 
given at time intervals ¢ during the course of the hydrolysis. The 
equivalent conductivity 4), or apparent equivalent conductivity ), 
is then recorded for the free acid immediately after its liberation 
from the barium salt, and also, whenever possible, the apparent 
equivalent conductivity at different times ¢ until the attainment of 
equilibrium. 


Tetramethyl y-mannonolactone, 0-0427N. 


t (days) ...... 9 14 19 3 39 +45 46 ~ 62 
Ie visspanatuidieh 4-37 6-01 7-35 10-23 10-84 11-87 11-87 12-02 (const.) 


Free acid: 0-0427N. Initial 1, 41-67. 
y-Mannonolactone, 0-0337N . 


SC 2 3 5 7 10 27 30 
) See 206 3:56 495 5-47 6-85 10-93 11-07 (const.) 
Free acid, 0-0388N. 
hg) eee ae 0 2 3 6 27 
 aswiediescedsratovacwore 27-15 22-58 22-55 21-64 18-41 
Tetramethyl y-galactonolactone,* 0-0664N . 
t (days) ... 0 2 o 7 8 9 
DD eekenneinews 0-80 5-07 7-69 10-20 10-81 11-22 
(days) ... 10 12 15 21 23 25 
MD Sisbtatdacead 11-59 11-80 11-90 12-05 12-07 12-07 (const.) 
Free acid, 0-0605 . 
t(days) ... 0 0-33 1 3 4 5 
Mh sesdulsesbhe 24-8 22-15 19-64 16-30 15-29 14-30 
t (days) ... 6 8 ll 17 19 21 
D xxbunssanies 13-69 13-20 12-90 12-80 12-65 12-65 (const.) 
y-Galactonolactone, 0-0562N . 


t(days) ... 0-25 2 4 7 23 27 
A 2 


seahpenseets 0-69 2-32 3-18 4-27 7-11 7-15 (const.) 
Free acid, 0-0562N. 

t(days) ... 0 5 (mins.) 35 (mins.) 0-75 

B® stdnevditiis 14-75 14-39 14-08 13-43 

t(days) ... 2 6 23 27 

poe ener 12-77 12-56 9-25 8-95 (const.) 


Trimethyl y-xylonolactone, 0-0601N. 


t (days)... 2 3 5 7 10 26 30 34 37 
A. 0 caenveh 4-81 6-18 8-40 10-10 13-24 19-20 20-20 20-32 20-60 (const.) 








* These values were determined by Dr. D. I. Jones on a specially purified 
specimen of lactone. The temperature was 25°. 


















i Ci, ie 


~> ™ LS DS om 


~ 


an ae 


~s > 
—_ 


= ae 
-_-~ 









lange 


ough 
O the 


Lined. 
ion is 

The 
ity 2, 
ration 
arent 
ent of 


onst.) 


onst,) 


41 


sonst.) 





urified 











MEASUREMENTS OF RATES OF HYDROLYSIS OF LACTONES, ETC. 2131 


Free acid, 0-0553N. 


t (days) .......+. 0 2 3 6 26 34 

Te bbetelanen 26-44 26:00 25:88 25-22 22-68 20-50 (const.) 

Trimethy! y-arabonolactone, 0-0481N. 

t (days) .......+. 2 3 5 7 10 26 

ns teunien 6-79 854 11-62 13-41 15:82 17-99 (const.) 
Free acid, 0-0489.V. 

$(hrs.) « .cccceee 0 48 72 144 26 days 

IE sedeccossococneces 25-40 23-97 22-58 20-39 17-85 (const.) 

Tetramethyl y-gluconolactone, 0-0427N. 

t(days) ...... 0-9 1-5 7 9 10 11 12 14 

irtniesisnsen yee 6:04 7:19 17-53 19-66 20-81 21-01 21-92 22-97 

t(days) ...... 15 16 18 19 21 24 28 42 

rer 24:00 24-60 25-25 25-80 26-07 26-50 26-75 28-40 (const.) 


Free acid, 0-0427N. Initial 2, 32-90. 
y-Gluconolactone, 0-0208N. 


(The specimen had been exposed to the atmosphere and apparently 
had already undergone partial conversion to the free gluconic acid.) 
$ (days) .......0. 0 2 4 6 21 


| 8 AOD 15-56 17-30 19-90 21-81 34-20 (const.) 
Free acid, 0-02081. 

© ipentdiiaentnnexnncith is 0 2 hrs. 17 days 21 days 

B eileblicicecvcbubotuges 38-41 32-80 28-82 28-60 (const.) 

Tetramethyl 8-mannonolactone, 0-0430N. , 

i. 5 0-2 3 18 24 42 70 91 115 

lt eediccaii aden 1-13 700 13-45 15°60 19-67 22:75 24-38 24-84 
Free acid, 0-0430N. 

t(hrs.) ...... 0 3 175 24 42 70 91 

er 31-54 30-98 29°12 27-90 26°85 26:29 25-75 (const.) 

8-Mannonolactone, 0-0562N. 

i > rere 0-15 0-3 0-5 1 1-3 2°5 

EP mitianinbemakenns 1-81 1-88 2-46 3°26 3:77 5-16 

t(hrs.) ......... 3-5 4:5 6-5 20 28 43 

D hisiessitbedesches 6-05 7-15 7-68 14-00 15-16 15-66 (const.) 
Free acid, 0-0387N. 

eee 0 2 3 6 20 26 

to 25-70 21-07 20-95 20-13 18:84 17-47 (const.) 

Trimethyl 8-xylonolactone, 0-0132N. 

t(hrs.) ........ 1 4:5 6 23 6 .— 2 

_\, SO eee ee 2-80 8-50 9-90 21-63 22-95 24-45 

| ree 31-5 47 95 119 20 (days) 

hI 26-00 30-80 39-95 42-68 46:64 (const.) 
Free acid, 0-0132N. 

|S een 0 0-15 0-3 4 24 30 

ee 65-10 59-80 59-15 57-00 ° 53°85 52-15 

t(days) ......... 2 5 21 25 29 

PUsidie isc dcvcee 51-20 50-80 48-14 47-60 45-67 (const.) 
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Tetramethyl 8-gluconolactone, 0-0361N. 


t (MINB.) ....0.006 5 10 15 25 30 35 

IN Bei abdcsredecees 4:08 6-48 8-16 11-03 12-38 13-24 

{3} ee 55 75 100 120 170 24 (hrs.) 

R sdsdascosoveganecs 16-41 19-53 22-76 24-15 27-50 33-60 (const.) 
Free acid, 0-0347.. 

OER). ccevcncsecocese 0 44 68 99 

AB svensdeteingsscieneses 37-98 38-23 33-52 33°37 

8-Gluconolactone, 0-0562N. 

% (MINB.) 2.000.000 4 6 10 20 30 40 
bseeensescadebonas 1-46 1-97 2°72 4-41 5-45 6-56 

t (mins.) ......... 60 120 180 240 290 19 (hrs.) 
saneicdeottebness 8-68 12-79 15-24 16-58 17-45 18-35 (const.) 
Free acid, 0-0562N. 

6 re 0 1-25 3°25 19 26 

Bh teentsbaneswesees 19-45 19-20 18-71 17-75 17-75 

is areermece 44 47 116 32 (days) 

B beianeseineetesnts 17-60 17-60 16-94 16-10 (const.) 

Tetramethyl 8-galactonolactone, 0-0457N . 

8 (mmINS.)  cvecee 3 5 10 15 20 30 

D sircvasecones 8-24 8-66 9-55 10-29 10-80 11-90 

¢(mins.) ...... 45 60 80 100 120 150 

Wy  Colavatcnccetee 14-04 15-40 17-40 19-02 20-42 21-70 

t(mins.) ...... 180 210 240 260 17 (hrs.) 

eee 23°35 24-29 25-21 25-60 28-40 (const.) 
Free acid, 0-0461LN. 

OE eS a wa 0 60 84 

OD ‘setnecdsienbGrasontenboiunised 30-60 29-22 29-20 (const.) 

Trimethyl 8-arabonolactone, 0-0526N. 

t(mins.)... 3 5 9 12 16 22 27 39 

} eee 2005 2°4385 3-155 3-575 4-280 5-16 5-89 7-50 

t(mins.)... 50 60 70 80 90 100 110 120 

) eso 8-96 10:13 11:05 12-08 12-95 14:10 14:98 15-74 

# (mins.) ... 130 140 150 180 210 18 (hrs.) 

A seidicanees 16-50 17-24 18:15 19-57 20-42 25-98 (const.) 
Free acid, 0-0524N. 


Initial 1, 26-34; after 6 days, 26-08 (const.). 
Trimethyl 8-rkamnonolactone, 0-0343.N. 


vk Septahettertirreret 0-2 0-5 1 2 3-3 4 

+ 5p | A) Oh 1-4 1-75 2-37 3-24 4-67 5-41 

BEAD ccinsguahnciads 20 27 47 70 120 

p RE a ON 13-20 1431 17:89 19-45 19-90 (const.) 
Free acid, 0-03431. 

OOD « comccns 0 0-1 1 18 66 114 

I cnidstuedat secse 33°65 «=. 3240S 31-13 Ss 25-00 )3— 20°75 ~~ 19-90 (const) 
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CCLXXIII.—The Synthesis of isolndenoquinolines. 
Part I. 


By GEorGE RoGER CLEMO and HERBERT JOHN JOHNSON. 


THE present interest in quinoline derivatives, particularly as anti- 
malarials (compare Barger and Robinson, J., 1929, 2947), together 
with the fact that 4-keto-1 : 2: 3 : 4-tetrahydroquinoline (J., 1924, 
125, 1608), subsequently referred to as the quinolone, has a local 
anesthetic action, made it of interest to attempt to convert the 
latter into isoindenoquinolines (I) with a view to testing the physio- 
logical properties of the resulting compounds. Indenoquinoline 
(II) has been described by Noelting and Blum (Ber., 1901, 34, 2471) 
and Ruhemann and Levy (J., 1913, 103, 563), who prepared it by 
condensing o-aminobenzaldehyde and «-ketohydrindene. 

Further, the replacement of the nitrogen in 6:7: 8: 16-tetra- 
hydro-3 : 12 : 13-trimethoxyisoindenoquinoline by oxygen by the 
method of von Braun (Ber., 1905, 38, 850) offers possibilities for the 
introduction of a hydroxyl group into position 8 as demanded by 
the brazilin formula (II). Pfeiffer and Oberlin (Ber., 1927, 60, 2142) 
and Perkin, Ray, and Robinson (J., 1927, 2094) have described the 
synthesis of trimethylanhydrobrazilin, but apparently have not yet 
succeeded in converting the latter into brazilin itself. 


on re, 
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This communication describes the synthesis z te ie of 
12 : 13-dimethoxyisoindenoquinoline (Ia & 8B). In the first place the 
quinolone was condensed with veratraldehyde in ethyl-alcoholic 
solution by using sodium hydroxide as catalyst. A colourless 
compound resulted which could not be reduced by either sodium 
amalgam or palladium and hydrogen, and, as it was soluble in 
sodium hydroxide, and on treatment with phosphorus oxychloride 
gave a chloro-derivative by replacement of a hydroxyl group, it 


was wed 4-hydroxy-3-homoveratrylquinoline (IV). Treatment 
c 
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with cold concentrated sulphuric acid did not effect ring closure, 
but gave a sulphonic acid in which the substituent has in all prob- 
ability entered in the 6’-position, 7.e., para to the 3’-methoxyl group 
in the veratryl residue. A like assumption is made below for the 
constitution of the monobromo-products. The sulphonic acid 
crystallises from water, and is then readily soluble in ethyl alcohol 
and acetic acid, but it immediately separates from the solutions and 
is then no longer soluble in these solvents, indicating intramolecular 
salt formation. 


7 0H 
ol —/\/ WW? aN 


l | (IIL) 


(II.) HO, 
\ 0 VA, AF 
ap z= CH, 


Bromination of (IV) in acetic acid gave 4-hydroxy-3-(6’-bromo- 
homoveratryl)quinoline, whilst the action of bromine on 4-chloro- 
3-homoveratrylquinoline in chloroform solution gave the 6’-mono 
bromo-derivative, but in acetic acid a mixture of this mono- and 
a dibromo-compound resulted. Attempts to effect ring closure by 
the action of aluminium chloride on 4-chloro-3-homoveratryl- 
quinoline, and by Ullmann copper treatment of 4-chloro-3-(6’-bromo- 
homoveratryl)quinoline were unsuccessful, the latter compound 
being recovered unchanged. 


OH _ OMe CO __ OMe 

4 YY Sir OMe < 0 Y/Y esc Some 

— NaOH = 
WG APn 
N (IV.) NH (V.) 

When, however, the quinolone and veratraldehyde were con- 
densed in glacial acetic acid by means of hydrogen chloride, 4-keto- 
3-veratrylidene-1 : 2: 3 : 4-tetrahydroquinoline (V) resulted, which is 
readily converted into the isomeride (IV) by means of alcoholic 
sodium hydroxide. In order to eliminate this possibility in sub- 
sequent work, the N-acetylquinolone was used in the above con- 
densation, whereby the N-acetyl derivative of (V) was produced. 
Reduction of this compound in acetic acid by means of palladised 
charcoal and hydrogen gave 4-keto-1-acetyl-3-homoveratryl-1 : 2:3 :4 
tetrahydroquinoline, although Perkin, Ray, and Robinson (J., 1926, 
943) state that palladium and hydrogen convert 3-veratrylidene- 
7-methoxychromanone mainly into 3-homoveratryl-7-methoxy- 
chroman. Pfeiffer and Oberlin (loc. cit.) showed, however, that 
when platinum was used as catalyst the keto-group was left intact. 
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Treatment of 4-keto-l-acetyl-3-homoveratryl-1l : 2:3: 4-tetra- 
hydroquinoline (which gives an oxime) with warm sulphuric acid 
(80%) effected ring closure with simultaneous deacetylation and 
oxidation, giving 12: 13-dimethoxyisoindenoquinoline (I). When 
this compound is rapidly crystallised from benzene and then methyl 
alcohol, long, thin, faintly yellow prisms are obtained, but slow 
crystallisation from benzene leads to a mixture of this form with 
stout reddish-brown prisms, both melting, alone or mixed, at 193— 
194°. The fact that the mixed crystalline deposit in benzene is not 
transformed completely into one form, taken in conjunction with 
the fluorescence data given in the experimental section, appears to 
rule out the possibility that the two forms are polymorphic. As the 
ring structure (I) appears to be a stable one, and a model indicates 
that it is uniplanar, thus ruling out stereoisomeric possibilities, it 
seems that the occurrence of the two forms is due to tautomerism 
in the 7:8:9 three-carbon system. The form (Is), having an 
o-quinonoid structure, would be expected to be coloured. 


EXPERIMENTAL. 

4-Keto-1-acetyl-1 : 2 : 3 : 4-tetrahydroquinoline —4-Keto-1 : 2:3: 4- 
tetrahydroquinoline (5 g.) was refluxed with ether (75 c.c.) and 
acetic anhydride (7°5 c.c.) for 18 hours. The bulk of the ether was 
removed, and solid potassium carbonate and then water were added, 
followed by the removal of the residual ether. The pale yellow 
solid was collected, washed with water, then with ether, and dried 
(56 g.). The compound, which crystallised from a smal! volume of 
methyl alcohol in stout colourless prisms, m. p. 94°, was pure enough 
for subsequent operations (Found: C, 69-9; H, 6-1. C,,H,,0.N 
requires C, 69-8; H, 5-8%). 

4-Hydroxy-3-homoveratrylquinoline (IV).—A solution of the 
quinolone (5-8 g.) and veratraldehyde (6-8 g.) in ethyl alcohol 
(60 c.c.) containing sodium hydroxide (1-2 g.) was refluxed for 18 
hours on the water-bath, the bulk of the alcohol removed under 
reduced pressure, and water and a slight excess of acetic acid were 
added. The pale yellow solid was collected, dried (10 g.), and 
crystallised from ethyl alcohol, giving slender colourless prisms, 
m. p. 225° (Found: C, 73:1; H, 6-0. C,,H,,0,N requires C, 
73-2; H, 58%). 

4-Hydroxy-3-homoveratrylquinoline is sparingly soluble in most 
organic solvents, soluble in warm dilute sodium hydroxide, and 
gives a faint purple solution in sulphuric acid. Bromination in 
acetic acid gave_4-hydroxy-3-(6'-bromohomoveratryl)quinoline, colour- 
less irregular prisms, m. p. 238°, from alcohol (Found: Br, 21:3. 
C,H, ,0,NBr requires Br, 21-4%). 
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4-Hydroxy-3-homoveratrylquinoline-6'-sulphonic Acid.—4-Hydroxy. 
3-homoveratrylquinoline (0-5 g.) was stirred into solution in cold 
concentrated sulphuric acid (2 c.c.), left over-night, ice added, the 
precipitate dissolved in sodium hydroxide, again precipitated by 
hydrochloric acid, collected, and dried (0-7 g.). The compound 
was crystallised from boiling water (200 c.c.) and then from acetic 
acid; colourless rhombic prisms, m. p. 308° (decomp.) (Found: 
C, 57-85; H, 4:7. C,,H,,O,NS requires C, 57-6; H, 46%). It 
dissolves easily in cold sodium bicarbonate solution. 

4-Chloro-3-homoveratrylquinoline—The above hydroxy-com- 
pound (8 g.) was dissolved in phosphoryl chloride (24 c.c.), heated 
on the water-bath over-night, part of the excess solvent removed 
under reduced pressure, and ice and then an excess of sodium 
hydroxide were added. The resulting colourless gum which soon 
solidified was collected and dried (8 g.); it crystallised from light 
petroleum (b. p. 80—100°) as colourless well-formed prisms (7:3 g.), 
m. p. 96° (Found : C, 69-1; H, 5-2; N,4-4; Cl, 11-3. C,.H,,.0,NCl 
requires C, 69-0; H, 5-1; N, 4-5; Cl,11-2%). The chloro-compound 
is easily soluble in most organic solvents, and in dilute hydrochloric 
acid, giving a light green fluorescent solution. 4-Chloro-3-homo- 
veratrylquinoline methiodide, formed with methyl iodide in acetone, 
crystallises from ethyl alcohol in orange prisms, m. p. 208° (decomp.) 
(Found: C, 49-9; H, 4-4. C,,H,,0,NCl,MeI requires C, 50-0; 
H, 4:2%). 

4-Chloro-3-(6'-bromohomoveratryl)quinoline—Bromine (0-15 c.c.) 
in chloroform (1 c.c.) was added to 4-chloro-3-homoveratrylquinoline 
(0-8 g.) in cold chloroform (5 ¢.c.). The solution was kept for some 
hours, the solvent removed, dilute sodium hydroxide added, and 
the colourless solid collected and dried; it crystallised from light 
petroleum (b. p. 80—100°) as thin, colourless, glistening prisms, 
m. p. 112° (Found: N, 3-8; Cl, 9-0; Br, 20-3. C,,H,;O,NCIBr 
requires N, 3-6; Cl, 9-1; Br, 20-4%). When acetic acid was 
substituted for chloroform in the above bromination, and the 
monobromo-compound was extracted with light petroleum from 
the reaction mixture, a dibromo-compound was left, giving well- 
formed light yellow prisms from ethyl alcohol, m. p. 220° (decomp.) 
(Found: Cl, 7:3; Br, 33-6. C,,H,,O,NCIBr, requires Cl, 7:5; 
Br, 33-9%). 

4-Keto-3-veratrylidene-1 : 2 :3 : 4-tetrahydroquinoline (V).—4-Keto- 
tetrahydroquinoline (0-45 g.) and veratraldehyde (0-45 g.) were 
dissolved in glacial acetic acid (3 c.c.), saturated with dry hydrogen 
chloride with ice cooling, and left over-night. The resulting red 
solution was poured on ice, and the solid collected (0-6 g.); it 
crystallised from ethyl alcohol as light red plates, m. p. 177—178° 
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(Found : C, 73-2; H, 5-95. C,gH,,0,N requires C, 73-2; H, 5-8%). 
The compound (V) gives a persistent, intensely magenta solution in 
sulphuric acid, in marked contrast to the faint coloration given by 
the isomeride (IV). It is sparingly soluble in most organic solvents, 
and when its suspension in alcohol is boiled with a little sodium 
hydroxide it is quickly converted into (iV). 

4-Keto-1-acetyl-3-veratrylidene-1 : 2 : 3 : 4-tetrahydroquinoline.— 
The acetylquinolone (2 g.) and veratraldehyde (1-9 g.) were con- 
densed in acetic acid (15 c.c.) as above, giving 3-5 g. of a solid, 
which crystallised from ethyl alcohol in bright yellow plates, m. p. 
164° (Found: C, 71-1; H, 5-7; N, 4:0. Cj 9H,,0,N requires C, 
71-2; H, 5-6; N, 42%). This compound gives a sulphuric acid 
solution exactly like that given by the preceding compound. 

4.Keto-1-acetyl-3-homoveratryl-1 : 2 : 3 : 4-tetrahydroquinoline.— 
The previous acetyl compound (1 g.) was dissolved in glacial acetic 
acid (30 c.c.), palladised charcoal (0-5 g.; Houben—Weyl, 2, 324, 
3rd edn.) added, and the mixture well stirred in an atmosphere of 
hydrogen for 6 hours. The acetic acid was then removed under 
reduced pressure from the colourless filtrate, ice added, and the 
colourless precipitated gum left over-night. The resinous mass was 
then collected and crystallised from methyl alcohol (1 c.c.) by partial 
evaporation, giving stout colourless rhombs (0-5 g.), m. p. 89° 
(Found: C, 70-8; H, 6-4. C 9H,,0,N requires C, 70-8; H, 6-2%). 
The compound is sparingly soluble in ether but readily so in most 
organic solvents, and gives an intense reddish-brown sulphuric acid 
solution. The oxime crystallised from alcohol in colourless irregular 
prisms, m. p. 208° (Found : C, 67-4; H, 6-3. C, 9H,.0,N, requires 
C, 67-8; H, 6-2%). 

12 : 13-Dimethoxyisoindenoquinoline (Ia and Is).—The above 
reduced compound (0-4 g.) was dissolved in sulphuric acid (4 c.c.; 
80%) and heated for 30 minutes in the water-bath, the initial 
brownish-red solution becoming deep brownish-yellow. Ice and an 
excess of ammonia were added, the light grey precipitate was 
collected, washed with water, and dried on a porous plate (0-3 g.). 
The solid was extracted first with ether, then with boiling benzene 
(5 ¢.c.), and the extract filtered from a trace of brown insoluble 
matter. The benzene solution was evaporated to 1 c.c., whereupon 
light yellow prisms, m. p. 188—190° (0-15 g.), quickly separated. 
Rapid recrystallisation from a small volume of methyl alcohol gave 
long, very faintly yellow prisms, m. p. 193—194°. On standing, a 
benzene solution of this compound deposited compact brownish-red 
prisms in addition to the light yellow form. These were separated 
by hand picking, and melted at 193—194°, alone or when mixed 
with the yellow form (Found: for yellow form, C, 77-9; H, 5-6; 
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for brown form, C, 78-1; H, 5-4; N, 5-0. C,gH,;O,N requires 
C, 78-0; H, 5-4; N, 5-1%). 

Both forms of 12 : 13-dimethoxyisoindenoguinoline give a violet 
fluorescence in benzene or ethereal solution, whilst in commercial 
absolute alcohol the fluorescence is intense green, changed to violet 
on the addition of a fragment of anhydrous potassium carbonate. 
If the green-fluorescing alcoholic solution is heated for 30 minutes 
on the water-bath, a reddish-brown solution results, which, on 
cooling, deposits the compound in reddish-brown prisms; no such 
change takes place if a piece of potassium carbonate is present. 
Concentrated nitric acid gives a non-fluorescent deep yellow solution, 
in contrast to the eosin colour given by trimethylanhydrobrazilin 
(Perkin, Ray, and Robinson, loc. cit.), and in sulphuric and hydro- 
chloric acids yellow solutions with intense green fluorescences result. 


We wish to thank Dr. R. Raper for carrying out some micro- 
analyses, and one of us (H. J. J.) isindebted to the Medical Research 
Council for a grant which has, in part, enabled him to help with this 
investigation. 

UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 

NEWCASTLE-ON-TYNE. (Received, July 17th, 1930.) 


CCLXXIV.—The Titrimetric Determination of Primary 
Arsinic Acids. 
By Harotp Kine and Grorce Victor RUTTERFORD. 


THE identification of arsinic acids is a matter of some difficulty, for, 
although as a rule they are highly crystalline substances, they do not 
usually possess characteristic sharp melting points. The urgent 
need for some simpie and rapid means of identifying arsinic acids 
arose during some experiments on the oxidation of m- and p-xylyl- 
arsinic acids to the corresponding iso- and tere-phthalic acid arsinic 
acids. 

The analogy between phosphoric and arsenic acid, and the 
similarity of their first, second, and third dissociation constants, 
suggested that the methods which are applicable to the titration 
of phosphoric acid might with suitable modification be adapted to 
primary arsinic acids. There is no record of the determination of the 
dissociation constants of any primary phosphinic or arsinic acid, 
but a comparison of benzenesulphonic acid, for which K, = 2 X 
10+, with sulphuric acid (K,=2 x 107 and K, =2 x 10°) 
suggested that K, and K, for a primary arsinic acid should be of 
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the same order as K, and K, for arsenic acid. This fact is, indeed, 
familiar to workers on arsenicals, for the monosodium salt of a 
primary arsinic acid is usually regarded as approximately neutral 
to litmus and the disodium salt is alkaline to phenolphthalein 
(Astruc, Compt. rend., 1902, 134, 660). 

Some preliminary results on the titration of p-tolylarsinic acid, 
3-nitro-p-tolylarsinic acid, and benzarsinic acid with 0-1N-alkali 
and phenolphthalein as indicator showed that the end-point was 
reached too early and the development of a pink colour was gradual. 
Treadwell (‘‘ Quantitative Analyse,” 1921, ii, 471, 506) has suggested 
that, in the titration of phosphoric acid with phenolphthalein, 
hydrolysis could be avoided by addition of a large excess of sodium 
chloride, and Kolthoff (Chem. Weekblad, 1915, 12, 644) recommends 
titration in the presence of an equal volume of saturated sodium 
chloride solution. The effect, on the titration with phenolphthalein 
of the above-mentioned arsinic acids, of adding sodium chloride to 
practically complete saturation is shown by the following table : 
the volumes are expressed in terms of M/1000 of substance titrated. 


Acid. Without NaCl. With NaCl, Theory. 
p-Tolylarsinic acid ......... 13-53 e.c. 18-86 c.c. 20 c.c. 
3-Nitrotolylarsinic acid ... 17-88 19-69 20 
p-Benzarsinic acid ......... 25-36 29-49 30 


The addition of sodium chloride raises the titre almost to the 
calculated value and, what is of practical importance, sharpens the 
end-point, so that maximum colour intensity of the indicator is 
produced by one or two drops of 0-1N-alkali. This is the great 
advantage gained by titration to the disodium salt rather than to 
the monosodium salt, and there is no complicating influence of a 
third dissociating hydrogen ion. 

The turning point for phenolphthalein is given by Sgerensen 
(Biochem. Z., 1907, 7, 51) at a pu of approximately 8-5, and a trial 
of other indicators with turning points slightly further on the alkaline 
side was clearly suggested. For this purpose we chose thymol- 
phthalein with a pronounced colour change at about p, 9-5 (Sorensen, 
loc. cit.) and thymolsulphonphthalein (thymol-blue) with a pq range 
of 8-0—9-6 (Clark and Lubs, J. Amer. Chem. Soc., 1918, 40, 1443). 
Trial of these two indicators on a long series of arsinic acids in the 
presence of excess of solid sodium chloride showed that thymol-blue 
gave values above those of phenolphthalein but still short of the 
theoretical values, whilst thymolphthalein gave values slightly 
above the theoretical. It may be that 1 : 2 : 3-xylenolphthalein 
(Clark, “ Determination of Hydrogen Ions,” 1925, 92), with a py 
Tange of 8-9—10-2, standing between phenolphthalein and thymol- 
phthalein, is the ideal indicator for arsinic acids under such con- 
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ditions. Before proceeding to synthesise this indicator, which is 
not available commercially, it seemed desirable to try the effect of 
half-saturation with sodium chloride on the titration figures with 
thymolphthalein. This could readily be effected experimentally 
by first titrating the substance with thymolphthalein and then adding 
an equal volume of saturated sodium chloride solution (previously 
neutralised to thymolphthalein) to the titration solution and con- 
tinuing the titration. This method proved successful, as is shown 
by the following table, which gives the values obtained with thymol. 
blue in the presence of solid sodium chloride, and with thymol. 
phthalein in the presence of solid sodium chloride and with half- 
saturation with this salt. ‘The volumes used (c.c.) are all expressed 
in terms of M/1000 of substance, and the final column gives the 
error % observed on the half-saturation method. The results were 
usually correct to within 1% and were, as a rule, determined on 
about 0-1 g. of substance. 
Thymol- Thymolphthalein. 


blue. Error, % 
Satd. Satd. 4-Satd. (4-satd. 
Acid. NaCl. NaCl. NaCl. NaC)). 
Methylarsinic acid ............++. 19-3 20-47 20-20 +1-0 
Phenylarsinic acid ...........++.- oo — 20-06 +0°3 
p-Tolylarsinic acid ...........++++ 20-14 20-56 19-94 —0-3 
m-Xylylarsinic acid ...........+++. 19-54 20-51 19-84 —0°8 
p-Xylylarsinic acid .............++ 19-89 20-26 19-71 —1+5 
3-Nitro p-tolylarsinic acid ...... 20-0 20-80 19-84 —0°8 
Benzarsinic acid  ..........0+e00ee 29-85 30-83 30-20 +0-7 
3-Nitrobenzarsinic acid ......... 29-69 30-49 29-64 —1-2 
4-Acetamido-3-benzarsinic acid 
Monohydrate .........sseeeeseees — 31-07 30-06 +0-2 
3-Acetamido-4-benzarsinic acid 
monohydrate .........0s-sseeeeees — — 30-00 0-0 
Hippuroarsinic acid .............++ 29-97 30°55 30-03 +0-1 
Phenylarsinic acid disulphide... 40-01 40-61 40-00 0-0 


Many of the values obtained with thymol-blue show as good agree- 
ment with the theoretical values as do the values obtained by the 
half-saturation method using thymolphthalein. Thymol-blue, how- 
ever, has several disadvantages. The titration solution is coloured 
yellow by it, the colour change at the turning point is not so clear 
and brilliant as with thymolphthalein, and certain arsinic acids exert 
a specific action on the thymol-blue, resulting in an abnormally low 
titre. 

Titration to an end-point at about p,q 9-5has certain disadvantages. 
It was found by H. Meyer (Monatsh., 1907, 28, 1381) that the 
hydroxyl group in various salicyl derivatives might consume, when 
titrated with phenolphthalein as indicator, any quantity up to 1 mol. 
of alkali, depending on the substituents present. This is not sur- 
prising, since the dissociation constants of phenolphthalein and of 
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phenol are of the same order, being respectively 2-0 x 10-!° and 
1:3 x 107°. Thymolphthalein is a slightly weaker acid than 
phenolphthalein and groups of comparable acidity in the compounds 
titrated will produce an effect. This is distinctly brought out by the 
following results. 


Thymol- Thymolphthalein. 


blue. 
Satd. Satd. 3-Satd. 
No. Acid. NaCl. NaCl. NaCl. 
1 Salicylic acid 5-arsinic acid ......... 31-58 c.c. 34:52 ¢.c. 32-00c.c. 
2 Salicylic acid 4-arsinic acid ......... —- — 33-44 
3  Salicylamide-5-arsinic acid ............ 25-68 29-98 28-02 
4 Salicylamide-4-arsinic acid ............ _ 27-52 
5 3-Acetamido-4-hydroxyphenylarsinic 
UD enacted scuddeaaprusmecseteiniaierter 29-66 
6  Benzamide-p-arsinic acid ............ 21-14 20-53 
7  Benzamide-m-arsinic acid ............ 21-09 20-75 
8 Benzethylamide-p-arsinic acid ...... 20-15 20-08 
9  Benzdiethylamide-p-arsinic acid 20-18 


ll p-Nitrobenzamidophenylarsinic acid 21-55 20-82 
12. Benzenesulphonamide-p-arsinic acid 27-13 26-83 
13 isoPhthalamic acid 6-arsinic acid ... 30-9 29-54 
14 Phenylglycineamide-p-arsinic acid 20-09 


20-64 
20-47 
19-98 
10 N-Phenylbenzamide-p-arsinic acid... 20-23 20-67 20-48 
19-13 
21-27 
25-94 
oe 29-92 <<) 


15 Phenylglycine-p-arsinic acid ......... 
16 Anthranilic acid 5-arsinic acid ...... 28-41 ao 
17. Anthranilic acid 4-arsinic acid ...... 23-72 ces 


The first five compounds show the effect of the hydroxyl group. 
The values show variations as great as those in Meyer’s series. The 
next seven compounds are of special interest and need further 
discussion. Benzenesulphonamide-p-arsinic acid (No. 12) on titra- 
tion gives a value 68% above its arsinic acid content. This could be 
interpreted in one of two ways, but only one interpretation is 
tenable. -Sulphconamidobenzoic acid is a much stronger acid than 
benzoic acid, their respective dissociation constants being 26 x 10° 
and 6-6 x 10-5 (Lucas, J. Amer. Chem. Soc., 1926, 48, 1832), so when 
these acids are titrated to the same pg, as is theoretically done with 
phenolphthalein or thymolphthalein, the stronger acid will be over- 
titrated in comparison with the weaker. For two such acids as 
these, the difference of hydrogen-ion concentration at their half- 
neutralisation points will be approximately the difference of their 
dissociation constants and this will correspond to a difference in 
Pu of about 0-6. The titration curves (pq, plotted against % 
titrated) for these acids will be approximately parallel, so that the 
end-points of the two titrations measured electrometrically will 
differ by about 0-6 unit of pg. This is practically negligible, as is 
verified experimentally by titration of p-nitrobenzoic acid, a much 
stronger acid than p-sulphonamidobenzoic acid, and benzoic acid 


to the — Pu, 9-1N-alkali being used. Both acids give the correct 
c2 
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equivalent. The only other explanation of the high titration of 
benzenesulphonamide-p-arsinic acid is that its third dissociation 
constant is sufficiently large to make itself felt (compare Schroeter, 
Ber., 1907, 40, 1615), and this will be similar in magnitude to that 
of the phenolic group. This also we believe is the interpretation of 
the slightly high titres of benzamide-m- and -p-arsinic acids (Nos. 7 
and 6), the figures for which are significant, and in agreement with 
this the titres of the monoethyl- and diethyl-amides (Nos. 8 and 9), 
where a third dissociation of hydrogen is less or impossible, are 
almost normal. The increased acidity of the amide group is shown, 
as might be anticipated, in N-phenylbenzamide-p-arsinic acid 
(No. 10) and p-nitrobenzamidophenylarsinic acid (No. 11). Finally, 
the effect of basic groups is shown by the last four examples. In 
Nos. 14 and 15 the secondary amino-group has little effect on the 
acidity of the compound, whereas in Nos. 16 and 17 the primary 
amino-group lowers the acidity noticeably. 


EXPERIMENTAL. 


The following method is recommended for the titration of primary 
arsinic acids. 

About 0-1 g. of the acid is accurately weighed out into a 50-c.c. 
extraction flask, treated with 2 drops of 0-1% solution of thymol- 
phthalein in alcohol, and titrated with 0-1N-sodium hydroxide until 
a blue colour appears. An approximately equal volume of saturated 
sodium chloride solution, neutral to thymolphthalein, is then added, 
and the bleached solution titrated with alkali until a blue colour is 
again produced. Maximum intensity of blue is usually secured by 
addition of one or two drops of 0-1N-alkali after the first faint blue 
coloration has developed. The results can then be interpreted 
either in terms of the number of c.c. of 0-1N-alkali required for 
M/1000 of substance, as is done in this paper, or in terms of the 
equivalent of the acid. The former method is the more convenient 
where new acidic groups are being produced by oxidation of alkali 
radicals and some guide as to the progress of the oxidation is 
required. 

Pure sodium chloride of commerce is often acid in reaction, show- 
ing & Px of about 5 with a “ universal” indicator. A litre of satur- 
ated sodium chloride solution made up from such a salt will require 
about 1 drop of 50% sodium hydroxide solution to bring its pg to 
neutrality to thymolphthalein as judged by a universal indicator. 

The 0-1N-alkali used in the titrations should be free from carbon- 
ate, since the titrations are carried out in cold solution. We have 
not found any error to be introduced by the use of 0-1N-alkali made 
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up freshly from good stick sodium hydroxide, and control titrations 
of benzoic acid in cold and in boiling solution with phenolphthalein 
as indicator showed no difference. 


NAtTIonaL INSTITUTE FOR MrepiIcat RESEARCH, 
Lonpon, N.W.3. (Received, July 12th, 1930.] 





CCLXXV.—Investigations on the Bivalency of Carbon. 
Part IV. Halogen Displacements from s-Tetra- 
bromo- and -chloro-ethane and Tri-bromo- and 
-chloro-ethylene. 


By ALLAN Mixes Warp. 


Tue collected evidence in previous parts of this series (J., 1927, 
2285; 1929, 1541; this vol., p. 535) shows that mechanisms in- 
volving bivalent carbon are untenable for halogen displacements 
from systems CR,R,HX. It becomes of interest to examine 
halogenated ethylenes similarly, to determine if substituted acetyl- 
idenes or acetylenes are formed. Lawrie (Amer. Chem. J., 1906, 
36, 487), continuing the work of Nef (Annalen, 1897, 298, 332; 
1899, 308, 264), considered that tribromoethylene by reaction with 
alcoholic potash yielded dibromoacetylidene, CBr,:;CHBr—> 
HBr + CBr,:C (see also Demole, Ber., 1878, 11, 1310). If this be 
correct, kinetic experiments might show the displacement to be 
a unimolecular reaction in ethyl-alcoholic solution, both alone and 
in the presence of hydroxyl or ethoxyl ions. The experiments 
now to be described demonstrate, however, that this is not the case, 
for there is no reaction in ethyl alcohol at 15-0° and 25-0°, but a 
rapid displacement takes place in the presence of sodium hydroxide 
or ethoxide, the reactions being bimolecular. The final titrations 
were somewhat greater than those required for the displacement of 
one bromine atom. This is probably due to the ease of oxidation 
of the products of reaction or of the tribromoethylene, for this 
substance with atmospheric oxygen yields dibromoacetyl bromide 
(Demole, Ber., 1878, 41, 315). 

In view of the instability of tribromoethylene, experiments 
were carried out on tetrabromoethane. It is possible that halo- 
gen displacement from tetrabromoethane might proceed thus: 
CHBr,-CHBr, —> HBr + CHBr,-CBr<, with subsequent re- 
arrangements of this phase to give tribromoethylene. No bromine 
displacement takes place, however, from tetrabromocthane in 
ethyl-alcoholic solution at 15-0° and at 25-0°, but one bromine atom 
is displaced instantaneously at these temperatures in the presence of 
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sodium hydroxide or ethoxide, tribromoethylene being formed. 
The same velocity coefficients should therefore be obtained by using 
tetrabromoethane and tribromoethylene; this was the case, but 
agreement between the observed and the calculated final titrations 
was better in the tetrabromoethane experiments, probably because 
a purer specimen of tribromoethylene resulted for the subsequent 
reaction. 

Corresponding experiments were made on s-tetrachloroethane and 
trichloroethylene; the latter is much more stable than tribromo- 
ethylene and can be kept without undergoing decomposition. No 
reaction took place between these substances and ethyl alcohol at 
15-0° and 25-0°. One chlorine atom was displaced instantaneously 
from s-tetrachloroethane by sodium hydroxide or ethoxide in ethyl- 
alcoholic solution at these temperatures, but further displacement 
was very slow. The extreme slowness of the reactions was confirmed 
with trichloroethylene, and kinetic experiments therefore were not 
carried out. 

Although the kinetic results are not in accordance with the simple 
mechanism put forward by Nef and Lawrie, it is still possible that 
the reaction might at least pass through a phase involving bivalent 
carbon, if an intermediate stage as follows be assumed in their 
mechanism : 


8 
CBr,:CHBr -+ OH —> H,O + CBr,:CBr —> CBr,:C + Br 


The first stage would presumably be slow, and the dibromoacetyl- 
idene formed might polymerise. Possibly Nef and Lawrie visualised 
such an intermediate step in the mechanism they proposed. 
Alternatively, the kinetic results would agree with intermediate 
compound formation taking place between tribromoethylene and 
hydroxyl or ethoxyl ions, possibly, for example, through phases 
containing singlet linkages (Robinson, Chem. and Ind., 1925, 4, 
457; Ingold and Ingold, J., 1926, 1314; Sugden, J., 1927, 1182). 
Addition might occur at either carbon atom, and the elimination 
of bromide ion, with simultaneous transformation of the singlets 
by which the hydroxyl or ethoxyl was attached to nonpolar bonds, 
would yield compounds from which the removal of water or ethyl 
alcohol would give the brominated acetylene. According to the 
carbon atom at which addition took place, either dibromoacetylene 
or dibromoacetylidene would result. The kinetic results alone 
cannot therefore provide the necessary evidence for a decision to be 
made between these formule. 


2 6 , 
The formulation for dibromoacetylidene, C=0ce,. using the 
notation proposed .by Main Smith (see J., 1927, 1174), involves 





















eee ae ee lee oe Oe eelCUCUr le 





med. 
ising 
_ but 
tions 
ase 
juent 


> and 
omo- 

No 
ol at 
ously 
thyl- 
ment 
rmed 
e not 


imple 
> that 
ralent 

their 


9 
3r 


cetyl- 
alised 
posed. 
ediate 
e and 
phases 
5, 44, 
1182). 
nation 
inglets 
bonds, 
- ethyl 
to the 
tylene 
alone 
1 to be 


ng the 


volves 














INVESTIGATIONS ON THE BIVALENCY OF CARBON. PART Iv. 2145 


electronic groups which are not met with in other carbon compounds. 
The results of Hammick, New, Sidgwick, and Sutton (this vol., p. 
1876) show that carbon in carbon monoxide has a lone pair of 
electrons, as in the formula above, but no evidence appears to exist 
for carbon in combination having other than a completed octet. 
Physical measurements analogous to those of Sidgwick and his 
collaborators on carbon monoxide and the isonitriles should decide 
definitely between this formula for dibromoacetylidene and that for 
divromoacetylene, which would be formulated Br‘ —C=C—Br*. 


EXPERIMENTAL. 


Preparation of Materials—The s-tetrabromoethane, s-tetra- 
chloroethane, and trichloroethylene were materials of constant 
boiling points distilled from commercial products. Tribromo- 
ethylene was prepared from tetrabromoethane by reaction with 
dry ammonia in alcoholic solution (Elbs and Newmann, J. pr. 
Chem., 1898, 58, 245). It was also made by adding aqueous sodium 
hydroxide (2N approx.) to a solution of tetrabromoethane (200 g.) 
in methylated spirit (500 c.c.) containing phenolphthalein, until the 
solution was pink: this was then made faintly acid with hydro- 
chloric acid, about a litre of cold water was added, and the oil 
separated from the aqueous-alcoholic emulsion. The crude product 
(130 g.) was dried over calcium chloride and fractionally distilled ; 
the main portion was redistilled and yielded tribromoethylene 
(75 g.), b. p. 166—167°/763 mm. A further 15 g. of pure tribromo- 
ethylene was obtained from the aqueous emulsion by extraction 
with light petroleum. Tribromoethylene decomposes on keeping, 
and then fumes strongly. ‘It was therefore redistilled immediately 
before use. 

Ethyl alcohol was dried by refluxing and distilling it over lime and 
then over aluminium amalgam. The second distillation was made 
in an atmosphere of nitrogen, and the solvent was stored in contact 
with this gas. Ethyl-alcoholic solutions of sodium hydroxide or 
ethoxide were prepared from this solvent, and stored in contact 
with an atmosphere of nitrogen. 

Apparatus.—The apparatus previously described (Ward, J., 
1929, 1546) was used and all the experiments were carried out in an 
atmosphere of nitrogen. The ethyl alcohol or ethyl-alcoholic 
sodium hydroxide or ethoxide (100 c.c. in each case) was placed in 
A, and the halogen compound of known weight was contained in 
B. In these experiments, B was a test-tube cut off to give a vessel 
of about 4 c.c. capacity. 

Halogen Compounds and Ethyl Alcohol.—Tetrabromoethane (M /10 
approx.) was added to ethyl alcohol in the above apparatus at 15-0° 
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and also at 25-0°, and samples (10 c.c.) were titrated at intervals 
against V /10-sodium hydroxide and phenolphthalein. The titration 
results corresponded with an immediate displacement of one bromine 
atom and the successive titres did not then change. It would 
thus appear that one bromine atom is displaced instantaneously 
by ethyl alcohol. This is incorrect, however, for the change is 
only due to the instantaneous reaction with the caustic soda added 
in the titration, as shown by the fact that if the solution was added 
to some 150 c.c. of water containing phenolphthalein to which 
N/10-sodium hydroxide had been added in just sufficient amount 
to give a permanent pink coloration, the colour persisted for a few 
minutes. It faded slowly, however; one or two drops of the 
caustic soda solution restored it, but fading again took place. 
Samples were withdrawn during periods up to 144 hours, and the 
titration results showed no change. The alcoholic solution of tetra- 
bromoethane formed an emulsion when poured into water, and the 
fading is no doubt due to the heterogeneous reaction between the 
tetrabromoethane and sodium hydroxide. 

Titration of alcoholic tetrachloroethane with sodium hydroxide 
gave similar results. The ease of displacement of one halogen atom 
from these substances has been recorded previously by Gowing- 
Scopes (Analyst, 1914, 39, 385). Similar experiments to those with 
tetrabromoethane in which samples of tetrachloroethane were 
added to very dilute sodium hydroxide solution as above did not 
cause the colour of the indicator to fade ; an emulsion was not formed 
in this case. With tribromoethylene the solution was distinctly 
acid; when this acidity was neutralised, the colour faded from the 
very dilute caustic soda solution; the titres were unchanged with 
time. Trichloroethylene in ethyl alcohol, added to 150 c.c. of water, 
behaved as did tetrachloroethane. 

Kinetic Experiments on Tribromoethylene.—Preliminary experi- 
ments in which the alcoholic solutions of tribromoethylene and 
sodium hydroxide or sodium ethoxide were titrated with aqueous 
hydrochloric acid gave results which were irregular and in excess of 
those required for the displacement of one bromine atom. Hydro- 
chloric acid was therefore prepared from oxygen-free water in an 
atmosphere of nitrogen; it was stored and transferred to the burette 
in contact with this gas. The solution added from the pipette (Ward, 
J., 1929, 1546) was titrated in an atmosphere of nitrogen against 
this acid. The final titrations obtained in this way were generally 
in moderate agreement with those required for the displacement of 
one bromine atom. Several of the results summarised on pp. 2147, 
2148 were obtained by this method. 

The resulting aqueous-alcoholic solution reacted very readily 
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with oxygen, for, if after the final titration air was drawn through 
the solution for a minute or two, the acid formed required some 
10 c.c. of N/10-sodium hydroxide for its neutralisation. The use 
of a standard solution of benzoic acid in methylated spirit overcame 
this difficulty. The reactants (10 c.c.) were transferred to a flask 
containing somewhat less than the required amount of benzoic acid 
and titrated with the same acid and phenolphthalein. Oxygen 
had no effect, for if air freed from carbon dioxide were passed through 
the solution after titration the colour of the indicator persisted. 
The results, by this method, of a typical experiment at 25-0° are 
given below : ¢ is expressed in minutes, and the titre (6 — x) in c.c. 
of V/10 strength per 10 c.c. of solution. The velocity coefficients 
are calculated for a bimolecular reaction, k = 2-3/t(a — b) . logy 
ba — x)/a(b — x). 

The initial amounts of tribromoethylene (a) and sodium hydroxide 
(b) are calculated in terms of V/10 strength per 10 c.c. of solution ; 
the titre (¢ = 0) is the theoretical value, based on the amount of 
sodium hydroxide added. 


Tribromoethylene, 0-0986 g.-mol./I.; sodium hydroxide, 0-2416 g.-mol./l. 


¢. Titre (6 — 2x). kx 105, t. Titre (6— 2). kx 105, 
0 24°16 — 24 18°31 182 

1 23-16 404 38 17-05 171 

6 21-68 211 68 15°52 169 
ll 20-41 196 407 14-16 _ 
17 19-38 182 1272 13-65 —_— 


The complete results on tribromoethylene at 25-0° are summarised 
below, the amounts of reactants being expressed in g.-mol./l., and 
k calculated as above. 


es 0-0988 0-1017 0-1051 0-0986 0-0955 
ST  wntcdssssesnane — —_ 0-1192 0-2416 0-2407 
MEE 'vendetarasseled 0-2951 0-1710 —_ — me 
9G BHF, ..ccgecensvves 183 193 186 185 182 


Two experiments at 15-0° gave the following results : 


C,HBr,, 0°0890 g.-mol./l. NaOEt, 0°2543¢.-mol./l. k, 0000414. 
» 0-0716 bs NaOH, 0°2122 os k, 0°000403. 


The velocity coefficients are thus identical, as far as can be judged 
from these results, whether sodium hydroxide or ethoxide is used. 
The temperature coefficient of the reaction velocity per 10° over 
the range 15-0° to 25-0° is 4-51. 

Kinetic Experiments on s-Tetrabromoethane.—The method was as 
in the experiments with tribromoethylene. Below is a typical set 
of results at 15-0°. 
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Tetrabromoethane, 0-0560 g.-mol./I.; sodium hydroxide, 0-2195 g.-mol./l. 


t. Titre (6 —2z). kx 10%. t. Titre (6— =z). kx 10, 
0 16-35 — 128 13-19 447 
1 16-01 — 207 12-57 385 
20 15-42 573 312 11-82 396 
40 14-88 488 412 11-39 409 
73 14-11 462 1392 10-72 — 


The value of 6 (t = 0) is calculated on the assumption that one 
atom of bromine is displaced instantaneously ; the observed value 
at t = 1 corresponds with a further partial displacement of a second 
bromine atom; k& is calculated as in the series of experiments with 
tribromoethylene. The complete results are summarised below. 


Temp. 25-0°. 
Cees sesiscese 0-0822 0-0724 0-0576 0-0696 0-0623 0-0740 
ao 0-2529 0-2529 0-1192 — -= —- 
DEEL. sngseasea — — — 02414 0-1367 0-1716 . 
WO TE séicsicse 193 189 196 19] 207 191 
Temp. 15-0°. 
Cela s cvscesece 0-0560 0-0661 0-0570 0-0521 0-0637 0-0634 
Sa 0-2195 0:2521 0-2241 — —_— — 
SURES: - exndscess — — -— 0-2423 0-2129 0-2112 
0. Be saastvece 432 414 462 446 444 430 


The temperature coefficient per 10°, calculated from the mean 
of these results, is 4-44. 


The author is indebted to the Research Fund Committee of the 
Chemical Society for a grant which has partly defrayed the cost 
of the materials. 


Sir Joun Cass TECHNICAL INSTITUTE, 
Lonpon, E.C. 3. [Received, July 14th, 1930.] 





CCLXXVI.—Syntheses of Cyclic Compounds. Part 
VII. The Stereoisomeric By-Diphenyladipic Acids. 


By Mariam P. OomMEN and ARTHUR ISRAEL VOGEL. 


It has been shown (Part I, J., 1927, 1985) that ethyl Sy-dimethyl- 
butane-x«88-tetracarboxylate (I; R = Me), a mixture of two 


CHR-CH(CO,Et), CHR—C(CO,Et), 
CHR-CH(CO,Et), CHR—C(CO,Et), 


stereoisomerides, gives an almost quantitative yield of the cyclo- 
butane compound (II; R = Me) when treated with sodium meth- 
oxide and bromine. The corresponding phenyl compound (I; R= 
Ph), which was separated into a solid form, m. p. 88°, and a liquid 
form, behaved differently, for whereas only a cyclobutane compound 


(I.) (II.) 
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(11; R = Ph) could be isolated from the latter, the former gave 
a quantitative yield of ethyl «8-dibromo-Sy-diphenylbutane- 
tetracarboxylate, no trace of cyclic compound being isolated (Part 
II, J., 1928, 1013). Similar results were later obtained independ- 
ently by Bachér for the methyl esters (I; R = Ph) (J. pr. Chem., 
1928, 120, 131). This remarkable difference in behaviour towards 
cyclisation is attributed to the inhibition of free rotation by the 
bulky phenyl groups, and we have sought to obtain further 
experimental support for this view by the attempted resolution of 
the two closely related Sy-diphenyladipic acids, which we can now 
prepare readily. 


CH,-CO,H CH,’CO,H CH,-CO,H 
Ph-C-H H-C-Ph Ph-C-H 
Ph-C-H Ph-C-H H-(-Ph 

CH,CO,H CH,CO,H CH,*CO,H 

(ITT.) . 4 





(IV.) 


According to ordinary stereochemical principles, one of these 
acids (III) is of the meso-type, and the other (IV) is resolvable into 
optically active components. If, in addition, free rotation is 
appreciably inhibited by the bulky phenyl groups it would be 
expected that the meso-form (III) would be capable of optical 
resolution but the rotation would be less than that of the ordinary 
racemic compound. 

Although Wislicenus (J. pr. Chem., 1896, 54, 59) stated that 
“cinnamic ester is unaffected by treatment with moist aluminium 
amalgam,’’ yet Henle (Annalen, 1906, 384, 16) isolated two acids, 
m. p. ca. 270° and 169—170°, respectively, by the separation and 
hydrolysis of the reduction products of methyl cinnamate with 
aluminium amalgam. By reducing this ester with moist aluminium 
amalgam under the conditions previously described (J., 1927, 594), 
we have prepared two $y-diphenyladipic acids of m. p.’s (sharp) 
270—271° and 185—186°, respectively. The latter has been 
resolved with brucine in aqueous solution, the normal brucine salt 
of the d-acid separating out first. From this salt d-py-diphenyladipic 
aid, m. p. 200—201°, [«]®" + 14-4° in absolute alcohol, was obtained 
by decomposition with dilute hydrochloric acid. The mother- 
liquors yielded 1-Ry-diphenyladipic acid, m. p. 200—201°, [a]%” 
—14:3° in absolute alcohol. 

_All attempts to resolve the other acid, m. p. 270—271°, by frac- 
tional crystallisation of its strychnine, brucine, or quinine salts were 
unsuccessful. The configuration (III) is therefore assigned to this 
acid, and (IV) to the resolvable acid. Work is in progress on the 
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optical resolution of various #y-substituted phenyladipic acids, 
the rotation of which would be expected to be greater. 

It is very probable from the work of Stoermer, Stobbe, and others 
that €-truxinic acid, synthesised from the liquid form of ethyl 
By-diphenylbutane-a«88-tetracarboxylate (J., 1928, 1013), has the 
configuration (V), with the phenyl groups situated on opposite 
sides of the ring, which would indicate, if it be assumed that there 
is no change in configuration during ring formation, that the solid 
ester is the meso-form. This is supported by the production of 
the acid of m. p. 270—271° by hydrolysis of the solid ester with 
alcoholic potassium hydroxide and subsequent heating at 200°. 
The racemic configuration previously assigned to the ester of m. p. 
88°, and to the dibromo-ester (formula VI, J., 1928, 1014), requires 
correction, the latter being more probably represented by VI (below). 

The two lower homologues, «8-diphenyl-succinic (Wren and Still; 
J., 1915, 107, 444) and -glutaric (Avery and Maclay, J. Amer. Chem, 
Soc., 1929, 51, 2837) acids, have been previously resolved, and 4 


Ph 4H 
| | CBr(CO,Et), 
Hi UY, ln / Ph-C-H 
(V.) | #7 CO,H Ph-C-H (VI.) 
' | 
Ph CO,H CBr(CO,Et), 


summary of their properties is given in the table below. Both 
forms in the glutaric series are resolvable owing to the unsymmetrical 
disposition of the two asymmetric carbon atoms. The marked 
decrease in the optical rotation with increasing length of the 
polymethylene chain is noteworthy. 


M. p. (active). Rotation. 
aan —— ’ ane a, 
Acid. M. p. d. 1. da. 1. Solvent. 

af8-Diphenyl- 229—230° Not resolved. 

succinic 183 179—180° 176—177° iy 7° —368-9° C,H,°0 
af-Diphenyl- 226—228 224—226 * 58-7 — 58:0 CH," OCH, 

glutaric 208—210 202 202 +140. 6 —140-0 ” 
By-Diphenyl- 270—271 Not resolved. 

adipic 185—186 200—201 200—201 + 14-4 — 143 0©,H,0H 


* The m. p. of this l-form is given by Avery and Maclay (loc. cit.) as being “‘ slightly lower” 
than that of the d-form, 


EXPERIMENTAL. 
Henle’s method of reduction has been replaced by the following, 
which gives better yields of the bimolecular compounds. 
Reduction of Methyl Cinnamate with Moist Aluminiwm Amalgam 
in Ether —100 G. of recrystallised methyl cinnamate were reduced 





















by 150—200 g. of moist aluminium amalgam (Vogel, J., 1927, 594) 
suspended in 2—2-5 litres of ether and contained in a 6.litre Pyrex 
flask. There was a period of induction of about 1 hour, and the 
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reduction was considered complete after 6 hours. The ethereal 
solution was dried over anhydrous potassium carbonate, and the 
ether slowly distilled off. The residue solidified on cooling to 0° 
to a mass of crystals which were filtered off and washed with a little 
ether; yield, 7—8 grams, m. p. 170°, consisting mainly of methyl 
meso-@ry-diphenyladipate. The filtrate on distillation gave 30— 
35 g. of a colourless liquid, b. p. 115—130°/17 mm. (methyl 6- 
phenylpropionate), and at 230°/17 mm. a very small quantity of 
liquid passed over. The pale yellow residue, which became very 
viscous but did not solidify on cooling, was dissolved in warm dry 
ether. The solution on cooling deposited 1—1-5 g. of the ester, 
m.p.170°. The ether was evaporated from the filtrate, the residue 
dissolved in the minimum quantity of warm methyl alcohol, and 
then cooled to 0°, whereupon it solidified. The crystals were 
filtered off with suction and washed with small quantities of ice-cold 
methyl alcohol; yield 15—16 g., m. p. 70—71°, consisting chiefly 
of methyl r-fy-diphenyladipate. The filtrate on evaporation 
yielded 15—20 g. of a viscous liquid, which could not be induced 
to crystallise. 

13—14 G. of crude methyl meso-Sy-diphenyladipate were obtained 
by dissolving the aluminium hydroxide sludge in hydrochloric 
acid (1: 1) and filtering the solution through a filter cloth. 

meso-$y-Diphenyladipic acid. The crude ester, m. p. 170°, on 
recrystallisation from rectified spirit or from light petroleum (b. p. 
100—120°), had m. p. 175°. Solutions of the ester (10 g.) in rectified 
spirit (20 g.) and of potassium hydroxide (12 g.) in dilute alcohol 
(25 c.c. of water and 25 c.c. of rectified spirit) were mixed and 
refluxed on the steam-bath for 4—5 hours. The resultant acid 
(nearly quantitative yield) separated from 96% alcohol in needles, 
which, after being dried at 100—105° to remove one molecule of 
alcohol of crystallisation, had m. p. 270—271°. 

meso-fy-Diphenyladipyl chloride. The acid (5 g.) was refluxed 
with 40 g. of redistilled thionyl chloride for 1 hour, the excess of 
thionyl chloride removed under reduced pressure, and the residue 
left in a vacuum desiccator over potassium hydroxide. The crude 
chloride (quantitative yield) melted at 187°, after recrystallisation 
from benzene (Found: Cl, 21-2. C,gH,,0,Cl, requires Cl, 21-2%). 
The original acid, m. p. 270—271°, was produced on boiling with 
aqueous sodium carbonate, followed by acidification. 

t-By-Diphenyladipic acid. The crude ester, m. p. 70—71°, after 
two or three recrystallisations from small quantities of methyl 
alcohol or from light petroleum (b. p. 40—60°), had m. p. 73—74°. 
Hydrolysis with alcoholic potassium hydroxide, exactly as described 
for the meso-acid, afforded the crude r-acid, m. p. 180—181°, in 
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almost quantitative yield. It crystallised from hot water in needles, 
m. p. 185—186°. 

Examination of the viscid residue. This was hydrolysed with 
alcoholic potassium hydroxide, and 15 g. of the resultant acid 
product, a viscid dark brown oil, were boiled with water; the 
decanted aqueous extract deposited 4—5 g. of a crystalline acid, 
m. p. 165—170°. The residue was repeatedly extracted with 
boiling water, and finally crystallised from rectified spirit, whereby 
1 g. of the meso-acid, m. p. 270—271°, was obtained. Repeated 
recrystallisation of the other from hot water did not raise the m. p. 
above 170°; further repeated extraction with boiling benzene gave 
an acid of m. p. 182—183°, and the benzene extracts yielded a 
small quantity of 8-phenylpropionic acid, m. p. 49°. 

The total yields from 100 g. of methyl cinnamate are as follows, 
the figures in parentheses being those obtained by Henle’s method 
(loc. cit.): methyl 8-phenylpropionate, 30—35 g. (55 g.); methyl 
meso-fy-diphenyladipate, 22—23 g. (8—9 g.); methyl r-@y-diphenyl- 
adipate, 15—16 g. (4—5 g.). 

Reduction of Ethyl Cinnamate with Moist Aluminium Amalgam in 
Ether —This was carried out exactly as detailed for the methyl 
ester. The less fusible ester, ethyl meso-fy-diphenyladipate, separated 
first and, after crystallisation from ethyl alcohol, had m. p. 116° 
(Found: C, 74-0; H,7-7. C,.H,,0, requires C, 74-6; H,7-4%). The 
other products of the reduction were not satisfactorily separated. 

Action of Acetic Anhydride on the Acid of m. p. 270—271°.—The 
acid was heated under reflux with a large excess of acetic 
anhydride for 5 hours, and the excess of anhydride removed in a 
vacuum desiccator over potassium hydroxide. The solid residue 
crystallised from light petroleum (b. p. 60—80°) in long needles, 
m. p. 109—110°, solidifying at a slightly higher temperature and 
remelting at 235—245°. This substance contained 1 mol. of acetic 
anhydride (Found: C, 69-1; H, 5-9. Calc. for C,,H,,0,,C,H,0;: 
C, 69-1; H, 5-8%), which could not be completely removed by 2 
hours’ heating at 150°. The residue, after heating, melted at 235— 
245° (Found: C, 73-5; H, 5-7. C,,H,,0, requires C, 77-1; H, 
5-8%), and was an amorphous powder insoluble in benzene, xylene, 
chloroform, or carbon tetrachloride. This is also the main product 
obtained by heating the acid with 2—3 times the calculated quantity 
of acetic anhydride. The compound of m. p. 109—110° yields the 
original acid on boiling with water: it is insoluble in cold aqueous 
sodium carbonate but dissolves on boiling. Henle (loc. cit.) has 
obtained a similar compound, m. p. 100—105°, solidifying and 
remelting at 235—240°, by the use of acetyl chloride. 

Action of Acetic Anhydride on the Acid of m. p. 185—186°.—The 
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acid was heated under reflux with 4—5 times the calculated quantity 
of acetic anhydride for 5 hours, and the excess of anhydride removed 
as above. The residue was a thick yellowish-brown oil which did 
not crystallise even after several months. It was insoluble in cold 
aqueous sodium carbonate but dissolved completely on boiling, 
regenerating the original acid, m. p. 185—186°. Treatment of the 
oil with aniline in dry benzene solution gave a sticky product which 
was not further investigated. 

Resolution of By-Diphenyladipic Acid, m. p. 185—186°.—25 G. of 
the acid and 66-1 g. of brucine were finely powdered and stirred with 
5-5 litres of boiling water until nearly complete solution had taken 
place. The filtered solution on cooling deposited crystalline plates 
of the brucine salt of the d-acid, the crystallisation being considerably 
accelerated by seeding with a little of the brucine d-acid salt from 
a previous resolution. After standing over-night, the crop of 
crystals was filtered off, and dried on a porous plate; yield, 48-5 g. 
The crude salt was recrystallised several times from the minimum 
quantity of boiling water. The course of the resolution was followed 
by determining the specific rotation in absolute alcohol in a 2-dem. 
tube of the acid isolated from successive filtrates. The results are 
tabulated below. 

Wt. in 25 c.c. of Rotation 


Acid from M. p. absolute alcohol. observed. [ap]. 
Ist filtrate ...... 196° Sparingly soluble. Not determined. _ 
ji 199—200 0-7490 g. 0-811° +13-54° 
ei» *” ‘ebesds 200—201 0-7100 g. 0-820 +14-43 
ie een 200—201 0-6260 g. 0-717 +1431 
(ar 200—201 0-7720 g. 0-886 + 14-34 


The crop from which the last filtrate was obtained was decomposed 
with N-hydrochloric acid, extracted with ether, the ethereal solution 
dried with anhydrous sodium sulphate, and the residue, after 
evaporation of the ether, recrystallised from dilute alcohol con- 
taining a few drops of dilute acetic acid. Pure d-Sy-diphenyladipic 
acid, m. p. 200—201°, was thus obtained (Found : C, 72-5; H, 6-1; 
equiv., by titration, 147. C,,H,,0, requires C, 72-5; H, 64%; 
equiv., 149); a?” 0-888° (1 =2; c= 3-09 in absolute alcohol), 
whence [x]? + 14-36°, unchanged after further recrystallisation. 

The main filtrate from the first crop of brucine salt on standing 
for one week deposited long radiating clusters of needles; these 
were separated, the filtrate was concentrated under reduced pressure 
to half-bulk, and the crop of needles which separated after standing 
over-night was combined with the first crop; yield, after drying 
on porous porcelain, 29-0 g. This was recrystallised first from 
21. and then from 1-5 1. of boiling water. The crystals of the l-acid 
brucine salt were needles, quite distinct from the plates of the d-acid 
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salt. The acid isolated from the second recrystallisation had 
[a]) — 13-5° in absolute alcohol. It was recrystallised six times from 
dilute alcohol containing a few drops of dilute acetic acid, and the 
rotation was then practically constant. 1-Sy-Diphenyladipic acid 
had m. p. 200—201° (Found: C, 72-6; H, 60%; equiv., by 
titration, 147); «i 1-035° (l= 2; c = 3-62 in absolute alcohol), 
whence [«]?” —14-30°. 

The solubilities in various solvents of both the d- and the l-acid 
are greater than those of the dl-acid. 

Racemisation of the Active Acids —Equal quantities of d- and lL. 
Sy-diphenyladipic acids were mixed and recrystallised from water. 
The resultant acid melted at 185—186° and was identical with the 
original dl-acid. 

Attempts to resolve the Acid of m. p. 270—271°.—Fractional 
crystallisation of the normal salts of the acid with brucine in aqueous 


solution, and with strychnine and quinine in alcoholic solution, was } 


carried out. In every case, the acid isolated from a small quantity 
of the salt was optically inactive and exhibited no change in m. p. 


The authors’ thanks are due to Professor J. ¥. Thorpe, F.RS,, 
and Dr. M. A. Whiteley for their kind interest in the work, and to 
the Chemical Society for a grant to one of them (M. P. O.) which has 
helped to defray some of the cost of the research. 


Tue ImperraL CoLLEGEe, LONDON. 
UNIVERSITY COLLEGE, SOUTHAMPTON. [Received, July 11th, 1930.] 


CCLXXVII.—Physicochemical Studies of Complea 
Acids. Part III. Molybdic Acid. 


By Hupert THomas Stantey Brirron and Wir11aAmM LESLIE 
GERMAN. 


TRAVERS and MALAPRADE (Bull. Soc. chim., 1926, 39, 1406, 1543) 
investigated the course of neutralisation of molybdic acid with the 
quinhydrone and the hydrogen electrode, and Dumanski, Buntin, 
Dijatschovski, and Kniga (Kolloid Z., 1926, 38, 208) employed 
measurements of electrical conductivity and of depressions of 
freezing point to study the mode of displacement of molybdic acid 
from sodium molybdate solutions. As it appeared from theif 
results that molybdates, though abnormal as regards their ionisation 
when compared with salts of normal dibasic acids, were very similar 
to tungstates (compare Britton and German, this vol., p. 1249), it 
was considered necessary to study the subject more fully. 

It appears from the following work that molybdic acid exists in 
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acidified solutions of sodium molybdate in the form of sodium 
polymolybdate, whose decomposition depends on the strength and 
the concentration of the acid used. The complex molybdate first 
formed in acid solutions is less stable than the corresponding 
tungstate and in the presence of hydrochloric acid rapidly undergoes 
decomposition (with the liberation of a highly ionised polymolybdic 
acid), after which the molybdic acid seems to pass into a pseudo- 
colloidal solution and is probably stabilised by the small quantities 
of hydrochloric acid which it adsorbs or, maybe, with which it 


combines. 
Fria. 1. 


D 





0 10 20 30 40 50 ~—s(« 60 70 8680 90 
HCl, c.c. 


EXPERIMENTAL, 

The potentiometric titrations of sodium molybdate were carried 
out with the quinhydrone electrode, and the apparatus previously 
described (Parts I and II, this vol., pp. 1249, 1261) was used for the 
conductometric titrations. 

Reaction between Sodium Molybdate and Hydrochloric Acid. (a) 
Potentiometric Method.—In Fig. 1 are given the quinhydrone curves 
indicating the change in hydrogen-ion concentration when 50 c.c. 
of 0-045M-sodium molybdate solution were titrated with 0-114M- 
hydrochloric acid. Curve A represents the values obtained when 
2—3 minutes elapsed between each addition of acid, curve B repre- 
sents the values obtained after solutions corresponding to various 
stages of the reaction had been boiled and then allowed to cool, and 
curve C, which is coincident with curve B, shows the values after 
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8 days’ standing. The inflexion in curve A occurs at py 4°8 when 
the composition of the solute is that demanded by the paramolyb. 
date 3Na,0,7MoO, (or 5Na,0,12Mo0,). Boiling and ageing caused 
a sharper inflexion to be formed when the solution had the com. 
position corresponding to the formation of metamolybdate, 
Na,0,4Mo0,, in solution. Curve D indicated the py values that 
would be expected were the reaction simply double decomposition 
according to the scheme Na,MoO, + 2HCl—-> 2NaCl + Mo0,,H,0, 
it being assumed that after 2 mols. of acid have been added the 
hydrogen ions arise from the excess acid and that the liberated 
molybdic acid has no effect. 


TABLE [. 
pu. 
0-114M-HCl, Na,O: MoO,, — : —__—____— 
c.c. mols. Curve A. Curve B. Curve C. 
0 1-0 8-47 8-47 8-47 
9-9 0-75 5-68 5°77 5-72 
19-7 0-5 5-28 5-30 5°35 
29-6 0-25 3-68 4-00 4:09 
34-5 0-125 2-47 2-61 2-60 
39-5 0-0 2-14 2-19 2-23 
50 Excess HCl 1-90 1-91 1-95 
60 ‘i 1-72 1-68 1-75 
70 ~ 1-56 1-56 1-67 


Curve D refers to the addition of 0-114M-hydrochloric acid to a 
volume of solution (89-5 c.c.) which was equal to that in the original 
titration when exactly 2 mols. (39-47 c.c.) of acid had been added 
and contained the exact weight of sodium chloride that would have 
been formed according to the above equation. Curve D finally 
merges with and just crosses curve A. It was first thought that the 
difference in p, values observed between curves A and D could be 
explained if the sodium polymolybdate behaved as the salt of a very 
strong acid and therefore underwent very little decomposition on 
further addition of hydrochloric acid. Hence the increased 
hydrogen-ion concentration in curve A would be caused by the free 
hydrochloric acid in solution. Rosenheim and Bertheim (Z. anorg. 
Chem., 1903, 34, 427) and Travers and Malaprade (Bull. Soc. chim., 
1926, 39, 1406) have shown, however, that molybdic acid is soluble 
in water, giving a solution of an acid of about the same strength as 
trichloroacetic acid. From determinations of the rate of hydrolysis 
of methyl acetate, the former workers have found a dissociation 
constant of 5:2 x 10-2. Hence it appears that sodium polymolyb- 
date, which first exists in the acid solution, eventually decomposes 
and liberates a highly ionised polymolybdic acid, to give rise to 4 
hydrogen-ion concentration slightly less than would have beet 
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chloric acid results in diminished ionisation of this poly-acid until 
finally only un-ionised molybdenum trioxide remains in solution. 
The fact that curves A and D (Fig. 1) cross may be attributed to the 
trioxide combining with or adsorbing small quantities of hydrochloric 
acid. Typical data are given in Table II. 











TABLE IT. 
Point on pu: 

curve, HCl, Mols. HCl ~_ ~ pu 
c.c. added. Curve A. Curve D. difference. 

44-4 2-25 2-05 2-24 0-19 

49-4 2-5 1-90 2-00 0-10 

59-2 3-0 1-74 1-76 0-02 

78-9 4:0 1-57 1-57 0-00 

98-7 5-0 1-48 1-48 0-00 

118-5 6-0 1-41 1-41 0-00 

138-2 7-0 1-38 1-36 —0-02 
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Ageing and boiling had no great effect on the Pu Values in the acid 
solutions, and, unlike the case of tungstic acid, no separation of 
trioxide took place. These solutions, however, underwent a striking 
colour change, being quite yellow when first mixed, the colour dis- 
appearing on ageing, probably through a change in the size of the 
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particles (compare vanadate solutions; Britton and Robinson, this 
vol., p. 1261). By using more concentrated solutions, the trioxide 
can be thrown out of solution on boiling. 

(b) Conductometric Method.—Fig. 2 illustrates the results obtained 
when a mixture of 100 c.c. of 0-005M-sodium molybdate and 5 ce, 
of 0:1M-sodium hydroxide was titrated with hydrochloric acid 
(0-3289M/) at 25°. Table III gives the numerical results for the 
above concentrations of reagents, and the results obtained by using 
a higher concentration of reagents are in Table IV. 
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Tasre III. 
(a) Neutralisation of excess NaOH. 
Be GU bh iaccentsccssechi 0-0 0-3 0-6 1-0 1-5 
© X BOR GDRs cccscoccecis 19°5 18-36 17-60 16-24 15-06 
(b) Decomposition of sodium molybdate. 
x X 104, x X 10, «x. 10, Total 
HCl, c.c obs. Na,MoO,. NaCl. x X 104, cale. 
2-0 15-09 9-0 74 16-4 
2°5 15-30 7-0 9-2 16-2 
3-0 15-31 5-4 10-9 16-3 
3°5 15-60 3°7 12-6 16°3 
3:7 15-77 3-0 13-3 16-3 
3-9 16-24 2-4 13-9 16:3 
4-1 17-63 1-7 14-6 16:3 
4:3 19-61 0-95 15-35 16-2 
4-5 21-58 0-2 16-0 16-2 
(c) Excess acid added. 
x X 104, «x X 10', “theoretical « x 104, calc. 
HCI, c.c. obs. mixture ’’ (obs.). for Na,O,5MoQ;,. 
4-1 17-63 — 17-6 
51 27-23 20-77 29-0 
6-0 36-38 32-11 39-5 
7-0 46-90 43-22 49-8 
8-0 57°3 54-10 60-4 
9-0 67-27 64-73 70-7 
TABLE IV. 
100 c.c. 0-05M-Na,MoO, + 10 c.c. 0:106M-NaOH titrated with 
3:247M-HCl at 25°. 
(a) Calculations based on double decomposition. 
FP GUM on drvcdenincmnsion 0 0-5 1-0 15 2-0 25 
ee ew 10-12 9-26 9-26 9-28 9-43 9-73 
2 8 ree — 10-12 10-36 10-4 10°5 10°5 
By CBs ccsscccesccsccecce 3-0 3°5 4-0 4-5 5-0 
KX 103, ObS, ....eeeseees 12. 5 160 2203 245 28-5 
KX 108, calc. ......0. 103. 114 4 3«=6167 = 220 27-0 
(b) Calculations based on formation of Na,0,5MoQ,. 
HCl, c.c....... 2-9 3-1 3-3 3-7 4-1 4-5 4-9 
x X 108, obs. 12-2 14-3 16-35 20-6 24-7 28-7 32-5 
13°3 14-76 18-0 21°5 24:5 28-0 


x X 10%, cale. 11-5 
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The curve given in Fig. 2 discloses the same behaviour of the sodium 
molybdate during the course of decomposition as shown by the 
potentiometric curve in Fig. 1. The break after 1-52 c.c. of hydro- 
chloric acid had been added corresponds to the neutralisation of the 
free alkali. Thereafter little variation in specific conductivity 
occurred until the composition of the molybdate had become 
approximately that required by the paramolybdate, viz., 
5Na,0,12Mo00,. It then increased gradually until the added acid 
was about equal to that necessary to form Na,O,5MoO,. At this 
stage, a rapid and uniform increase in conductivity began, which 
was of the order of that which would have been established by free 
hydrochloric acid. This occurred before the theoretical end-point 
(4:56 c.c.) had been reached. The values recorded in Table IV give 
a similar curve. 

As in Part I, calculations have been made of the specific con- 
ductivities at different points on the assumption that they are equal 
to the sum of those of the solutes present at their respective dilu- 
tions, having been formed by the reaction represented by the 
equation on p. 2156, and also that the liberated molybdic acid had 
no effect on the conductivity of the solution. 

The specific conductivities of sodium molybdate were extrapolated 
from the data obtained by Walden (Z. physikal. Chem., 1887, 1, 
529), and those for sodium chloride and hydrochloric acid from the 
data in Landolt-Bérnstein’s “‘ Tabellen.” These calculated con- 
ductivities are given in Tables III and IV. Table III shows that 
there is little difference in the calculated and the observed conduct- 
ivities until 3-8 c.c. of acid have been added corresponding to the 
formation of a metamolybdate, Na,O0,4MoO,, in solution. There- 
after, the observed values were much higher than those calculated 
on the assumption that free hydrochloric acid was present only after 
456 c.c. had reacted. Similar results are obtained in Table IV at 
the higher concentration. The curves indicate that the assumption 
that the molybdic acid formed has no effect on the conductivity is 
justifiable, at any rate, until the solution has the composition 
Na,0,4Mo0,. As stated above, molybdic acid, unlike tungstic 
acid, has an appreciable solubility in water, in which it has marked 
acidic properties. The fact that this is not reflected in an enhanced 
conductivity is due to its combination with the normal sodium 
molybdate to form a polymolybdate whose conductivity is approxim- 
ately equal to that of the parent salt. This is true for polymolyb- 
dates having compositions lying between Na,MoO, and Na,O,4Mo0,, 
ag may be seen from Table V, which gives the specific conductivities 
(x 10°) at various dilutions. The table was drawn up from the 
tecords of Walden (loc. cit.), Rosenheim (Z. anorg. Chem., 1916, 96, 
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139), and Rosenheim and Felix (ibid., 1913, 79, 292). The dilutions 
(in litres) refer to volumes containing 1 g.-atom of sodium, and of 
hydrogen in the case of the molybdic acid solutions. 


TABLE V. 
es Siisiccitecitichs 32 64 128 256 512 1024 
Na,[O(MoO,)]_ ......... 3-14 1-66 0-87 0-45 0-23 0-12 
Na,[O(MoO ,)1o,5] «+--+ 3-09 1-70 0-91 0-49 0-26 0-14 
Na,[O(MoO,),] ......... 3-09 1-69 0-94 0-51 0-28 0-16 
Na,[O(MoO,),] ....-..+. 6°15 4-74 2-73 1-48 0-79 0-40 
aOR Gidititdestiesbansite 3-06 3-05 1-79 0-97 0-51 0-24 
H,[O(MoO,),]  «..-++--. — 2-23 1-40 0-74 0-38 0-20 


The specific conductivities of sodium octamolybdate are con- 
siderably higher than those of the tetramolybdate: this, as will be 
shown latter, can be traced to the hydrolytic dissociation in solution 
of the former into the latter and free molybdic acid. 

The fact that the introduction of molybdic acid into the sodium 
molybdate molecule results in little change in the specific conduc- 
tivity suggests that the ionisation of the polymolybdate is similar to 
that of the normal molybdate : 


Na,[O(MoO,),] == 2Na™ + [O(MoQ,),]”’. 


From the potentiometric and conductometric curves it appears 
that soon after x = 4, corresponding to the formation of the meta- 
molybdate, a polymolybdate is formed which, since it is not decom- 
posed by weak acids (vide infra), behaves as the salt of a strong 
polymolybdic acid. The work of Travers and Malaprade and of 
Rosenheim and Bertheim (locc. cit.) shows that molybdic acid in a 


polymerised form is not quite as strong as hydrochloric acid. There- . 


fore a strong acid like hydrochloric would slowly decompose the 
polymolybdate, liberating the somewhat weaker polymolybdic acid 
in an amount depending on the excess added. Hence the large 
increase in conductivity observed in Fig. 2 on addition of hydro- 
chloric acid in excess of 4 c.c. of acid (less than 2 mols.) is due, in the 
first place, to the free hydrochloric acid, and subsequently to some 
polymolybdic acid, similarly dissociated and having much the same 
specific conductivity as hydrochloric acid. Table III (c) was com- 
piled on the assumption that the sodium polymolybdate was not 
attacked by hydrochloric acid and that the conductivity after the 
addition of 3-95 c.c. of acid was due to free hydrochloric acid. The 
column headed “ theoretical mixture” gives the observed specific 
conductivities of solutions containing sodium chloride and hydro- 
chloric acid in quantities which would have been present had no 
molybdate been present in the solution. Addition of increasing 
amounts of hydrochloric acid represses the ionisation of the liberated 
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polymolybdic acid until a stage is reached at which the conductivity 
of the solution equals that of the “ theoretical mixture.” After- 
wards only un-ionised molybdenum trioxide remains (Table IV). 
Finally, the conductivity of the solution is lower than that of the 
“theoretical mixture ” by a fairly constant amount, showing that 
the trioxide has removed hydrogen ions, probably in functioning as 
a sexavalent base in combining with a little hydrochloric acid. 


TABLE VI. 

0-3289M-HCl, x X 104, “ theoretical ck X 104, 
c.c. x X 10', obs. mixture.”’ difference. 
10 77-20 75-05 2-15 
15 124-55 124-55 0 
20 168-80 169-30 — 0-50 
25 212-30 213-7 — 1-40 
30 250-40 251-2 —0-80 
35 285-10 287-40 — 2-30 
40 320-20 322-20 — 2-00 


The values in the third column were obtained in exactly the same 
way as for curve D in the potentiometric method, 

If a complex, Na,O,5MoO,, were formed in the potentiometric 
titration, as suggested by the curve, then amounts of hydrochloric 
acid added in excess of 31-6 c.c. should determine the hydrogen-ion 
concentration by forming equivalent amounts of a polymolybdic 
acid. Were this acid completely dissociated, the following p, values 


would be obtained : 


HCl, c.c....... 35-0 40-0 45-0 50-0 55-0 60-0 80-0 
Be, ORB. * 60000. 2°47 2-14 2-00 1-90 1-79 1-72 1-56 
Pu, calc. ...... 2-34 1-97 1-80 1-68 1-60 1-53 1-37 


The higher observed p, values might possibly be due, at least in 
part, to the smaller dissociation of the liberated polymolybdic acid. 


Reaction between Sodium Molybdate and Weak Acids. 


In Fig. 3 are given the quinhydrone curves obtained on titrating 
50 c.c. of 0-045M-sodium molybdate solutions with 0-0936M-acetic 
and 0-0667M-phenylacetic acids. As before, the upper curves 
represent the p, values which would have been obtained if simple 
double decomposition had occurred and the liberated molybdic acid 
had no effect on the hydrogen-ion concentration of the solution, At 
first, there is a sharp increase in the hydrogen-ion concentration, 
followed by a buffering action in the same zone as when hydrochloric 
acid was used. The positions of the inflexions of the curves (Fig. 3), 
together with the discrepancies between the p, values observed and 
those calculated on the above assumption, seem to indicate that a 
stable polymolybdate, Na,O,3Mo0,, is formed in solution, which 
tesists further attack by the weak acid, This hypothesis accounts 
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for the hydrogen-ion concentration observed, as Tables VII and 
VIII show. 








TasBiLeE VII. Taste VIII. 
Phenylacetic acid, K, = 5-4 x 10-5, Acetic acid, K, = 1-8 x 10%, 
Acid, pu pu pu Acid, pu pu pu 
c.c. (1). (2). (3). c.c. (1). (2). (3). 
70-0 4-46 5-73 4-56 40-0 5-10 — 5-30 
80-0 4-34 5-03 4-4] 50-0 4-88 6-10 4-96 
90-0 4-26 4-78 4-30 60-0 4-74 5-30 4-76 
100-0 4°15 4-62 4-22 70-0 4-64 5-04 4-63 
110-0 4-08 4-50 4:14 80-0 4-55 4°88 4-53 
120-0 4-01 4-4] 4-08 90-0 4-48 4:76 4-45 

100-0 4-4] 4-67 4-38 
Fic. 3. 
8 
7 









































Na.MoQ, 
3Mo 














| 
Ss ee 
S S 
= 
4 :, 
0 1 2 3 0 
Acetic acid, mols. Phenylacetic acid, mols. 


The values indicate (1) the p, values of the acid solutions in the two 
titrations, (2) those which would have been set up if the sodium 
molybdate had been completely decomposed, liberating molybdie 
oxide, and (3) those calculated on the assumption that the poly- 
molybdate formed which resisted the attack of these acids was 
Na,O,3Mo0 . 

In both tables the agreement between the values given in the 
second and the fourth columns is good. Hence molybdic oxide 
exists in dilute solutions of weak acids in the form of a polymolybdate, 
probably as a colloidal electrolyte, e.g., 2Na” + [O(Mo0,),]”. 
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As might be expected, these weak acids decompose the normal 
molybdate to a smaller extent than hydrochloric acid, the complex 
in the former case being Na,O,3MoO,, and in the latter 
Na,0,5MoO;. Further addition of strong acids causes total decom- 
position of the complex, liberating molybdic oxide in solution. 

In view of this, it was thought that a titration of sodium molyb- 
date solution with a moderately strong acid like monochloroacetic 
acid would be of interest. The dissociation constant of this acid is 
1:55 x 10-3 (Ostwald, Z. physikal. Chem., 1889, 3, 170), a value 
lying between those of acetic and phenylacetic acids and hydro- 
chloric acid. As this value was derived from conductivity data, it 
has been redetermined by the potentiometric method. For this 
purpose, quantities of 0-106M-monochloroacetic acid were added to 
41-8 c.c. of 0-108M-sodium hydroxide, and the p, values determined 
with the quinhydrone electrode. The values of K were then derived 
from the formula 


= (salt] + [H"] 
Pa = Px + log [acid] — [H"] 





(compare Britton, “‘ Hydrogen Ions,” 1929, p. 129) and are tabulated 
below. 


C.c. of CH,Cl]-CO,H ........00+5 45-0 50-0 80-0 90-0 100-0 
BE ccccccccccccccescvccccccscceccoes 4:07 3°60 2-90 2-80 2-72 
BF EE viccvvenvendédevseiecsecsie 1-45 1-46 1-53 1-75 1-56 


Mean K, = 1-55 x 10-3. 


The mean value is in good agreement with that obtained by Ostwald. 
The titration of sodium molybdate solution with monochloroacetic 
acid gives the same type of curve as before, but owing to the fact 
that this acid is much stronger than acetic or phenylacetic acid, it 
has been found by calculation that much more decomposition occurs, 
in fact the p, values obtained indicate that the polymolybdate 
formed has a composition intermediate between Na,O,3MoO, and 
Na,0,5Mo0,. 

It was suggested on p. 2160 that sodium polymolybdates are 
formed in solution which are slowly decomposed by strong acid with 
the liberation of a highly ionised polymolybdic acid. Travers and 
Malaprade (loc. cit.) observed an inflexion corresponding to the 
formation of Na,O0,4MoO, on titrating molybdic acid with sodium 
hydroxide. They assumed, therefore, that molybdic acid was 
Present in solution, not as H,MoO,, but as tetramolybdic acid, 
HJO(Mo0,),]. Cryoscopic determinations and rates of catalytic 
decomposition of esters have been found by them, and by Rosen- 
heim and Bertheim, to point to this mode of ionisation. Travers 
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and Malaprade carried out determinations of the hydrogen-ion 


concentration of molybdic acid solutions with the quinhydrone 


electrode, and found that not more than two hydrogen ions were 
set free from 4 mols. of molybdic acid. The work of Dumanski and 
his collaborators shows that after 1-6 mols. of hydrochloric acid have 
been added to 1 mol. of sodium molybdate, there is a sudden increase 
in the difference between the freezing-point depressions of the actual 
reaction mixture and of a theoretical mixture made up on the 
assumption of simple double decomposition. This may be attri- 
buted to the decomposition of the Na,O,5MoO, formed with the 
liberation of a highly ionised polymolybdic acid in solution. Similar 
conclusions may be drawn from the conductivity results of these 
authors. 

Rosenheim and Bertheim’s conductivity data on molybdic acid 
solutions can best be explained on the view that the molybdic acid 
is present in solution in a polymerised form, approximating to 
H,[O(MoO,),]. Extrapolation of Ajwayotoo,), to infinite dilution 
by Kohlrausch’s “square-root method” gives a value of 1 
approximately, and if 51 be taken as the ionic mobility of the 
sodium ion at 25°, it follows that the ionic mobility of }[O0(MoO,),]" is 
49. On plotting the molecular conductivities of molybdic acid, it 
is found that A, of H,MoO, is also about 100 mhos. If it be 
assumed that the acid in solution is H,[O(MoO,),] instead of H,Mo0, 
then A,, becomes 400 approximately. This is in qualitative agree- 
ment with the conductivity obtained by adding the ionic mobilities, 
viz., lat = 319, and Jogooy. = 49, whence A, = 368. Whilst, 
owing to the errors inherent in the extrapolations, no great con- 
fidence is attached to these figures, it is considered that they 
definitely indicate that in solution molybdic acid dissociates in 8 
manner similar to H,[{O(MoO,),] == 2H’ + [O(MoO,),], where 
x is about 4. 

It appears from these experiments that the polymolybdate which 
is able to exist in the undecomposed condition in solution corte- 
sponds to the acid H,{[O(MoO,),], where x may vary from | to 4, and 
possibly to 5, in view of the results here recorded. Rosenheim and 
Felix isolated the salt Na,[O(MoO,),] from an acidified solution of 
sodium molybdate, and determined the conductivity of its solutions 
(see Table V). On referring to Fig. 1, it will be seen that on the 
addition of the 34-5 c.c. of hydrochloric acid requisite to form this 
salt, the solution had become distinctly acidic, and Fig. 2 shows that 
at 4-19 c.c. of acid the conductivity was of such a magnitude as would 



































be produced by the presence of some free strong acid. It wa 
therefore considered that the greater specific conductivities of the 
salt indicated in Table V, compared with the other molybdates, wa 
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due to the production of free molybdic acid in the solution according 
to the following equation : 


Na,[O(MoO3),] == H,[O(MoOs),] + Na,[O(Mo0,),]. 


If this were the case, then «xg, the specific conductivity of the octa- 
molybdate, minus «,, the specific conductivity of the tetramolybdate, 
should be equal to the specific conductivity of H,[O(MoO,),] in the 
dilution at which it happens to be present. The values of xz — x, 
are given in Table V, together with the values of « for tetramolybdic 
acid which were calculated from the observed data of Rosenheim. 
Though the agreement between the two sets of figures is not very 
good, it is sufficiently close to justify the conclusion that hydrolytic 
dissociation of the octamolybdate does actually occur. 

These experiments, in demonstrating that sodium polymolybdates 
exist in acidified solutions, supply an explanation of the methods 
that have been adopted to prepare the various polymolybdates ; 
thus Ullik (Sitzungsber. Wien Akad., 1867,55; Annalen, 1867, 144, 
204, 320) prepared Na,O,3MoO, by adding an excess of acetic acid 
to sodium paramolybdate, and Na,O,8Mo0,,17H,O by adding 1-75 
mols. of hydrochloric acid to 1 mol. of normal molybdate. Rosen- 
heim and Felix (Z. anorg. Chem., 1913, 79, 292) and Wempe (ibid., 
1912, 78, 298) adopted the same method. Using larger quantities 
of hydrochloric or nitric acid, Ullik (Annalen, 1870, 153, 373) and 
Rosenheim and Felix (loc. cit.) prepared a decamolybdate, 
Na,0,10Mo0,, with 6, 12, or 21 mols. of water of crystallisation. 
On boiling a fairly concentrated solution of sodium molybdate 
with nitric acid (d 1-5) for some time, Ullik (loc. cit.) obtained 
Na,0,16Mo0,,9H,O. This compound was apparently only stable 
in the presence of acid. The same author (Annalen, 1867, 144, 
325) obtained a tetramolybdate by treating the normal compound 
with the calculated amount of hydrochloric acid. Travers and 
Malaprade (loc. cit.), however, on repeating this preparation always 
got the trimolybdate, Na,O,3Mo0O,, or mixtures of the tetramolyb- 
date and the trimolybdate. 

The last two authors confirmed the observations of Ullik (Annalen, 
1867, 144, 204, 320) that polymolybdates gave characteristic colour 
reactions with potassium ferrocyanide solutions that were not given 
by the normal molybdate. They therefore considered this test to 
be specific for certain polymolybdates. It is an interesting fact that 
if a few drops of a solution of potassium ferrocyanide be added to a 
solution of sodium molybdate, and this is then titrated with hydro- 
chloric acid, reduction of the sexavalent molybdenum just begins to 
oeur, as shown by the appearance of a brown colour, and eventually 
of ‘a reddish-brown precipitate containing ferrocyanide, when the 
4D 
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composition of the solute is approximately Na,O,4MoO3. On 
further addition of acid the colour becomes more intense, so much % 
that after the stoicheiometrical amount to decompose the sodium 
molybdate has been added, the variation in the colour change is 
slight. It will be seen from Fig. 1 that the incidence of reduction 
occurs at the stage when a considerable increase in the hydrogen-ion 
concentration of the solution is about to take place. As the 
hydrogen-ion concentration increased, so did the extent of the 
reduction of the solution. Similar observations were made witha 
solution of ferrous sulphate. Unfortunately, it was not possible to 
ascertain whether any reduction occurred in molybdate solution 
having a p, value between 7 and 4 on account of the precipitation 
of ferrous molybdate. It is significant, however, that the blue colow 
of quinquevalent molybdenum did not become apparent until 1) 
mols. of acid had been added to 1-0 mol. of the normal molybdate, 
after which the blue coloration became increasingly intense. 

These two sets of observations seem to suggest that the reduc. 
bility of sexavalent molybdenum is a function of the prevailing 
hydrogen-ion concentration of the solution, as might be expected 
from the ionic reaction, eg., MoO," + 8H’ == Mo” + 4H,0, 
and that the colour changes produced are the outcome of the different 
reduction potentials of the sexavalent molybdenum in solutions of 
different hydrogen-ion concentrations. 


The authors take this opportunity of thanking the Chemical 
Society for a grant from its Research Fund, and one of them 
(W. L. G.) thanks the Devon County Education Committee for 4 
Major Exhibition and the Department of Scientific and Industrial 
Research for a grant which made collaboration possible. 
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CCLXXVIII.—The Methylation of Phenols by Methyl 
Sulphate. A Suggested Mechanism. 
By Hersert Henry Hopecson and Josepn Nixon. 


THe usual procedure for the methylation of phenols in aqueous 
alkaline solution by means of methyl sulphate (hereafter denoted 
by M) is very efficient for the cresols (70—80%,) and moderately 
so for phenol (65%) and the nitrophenols (45—65°%), but fail 
almost entirely with the chloronitrophenols and nitrocresols. For 
the methylation of the last-named compounds, Haworth and Lap- 
worth (J., 1923, 123, 2986) devised a special procedure (her 
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denoted H and L), viz., reaction in xylene in the presence of 
potassium carbonate. 

A comparative quantitative investigation has been made of the 
methylation of a number of substituted phenols by both methods, 
and the following explanation of the results is offered. The M 
method being regarded as proceeding by initial attachment of 
methyl sulphate at the anionoid oxygen of the ionised phenol, it 
is clear that if the negative charge is not sufficiently localised 
(alternatively stated, if the oxygen electrons are insufficiently 
activated or mobile) no reaction can occur. This practically 
obtains in the case of the chloronitrophenols, where the combined 
alternating and general effects (Allan, Oxford, Robinson, and Smith, 
J., 1926, 401) [tautomeric and inductive effects (Ingold and Shaw, 
ibid., p. 2918)], while promoting ionisation, cause a distribution 
dnd restraint of the negative charge (I) which inhibits the ability 
of the oxygen to attract the methyl sulphate. On the other hand, 
the H and L method reduces ionisation to a minimum, so that 
methylation must depend on the reaction between the methyl 
sulphate and the almost un-ionised potassium salt of the phenol 
at an incipient dipole, the formation of which will be enhanced by 
the nitro- and halogeno-substituents (II) but repressed by methyl 
groups. Double displacement will then be determined by the 
ability of the potassium to replace a methyl group in the methyl 
sulphate. 


¢ m 
J Fy A fo, 0-<K (IL) 
(I.) sae , Kp < ; wikis (iI. 
—w — — CHs.g0 
CH,~~4 


In the unsubstituted cresols the +J effect (Ingold and Shaw, 
loc. cit.) of the methyl group opposes ionisation and thus promotes 
localisation of the charge on the anionoid oxygen: the H and L 
method therefore fails entirely, and for the M method to succeed 
the methylation has to be performed in caustic alkaline solution 
to promote ionisation. From the chloro- and nitro-3-hydroxy- 
benzaldehydes, good yields of ethers are obtained only in aqueous 
sodium bicarbonate solution (Hodgson and Beard, J., 1926, 147): 
this shows the necessity for control of the ionisation, since methyl- 
ation fails when caustic alkalis are used. For the methylation of 
m-nitrophenol, where only the —J effect can operate, the M and 
the H and L method are equally efficient, whereas for o- and p- 
nitrophenol, where the —Z effect is reinforced by a —T effect, 
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the H and L method is the more productive. An anomalous case 
appears in m-nitro-o-cresol, where both methods fail. The com- 
bined —I effects in 4-fluoro-2 : 6-dichlorophenol are so great as 
almost to inhibit methylation by the M method, whereas from the 
bromo- and iodo-analogues fairly good yields of ethers are obtained; 
and in contrast the H and L method almost fails in the case of 
4-fluoro-2 : 6-di-iodophenol. 


EXPERIMENTAL. 


Method M.—The phenol (1/10 g.-mol.), dissolved in cold 10% 
aqueous sodium hydroxide (50 c.c.), was stirred vigorously with 
methyl sulphate (12 c.c.) for 30 minutes; the mixture was then 
slowly warmed to 100° on the water-bath and kept there for 30 
minutes. The resulting anisole was removed by steam distillation, 
dried, and weighed. 

Method H and L.—The phenol (1/10 g.-mol.) was ground with 
anhydrous potassium carbonate (20 g.) and the mixture was sus- 
pended in xylene (50 c.c.) and boiled under reflux for 4 hours during 
the portionwise addition of methyl sulphate (12 c.c.). Fractional 
steam distillation removed first the xylene and afterwards the 
anisole, which was dried and weighed. 


% Methylation % Methylati 
Initial phenol. , Se H tr L. ‘o by : 
RINNE -ctrducecukceuchipsyunivneneicl Nil 65 
EE wadidbiederiessictiveced hes “t 71-4 
GOMER ..ccccsccceqeoscvecsoecsecebes = 82-0 
p-Cresol s elik i aetebine a cee apiineoninton a 71-3 
o-Nitrophenol .................2065 71-5 47-0 
m-Nitrophenol ..................++. 65-0 65-0 
p-Nitrophenol ...................4. 79-6 55-5 
o-Chlorophenol .............++.+2++: 14-0 72-5 
m-Chlorophenol ..............++ 28-0 81-0 
p-Chlorophenol ...................+. 9-0 81-0 
6-Chloro-2-nitrophenol ......... 75-0 19-5 
2-Chloro-4-nitrophenol ......... 86-0 8-0 
4-Chloro-2-nitrophenol ......... 75-0 Nil 
mayen sodium salt, 20% 
1e. i i 

5-Nitro-o-cresol ..............0000- sw itet anak ND we 
2-Nitro-p-cresol —............ce0ees 73 9 
6-Nitro-0-cresOl ........ssee.sseeees 41-5 18 
4-Fluoro-2 : 6-di-iodophenol ... 9-7 40-0 
4-Fluoro-2 ; 6-dibromophenol ... 53-0 53-0 
4-Fluoro-2 ; 6-dichloropheno) ... 60-0 10-0 


The authors desire to thank the British Dyestuffs Corporation 
for gifts of chemicals. 
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iS Case 

a ‘a OCLXXIX.—The Dinitration of Monosulphonated m- 
m the Chlorophenol and the Sulphonation and Subsequent 
ained ; Further Nitration of 3-Chloro-2- and -6-nitro- 
ase of phenols. 


By Hrrpert Henry Hopason and ARNOLD KERsHAW. 


AttHouGcH sulphonation of 3-chlorophenol takes place mainly in 
| 10% | the 6-position (Hodgson and Kershaw, this vol., p. 1419), it would 
with — appear from the present investigation that a sulphonic acid group 
3 then | tends to wander from the 4- to the 6-position, since the ratio of 
for 30 | 3-chloro-2 : 4-dinitrophenol to 3-chloro-2 : 6-dinitrophenol produced 
lation, | by the dinitration and subsequent hydrolysis of the sulphonation 
mixture is larger when the sulphonation is carried out at 100° than 
_ with — when it is carried out below 15°. This result is to be anticipated, 
8 sus- § since the 6-position is the most active in 3-chlorophenol, whereas 
during § n phenol the 4-position has the maximum reactivity, with conse- 
‘tional f quent reversed wandering of the sulphonic acid group from the 
Is the § 6- to the 4-position. 

Although 3-chloro-2-nitrophenol is nitrated preferentially in the 
‘ 6-position (Hodgson and Moore, J., 1925, 127, 1599), it is sulphon- 
au ated rather more readily in the 4-position, possibly owing to steric 
effects associated with the proximity of so many oxygen atoms. 

3-Chloro-6-nitrophenol is nitrated or sulphonated in the 4-position ; 
the sulphonic acid produced in the latter case gives on nitration 
3-chloro-2 : 6-dinitrophenol-4-sulphonic acid, hydrolysis of the 
potassium salt of which yields 3-chloro-2 : 6-dinitrophenol. 

3-Chloro-4-nitrophenol is completely destroyed during attempted 
sulphonation (compare Hodgson and Moore, loc. cit.). 


EXPERIMENTAL. 


t, 20% The Dinitration of the Monosulphonation Products of m-Chloro- 
lution. § phenol.—a) Cold sulphonation. m-Chlorophenol (12:8 g.; 1/10 
mol.), dissolved in pure concentrated sulphuric acid (10 c.c.), was 
cooled with ice, treated gradually with oleum (32 g.; 25%, SO,) 
below 15°, and, after 1 hour, dinitrated below 20° by the very 
gradual addition of a solution of nitric acid (8-8 ¢.c.; d 1-5) in 
oleum (30 c.c.; 25% SO,). The product was kept over-night, 
ration § diluted with water (30 c.c.), and hydrolysed in a current of steam ; 
& mixture of 3-chloro-2:4- and -2:6-dinitrophenols then passed 
over. The soluble products in the distillate were extracted with 
ether and added to the solid products. The isomerides were dis- 
solved in a hot mixture of glacial acetic acid (60 ¢.c.) and water 





930.] 
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(10 c.c.); on cooling, most of the 3-chloro-2 : 6-dinitrophenol 
slowly crystallised (3-1 g.; 67%). The filtrate was treated hot 
with an excess of ammonia; the ammonium salt of 3-chloro-2 : 4. 
dinitrophenol (10-2 g.) was deposited on cooling. The mother. 
liquor yielded a further crop of 3-chloro-2 : 6-dinitrophenol (1-5 g.). 

(b) Hot sulphonation. m-Chlorophenol (12-8 g.) and pure con- 
centrated sulphuric acid (20 g.) were heated together on the water. 
bath for 10 hours, and after the mixture had been diluted with 
sulphuric acid (8 c.c.; 100%) the operations of dinitration, hydro. 
lysis, and separation were carried out as in (a). The yields of 
3-chloro-2:4- and -2:6-dinitrophenols were 14 g. and 2-4 g, 
respectively. 

Sulphonation of 3-Chloro-2-nitrophenol_—The phenol (8-7 g.) was 
added to oleum (11 g.; 30% SO,) maintained below 20°, the 
mixture, after being kept over-night, poured on ice (100 g.), and 
the resulting solution diluted to 1 litre. After exact removal of 
the free sulphuric acid by means of barium carbonate (about 18 g.), 
the solution was filtered, neutralised (Congo-red) with potassium 
carbonate, and evaporated so that crystals of potassiwm 3-chloro- 
2-nitrophenol-4-sulphonate dihydrate separated in light yellow, flat 
needles on cooling (Found: N, 44; Cl, 10:7; K, 1177. 
C,H,O,NCISK,2H,O requires N, 4:3; Cl, 10-8; K, 119%). The 
constitution of this was settled by conversion through further 
nitration and subsequent hydrolysis into 3-chloro-2 : 6-dinitro- 
phenol. : 

Sulphonation and Further Nitration of 3-Chloro-2-nitrophenol— 
The phenol (8-7 g.) was sulphonated as above and the product was 
kept over-night and then nitrated below 20° (external cooling) with 
a mixture of nitric acid (2-2 c.c.; 97%) and oleum (6 c.c.; 30°, 
SO,). After 12 hours, the reaction products were converted into 
potassium salts as above and the less soluble potassium 3-chloro- 
2 : 6-dinitrophenol-4-sulphonate (Found: N, 8-5; Cl, 10-4; K, 11-4. 
C,H,O,N,CISK requires N, 8-3; Cl, 10-5; K, 11-6%) was separated 
from the isomeric potassium 3-chloro-2 : 4-dinitrophenol-6-sulphonate 
(Found: N, 8-5; Cl, 10-6; K, 11-7%) by fractional crystallisation. 
They formed yellow plates and deeper yellow needles. Approximate 
relative yields were obtained by hydrolysis of the nitration mixture 
and separation of the resulting 3-chloro-2 : 6-dinitrophenol (4-1 g.) 
and 3-chloro-2 : 4-dinitrophenol (2-7 g.) by procedure (a) above. 

Sulphonation of 3-Chloro-6-nitrophenol.—This was carried out by 
the method used for the sulphonation of 3-chloro-2-nitrophenol 
(above). The potassium 3-chloro-6-nitrophenol-4-sulphonate di- 
hydrate eventually obtained crystallised in pale fawn prisms 
(Found: N, 4-4; Cl, 10-8; K, 11-8. C,H,0,NCISK,2H,0 requires 
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N, 4:3; Cl, 10-8; K, 11-99%). It was dinitrated, and the product 
hydrolysed to give 3-chloro-2 : 6-dinitrophenol, but was partly 
destroyed during the process. 

Sulphonation and Further Nitration of 3-Chloro-6-nitrophenol.— 
The further nitration of the sukphonation mixture above, unlike 
that in the case of 3-chloro-2-nitrophenol, was accompanied by 
considerable decomposition with evolution of chlorine, especially 
if the temperature was allowed to rise. The potassium 3-chloro- 
2: 6-dinitrophenol-4-sulphonate (Found: N, 8-1; 8S, 9:7; K, 11-9. 
C,H,O,N,CISK requires N, 8-3; S, 9:5; K, 11-6%) was obtained 
in yellow plates in about 50% yield. Like its isomeride, it decom- 
posed with great violence, attended by flame and a heavy deposit 
of carbon, when heated. On hydrolysis, only 3-chloro-2 : 6-dinitro- 
phenol was obtained. 


The authors desire to thank the British Dyestuffs Corporation 
for gifts of chemicals. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, August 2nd, 1930.] 





CCLXXX.—Studies of the Boron—Carbon Linkage. 
Part I. The Oxidation and Nitration of Phenyl- 
boric Acid. 


By ArtHuR DonaLD AINLEY and FREDERICK CHALLENGER. 


THE existence in phenylboric acid of an incomplete octet with only 
six electrons, CoH Be renders a discussion of its structure and 
reactions of particular interest. The formula is not C,H;:B30 nor 
C,H.;B+>O, since a compound of this empirical formula and 
different properties is obtained on dehydrating phenylboric acid. 
The somewhat analogous compound phenylphosphinous acid, 

OH 
PhPO,H,, is monobasic and has the structure Ph:P+>O, but 

H 
phenylboric acid cannot have the analogous constitution owing to 
its deficiency in valency electrons. 

Phenylboric acid readily gives mercury phenyl chloride, PhHgCl, 
with aqueous mercuric chloride (Michaelis and Becker, Ber., 1882, 
15, 182), its behaviour recalling that of triphenylbismuthine and 
the tolylstibines towards this reagent in alcohol (Challenger and 
Ridgway, J., 1922, 121, 106). The phenyl groups of phenyl- 
phosphinous and phenylphosphinic acid, PhPO(OH),, are not 
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eliminated by mercuric chloride (Michaelis, Annalen, 1876, 181, 
305; Michaelis and Becker, loc. cit., p. 182), mercurous chloride 
being produced in the first case. This is paralleled by the non. 
migration of phenyl from triphenylphosphine when heated with the 
chlorides of bismuth, antimony, amsenic, and phosphorus (Challenger 
and Pritchard, J., 1924, 125, 866). 

Phenylboric acid reacts readily at the ordinary temperature with 
chlorine or bromine water, with iodine in potassium hydroxide, 
and with hydrogen peroxide, giving halogenobenzenes and phenol. 
The halogens appear to react in the form of the hypohalide acid, 
HOX. Phenylboric acid readily gives benzene when heated with 
50°, sodium hydroxide solution, or with water under pressure, 
or when boiled with concentrated hydrochloric acid. 

The reactions with mercuric bromide, cupric chloride and cupric 
bromide are aided by heat, giving mercury phenyl bromide, chloro. 
benzene, and bromobenzene respectively. Cuprous halide is also 
produced. Thus, 


(a) PhB(OH), + X, + H,O = PhX + HX + B(OH), 
(b) PhB(OH), + HO-OH = PhOH + B(OH), 

(c) PhB(OH), -+ HgBr, + H,O = PhHgBr + HBr + B(OH), 

(d) PhB(OH), + 2CuX, + H,O = PhX + Cu,X, + HX + B(OH), 
(e) PhB(OH), + H,O = PhH + B(OH), 


Hot copper sulphate solution gives benzene, diphenyl, and some 
phenol. Benzene is also produced with hot aqueous cadmium 
bromide and zinc chloride. The close relation of cadmium and 
zinc salts to those of mercury, and the instability of cadmium 
diphenyl] and dialkyls and of zinc diphenyl to water (Hilpert and 
Griittner, Ber., 1913, 46, 1683; Krause, Ber., 1917, 50, 1815), 
whereas mercury phenyl] chloride is stable to water, would suggest 
the reactions 


PhB(OH), + MBr, + H,O = PhMBr + HBr + B(OH), 
PhMBr +- HOH = PhH + M(OH)Br 


where M = Cd or Zn. The stability of phenylboric acid to dilute 
hydrochloric acid indicates that the formation of benzene is not due 
to the action of the acid resulting from hydrolytic dissociation of 
the cadmium or zinc halide. The production of benzene by means 
of copper sulphate may be similarly indicated [the intermediate 
formation of (PhCu),SO, being assumed], but its non-formation 
with the cupric halides remains to be explained. The reason may 
lie in the ease with which cupric halides are reduced to the stable 
insoluble cuprous compounds. 

A striking difference in behaviour towards phenylboric acid is 
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exhibited by the halides of those elements in Group II which have 
low atomic numbers. Hot aqueous solutions of beryllium chloride 
and of the chlorides and bromides of magnesium and calcium do not 
react with the acid, although from a superficial consideration the 
production of benzene by way of magnesium phenyl bromide 
might have been expected. The non-reactivity of magnesium 
bromide may be associated with the necessity for the presence of 
ether, dimethylaniline, or other electron-donating compound for 
the production of organo-magnesium halides, whereas in the case 
of mercury or zinc, which are more plentifully furnished with 
electrons, this is unnecessary. Zinc ethyl iodide can be obtained 
with or without ether and recrystallised from ethy] iodide (Beilstein, 
“ Organische Chemie,” 4th edition, IV, 676). 

The work of Gilman and Schulze (J. Amer. Chem. Soc., 1926, 48, 
2463) on organo-calcium iodides appears to indicate that here also 
ether is necessary. Beryllium alkyl halides are formed with great 
difficulty by prolonged heating of beryllium with alkyl halides, 
ether, and a catalyst (ibid., 1927, 49, 2904). 

Many reactions of boron compounds are to be ascribed to the 
tendency of this element to complete its octet: the formation 
of potassium borofluoride and of the compounds H,N-+>BMe, 
(Frankland, Annalen, 1862, 124, 138), H,N+>BPh,, and 
R,NH-+>BPh, (Krause, Ber., 1924, 57, 813) are instances of 
this affinity for electrons. The formation of a complex ion when 
boric acid is dissolved in hydrofluoric acid (Abegg, Fox, and Herz, 
Z. anorg. Chem., 1903, 35, 129) is probably another example, the 
reaction possibly proceeding thus : 


B(OH), +- HF — H + [B(OH),F}. 


We have observed that it is difficult to extract phenylboric acid 
with ether from aqueous solutions containing potassium hydrogen 
fluoride. Addition of calcium chloride precipitates the fluoride 
and the phenylboric acid is then readily extracted. Presumably a 
complex ion is formed which is broken up by the calcium chloride, 
and also by mercuric chloride, since the presence of potassium 
hydrogen fluoride does not prevent the precipitation of mercury 
phenyl chloride when mercuric chloride is added to phenylboric 
acid. Addition of calcium chloride or sodium chloride to aqueous 
mercuric chloride prevents its interaction with phenylboric acid. 
Here the effect is due to the excess of chlorine ions in depressing 
the ionisation of the mercuric chloride. 

Nitration of phenylboric acid at about — 10° gives rise to much 
charring and production of nitrobenzene, but at — 20° it proceeds 
quantitatively, giving a product (A) containing 70% of m-nitro- 
4pd2 
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phenylboric acid which is readily obtained pure. This behaves like 
phenylboric acid towards most reagents and the orientation of the 
nitro-group has been determined by treatment with hydrogen 
peroxide, mercuric chloride, cupric chloride, cupric bromide, and 
bromine water; m-nitrophenol, mercury m-nitrophenyl chloride 
(Kharasch and Chalkley, J. Amer. Chem. Soc., 1921, 43, 607), 
m-chloro- and m-bromo-nitrobenzenes respectively were then 
obtained. 

The mixture of bromonitrobenzenes (B) obtained from the crude 
nitration product (A) and cupric bromide has been analysed by the 
method of Francis and Hill (J. Amer. Chem. Soc., 1924, 46, 2503), 
giving the above figure (70°) for the proportion of m-nitro-com- 
pound in the original nitrated phenylboric acid. The occurrence of 
o- or p-substitution was also shown by the formation of some 
2: 4-dinitrobromobenzene (characterised as 2 : 4-dinitrodiphenyl- 
amine) on nitration of a portion of (B). 

So far as the authors are aware, this is the first recorded instance 
of the successful nitration of a compound with an incomplete octet. 
Other examples are furnished by the nitration of phenyl derivatives 
of certain elements in Groups II and III and will shortly be com- 
municated to the Society in a paper written in conjunction with 
Miss B. Parker, B.Sc. In no case has the orienting influence of 
an element of smaller atomic number than boron been investigated. 
A comparison of the orienting influence of boron with that of 
other m-directing groups is in progress. 

The m-nitration of phenylboric acid may be explained by the 
attempt of the boron atom to complete its octet at the expense of the 


electrons of the benzene nucleus, thus setting up a drift from the - 


aromatic nucleus towards the boron atom whereby the o- and p- 
positions are denuded of electrons, with the result that m-substitution 
occurs (see Allan, Oxford, Robinson, and Smith, J., 1926, 409). The 
m-nitration may also be regarded as arising from the fact that, 
since boron has a total of only 5 electrons external to the nucleus, 
including the three valency electrons, its nucleus may be regarded 
as permanently uncovered. Consequently a strong positive field is 
directed over the benzene nucleus, electrons being withdrawn from 
the o- and p-positions. 

Phenylboric acid, suspended in light petroleum or in benzene- 
light petroleum, does not react with hydroferrichloric acid (Robinson, 
J., 1925, 127, 768), and therefore is probably almost devoid of basic 
properties, though Robinson states that “‘ there is a certain minimum 
strength of a base below which the test is not diagnostic.”’ The 
above observation renders it improbable that the observed m- 
nitration is due to salt formation. 
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EXPERIMENTAL. 


Reactions of Phenylboric Acid in which the Boron Atom is 
eliminated.—Chlorine and bromine water. When aqueous phenyl- 
boric acid was treated with chlorine or bromine water, a turbidity 
was produced and the odour of halogenobenzene, much intensified 
on the addition of potassium hydroxide, was observed. 

Iodine. On addition of iodine in potassium iodide to aqueous 
phenylboric acid no reaction was observed, but a very faint odour 
of iodobenzene was detected after 4 months. With iodine in the 
presence of excess of potassium hydroxide, however, iodobenzene 
was readily produced. 

Phenylboric acid (4 g.) in 100 c.c. of cold 20% potassium hydroxide 
solution was slowly treated with 16-6 g. of iodine. The odour of 
iodobenzene was observed in 10—15 minutes. After the mixture 
had been kept overnight at room temperature, extraction with 
ether yielded 0-8 g. of iodobenzene, characterised as the dichloride, 
m. p. 111° (decomp.). The alkaline solution was acidified, and 
sodium hydroxide added to remove iodine; steam distillation then 
yielded a further 1-4 g. of iodobenzene (total yield, 2-2 g.). 

Sodium hydroxide. Phenylboric acid (1 g.) appeared to be 
unchanged after 20 hours’ boiling with 50 c.c. of 5% aqueous 
sodium hydroxide. 

When heated with a small quantity of water and excess of solid 
sodium hydroxide, phenylboric acid evolved benzene, which gave 
m-dinitrobenzene, m. p. 90°. Sodium borate was detected in the 
residue. 

Water. Phenylboric acid (1-3 g.), heated with 20 c.c. of water 
at 140—150° for 40 hours, gave benzene (0-8 c.c.), which was identi- 
fied as before. 

Hydrogen peroxide. Phenylboric acid, with cold hydrogen 
peroxide (20 vols.), readily gave phenol, which was detected by its 
odour, by the precipitate with bromine water, and by the ferric 
chloride test. 

Mercuric bromide. Phenylboric acid with hot saturated aqueous 
mercuric bromide gave a precipitate, m. p. 230°. After crystal- 
lisation from acetone the m. p. was 276°, which is that of 
mercury phenyl bromide. The replacement of —B(OH), by -HgX 
proceeds without abnormality and may be employed in orientation 
experiments. This is indicated by the production of mercury 
p-tolyl chloride, m. p. and mixed m. p. 233°, from p-tolylboric acid 
and aqueous mercuric chloride. 

Cupric chloride. When cupric chloride (7 g.) in water (100 c.c.) 
was boiled under reflux for some hours with phenylboric acid 
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(2 g.), cuprous chloride was deposited. Distillation yielded chloro. 
benzene, b. p. 130—132°, in 85% yield. This gave p-chloronitro. 
benzene, m. p. and mixed m. p. 83°. 

Cupric bromide. Cupric bromide (20-2 g.; 2 mols.) in water 
(100 c.c.) was boiled for 2 hours with phenylboric acid (5 g.; 1 mol.), 
Distillation and ether-extraction yielded 4-5 g. of an oil, which 
gave 2 c.c. of bromobenzene, b. p. 154—157°, on redistillation, 
This was characterised as 2: 4-dinitrobromobenzene, m. p. and 
mixed m. p. 72°. The non-volatile solid residue (0-7 g.) contained 
some unchanged phenylboric acid. No diphenyl could be detected. 

These reactions with cupric halides proceed normally, the halogen 
atom entering the nucleus at the place formerly occupied by the 
-B(OH), group as indicated by the formation of pure p-bromo- 
toluene when p-tolylboric acid is heated with aqueous cupric 
bromide. Similarly p-borobenzoic acid, CO,H-*C,H,°B(OH), 
(Michaelis, Annalen, 1901, 315, 33), gives p-chlorobenzoic acid 
(m. p. and mixed m. p. 236°) with hot aqueous cupric chloride. 

Copper cyanide. Cold solutions of phenylboric acid (5 g. in 
water, 40 c.c.) and copper sulphate (20-5 g. in water, 60 c.c.) were 
mixed and slowly treated with potassium cyanide (5-4 g. in water, 
20 c.c.), cyanogen being evolved. After 2 hours, the mixture was 
heated at 100° for 40 minutes and left overnight; the odour of 
benzonitrile was then perceptible. Distillation gave 0-3 g. of oil, 
which was heated with excess of potassium hydroxide, ammonia 
being evolved. Acidification and recrystallisation from hot water 
gave benzoic acid, m. p. 120°. The yield of benzonitrile was only 
7%, and no phenylboric acid was recovered, probably being lost 
as benzene (see p. 2172). 

Cadmium bromide. Phenylboric acid (2 g.), cadmium bromide 
(4-8 g.; 1 mol. + 7%) and water (50 c.c.) were boiled for 64 hours. 
Benzene was produced at once (total yield, 1-1 c.c.), and character- 
ised as m-dinitrobenzene, m. p. and mixed m. p. 89°. Yield, 78%, 

Zinc chloride. Phenylboric acid (2 g.), zinc chloride (2-4 g.; 
1 mol. + 9%), and water (20 c.c.) were boiled for 5 hours. Benzene 
was produced at once (total yield, 1-2 c.c., 7.e., 84%), and character. 
ised by its b. p. 78° and as m-dinitrobenzene, m. p. and mixed 
m. p. 90°. 

Nitration of Phenylboric Acid. 
Preliminary experiments showed that with nitric acid (d 1-42) 





at — 17° or with the fuming acid (d 1-5) at — 15° more or les 
charring and the production of nitrobenzene occurred, though 4 
nitrophenylboric acid could be obtained in small amount. Charring 
was considerable when the temperature rose above — 10° andi 
such cases very little, if any, boron compound was isolated. 
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the other hand, when phenylboric acid (5 g.) was dissolved in 60 c.c. 
of nitric acid (d 1-42) at — 10°, and the whole poured on ice before 
any darkening or rise in temperature occurred, most of it was 
recovered unchanged. 

The following method gave better results. A mixture of sulphuric 
acid (15 c.c.) and nitric acid (15 c.c.; d 1-42) was cooled to — 16°, 
and phenylboric acid (1 g.) slowly added during 20 minutes, the 
temperature rising to — 12°. The mixture, which had contained a 
suspended white solid throughout the reaction, was left for 3 hours 
before being poured on ice, the temperature then having risen to 
—7°. Nocharring occurred. On standing overnight, the amount 
of solid increased and there was a slight odour of nitrobenzene. 
The resulting solid (C) (0-5 g.), sintering at 233° and m. p. 270° 
(decomp.), was separated. The acid liquor was concentrated, 
neutralised with sodium carbonate, faintly acidified with sulphuric 
acid, and repeatedly extracted with ether, yielding 0-3 g. of a solid 
(D), m. p. 250° (decomp.) after crystallisation from water. Seven 
erystallisations gave a product of constant m. p. 273°, identical 
with (C). 

The above conditions were sometimes modified, proportionately 
less mixed acid being employed, and in each case the reaction 
mixture was kept for 3 hours before being poured on ice. For 
further details see p. 2179. 

The m. p. of the crude nitration product varied slightly in each 
preparation and depended to some extent on the rate of heating. 
A further quantity of nitrated phenylboric acid could always be 
obtained from the acid liquors as already described. It had a 
lower m. p., the cause of which was investigated (see p. 2179), but 
on repeated crystallisation from water, yielded pure m-nitrophenyl- 
boric acid, m. p. 273° (decomp.) (Found: B, 6-5, 6-5; N, 8-7, 8-8, 
93,* 9-8,*; H, 3-5. C,H,O,NB requires B, 6-5; N,8-4; H, 36%). 

Determination of Boron in m-Nitrophenylboric Acid.—m-Nitro- 
phenylboric acid was heated with nitric acid (d 1-5) for 12 hours at 
150—180° and then at 230—250° for 24 hours, The acid liquor was 
diluted to 100 c.c., the excess of nitric and the nitrous acid in 10 c.c. 
titrated with 0-1N-sodium hydroxide and methyl-red, and the 
liquid, neutral to methyl-red, gently warmed to 50°. 0-1—0-2 C.c. 
of 0-05N-sodium hydroxide was found necessary to restore 
neutrality. About 0-5 g. of mannitol was then added, and the boric 
acid titrated with 0-05N-sodium hydroxide and phenolphthalein. 


* The high results obtained in these cases were shown to be due to the 
presence of nitric oxide, which was detected by ferrous sulphate. The results 
for carbon were very low owing to fusion of boric oxide round particles of 
wburned carbon during the combustions. 
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Identification of the Pure Nitration Product of Phenylboric Acid 
as m-Nitrophenylboric Acid.—Action of cupric chloride. The pure 
product (0-5 g.), when boiled with a concentrated aqueous solution 
of cupric chloride (2 g.) for 3 hours, gave a solid, which was extracted 
with ether and shown to be m-chloronitrobenzene, m. p. and mixed 
m. p. 43°. No odour of nitrobenzene could be detected. 

Action of mercuric chloride. The pure product, m. p. 273° 
from the nitration of phenylboric acid with nitric acid (d 1-5) was 
warmed at 100° with excess of saturated aqueous mercuric chloride, 
giving a white crystalline precipitate, m. p. 237° after one crystal. 
lisation from alcohol. This did not depress the m. p. (237°) of an 
authentic specimen of mercury m-nitrophenyl chloride prepared 
from the sodium salt of m-nitrobenzenesulphinic acid, mercuric 
chloride, and acetic acid in alcohol (Kharasch and Chalkley, J. 
Amer. Chem. Soc., 1921, 43, 607). 

Action of bromine water. m-Nitrophenylboric acid (3 g.) was 
shaken for 30 minutes with bromine water, warmed to about 100°, 
and treated with sodium hydroxide. Filtration gave a pale brown 
solid (0-3 g.), m. p. 53°, and 54° after crystallisation from aqueous J 
alcohol. Mixed with m-bromonitrobenzene, it melted at 54-5— 
55°. Extraction of the alkaline liquor with ether gave 0-1 g. of an 
oily solid with the odour of nitrobenzene. On acidification of the 
extracted liquor, 2-8 g. of a solid, m. p. 279° (decomp.), were pre- 
cipitated. With aqueous mercuric chloride, this gave mercury 
m-nitrophenyl chloride, m. p. 237°, and the 2-8 g. therefore consisted 
of unchanged m-nitrophenylboric acid. 

Action of hydrogen peroxide. m-Nitrophenylboric acid (0-35 g,) 
was shaken with approximately the theoretical amount of hydrogen 
peroxide (20 vols.; 12 c.c.) for 30 minutes; a test portion then 
gave a deep orange-red colour with sodium hydroxide. (m-Nitro- 
phenylboric acid gives no such colour.) After 2 days, the reaction 
mixture deposited a few pale yellow crystals (E), m. p. 94—95°. 
Extraction of the solution with ether gave a brown oil which soon 
solidified (F). On crystallising (E) and (F) together from water, 
pale yellow crystals were obtained, m. p. and mixed m. p. with 
m-nitrophenol, 95—96°. 

The use of excess of hydrogen peroxide causes considerable 
decomposition, nitric acid being produced, 

Nitration of Phenylboric Acid and Determination of the Relative 
Proportions of the Isomerides produced.—Phenylboric acid (20 g)) 
was nitrated in portions of 5 g. with 50 c.c. of nitric acid (d 1-4) 
and 50 c.c. of sulphuric acid at — 20°. After remaining for 3 hours 
in the freezing mixture, the product was poured on ice, the solid 
separated, and the acid liquor, after neutralisation with ammoniul 
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carbonate and slight acidification with sulphuric acid, extracted 
with ether. By using 60, 70, 100, and 120 g. of ice, 3-75, 3-05, 2-45, 
and 2-90 g. (in all, 12-15 g.) of precipitate (G) were obtained having 
m. p.’s 265—266°, 254°, 259°, and 270° respectively. In the first 
three cases slight darkening and a faint odour of nitrobenzene were 
noticed. The ethereal extracts yielded further quantities (in all, 
15-1 g.) of solid (H) of m. p.’s ranging from 160° to 184°; these 
were Obviously mixtures. The total yield of nitration product 
(G+ H) was 27-25 g. (cale. for a mononitrophenylboric acid, 
27-36 g.). 

(G) was crystallised once from water, giving 8-75 g. (J) of m. p. 
271—272°, whereas m-nitrophenylboric acid has m. p. 273°. Treat- 
ment of a trace of (J) with mercuric chloride gave a product of 
m. p. 207°, whereas mercury m-nitrophenyl] chloride melts at 237°. 
(J) was therefore not the pure m-compound and was worked up later 
(see below). The mother-liquor from (J) was extracted with ether, 
and the product obtained (K, 2 g.) added to (H). There was a loss 
of 1-4 g. during this extraction, but the control experiment (p. 2180) 
shows that the result is hardly affected. 

The whole of (K) + (H) (17-1 g.) was converted into bromo- 
nitrobenzenes by boiling with cupric bromide (50 g.; 2-1 mols.) 
and water (250 c.c.) for 64 hours and extracted with ether, giving 
19-2 g. of an oil. To ensure complete elimination of boron, this 
was again boiled with cupric bromide (25 g.) in water (100 c.c.). 
Ether extraction again gave 19-2 g. of oil (L + M), which distilled 
mainly from 250—259°, though a small portion (L) passed over up to 
275°, leaving only a minute dark residue. The b. p.’s of o-, m-, and 
p-bromonitrobenzenes are 264°, 257°, and 259°. Both fractions 
were united and the whole was analysed (Found: Br, 39-4, 39-3. 
Cale. for C,H,O,NBr : Br, 39-6%). The presence of o- or p-bromo- 
nitrobenzene was detected by nitration of 0-15 g. of (L) with nitric 
and sulphuric acids at 100°. The product, on boiling with alcoholic 
aniline, gave 2:4-dinitrodiphenylamine, which after recrystal- 
lisation had m. p. and mixed m. p. 151—152°. 

The united bromonitrobenzenes (L + M) were analysed by the 
method of Francis and Hill, which was shown by preliminary 
experiments to be well suited to the analysis of mixtures of o-, 
m-, and p-bromonitrobenzenes (Found : m-compound, 61-0, 60-0%. 
Mean, 60°5%). The nitrophenylboric acid directly precipitated 
from the nitration mixture by water and recrystallised (J) was 
similarly converted into a mixture of bromonitrobenzenes (Found : 
m-compound, 93-6, 94-6. Mean, 94-1%). 

The total percentage of m-isomeride in G + H (i.e., J + K + H) 
may be computed thus: 8-75 g. of (J) with 94:1% of m-compound 
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contain 8-23 g. of m-acid; 17-1 g. of (K + H) with 60°5% of 
m-compound contain 10-35 g. of m-acid. Therefore 25-85 g. of 
crude nitration product contain (8-23 4 10:35) = 18-58 g., i.e, 
719%, of m-nitrophenylboric acid. 

This result was controlled by a further nitration of 5 g. of phenyl. 
boric acid. The solid precipitated by ice (2-65 g.) and that obtained 
with ether from the neutralised acid liquor (4-05 g.) were united 
(6-7 g.; cale., 68 g.) and converted into bromonitrobenzenes 
(7-9 g.) as before (Found : m-compound, 70-1, 69-9. Mean, 70-0°%). 


The authors desire to thank the Research Fund Committee of the 
Chemical Society for a grant which has defrayed some of the cost 
of this investigation. The theoretical problems involved have been 
discussed with many colleagues, whose criticisms have been much 
appreciated. 
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CCLXXXI.—Acid and Salt Effects in Catalysed Re- 
actions. Part XXIV. A Study of the Catalytic 
Effects produced by Acetic Acid and Acetate Buffers 
under Conditions of Effectively Constant Ionic En- 
vironment. 


By Harry Meprortu Dawson and Eric Spivey. 


PREviovus kinetic measurements relating to the catalytic influence 
of acetic acid and of acetate buffers on the acetone-iodine reaction 
have led to the conclusion that the observed reaction velocity 
corresponds with the sum of a series of catalytic effects represented 
by the equation 
v = k,[H") + ke[A’] + hm[HA] + Kou[OH’] + ke[H,0] (1) 

In the calculation of the velocities from this equation it was 
assumed that the ionisation constant of the acetic acid and the 
catalytic coefficients of the several catalytically active entities are 
not affected by the varying ionic concentration of the solutions. 
Although this assumption, which was definitely provisional and 
preliminary in character, cannot be justified as the basis of a general 
method of procedure, it is nevertheless a fact that the relations 
between the primary and the secondary catalytic effects are in this 
case such as to warrant with a close degree of approximation the 
procedure which was actually followed in the interpretation of the 
earlier results (compare Dawson and Carter, J., 1926, 2282). 
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fy of In more recent work attention has been given to the secondary 
s- Of § (indirect) effects which are attributable to variations in the reaction 
1.€., Bmedium, and more particularly to those which are caused by 
changes in the electrolyte content of the solutions. The results 
enyl- § obtained permit us to define the conditions under which the com- 
ined parative study of catalytic effects may be carried out with a 
nited Ff minimum of disturbance from variations in the electrical environ- 
enes § ment of the reactants, and the present paper gives an account of 
0%) Ff such observations. 
The changes which take place in the ionisation coefficient K = 


fore (H'}[A’]/[HA] of a weak acid on the addition of chemically inert 
been | S#ts can be expressed by the equation log K = log Ky + aV/x — bx, 
nuch 4 @ which x is the concentration of the added uni-univalent salt and 
K, is the limiting value of K when x=0. According to this 
equation, the form of which it may be noted is consistent with the 
*9 Debye—Hiickel theory, the value of K passes through a maximum 


when « = a*/4b2. In the neighbourhood of this value of 2, vari- 
ations in the electrolyte content of the solution have but little 
Re- | influence on the magnitude of K and in accordance with the results 
‘ obtained by Dawson and Key (J., 1928, 1239) and by Dawson and 
yiC F lowson (J., 1929, 1217), which indicate that the maximum value 
fers ¥ of K in solutions of sodium chloride corresponds approximately 
Hn- {| with « = 0-75, the experiments to be described have been carried 
out in a 0-75 molar solution of sodium chloride. 

With regard to the dependence of the catalytic coefficients on 
the salt content of the solution, it is well known that the coefficient 
once k, usually increases on the addition of inert salts, but the magnitude 
tion | of this effect varies considerably with the nature of the salt, and 
city its influence cannot be determined for salts which are catalytically 
ited active. Much less is known about the influence of inert salts on 
the catalytic coefficients which characterise the acid anion and 
1) the undissociated acid, but these would appear to be much less 

susceptible than the hydrogen-ion coefficient to changes in the 
was | reaction medium. 
the Under these circumstances it cannot be asserted that constancy 
are | of the catalytic coefficients is definitely assured by the use of 
Ons. 075N-sodium chloride as the reaction medium, but, on the other 
and =f hand, it may be noted that the catalytic effect of the hydrogen 
eral J ion is reduced to such an extent by the addition of quite small 











ne quantities of sodium acetate that variations in the magnitude of 

, “* i, are not of importance. It might be suggested that more constant 

a ° conditions would be obtained by the use of solutions in which the 
e 





total salt concentration (chloride + acetate) has a fixed value, but 
i) the absence of knowledge of the inert-salt effects which are 
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attributable to sodium acetate, it is not actually possible to say 
that greater uniformity of environment would be obtained unde 
such circumstances. 

In so far as the experimental data can be represented by equa. 
tion (1), it will suffice to refer to previous papers for the derivation 
of the various theoretical relations which follow from this equation, 
The more extensive study of the catalytic effects which is afforded 
by the present series shows, however, the necessity for the addition 
of a further term to equation (1). In this connexion, attention 
may be directed to the buffer mixtures of the series c CH,*CO,H + 
s CH,°CO,Na (ec constant, s variable), for which the plot of the 
reaction velocity against the salt concentration shows that the 
velocity falls rapidly to a minimum and then increases linearly with 
the salt concentration. In the original experiments of Dawson and 
Carter (loc. cit.) the slope of this line was found to be approximately 
the same for c = 0-1 and c = 0-2, and in accordance with equa. 
tion (1) the mean value of the slope dv/ds was interpreted as 1 
measure of the catalytic coefficient for the acetate ion (kg). With 
the larger variation of c in the present experiments, it is estab. 
lished, however, that the slope of the linear portion of the v—s curve 
depends on the acid concentration, and is indeed a linear function 
ofc. This result may be explained if the acetate buffers are assumed 
to contain the complex acetate ion HA,’ formed by combination 
of the simple ion with the undissociated acid. The relation between 
the concentrations of these entities is given by K’ = [HA,] 
[A’][HA], where K’ is the complex constant, and if the concen- 
tration of the complex ion is small in comparison with that of the 
simple ion and of the undissociated acid, it follows that the con’ 
centration of the complex ion is given approximately by [HA,']= 
K’cs. The catalytic coefficient for the complex anion being denoted 
by k,’, equation (1) becomes 


v= 1% + Va + Va + Um + Von + YM 
= ky[H"] + kal A’] + ha THAs’] + km[HA] + kouf[OH] + 
k{H,0] (2) 


In the application of this equation to the acetate buffers which 
correspond with the approximately linear portions of the 
curves, it may be noted that the catalytic effects represented byf ¢ 
Vp, Von, and v» form but a very small proportion of the total effec 
if c is not less than 0-1. If v, + von + V» = %, then v’ = v—4f x 
represents the sum of the effects due to the simple and the complet 









































anions and the undissociated acid, and we obtain for this range§ 1 
buffers 0 
v =~ khge+kh'K'c.s+ikmc. . . - (2%) ¥ 
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from which, if c is constant, 
































du'/ds=ke+h’K’'c. . . . . (3) 
and if s is constant, 
du'/de=t,+k'K’s. .... (4) 
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The upper section shows the plot of the reaction velocity v’ against the salt con- 
centration 8, for three series of buffer mixtures in which the concentration of the 
acetic acid is respectively 0-0975, 0-25, and 0-5 mol. per litre. The lower section 
shows that the slope of these plots is a linear function of the acetic acid concentra- 
hon ¢ as required by equation (3). 


The linear portions of the v’-s curves for three constant-acid series 
of buffers are shown in Fig. 1. The values of dv’ /ds corresponding 
with these are 3-60 x 10-* for c — 0-0975, 4-20 « 10-4 for c = 0-25, 
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When these values of 
dv’ /ds are plotted against ¢ (Fig. 1, lower section) a straight line is 
obtained which cuts the ordinate for c = 0 at about 3-3 x 104 
and this, according to equation (3), represents the value of k,, 





and 5-05 x 10° for c = 0-5 respectively. 





The slope of this line gives ka’K’ = 3-5 x 10-*. In the same way 
the data for constant-acetate series of buffers with s = 0-1, s = 0-2, 
and s = 0-5 lead to values of dv’ /de = 1-60, 2-05, and 3-0 x 104 
respectively. The plot of these against s gives a straight line which 
cuts the ordinate s = 0 at about 1-30 ~ 10-*, which, according to 
equation (4), represents the value of k,,._ The slope of this line gives 
k,'K' = 3-4 x 10°, in close agreement with the value afforded by 
the data for the constant-acid buffers. 

The catalytic data do not permit us to resolve the quantity 
k,'K’ into its components, and so long as the magnitude of the 
complex anion constant K’ is unknown it is not possible to assign 
a value to the catalytic coefficient k,’. The product k,’K’ is 
actually a measure of the catalytic effect of the complex anion in 
a solution which is normal with respect to both the undissociated 
acid and the simple acetate ion. 

In connexion with the above interpretation it may be recalled 
that acetic acid is considerably polymerised both in the vapour 
state and when dissolved in solvents of low dielectric capacity such 
as benzene, chloroform, etc., whereas freezing-point data for aqueous 
solutions show that the un-ionised acid consists almost entirely of 
simple molecules. With reference to the nature of the negative 
ions, little information is to be derived from the conductivity, 
although, according to Davies (Phil. Mag., 1927, 4, 244), the con- 

































Apart from measurements of the variation of the hydrogen electrode 
potential, the physico-chemical properties of acetate buffers have 
not been systematically examined. In such solutions the effect 
of complex ion formation should be most apparent, and it is 
significant that acid acetates have been crystallised from concen- 
trated acid-salt mixtures (Dukelski, Z. anorg. Chem., 1909, 62, 
114). The changes produced in the partial vapour pressure of 
acetic acid solutions on the addition of salts (McBain and Kam, 
J., 1919, 145, 1332) show that the effect of sodium acetate is very 
small in comparison with that of sodium chloride. This may be 
mainly due to the difference in salting-out capacity, but the fixation 
of acetic acid by complex anion formation is by no means to be 
excluded as a contributory factor. In a general way the facts 
above-mentioned may be said to lend support to the views 
which seem to be suggested by the catalytic behaviour of acetate 
buffers. 
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According to the nature of the series of solutions examined, the 
experiments to be described fall into four groups—(a) constant-acid 
buffers, (6) pure acetic acid, (c) acetic acid + hydrochloric acid, 
(d) isohydric buffers. In the calculation of the reaction velocities 
from equation (2) the values of the catalytic coefficients used are 
k, = 561 x 10%, k, = 3-35 x 10%, k, = 1-30 x 10°, &,’K’ = 
35 x 10%, kop =7, and vy, = k,[H,O] = 0-006 x 10, all of 
which refer to an acetone concentration of 20-0 c.c. per litre and 
25°. The value of k, is based on measurements with 0-01 N-hydro- 
chloric acid as catalyst and those for koy and v, on the data for 
isohydric buffers, which will be discussed in due course. At this 
point it is sufficient to note that the catalytic effect represented 
by Von is in general very small and that an accurate knowledge 
of kox is not of essential importance. The value K = 2-6 x 10° 
which has been used for the ionisation coefficient of acetic acid is 
derived from the data relating to the ionisation of acetic acid in 
sodium chloride solutions (compare Dawson and Key, J., 1928, 
1248; Dawson and Lowson, loc. cit.). For K, = [H'])[OH’] the 
value 1-2 x 10-14 has been used. 

Catalytic Activity of Constant-acid Buffers —The results for buffers 
of the type ec CH,*CO,H + s CH,°CO,Na with constant ¢ and vari- 
able s are shown in detail in Table I. Column 1 gives the value of 
s; column 2 the hydrogen-ion concentration derived from [H*] = 
K(c — [H"})/(s + [H’]); columns 3 to 8 the partial velocities due 
respectively to hydrogen ion (v,), acetate ion (v,), complex acetate 
ion (v,_'), undissociated acetic acid (v,), hydroxyl ion (voq), and un- 
dissociated water (v,,); column 9 the total calculated velocity (v..;,) 
and column 10 the observed velocity (v,..,.). In this and the follow- 
ing tables the velocities are expressed in terms of 10 mol. per litre 
per minute. 

The partial velocities recorded in the table show clearly the large 
variations in the relative importance of the several catalytic entities. 
For the most part, the agreement between the calculated and the 
observed velocities is very close, and the important part which 
may be played by the complex ion is evident from the figures for 
the most concentrated series of solutions. 

Catalytic Activity of Acetic Acid.—In acetate-free solutions of 
acetic acid, the hydrogen ion and the undissociated acid are almost 
entirely responsible for the observed catalytic effects. In con- 
sidering the results it may be noted that the presence of complex 
anions would tend to increase the concentration of the hydrogen 
ion, the effect becoming more marked as the concentration of the 
solution increases. This follows from the equation for electro- 


neutrality [H*] = [A’] + [HA,’] and the equilibrium expressions 
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TABLE I. 






























e. {H’].10°. &. Vae Va‘ Um> VoH- Vy Veal Voda, 
0-5CH,-CO,H + s-CH,-CO,Na. } 
0 359 2016 0012 — 0645 — 0-006 2-68 2-69 ‘ 
0-01 11-60 0-652 0-037 0-018 0649 — 0-006 1:36 1:39 : 

0-02 630 0-353 0-079 0-035 0-65 - 6-006 112 1-16 

0-04 3:22 0-170 0-135 0-070 0-65 — 0-006 1:03 1-05 

0-08 1:62 0-091 0-260 0-140 0-65 — 0006 1:15 118 
0-1 1:30 0-073 0-335 0-175 0-65 — 0006 1:24 1-23 , 
0-2 0-65 0-036 0-670 0-350 0-65 — 0006 1-71 1-72 By 

0-5 0:26 0-014 1-675 0-875 0-65 — 0006 3-22 319 
r 

0-25CH,°CO,H + s-CH,-CO,Na. 

0-1 0-65 0-037 0-335 0-088 0-325 0-002 0-006 0-795 0-81 
0-2 0-325 0-018 0-670 0-175 0-325 0-003 0-006 1:20 1-22 Bb 
0-5 0-13 0-007 1-675 0-438 0-325 0-008 0-006 2-46 248 fy 
0-0975CH,-CO,H + s-CH,-CO,Na. a 
0 153 0885 0005 — 0125 — 0006 102 1015 Ba 
0-01 2-47 0-138 0-034 0-004 0-127 — 0-006 0-309 0-315 By 

0-02 1:26 0-071 0-067 0-007 0-127 0-001 0-006 0-279 0-285 
0-05 0-51 0-028 0-168 0-018 0-127 0-002 0-006 0-349 0-349 Bn 
0-1 0-26 0-014 0-335 0-034 0-127 0-004 0-006 0-520 0-523 By 

0-2 0-13 0-007 0-670 0-068 0-127 0-008 0-006 0-885 0-895 
0-3 0-09 0-005 1-005 0-103 0-127 0-012 0-006 1:26 1:25 fd 
0-5 0-05 0-003 1-675 0-172 0-127 0-020 0-006 2-00 1-98 fx, 
0-0195CH,-CO,H + s-CH,-CO,Na. ¢ 
0 6-99 0-392 0-002 — 0-024 — 0-006 0-424 0-425 Ff is 
0-004 1-22 0-069 0-014 = — 0-025 0-001 0-006 0-115 0-120 Fy 

0-008 0-62 0-035 0-027 0-001 0-025 0-002 0-006 0-096 0-102 





0-01 0-50 0-028 0-034 0-001 0-025 0-002 0-006 0-096 0-102 
0-02 0-25 0-014 0-067 0-002 0-025 0-004 0-006 0-118 0-124 
0-04 0-13 0-007 0-134 0-003 0-025 90-008 0-006 0-183 0-182 
0-06 0:09 0-005 0-201 0-004 0-025 0-012 0-006 0-253 0-252 
0-10 0:05 0-003 0-335 0-007 0-025 0-020 0-006 0-398 0-395 a 
0°16 0-03 0-002 0-536 0-011 0-025 0-032 0-006 0-612 0-605 










p 
K = [H‘].[A’]/[HA] and K’ = [HA,’]/[A’][HA], for it may be 4 
readily shown that the combination of these leads to t 
St 
[H"] = VK[HA] + KK’[HA? a 
or approximately [H*] = VKe(1 + K’c). 
Since the value of K’ is not known, the influence of complex ion 
formation on the hydrogen-ion concentration cannot be determined § « 
and indeed it seems possible that the effect in question may be 
more than counterbalanced by the reduced ionising capacity of 
the medium at the higher acetic acid concentrations. In this con- 
nexion it may be recalled that the value of K which is derived § © 
~ from conductivity data falls from 1-85 x 10~ for dilute solutions § | 
to 1-40 x 10% in a molar solution. Under these circumstances the § / 
calculated reaction velocities recorded in Table II are those derived § ' 
is 


on the assumption that the effect of complex ion formation can be 
neglected in pure acetic acid solutions. 
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TABLE IT. 






























Vobs.« Catalytic Activity of Acetic Acid. 
Bi eicccecsesneene 0-0195 0-:0975 0-195 0-390 0°5 0-75 1-0 
2-69 Be piZienacs 0-425 1-015 1:50 2-33 269 348 418 
Hes BE sabhicniond 0-424 1-02 1:52 2-30 2:68 346 4:17 
a The close agreement between the observed and the calculated 
1-23 velocities suggests that any measurable effect of complex ion 
HES formation in the most concentrated solutions is neutralised by the 
reduced ionising capacity of the reaction medium. 
esi Catalytic Activity of Acetic-Hydrochloric Acid Mixtures.—It may 
1-22 be anticipated that the ionisation of acetic acid will be equally 
2-48  § affected by the addition of equivalent quantities of hydrochloric 
acid or of sodium acetate. In the presence of the strong acid the 
he acetate ion is buffered in the same way that the hydrogen ion is 





0-295 buffered in the presence of an acetate. In spite of the stoicheio- 
0-349 § metric parallelism, two such series of solutions differ completely in 
saa their catalytic relations, but this divergence is, of course, entirely 
1-25 due to the difference in the order of magnitude of k, and of k,. It 
1-98} is for this reason that the observations in this series are of necessity 

confined to solutions in which the hydrochloric acid concentration 
0-425 Bis small. The concentrations of the catalytically active entities in 


b1o2 the solution c CH,-CO,H + « HCl are given by 


0-102 
x—K 





. : _ 

oi | (2) = VK +2)—(254) 4254, wi=m1-2, 

0-252 

aan and [HA] = c + a — [H'| and having regard to the fact that com- 

= plex ion formation must be less important in these solutions than 

uy be § in solutions of pure acetic acid, it follows that equation (2) reduces 
to the form v = uv, + Va + Um + Vy The calculated and the ob- 
served reaction velocities are compared in Table III and show close 


agreement. 
TaB_e III. 
»x ion Catalytic Activity of 0-0975CH,°CO,H + xHCl. 
SO liciiiicknetsscadlnindseans 0 0-002 0-004 0-008 0-01 
weep ME RR stosencerpnscnevensooen 1-015 1-76 2-71 4-75 5-78 
ay at aR a a 1-02 1-75 2-74 4-74 5-89 
ity of 


$ con- Catalytic Activity of Isohydric Buffers —The results previously 
rived § obtained in pure aqueous solution with buffer mixtures characterised 
itions § by a constant ratio of acetic acid to acetate (Dawson and Hoskins, 
es the § Proc. Leeds Phil. Soc., 1926, 1, 108) showed that the reaction 
rived § Velocity is a linear function of the buffer concentration when this 
an be § is not very large. On the assumption that the linear relation is 
valid down to zero buffer concentration, the data for such mixtures 
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were used for the purpose of determining by extrapolation the value 
of vy = U% + Von + Uw for the hydrogen-ion concentrations peculia 
to each of a series of such isohydric buffers. Since the ionisatin 
constant of the acid is, however, particularly susceptible to the 
influence of the ionic environment at low salt concentrations, it has 
been deemed advisable to carry out corresponding experiments in 
0:75M-sodium chloride solution. In view of the small concen 
trations of the buffer mixtures, the secondary effects arising from 
variations in the ionic environment may be said to be completely 
eliminated. 

The results for five isohydric series in which the ratio c/s varie 
from 3-0 to 0-125 show that in each case the reaction velocity 
increases linearly with the buffer concentration. The data recorded 
in Table IV show the acid/salt ratio in column 1; the values of 
[H"], c; and s in columns 2, 3, and 4; the observed reaction velocity 
in column 5, the velocity calculated from equation (2) in column 6, 
and the value of v = v, + Von + Uy, derived by linear extrapolation 
of the observed velocities, in column 7. 


TABLE IV. 
Catalytic Activity of Isohydric Buffers. 
Acid/salt. [H*]. 105. c. 8. Vobs.+ Veal. U > 
ie 7-80 0-01 0-0033 0-083 0-081 
” ” 0-025 0-0083 0-123 0-118 0-056 
% 99 0-05 0-167 0-187 0-180 
aes 2-60 0-01 0-01 0-075 0-072 
» 9 0-02 0-02 0-125 0-119 0-0255 
” » 0-04 0-04 0-222 0-217 
1:2 1-30 0-008 0-016 0-085 0-087 
” ” 0-01 0-02 0-102 0-104 0-023 - 
” ” 0-02 0-04 0-183 0-186 
” ” 0-04 0-08 0-366 0-354 
FE 0-87 0-005 0-015 0-078 0-081 
” ” 0-01 0-03 0-139 0-139 0-025 
” ” 0-02 0-06 0-249 0-256 
” ” 0-04 0-12 0-476 0-496 
ee 0-32 0-005 0-04 0-185 0-188 
” ” 0-01 0-08 0-325 0-330 0-047 
” ” 0-014 0-112 0-435 0-446 
9 99 0-02 0-16 0-605 0-630 


Throughout the above table there is again close agreement 
between the observed and the calculated velocities and, as required, 
the value of v = v, + Von + v, passes through a minimum. The 
minimum is attained when k,[H"] = koxy{OH’] and, since [H*}[OH']= 
K,,, it follows that this condition corresponds with the hydrogen-iot 
concentration [H"}); = VkouK,/k, and with the velocity represented 
by 2k,[H"]; + tw». By plotting vy against log [H"] it is found that 
the minimum occurs at log [H"] = 5:16 or [H'"}; = 1-45 x 10° and 
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that the actual minimum velocity is 0-0223 x 10°. Since 2k%,[H"),= 
00163, it follows that v, = 0-006 x 10*%. This value of vy is 
within the limits of error identical with that derived by Dawson 
and Key (J., 1928, 543) from observations on similar series of 
isohydric buffers in pure aqueous solution. The results obtained in 
sodium chloride solution thus confirm the conclusion that a small 
but measurable catalytic effect is to be attributed to the water 
molecule. 

In the previous experiments with solutions containing equivalent 
quantities of acetic acid and sodium acetate (Dawson and Hoskins, 
loc. cit.) the velocity obtained for the mixture N-CH,°CO,H -+- 
N-CH,-CO,Na was 8-05 x 10°. This large value could not be 
accounted for in terms of the acetate ion and the acetic acid mole- 
cule, and the formation of a catalytically effective complex ion was 
suggested. In further support of this hypothesis it may be stated 
that the velocity calculated from equation (2), using the coefficients 
recorded in this paper, is 8-15 x 10°, 

Apart from the fact that the present experiments suggest an 
addition to the list of catalytic agents which are associated with 
acetate buffers, the relations disclosed by observations under con- 
ditions which afford approximate constancy of the ionic environ- 
ment are thus exactly of the same kind as those indicated by the 
earlier experiments in which the reactants were dissolved in pure 
water. 

Summary. 


The catalytic effects associated with the acetone—iodine reaction 
in the presence of acetic acid and acetate buffers have been studied 
in 0:-75N-sodium chloride solution which provides for approximate 
constancy of the ionic environment. 

The results confirm those previously obtained with pure water 
as the solvent medium. 

In the case of acetate buffers for which the catalytic effects pro- 
duced by the hydrogen ion, the hydroxy] ion, and the water molecule 
are very small, the observations suggest that a further catalytic 
agent is involved, and this has been identified with the complex 
acetate ion CH,-CO,H,CH,°CO,’. ; 

The equation v= &[H*}] + &[A’] + ha'[HA,’] + knl HA] +- 
kou{OH’] +- kf[H,O] affords a complete and satisfactory account 
of the observations. 


THe University, LEEDS. [ Received, August 9th, 1930.] 
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CCLXXXII.—The Unsaturation and Tautomerie 
Mobility of Heterocyclic Compounds. Part III, 
The Effect of Substituents on the Mobility of the 
Aminobenzthiazole System and on the Bromination 
of s-Diarylthiocarbamides. The Ultra-violet Ab- 
sorption of Mobile and of Static Semicyclic Amidines 
of the Benzthiazole Group. 


By Ropert Feraus Hunter and JoHN WILLIAM THOMAS 
JONES. 


In a study of the tautomerism of substituted 1-aminobenzthiazoles 
with the object of ascertaining the effect of polar conditions on the 
behaviour of symmetrical semicyclic triad systems, the 5-substituted 
bases (I= II), in which the para-substituent to the nuclear 
nitrogen atom can act by virtue of electronic displacements partly 
similar to those which operate in aromatic substitution (Ingold, 
Shoppee, and Thorpe, J., 1926, 1477), were chosen as the starting 
point. 


_ Ss 
® es ‘ w a 

(I.) | ‘oNH == Bf \6¢>c-NH[H] 1) 
\nIH ’ \A\nF 


1-Amino-5-methylbenzthiazole (I==I1; R= Me), which wa 
examined in greater detail than the other compounds, satisfies the 
symmetry test of mobility (Ingold and Piggott, J., 1922, 121, 2381) 
in that the hydrolysis of both 1-imino-2-acetyl-5-methyl-1 : 2-dihydr- 
benzthiazole (I; R = Me and with Ac in place of [H]) and 1-acé 
amido-5-methylbenzthiazole (II; R = Me and Ac in place of [H)), 
which were synthesised from the corresponding acetyl-p-tolylthio 
carbamides (Hugershoff, Ber., 1899, 32, 3649; Wheeler, Ame. 
Chem. J., 1902, 27, 270) by treatment with bromine, yielded the 
same base (I=>=II; R= Me) (compare Hunter, J., 1926, 1385: 
Hunter and Styles, J., 1928, 3019). 

On the other hand, methylation of this aminobenzthiazole by 4 
variety of methods yielded solely 1-imino-2 : 5-dimethyl-1 : 2-d: 
hydrobenzthiazole (I; R = Me and with Me in place of [H]), which 
we consider to be produced from the amino-aromatic form (II) by 
the addition of alkyl salt to the nuclear nitrogen atom, followed by 





elimination of the original “ mobile’ hydrogen atom in combit- 
ation with an anion (Hunter and Styles, loc. cit.). No trace of the 
isomeric methylamino-derivative (II; R = Me and Me in plac 
of [H]) was encountered (p. 2199). 
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We attribute this, first, to the greater lability of the unshared 
electrons of the double-bonded nitrogen atom in the amino-phase 

II], (11), and secondly, to the equilibrium in this (and probably also in 
f the@ other similar tautomeric systems) being almost wholly in favour 
ation§ o the aromatic form owing to the conjugating effect of the benzene 

Ab nucleus of the benzthiazole complex on the double bond (1 : 2) of 

“" | the amino-phase (II). 
dines} This view is supported by the behaviour of the base with phenyl- 
carbimide, a reagent reputed to have very little disturbing effect 
on the equilibrium of mobile systems, since 1-amino-5-methylbenz- 
thiazole yielded apparently only one condensation product (com- 
pare Fromm, Annalen, 1926, 447, 259; Fromm and Kapeller-Adler, 
iazoles§ jhid., 1928, 467, 240), and also by a comparison of the ultra-violet 
on the§ absorptions of the base and of the static acetyl derivatives (II1) 
situted§ and (IV). 


merit 


[AS 


juclear -S S 

; \ *, 
a (II1.) a4 C!NAc M CsNMeAc  (IV.) 
farting NMe“ NZ 


Moreover, 1-amino-5-methylbenzthiazole is acetylated exclusively 
in the amino-form by acetic anhydride, and its amino-group shows 
(II.) — 4 general aromatic character, giving a diazonium sali which under- 
goes the Sandmeyer reaction, and provides thereby a convenient 
method of preparing 1-chloro-5-methylbenzthiazole. 
1 waf The production of l-amino-5-methylbenzthiazole by the hydro- 
ies thef lysis of 1-imino-2-acetyl-5-methyl-1 : 2-dihydrobenzthiazole is then 
, 2381)f explicable by the fact that the iminodihydrobenzthiazole initially 
hydro} formed comes rapidly into equilibrium with the more stable amino- 
1-ace-§ benzthiazole. ; 
f [H|){ The application of the general expression for reversible isomeric 
ylthio} change involving a hydrogen atom and an appropriately situated 
Amé.¥ double bond, which has been elaborated by Ingold (Ann. Reports, 
ed thef 1927) on the basis of the behaviour of pseudo-acidic substances of 

1385; this type (Lapworth, J., 1901, 79, 1265; Branch and Jason-Deel- 
man, J. Amer. Chem. Soc., 1927, 49, 1765), would necessitate formul- 
e by 4§ ating amidine mobility as involving, first, the ionisation of the «- 

: 2-di-f or By-phases (V and VIII), and secondly, the establishment of an 
which equilibrium between the anions (VI) and (VII). 








To} ¥ r=) =) 
ved by | = ha = of = 
mbin ff N—C—NR —N-C—=NR —N-C-NR —N=C—NR 
of the (V.) (VI.) (VII.) (VIIT.) 
place In the three-carbon system present in indene (Ingold and Pig- 


gott, J., 1923, 123, 1470) and in the pentad keto-enol system studied 
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by Kon and Linstead and their pupils (J., 1925, 127, 616; 1927, 
262, 2579; et cet.), there is no doubt that the mobile hydrogen 
is acidic and that the ability of substituents to promote prototropic 
change runs more or less parallel with their degree of electron. 
attraction power (compare Shoppee, this vol., p. 968). In amidine 
systems of the type described in this paper, however, the compounds, 
far from showing any acidity, are highly basic: 1-amino-5-methyl- 
benzthiazole can even be heated with sodium in xylene without 
change (p. 2198). 

The methylation of 1l-amino-5-ethoxybenzthiazole, 5-bromo-l. 
aminobenzthiazole, and 5-chloro-l-aminobenzthiazole (I= II; 
R = OEt, Br, and Cl respectively) proved analogous to that of 
]-amino-5-methylbenzthiazole. These bases yielded the corre. 
sponding 5-substituted 1-imino-2-methyl-1 : 2-dihydrobenzthiazoles 
exclusively, no trace of the isomeric 1-methylaminobenzthiazoles, 
which were synthesised from the corresponding p-substituted 
s-phenylmethylthiocarbamides, being detected. 

It was possible to apply the symmetry test of mobility only to 
the first of these cases, because as- and s-p-ethoxyphenylacetyl- 
thiocarbamide alone underwent ring formation under the influence 
of bromine, giving 1-imino-2-acetyl-5-ethoxy-1 : 2-dihydrobenzthiazole 
and 1-acetamido-5-ethoxybenzthiazole respectively ; the p-bromo- and 
p-chloro-phenylacetylthiocarbamides proved incapable of ring closure. 

5-Nitro-1-aminobenzthiazole (I==II1; R = NO,), which is readily 
obtained by mononitration of 1-aminobenzthiazole (compare Bogert 


and Abrahamson, J. Amer. Chem. Soc., 1922, 44, 826) and the® 


formula of which follows from its synthesis from p-nitrophenylthio- 
carbimide by way of the thiocarbamide, behaved similarly to the 
previous bases on methylation with methyl sulphate in the presence 
of} alkali, yielding solely 5-nitro-1-imino-2-methyl-1 : 2-dihydrobenz- 
thiazole, a result which had been anticipated in view of the fact 
that the methylation of 4(or 5)-methylglyoxaline gives 1: 4- and 
1 : 5-dimethylglyoxaline in the proportion of 2-2: 1 (Pyman, J, 
1910, 97, 1814; 1922, 1241, 2616) whereas 4(or 5)-nitro-5(or 4)- 
methylglyoxaline gives 5-nitro-1 : 4-dimethylglyoxaline and 4-nitro- 
1 : 5-dimethylglyoxaline in the proportion of 233:1 (Pyman, J, 
1923, 123, 3365; compare also Hazeldine, Pyman, and Winchester, 
J., 1924, 125, 1431). 

Pyman’s experiments indicate that the nitro-group attracts the 


double bond of the amidine system in the glyoxaline ring and that § 


the methyl group repels it; on the other hand, the behaviour o 
8-methyl-f-ethylacrylic and -ethylcinnamic acids indicates that 
in the three-carbon system the methyl group attracts the double 
bond, since the stable forms are the ®y-derivatives (Kon and Lit- 





















 . oe ee 6k. 6 * ee 


Ee & — 

















YMERIC 


1927, 
drogen 
otropie 
>ctron- 
midine 
ounds, 
1ethyl- 
rithout 


omo-]. 
=~ Il; 
hat of 

corre- 
wazoles 
}azoles, 
bituted 


mly to 
ucetyl- 
uence 
hiazole 
o- and 
losure. 
readily 
Bogert 


1d the® 


ylthio- 
to the 
esence 
robenz- 
e fact 
1. and 
in, J " 
(or 4)- 
-nitro- 
wn, J, 
hester, 


‘ts the 
d that 
our of 
s that 
double 
d Lit 










MOBILITY OF HETEROCYCLIC COMPOUNDS. PART I. 2193 


stead, J., 1925, 127, 616; Johnson and Kon, J., 1926, 2748). The 
conjecture that this difference is due to the experiments on the 
amidine system being carried out in the absence of alkali whereas 
those on the three-carbon systems were made in the presence of a 
large concentration of hydroxyl ions is supported by the fact that, 
although the methylation of 4(or 5)-nitroglyoxaline with methyl 
sulphate in water yields 5-nitro-l-methylglyoxaline almost exclus- 
ively, in an alkaline medium the isomeric nitromethylglyoxalines 
are produced in the proportion of 1 : 0-33 in favour of the 4-nitro- 
l-methyl derivative (Forsyth and Pyman, J., 1925, 127, 573). 
Possibly, in an alkaline medium, the anion (IX) is methylated 
mainly in this form because the positive nitro-group attracts the 


+ e 

NO,——_N. NO,———_ N. 
ax) | cH —> | cu 

a !_ we” 

negative ionic charge. In the absence of alkali, however, ionic 
dissociation is not favoured and the small positive charge which 
is to be found at the point of attachment of an ionisable hydrogen 
atom is repelled by the positive nitro-group, with the result that 
the glyoxaline reacts to give mainly the 5-nitro-1-methyl derivative. 


+ 
NO,——_N. NO, NMe 
: AE seman mae 
“NH Nv 
b+ 

The almost overwhelming tendency for semicyclic amidines con- 
taining aromatic heterocyclic nuclei to react in the aromatic form 
(Ischitschibabin and Konowalowa, Ber., 1921, 54, 814; Forsyth 
and Pyman, J., 1926, 2502) is doubtless due to the greater stability 
of this form (II), and to the fact that in it the sextuple group 
(Armit and Robinson, J., 1925, 127, 1605; Goss and Ingold, J., 
1928, 1268; Ingold, Ann. Reports, 1928, 119) can be formed with- 
out calling on the lone pair of electrons of the nuclear nitrogen atom, 
which are therefore available for salt formation (compare Bamberger, 

Ber., 1891, 24, 1758; 1893, 26, 1946; Annalen, 1893, 273, 373). 
Methylation of l-anilinobenzthiazole, however, gave a mixture 
of 1-phenylmethylaminobenzthiazole (X) and 1-phenylimino-2-methyl- 
| : 2-dihydrobenzthiazole (X1) in the approximate proportion of 1 : 2. 


&) OH, <S>O-NMePh Cage ONPh (XI) 


This reactivity in the iminodihydro-phase, leading to the 1-methyl- 


amino-derivative, is evidently due to the conjugating effect of the 
phenyl group in the anilino-substituent (compare Linstead and 
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in the benzthiazole system for the double bond (1 : 2) of the aromatic 
phase (compare Young and Crookes, J., 1906, 89, 59; Forsyth and 
Pyman, J., 1926, 2506). 

The ultra-violet absorption curve of 1-anilinobenzthiazole in 
alcohol resembles the curves of l-amino-5-methylbenzthiazole and 
l-acetomethylamido-5-methylbenzthiazole at equimolecular con. 
centrations for wave-lengths between 2450 and 2700 A.U. and 
simulates the absorption curve of 1-acetimido-2 : 5-dimethyl-1 :2 
dihydrobenzthiazole from 2800 to 3300 A.U. (see fig.). 

The conjugating effect of the anilino-substituent in 1-anilino 
benzthiazole appears to be further enhanced in the case of 4’-bromo. 
l-anilinobenzthiazole, which reacts with methyl sulphate appar. 
ently wholly as 4'-bromo-1l-phenylimino-1 : 2-dihydrobenzthiazk 
(XII), giving the 4’-bromo-1-phenylmethylamino-base (XIII). 


(XI1.) (XIII.) 


The Structure of the Thiocarbamides, the Mechanism of Benzthiazok 
Syntheses from Arylthiocarbamides and Bromine, and the Effect o 
Substituents on the Bromination of Thiocarbanilide Derivatives. 


‘ s— Yar tome. ‘ S _ 
CoHi<NEOCNSK Br —> CoH <R>CNMeK Br 


Williams, J., 1926, 2735), which competes with the benzene nucleus 















The remarkable generality of the synthesis of 1l-aminoben- 
thiazoles from arylthiocarbamides and bromine (see Part I, this 
vol., p. 127, footnote, where complete references are given) it 
contrast to the benzthiazole syntheses recorded in the literatur 
prior to 1925 makes the question of the mechanism of this reactio 
of considerable interest. 

The oxidation of tetrasubstituted thiocarbamides to disulphide 
derivatives (Lecher, Annalen, 1925, 445, 36) invalidates the argv- 
ments in favour of the classical formula, NH,*C(SH):NH, for thio 
carbamide, which rests essentially on the oxidation of thiocar) 
amides containing a hydrogen atom to disulphides. The X-my 
analysis of thiocarbamide itself (Hendrick, J. Amer. Chem. So, 
1928, 50, 2455) indicates, moreover, that the crystalline form d 
the compound has the thioamide structure, CS(NH,),. The salts 
the thiocarbamides (Dixon, J., 1917, 444, 318), such as the hydro 





bromide of thiocarbamide, can therefore be formulated 


[(NH,),C:SH | Br, 
and are evidently the reactive units in the classical experiments 
the oxidation of the compounds. The possibility of thiocarbamide 
being alkylated by way of the thioamide form to give S-alkf 
derivatives was suggested by Dixon and Taylor eighteen years a 
(J., 104, 2502). 
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Probably the first action of bromine on an arylthiocarbamide in 
an inert solvent is the formation of a dibromide (XIV) derived 
from the thioamide phase, and is followed by the migration of 
bromine as ion to the nitrogen atoms. The salt (XV) produced 
could yield either of the tautomerides (X V1) and (X VII) by incipient 
loosening of hydrogen bromide, elimination of which in a subsequent 
stage would give rise to a benzthiazole or a 1 : 2-dihydrobenzthiazole, 


ArNH 
oa (HBr)ArN 
— £. CSBr Seen 
NH, NH,’ NH, (HBr)NHY 
(XIV). (XV.) (XVI) (XVIL.) 


The possibility of an arylthiocarbamide reacting in the thiol 
form cannot, however, be ignored. In a monosubstituted thio- 
carbanilide, for instance, ring closure being assumed to take place 
on the unsubstituted nucleus, bromination of the tautomerides 
PhN:C(SH)-NH-C,H,X and PhNH-C(SH):N-C,H,X would lead to 
the production of a 4’-substituted 1l-anilinobenzthiazole and a 
4’-substituted 1-phenylimino-1 : 2-dihydrobenzthiazole respectively : 
s-p-bromodiphenylthiocarbamide, for example, could yield 4’-bromo- 
l-anilinobenzthiazole or 4’-bromo-1-phenylimino-1 : 2-dihydrobenz- 
thiazole. Since it gives the 4'-bromo-base (Dyson, Hunter, and 
Soyka, J., 1929, 458), evidence in favour of the mechanism involved 
can been obtained by an examination of its products of methylation. 
The first product of methylation was the expected S-methyl deriv- 
ative (X VIII—> XIX), and since there is no good reason to suppose 
that the replacement of the hydrogen atom of the thiol group by 
methyl will affect the equilibrium in the amidine system 

PhN:C(SH)-NH-C,H,Br— PhNH-C(SH):N-C,H,Br, 
the necessary inferences can be drawn from the behaviour of this 
derivative. It reacted exclusively in the form (XVIII), yielding 
8-methyl-s-phenylmethyl-p-bromophenylthiocarbamide (XX), whose 
constitution follows from its synthesis from s-phenylmethyl-p-bromo- 
phenylthiocarbamide (XXI1), which was synthesised from methyi- 
aniline and p-bromophenylthiocarbimide. 


SMe SMe 
(XVIII.) ia Sa ancl => PhNH-C:N-C,H,Br (XIX) 
SMe 
(XX.) PhNMe-C:N-C,H,Br <— PhNMeCS:NH-C,H,Br (XX) 


The inference to be drawn from these experiments is that, in 
whatever tautomeric form an arylthiocarbamide may react with 












bromine in an inert solvent, the benzthiazole will be produced in 
the amino-aromatic form. 

On this basis a study was made of the effect of substituents on 
the direction of ring closure in different substituted thiocarbanilideg, 

In the bromination of p-substituted s-diphenylthiocarbamides 
(XXII, R = H; X = NO,, Cl, Br, EtO) and p-substituted s-phenyl. 
p-tolylthiocarbamides (XXII, R = Me; X = NO,, Br, EtO). ring 
closure invariably took place either on the unsubstituted benzene 
ring or on the nucleus containing the methyl group, yielding the 
corresponding 4’-substituted 1-anilinobenzthiazoles (XXIII, R = H; 
X = NO,, Cl, Br, EtO) or 4’-substituted 1-anilino-5-methylbenz 
thiazoles (XXIII, R = Me; X = NO,, Br, EtO). 

From these results and from the bromination of s-p-chloro-p’. 
bromo-, s-p-nitro-p’-bromo-, and _ s-p-bromo-p’-ethoxy-diphenylthio- 
carbamides (XXII, R= Br, X =Cl; R= Br, X=NO,; R= 
EtO, X = Br), which give rise to the corresponding 4’-chloro., 
4’-nitro-, and 4’-bromo-benzthiazoles, the polar series NO,>Cl> Br> 
EtO>Me can be inferred. 

The anilinobenzthiazoles (X XIII) obtained from the bromination 
of these thiocarbanilides containing unsymmetrical substituents 
(XXII) were oriented by means of reactions indicated in the follow. 
ing scheme, advantage being taken of the application of the Sand- 
meyer reaction to nuclear-substituted 1-aminobenzthiazoles (X XIV}: 


"Some > CO 


(XXII.) (XXII) 


S s 
(XXIV.) Nowe, —> 2 ae Soot xxv) 
nN? n7 


Attempts were made to orient some of the benzthiazoles by 
degradative oxidation, but it was found that, unlike the isothiazole 
nucleus (Reissert and Mann, Ber., 1928, 64, 1308), the benzthiazok 
complex resists the attack of all but the most violent reagents, by 
which deep-seated decompositions are produced. 

The reactivity of the chlorine atom in 1-chlorobenzthiazole 
shown in the condensation of these substances with aromatic amine 
(Héfmann, Ber., 1879, 12, 1126; Hunter and Jones, this vol., p. 941) 
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is perhaps due to the unusually high temperatures of reaction whieh 
are possible on account of the high boiling points of the compounds 
The true reactivity of the chlorine atom in such compounds # 
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indicated by the slowness of their hydrolysis to hydroxybenz- 
thiazoles (Hunter, this vol., p. 135). . 

The bromination of thiocarbamide in carbon disulphide has also 
been investigated. Under the conditions described on p. 2211, an 
ill-defined red perbromide separates, which rapidly decomposes on 
exposure to air, evolving hydrogen bromide and yielding a residue 
of the bromo-derivative which is obtained by carrying out the 
reaction in an alcoholic medium (Claus, Annalen, 1875, 179, 134). 


EXPERIMENTAL. 


Mobility of 5-Substituted 1-Aminobenzthiazoles. 
1-Amino-5-methylbenzthiazole (I==II; R=Me). Synthesis 
from as-Acetyl-p-tolylthiocarbamide and from s-Acetyl-p-tolylthio- 
carbamide by Way of 1-Imino-2-acetyl-5-methyl-1 : 2-dihydrobenz- 
thiazole and 1-Acetamido-5-methylbenzthiazole.—as-Acety1-p-toly]- 
thiocarbamide was prepared by dissolving p-tolylthiocarbamide 
(4 g.) in acetic anhydride (16 c.c.) at 80° and immediately cooling 
the solution to 0°. After being dried on porous earthenware in a 
vacuum over potassium hydroxide, it had m. p. 142° (Hugershoff, 
Ber., 1899, 32, 3649, recorded m. p. 137°). 

A solution of the labile acetylthiocarbamide (5 g.) in chloroform 
(20 c.c.) was treated with bromine (4 c.c. in 4 c.c. of the same 
solvent) at 0°, and the bromo-addition compound was reduced with 
sulphurous acid in the usual way. 1-Imino-2-acetyl-5-methyl-1 : 2- 
dihydrobenzthiazole separated from ethyl acetate in small yellow 
prisms, m. p. 192° (Found: S, 15-7. Cy9H,ON,S requires 8, 
154%). It was heated’ under reflux with concentrated hydro- 
chloric acid for 24 hours, and the solution neutralised ; the 1-amino- 
5-methylbenzthiazole obtained was identified by m. p. and mixed 
m. p. determinations (Hunter, J., 1926, 1399). 

The hydrotribromide obtained by heating a solution of s-acety]l- 
p-tolylthiocarbamide (1 g.) in chloroform (10 c.c.) and bromine 
(1 ¢.c.) under reflux on a steam-bath for a few minutes crystallised 
in orange prisms, m. p. 149° (decomp.) after drying in a vacuum 
[Found: Br, 53-7. C, 9H, ,ON,S,HBr(Br,) requires Br, 53-8%]. 
On reduction with sulphurous acid, it yielded 1-acetamido-5-methyl- 
benzthiazole, which separated from alcohol-ethyl acetate in colour- 
less prisms, m. p. 216°, and was identical with the product of direct 
acetylation of l-amino-5-methylbenzthiazole by acetic anhydride 
(Found: 8, 15-6%). The acetamidomethylbenzthiazole was com- 
pletely hydrolysed by heating with concentrated hydrochloric acid 








pounds. 
inds 


for 3 hours; the amino-base was identified as in the previous case. 

Methylation of 1-Amino-5-methylbenzthiazole and the Synthesis of 
1-Acetimido-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole from as-p-Tolyl- 
45 
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methylthiocarbamide and from 1-Acetamido-5-methylbenzthiazole, and 
the Synthesis of 1-Methylamino-5-methylbenzthiazole from s-p-Tolyl- 
methylthiocarbamide.—(i) A suspension of 5 g. of 1-amino-5-methyl. 
benzthiazole in water (50 c.c.) was shaken with 10 c.c. of methyl 
sulphate; after } hour, the mixture was treated with excess of 
25°, sodium hydroxide solution and extracted with chloroform. 
The oil obtained by removal of the chloroform could not be induced 
to crystallise; it was therefore acetylated with acetic anhydride, 
The product, fractionally crystallised from ethyl acetate, gave 
1-15 g. of 1-acetamido-5-methylbenzthiazole (m. p. and mixed m. p. 
216°) and 3-72 g. of 1-acetimido-2 : 5-dimethyl-1 : 2-dihydrobenz- 
thiazole, which separated in small prisms, m. p. 168° (Found: 
S, 14-6. C,,H,,ON,S requires 8, 14.5%). No trace of the isomeric 
1-acetomethylamido-5-méthylbenzthiazole could be detected. 

(ii) A mixture of 1-amino-5-methylbenzthiazole (2 g.) and methyl 
iodide (3 c.c.) was heated for 10 hours at 100°. A portion of the 
product was decomposed by alkali and extracted with chloroform, 
and the resulting oil acetylated; fractional crystallisation of the 
product yielded solely the acetimidodimethyl derivative. The 
remainder of the original methylation product (consisting of nearly 
pure hydriodide of 1-imino-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole), 
on recrystallisation from hot alcohol, formed needles, m. p. 290° 
(decomp. with efferv.), and was identical with the hydriodide 
obtained from the iminodimethyldihydro-base and dilute hydriodic 
acid (Found : I, 41-1. C,H, N,S,HI requires I, 41-5%). A similar 
experiment in which 1l-amino-5-methylbenzthiazole was heated 


with methyl iodide at 100° for an hour indicated that methylation 


was almost complete in this time. 

(iii) 1-Amino-5-methylbenzthiazole methosulphate was prepared by 
concentrating a solution of l-amino-5-methylbenzthiazole (1 g.), 
methyl! sulphate (1 ¢.c.), and methyl alcohol (10 ¢.c.) on a steam- 
bath; it crystallised from methyl alcohol in needles, m. p. 160° 
(Found: S, 22-3. Cj, H,,0,N,S, requires 8, 22-2%). The con- 
stitution of this methosulphate follows from the fact that its aqueous 
solution gives the reaction for sulphate ion with barium chloride, 
and gives an immediate precipitate of 1-imino-2 : 5-dimethyl-1 :2- 
dihydrobenzthiazole hydriodide on treatment with a saturated 
aqueous solution of potassium iodide. 

(iv) No dissolution of sodium was observed on heating a mixture 
of 1-amino-5-methylbenzthiazole (1 g.), xylene (20 c.c.), and sodium 
(0-5 g.) under reflux for 6 hours. 1-5 G. of powdered sodamide were 
therefore added to 5 g. of 1-amino-5-methylbenzthiazole in 15 c-. 
of warm xylene, and the mixture was heated at 130—140° for # 
minutes under reflux, ammonia being evolved. The mixture was 
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then cooled, the semi-solid mass obtained was treated with 4 c.c. 
of methyl iodide (added through the condenser), and the heating 
was continued for a further 15 minutes. The yellow solid which 
separated was collected, treated with alkali, and extracted with 
chloroform. Acetylation of the oil obtained by removal of the 
chloroform, followed by recrystallisation of the product, yielded 
125 g. of 1-acetimido-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole 
accompanied by a certain amount of 1-acetamido-5-methylbenz- 
thiazole. A careful search for 1-acetomethylamido-5-methylbenz- 
thiazole in a similar experiment proved fruitless. 

(v) as-p-T'olylmethylthiocarbamide was prepared by heating a 
solution of methyl-p-toluidine hydrochloride (1 mol.) and potassium 
thiocyanate (1 mol.) in water for 12 hours; on recrystallisation from 
benzene—ligroin, the thiocarbamide formed small prisms, m. p. 109° 
(Found: §8, 17-9. C,H,.N.8 requires 8, 17-8%). Bromination. 
A solution of as-tolylmethylthiocarbamide (0-5 g.) in chloroform 
(5 c.c.) was treated with bromine (0-5 c.c.) and the mixture was 
heated under reflux for 10 minutes, cooled, shaken with excess of 
sulphurous acid, and basified with ammonia. The oil obtained by 
extraction with chloroform was acetylated with acetic anhydride; 


l-acetimido-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole was then - 


obtained, m. p. 168° alone or when mixed with the specimen 
already described. 

' (vi) 0-2 G. of 1-acetamido-5-methylbenzthiazole was heated with 
3¢.c. of methyl sulphate for 10 minutes, the solution treated with 
excess of aqueous ammonia (d 0-880), and the product recrystallised 
from alcohol; 1-acetimido-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole 
was obtained, m. p. 167°, and 168° when mixed with the specimens 
described in (i) and (v). 

(vii) s-p-T'olylmethylthiocarbamide. A solution of p-tolylthio- 
carbimide in absolute alcohol was treated with a 30% excess of 
4 33% solution of methylamine in the same solvent, and the mixture 
was concentrated on a steam-bath. On recrystallisation from 
aleohol, the thiocarbamide formed needles, m. p. 126° (Found : 
8, 18-0. C,H, .N,S requires 8, 17-8%). Bromination. The p-tolyi- 
methylthiocarbamide (2 g.) in chloroform (15 c.c.) was treated with 
bromine (3-6 c.c. in 15 c.c. of chloroform) and the solution was 
heated under reflux for 15 minutes and cooled. The hydrotetra- 
bromide of 1-methylamino-5-methylbenzthiazole crystallised in 
orange-red needles, m. p. 90° (decomp.) after drying in a vacuum 
(Found: Br (total), 64-0; Br (labile), 49-0. C,H, N,8,HBr(Br,) 
requires Br (total), 64-2; Br (labile), 48-2%]. On treatment with 
sulphurous acid and thereafter with ammonia, the hydrotetra- 
bromide yielded 1-methylamino-5-methylbenzthiazole, which crystal- 
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lised from alcohol in plates, m. p. 152° (Found: S, 17-8. CyH,)N,8 
requires S, 18:0%). The hydrotetrabromide underwent nuclear 
substitution when heated in alcoholic solution, yielding a hydro. 
bromide from which a monobromomethylamino-base was obtained; 
this separated from methyl] alcohol in plates, m. p. 165° (Found: 
Br, 31-4. C,H,N,BrS requires Br, 31-1%). This base was proved 
to be 3-bromo-1-methylamino-5-methylbenzthiazole by means of the 
following synthesis: m-Bromo-p-toluidine ——> s-di-m-bromo-p- 
tolylthiocarbamide ——> m-bromo-p-tolylthiocarbimide ——> s8-m. 
bromo-p-tolylmethylthiocarbamide —-> 3-bromo-1-methylamino-6. 
methylbenzthiazole. 

s-Di-m-bromo-p-tolylthiocarbamide was prepared by heating a 
mixture of m-bromo-p-toluidine (80 g.), carbon disulphide (75 c.c.), 
alcohol (60 c.c.), and sulphur (2—3 g.) (compare Hugershoff, Ber,, 
1899, 32, 2245) under reflux for 5 hours. On recrystallisation from 
alcohol, it formed needles (50 g.), m. p. 163° (Found: §S, 7°. 
C,;H,,N,Br,8 requires 8, 7-6%). 

m-Bromo-p-tolylthiocarbimide was obtained by heating a mixture 
of s-di-m-bromo-p-tolylthiocarbamide (10 g.) and acetic anhydride 
(12 c.c.) for 2 minutes (compare Werner, J., 1891, 59, 396), pouring 
the liquid into hot water, and isolating the thiocarbimide by dis- 
tillation in steam. The pale yellow oil (4 g.) solidified on keeping, 
and separated from methyl alcohol in prisms, m. p. 53° (Found: 
Br, 35-3. C,H,NBrS requires Br, 35-1%). s-m-Bromo-p-tolyl- 
methylthiocarbamide, obtained by condensation with methylamine 
in alcohol, crystallised from ethyl acetate in prisms, m. p. 162° 
(Found: §, 12-6. C,H,,N,BrS requires 8, 12-4%). Bromination 
of this compound in chloroform yielded 3-bromo-1-methylamino- 
5-methylbenzthiazole, m. p. 165° alone and when mixed with the 
specimen already described. 

Bromination of 1l-methylamino-5-methylbenzthiazole itself in 
chloroform solution with excess of bromine yielded a hydrotribromide 
of 3-bromo-1-methylamino-5-methylbenzthiazole; this formed red 
needles, m. p. 137° (decomp.) [Found : Br (total), 64-0; Br (labile), 
33-0. C,H,N,BrS,HBr(Br,) requires Br (total), 64:3; Br (labile), 
32-2%]. 

1-Acetomethylamido-5-methylbenzthiazole crystallised from ethyl 
acetate in needles, m. p. 162° (Found: §, 14:5. C,,H,,ONS 
requires 8, 14-5%). 





Interaction of 1-Amino-5-methylbenzthiazole with Phenylcarbimide. § 


—The carbimide (2 c.c.) was added to a solution of the amino-base 
(2 g.) in absolute alcohol (10 c.c.) and the mixture was heated on 
a steam-bath and cooled; 1-6 g. of s-5-methylbenzthiazolylpheny- 
carbamide then separated in white prisms, m. p. ca. 310° (Found: 
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§, 11:7. C,;H,,0N,8 requires 8, 113%). Concentration of the 
mother-liquor furnished unchanged amino-base. 

An attempt to prepare s-phenylcarbamyl-p-tolylthiocarbamide 
for conversion into s-5-methylbenzthiazolylphenylcarbamide by 
bromination proved unsuccessful, p-tolylthiocarbamide and phenyl- 
carbimide being recovered unchanged after being heated together 
at 80—90°. 

1-Amino-5-ethoxybenzthiazole (I==II; R=OEt). Synthesis 
from as-Acetyl-p-ethoxyphenylthiocarbamide and from s-Acetyl-p- 
cthoxyphenylthiocarbamide by Way of 1-Imino-2-acetyl-5-ethoxy-1 : 2- 
dihydrobenzthiazole and  1-Acetamido-5-ethoxybenzthiazole.—The 
hydrotetrabromide obtained from 4 g. of as-acetyl-p-ethoxypheny]l- 
thiocarbamide (m. p. 144°; Hugershoff, loc. cit., gives m. p. 137°), 
chloroform (30 c.c.), and bromine (3 c.c. in 6 c.c. of chloroform) 
at 0° formed orange prisms, m. p. 139° (decomp.) [Found: Br, 
57-6. C,,H,,.O,.N,S,HBr(Br,) requires Br, 57-5%]. 1-Imino-2- 
acetyl-5-ethoxy-1 : 2-dihydrobenzthiazole, obtained by reduction with 
sulphurous acid, separated from ethyl acetate in yellow needles, 
m. p. 147° (Found: 8, 14-0. C,,H,,0O,N,S requires 8, 13-6%), and 
yielded 1-amino-5-methylbenzthiazole on hydrolysis with concen- 
trated hydrochloric acid. 1-Acetamido-5-ethoxybenzthiazole, pre- 
pared by bromination of s-acetyl-p-ethoxyphenylthiocarbamide 
(1 g.; 10 ¢.c. of chloroform; 1 c.c. of bromine; time of heating, 
10 minutes), crystallised from ethyl acetate in needles, m. p. 244° 
alone and when mixed with the product of acetylation of 1-amino- 
5-ethoxybenzthiazole (Found: §S, 13-3. C,,H,.0,N,S requires §, 
136%). 

Methylation of 1-Amino-5-ethoxybenzthiazole and the Synthesis of 
1-Methylamino-5-ethoxybenzthiazole from  s-p-Ethoxyphenylmethyl- 
thiocarbamide.—(i) A solution of 5 g. of 1l-amino-5-ethoxybenz- 
thiazole in methyl sulphate (10 c.c.) was heated under reflux on 
a steam-bath for 10 minutes; the mixture was made alkaline with 
sodium hydroxide, and heating continued for a further 10 minutes. 
The crude product (4:9 g., m. p. 140°) on recrystallisation from 
methyl alcohol gave long straw-coloured needles of 1-imino-5-ethoxy- 
2-methyl-1 : 2-dihydrobenzthiazole, m. p. 147° (Found: §8, 15-0. 
Ci9H,,0N,S requires 8, 15-4%); no trace of the isomeric methyl- 
amino-base could be detected. 

8-p-Ethoxyphenylmethylthiocarbamide, obtained from p-ethoxy- 
phenylthiocarbimide and methylamine, crystallised from alcohol in 
prisms, m. p. 129° (Found: 8, 15-3. C,9H,,ON,S requires 8, 15-2%). 

1-Methylamino-5-ethoxybenzthiazole, obtained by bromination of 
this thiocarbamide, crystallised in white prisms, m. p. 145° (Found : 
8,148. ©, ,H,,ON,S requires 8, 15-4%). 
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5-Bromo-1-aminobenzthiazole (I==I1L1; R = Br).—as-Acetyl-p. 
bromophenylthiocarbamide was obtained by dissolving p-bromo. 
phenylthiocarbamide (rapidly) in acetic anhydride (4 parts) at 80° 
When the solution was cooled, the labile thiocarbamide separated 
in small prisms, m. p. 157°, which isomerised to the stable compound 
at its m. p. (Found: §, 12-4. C,H,ON,BrS requires 8, 11-7%), 
s-Acetyl-p-bromophenylthiocarbamide was easily obtained by heating 
a mixture of p-bromophenylthiocarbamide and acetic anhydride at 
80° without any precautions; it crystallised in large prisms, m. p. 
205° (Found : 8, 12-0%). 

The action of bromine on these acetyl-p-bromophenylthiocarb. 
amides appeared to be of an oxidising nature, since the products 
were free from sulphur (compare -acetylphenylthiocarbamide; 
Dyson, Hunter, and Morris, J., 1927, 1192). (i) Bromine was 
gradually added to a suspension of s-acetyl-p-bromophenylthio- 
carbamide in alcohol until the yellow colour persisted ; the mixture 
then became warm and the thiocarbamide dissolved. On keeping, 
white needles, m. p. 234°, separated which were identical with the 
substance obtained by brominating s-acetyl-p-bromopheny]lthio. 
carbamide in chloroform and reducing the product with sulphurous 
acid in the usual way (Found: Br, 35-2%). (ii) Perhydrol (4 c.c.) 
was added to a solution of the acetyl-p-bromophenylthiocarbamide 
in glacial acetic acid (1 g. in 30 c.c.); slight darkening occurred 
on warming, and white needles separated which proved to be 
identical with the product obtained in (i). 

Methylation of 5-bromo-l-aminobenzthiazole. The 5-bromo-base 
(10 g.) was heated under reflux on a steam-bath with 30 c.c. of 


methyl sulphate for 4 hour, and the excess of methyl sulphate 


decomposed with alkali. A gum was obtained which gradually 
solidified (9-2 g., m. p. 100—104°). On recrystallisation, this yielded 
5-bromo-1-imino-2-methyl-1 : 2-dihydrobenzthiazole identical with 
that already described (this vol., p. 140). Acetylation of the 
crude methylation product yielded 5-bromo-1-acetimido-2-methyl- 
1 : 2-dihydrobenzthiazole, m. p. 219°, identical with the specimen 
already described (loc. cit.) (Found: Br, 28-0. Calc.: Br, 28-1%). 

5-Chloro-1-aminobenzthiazole (I==1I1; R= Cl).—as-Acetylp- 
chlorophenylthiocarbamide formed small prisms, m. p. 157° (Found: 
S, 14-3. C,H,ON,CIS requires 8, 14:0%). s-Acetyl-p-chlorophenyl- 
thiocarbamide formed needles, m. p. 186° (Found: §S, 14:4%). 
Bromination of the stable compound yielded a substance, m. p. 
227°, which was free from sulphur and yielded p-chloroaniline o 
being hydrolysed by hydrochloric acid for 6 hours. 

Methylation of 5-Chloro-1-aminobenzthiazole and the Synthesis of 
5-Chloro-1-methylaminobenzthiazole.—(i) A solution of 5-chloro-l- 
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aminobenzthiazole (1 g.) in 4 c.c. of methyl sulphate and 10 c.c. 
of alcohol was heated on a steam-bath for 10 minutes, potassium 
hydroxide (2 g.) added, and the reaction controlled by cooling; 
the mixture was then diluted with water and extracted with chloro- 
form. ‘The gum obtained by removal of the chloroform was acetyl- 
ated with acetic anhydride, and the product recrystallised from 
alcohol, 0-8 g. of 5-chloro-1-acetvmido-2-methyl-1 : 2-dihydrobenzthiazole 
being obtained in tufts of needles, m. p. 197° (Found: S, 13-5. 
CyH,ON,CIS requires 8, 13:3%). (ii) s-p-Chlorophenylmethylthio- 
carbamide separated from dilute methyl alcohol in plates, m. p. 
147° (Found: Cl, 17-9; S, 16-2. C,H,N,CIS requires Cl, 17-7; 
8,16-0%%). 5-Chloro-1-methylaminobenzthiazole, obtained by bromin- 
ation of the chlorophenylmethylthiocarbamide, separated from 
alcohol-ethyl acetate in slender needles, m. p. 214° (Found: Cl, 
18:2; 8S, 16-3. CgH,N,CIS requires Cl, 17-9; 8, 16:1%). The 
acetyl derivative, which could not be detected in the material 
obtained by acetylating the methylation product of 5-chloro-1- 
aminobenzthiazole, formed plates, m. p. 175° (Found: Cl, 14-6. 
CypH,ON,CIS requires Cl, 14:8%). 

5-Nitro-1-aminobenzthiazole (I==II; R = NO,).—(i) A mixture 
of 1 g. of p-nitrophenylthiocarbamide, chloroform (10 c.c.), and 
bromine (1 c.c.) was heated under reflux, and the bromo-addition 
compound was reduced with sulphurous acid. The 5-nitro-base 
separated from ethyl acetate as an orange microcrystalline powder, 
m. p. 243° (Found: 8, 15-9. C,H;0,N,S requires 8, 16-4%). The 
acetyl derivative formed a pale yellow, microcrystalline powder, 
m. p. 292° (Found: 8S, 13-4. C,H,O,N,8 requires S, 13-5%). 

(ii) 10 G. of 1-aminobenzthiazole were gradually added to 60 c.c. 
of nitric acid (d 1-5), kept below 5° by means of a freezing mixture. 
The solution was poured into 600 c.c. of water and made alkaline 
with ammonia and the precipitated nitro-base was crystallised from 
ethyl acetate; it had m. p. 242°, and 242—243° when mixed with 
the specimen described under (i). 

Methylation of 5-Nitro-1-aminobenzthiazole and the Nitration of 
1-Imino-2-methyl-1 : 2-dihydrobenzthiazole and of 1-Methylamino- 
benzthiazole.—(i) A solution of the 5-nitro-base (1 g.) in 4 c.c. of 
methyl sulphate and 10 c.c. of alcohol was heated on a stvam- 
bath and basified, yielding 1-05 g. of a yellow solid, m. p. 140°, 
readily soluble in alcohol, from which it separated as an orange 
powder, m. p. 150°. A mixture of this with 5-nitro-l-imino-2- 
methyl-1 : 2-dihydrobenzthiazole obtained by nitration of the imino- 
methyldihydrobenzthiazole (compare Hunter, this vol., p. 130) had 
mM. p. 157°. Difficulties in recrystallisation (these substances 
separate as powders on concentration) prevented the removal of 
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the impurity which lowered the m. p., but the absence of the 
isomeric 5-nitro-1-methylamino-base was indicated by the absence of 
insoluble material. 

(ii) 1-Imino-2-methyl-1 : 2-dihydrobenzthiazole (1 g.) was gradu- 
ally added to nitric acid (d 1-5) at 0°, and the product recrystallised 
from alcohol, 5-nitro-1-imino-2-methyl-1 : 2-dihydrobenzthiazole being 
obtained as a pale yellow, microcrystalline powder, m. p. 167° 
(Found: 8, 15-6. C,H,O,N,S requires 8, 15-3%). The acetyl 
derivative formed pale yellow needles, m. p. 292° (Found: §, 
12:2. Cy H,O,N,S requires 8, 12-6%). 

(iii) 5-Nitro-1-methylaminobenzthiazole was prepared by nitration 
of 1-methylaminobenzthiazole (Hunter, J., 1926, 1385) as in the 
case of the iminomethyldihydrobenzthiazole. It formed a pale 
yellow powder, m. p. 272°, which was sparingly soluble in alcohol 
(Found: §, 15-1. C,H,O,N,8 requires 8, 15:3%). The acetyl 
derivative formed small, pale yellow needles, m. p. 241° (Found: 
S, 12-6. OC, >H,O,N,8 requires 8, 12-6%). 


Mobility of 1-Anilinobenzthiazoles. 


1-Anilinobenzthiazole.—1-Anilinobenzthiazole (1 g.) was heated 
with 4 c.c. of methyl sulphate on a steam-bath until solution took 
place (10 minutes); 10 c.c. of 20% potassium hydroxide solution 
were then added and the mixture was kept for 15 minutes, cooled, 
and extracted with ether. The oil obtained by removal of the ether 
was dissolved in acetone, a solution of picric acid (1-2 g.) in the same 
solvent added, and the mixture kept; 0-83 g. of 1-phenylmethyl- 
aminobenzthiazole picrate separated in pale yellow prisms (yield, 
36%), m. p. 184°, and 184—185° when mixed with the synthetic 
specimen described below. The residue, consisting of 1-phenylimino- 
2-methyl-1 : 2-dihydrobenzthiazole picrate, formed easily soluble, yellow 
prisms, m. p. 112° (decomp.) (Found: 8,6-7. C©,,H,,N,8,C,H,0,N; 
requires 8, 6-8%). The presence of the picrate of 1-anilinobenz- 
thiazole, which forms sparingly soluble, yellow needles, m. p. 223° 
(Found: S, 7-2. C,,;H,N,S,C,H,O,N, requires 8S, 7-0%), could not 
be detected. 

1-Phenylmethylaminobenzthiazole. Hofmann’s method of prepar- 
ing 1-chlorobenzthiazole from phenylthiocarbimide and phosphorus 
pentachloride at 160° (Ber., 1879, 12, 1126) is somewhat incon- 
venient, and the chlorothiazole can be readily prepared from 
l-aminobenzthiazole by the Sandmeyer reaction as follows. A 
mixture of 10 g. of 1-aminobenzthiazole, 70 c.c. of water, and 5 ¢. 
of sodium nitrite was rubbed in a mortar, cooled to 0°, and gradually 
treated with 10 c.c. of concentrated hydrochloric acid; after 4 
minutes, the mixture was added to 150 c.c. of concentrated hydro- 
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chloric acid and boiled and the chlorobenzthiazole (2-7 g.) was 
isolated by distillation in steam. 

A mixture of 1 g. of 1-chlorobenzthiazole and 1 c.c. of methyl- 
aniline was heated until a vigorous reaction took place. When 
the product was basified with ammonia, a non-crystallisable gum 
was obtained, which was dissolved in warm acetone and converted 
into the picrate in the usual way. 1-Phenylmethylaminobenzthiazole 
picrate crystallised in hard yellow prisms, m. p. 185° (Found: 8, 
6-8. C,,H,,N,8,C,H,O,N, requires 8, 6-8%). 

4'-Bromo-1-anilinobenzthiazole-—The yield of 4'-bromo-1-anilino- 
benzthiazole obtained from p-bromo-s-diphenylthiocarbamide 
(Dyson, Hunter, and Soyka, J., 1929, 458) was improved by carry- 
ing out the bromination in carbon disulphide, a suspension of 1 g. 
of the thiocarbamide in carbon disulphide (10 c.c.) being treated 
with bromine (1 c.c.) and heated under reflux for 5 minutes. 

Methylation. (i) 1 G. of 4'-bromo-l-anilinobenzthiazole was 
heated with 3 c.c. of methyl sulphate, the solution made alkaline 
with ammonia, and the product collected and fractionally crystallised 
from ethyl acetate. The first crop of crystals (0-61 g.), m. p. 215°, 
consisted of unchanged material. The second crop, m. p. 103°, 
formed long needles, which gave a picrate identical with that 
obtained from synthetic 4’-bromo-1-phenylmethylaminobenzthiazole. 

(ii) By suspending 1 g. of 4’-bromo-1-anilinobenzthiazole in 20 c.c. 
of water and adding successively 5 c.c. of methyl sulphate and 2 g. 
of solid potassium hydroxide, complete methylation was effected. 
The product crystallised from alcohol in needles, m. p. 105° (Found : 
Br, 25-3. C,,H,,N,BrS requires Br, 25-1%), and was proved to be 
4'-bromo-1-phenylmethylaminobenzthiazole by means of the synthesis 
described hereunder. No isomeric bromophenyliminomethyldi- 
hydro-derivative was detected. 

4'.Bromo-1-phenylmethylaminobenzthiazole picrate. A mixture of 
06 g. of 1-chlorobenzthiazole was heated with p-bromomethy]l- 
aniline until effervescence took place. The purple uncrystallisable 
gum produced was dissolved in acetone and converted into the 
picrate, which formed small yellow needles, m. p. 242°, identical 
with that obtained in the methylation described above (Found : 
8,59. C,,H,,N,Br8,C,H,0,N, requires 8, 5-8%). 

The Effect of Substituents on the Formation of Arylaminobenz- 

thiazoles from Nuclear-substituted Thiocarbanilides. 
(1) Monosubstituted Thiocarbanilides. 

Bromination of p-Ethoxy-s-diphenylthiocarbamide and the Synthesis 
of 4'-Ethoxy-1-anilinobenzthiazole from 1-Chlorobenzthiazole and 
p-Phenetidine.—(i) p-Ethoxy-s-diphenylthiocarbamide, prepared by 
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condensation of equimolecular proportions of phenylthiocarbimide 
and p-phenetidine in alcohol, separated from alcohol in soft white 
plates, m. p. 148° (Found: §S, 11-8. C,;H,,ON.S requires §, 
11-8%). 

(ii) A solution of the ethoxydiphenylthiocarbamide (0-5 g.) in 
carbon disulphide (5 c.c.) was treated with bromine (0-7 c.c.) and 
heated under reflux for 5 minutes; a bromo-addition compound 
separated as a red oil which solidified on cooling. On reduction 
with sulphurous acid and basification with ammonia, this gave a 
white solid, which crystallised from ethyl acetate in prisms, m. p. 
166° alone and when mixed with the 4’-ethoxy-1-anilinobenzthiazole 
described below. 

(iii) A mixture of 1-chlorobenzthiazole (0-8 g.) and p-phenetidine 
(0-7 g.) was heated over a flame until a violent reaction took place. 
The product was ground with aqueous ammonia and recrystallised 
from ethyl acetate, the ethoxyanilinobenzthiazole being obtained 
in small prisms, m. p. 165° (Found: S, 11-6. C,,H,,ON,S requires 
S, 11-8%). 

Bromination of p-Nitro-s-diphenylthiocarbamide and the Synthesis 
of 4'-Nitro-l-anilinobenzthiazole from 1-Chlorobenzthiazole and 
p-Nitroaniline.—(i) p-Nitro-s-diphenylihiocarbamide, prepared from 
p-nitrophenylthiocarbimide and aniline in alcohol, crystallised in 
pale yellow plates, m. p. 141° (Found: §, 12-0. C,,H,,0.N,8 
requires S, 11-7%). 

(ii) A suspension of the nitrodiphenylthiocarbamide (0-5 g.) in 
chloroform (10 ¢.c.) was treated with bromine (1 c.c.), heated under 
reflux for 10 minutes, cooled, and concentrated under reduced 


pressure at laboratory temperature; the oily bromo-addition com- | 


pound produced then gradually crystallised. On reduction with 
sulphurous acid (in chloroform), the nitro-base was obtained; it 
separated from alcohol as an orange powder, m. p. 205°. The 
acetyl derivative, obtained by treatment with acetic anhydride, 
separated from ethyl acetate as a pale yellow powder, m. p. 172°. 

(iii) 4’-Nitro-1-anilinobenzthiazole, obtained from 1-chlorobenz- 
thiazole and p-nitroaniline, had m. p. 212° after recrystallisation 
from alcohol (Found: §, 12-1. C,,;H,,0,N,8 requires S, 11-7%); 
and melted at 207° when mixed with the specimen described under 
(ii). The acetyl derivative had m. p. 180° (Found: §, 10-4. 
C,;H,,0,N,8 requires 8, 10-2%), and 175° when mixed with the 
specimen described under (ii). 

Synthesis of 1-Anilino-5-methylbenzthiazole from 1-Chloro-5-methyl- 
benzthiazole and Aniline and of 1-Anilino-4'-methylbenzthiazole from 
1-Chlorobenzthiazole and p-Toluidine, and the Bromination of s-Phenyl- 
p-tolylthiocarbamide.—(i) 1-Chloro-5-methylbenathiazole. A mixture 
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of 15 g. of p-tolylthiocarbimide and 22 g. of phosphorus penta- 
chloride was heated in a sealed tube at 170° for 6 hours (compare 
Hofmann, loc. cit.), and the product fractionated under reduced 
pressure, 3 g. of the chloromethylbenzthiazole being obtained, b. p. 
48—152°/15 mm. (Found: Cl, 19-6. C,H,NCIS requires Cl, 
194%). The chloromethylbenzthiazole was more conveniently 
prepared from l-amino-5-methylbenzthiazole by the Sandmeyer 
reaction. A solution of 5 g. of l-amino-5-methylbenzthiazole in 
concentrated hydrochloric acid (25 c.c.) and water (15 c.c.) was 
cooled to 0° and treated with 2-3 g. of sodium nitrite in water 
(5c.c.); 50 ¢.c. of concentrated hydrochloric acid were then added 
and the mixture was boiled for 5 minutes. On neutralisation and 
distillation in steam, 0-8 g. of the chloromethylbenzthiazole was 
obtained. 

A mixture of 1-chloro-5-methylbenzthiazole (0-9 g.) and aniline 
(0-5 g.) was heated until effervescence took place and the gummy 
product was basified with ammonia. 1-Anilino-5-methylbenzthiazole 
crystallised from benzene in needles, m. p. 158° (Found: §, 13-6. 
(,,H,.N.S requires S, 13-3%). The picrate was fairly easily soluble 
in acetone, from which it separated in small yellow crystals, m. p. 
216° (Found: 8, 6-7. C,,H,.N,S,C,H,0,N, requires 8, 6-8%). 

(ii) 1-Anilino-4'-methylbenzthiazole, obtained in a similar manner 
from 1-chlorobenzthiazole and p-toluidine, separated from alcohol 
in slender nzedles, m. p. 177° (Found: 8, 13:7%). The picrate 
formed sparingly soluble, pale yellow needles, m. p. 238° (Found : 
8, 70%). 

(iii) Bromination of s-phenyl-p-tolylthiocarbamide in chloroform 
and in carbon disulphide gave products melting indefinitely between 
145° and 200°, from which neither of the expected anilinobenz- 
thiazoles could be isolated. 


(2) Disubstituted Thiocarbanilides. 


Bromination of s-p-Ethoxyphenyl-p-tolylthiocarbamide and the 
Synthesis of 1-Anilino-4'-ethoxy-5-methylbenzthiazole.—(i) s-p-Ethoxy- 
phenyl-p-tolylthiocarbamide, prepared by condensation of p-tolyl- 
thiocarbimide with p-phenetidine in alcoholic solution, crystallised 
in soft white plates, m. p. 137° (Found: S, 11-0. C,,H,,ON,8 
requires S, 11-2%). 

(ii) The thiocarbamide (1 g.) in chloroform (10 ¢.c.) was treated 
with bromine (1 ¢.c.) and the mixture was heated for one minute, 
cooled, shaken with sulphurous acid, and basified with ammonia, 
and the product recrystallised from alcohol-ethyl acetate; the 
l-anilino-4’-ethoxy-5-methylbenzthiazole obtained was identified 
by m. p. and mixed m. p. determination with the specimen described 
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below. Ina similar experiment in which carbon disulphide (10 c.c,) 
was used as the solvent and the heating was continued for 3 minutes, 
a bromo-substitution product was obtained, which separated from 
alcohol-ethyl acetate in hard white prisms, m. p. 156°; this was 
probably 3-bromo-1-anilino-4'-ethoxy-5-methylbenzthiazole (Found: 
8, 89. C,,H,,ON,BrS requires 8, 8-8%). 

(iii) Condensation of p-phenetidine with 1-chloro-5-methylbenz. 
thiazole yielded 1-anilino-4'-ethoxy-5-methylbenzthiazole, which 
separated from ethyl acetate in small crystals, m. p. 171° (Found; 
S, 11-4. C,,H,,ON,S requires 8, 11-3%). 

Bromination of s-p-Bromophenyl-p-tolylthiocarbamide and the 
Synthesis of 4'-Bromo-|-anilino-5-methylbenzthiazole.—(i) s-p-Bromo- 
phenyl-p-tolylthiocarbamide, prepared from p-tolylthiocarbimide and 
p-bromoaniline, crystallised in white plates, m. p. 187° (Found: 
8, 10-2. C,,H,,N,BrS requires 8, 10-0%). . 

(ii) The base obtained by bromination of this thiocarbamide 
(0-5 g.; carbon disulphide, 5 c.c.; time of heating, one minute) 
formed long needles, m. p. 209°, from alcohol—ethy] acetate, and 
was identical with the 4'-bromo-1-anilino-5-methylbenzthiazole de- 
scribed below (Found : Br, 24-8. C,,H,,N.BrS requires Br, 25-1%). 
The picrate was obtained as a yellow flocculent precipitate from a 
hot acetone solution of the base and had m. p. 251° (decomp.). 

(iii) The thiazole obtained by condensation of 1-chloro-5-methyl- 
benzthiazole with p-bromoaniline was identified with the base 
described under (ii) by m. p. and mixed m. p. determinations. The 
picrate obtained from it had m. p. 250° (decomp.), alone and when 
mixed with the specimen already described (Found: S, 5%. 
C,,H,,N,Br8,C,H,0,N, requires S, 5-8%). 

Bromination of s-p-Nitrophenyl-p-tolylthiocarbamide and _ the 
Synthesis of 4'-Nitro-1-anilino-5-methylbenzthiazole.—(i) s-p-Nitro- 
phenyl-p-tolylthiocarbamide, prepared from p-nitrophenylthiocarb- 
imide and p-toluidine, crystallised in yellow needles, m. p. 175 
(Found: S, 11-2. C,,H,,0,N,S requires 8, 11-1%). 

(ii) The insoluble 4'-nitro-1-anilino-5-methylbenzthiazole produced 
by treatment of the thiocarbamide with bromine was purified by 
boiling with alcohol and was obtained as an orange-coloured powder, 
m. p. 265° (Found: 8, 11-1. ©,,H,,0,N,S requires 8, 11-2%). 

(iii) The same benzthiazole was obtained from the gum formed 
by fusion of p-nitroaniline and 1-chloro-5-methylbenzthiazole and 
was identified by m. p. and mixed m. p. determinations with the 
product described under (ii). 

Bromination of s-p-Bromo-p'-ethoxydiphenylthiocarbamide and the 
Synthesis of 5-Bromo-1-anilino-4'-ethoxybenzthiazole.—(i) s-p-Bromo- 
p’-ethoxydiphenylthiocarbamide, prepared from p-bromophenylthio 
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carbimide and p-phenetidine, crystallised from alcohol in soft white 
plates, m. p. 169° (Found: S, 9-3. C,;H,,ON,BrS requires 8, 
91%). 

(ii) The bromoethoxydiphenylthiocarbamide (1 g.) was treated 
in chloroform (10 c.c.) with 1-3 c.c. of bromine, and the mixture 
boiled for one minute. The base produced by reduction with 
sulphurous acid crystallised from ethyl acetate in white needles, 
m. p. 198° (Found: Br, 23-2. C,;H,,ON,BrS requires Br, 22-9%). 
Its constitution as 4’-bromo-1-anilino-5-ethoxybenzthiazole is deduced 
from its non-identity with the isomeric 5-bromo-1-anilino-4'-ethoxy- 
benzthiazole which was rationally synthesised as described in (iii). 
In an almost identical experiment in which carbon disulphide was 
used as the solvent instead of chloroform and heating was con- 
tinued for 5 minutes, a product was obtained which separated from 
ethyl acetate in small crystals, m. p. 226°, and was probably 
3: 4'-dibromo-1-anilino-5-ethoxybenzthiazole (Found: Br, 36:1. 
C,;H,,ON,Br,S requires Br, 37-2%). 

(iii) The following is a more convenient synthesis of 1-chloro- 
5-bromobenzthiazole than the method of heating p-bromophenyl- 
thiocarbimide and phosphorus pentachloride under pressure de- 
scribed by Dyson, Hunter, and Soyka (J., 1929, 458). 5-Bromo- 
l-aminobenzthiazole (15 g.) was suspended in a mixture of 50 c.c. 
of water and 10 c.c. of concentrated hydrochloric acid at 0° and 
diazotised with sodium nitrite (7 g.) in water (20c.c.). Concentrated 
hydrochloric acid (100 c.c.) was then added, the mixture boiled for 
5 minutes, and the chlorobromobenzthiazole (2-3 g.) isolated by 
distillation in steam. 

5-Bromo-1-anilino-4'-ethoxybenzthiazole, prepared by fusing the 
chlorobromobenzthiazole with p-phenetidine, separated from ethyl 
acetate in small plates contaminated with a purple impurity which 
could not be removed completely by recrystallisation; m. p. 199° 
(Found: Br, 22-9. C,;H,,ON,BrS requires Br, 22-9%). 

A number of attempts to apply the Sandmeyer reaction to 

l-amino-5-ethoxybenzthiazole with the object of preparing 1-chloro- 
5-ethoxybenzthiazole for the rational synthesis of 4’-bromo-1- 
anilino-5-ethoxybenzthiazole were unsuccessful. 
. Bromination of s-p-Chloro-p'-bromodiphenylthiocarbamide and the 
Synthesis of 4'-Chloro-5-bromo-1-anilinobenzthiazole.—(i) s-p-Chloro- 
p'-bromodiphenylthiocarbamide, prepared from p-bromophenylthio- 
carbimide and p-chloroaniline, separated from alcohol in long white 
prisms, m. p. 187° (Found: S, 9-7. C,3H,9N,CIBrS requires §, 
94%). 

(ii) The chlorobromodiphenylthiocarbamide (1 g.) in carbon 
disulphide (10 c.c.) was treated with bromine (1:3 c.c.), and the 
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mixture heated under reflux for 15 minutes. 4'-Chloro-5-brome. 
l-anilinobenzthiazole separated from alcohol in woolly needles, m. p. 
218° (0-1760 g. gave 0-1680 g. of mixed silver halides. C,3H,N,CIBr8 
requires 0-1720 g.). 

(iii) The condensation product obtained from 1-chloro-5-bromo. 
benzthiazole and p-chloroaniline was basified and recrystallised from 
alcohol; it then formed woolly needles, m. p. 217° alone and when 
mixed with the specimen described under (ii). 

Bromination of s-p-Bromo-p'-nitrodiphenylthiocarbamide and the } de 
Synthesis of 5-Bromo-4'-nitro-1-anilinobenzthiazole.—(i) s-p-Bromo- } ay 
p’-nitrodiphenylthiocarbamide, prepared from p-nitrophenylthiocarb- |}; 
imide and p-bromoaniline, formed yellow needles, m. p. 186° (Found: 
S, 9-0. C,,;H,,0,N,BrS requires 8, 9-1%). 9 

(ii) A mixture of the thiocarbamide (0-5 g.), chloroform (6 c.c.), | m 
and bromine (0-5 c.c.) was boiled under reflux for 8 minutes. The | y, 
precipitated oil, which solidified, was reduced and basified in the | ¢, 
usual way; the 5-bromo-4'-nitro-l-anilinobenzthiazole obtained } oy 
separated from alcohol as a microcrystalline yellow powder, m. p. | ¢h 
258° (Found: Br, 22-8. C,,H,O,N,BrS requires Br, 22-8%). tr 

(iii) Bromonitroanilinobenzthiazole obtained from 1-chloro-5- pl 
bromobenzthiazole and p-nitroaniline had m. p. 259°, and 258— | » 
259° when mixed with the specimen obtained from the bromonitro- 
diphenylthiocarbamide. 
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Mobility of the Triad (Prototropic) Systems of the Thiocarbamide - 
. Complex. ” 


Methylation of s-p-Bromodiphenylthiocarbamide and S-Methyl- | » 
s-p-bromodiphenylthiocarbamide and the Synthesis of S-Methyl- | th 
s-phenylmethyl-p-bromophenylthiocarbamide from p-Bromophenylthio- | by 
carbimide and Methylaniline by Way of s-Phenylmethyl-p-bromo- | (0), 
phenylthiocarbamide.—(i) S-Methyl-s-p-bromodiphenylthiocarbamide, | ey 
C,H,Br-NH:C(SMe):NPh. A mixture of 4 g. of s-p-bromodiphenyl- } 17 
thiocarbamide, alcohol (4 c.c.), and methyl iodide (1-5 c.c.) was | yy 
heated under reflux on a steam-bath until solution took place | ; 
(10 minutes). The product was basified with sodium carbonate | y; 
solution and extracted with chloroform, the S-methyl derivative ]| (] 
being obtained. This compound crystallised in long, white, waxy: } ga 
needles, m. p. 78° (Found: Br, 24-4. C,,H,,N,BrS requires Br, | in 
24-9%), and was very soluble in all ordinary solvents. On being 
heated with mineral acids, it decomposed, yielding methyl mercaptan. 

(ii) S-Methyl-s-phenylmethyl-p-bromophenylthiocarbamide, 

C,H,Br-N:C(SMe)-NMePh. 
S-Methyl-s-p-bromodiphenylthiocarbamide was recovered ut- 
changed after being heated with methyl iodide. 2 G. of this 
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§-methylthiocarbamide were therefore heated with 3 c.c. of methyl 
silphate on a steam-bath for 15 minutes. Sodium carbonate 
solution was then added and after 4 hour the mixture was extracted 
with chloroform ; removal of the chloroform furnished a gum which 
gadually crystallised. S-Methyl-s-phenylmethyl-p-bromophenylthio- 
carbamide formed soft prisms, m. p. 93° (Found: Br, 23-7. 
(,;;H,;N.BrS requires Br, 23-9%). 

(iii) s-Phenylmethyl-p-bromophenylthiocarbamide, prepared by con- 
densing equimolecular quantities of p-bromophenylthiocarbimide 
and methylaniline, crystallised from alcohol in white prisms, m. p. 
156° (Found: Br, 24-6. C,,H,,N,BrS requires Br, 24-9%). 

(iv) Methylation of s-phenylmethyl-p-bromophenylthiocarbamide. 
2G. of the carbamide were heated on a steam-bath with 2 c.c. of 
methyl sulphate and 10 c.c. of alcohol for 5 minutes; the mixture 
was basified with sodium carbonate solution and extracted with 
chloroform. The gum obtained by removal of the chloroform 
crystallised in waxy needles, m. p. 88°, and 90° when mixed with 
the specimen of the S-methyl derivative described under (ii). On 
treatment with mineral acids, S-methyl-s-phenylmethyl-p-bromo- 
phenylthiocarbamide decomposed with liberation of methyl 
mercaptan. 

Bromination of Thiocarbamide. 

Claus’s Bromo-derivative-—(i) Bromine was added to a solution 
of thiocarbamide (0-5 g.) in alcohol (15 c.c.) until the yellow colour 
persisted (absorption approx. 0-3 c.c.); white prisms then separated 
which had m. p. 191° (decomp. with efferv.) (Claus, loc. cit., gives 
m. p. 176°). (ii) Bromine (1 ¢.c.) was added to a suspension of 
thiocarbamide (1 g.) in carbon disulphide (10 c.c.); a red per- 
bromide then separated which was collected on porous earthenware. 
On exposure in the laboratory, this product decomposed with 
evolution of hydrogen bromide, yielding a colourless residue, m. p. 
178°, which melted at 182° when mixed with the specimen described 
under (i) (Found: S, 19-7. Calc. for CH,N,BrS: 8, 20-7%). 
It dissolved readily in cold water, in which the apparent molecular 
Weight was 87 (w, 0-132 g.; W, 10-87 g.; depression, 0-26°. 
CH,N,BrS requires M, 155). An aqueous solution (acid to litmus) 
gave with silver nitrate solution a precipitate which decomposed 
into silver bromide and silver sulphide on being heated. 


Absorption Spectra Measurements. 

The aminobenzthiazoles were purified by repeated crystallisation 
and dried at 100°. Equimolecular solutions were made in absolute 
aleohol and a specimen of the alcohol was placed in the alternative 
path of the photometer. 
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After preliminary experiments, each solution was diluted with an 
equal volume of alcohol, and the dilutions were examined in cells, 
2 em. thick, under identical conditions with a Judd—Lewis sector 
photometer in conjunction with a Hilger E 3 quartz spectrograph. 
The concentrations were : ([) l1-amino-5-methylbenzthiazole, 0-02 
g./l.; (I) 1-acetomethylamido-5-methylbenzthiazole, 0-0268 g./l.; 
(III) 1-acetimido-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole, 0-0268 
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g./l.; (IV) 1-anilinobenzthiazole, 0-0276 g./I. The results are in § 4 
the following table, where ¢ denotes the extinction coefficient, and f 9 
» the wave-lengths in A.U. of the maxima and minima on the f it 








curves (see fig.). C 
5. If. ITT. IV. fi 
—_ cr : —— ee 
Log « 1-8 1-1 1-4 105 1:64 O99 258 O2 2-48 0:56 ¥ 
. A, max. 2662 3029 2780 3165 3050 ¥ 


A, min. 2437 2990 2500 2490 2545 
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NOTES. 
Note on the Drying of Gas Streams. By Louis LEIGHTON 
BIRCUMSHAW. 


For certain experiments it was necessary to have a constant stream 
of hydrogen in which the water content of the gas was reduced to 
such an extent that the finest film of oxide was not formed on a 
number of metals, e.g., lead and tin, during prolonged passage of the 
gas through these metals at a temperature just above their melting 
points. The hydrogen was generated electrolytically from 5% 
sodium hydroxide solution, freed from traces of oxygen by passage 
over a long roll of hot copper gauze and then a roll of iron gauze 
at 600°, and dried by passage through tubes containing calcium 
chloride. Before entering the gas-tight furnace containing the 
metal it was passed through the usual form of trap immersed to the 
junction of the outlet tube in a Thermos flask containing acetone 
and solid carbon dioxide (— 78-0°). The pressure of water vapour 
in the gas should then be 0-0004 mm. After several hours a thin 
film of ice was found on the inner surface of the inner tube at the 
level of the freezing mixture. This film extended down the tube for 
about 5 mm., its lower boundary being quite sharp, and no ice was 
visible on the rest of the apparatus. In order to test the efficiency of 
this method, the gas after passing through this trap was conducted 
through an exactly similar one, the two being connected by 50 cm. 
of glass tubing. A similar thin film of ice was formed in the second 
as well as in the first trap, in spite of the fact that no ice could be 
seen on the inner wall of the outer tube and the outer wall of the 
inner tube of the first trap. When three traps were similarly 
connected in series, however, no ice was found in the third. 

One possible method for the passage of water vapour through the 
frst trap might be that owing to the intense “ chilling ” of the gas 
when it enters the trap a certain amount of ice fog is formed. This 
would probably take place in the gas phase away from the sides, 
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i.e., by “ volume” cooling rather than “surface” cooling. The 
particles of this “ice aerosol” may fail to condense on the sides of 
the trap owing to an adsorbed film of gas. With a view to trapping 
these particles, if they are formed, and so throwing some light on 
this phenomenon, the following experiments were carried out. 

(1) Two traps were used, the first being filled with small pieces of 
dried coco-nut charcoal. A good film of ice was still formed in the 
second trap. 

(2) The first trap was immersed in a mixture of ice and water, 
and the second and third in acetone-carbon dioxide snow. A good 
film of ice was formed in the second and a fine film in the third. 

(3) The first trap, containing a roll of copper gauze, was placed 
in the first Thermos flask, and empty traps in the second and third 
flasks. A ring of ice was formed in the second trap but none in 
the third. 

(4) Experiment (3) was repeated with glass wool instead of copper 
gauze, with the same result. When the trap was packed with 
thoria a visible ring of ice was formed in the third trap as well as the 
second. This may have been due to an increase in the formation 
of ice fog owing to the «-particles and ionic nuclei present. 

(5) It was thought that, although the particles of an ice aerosol 
might be totally reflected from a cold glass wall, if the latter were 
covered with a film of ice this reflexion would not take place; there- 
fore the first trap, covered inside with a thin layer of ice, was placed 
in the first Thermos flask, and empty traps in the second and third. 
A good ring of ice was seen in the second trap and a faint ring in 
the third. 


(6) Since it was possible that the above hypothesis was incorrect, 


it was decided to use even greater chilling. Acetone was rapidly 
evaporated from a mixture of acetone and solid carbon dioxide 
contained in a Thermos flask and the temperature of the mixture 
was thus reduced to — 95°. The first trap was placed in this, and 
the second in ordinary acetone-carbon dioxide mixture (— 78°). 
A distinct ring of ice was seen in the second tube, and the same 
result was obtained when the first trap was filled with (a) copper 
gauze and (b) glass wool. 

(7) Three traps connected by pieces of glass tubing 75 cm. long 
were each immersed in a Thermos flask containing acetone—carbon 
dioxide : a good film of ice was seen in the second and a faint trace 
in the third. 

(8) Experiment (7) was repeated, the long connecting tube 
between the first trap and the second being replaced by a short 
lagged connexion. A trace of ice was then seen in the second trap 
and a heavy film in the third. 
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Experiments (7) and (8) were repeated, with the same results, 
and hence it is concluded that the sudden cooling in the first trap 
causes the formation of an ice fog, and if the gas is then passed 
through a length of glass tubing exposed to room temperature this 
fog is destroyed and the remaining trace of water deposited in the 
next trap. 

(9) The first trap was immersed in a Thermos flask containing a 
mixture of ice and salt connected with a short length of lagged tubing 
to the second trap in acetone—carbon dioxide. This was followed 
by a third trap connected with the second by along piece of tubing. 
In numerous runs a heavy ring of ice was observed in the second 
trap and either no ice or only the faintest trace in the third. This 
method was ultimately adopted as being efficient and at the 
same time effecting a saving in the more expensive solid carbon 
dioxide. 

In the above experiments the gas was passed through the system 
at a rate of about 15 c.c./min. and the duration of a run was 6 hrs. 
In cases where the trap was filled with some material, e.g., charcoal, 
the gas was passed through in the reverse direction. 


The author would like to thank Mr. J. Trotter for his assistance 
in this work.—THE NATIONAL PHysiIcaAL LABORATORY, TEDDINGTON. 
[Received, July 11th, 1930.] 





Action of Monochlorodimethyl Ether on Magnesium Benzyl Chloride. 
By Arrnur Ceci, BoTttomLey, ARTHUR LAPWoRTH, and ARTHUR 
WALTON. 


A PATENT taken out by the Baeyer Co. (K1.120, N.154658 vom 
2/8/1903, 17/10/1904. Compare also Centralblatt, 1904, ii, 1355) 
states that when magnesium benzyl chloride acts on monochloro- 
dimethyl ether, a colourless oil, b. p. 187—188°, is obtained, and 
that investigations have shown this to be the methyl ether of 
0-tolylearbinol, CH,*C,H,°CH,*O-CHs. 

In view of the possible theoretical significance of such a reaction, 
the authors carried out the following experiments. 

Magnesium benzyl chloride prepared from benzyl chloride (63-2 g.) 
was added to chlorodimethyl ether (40 g.) in ice-cold, dry ether 
(400 c.c.). The ether-soluble portion of the acidified product, 
distilled at atmospheric pressure, gave a main fraction (27 g.), b. p. 
175—205°, another (12 g.) with b. p. 205—270°, and a residue of 
fluorescent oil (17 g.). The main fraction was freed from a small 
quantity of unchanged benzyl chloride by prolonged treatment with 
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zinc dust and alcoholic potassium hydroxide, recovered, and re. 
fractionated. The portion distilling at 175—205° (16 g.), which 
should have comprised the bulk of the product which the Baeyer 
patent describes as the methyl ether of o-tolylcarbinol, b. p. 187— 
188°, was examined (Found: C, 79-6, 79-7, 79-4; H, 9-5, 9-3, 9-2. 
Cale. for C,H,,0: C, 79-4; H, 8-9%). 

A sample (12 g.) was boiled with dilute aqueous permanganate 
and a little alkali for 48 hours; the whole was then cooled, and 
the manganese dioxide dissolved by leading in sulphur dioxide, 
A white powdery material (4-8 g.) remained undissolved : this 
evidently contained much benzoic acid, though it yielded some 
phthalic anhydride on treatment with acetyl chloride and gave 
the fluorescein reaction. The aqueous mother-liquor on extraction 
with ether yielded 4-2 g. of nearly pure benzoic acid (equiv. found, 
122-9; calc., 122). 

In subsequent experiments more elaborate fractionation yielded 
a small quantity of liquid boiling at 186—189°, and 4-6 g. of this 
were submitted to oxidation as before. From the product there 
was isolated some pure terephthalic acid, the diethyl ester of which 
had m. p. 138—139°, both alone and mixed with authentic diethyl 
terephthalate. Based on the different solubilities of the acids in 
water, ether, and chloroform respectively, an estimate of the amounts 
of oxidation products gave: benzoic acid, 3-46 g.; phthalic acid, 
rather less than 0-18 g.; terephthalic acid, at least 0-18 g. 

The authors infer that when magnesium benzyl chloride acts on 
monochlorodimethyl ether, a little w-methoxy-o-xylene is un- 
doubtedly formed, but this is accompanied by #-methoxy-p-xylene 
and a very much larger quantity of @-phenylethyl methyl] ether, 
C,H,°CH,°CH,°0-CH,, as well as other products of higher boiling 
point. 

Magnesium benzyl chloride, when condensed with acetone and 
acetaldehyde respectively, gives products which when oxidised by 
permanganate yield no traces of phthalic acid or of any aromatic 
acid other than benzoic acid. The behaviour of monochlorodi- 
methy] ether is therefore, in one respect at least, different from that 
of an acyl chloride which here corresponds more closely in com- 
portment with a true carbonyl compound.—THE UNIVERSITY, 
MancHEsTEeR. [Received, July 11th, 1930.] 
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COLXXXIII.—The Chemistry of the Three-Carbon 
System. Part XXV. The Effect of the Methyl 
Group on the Tautomerism of Acids and. Ketones 
of the cycloPentane and cycloHexane Series. 


By GzoRGE ARMAND Rosert Kon and Ram Soma THakor. 


THE present investigation was undertaken with the object of 
determining the effect of a substituent methyl group on the mobility 
and the equilibrium in the system 
CH,°CH , CH,°CH 
(.) CH 2 aq C:CHX CH 2 “ap >C’CH,X (Ir-) 
*<CH,-CH,> *<cH,-CH> CCH: 


(X = CO,H or COMe.) 


the substituent being introduced in all the four possible positions ; 
the «a-substituted cyclopentane compounds were subsequently 
examined for the sake of comparison. The results with acids and 
with ketones are considered separately. 

Acids.—All the acids used had been previously obtained, although 
some had not been completely purified. The position of the double 
bond in the o-methyl-@y-acid, which was undecided by previous 
investigators, has been definitely proved to be A! (III), not 
A® (IV); the constitution of the meta-compound was not finally 

CH,°CH CH,——CH 
CHs< CH, -CMe> C'CH2CO,H CHe< oH; -CHMe> OC CH2'CO,H 
(III.) (IV.) 

settled (see Experimental) but it appears to be the 3-methyl- 
A’.acid. The mobilities and equilibria of the acids in potassium 
hydroxide solutions were determined by the standard procedure 
used by Linstead (J., 1927, 2579) and by Goldberg and Linstead 
(J., 1928, 2343), except for. minor modifications in analytical 
technique (see Experimental), and the results are summarised in 
Table I, the parent acids being included for comparison. 

The most striking feature of these results is the very marked effect 
of the «-methyl group. It causes appreciable shifting of the equili- 
brium towards the «$-side in both the cyclopentane and the cyclo- 
hexane series, in agreement with the observation of Goldberg and 
Linstead (loc. cit.) on straight-chain acids; in addition, it retards 
the mobility of the system so greatly that only approximate measure- 
ments of mobility were possible with «-methylcyclohexylideneacetie 
acid. This effect on mobility was not observed by Goldberg and 
Linstead although it occurs in some neutral systems (Abbott, Kon, 


and Satchell, J., 1928, 2514; Kandiah and Linstead, J., 1929, 2139), 
4F 
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Tas_eE I. 
% af at Half. 
equi- Mobility, change 
Acid (a8-form shown). librium. 10(k,+k,). period, 
CH CH. CHL >C:CH-CO,H (Linstead) ...... 12 1 8 hrs, 
CH,-CHyw a. : 
CHr<CH?-CH, > C:CMe-CO,H Lapshoaeoebtenetes 32 0-0075 ? | 
CH.--"CHe.. 7. ’ ‘ 
OHNO, CHM. PSC:CH-COLH «.....ceeeeeeeeees 11-5 0-15 50 hrs. 
CH <GHite- CHC: CH-COGH ......ssceeseeeees 9 0-27 = 26 hrs. 
H,-CH 
CHMe< GH". CH CCH COM oo... sssesssseee 7 0-42 17 brs, 
CH,-CH 
“SC:CH-CO,H (Goldberg & Linstead) 14 22-0 25 mins) 
H,-CH; 
cH ‘CH 
MOIR achat dalactdectballede 38 0-58 14hm| | 
bes.. CH, ( 


Again, the introduction of a methyl group in the cyclohexane ring 
has a general slight retarding effect on the mobility, as would be 
expected, but it has practically no effect on the position of equili- 
brium which is displaced towards the Sy-side to a slight extent; this 
displacement should be greatest in the ortho-compound where the 
methyl group occupies the y-position with respect to the three- 
carbon system itself (compare Linstead, J., 1929, 2498), whilst! o 
the meta- and para-substituents merely serve to lengthen the} 9 
substituent chain, but the facts point to the reverse order, p>m>0] p 

Ketones.—All the fy-unsaturated ketones studied had beet] o 
previously obtained, but with the exception of «-methyleydo| iy 
pentylideneacetone (Bardhan, J., 1928, 2591) their «f-isomerides 
were unknown. Unfortunately, all attempts to prepare the «- ani 
o-methylcyclohexane compounds failed, the Sy-forms being invar:- 
ably obtained, although the 3- and 4-methylcyclohexylideneacetons 
were readily prepared by standard methods. For this reason, i 
was impossible to determine their mobility and point of equilibrium; 
but it must be assumed that the latter is practically coincident wit 
that of the pure @y-ketone in both cases because the pure ke 
show no change in physical properties or iodine addition after pro 
longed treatment with sodium ethoxide. The mobility of t 
ortho-methyl ketone must be fairly high because it undergoes t 
Michael reaction with ethyl sodiomalonate, a behaviour which i 
usually taken as proof of the existence of an «@-phase. The «-meth 
compound failed to condense with ethyl sodiomalonate but cody me 
siderable difficulty was also experienced with «-methylcyclopentylid} rin 
eneacetone, which is stable in its «$-phase—the mobility of thi ort 
ketone has been definitely demonstrated. It must also be ne da sta 
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actually condense with ethyl sodiomalonate (Kon and Narayanan, 
J., 1927, 1536), so the present failure to effect condensation of the 
a-methyl ketone must be attributed to conditions rather than to 
complete lack of mobility on the part of the ketones. 

The equilibration of the remaining pairs of ketones has been 
carried out under the standard conditions of Kon and Linstead 
(J., 1929, 1269) with the results shown in Table II. The mobility 


TABLE II. 
Ketone (a8-form shown). % af at equilibrium. Mobility. 
CH Grit on >C:CH-COMe ...... 25 “a 
CH Ch rm. ' 
CHMe< oy*.cH) OCH COMe ...... 13-5 600—700 
H,-CH 
CH aa >C:CH-COMe ......... 30 700 
: CH,-CH,> (Kon and Linstead) 
CH,CH 
] "SC:CMe-COMe ......:seseceseeee 64 3000 
CH,-CH, 
CH,-CH, 
| ORT cxcnsnicnvsnwinene About 75 (estimated, 3000 
CH,-CH, ef. Kon, this vol., 


p. 1616). 


of the meta-methyl ketones has not been determined owing to lack 
of material, but it appears to be of the same order as that of the 
para-compound and the parent substance. The point of equilibrium 
of the para-compound is somewhat uncertain. Values correspond- 
ing with about 13% of «8 were obtained from the «$-side with 
sodium isopropoxide, and also with sodium ethoxide from the fy, 
the latter being regarded as the more trustworthy by Kon and 
Linstead (loc. cit.), but more prolonged treatment of both ketones 
with sodium ethoxide leads to mixtures of apparently high «$-content 
(nearly 20%); this is probably due to somewhat rapid addition of 
the elements of ethyl alcohol to the «$-ketone. 

It will be seen that the introduction of an a-methyl group dis- 
places the equilibrium towards the By-side in both cyclohexane and 
cyclopentane ketones (as it does in the homomesitones; Abbott, 
Kon, and Satchell, loc. cit.), that is, its effect is the reverse of that 
observed in the acids. It does not appear to affect mobility to a 
great extent, at any rate in the cyclopentane series, a fact for which 
we cannot at present offer any explanation. The effect of the 
methyl group in the meta- and the para-position of the cyclohexane 
ting is, as would be expected, not very pronounced; but in the 
ortho-position it appears to exercise considerable influence in the 
stabilisation of the Sy-phase to the almost complete exclusion of the 
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prediction based on the electronic hypothesis (compare Linstead, 
loc. cit.). 

When these observations are compared with those made on the 
acids, striking differences are revealed, especially with regard to the 
effect of the «- and the ortho-methyl group. The former greatly 
depresses the mobility of the acid and favours the «$-phase; it 
favours the @y-phase in ketones, whilst its effect on mobility is 
uncertain. The ortho-methyl group has little effect in the acids 
and favours the By-phase in the ketones. 

It is necessary to emphasise the fact that the same positive 
substituent can produce two totally opposed effects according to 
whether it is introduced into an acid or a ketone of otherwise 
analogous structure. It remains to be discovered whether acids, 
owing to the presence of a permanent free pole, constitute a group 
apart, and whether general rules connecting structure with tau- 
tomerism can be laid down, for example, to cover all other tauto- 
meric compounds (esters, nitriles, ketones, etc.). 


EXPERIMENTAL. 
A. Acids. 


a-Methyl Acids.—(1) «-cycloHexylidenepropionic acid was ob- 
tained as described by Auwers and Ellinger (Annalen, 1911, 387, 
230). The solid acid was accompanied by a liquid which was a4 
mixture of the above acid with its By-isomeride. The «$-acid could 
be separated from this in the pure state by the method of Bougault 
(Ann. Chim. Phys., 1908, 14, 145), but the best results were achieved 
by partially esterifying the acid mixture. The original conditions 
used by Eccott and Linstead (J., 1929, 2153) were somewhat 
modified ; for 1 g.-mol. of mixed acids only 460 c.c. of alcohol and 
200 c.c. of N-alcoholic hydrogen chloride were used and found to 
give satisfactory results in all cases; the method of working up the 
product was the same. The time required varied in different 
experiments; in the present instance 24 hours were needed to 
produce the pure #y-ester, whilst 72 hours were required when 
preparing pure «$-acid, to ensure that all the By-acid present had 
been esterified. In this way 40 g. of liquid mixed acids (see above) 
gave 15 g. of By-ester, b. p. 103—104°/10 mm., 5 g. of a higher-boiling 
fraction probably containing the «$-ester, and 15 g. of pure solid 
«$-acid (Found in silver salt: Ag, 41-3. Calc.: Ag, 41-4%). The 
anilide, prepared through the acid chloride, formed needles from 
dilute methyl alcohol, m. p. 126° (Found: C, 78-5; H, 8%. 
C,;H,,ON requires C, 78-6; H, 8:3%). The p-tolwidide, similarly 
obtained, formed stout needles from methyl alcohol or benzene, 
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m. p. 161° (Found: C, 78-7; H, 8-6. C,,H,,ON requires C, 79-0; 
H, 86%). 

(2) «-A!-cycloHexenylpropionic acid, previously obtained as a 
liquid by Auwers and Ellinger, solidified when pure on being cooled 
in a freezing mixture; m. p. 38° after crystallisation from pentane. 
The physical properties of the supercooled liquid differed somewhat 
from those recorded by Auwers and Ellinger : b. p. 120—124°/1 mm., 
d2* 1-0332, nB* 1-48405, [R,],) 42-59 (Cale.: 42-75). The ethyl 
ester, prepared through the silver salt, was similar to theirs: b. p. 
111°/19 mm., d}?” 0-9660, nif” 1-4627, [Rz]p 51-90 (Calc. : 51-99). 

The anilide formed needles, m. p. 123—124°, from methyl alcohol 
(Kandiah and Linstead’s m. p. 56° is due to a misprint) (Found : 
C, 78-4; H, 81. C,;H,;,ON requires C, 78-6; H, 83%). The 
p-toluidide, long, silky needles from ethyl acetate—petroleum, had 
m. p. 108° (Found: C, 79-0; H, 8:7. C,,H,,ON requires C, 79-0; 
H, 8-6%). 

For the analysis of mixtures of the two acids, Linstead and May’s 
method (J., 1927, 2565) was used, and a reference curve constructed 
from the following values for additions of iodine in 10 mins. : 


Mixture (% af) ......... 100 99 7 50 2% 1 10 0 
Addition (%) —......... 0 10:9 261 486 66-4 715 744 78-8 


The accuracy of the curve was checked by two examples; mixtures 
containing 40°% and 60% of «f-acid had additions of 55-5 and 39-8 
respectively (Calc. from curve, 56-1 and 39-7). 

Equilibrations. A few experiments were carried out under 
Linstead’s standard conditions but the change was extremely slow 
and the tubes employed underwent considerable corrosion after 
some 320 hours. Later experiments were carried out in copper 
flasks, stronger alkali and a higher temperature being used. 
Experiments were also made starting with mixtures of the two 
acids, the results being given in Table ITI. 


TABLE III. 
Time Todine ad- 

Acid, % KOH. Temp. (hours). dition, %. af-Acid, %. 
aB 25 100° 80 5-1 94-3 
9 i 320 11-1 90-0 
”” 36-6 B. p. 43-5 22-5 79-0 
” - Po 97 46-9 51-5 
99 35-6 re 139 62-6 30-5 
By 36-6 oi 102 72-7 12°5 
” i ie 168 60-4 34-0 

50- 

as “4 i ' 72 60-9 33-0 

69- 

poh 44) = . 146 62-6 30-5 
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The mean value for the point of equilibrium is thus 32% af. 
Only the first two experiments serve for the calculation of the 
mobility, which is approximately 0-0075. 

2-Methyl Acids.—(1) 2-Methyleyclohexylideneacetic acid was 
obtained in needles, m. p. 68-5° after crystallisation from pentane. 
A liquid by-product was subjected to partial esterification (see 
above) and yielded more of the solid acid as well as some By-ester. 
The amide, prepared through the acid chloride, formed prisms from 
benzene-petroleum, m. p. 112° (Found : C, 70-3; H, 9-7. C,H,,ON 
requires C, 70-6; H, 9-8%). The anilide formed small prisms from 
dilute methy] alcohol, m. p. 99° (Found : C, 78-1; H, 8-2. C,;H,;,ON 
requires C, 78-6; H, 8-3%). 

(2) 2-Methyl-A}-cyclohexenylacetic acid. The crude ester obtained 
by dehydrating the hydroxy-ester (from 2-methylcyclohexanone 
and ethyl bromoacetate) with phosphorus oxychloride had a some- 
what low iodine addition of 60-5 in 30 minutes. It was hydrolysed 
in the cold with 5% alcoholic alkali, and the acid subjected to 
partial esterification for 4 hours. The resulting ester had b. p. 
111—112°/18 mm., d?* 0-9655, n#* 1-46529, [Rz]p 52-18 (Calc. : 
51-99), iodine addition 66-6% in 30 mins. The acid obtained from 
it had b. p. 106—108°/2 mm., d?” 1-0373, nj}? 1-48704, [R,]p 42-74 
(Cale. : 42-75), iodine addition 80-8 (in 10 mins.); on repeating the 
esterification and hydrolysis an acid with an iodine addition of 84-7 
was obtained, and solidified in a freezing mixture; m. p. 10—14° 
(Found in silver salt: Ag, 41-2. Cale. : Ag, 41-4%). A specimen 
of the pure fy-acid was dissolved in cold sodium hydrogen carbonate 
solution, and the requisite amount of 3°% potassium permanganate 
added. The filtered solution was evaporated to a small bulk, 
extracted with ether, acidified, and again repeatedly extracted with 
ether. The acid obtained on evaporation did not solidify; it was 
freed from a small amount of volatile acid (unchanged @y) and 
esterified, fractions of b. p. 112—120°, 122—127°, 127—140°, and 
>140°, all at 13 mm., being obtained and separately hydrolysed. 
The highest fraction yielded an acid which did not solidify, gave a 
red colour with ferric chloride and was not identified; from all the 
other fractions some solid was obtained and this, on crystallisation 
from ethyl acetate, melted at 148—149° and proved to be adipic acid; 
the position of the double bond in the Sy-acid must therefore be A’, 
otherwise an acid with a branched chain would have been formed. 

The amide crystallised from dilute alcohol or benzene—petroleum 
in lustrous plates, m. p. 138° (Found : C, 70-4; H, 9-7. C,H,;ON 
requires C, 70-6; H, 9-8%). The anilide crystallised from dilute 
alcohol or ethyl acetate—petroleum in long silky needles, m. p. 143° 
(Found : C, 78-5; H, 8:4. C,;H,,ON requires C, 78-6; H, 8:3%). 























fo af. 
of the 


was 
itane. 
1 (see 
ester, 
| from 
(15ON 
from 
[1g ON 


ained 
anone 
some- 
lysed 
ed to 
b. p. 
‘ale. : 
from 
42-74 
g the 
f 84-7 
—]4° 
imen 
onate 
anate 
bulk, 
with 
L was 
| and 
_ and 
ysed. 
ave a 
il the 
ation 
acid ; 
e A}, 
ed. 
leum 
50N 
ilute 
143° 


3%). 


CHEMISTRY OF THE THREE-CARBON SYSTEM. PART xxv. 2223 





For the iodometric analysis of mixtures of the two acids a reference 
curve was constructed from the following values : 





Mixture (% aB) .......seeeees 100 90 75 50 25 10 0 
Addition (% in 10 mins.) ... 05 105 25:3 47-8 65-8 °79-6 84-7 
Test mixtures: 5% aB: Found 82-1. Cale. 82-2. 


15% af: Found 76-3. Cale. 76-3. 


Equilibrations. The following experiments were carried out 
under Linstead’s standard conditions : 


Time [Iodine ad- af-Acid, Time Iodine ad- af-Acid, 
Acid. (hours). dition, %. %.. Acid. (hours). dition, %. %. 
45 83-4 2-5 af 72 54:7 42-3 
i 69-5 80-7 75 *” 120 72-7 20-2 
” 168 78-9 11-0 se 216 78-6 12-0 
ap 36 34-7 64-5 %9 312 78-7 11-6 
63 51-4 46-0 


The equilibrium value is therefore about 11-3%«8. The mobility 
calculated from the above results is 0-15, and the half-change period 
59 hours; the agreement between the observed and the calculated 
values is very close. 

3-Methyl Acids.—(1) 3-Methylcyclohexylideneacetic acid. The acid 
as obtained by the dehydration of the corresponding hydroxy-acid 
was generally a liquid mixture of «8- and #y-acids and these could 
be separated by partial esterification as described on p. 2220. The 
purified «$-acid solidified on standing in the cold for a few days and 
melted at 45—46°; its iodine addition was below 1%. After 
several crystallisations from hexane it formed silky needles, m. p. 
90°, i.e., much higher than that of Auwers and Ellinger’s acid 
(loc. cit.). It would appear that the low-melting acid is a mixture 
of stereoisomerides. 

The amide crystallised from ethyl acetate in silky needles, m. p. 
143—144° (Found: C, 70-4; H, 9-8. C,H,;ON requires C, 70-6; 
H, 98%). The p-toluidide crystallised from methyl alcohol in 
stellate clusters of needles, m. p. 186° (Found: C, 78-6; H, 8-4. 
C,,H,,ON requires C, 79-0; H, 8-6%). 





(2) 3-Methyl-A1-cyclohexenylacetic acid (%). The crude ester 
obtained by the dehydration of the corresponding hydroxy-ester 
with phosphorus oxychloride was hydrolysed and the acid subjected 
to partial esterification for 3—4 hours. The ester so obtained had 
b. p. 112°/17 mm., d?* 0-9530, n®* 1-4594, [Rz]p 52°28 (Cale. : 
51-99), and its iodine addition in chloroform was 57-8% in 10 mins. 
On hydrolysis it gave an acid, b. p. 126°/2 mm., which immediately 
solidified on cooling and crystallised from hexane in large lamine, 
m. p. 38°. A specimen of the acid was oxidised exactly as described 


on p. 2222. A very small quantity (insufficient for identification) 
of a solid melting at 94—98° was isolated, probably consisting of 
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8-methyladipic acid. The accompanying gum was esterified and 
the ester re-hydrolysed, but a solid could not be obtained. The 
formation of 6-methyladipic acid would point to the presence of the 
A®-acid. It is hoped to determine the structure of the solid Py-acid 
in the near future. 

For the analysis of the mixtures of the two acids a reference curve 
was made from the following values : 


Mixture (% a8) .........00000 100 90 80 7 50 2 0 
Addition (% in 10 mins.) ... 1:2 10-2 186 21:8 37-8 48-2 538 

It was found that the iodine addition of the Sy-acid varied con. 
siderably, erratic values being obtained with the same sample of the 
acid at different times. Titrations were carried out without pre. 
viously acidifying the solutions, and different times (5—30 mins.) 
were tried without success. Bougault’s method also failed because 
the formation of iodo-lactone from the Sy-acid was incomplete, and 
there was some reaction with the «$-acid at the same time. The 
difficulty was finally overcome by utilising the fact that, as is 
generally found in such cases, the additions of mixtures containing 
a large proportion of the «8-acid were reproducible and only mix- 
tures of high By-content were erratic. The mixture (of high Sy-con- 
tent) was mixed with a known quantity of pure «$-acid, and the 
composition of the new mixture determined in the usual way; a 
simple calculation then gave the composition of the original mixture. 
It was found advisable to carry out several such experiments on one 
mixture as a check. The determination of composition of the 
equilibrium mixture will illustrate the procedure : 


Total af % aB in 
Equilibrated aB-Acid Iodine content, from equilibrated 
acid, %. added, %. addition, %. reference curve. acid. 
100 0 51-7 13-0 13-0 
20 80 17-2 81-7 8°5 
25 75 20-5 76-6 6-4 
50 50 35-6 54-0 8-0 


The equilibrium mixture thus appears to contain about 8%, of 
a8-acid. 

Equilibrations. The following experiments were carried out 
under Linstead’s standard conditions : 


Time Iodine ad- af-Acid, Time TIodine ad- af-Acid, 
Acid. (hours). dition, %. %. Acid. (hours). dition, %. %- 
aB 12 23-0 73-5 aB 82-5 52-7 8-5 
- 24 33°8 57-0 (at b. p.) 
ie 40 42-7 39-0 By 80 51-7 10-2 
» 60 46-9 29-0 (at b. p.) 
99 80 48-9 23-0 


The mobility calculated from these figures is 0-27, and the half: 
change period about 26 hours. 
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CHEMISTRY OF THE THREE-CARBON SYSTEM. 


4-Methyl Acids.—(1) 4-Methylcyclohexylideneacetic acid had 
m. p. 66° after purification as in the previous case (Perkin, Pope, 
and Wallach, J., 1909, 95, 1791). The p-tolwidide crystallised from 
benzene—petroleum in clusters of needles, m. p. 119° (Found: 
(, 78-9; H, 8-6. C,,H,,ON requires C, 79-0; H, 8-6%). 

(2) 4-Methyl-A1-cyclohexenylacetic acid had m. p. 42—43° (Perkin, 
Pope, and Wallach, loc. cit.). The p-toluidide separated from 
benzene—petroleum in small needles, m. p. 111° (Found: C, 79-0; 
H, 8-7. C,,H,,ON requires C, 79-0; H, 8-6%). 

For the analysis of mixtures of the two acids a reference curve was 
constructed from the following values : 

Mixture (% af) ........s0000+ 100 90 7% 50 2% 10 0 
Addition (% in 10 mins.) ... 0 8-9 19-2 316 41:1 453 48-6 
Test mixture: 60% af: Found 27%. Cale. 26-7%. 

The same difficulty in the titration of mixtures rich in By-acid was 
experienced as in the preceding case and was overcome by the same 
process. The values marked * in the table below were obtained in 
this way. 

Equilibrations. The following experiments were carried out under 
Linstead’s standard conditions, the last two on the Py-acid and the 
others on the «$-acid : 


Time Iodine ad- af-Acid, Time Iodine ad- af-Acid, 
(hrs.). Temp. dition, %. %. (hrs.). Temp. dition, %. %. 
12 100° 26-2 61 48 B.p. 45-5 9, 8* 
24 a 34-8 42 86 - 47-2 4-5, 6-3* 
36 _ 39-5 29-5 168 100° 7-5* 
48 ss 42-5 21-0 86 B. p. 46:) 7-5, 6-3* 
24 B. p. 42:7 ~*20-0, 19* 168 100 6-3* 


The equilibrium values vary somewhat; the mean is about 7%«. 
The mobility calculated from these figures is 0-42; the calculated 
values agree very well with those actually found. The half-change 
period is 17 hours. 

Five-membered-ring Acids.—(1) «-Methyleyclopentylideneacetic 
acid (Wallach and Martins, Annalen, 1909, 365, 272). The crude 
acid obtained in the usual way was accompanied by a liquid from 
which more of the solid «$-acid, together with some fy-ester, was 
obtained by partial esterification. 

(2) «a-Methyl-A'-cyclopentenylacetic acid. The crude acid, 
obtained as described by Bardhan (loc. cit.), was subjected to partial 
esterification for 38 hours at room temperature; the mixture was 
then gently warmed for 2 or 3 hours; 112 g. of acid gave 100 g. of 
pure ester, and 16 g. of «$-acid were recovered. The ester had 
b. p. 82—83°/10 mm., dif“ 0-9616, nif* 1-45393, [Rz]o 47-35 
(Cale. . ie and an iodine addition of 84:9% in 30 mins. The 

F 
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ester was hydrolysed in the usual way; the pure acid had b. p, 
113—115°/1 mm., di?* 1-0366, nii* 1-47497, [Rz]p 38-05 (Cale, 
38-13); it had a remarkably high iodine addition (96-1%). 

A reference curve for the analysis of mixtures of the two acids 
was constructed from the following values : 
Mixture (% af) ..........0005. 100 90 #7 50 2 10 0 
Addition (% in 10 mins.) ... 15 126 293 56:4 779 89:3 961 
Test Mixtures: 40% a8: Found 65-4. Calc. from curve, 65-2. 

60% af: Found 46-7. Calc. from curve, 45:8. 

Equilibrations. The following experiments were carried out 

under Linstead’s standard conditions : 


Time Todine 
Acid. (hours). Temp. addition, %. af-Acid, %. 
af 12 100° 32-3 72-2 
Me 20 uw 54-3 52-0 
nN 60 = 62:7 43-0 
pe 80 2 64-0 41-5 
” 213 - 65-0 40-5 
z 90 B. p. 64:8 40-0 
By 12 100° 81-7 20-0 
“ 24 56 73-6 30-5 
a 40 a 70-2 35-0 
o. 60 ie 68-2 36-5 
fs 213 S 68-0 37-0 
i 90 B. p. 69-1 36-0 


It will be seen that the values for the equilibrium reached from 
the two sides diverge somewhat; the mean value is 38% of af. 
The mobility calculated from these figures is 0-58, and the half- 
change period 14 hours. 

B. Ketones. 


a-Methyl-A1-cyclohexenylacetone.—All attempts to obtain the 
«f-isomeride of this ketone by the Blaise—Maire or Grignard reaction 
were fruitless, although it was found that the «$-acid chloride was 
readily obtained and gave the original solid acid on treatment with 
dilute sodium carbonate. In all cases the same ketone, identical 
with that obtained by Kon (J., 1926, 1792), was produced in fair 
yield. The properties of the ketone regenerated from the pure 
semicarbazone by means of oxalic acid agreed with those already 
published ; the iodine addition (in chloroform solution) was 97-4% 
in 10 mins. and 85-3°% in 5 mins. 

The pure ketone was warmed on the steam-bath for 3} hours with 
an excess of 1-4N-sodium ethoxide; it was then recovered and 
found to have the same physical properties and iodine addition 
(97-0% in 10 mins.; 85-6% in 5 mins.); another specimen was kept 
at room temperature with excess of N-sodium ethoxide but was also 
recovered unchanged. 

The ketone (10 g.) was heated for a week with 10 g. of ethyl 
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malonate and 1-5 g. of sodium in 45 c.c. of alcohol. On being 
worked up in the usual way, about 3 g. of a brown, viscous mass, 
giving a red colour with ferric chloride, were obtained, but this 
could not be induced to crystallise; a crystalline dihydroresorcinol 
could not be obtained from it on hydrolysis with potassium 
hydroxide. 

2-Methyl-A'-cyclohexenylacetone—This ketone was prepared by 
condensing 2-methylcyclohexanone with acetone as described by 
Wallach (Annalen, 1912, 394, 383), and was also synthesised by the 
Blaise—Maire reaction from 2-methyl-A!-cyclohexenylacetyl chloride 
(b. p. 105—107°/18 mm.) and zinc methyl iodide by using the 
modified process described by Dickins, Hugh, and Kon (J., 1928, 
1630). The ketone was exactly the same in both cases; the semi- 
carbazone on recrystallisation melted at 168° (Wallach gives m. p. 
173—174°) in each case and so did a mixture of the two. This 
establishes the position of the double bond in Wallach’s ketone as 
A’, The ketone regenerated from the semicarbazone had properties 
agreeing with Wallach’s (b. p. 102°/15 mm., d?* 0-9333, n3* 
14774, [R,]p 46-09) and an iodine addition of 91-4%. 

All attempts to prepare the «$-isomeride from 2-methylcyclo- 
hexylideneacetyl chloride failed, the same Sy-ketone being obtained, 
although the pure «$-acid could be regenerated from the chloride 
on treatment with dilute sodium carbonate. 

Both the synthetic fBy-ketone and that prepared by Wallach’s 
method were recovered unchanged after 14 hours’ treatment with 
excess of 1-5N-sodium ethoxide, no diminution in the iodine addition 
being observed. It must be assumed that the equilibrium mixture 
is indistinguishable from the pure By-ketone by the methods at our 
disposal. 

The ketone was heated with ethyl sodiomalonate as described on 
p. 2226 for three days, and 1-2 g. of a solid condensation product were 
finally obtained; this crystallised from ethyl acetate—petroleum 
in silky needles, m. p. 134°, and consisted of ethyl 2-methylcyclo- 
hexanespirocyclohexane-3 : 5-dione-6-carboxylate (Found: C, 67-3; 
H, 8-3. C,,H,,0, requires C, 67-7; H, 83%). Some unchanged 
ketone was also recovered from the neutral portion of the reaction 
product in the form of its semicarbazone, m. p. 168° (3 g.). 

3-Methyl Ketones.—(1) 3-Methylcyclohexylideneacetone. A 40— 
60% yield of ketonic fraction, b. p. 95—96°/11 mm., was obtained 
from zinc methyl iodide and 3-methylcyclohexylideneacetyl chloride 
(b. p. 112°/12 mm.). This was converted into the sparingly soluble 
semicarbazone, which crystallised from methyl alcohol in plates, 
m. p. 191° (Found: C, 62-8; H, 9-0. C,,H,ON; requires C, 63-2; 
H, 9-1%). The pure ketone was regenerated from it by Kon’s 
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method (this vol., p. 1616) and had b. p. 91—93°/6—7 mm., di* 
0-9235, nf* 1-48571, [Rz]o 47-27 (Cale. : 45-82). The «-structure 
of the ketone was confirmed by suspending it in ice-cold dilute 
sodium hydrogen carbonate and adding a slight excess of ice-cold 
3% potassium permanganate solution with constant shaking. After 
separation of the manganese dioxide, the liquid was thoroughly 
extracted with ether and the extract on evaporation gave a ketonic 
residue which was treated with semicarbazide, the semicarbazone of 
3-methylcyclohexanone being obtained and identified as usual. 

(2) 3-Methyl-A'-cyclohexenylacetone. The By-acid (p. 2223) was 
converted into the acid chloride, b. p. 95°/11 mm., and this gave a 
55% yield of ketonic fraction with zinc methyl iodide. The semi. 
carbazone on crystallisation melted at 153—154° (Wallach, loc. cit., 
gives m. p. 150°). The pure ketone regenerated by Kon’s method 
had b. p. 86—88°/7—8 mm., d/** 0-9200, nif* 1-46986, [Rz]p 46-12 
(Calc. : 45°82). The ketone was also prepared by Wallach’s method 
(loc. cit.) and gave a semicarbazone identical with the above (m. p. 
and mixed m. p. 153—154°). 

For the analysis of mixtures of the two ketones a reference curve 
was constructed from the following values : 


Pema (Fa) nadescccececess 100 90 75 50 25 10 0 
Addition (% in 10 mins.) .... 15-0 24:5 37-9 55:6 68-7 74:3 77-9 


Equilibrations. Owing to the scarcity of the «$-ketone, no 
measurements of mobility were made. The two ketones were kept 
with an excess of N-sodium ethoxide for 18 hours at 25°; the product 
from the «$-ketone had d}!?” 0-9216, nj” 1-47193, iodine addition 
67-0 (= 28% «$), that from the By had di” 0-9213, n§” 1-47212, 
iodine addition 68-9 (= 24-5% «$). The treatment was repeated 
but practically identical values were obtained. The value reached 
from the Sy-side (about 25% «®) is regarded as the more trustworthy 
(compare Kon and Linstead, loc. cit.). 

Condensation with ethyl sodiomalonate. The ®By-ketone was con- 
densed with ethyl sodiomalonate as described above, but the 
product did not solidify. It was therefore hydrolysed to 3-methyl- 
cyclohexanespirocyclohexan-3 : 5-dione, which solidified on being 
kept in a vacuum and crystallised from ethyl acetate—petroleum, 
m. p. 135—136° (Found: C, 73:9; H, 9-2. C,,H,,0, requires 
C, 74:2; H, 9-4%). 

4-Methyl Ketones.—(1) 4-Methylcyclohexylideneacetone was pre- 
pared exactly as the 3-methyl compound. The semicarbazone 
crystallised from methyl alcohol in plates, m. p. 176—177° (Found: 
C, 63-1; H, 9-1. C,,H,,ON, requires C, 63-2; H, 9-1%). The 
ketone regenerated from it by Kon’s method had b. p. 94°/9 mm., 
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de® 0-92694, n§* 1-48594, [R,]o 47°11 (Cale.: 45-82). In some 
preparations a semicarbazone was obtained, melting after repeated 
crystallisation at 145°; the ketone regenerated from it had proper- 
ties very similar to the above, and its iodine addition (12-9%) also 





agreed with an «$-structure; the semicarbazone is thus analogous 
to the low-melting form of cyclohexylidenemethyl ethyl ketone 
semicarbazone (Dickins, Hugh, and Kon, loc. cit.; compare Abbott, 
Kon, and Satchell, loc. cit.). 

The structure of the new ketone was confirmed by oxidation to 
4-methylcyclohexanone exactly as described on p. 2228. 

(2) 4-Methylcyclohexenylacetone was prepared from the corre- 
sponding acid (yield 50—55%) and converted into the semicarbazone, 
m. p. 125—126° (Wallach gives m. p. 122—123°). The ketone 








regenerated by Kon’s method had b. p. 85°/8 mm., dj** 0-9178, 
ni* 1:46836, [Rz]p 46-10 (Cale. : 45-82). 

For the analysis of mixtures of the two ketones a reference curve 
was constructed from the following values : 
Mixture (% aB) .........sss008 100 90 7 50 2 10 0 
Addition (% in 10 mins.) ... 8°35 20-3 35:3 57-6 71:9 77:8 80-6 
Test Mixtures: 40% af: Found 64-4. Calc. from curve 64-0. 

60% af: Found 49-7. Calc. from curve 49-4. 

Equilibrations. The following experiments were carried out 
under Kon and Linstead’s standard conditions. The physical 
properties of the equilibrated ketones were also determined as a 
check but are not quoted. 


Ket- Time Iodine ad- ° af-Ket- Ket- Time [Iodine ad- af-Ket- 


one. (mins.). dition, %. one, %. one. (mins.). dition, %. one, %. 
ap 10 51-9 57-0 By 10 78-2 9-0 
a 20 65-1 37°5 om 20 76-8 13-5 
9 30 70-2 29-0 “ 30 76-8 13-5 


The combined material from the first three experiments and also 
that from the second three experiments were treated for 4 hours 
with excess of sodium ethoxide; the products had additions of 
73:5 (= 21-5% a8) and 74-6 (= 19% «®) respectively. Similar 
experiments with sodium isopropoxide (3 hours) gave additions of 
76-9 (= 13% «8) and 74:3 (= 19-8% «8) (see p. 2219). The mobility 
can only be calculated approximately and varies from 600 to 700. 
Condensation with ethyl sodiomalonate. The fy-ketone was 
condensed with ethyl sodiomalonate as in previous cases, the 
mixture being heated over-night. The ester formed in good yield 
did not solidify and was therefore hydrolysed to 4-methylcyclo- 
hexanespirocyclohexane-3 : 5-dione, which crystallised from ethyl 
acetate in clusters of small needles, m. p. 168° (Found: C, 74-1; 
H, 9-2. C,,H,,0, requires C, 74:2; H, 9-4%). 
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Five -membered-ring Ketones.—!1) «- Methylceyclopentylidene. 
acetone. The semicarbazone of this ketone was prepared as described 
by Bardhan (loc. cit.). The lower-melting form when repeatedly 
crystallised from a large quantity of methyl alcohol gave crystals of 
the higher-melting form ; mixtures of the two melted at intermediate 
temperatures. The lower-melting form was converted by Kon’s 
method into the ketone, which had properties practically identical 
with those of the ketone described below; a portion of it was 
reconverted into the semicarbazone and this on crystallisation from 
much methyl alcohol gave the higher-melting form. The pure 
«#8-ketone was obtained from the latter by Kon’s method and had 
b. p. 95:-5—96°/11 mm., d}* 0-9601, nii® 1:49737, [Rz]p 42-12 
(Cale. : 41-22); the exaltation of the molecular refraction is some- 
what higher than that found by Bardhan, whose specimen had been 
regenerated by means of hot aqueous oxalic acid. The smell 
of the ketone is remarkably like that of the homomesitone, 
CMeEt:CMe-COMe (Abbott, Kon, and Satchell, loc. cit.). 

(2) «-Methyl-A'!-cyclopentenylacetone. The semicarbazone of this 
ketone, m. p. 144° (Bardhan, loc. cit.), gave the pure ketone by 
Kon’s method; b. p. 74°/10 mm., d}?* 0-9216, nj” 1-4635, [Rz)p 
41-32 (Cale.: 41-22). The smell of this ketone is camphoraceous 
and reminiscent of the homomesitone, CHMe:CMe-CHMe-COMe. 

For the analysis of mixtures of the two ketones a reference curve 
was constructed from the following values : 

PeEEeuRe (5, GB) cccnsssescccecs 100 90 75 50 25 10 0 
Addition (% in 10 mins.) ... 54 14:9 29-2 53:3 77:3 88-5 93-6 
Test Mixtures: 40% a8: Found 62-7. Calc. from curve 62:8. 

60% aB: Found 44-0. Calc. from curve 43-6. 

Equilibrations. The following experiments were carried out 
under Kon and Linstead’s standard conditions. The physical 
properties of the equilibrated ketone were also determined as a check 
but are not quoted. 


Todine Todine 
Ket- addition, af-Ket- Ket- addition, af-Ket 
one. Time. %. one, %. one. Time. %,. one, %- 
aB 5mins. 31:8 72-0 By~ 30mins. 40-0 63-8 
és 3 hrs. 37°5 66-5 bie 45 ,, 39-4 64-5 
Sa es 39-5 64-3 ae: ye 39-7 64-0 
Py  6Smins. 53-7 49-5 »  24hrs. 39-7 64-0 
15 ,, 40-9 62-5 


‘The equilibrated ketone was analysed (Found: C, 78-2; H, 10-2. 
Calc. : C, 78-2; H, 10-2%). 

The point of equilibrium is thus 64% «8; the mobility caloulated 
from these figures is about 3000. 

Condensation with ethyl sodiomalonate. Bardhan was unable to 
effect this condensation; after 4 days’ heating (starting with 
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equilibrated ketone), we isolated a small amount of oily ester which 
gave on hydrolysis cyclopentanespiro-2-methylcyclohexane-3 : 5-dione, 
m. p. 118—119° after crystallisation from ethyl acetate—petroleum 
(Found : C, 73-2; H,8-9. C,,H,,0, requires C, 73-3; H, 8-9%). 


The authors are greatly indebted to the King Edward Memorial 
Society of the Central Provinces, Nagpur, for a Scholarship to one 
of them (R. S. T.) and grants which have defrayed the cost of the 
investigation. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KeEnsineron, 8.W. 7. [ Received, June 24th, 1930.] 





CCLX X XIV.—Direct Meta-substitution in the Toluene 
Nucleus. 


By Joun Batpwin SHorsmitH and JoHN Finnie MoGEcHEN. 


Reactions which result in the entrance of a substituent into the 
nucleus of the toluene molecule are known to take place normally 
at the ortho- and para-positions. Results obtained when the 
Friedel-Crafts reaction is carried out with toluene and various alkyl 
halides present problems of interest when considered in relation to 
those obtained from toluene and acyl halides in presence of alumin- 
ium chloride, since the nucleus is attacked in the meta- and the 
para-position by the former and in the para-position by the latter. 

An examination of the literature on the subject, however, dis- 
closes a number of discrepancies, since Kelbe and Pfeiffer (Ber., 
1886, 19, 1724) reported that isobutyl bromide gave with toluene, 
m- and p-isobutyltoluenes,* whilst Baur (Ber., 1891, 24, 2833) said 
that tert.-butyl chloride and isobutyl bromide gave only m-tert.- 
butyltoluene. According to Bialobrzeski (Ber., 1897, 30, 1773), 
tert-butyl chloride and toluene with ferric chloride as catalyst 
produce -tert.-butyltoluene. 

There is not the same contradiction in the experiments reported 
on the reaction between acetyl chloride and toluene, which in 
presence of aluminium chloride results, according to Verley (Bull. 
Soc. chim., 1897, 17, 909) and Sorge (Ber., 1902, 35, 1069), in the 
formation of p-tolyl methyl ketone. 

All these experiments were repeated by the authors with a view 
to discover the quantities of each isomeride produced in the reactions. 
It was found that each of the alkyl halides reacts with toluene in 
such a way that both m- and p-tert.-butyltoluenes are formed in a 

* These compounds are really m- and p-tert.-butyltoluenes (compare Shoe- 
smith and Mackie, J., 1928, 2336). 
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ratio of 65—70 parts of the former to 30—35 of the latter, whether 
aluminium chloride or ferric chloride is used as catalyst. Hence 
Bialobrzeski had failed to observe the large quantity of meta-com. 
pound produced. It is also noteworthy that Baur had overlooked 
the quantity of p-isomeride formed in presence of aluminium chloride, 
The results of Verley and Sorge were confirmed. 

A reaction between n-butyl chloride and toluene in presence of 
aluminium chloride had not hitherto been carried out. Schramm 
(Monatsh., 1888, 9, 621) and Estreicher (Ber., 1900, 33, 439) have 
concluded from somewhat unsatisfactory observations that n-butyl 
chloride reacts with benzene to give sec.-butylbenzene. It has now 
been observed that the halide gives with toluene m- and p-sec.- 
butyltoluenes in a ratio of approximately 75 : 25 respectively. The 
constitution of these compounds was proved by converting them to 
sulphonanilides, which were identified with those prepared from 
authentic specimens of m- and p-sec.-butyltoluenes. Thus, a 
sec.-butyl and not an n-butyl radical enters the toluene molecule, 
which is comparable with the entrance of a ¢ert.-butyl radical when 
the reaction is carried out with an isobutyl halide (Baur, loc. cit.). 

The sec.-butyltoluenes were synthesised by the following series of 
reactions. The Grignard reagent from m (or p)-bromotoluene and 
magnesium reacted with methyl ethyl ketone to give an unstable 
tertiary alcohol, m- or p-tolylmethylethylcarbinol (I) which with 
acetic anhydride was converted into 8-m (or p)-tolyl-A*-butene (II). 
The m-isomeride was reduced with sodium and ethy] alcohol, and 
the p- with hydrogen iodide and red phosphorus, to the correspond- 
ing sec.-butyltoluene : 


CgH,Me-C(OH)MeEt**OC,H,Me-CMe:CHMe™"<inC .H ,Me-CHMeEt. 
(I.) (II.) 

These compounds were in turn converted to the Burium sulphonates 
and thence to the sulphonanilides through the acid chlorides (it was 
not necessary to determine the position of the sulphonanilido- 
radical). 

EXPERIMENTAL. 

The aluminium chloride used during these investigations was 4 
yellow product obtained by subliming commercial aluminium 
chloride from a wide combustion tube in a current of dry hydrogen 
chloride. 

The Reaction between tert.-Butyl Chloride and Toluene.—(a) In 
presence of aluminium chloride. Toluene (125 g.; b. p. 110—111°), 
distilled over sodium, was stirred with aluminium chloride (10 g.) 
in a flask from which moisture was excluded, and cooled to 0. 
tert.-Butyl chloride (25 g.) was added from a tap-funnel at such a 
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rate that the temperature was maintained at 0—5°. After the 
addition of the chloride (1 hour) the stirring was continued for a 
further 4 hours, whereupon the reaction mixture was poured into 
water, the toluene layer separated, washed first with caustic soda 
solution and then with water, and dried over calcium chloride. The 
toluene was removed by distillation and the reaction product 
fractionated, the portion of b. p. 180—197° being collected separately. 
This proved to be a mixture (yield 46%) of m- and p-tert.-butyl- 
toluenes, which were separated as follows. 

5 G. of the product were vigorously agitated at the ordinary 
temperature with concentrated sulphuric acid (8 c.c.); heat was 
developed, and after 4 hours the mixture was cooled, poured into 
water, and unchanged oil extracted with ether. On removal of the 
ether, 1-5 g. (afterwards proved to be p-isomeride) of hydrocarbon 
remained. From the solution of the sulphonic acid, 3 g. (afterwards 
proved to be m-compound) were recovered by adding an equal 
volume of concentrated sulphuric acid and distilling the hydro- 
carbon in a current of superheated steam. 

The reaction products were identified by their oxidation with 
nitric acid (d 1-2) to the corresponding tert.-butylbenzoic acids. 
From the acid-soluble portion, the oxidation product had m. p. 
126-5—127°, which proved that the main reaction product was 
m-tert.-butyltoluene ; the insoluble portion yielded on oxidation an 
acid of m. p. 162—163°, proving the hydrocarbon to be p-tert.- 
butyltoluene (compare Baur, loc. cit.). 

A second method of separation employed was slightly more 
accurate but more laborious, and depended on a marked difference 
in the solubilities of the barium vulphonates of the hydrocarbons. 
The mixture of tert.-butyltoluenes (18-5 g.) was vigorously agitated 
with 37 c.c. of concentrated sulphuric acid for 4 hour, and dis- 
solution of the oil was completed by heating the mixture on the 
water-bath, after which it was poured into water, and heated in a 
porcelain basin until almost boiling. Barium carbonate was added, 
and the neutral aqueous solution filtered from the solid while still 
hot; the latter was extracted with 5 litres of boiling water in two 
portions, and the solid separated. The liquid was mixed with the 
original filtrate and the water evaporated. A salt began to crystal- 
lise when the volume of the solution had been reduced to about 
5 litres, and when only one litre of solution remained, the solid which 
had crystallised was filtered off. The solution was then evaporated 
to 150—200 c.c. and the very small quantity of salt which had 
crystallised was again removed. This, together with that already 
obtained, weighed 23 g. [Found: Ba, 23-0. (C,,H,,;SO,),Ba 
requires Ba, 23-2%]. No further solid separated until the filtrate 
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was evaporated to dryness, and 12-5 g. of the more soluble barium 
sulphonate were recovered (Found: Ba, 23-4%). The difference 
in the solubilities of the two sulphonates was clearly marked and 4 
good separation was obtained. The weight of barium salts obtained 
denoted the presence of m- and p-tert.-butyltoluenes in a ratio of 
62 : 38 respectively. 

The hydrocarbons were recovered from the two barium sulphonates 
by the passage of a current of superheated steam through a mixture 
of the salt with hot sulphuric acid (50%). 

The more insoluble salt yielded the theoretical quantity of m-tert.. 
butyltoluene (b. p. 188-5—190°) whilst the more soluble gave a 60%, 
yield of p-tert.-butyltoluene. The constitution of the hydrocarbons 
was proved by oxidation to the tert.-butylbenzoic acids. 

(b) In presence of ferric chloride. This reaction was carried out 
in the same way as that in (a), and the yield of monosubstituted 
derivatives was 75% of that expected. 30 G. on sulphonation 
yielded 20 g. (70% of the total) of m-tert.-butyltoluene and 8-5 g. 
(28%) of p-tert.-butyltoluene, identified by oxidation to the corre- 
sponding acids. By the barium sulphonate method of separation, 
the proportions were discovered to be m : p = 67 : 33. 

(c) In presence of nitrobenzene—aluminium chloride. The alumin- 
ium chloride in this experiment was first dissolved in twice its 
weight of nitrobenzene and added to the reaction mixture. The 
mode of operation differed from that employed in the reaction with 
aluminium chloride alone since it was necessary to remove the 
nitrobenzene from the reaction product by reduction to aniline 
which was eliminated with acid. The yield of hydrocarbons was 
70% of that expected, and the sulphonation method of separation 
showed the ratio of m- to p-tert.-butyltoluene to be 67 : 33. 

Reaction between isoButyl Bromide and Toluene in Presence of 
Aluminium Chloride——The products of the reaction were obtained 
in a yield of 30% and consisted of m- and p-tert.-butyltoluenes, 
the latter forming 30°, of the total, but the separation was not so 
satisfactory in this case. 

n-Butyl Chloride and Toluene in Presence of Aluminium Chloride.— 
The reaction was carried out as in previous cases and from the 
product, a liquid, afterwards proved to be a mixture of m- and 
p-sec.-butyltoluenes, distilling chiefly at 198—202° (yield 45%), 
was obtained. When the mixture was sulphonated at room tem- 
perature, 25%, of it remained unchanged (p-compound) and was 
separated; b. p. 200—203° (Found: C, 89-0; H, 10-9. Cale. for 
C,,H,,: C, 891; H, 109%). The hydrocarbon recovered from 
the solution of the sulphonic acid (m-compound) had b. p. 197—200° 
(Found: C, 89-2; H, 10-9%). These fractions were respectively 
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oxidised to tere- and iso-phthalic acids, in turn identified by con- 
yersion to their dimethyl esters, m. p.’s 140-5—141° and 63—64°, 
respectively. 

Synthesis of m- and p-sec.-Butyltoluenes.—m- and p-Tolylmethyl- 
dhylcarbinols. Methyl ethyl ketone (1 mol.) in dry ether was 
slowly added to an ethereal solution of m- or p-tolyl magnesium 
bromide (1 mol.). After 12 hours the reaction mixture was treated 
in the usual way with ice and dilute hydrochloric acid, the ethereal 
layer separated, and dried over sodium sulphate. During removal 
of the ether, drops of water separated, probably due to the decom- 
position of the tertiary alcohol to the unsaturated hydrocarbon, 
é-m (or )-tolyl-A®-butene. The reaction product was distilled 
under reduced pressure and converted to the butene by boiling for 
3 hours with 2$ times its weight of acetic anhydride. The mixture 
was poured into water, and the oily layer separated, washed first 
with aqueous caustic soda then with water, and dried. The oil was 
fractionated in a vacuum and the fraction of (m-) b. p. 90—94°/12 
mm. or (p-) b. p. 90—94°/10 mm. was collected separately. 
(Rupe and Burgin give b. p. 93-5—94°/10 mm. for the p-compound.) 

m-sec.-Butyltoluene. §-m-Tolyl-A*-butene was reduced in solu- 
tion in 10 times its volume of absolute alcohol by addition of its own 
weight of sodium in small portions so that the mixture was main- 
tained at the boiling point. The product was poured into water, 
and the oil extracted with ether. After the removal of the latter, 
the oily m-sec.-butyltoluene was distilled, and the fraction of b. p. 
194—198° collected. 

p-sec.-Butyltoluene. Reduction of the corresponding butene with 
sodium and alcohol or sodium amalgam did not proceed to com- 
pletion. -p-Tolyl-A’-butene (3 parts), hydriodic acid (b. p. 127°; 
12 parts), and red phosphorus (1 part) were heated to the boiling 
point, whereupon a vigorous reaction took place and some free 
iodine was liberated. After boiling for some time, the mixture was 
poured into water, the phosphorus filtered off and washed with 
ether, and the washings added to an ethereal extract of the filtrate, 
the whole being washed with aqueous caustic soda, dried, and the 
ether removed. The residual oil was distilled over sodium to 
remove iodine, and p-sec.-butyltoluene, b. p. 195—197°, collected 
(Wallach, Annalen, 1917, 414, 211, gives b. p. 196—197°). 

Sulphonanilides of the Synthetic sec.-Butyltoluenes and of those 
obtained by the Friedel-Crafts Reaction—The hydrocarbon (1 part) 
Was vigorously agitated with concentrated sulphuric acid (3 parts) 
at the ordinary. temperature in the case of the m-compound, and at 
90° in the case of the p-compound; the sulphonated hydrocarbon 
was converted to the barium sulphonate, which was converted by 
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phosphorus pentachloride into the sulphony] chloride and hence by 
excess of aniline into the sulphonanilide. The constants of the 
various derivatives are given below, (S) denoting those obtained 
synthetically and (F) those from the Friedel-Crafts reaction : 
m-sec.-Butyltoluene-( ?)-sulphonyl chloride (F), b. p. 160—164°/9 
mm. (Found: Cl, 14-1. C,,H,;0,SCl requires Cl, 14.4%); m-sec.. 
butyltoluene-(%)-sulphonyl chloride (8S), b. p. 164—165°/11 mm, 
(Found : Cl, 143%). 
p-sec.-Butyltoluene-( ?)-sulphonyl chloride (F), b. p. 166—170°/14 
mm. (Found: Cl, 14-4%); p-sec.-butyltoluene-( ?)-sulphonyl chloride 
(S), b. p. 162—164°/12 mm. (Found : Cl, 14:2%). 
m-sec.-Butyltoluene-(?)-sulphonanilide (F), m. p. 119-5—120° 
(Found: N, 4-45, 4-52. C,,H,,0,NS requires N, 4-62%); m-sec.- 
butyltoluene-( ?)-sulphonanilide (8S), m. p. 120-5—121°. A mixed 
m. p. of these compounds, which both crystallised in rhombic 
prisms from aqueous alcohol, was 119-5—120-5°. 
p-sec.-Butyltoluene-( ?)-sulphonanilide (F), m. p. 123-5—124-5° 
(Found: N, 4:54, 455%); p-sec.-butyltolwene-( ?)-sulphonanilide 
(S), m. p. 124-5—125°. A mixed m. p. of these compounds, which 
also crystallised in rhombic prisms from aqueous alcohol, was 
123-5—124-5°. 


The authors wish to acknowledge a grant from the Department of 
Scientific and Industrial Research to one of them (J. F. M.), and a 
Teaching Fellowship from the Carnegie Trustees to the other. 


EDINBURGH UNIVERSITY. [ Received, June 11th, 1930.] 





CCLXXXV.—Comparison of the Directive Powers of 
Elements having Consecutive Atomic Numbers. 
Part II. The Mononitrations of 2-Phenylquinoline 
and its Methosulphate. 


By RAayMonD JAMES Woop LE FEvRE and Faqrr CHAND 
MATHUR. 


THE work here described is complementary to that (J., 1929, 2771) 
on the nitration of 2-phenylbenzopyrylium salts. The aim of this 
series is to ascertain whether the changes in the nuclear charges in 4 
series of elements have a specific influence on the effective positive 
fields exerted over the aromatic nuclei in which they are substituted 
although the net ionic charges are formally identical. The nitrations 
of analogously constituted pairs of substances containing oxoniu@ 
oxygen and ammonium nitrogen are therefore being examined, 
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these elements being chosen as poles because they were the simplest 
pair collaterally adjacent in the periodic table readily available in 
the “onium” condition. They were thus the pair in which one 
would expect differences of total positivity due to the respective 
specific nuclear charges to be most easily perceived, since complic- 
ations arising from unequal atomic volumes, numbers of unshared 
electrons, etc. (compare Ingold, Shaw, and Wilson, J., 1928, 1280; 
Challenger and Peters, J., 1929, 2610), would be at a minimum. 

Suitable compounds containing them were accessible among the 
salts of 2-phenylbenzopyrylium (I) and 1-methyl-2-phenylquinol- 
intum (II). Nitration of the ferrichloride and perchlorate of (I) 


x ‘ x [MeSO,] . 
“ae Me — 
OO OO OR 
hu ) (III.) 1 


gave - pi bs salts in such high yields 
that the fear was expressed (loc. cit., p. 2772) that the related quinol- 
inium salts might similarly be nitrated predominantly in the 
m-position to such an extent that accurate comparison would be 
impossible. 

The present communication verifies this and shows that, when 
occurrence of the equilibrium [NR,H] X==NR, + HX is repressed 
as much as possible by substituting an alkyl group for the hydrogen 
atom, the resulting quaternary ammonium salt is attacked only 
with difficulty by nitric acid, giving exclusively the m-nitro- 
derivative. 

Thus the methosulphate of (II) gave after 24 hours’ nitration in 
fuming nitric acid a 97% crude yield of 2-m-nitrophenylquinolinium 
methosulphate (III), the constitution of which was established by 
preparation of the corresponding methochloride (via the methopicrate) 
and examination of the solid product of its thermal decomposition. 
That the latter consisted almost entirely of the 2-m-nitrophenyl- 
quinoline of Kinkelin and Miller (Ber., 1885, 18, 1902) was proved, 
not only by its m. p. and undepressed mixed m. p. with a specimen 
prepared by the methods of these authors, but also by the consider- 
able depression of m. p. resulting from admixture with 2-o0- or with 
2-p-nitrophenylquinoline, which we synthesised, in order to complete 
the comparison, from o- or p-nitrocinnamaldehyde, aniline, and 
hydrochloric acid. 

Experiments on the nitration of 2-phenylquinoline directly with 
nitric acid indicate that little o-nitro-compound is produced (none 














2238 LE FEVRE AND MATHUR: COMPARISON OF 


was isolated) but that p- and m-derivatives are formed to the extent 
of about 60% and 30% respectively, in agreement with such 
analogous cases as the sulphonation of 2-phenylquinoline (Murmann, 
Monatsh., 1892,13, 59) and the nitration of 2-phenylpyridine (Forsyth 
and Pyman, J., 1926, 2912). 

With the similar case of 4-phenylquinoline, since the pheny] 
group is farther from the salt-forming nitrogen, it would be 
justifiable to forecast a slightly greater yield of o-, along with some. 
what less m-, nitro-derivative than is obtained from 2-phenyl- 
quinoline. Kénigs and Nef (Ber., 1887, 20, 624), however, state 
that 4-phenylquinoline gives, by nitration in fuming nitric acid at 
0°, three mononitro-derivatives : «-, m. p. 187°; 8-, m. p. 117— 
118°; and y-, m. p. 135°, in yields of about 50%, 40%, and 
5% respectively. By analogy with our results, therefore, we regard 
these respectively as the p-, m-, and o-nitro-4-phenylquinolines, 
thus placing the nitration of 4-phenylquinoline among the class of 
anomalous nitrations in which substitution occurs predominantly 
in the m- and p-, rather than in the o- and p-, positions. 

Final proof by synthesis was unsuccessful, for we tested the two 
most obvious syntheses of these nitro-compounds by applying them 
to the preparation of 4-phenylquinoline itself, but without result. 


EXPERIMENTAL. 
Preparation of 2-Phenylquinoline—The methods described by 
Débner (Ber., 1883, 16, 1665), Murmann (Monatsh., 1904, 24, 621), 
Grimaux (Compt. rend., 1883, 96, 584), Pictet and Barbier (Bull. Soc. 
chim., 1895, 13, 26), and Miller (Ber., 1891, 24, 1720) for the 
preparation of 2-phenylquinoline gave much less satisfactory 
results than did that of Débner and Giesecke (Annalen, 1887, 242, 
291), by which most of the material used in the present work was 
prepared. Many crystallisations from dilute alcohol failed to raise 
the m. p. above 84° (Knorr, Annalen, 1888, 245, 379, gives 86°). 
2-Phenyiquinoline methosulphate. To 2-phenylquinoline (5 ¢.), 
dissolved in dry benzene (30 c.c.), freshly distilled methyl sulphate 
(12 g.) wasadded. The mixture was refluxed for 2 hours, then cooled, 
and the resulting white crystalline solid separated and dried (crude 
yield 93%; m. p. 137—141°). After recrystallisation from absolute 
alcohol and dry ether it formed stout white needles, m. p. 142—143:5° 
(Found: C, 61-6; H, 5-4; N, 4-4. C,,H,,0,NS requires C, 61-6; 
H, 5-1; N, 4:2%) (pure yield 85%). The methosulphate is soluble 
in water and in the common organic solvents. 
2-Phenylquinoline methopicrate. The foregoing methosulphate 
(1 g.) was dissolved in dilute aqueous alcohol, and an excess of cold 
saturated aqueous picric acid added; 1-33 g. of crystalline metho- 
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picrate (air-dried) were obtained. After two crystallisations from 
water containing picric acid, it formed long yellow needles, m. p. 
138—139° (Found : C, 59-2; H, 3-6; N, 12-6. C,.H,,0,N, requires 
0, 59:2; H, 3-6; N, 12-5%). The substance resembles the metho- 
sulphate in its solubilities. 

Nitration of 2-Phenylquinoline Methosulphate—After various 
attempts to nitrate the methosulphate under a great variety of 
conditions, it was found that the following method afforded the best 
results: The methosulphate (5 g.) was dissolved in nitric acid 
(50 c.c., d 1-5) at 0°, and the solution left in the ice-chest for 24 
hours. It was then poured on crushed ice, and the resulting solution 
(about 1 litre) partly neutralised by ammonia. A saturated aqueous 
solution of picric acid was gradually added until no further change 
in colour was noticed. After 12 hours’ standing at 0°, filtration, 
washing, and air-drying gave 7:15 g. (97% yield) of crude picrate, 
m. p. 162—176°. After 3 crystallisations, each from 550 c.c. of 
95% alcohol, 5-7 g. of pure 2-m-nitrophenylquinoline methopicrate, 
m, p. 181—182° (Found: C, 53-2; H, 3-88; N, 14-2. C,,H,,0,N; 
requires C, 53-5; H, 3-05; N, 14:2%), were obtained. 

2-m-Nitrophenylquinoline methochloride. The above metho- 
picrate (3 g.) was boiled with concentrated hydrochloric acid for 
+ hour. After cooling, picric acid was removed by filtration, 
followed by extraction of the acid solution with benzene. Evapor- 
ation of the aqueous portion to dryness then yielded 1-93 g. of crude 
methochloride in a hydrated form. It softened at 48°, melted to a 
viscous mass at 52°, and gave off water between 120° and 130°; 
with further heating it resolidified, to soften again at 180° and melt 
with darkening and effervescence at 203—204°. 

The salt was obtained in a pure condition by three recrystallis- 
ations from absolute alcohol and dry ether. It thus formed cream- 
coloured needles, m. p. 204—205° (Found: C, 63-8; H, 4-44; Cl, 
11-6. C,gH,,0,N,Cl requires C, 63-9; H, 4:32; Cl, 115%). It is 
soluble in water, and in methyl and ethyl alcohols, but not in 
benzene, ether, chloroform, etc. 

2-m-Nitrophenylquinoline. 1 G. quantities of the above metho- 
chloride were maintained at their m. p. in an oil-bath for } hour. 
On cooling, dark solids, m. p. 122—123°, were obtained. After 
crystallisation from aqueous ethyl alcohol they yielded light yellow 
needles, m. p. 123—124°, identical (m. p. and mixed m. p.) with the 
2-m-nitrophenylquinoline prepared by Kinkelin and Miller’s method 
(loc. cit.). Mixed m. p. determinations with the synthetic 2-o- and 
-p-nitrophenylquinolines (see later) showed considerable depression. 

Nitration of 2-Phenylquinoline.—2-Phenylquinoline (5 g.) was 
dissolved in nitric acid (d 1-5; 50 c.c.) at 0° and left for 24 hours in 
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the ice-chest. It was then poured on crushed ice, and the resulting 
solution (about 500 c.c.) kept over-night. The solid was filtered off, 
washed, and dried (4-1 g.; product A; yield about 66%). 

The filtrate on further dilution gave no more precipitate ; it was 
therefore made alkaline with ammonia. After 12 hours the pre. 
cipitate so obtained was separated and dried (2 g.; product B; 
yield about 33%). 

Product A. The crude material softened at 100° and melted at 
110—115°. After 3 crystallisations from aqueous methyl alcohol, 
3-5 g. of light yellow crystals were obtained, m. p. 129—131° (Found; 
C, 71-8; H, 3-9; N, 11-4. C,;H,0,N, requires C, 72-0; H, 440; 
N, 11-2%). This substance was identical (m. p. and mixed m. p,) 
with 2-p-nitrophenylquinoline synthesised as described below. 

Product B. This melted at 103—112° and crystallised from 
aqueous methyl] alcohol as straw-coloured, silky needles (yield pure, 
26%), m. p. 123—125°. The identity of this nitration product with 
2-m-nitrophenylquinoline was demonstrated as already described 
(p. 2237). 

Syntheses of 2-p- and -o-Nitrophenylquinolines.—p-Nitrocinnan- 
aldehyde (25 g.), aniline (15 g.), and concentrated hydrochloric acid 
(50 g.) were heated in an oil-bath at 150° for 5 hours. The resulting 
mass was extracted with alcoholic-aqueous hydrochloric acid 
(1 : 1 by vol.), and the aqueous solution concentrated to one quarter 
of its volume; by addition of an equal volume of water and rapid 
filtration from black tars, a clear solution was obtained. This 
was basified by ammonia and again acidified by acetic acid. After 
standing, 7 g. of 2-p-nitrophenylquinoline separated ; it was crystal- 
lised from light petroleum (b. p. 40—60°) and finally from aqueous 
methyl alcohol, from which it separated as light yellow needles, 
m. p. 129—131° (Found: C, 71-7; H, 4:2; N, 11-4. C,;H,,0.N, 
requires C, 72-0; H, 4-0; N, 11-2%). 

2-0-Nitrophenylquinoline, similarly synthesised from  o0-nitro- 
cinnamaldehyde, formed silky needles, m. p. 121—123°, from 
aqueous methyl alcohol (Found: N, 11-2. C,;H,)0,N, requires 
N, 11-2%). 

Attempted Syntheses of 4-Phenylquinoline—As an exploration of 
possible preparative methods for the 4-nitrophenylquinolines the 
following experiments were performed: (1) Benzoylacetaldehyde 
(prepared by the niethod of Claisen and Fischer, Ber., 1887, 20, 
2192) was converted into its anil, m. p. 141°; attempts to effect 
dehydration and cyclisation of this substance (to produce 4-phenyl- 
quinoline directly), by using sulphuric acid at 100° or at 140°, or by 
treating acetic or anhydrous formic acid solutions with dry hydrogen 
chloride (compare Biilow and Issler, Ber., 1903, 36, 4013) were all 
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unsuccessful, the anil being recovered unchanged in each case. 
(2) Acetophenoneoxalic ester (Beyer and Claisen, Ber., 1887, 20, 
2181) condensed with aniline when heated either directly or in boiling 
acetic acid solution to form an anil as a bright yellow viscous liquid, 
but no ring closure was observed when this was heated with con- 
centrated sulphuric acid in the usual way. (3) The same ester was 
dissolved in excess of acetic acid, and the solution treated with con- 
centrated aqueous hydrochloric acid until a turbidity was just 
produced. After 24 hours, hydrolysis was complete and the aceto- 
phenoneoxalic acid was separated. The anil from this acid (Bromme 
and Claisen, Ber., 1888, 21, 1134) was similarly recovered unchanged 
from treatments with (a) hot sulphuric acid, (6) acetic acid and dry 
hydrogen chloride at the ordinary temperature, or (c) boiling xylene 
containing phosphorus pentoxide for 3 hours. 


The authors wish to thank Professor R. Robinson for much help 
and advice, and also (R. J. W. Le F.) to acknowledge the receipt of 
a grant from the Research Fund of the Chemical Society. 
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CCLX XX VI.—Low-Temperature Oxidation. Part III. 
The Lag in Ignition of Some Hydrocarbons. 


By Joun STANLEY LEwis. 


IGNITION temperatures are considered important characteristics in 
the study of fuels and certain inflammable materials, and a brief 
summary of the experimental methods by which comparative data 
are obtained was given in Part IT (this vol., p. 58). Certain anomal- 
ous results were pointed out, such as the ignition temperature of 
octane being lower than that of tsodecane, and it was suggested that 
the lag in ignition might be preferable as a comparison of the ignit- 
ability of the hydrocarbons. The experiments must be identical 
in respect of apparatus, temperature, and molecular concentration. 
The lag is usually defined as the interval of time between the 
rapid heating of the mixture to or above a certain minimum temper- 
ature, called the ignition point, and the appearance of flame. Many 
variables must be considered in its measurement. It is a function 
of the concentration, temperature, the nature, extent and history 
of the igniting surface, the manner in which the mixture is presented 
to the heated surface, and possibly the diameter of the tube or bulb. 
In the case of the paraffins the lag increases with decrease in mole- 
cular weight. Most of the foregoing points have been studied by 
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Mason and Wheeler, who have reviewed the subject of lag in their 
papers (J., 1922, 121, 2070; 1924, 125, 1869). 

It appears advisable to apply the phenomenon of lag to the study 
of pinking .or detonation in internal combustion engines. During 
pinking the unburnt mixture ahead of the original flame may ignite 
spontaneously, giving rise to a high rate of release of energy. This 
will be minimised by an increase in the flame rate, e.g., by turbulence, 
or a decrease in the distance to be travelled by the flame, or a 
prolongation of the lag under the actual conditions of temperature 
and pressure, etc., encountered in the cylinder, and the last will be 
dependent on the nature and condition of the surface or the presence 
of anti-knocks or pro-knocks. These reagents must also be operative 
under the prevailing conditions in the cylinder. 

The term pre-flame period which is used in connexion with ignition 
temperatures is subject to modification, since the lag may terminate 
in a rapid oxidation unaccompanied by flame. Such results are 
obtained by maintaining the mixtures at a constant temperature 
somewhat lower than the observed ignition point, or by the presence 
of an oxidising agent even at temperatures well above the ignition 
point (see Part II), and the author views the results of Brunner and 
Rideal (J., 1928, 1162) as examples of extremely long lag. 

The present paper gives other examples of oxidation without 
' ignition at high temperatures, below which flame does not appear. 


EXPERIMENTAL. 


The lag interval has been determined by three methods, (i) 
adiabatic compression of the mixture (Tizard and Pye, Phil. Mag., 
1922, 44, 79; 1926, 1, 10, 94); (ii) evacuated bulb experiments in 
which the explosive mixture is rapidly indrawn at a suitable tem- 
perature, the interval between the times of filling and ignition being 
regarded as the lag and recorded graphically on a revolving drum 
(Mason and Wheeler, loc. cit.) ; (iii) the “ crucible ’’ method, in which 
the time between the fall of the liquid drop and the appearance of 
flame is measured (Moore, J. Soc. Chem. Ind., 1917, 36, 110). 

A variation of method (ii) was tried in which the weighed quantity 
of liquid hydrocarbon, in a sealed tube drawn out to a capillary, 
was put into the bulb and after evacuation of the bulb the capillary 
was broken, the bulb thus being filled with vapour: at the experi- 
mental temperature, air was allowed to rush in through a non-return 
valve. The results, however, were not satisfactory, since the mixture 
often failed to ignite or only did so at a much higher temperature 
than the observed ignition temperature. This may have been due 
to the surface being coated initially with a hydrocarbon film, and it 
may be recalled that Mason and Wheeler found it necessary # 
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aclose nitrogen in their bulbs prior to an experiment before con- 
cordant results could be obtained. 

Method (iii) has the advantages that a large number of experi- 
ments can be carried out in the minimum time and the period of lag 
war the ignition point is considerable. The following account 
wntains an analysis of this method, the object being to secure in the 
frst instance comparative or qualitative data. It is hoped to study 
the other methods in the future. 

Glass bulbs (125 c.c.) with a long narrow neck were maintained 
at the desired temperature and the liquid was introduced in small 
wide-mouthed tubes of thin glass; these were of such length that the 
amount of liquid that gave the minimum lag by trial and error 
at a particular temperature just filled them to the brim. All the 
bulbs were cleaned and steamed, and thoroughly dried before each 
determination. It is essential that the bulbs be treated in a similar 
manner, since very variable lags and ignition temperatures are 
obtained when they are rinsed out with dilute solutions of substances 
uch as potassium dichromate, nitrates of sodium and lead, sodium 
hydroxide, etc., and dried without washing. Nor is it possible to 
carry out more than one experiment in a bulb, because the film of 
the products of a previous experiment increases the lag. Finally 
itis essential that new bulbs be seasoned, since they give an unduly 
long lag at the lower temperatures until they have been used and 
cleaned. Some of the experimental findings are given below. 

Glass.—The effect of the smooth surface area has been studied by 
Mason and Wheeler (loc. cit.). A curious phenomenon in the bulb 
method is the fading away of spontaneous ignition at some particu- 
lar temperature which is determined by the conditions of the experi- 
ment and the nature of the hydrocarbon. As the temperature 
tises, the ignition point is first reached and flame appears; con- 
siderable oxidation, however, may take place below this temperature. 
The lag is considerable at this stage in the case of the paraffins, but 
it becomes shorter with rise of temperature until it approaches 
zero; the report and flash on ignition are then fainter. Finally, 
the hydrocarbon fails to ignite once more. The point at which this 
sears is determined by the molecular weight of the hydrocarbon, 
the weight of liquid, the diameter and volume of the vessel, and the 
tion of various surfaces and catalysts. By using a test-tube 
(7 inches x 1 inch) and a droplet of constant size, the following 
Maximum ignition temperatures were obtained, but it must be 
emphasised that both the lowest and the highest ignition point vary 
with the diameter of the tube. 


Hydrocarbon ......... C,H, C,H. (tech) OC... C,H, . Oix 
Temperature 250° 285° 318° 365° 415° 
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An analysis of the contents of the bulbs after the experiment; 
showed that the hydrocarbons were considerably oxidised, and the 
phenomenon is another case of flameless combustion. It is essentia| 
that the tubes and bulbs be evenly heated, e.g., in a well-stirred oj. 
bath, otherwise the ignition failure may not be attained on account 
of the temperature gradient which is possible in an electric furnace, 
Presumably, diffusion and rate of oxidation are the important 
factors, for the fading temperature can be lowered if the hydrocarbon 
is dropped into the air kept in motion by stirring. When a droplet 
falls into a heated tube or bulb a certain interval elapses before the 
liquid vaporises and attains the bath temperature. Meanwhik 
inter-diffusion of the oxygen and the combustible is taking plac 
and also chemical action. At the ignition point, the rate of oxidation 
may be comparatively slow, thus permitting by diffusion a high 
concentration of oxygen and hydrocarbon. By virtue of this 
increased concentration, the oxidation becomes more rapid and 
finally results in flame. The mechanism of these reactions has been 
discussed in Part II. A rise in temperature above the ignition 
point will increase the rate of oxidation and it is suggested that 
eventually this may be so great that the components never attain 
by diffusion the minimum concentration essential for the production 
of flame but are rapidly oxidised. If this is correct, any agency 
which promotes oxidation should lower the temperature at which 
ignition ceases, and the converse should hold good. 

The foregoing constitutes a serious objection to the crucible 
method for the determination of ignition temperatures and lags, but 
the ignition fading temperature is undoubtedly a measure of the 
oxidisability of these hydrocarbons, and is a better comparative 
test than the ignition point. The fading points are in the same order 
as the lags, which in turn are a function of the molecular weight in 
the case of paraffins. Thus decane has a higher ignition temperature 
than octane but a shorter lag at a specified temperature and a lower 
fading temperature. Although octane ignites at a lower temperature, 
it must be pointed out that at the first sign of ignition of decane 
its lag is shorter than that of octane at the same temperature. 

The determination of the ignition temperature by the drop method 
has been instituted as a test for petrols, but in view of the above too 
much importance cannot be attached to it because of the tendency 
of the heavy constituents, which are mainly responsible for knock- 
ing, to oxidise without flame (compare isodecane). Variation in 
ignition temperature and lag is shown by a petrol when the light and 
the heavy constituents are removed by distillation. 

A commercial petrol was treated for the removal of aromatic 
hydrocarbons, washed, dried, and distilled : 
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I. P. T. Specifications. 
% distilled at 





Initial Final y 
b. p. b. p. 50°. 715°. 100°. 125°. 150°. 175°. 
ig 200° 3 16 37 60 75 87 


The petrol was progressively distilled and the ignition temperature 
of the residue and the lag at 290° were determined. With the 
removal of the lighter fractions, the lag continuously decreased, 
but the ignition temperature fell at first, remained more or less 
constant whilst 20—40°% was removed, attained a minimum after 
approximately 80°, had been removed, and then began to rise again. 


% Petrol distilled 0 5 10 20 30 40 60 80 90 95 
Ign. temp. of resi- 


GOR bvscdiccssoqcse 262° 260° 256° 252° 252° 251° 247° 243° 249° 255° 
Lag of residue 
(GB08i} +. 00.506c5005 96 92 86 83 80 76 58 40 24 20 


The ignition temperatures and the lags at 290° of the distillates 
from 60°, upwards were also determined. 


% Distillate ............ 60 70 80 90 95 100 
Ign. temp. .....+.eceeeees 292° 279° 270° 263° 263° 262° 
Lag at 290° (secs.) ... — 19-6 12-0 10-8 10-0 9-6 


The figures indicate that removal of the lighter constituents of the 
petrol results in an appreciable drop in lag and in ignition temper- 
ature. This is according to expectation and the petrol product will 
in all probability “‘ knock ” more readily as the ignition temperature 
is lowered. The knocking tendencies of a fuel are associated with 
the heavy constituents, and their removal improves the quality of a 
petrol. This improvement was not registered by a rise in ignition 
temperature in the above experiments, since there was a change of 
only 1° when the last 10° of the petrol was removed by fractional 
distillation. On the other hand, the lag was appreciably increased. 

The ignition temperature of a petrol determined by the drop 
method, therefore, cannot be utilised as a measure of the knock 
rating, because it does not vary sufficiently with the presence or 
absence of the so-called heavy ends. More useful evidence may be 
obtained if it is taken in conjunction with the lag, and with the 
maximum ignition temperature, which appears to be a measure of 
the rate of oxidation of the paraffins. The latter has been deter- 
mined for a few commercial petrols and it varies as the time of lag. 
It is hoped to conduct these experiments with petrols of known 
knock rating. 

The ignition temperature is known to be very sensitive to the 
presence of catalysts, and promoters of oxidation when present in 
fairly large proportion raise the ignition points of the substances 
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investigated in Part Il. The same substances lower the temper. 
ature at which ignition ceases and it may be argued that, if they ar 
sufficiently active and concentrated, they may prevent ignition ip 
a bulb throughout the entire range, although the hydrocarbons wil] 
be completely oxidised. Such results were obtained with octane 
and decane, as the following experiments show. 

Powdered Glass.—This increases the extent of the surface and its 
action on the paraffins depends on its weight and its disposition, 
t.e., whether it remains compact at the bottom of the bulb or dusted 
over the whole surface, or is suspended momentarily through the 
reacting gases by shaking of the bulb just prior to the experiment, 
Apparently the ignition point is raised and the “ fading ” temper. 
ature is lowered, both of which result from enhanced oxidation, 
At first the lag is longer than in the case of a plain bulb, but at 
higher temperatures the time available for the conduction away of 
the heat of the preliminary oxidation becomes continuously shorter, 
and the conditions will then be such as to give a shorter lag in the 
presence of the powder. The following are typical results for 
n-octane and 0-5 g. of powdered glass dusted over the surface of a 
125 c.c. bulb. 


SE. sient veniosrdlontignesvbsers 225° 235° 245° 270° 290° 
Lag (plain bulb), secs. ......... 22-2 10-0 5:8 3-0 2-0 
Lag (powdered glass), secs.... 36-2 14-7 7:7 3-0 1-6 


At 300° the octane would not ignite in the presence of powdered 
glass. | 

Charcoal.—The above actions are more marked in the presence 
of this substance, and are controlled by the weight and activity of 
the sample used. It is also a very difficult matter to obtain con. 
cordant results with charcoal, since it is more sensitive than pow- 
dered glass to disposition. For instance, a given weight of charcoal 
may prolong the lag, but if it is shaken up or disturbed just prior to 
the addition of the hydrocarbon no ignition occurs at the same 
temperature. By using only 0-05 g. of powdered wood charcoal and 
n-octane, considerable extension of the lag may be obtained at lower 
temperatures. 


DOMDS ccvicabiciscotvvesisocedcscsdcdes 250° 260° 270° 280° 
Lag (blank), Secs. .......sssssseeees 5-2 3-6 3-0 2-8 
Lag (charcoal), secs. ........+00. 26-8 15-0 11-6 9-6 


Ignition failed at 295° in the presence of this weight of charcoal. 
It was found possible to inhibit spontaneous ignition throughout 
the range by using 0-5 g. of decolorising charcoal and stirring it up 
with a puff of air just before the addition of the octane. Undoubtedly 
the weight of charcoal employed was far too great: by reducing 
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the weight to about 0-005 g., results similar to those for powdered 
glass were obtained and the lag at 255° was actually shortened. 

Metals.—The catalytic activity of a metal is dependent on the 
condition of the surface, e.g., the fineness of the grain structure, the 
orystalline structure presented, oxide film, or amorphous layer due 
to polishing. The experiments described below, however, are only 
qualitative and were made to determine the action of metals on the 
lag. It was shown in Part II that, contrary to expectation, those 
metals which promote oxidation raise the ignition temperature. 
This result suggests a corresponding increase of lag, and it was 
thought that it might be possible to obtain some indication of this 
if strips of metal were present in the bulb. 

(a) Copper. Freshly cleaned and polished sheet copper has little 
action on the lag. The copper sheet was cut into strips of 8 x 0-5cm. 
and inserted into the bulb just prior to the hydrocarbon. There 
was a tendency to prolong the lag at low temperatures, especially 
when several strips were used, but with rise of temperature there was 
apparently no difference between the blank and the copper experi- 
ments. On the other hand, when the copper had not been polished, 
or had been passed through tae oxidising portion of a Bunsen flame 
and so coated with an oxide film, its activity in raising the ignition 
temperature and in extending lag was increased. Copper gauze is 
particularly active, especially when the surface has been activated 
by repeated oxidation in air and reduction in hydrogen. A strip 
of gauze (15 x 0-7 cm.) so treated raised the ignition point of octane 
to 260° and at 270° the lag was 18-2 seconds, and two such strips 
entirely prevented ignition. 

As in the case of powdered charcoal and glass, the temperature 
coefficient for a copper surface is much greater than for a plain glass 
surface, and therefore at higher temperatures the lag at a copper 
surface may be shorter than at a glass surface. Copper test-tubes 
(6 ins. x 1 inch) were used in making this comparison. A set of 
test-tubes was prepared and cleaned in an identical manner, inserted 
in a bath 60 seconds before the test, and used once—since a second 
experiment in the same test-tube after expulsion of the contents 
always gave a shorter lag. The following results indicate the 
temperature—lag changes for (1) a plain glass surface, (2) a new copper 
surface, and (3) a copper surface used once. A new copper surface 
at low temperatures prolongs the lag, but at temperatures approach- 
ing 285° the lag is reduced. 
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2248 LEWIS : LOW-TEMPERATURE OXIDATION. 


(b) Lead. The qualitative results for lead are substantially the 
same as those for copper. A freshly cleaned and polished surface 
appeared to have little more action than a glass surface, unless 
present in appreciable amount. The ignition temperature of octane 
was slightly higher in the presence of two strips of polished lead and 
the lag was somewhat longer at temperatures just above this point, 
but with rise in temperature the difference decreased until at 260° 
the lags were practically identical. 

The activity of an old lead surface obviously coated with a film 
of oxide was much greater, and with two strips as above the ignition 
occurred above 245° after an extended lag. If the experiments are 
carried out in a test-tube (7 x 14 in.), a strip of lead foil (6 ins. x } 
inch) is sufficiently active to inhibit ignition completely. 

Experiments were made with finely divided lead obtained by the 
reduction of lead oxide in the bulbs. These were evacuated and the 
mixture of air and octane (20%) was allowed to enter suddenly, 
No ignition was obtained up to 300°. 

(c) Aluminium. In this case the freshly cleaned surface is more 
active than an unpolished surface which carries an old oxide film. 
The former displays great activity in raising the ignition point and 
prolonging the lag at the lower ignition temperatures when the 
quantity of metal present is small, and with somewhat larger 
surfaces the auto-ignition may fail altogether. For instance, with 
one strip of aluminium (9 x 0-5 cm.) the changes in lag for octane 
were as follows : 


iideunianshesdesseriensenesesoonte 230° 240° 250° 260° 270° 280° 
EE, CIE, cnncennkisanesdesecée 13-2 8-6 5-0 3°8 3-0 2-6 
Lag (aluminium, unpolished) ...... 15-8 9-3 6-4 4-5 30 26 
Lag (aluminium, cleaned) ......... No ign. 15-0 7-0 4-6 3-2 2-4 


Four strips of aluminium of the above size will inhibit ignition 
through the whole range up to the fading temperature in glass alone. 
This is well illustrated by carrying out the experiments in test-tubes. 
A single strip, if flat, raises the ignition temperature with the usual 
prolonged initial lag. A similar strip, but corrugated so that the 
metal surface in the hydrocarbon vapour is enlarged, prevents 
auto-ignition. 

(d) Other metals. Those metals which do not promote the oxid- 
ation of hydrocarbons or which have slow action, ¢.g., zinc and tin 
in the form of polished strips, appear to have little effect on the 
ignition temperature and lag. On the other hand, metals which 
promote the oxidation of hydrocarbons tend to raise the ignition 
temperature under the above conditions of-experiment. At first 
the lag is considerably extended; this, however, is a matter of 
temperature, because at much higher temperatures the lag interval 
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igreduced. The condition and extent of the metallic surface are of 
importance, as in the case of aluminium and copper, and one would 
expect smooth platinum foil to be far less active than the same strip 
coated with platinum-black. Experiment confirms this opinion : 
the results were much the same as for polished and etched copper 
surfaces. Iron belongs to the same category. Further, a thin wire 
of an active metal such as copper, aluminium or platinum, which will 
affect the lag only slightly when stationary, produces an extended 
lag when stirred in the mixture after the addition of the hydro- 
carbon droplet, and more rapid stirring entirely inhibits auto- 
ignition. 

Metallic Oxides.—The ignition temperatures of octane in oxygen 
in the presence of various metallic oxides were first determined by 
the method employed in Part II, 30% of the hydrocarbon and 0-2 g. 
of oxide being used. The oxides were prepared by the ignition of 
the hydroxides at as low a temperature as possible. The following 
results were obtained with the same rate of heating : 

Oxide ......... Al Cr Zn Sn Fe Pb Cu 
Temp. .....0006 218° 217° 216° 216° nil nil nil 

No explosion occurred in the presence of the last three oxides ; 
extensive oxidation, however, had taken place, because the bulbs 
became about two-thirds filled when opened under water, the 
residual gases being carbon dioxide and monoxide. There were also 
marked colour changes in the surfaces of the oxides of lead and 
copper, the latter acquiring a reddish tint and the former darkening 
to the colour of lead dioxide. 

The determination of the lag interval in the presence of powdered 
oxides presents the same difficulties as in the case of powdered glass, 
the time being dependent on the disposition of the active material, 
eg., whether dusted over the surface of the glass or resting as a 
compact mass at the bottom. Reproducible results are hard to 
obtain and a constant weight of oxide may give widely varying times 
of lag. 

The procedure adopted was to commence with a large weight of 
the oxide, e.g., 0‘S—1-0 g. In the case of the active oxides, com- 
plete inhibition of ignition could be obtained, especially when the 
powder was agitated by a gentle puff of air to give a suspension in the 
air and a deposit over the glass surface. By gradually reducing the 
weight of oxide, an amount could be arrived at which appreciably 
raised the ignition point and extended the lag. At higher temper- 
atures the same weight gave lags which approached, or were even 
shorter than, those for the plain glass surface. The maximum self- 
ignition temperature was also lowered (compare powdered glass). 


A further reduction in the weight of oxide appeared to lower the 
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temperature at which the lag was shorter than that for the plain 
glass surface, until finally, with only a trace of oxide, the lag was 
considerably reduced at comparatively low temperatures. The 
results for heptane and copper oxide at 293° are typical. 


Wt. of oxide (g.) ............ 0 0-5 0-14 0-05 =0-001 
Lag (SCC8.) ...cccccccccccccseces 10-0 No ign. 16-0 12-0 5-2 


The oxides used in the above experiments displayed varying 
degrees of activity and may be placed in the following descending 
order: lead, iron, copper, aluminium, tin, and zinc. 

Pro-knock Reagents.—It has been established that certain unstable 
and active oxidising substances when introduced with the fuel into 
an engine cylinder induce detonation or knocking. These include 
alkyl nitrites, organic peroxides, nitrogen peroxide (Mardles, J., 
1928, 872), and probably ozone. The same investigator states that 
the ignition temperatures of n-butyl alcohol, xylene, and ethyl 
alcohol are lowered proportionately by these substances. These 
fuels have comparatively high ignition points, above 500°. The 
results are entirely different with the hydrocarbons which ignite at 
about 300°, e.g., the normal paraffins from pentane to decane, and, 
again, the important factors of the conditions of experiment, such as 
temperature, concentration, etc., must be noted. The following 
experiments establish the fact that the above-mentioned active 
reagents may raise the ignition point of the paraffins and petrol 
and at the lower temperatures the lag is considerably increased. 

Nitrogen peroxide. Different quantities of this catalyst wer 
added to the air in 125 c.c. bulbs by expelling the gas from capillaries 
of different lengths to yield the approximate composition required. 
This oxide of nitrogen is extremely active in retarding auto-ignition, 
and octane containing 1-0°% of it will not ignite below 300°; more- 
over, the lag is considerably prolonged when the percentage of 
oxide is reduced to such a proportion that it will permit of ignition 
below 300°. The lag for n-octane at 260° is 16 seconds in the 
presence of 0-1%, of nitrogen peroxide and 3-6 seconds in the blank 
test. An increase in the concentration of the peroxide brings about 
a correspondingly longer lag; e.g., at 270°, n-octane gave the 


foliowing times : 
OETA, -iddcssicsosccres 0 0-1 0-2 0:3 0-4 0-5 
Lag (SECB.) ....ccccceee 3-0 6-4 78 14-0 25-0 No ign 


Similar results were obtained for n-heptane at 300°. Experi- 
ments conducted with ether, which has a low ignition point, showed 
that small concentrations of nitrogen peroxide below 1% had little 
effect on the ignition point, but with concentrations of the order of 
2—3%, the ignition temperature was raised several degrees and the 
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lag was slightly increased. From what has been stated above, one 
might expect that the lag would be decreased by this catalyst at a 
much higher temperature or by much smaller concentrations. 

The action of 0-1% of nitrogen peroxide on n-octane at temper- 
atures up to 300° was as follows : 

i 260° 270° 280° 290° 300° 
+ “caneererran 16-0 6-4 3-0 2:0 No ign. 

As in the case of the active oxides, by a reduction of the nitrogen 
peroxide content to extremely small proportions the time of lag can 
be made shorter than that of the blank test at temperatures slightly 
above the ignition point in glass. 

Amyl nitrite. This reagent must be placed in a different category 
in that it has a definite ignition point of its own which is well below 
300°: Ignition temperature = 248°; lag = 4-0 seconds. 

It must also be included in that class of substance whose lag 
interval is short even at the first indication of spontaneous ignition, 
tg., ether. Such substances undergo considerable oxidation or 
decomposition at considerably lower temperatures—without the 
appearance of flame. In a study of the effect of amy] nitrite on the 
lag time and the ignition temperature the foregoing must be con- 
sidered. 

The ignition temperatures of n-octane and decane were con- 
siderably raised by amyl nitrite and the lags were prolonged at 
temperatures below 250°, but at some temperature above the 
ignition point of amyl nitrite, depending upon the concentration of 
the latter, the lag intervals were actually decreased. On the other 
hand, the ignition point of hexane, which is well above the ignition 
temperature of amyl nitrite, was lowered by the latter and the lag 
period was shortened. The following results represent the effect of 
2% of amyl nitrite in n-octane under comparable conditions : 


Temp. 230° 240° 250° 260° 270° 280° 

n-Octane. Lag (secs.) 42:0 150 90 56 40 2-8 

nOctane + 2% et ne No 228 118 4:5 3-2 1-8 
of amyl nitrite. ign. 


Anti-knock Reagents.—These are substances which are added to 
the fuel to inhibit the undesirable pinking or detonation in petrol 
mgines, and the majority of the published results show that they 
lave a marked action in raising the ignition temperature. This does 
lot distinguish them from the pro-knocks where petrols are con- 
termed (Part II). It was supposed that knock suppressors were 
inti-oxidants, but many of the latter substances, such as quinol, 
are of no service in petrols, and it does not follow that a catalyst 
Vhich is negative at the ordinary temperature will so function under 
the conditions obtaining in the engine during the explosion. There 
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is evidence, however, that the two classes of substances known as 
knock inducers and suppressors do act differently on the rate of 
oxidation of hydrocarbons at temperatures below the ignition 
points, the latter having marked inhibiting properties. A résumé 
of this subject has been given by Schaad and Boord (J. Ind. Eng, 
Chem., 1929, 762). 

Lead tetraethyl, the most efficient anti-knock, does not greatly 
inhibit oxidation at the ordinary temperature in comparison with 
anti-oxidants such as quinol. The success of the former in internal 
combustion engines is reputed to be due to its decomposition products 
(Egerton and Gates, J. Inst. Pet. Tech., 1927, 244; Souders and 
Brown, J. Ind. Eng. Chem., 1929, 1261). The former worker 
report that decomposition begins at 230°. Many hypotheses have 
been put forward to explain the action of lead tetraethy]l, the 
majority of them being concerned with the iead produced by dis 
sociation, but these cannot explain why lead tetraethyl, triethyllead 
chloride, and diethyllead dichloride have relative efficiencies » 
knock suppressors in the ratio of 4 : 3: 2 (Church, Mack, and Boor, 
J. Ind. Eng. Chem., 1926, 334). Undoubtedly the ethyl radicals play 
an important part and it is significant that the xylenes, which are 
theoretically capable of splitting off two methyl groups, are mor 
effective than toluene with one group, which in turn has a better 
knock rating than benzene (Howes and Nash, J. Soc. Chem. Ini, 
1930, 167). These free organic radicals, however, are reported t 
be promoters of oxidation. 

In the drop or crucible method the concentration of lead tetra 
ethyl necessary to prevent the appearance of flame is exceedingly 
small, especially for the paraffins of high molecular weight. Octane 
containing 0-1°% of it will not ignite in a bulb or test-tube with a 
open mouth, although a sudden pressure rise without flame can k 
obtained after a prolonged lag when the mouth is closed as described 
in Part II. With concentrations that permitted ignition it was foun! 
that (1) the ignition temperature was raised and the lag prolonged, 











(2) only one experiment could be made in a bulb or tube, because 
even after the residual gases had been blown out, the glass surfac 
was coated with an active film, presumably of lead oxide, whic 
sometimes increased the lag but usually prevented further ignitiol 


at the same temperature. The results for hexane were : 

Temp. .......+. 285° 297° Ss 310°—ts 317” 
Hexane. Lag (secs.) ... 22-0 12-8 9-2 60 
Hexane + 0-1% PbEt,. o veh. ice Oke. 4 15:5 10°8 


Aniline is typical of the non-metallic compounds which act 
knock suppressors, but in comparison with lead tetraethyl mu 
greater concentrations are required. The addition of 0-1% has 
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negligible effect on the lag, but with ten times this concentration 
the ignition temperature is raised and also the lag is increased in all 
experiments up to the highest temperatures at which ignition takes 
lace. 
./ far as the results obtained by the crucible method are concerned, 
the rates of change of lag with temperature in the presence of these 
ati-knock reagents are far less than the rates produced by the 
promoters of oxidation, and it will be necessary to make more 
exact comparisons by one of the other two methods of determining 


Counter-effects.—In crucible tests the promoters and the inhibitors 
of knocking can increase the lag and raise the ignition temperature 
of paraffins, but in the case of the former the change of lag with rise 
of temperature is very rapid and by reducing the quantity of the 
catalyst and raising the temperature it is possible to reduce the time 
of lag below that of the blank test, 7.e., to accelerate the lag. This 
has not been found possible with the inhibitors. Now the efficacy 
of lead tetraethy] in the internal combustion engine has been ascribed 
to the oxidising action of the lead particles, which act as miniature 
sparking plugs ahead of the flame front and so produce uniform 
combustion (see Church, Mack, and Boord, loc. cit.). The theory is 
avery attractive one, but in the light of the above experiments with 
aluminium, lead, etc., one would substitute the idea of flameless 
combustion for active combustion ahead of the flame front induced 
by lead particles and ethyl radicals. However, in their effect on 
oxidation and also on ignition and lag the two classes of substance 
are apparently distinct and when a member of each is present they 
oppose each other. It is known that ether nullifies the effect of lead 
tetraethyl in petrol and it has been shown in Part II that the ignition 
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temperature of a hydrocarbon which has been raised by lead tetra- 
ethyl may be lowered by the presence of an oxidising surface of 
powdered glass or pumice. Interesting results were obtained with 
nitrogen peroxide and lead tetraethyl. The oxide of nitrogen was 
added to the air in a bulb in such quantity that no ignition of octane 
occurred at 260° or only took place after a long lag. When the 
experiment was repeated with octane containing 0-04% of lead 
tetraethyl, which also prolongs the lag, ignition occurred very 
readily and the lag was considerably reduced; in fact, in some 
experiments in which both catalysts were present the lag was 
shorter than in the blank test, as the following typical result shows : 
Reagent Blank. NO,(0-1%). PbEt,. Mixture. 
Oe 3-6 18-0 No ign. 3-2 
Similar results were obtained with amy] nitrite and lead tetraethyl, 
but in this case both reagents were dissolved in the hydrocarbon. 
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The former at temperatures approaching 300° readily diminished 
the lag and in experiments carried out with heptane it was found 
possible gradually to lengthen the lag of a solution containing 2-0°, 
of amyl nitrite by additions of a solution containing lead tetraethy] 
or aniline. 

Summary. 

Experiments on the lag in ignition of hydrocarbons have been 
made by a variation of the drop or crucible method. The results 
indicate that the lag is to be preferred to the ignition temperature 
as a test of the ignitability of paraffins and petrols, since it is a fune. 
tion of the molecular weight or the boiling range. In this method the 
rate of diffusion apparently plays an important part, since the 
hydrocarbon may be removed by oxidation and without flame 
almost as quickly as it diffuses into the oxygen, thereby withholding 
spontaneous ignition. The rate of oxidation increases with mole. 
cular weight in the case of the paraffins; for instance, decane has a 
higher ignition point than octane, and a kerosene fraction has a 
higher one than petrol in crucible experiments. Substances which 
promote oxidation have been shown to raise the ignition temperature 
and increase the time of lag, but by reducing the proportion of some 
of them to a minute amount and raising the temperature, the time 
of lag has been diminished. As the temperature is raised, the time 
of lag diminishes in the drop method, until eventually a point is 
reached where the mixture again fails to ignite spontaneously. This 
temperature is dependent upon the molecular weight of the paraffin, 
the dimensions of the tube or bulb, and the activity of the oxidising 
agent present. The experiments also show the futility of attempt- 
ing to compare the activities of pro-knock and anti-knock reagents 
by their effects on ignition temperature and even on lag by the drop 
method. When members of each class are present together, they 
neutralise each other’s effect. The rate of change of lag with 
temperature may possibly furnish further useful information. 


Royvat NAavat CoLLeGE, GREENWICH. [ Received, July 21st, 1930.] 





CCLXXXVII.—Hydrochloric Acid Solutions of Iodine 
Monochloride. 


By FREDERICK ARTHUR PHILBRICK. 


Tue stability of solutions of iodine monochloride in hydrochlori¢ 
acid has commonly been attributed to the formation of a complex 
HICl, or ICl,’. That they contain no iodine monochloride 48 
ICI appears certain from the fact that carbon tetrachloride shaken 
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with them, as in Andrews’ titration, remains colourless, though 
iodine monochloride is soluble in carbon tetrachloride and gives 
solutions as strongly coloured as those of iodine. This fact might 
equally well be explained by assuming complete dissociation into 
I' and Cl’, and if this view is correct the addition of iodine mono- 
chloride to hydrochloric acid will raise the chloride-ion concentration, 
whereas if complex formation takes place it will reduce it : the object 
of the work now described was to decide between these views. 
Apart from its intrinsic interest, this appears to be an indispensable 
preliminary to the determination of the equilibrium constant of the 
reaction usually denoted by 


10,’ + 21, + 6HCl — 5ICl + Cl’ + 3H,0 


and now of considerable importance in volumetric analysis. 

The method selected was to compare the solvent power of the 
solutions on iodine with that of hydrochloric acid. The solubility 
of iodine in hydrochloric acid at 25° has been measured by Ray and 
Sarkar (J., 1922, 121, 1449), and the work of Carter and Hoskins 
(J., 1929, 580), which was carried to hydrochloric acid concentrations 
of about 7N, confirms their results. A study of the combined data 
shows that the solubility of iodine in millimoles per litre can be 
closely represented by the expression 2-54a + 1-36, wherea@ is 
the concentration of hydrochloric acid in moles per litre of solution. 
This linear relation follows from the constancy of the expression 
(Cl'}[I,]/[Cl1,’], since [CII,’] can be neglected in comparison with 
[Cl]. The distribution coefficient of iodine between hydrochloric 
acid and carbon tetrachloride at 25° has also been measured by 
Ray and Sarkar (loc. cit.), who found it to be only slightly dependent 
on the iodine concentration. Consequently the distribution co- 
efficient of iodine between two hydrochloric acid solutions of con- 
centrations a, and a, is (2°54a, + 1:36)/(2-54a, + 1:36) = (a, + 
0-54) /(a. + 0-54), and this relation can be used to measure chloride- 
ion concentrations in comparison with those prevailing in concen- 
trated hydrochloric acid. 

The solutions were prepared from potassium iodate, iodine, and 
hydrochloric acid, and comparison solutions were prepared contain- 
ing equal concentrations of hydrochloric acid and potassium chloride 
but no iodine monochloride; the distribution coefficient of iodine 
between each pair of solutions was then measured by bringing both 
of them into equilibrium with the same solution of iodine in carbon 
tetrachloride. By this method there is automatic compensation 
for the presence of potassium chloride and also for any possible effect 
of carbon tetrachloride dissolved in the water layer. The apparatus 
finally adopted is shown in Fig. 1. Suction is applied to A and 
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pure air saturated with the vapour of the heavier solvent is admitted 
at B. The heavier solution is carried up C and falls in drops ora 
thin stream through one of the aqueous solutions confined in D, is 
forced through G, falls through the comparison solution in F, and 
returns to C. When equilibrium has been reached, the stoppers 
are removed and the aqueous solutions in D and F withdrawn for 
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The three-liquid distribution apparatus. 


analysis. In these experiments the apparatus and the air train 
were immersed in an 85-litre electric thermostat at 25°. 

Direct experiment showed that the air entering the apparatus 
was saturated with carbon tetrachoride vapour and also that the 
loss of iodine by volatilisation was negligible. Equilibrium is reached 
in an hour, but the time allowed was never less than 2 hours and 
ample time was allowed for the solutions to settle. On withdrawal 
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they were sealed up and allowed to cool before analysis with 
potassium iodate by Andrews’ method. 

Since only two 5 c.c. portions of each solution, each containing 
from 1 mg. upwards of free iodine, were available for analysis, a 
titration vessel was designed to avoid the many disadvantages of 
the reagent bottle commonly recommended. In this vessel (Fig. 2) 
the tip of the weight burette can be brought into contact with the 
liquid to be titrated, so that one drop is no longer the smallest 
quantity of solution which can be added at a time, while no more 
than 0-3 c.c. of carbon tetrachloride is needed to indicate the end- 
point—a great gain in sensitivity. Additions are made while both 
limbs are horizontal and a shallow layer of liquid covers the floor 
of the side-tube; if the vessel is then shaken lengthways with the 
wide tube horizontal and the side-tube vertical, not a drop can be 
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Titration vessel for iodine. 





lost, but the final volume of the solution must not exceed half the 
capacity of the vessel. At the end of the titration the vessel is 
tipped so that the carbon tetrachloride runs into the small bulb, 
which it should just fill, and its colour is then viewed in diffused 
daylight against a white background. The solution to be titrated 
can be weighed into the titration vessel, which may be closed by a 
tubber stopper (Foulk and Morris, J. Amer. Chem. Soc., 1922, 44, 
221) if the liquid contains free iodine, but in these experiments 
standardised pipettes were used. The vessel is very suitable for the 
estimation of from 0-5 to 5 mg. of iodine with thiosulphate : a trial 
analysis showed that 3 mg. can be estimated in this way with an 
accuracy of 0-1% (Taken: 3-077 mg. Found: 3-075, 3-073, 3-075 mg. 
of iodine). The accuracy by Andrews’ method is, however, 
considerably less, and the concordance of the analyses on which this 
work is based averaged 0-5%. 

At least two batches were prepared of all the materials, and the 
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solutions were made independently. The potassium iodate (British 
Drug Houses A.R.) was twice recrystallised, and gave 99-9°% on 
analysis. The potassium chloride was prepared by heating twice 
recrystallised potassium perchlorate in a fused silica crucible. The 
iodine was resublimed from potassium iodide and quicklime. The 
carbon tetrachloride was purified by the action of iodine mono. 
chloride, as recommended by Serra (Gazzetta, 1899, 29, ii, 353), 
The hydrochloric acid (pure B.P.) was used without purification, 
All the materials were tested for purity by the usual methods and 
with satisfactory results. ; 

The iodine monochloride solutions were made up by weighing 
potassium iodate and iodine (slightly in excess) into a standard 
flask, adding water, then a known volume oi concentrated hydro. 
chloric acid gradually and with constant cooling and the usual 
precautions, and filling the flask up to the mark the next day. 
There is no loss of chlorine by this method. 

The results are in the table. The solutions more concentrated 
in iodine afford the best basis for calculation, since the expression for 


Titratable iodine 
(millimoles per litre). 


Chloride concentration of 
solutions (moles per litre). 








% Comparison 9 Comparison Distribution 
IC! solution. solution. ICI solution. solution. ratio. 
ICl, 0-962 ICI, none hd aan ae 
po = “15! . -22(7) 

HCl, 2-854 HCl, 2-854 ° 9 

KCI, 0-192 “KCI, 0-192 oo — ee 
. as 4-93 4-04 1-22(0) 
ICl, 0-962 ICl, none 2-530 2-194 1-15(3) 
HCl, 7-03 HCl, 7-03 4:37 3°80 1-15(0) 
KCl, 0-192 KCl, 0-192 7:97 6-93 1-15(0) 


the distribution ratio is derived from measurements on saturated 
solutions. Let a, and a, be the concentrations of hydrochloric acid 
with the same chloride-ion concentrations as the iodine monochloride 
solutions; then (a, + 0-54)/(2-85 + 0-19 + 0-54) = 1-220 and 
(a, + 0-54) /(7-03 + 0-19 + 0-54) = 1150, whence a, = 3-83 and 
a, = 8:38. The iodine monochloride has therefore raised the 
chloride-ion concentrations by 3-83 — 2-85 —0-19 = 0-79 and 
8-38 — 7:03 — 0-19 = 1-16 respectively, and the degree of ionis- 
ation of the iodine monochloride compared with that of the hydro- 
chloric acid is 0-79/0-962 = 82% and 1-16/0-962 = 120-5%. That 
is, an approximately molar solution of iodine monochloride in 
3N-hydrochloric acid is about 80% as fully dissociated as the acid, 
and in 7N-acid is considerably more dissociated than the acid. A 
more exact statement might be made in terms of activities, but in 
the absence of values for the chloride-ion activities serves little 
purpose ; it is better to restrict the conclusions to the statement that 
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in hydrochloric acid solution iodine monochloride is a highly 
dissociated electrolyte. This conclusion is merely strengthened by 
any salting-out effect which the monochloride may have on iodine : 
the salting-out effect of hydrogen chloride is negligible (Carter and 
Hoskins, Joc. cit.). 

If HICI, or ICI,’ can exist at all in water, it should certainly be 
found in a solution nearly molar in iodine monochloride and 7N in 
hydrogen chloride, but the measurements leave no room for either 
undissociated monochloride or any compound of it with hydro- 
chloric acid. Schiitzenberger (Compt. rend., 1877, 84, 389) claimed 
to have extracted HICI, from the acid solution with ether, but his 
product probably retained ether, which itself combines with hydrogen 
chloride. Sullivan (Z. physikal. Chem., 1899, 28, 523) considered 
that he had obtained evidence for complex formation, but his results 
appear on the whole to point to ionisation, whose possibility he did 
not discuss. The freezing-point measurements, on which he chiefly 
relied, were made with solutions which had not reached equilibrium 
and were slowly precipitating iodine, while, as he himself admits, 
the concordance of the results was unsatisfactory. He also found 
that the addition of iodine monochloride to solutions of the alkali- 
metal chlorides raised the electrical conductivity, a result most 
difficult to account for on the hypothesis of complex formation, 
and an experiment with acid solutions showed the iodine mono- 
chloride to have approximately the same equivalent conductivity as 
the dilute hydrochloric acid in which it was dissolved. 

The ionisation of iodine monochloride in aqueous solution, in 
sharp contrast with the behaviour of iodine or bromine, strikingly 
confirms Fajans’ view that the formation of electrovalencies is 
promoted by a large kation and a small anion (see, for instance, 
Sidgwick, “‘ The Electronic Theory of Valency,” p. 104). Since 
the valency shell of I° contains only six electrons, it is to be expected 
that donor solvents will promote ionisation of the monochloride, 
and of this there is abundant evidence : it is a good conductor in 
ether (Solly, Phil. Mag., 1836, 8, 130, 400), dichloroacetic acid 
(Plotnikov, Chem. and Ind., 1923, 42, 750), sulphur dioxide, 
sulphuryl chloride, and above all in the pre-eminently donor solvent 
arsenic trichloride (Walden, Z. physikal. Chem., 1903, 43, 385). 

The stability of iodine trichloride in hydrochloric acid can be 
accounted for in the same way, and there is similar evidence that 
the trichloride is ionised in non-aqueous solvents. The first to suggest 
the dissociation IC], =~ ICI,” + Cl’ appears to have been Oddo 
(Gazzetta, 1901, 31, ii, 146, 151). Since in the ion ICI,’ all three 
atoms have their full octets, it is not to be expected that the donor 
qualities of the solvent should have the same importance for the 
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ionisation of the trichloride as for that of the monochloride, and 
while Walden found that in arsenic trichloride the equivalent 
conductivity of iodine trichloride was only some 4% of that of 
iodine monochloride under the same conditions, the cryoscopic 
measurements of Bruner and Galecki (Z. physikal. Chem., 1913, 
84, 513) show that in nitrobenzene iodine trichloride is consider. 
ably dissociated but iodine monochloride is scarcely dissociated at 
all. 
Summary. 

1. An apparatus is described for circulating a heavy solvent 
between two lighter ones. 

2. A description is given of a vessel for the micro-titration of 
iodine with which 3 mg. can be estimated with an accuracy of 
0-1%. 

3. Experiments on the distribution of iodine between hydro. 
chloric acid and hydrochloric acid solutions of iodine monochloride 
show the latter to be highly ionised in aqueous solution. It is 
pointed out that this confirms modern views on the formation of 
electrovalencies. There is no evidence for the existence of HICI, 
or its anion in solution. 

4. The dissociation of iodine monochloride and trichloride in 
non-aqueous solvents supports this conclusion. 


The author wishes to express his warmest thanks to Dr. Holmyard 
for his encouragement and interest in the work. 
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CCLXXXVIII.—The Preparation of the Optically 
Active Phenylmethylcarbinols. 


By ArmManp JosEPH Henri Hovussa and JosEPpH KENYON. 


Some years ago, Pickard and Kenyon (J., 1911, 99, 45) obtained 
d-phenylmethylearbinol by the fractional crystallisation of the 
brucine salt of its acid succinic ester, but were unable to prepare the 
corresponding /-alcohol. /-Phenylmethylcarbinol was prepared by 
the crystallisation of the brucine salt of its acid phthalic ester by 
Ott (Ber., 1928, 61, 2139), but it was not optically pure, since its 
rotatory power, [«]}%, — 40-95°, was less than that, [a]? + 42-86°, 
of the product obtained by Pickard and Kenyon. As considerable 
quantities of the optically pure alcohol were required for another 
investigation, further attempts have been made to prepare the pure 
d- and [-varieties of this alcohol, which are herein described. 
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The results of the experiments show that by the crystallisation 
of the brucine salt of the hydrogen phthalic ester of phenylmethyl- 
carbinol it is possible to prepare the /-alcohol rapidly and in reason- 
ably large quantities. The d-alcohol can be obtained only in 
small quantity by the method now described, but it is suggested 
that an alternative procedure is available for the preparation of this 
isomeride in large quantities from the mother-liquors containing 
the more soluble brucine salt. By the recovery of the hydrogen 
phthalic ester and treatment with carbon disulphide, its rotatory 
power may be considerably enhanced. This procedure yields a 
hydrogen phthalic ester of fairly high rotatory power in good 
quantity. The d + dl-alcohol obtained by the hydrolysis of this 
ester may be used as the starting point in the preparation of optically 
pure d-alcohol by the succinate method of Pickard and Kenyon 
(loc. cit.). 

EXPERIMENTAL. 

Phenylmethylearbinol was obtained in 76% yield by the inter- 
action of magnesium methyl bromide and 70% of the theoretical 
quantity of benzaldehyde (Marshall, J., 1915, 107, 509). The 
magnesium methyl] bromide was prepared by passing methyl bromide 
vapour (1 mol.) into ether, covering magnesium (1 mol.). The 
earbinol obtained was converted into its acid phthalic ester by 
heating it with a solution of phthalic anhydride (1 mol.) in dry 
pyridine (1 mol.) on the steam-bath for 2 hours. The di-phenyl- 
methylearbinyl hydrogen phthalate separated from acetic acid or 
benzene in leaflets, m. p. 108°; yield, 85% (0-2594 g., dissolved in 
alcohol, required for neutralisation 9-7 c.c. of N/10-sodium hydr- 
oxide. Calc., 9-6 c.c.). The brucine salt of the hydrogen phthalic 
ester crystallised readily from acetone. The brucine salts of the 
two isomerides differed only slightly in solubility in cold acetone, 
but showed a mark difference in hot acetone. The brucine salt 
was therefore treated with hot acetone insufficient in amount to 
dissolve it completely, the hot solution filtered, and the unaissoived 
salt washed with successive portions of boiling acetone. After 
this operation had been repeated 8—10 times, the sparingly soluble 
brucine salt remaining, m. p. 152° (decomp.), had [«];i,, — 45°7° in 
acetone (c = 5-100, 1=2) and [a], —47-7° in chloroform 
(c= 5-085, 1 = 2). On decomposition, this brucine salt yielded 
the hydrogen phthalic ester as an oil, which had «3;, —3-51° 
( = 0-25) in the homogeneous state. After several months, the oil 
set to a mass of needles which had m. p. 81—82° and [«]%, + 39-8° 
in ethyl alcohol (c = 5-1220, 1 = 2), [«]}%;, — 59-7° in carbon di- 
sulphide (c = 8-4800, 1 = 2), and [a}%, + 1:23° in chloroform 
(¢ = 6-5100, 7 = 2). 
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The alcohol, b. p. 93°/14 mm., obtained from the hydrogen phthalic 
ester by hydrolysis had «3%, — 13-27°, agg, — 10-94°, and ais, — 28-06° 
(all 7 = 0-25). 

By this procedure the J-alcohol may be obtained fairly rapidly 
in good yield, in comparatively few operations : e.g., from 1-3 mols, 
of dl-phenylmethylearbinyl hydrogen phthalate there was obtained 
0-27 mol. of /-alcohol of maximum activity. 

d-Phenylmethylcarbinol.—The mother-liquors from the less soluble 
brucine salt were concentrated and seeded with a crystal of the 
brucine salt of d-phenylmethylcarbinyl hydrogen phthalate. The 
crop of crystals obtained, after crystallising four times from acetone, 
had m. p. 85° and yielded a hydrogen phthalic ester with [«}f, 
— 28° in ethyl-alcoholic solution. On further crystallisation (6—8 
times) from acetone, there was obtained a small quantity of the 
brucine salt with m. p. 107° (decomp.), [«]3j,, — 29-7° in ethyl 
alcohol (c = 5-0500, 1 = 2). The hydrogen phthalic ester obtained 
from this salt solidified to a white crystalline mass, m. p. 81—82°, 
which had [«}, — 40-7° in ethyl alcohol (c = 3-010, 1 = 2). 

Some difficulty was experienced with these crystallisations, since 
the salt in the first stages was easily soluble in acetone, and in the 
later stages tended to crystallise in either of two forms, depending on 
the temperature. If allowed to crystallise over-night at room 
temperature, the salt was produced in hard masses, m. p. 107°, 
whereas if it was cooled in ice and crystallised rapidly, light powdery 
crystals were formed containing acetone of crystallisation, m. p. 
100—101° (decomp.). 1 G., kept in an air-oven at 90° until its 
weight was constant (3 hours), lost 0-079 g., i.e., 7-994, corresponding 
to 1 mol. of acetone of crystallisation. 

Further portions of the fully active brucine salt could be obtained 
by decomposing the first mother-liquors from the crystallisations, 
which yielded the hydrogen phthalic ester as an oil. The activity 
of this could be easily and rapidly increased by treatment with dry 
carbon disulphide, in which the dl-ester is practically insoluble and 
the d- (or l-) ester is easily soluble. Thus, 25 g. of J + dl-ester 
({a]}is. — 9-2° in ethyl alcohol), treated with 500 c.c. of carbon 
disulphide, deposited about 15 g. of the dl-ester, and from the 
mother-liquor, approx. 10 g. of 1 + dl-ester were obtained as an oil, 
with [«]}§,, — 23-7° in ethyl alcohol. This ester, on conversion into 
brucine salt and recrystallisation as described, was obtained with 
maximum activity. 

On hydrolysis of the hydrogen phthalic ester ([«]?;, — 40-7°) 
d-phenylmethylcarbinol was obtained, b. p. 98—99°/20 mm., with, 
ais, + 13-02° and aif; + 10-87° (J = 0-25), whence [a]}%, + 51-36° 
and [a], ++ 42-88°. 
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It is interesting to compare some of these data with those derived 
from the closely similar methyl-n-hexyl- and methyl-cyclohexyl- 
carbinols. 





Methylcarbinol. 
n-Hexyl. cycloHexyl. Phenyl. 
d-Alcohol (homog.), [a]sig) «-+-+e++++es +10-39° + 723° +51-36° 
d-Hydrogen phthalic ester in ethyl 
alcohol (c = 5), [a]sig, -+-++eseeeeeeee 458-5 + 66-8 —40-7 
M. p. Of Gl-ester  ......sescceccessescsees 55 140 108 
M. p. of d- or l-ester — .......seeeeeeeees 75 75 81—82 


The authors’ thanks are due to the Government Grant Committee 
of the Royal Society and to Imperial Chemical Industries Ltd. for 
grants which have helped to defray the cost of this investigation. 
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CCLXXXIX.—The Partial Specific Volume of 


Potassium n-Octoate in Aqueous Solution. 
By Davin Gwynne Davies and CuarLes R. Bury. 


In a previous paper (Grindley and Bury, J., 1929, 679) it was shown 
that in solutions, one component of which can associate to form 
micelles, there must be a certain concentration below which micelles 
can only be present in infinitesimal quantities, while above this 
concentration the number of micelles will increase rapidly. This 
concentration will be called the critical concentration for micelles. 

The existence of such a critical concentration was supported by 
work on the densities of mixtures of butyric acid and water. It was 
shown that the slope of the contraction—-composition curve and the 
magnitude of the partial specific volumes changed abruptly, but not 
discontinuously, at a concentration which is indicated by freezing 
points (Jones and Bury, Phil. Mag., 1927, 4, 841) to be the concen- 
tration at which micelle formation begins. 

It seemed important to investigate whether soap solutions show 
the same sudden change of partial specific volume that was observed 
with butyric acid solutions, and we have therefore investigated the 
densities of aqueous solutions of potassium octoate. A potassium, 
rather than a sodium, soap was chosen as the subject of this research 
because sodium soaps are generally less soluble than, and do not 
tend to form micelles so readily as, the potassium soaps. It also 
seemed desirable to use a soap derived from an acid containing a 
relatively small number of carbon atoms, for with those derived from 
the higher fatty acids the critical concentration for micelles seems 
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to lie in very dilute solution, which would increase the experimenta| 
difficulties. The formation of acid soap, which is favoured by dilu. 
tion and lengthening of the carbon chain, would be an added com. 
plication. Lastly, the relatively low solubility of the higher soaps 
would probably necessitate working at a higher temperature. 

The procedure adopted was to prepare and analyse a solution of 
potassium hydroxide (2—3 mols. per 1000 g. of water) and to add the 
required weight of this to a weighed quantity of octoic acid. After 
the density of this soap solution had been determined, a known 
weight of it was diluted with a suitable weight of water, the density 
was determined again, and soon. Whilst this method was the best 
that could be devised, taking into consideration the nature of 
potassium octoate, it has two disadvantages. There is the difficulty 
of adding the correct quantity of alkali in the synthesis of the 
original solution; owing to unavoidable errors of analysis of the 
potassium hydroxide solution there may be a small error in calculat- 
ing the quantity of it that is required to neutralise the acid, and 
owing to the impossibility of adding less than a drop of it to the acid 
there may be a difference between the quantity required and the 
quantity added. Preliminary experiments in which insufficient or 
excess alkali was deliberately added showed that this uncertainty 
in the composition of the solution might lead to an error of 0-0001 in 
the density of a 2-0N-solution. This error will affect each member 
of a series of determinations proportionately. 

The second disadvantage of the method is the possible accumul- 
ation of errors at the end of a long series of dilutions. This source of 
error seems to have affected some of the preliminary series but to 
have been eliminated, by practice in manipulation, from the final 
series. 

Octoic acid was purified by conversion into its methyl ester, which 
was fractionally distilled twice in a vacuum and then hydrolysed. 
The resulting acid was fractionally distilled in a vacuum and it then 
froze at 15-7°. Freezing points were determined by the Beckmann 
method, samples of about 20 c.c. being used, and a standardised 
thermometer graduated in tenths of a degree. Fractional crystallis- 
ation is valueless as a method of purification, for five recrystallisations 
of the crude product did not raise the freezing point by more than 
0-1°. Fractional distillation of the crude acid also is valueless, but 
fractional distillation of the purified acid appears to remove a small 
amount of impurity introduced by esterification and subsequent 
hydrolysis, possibly water or alcohol. 

Potassium hydroxide solution was prepared by washing sticks of 
the pure solid three times in order to remove the outer layers, which 
are contaminated by carbonate and possibly silica, and dissolving 
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the remaining cores. The entire operation was carried out in a 
closed vessel of resistance glass and in an atmosphere of nitrogen. 
Conductivity water was used. The resulting solution was shown to 
be free from carbonate by Winkler’s method (‘Treadwell’s ‘‘ Analyt- 
ical Chemistry,”’ English translation, 1919, vol. II, p. 563) and was 
standardised by determining the weight necessary to neutralise a 
known weight of pure succinic acid, phenolphthalein being used as 
indicator. 

The procedure recommended by Hartley and Barrett (J., 1911, 99, 
1072) was used in determining the densities at 25°. The results are 
in Table I. If densities are plotted against concentrations, the 








TABLE I. 

Series I. Series IT. 
Conc. of soap. Conc. of soap. 

Mols. per < Mols. per 

1000 g. Density, 1000 g. Density, 

% water. D*. %. water. Dz. 

28-73 2-213 1-04806 15-94 1-041 1-02727 
22-39 1-582 1-03796 13-86 0-8831 1-02388 
13-57 0-8616 1-02345 12°14 0-7582 1-02102 
10-69 0-6569 1-01867 9-983 0-6085 1-01741 
8-516 0-5109 1-01494 7°763 0-4619 1-01351 
6:744 0-3969 1-01163 5-562 0-3232 1-00912 
5-626 0-3272 1-00935 3-610 0-2055 1:00493 
2-888 0-1632 1-00340 1-640 0-0915 1-00065 
0 0 0-99707 


resulting graph is almost a straight line from 0 to 6% of soap, then 
bends slightly and becomes straight again over the range 9 to 28% 
of soap. Bunbury and Martin (“‘ International Critical Tables,” 
vol. V, p. 447) have determined the density of this soap at three 
concentrations at 90°, and found the density to be a linear function 
of the concentration. Whilst more accurate and more numerous 
determinations might reveal deviations from this, these results show 
that the abrupt change of slope, which we attribute to the existence 
of a critical concentration for micelles at this point, is far less 
marked at higher temperatures, which is in agreement with the 
work of McBain, all of which shows that the tendency to form 
micelles decreases with rise of temperature. 

Partial specific volumes have been calculated by the method of 
Hildebrand (‘‘ Solubility,’’ 1924, p. 64) and are shown in Table II 
and graphically in the figure. The curves resemble very closely 
those obtained with butyric acid (Grindley and Bury, loc. cit., 
Fig. 2): in each case there is the same rapid rise which indicates the 
critical concentration for micelles. With potassium octoate this 
rise occurs at a concentration of about 7-5 to 8-0% of soap, or about 
047N. Freezing points (McBain, Laing, and Titley, J., 1919, 145, 
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TaBLeE II, 
Cone. of soap. Cone. of soap. 
——, ———— 
Mols. per Partial specific Mols. per Partial specific 
1000 g. volumes. 1000 g. volumes. 
%. water. Water. Soap. %. water. Water. Soap. 
0 0 1-00294 0-784 9 0-543 1-000 0-830 
2 0-112 1-0029 0-785 10 0-610 0-999 0-835 
4 0-229 1-0028 0-788 12 0-748 0-999 0-840 
5 0-289 1-0027 0-791 15 0-969 0-998 0-843 
6 0-350 1-0024 0-800 20 1-372 0-998 0-845 
7 0-413 1-0012 0-811 24 1-733 0-997 0-847 
8 0-477 1-0004 0-823 
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1279) indicate that micelle formation first becomes appreciable at 
0-5N, and at 90° dew-point measurements (see Randall, McBain, 
and White, J. Amer. Chem. Soc., 1926, 48, 2517) indicate that micelles 
are first formed at about 0-4N. As with butyric acid, the critical 
concentration for micelles decreases with rise of temperature. 
Further evidence that this rapid rise of the partial specific volume 
is due to micelle formation is afforded by the fact that it is not shown 
by the alkali salts of the lower fatty acids, for which, within the 
limits of experimental error, the curves are smooth. To illustrate 
this the partial specific volumes of potassium acetate (-+0-26) and 
potassium propionate (-++0-215), calculated from the data given i? 
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“ International Critical Tables ” (vol. III, p. 90), are also plotted in 
the figure: the constants given in parentheses have been added to 
bring them on the same graph. Hexoic acid is the lowest fatty acid 
whose salts exhibit colloidal behaviour, and hence abrupt changes 
of partial specific volume are not to be expected with salts of lower 
acids. 


We wish to thank Professor F. E. Francis for advice on the 
purification of octoic acid. 
EDWARD DAVIES CHEMICAL LABORATORIES, 


UNIVERSITY COLLEGE OF WALES, 
ABERYSTWYTH. [ Received, July 17th, 1930.] 





CCXC.—Investigations in the Diphenylene Oxide 
Sertes. Part II. 


By NicHoias MicHAaEL CULLINANE. 


BorscHE and Bortue (Ber., 1908, 41, 1940) regarded the main 
product of mononitration of diphenylene oxide as the 3-derivative, 
but as the work of Mayer and Krieger (Ber., 1922, 55, 1659; compare 
also Ryan, Keane, and McGahon, Proc. Roy. Irish Acad., 1927, 37, 
368) showed this to be incorrect, Borsche and Schacke (Ber., 1923, 
56, 2499) suggested that it was 2-nitrodiphenylene oxide. In con- 
tinuation of previous work (Ryan and Cullinane, Sci. Proc. Roy. 
Dublin Soc., 1924, 17, 321) the mononitration of diphenylene oxide 
has been examined afresh, and it has been found that the main 
product (80%) is 2-nitrodiphenylene oxide, m. p. 182°. 

Reduction of the nitrodiphenylene oxide, m. p. 182°, gives an 
amino-compound from which by the Sandmeyer process there 
results a chlorodiphenylene oxide, identical with the product obtained 
by diazotising 5-chloro-2-aminodiphenyl ether and heating the 
diazo-derivative in 50% sulphuric acid. It follows that the com- 
pound, m. p. 182°, is 2-nitrodiphenylene oxide. 


O O 
Owe? > OO 
H one leeateeall 
In the mononitration of diphenylene oxide a very small quantity 
of another nitro-derivative, m. p. 110°, is produced (Borsche and 
Schacke, loc. cit., p. 2500). The following is known concerning the 
constitution of this compound. 2-Diacetamidodiphenylene oxide, 


formed by reduction of the 2-nitro-derivative and acetylation of 
the amine produced, on nitration and subsequent hydrolysis 
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yields a nitroamino-compound which gives a diamine on reduction 
(Borsche and Schacke, loc. cit., p. 2504). This is an o-diamine, 
for it combines with benzil to give a quinoxaline. Hence it must 
be 1: 2- or 2: 3-diaminodiphenylene oxide. Borsche and Schacke 
considered it to be the latter. The nitroamino-derivative on 
replacement of the amino-group by hydrogen gives a nitrodiphenyl. 
ene oxide which was considered by these authors to be identical 
with the substance of m. p. 110°. If this ig so, the diamine cannot 
be 2:3- but must be 1:2-diaminodiphenylene oxide, for the 
3-nitro-compound has m. p. 141° (Ryan, Keane, and McGahon, 
loc. cit., p. 370), and the compound of m. p. 110° must be 1-nitro. 
diphenylene oxide. 
EXPERIMENTAL. 

Diphenylene oxide was prepared as follows (compare Galewsky, 
Annalen, 1891, 264, 189): a mixture of phenol (200 g.) and litharge 
(300 g.) was heated at about 150° for 7—8 hours, and the product 
distilled. The portion that distilled above 185° was shaken with 
warm dilute sodium hydroxide solution, cooled, washed with water, 
and crystallised from dilute alcohol, colourless plates (30 g.) being 
obtained, m. p. 87°, b. p. 288°. 

2-Aminodiphenylene Oxide —2-Nitrodiphenylene oxide was pre- 
pared in 80% yield by the nitration of the ether in glacial acetic 
acid solution by means of fuming nitric acid (Ryan and Cullinane, 
loc. cit., p. 325). The nitro-compound was reduced with tin and 
hydrochloric acid (Borsche and Bothe, loc. cit., p. 1941) to the 
amine, which crystallised from dilute alcohol in colourless needles, 
m. p. 94° (yield, 90%). 

The hydrochloride was deposited from dilute hydrochloric acid 
in colourless plates. 

2-Chlorodiphenylene Oxide—The hydrochloride of 2-amino- 
diphenylene oxide (3 g.), suspended in dilute hydrochloric acid 
(50 c.c.), was diazotised at 0° with sodium nitrite (1-1 g.; 1-2 mols.) 
in water (3 ¢.c.), the diazo-compound separating as a brownish 
solid. After remaining at room temperature for 12 hours, the 
product was poured in small portions into boiling 10° cuprous 
chloride solution (60 g.) and the mixture was boiled under reflux 
for 15 minutes and steam-distilled. The distillate contained 2 
chlorodiphenylene oxide (1-4 g.), which crystallised from alcohol in 
colourless leaflets, m. p. 101° (Found : Cl, 17-7. C,,H,OCI requires 
Cl, 17-5%), slightly soluble in water and readily soluble in light 
petroleum, ether, alcohol, benzene, chloroform, or acetone. The 
constitution of this chlorodiphenylene oxide was established by the 
synthesis described below. 
5-Chloro-2-aminodiphenyl Ether—The hydrochloride of this 
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amine may be prepared by reduction of the corresponding nitro- 
compound by the iron filings-ferric chloride method of Roberts 
and Turner (J., 1925, 127, 2011) or by means of tin and hydrochloric 
acid (90°% yield). The amine was first obtained as an oil, but slow 
evaporation of a solution of this in alcohol yielded a solid which, 
recrystallised from the same solvent, gave greyish needles, m. p. 44° 
(Found: Cl, 16-15. C,,H,gONCI requires Cl, 16-15%). 5-Chloro- 
2.aminodiphenyl ether is slightly soluble in water, but dissolves 
readily in light petroleum or the usual organic solvents. The 
sulphate forms colourless needles. 

The finely divided suspension obtained by cooling and shaking 
asolution of 5-chloro-2-aminodipheny] ether (4 g.) in dilute sulphuric 
acid (60 c.c.) was treated at 0° with sodium nitrite (2-2 g. in 20 c.c. 
of water). After remaining at room temperature for 5 hours, the 
mixture was poured into sulphuric acid (40 c.c.) of such strength 
that the ultimate concentration of acid was 50% ; the whole was then 
boiled under reflux for 10 hours. Distillation with steam removed 
a small quantity of a solid, which was washed with dilute sodium 
hydroxide solution and with water and crystallised from alcohol. 
The colourless plates (0-1 g.) obtained had m. p. 101°, alone or 
mixed with the chlorodiphenylene oxide described above. 


In conclusion, the author wishes to express his thanks to Mr. 
H. 8. Dixon, who carried out the analyses. 


THe TatemM LABORATORIES, UNIVERSITY COLLEGE, 
CARDIFF. . [Received, July 16th, 1930.] 





CCXCI.—Benzoic Esters and Electronic Affinities of 
Radicals. Part II. The Halogenoalkyl Benzoates. 


By AnuMAD ZAKI. 


In Part I (J., 1928, 983) comparison was made between the orienting 
powers of various alkyl radicals as exhibited in the alkyl benzoates. 
The effect of a halogen atom in the alkyl group is now considered. 
When the halogens are separated from the benzene nucleus by 
one or more saturated carbon atoms, the phase in which they 
exercise their free electrons by increasing their covalency with the 
«carbon of the nucleus, causing op-substitution, cannot exist. 
The intrinsic negativity of these elements, instigated by their 
strong nuclear charges and transmitted by electrostatic induction 
along a chain, becomes the controlling factor. The periodic table 
gives the clue to their order of negativity. For meta-orientation 
the order becomes: F > Cl> Br> I. 
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This principle gains support from the following comparisons, the 
percentages referring to the amount of m-compound obtained on 
nitration : 


Toluene 3% Holleman, “‘ Die direkte Einfiihrung, etc.,’’ p. 96. 
Benzyl chloride 4% Holleman, Rec. trav. chim., 1924, 33, 1. 
Benzal chloride 35% - 99 99 9 


Benzotrichloride 64% ” a ae Pe 

Benzal fluoride 65% Hove, Bull. Acad. roy. Belg., 1913, 3, 1082. 
Benzotrifluoride 99% Schwartz, Bull. Acad. roy. Belg., 1920, 8, 389. 
Chlorine therefore functions as an attractor of electrons, and the 
more atoms of it there are present the greater is the attraction. 
Fluorine functions as chlorine does, but to a much greater extent, 
and it may be presumed that bromine, for which no data could be 
found, will function in the same way, only in a less degree. The 
same applies to iodine. 

It was anticipated that the nitration of the halogenoalkyl 
benzoates would provide evidence of the same kind. The radicals 
chosen were chloromethyl, $-chloro-, 8-bromo-, and £-iodo-ethyl, 
and the three corresponding y-halogenopropyls. On_ nitration, 
however, the iodoalkyl benzoates liberated practically all their 
iodine directly they came in contact with nitric acid. The bromo. 
compounds gave very little bromine, and the chlorine proved to be 
firmly held in the molecule. The following results were obtained : 


Radical. % Meta. Radical. % Meta. Diff. 
CH,Cl 81-9 Me 72-6 9- 
CH,Cl-CH, 75:8 Et 69-9 5-9 
CH,Cl-CH,-CH, 77-3 Pra 71-8 5-5 
CH,Br-CH, 71-5 Et 69-9 1-6 
CH,Br-CH,-CH, 72:8 Pra 71-8 1-0 


The effect due to the chlorine is evident from comparisons with 
the corresponding unsubstituted alkyl benzoates. y-Chloropropy! 
benzoate, when compared with its lower homologues, shows the 
same alternation as n-propyl benzoate in comparison with methyl 
and ethyl benzoates (see Part I, Icc. cit.). Alternation there was 
considered to be due to the steric influence of the carbonyl group on 
the odd carbon atoms of the chain and it was shown that the influence 
disappeared with the disappearance of the cause; and the same 
reasoning applies here. The differences in the last column give 4 
measure of the effect due to the chlorine atom in its various positions 
in the chain. The effect is greater the nearer the chlorine is to the 
nucleus, the view that the transmission of these effects is governed 
by electrostatic laws thus being plainly illustrated. 

The bromo-esters occupy a place between the corresponding 
normal and chloro-esters and show the alternation exhibited by 
the other two series. 
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EXPERIMENTAL. 


The nitration of the esters, the hydrolysis of the products, and the 
subsequent analyses were carried out as described in Part I. 
Attempts to attain saturation at 25° in less than 3 days by first 
warming the solutions above 25° failed owing to supersaturation. 

Chloromethyl Benzoate.—This was obtained from benzoyl chloride 
and paraformaldehyde with anhydrous zinc chloride as a catalyst 
(Ulich and Adams, J. Amer. Chem. Soc., 1921, 43, 662); b. p. 
104—106°/2 mm. 

The nitration product (yield, 98-2%) was hydrolysed by boiling 
with N-potassium hydroxide in a current of air free from carbon 
dioxide. The subsequent hydrolyses were all performed in this way. 

8-Chloroethyl Benzoate-—This was prepared in 90% yield by 
boiling benzoyl chloride and £-chloroethyl alcohol together for 3 
hours; b. p. 255—257°/762 mm. and 138-8°/18 mm. 

The yield of nitration product was 96-9%. 

Trimethylenechlorohydrin.—The pure glycol (52 g.) was saturated 
with dry hydrogen chloride in a bottle in cold water and then kept 
under pressure in boiling water; after 5 hours, all the gas had 
been absorbed. When the product was distilled, only 6 g. of the 
required compound were obtained, between 155° and 165°, the 
remainder being trimethylene dichloride or unchanged trimethylene 
glycol (concentrated hydrochloric acid gave a similar result). The 
products from two such experiments were fractionated and the 
alcohol was collected at 158—159°. 

y-Chloropropyl Benzoate.—Equivalent quantities of trimethylene- 
chlorohydrin and benzoyl chloride were heated together for 3 hours. 
The yield of ester, b. p. 155—156°/15 mm., was 75% (Found : C, 
60-2; H, 5-6. Cale.: C, 60-4; H, 5-5%). 

The yield of nitration product was 98-5%. 

Ethylenebromohydrin.—This was prepared by saturating ethylene 
glycol with dry hydrogen bromide and heating it under pressure in 
awater-bath for 5 hours; b. p.47—48°/15 mm. The yield was poor. 

8-Bromoethyl Benzoate.—This was prepared by heating benzoyl 
chloride and ethylenebromohydrin in molecular proportion (Auwers, 
Annalen, 1904, 332, 209); b. p. 147—149°/15 mm. An attempt 
to prepare it by heating ethylene dibromide with sodium benzoate 
under pressure (von Braun, Ber., 1913, 46, 1784) gave only ethylene 
dibenzoate. In an attempt to convert @-chloroethyl benzoate into 
the bromo-compound by heating it with sodium bromide in alcohol 
(compare §-iodoethyl benzoate) the chloro-ester was wholly un- 
attacked. 

The yield of nitration product was 98-7%. 
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y-Bromopropyl Benzoate-——This was obtained by. heating tui. 
methylene dibromide (b. p. 162—165°; prepared from trimethylene 
glycol and hydrobromic acid in about 90% yield; ‘‘ Organic 
Chemical Reagents,” vol. II, p. 19) with sodium benzoate at 200° 
for 10 hours (von Braun, Ber., 1913, 46, 1784); b. p. 164-5—165-5°/ 
16 mm. 

The yield of nitration product was 99-0%. 

In the nitration of this ester and the previous one, a little bromine 
separated, distinguishable by its smell and by the slight coloration 
of the aqueous mixture obtained when the product was poured on 
ice. Before extraction with ether a current of carbon dioxide 
was passed through and every trace of bromine removed. 

8-lodoethyl Benzoate-—@-Chloroethyl benzoate (100 g.) was 
boiled with 160 g. of sodium iodide (2 mols.) in 100 c.c. of 90% 
alcohol for 6 hours. Alcohol was then distilled off, water added, 
the product extracted with ether, and the extract washed with 
water containing sulphur dioxide and dried over calcium chloride. 
The oil left after the removal of the solvent was fractionated ina 
vacuum, air not being admitted until the fractions had cooled 
(the hot ester gives up iodine easily in air); b. p. 161—163°/17 mm. 
The yield was about 80% (Found: C, 39-0; H, 3-3. Calc.: ¢, 
39-1; H, 33%). 

y-Iodopropyl Benzoate.—This was prepared from y-bromopropyl 
benzoate and sodium iodide (von Braun, Ber., 1913, 46, 1784), 
precautions similar to those described for the previous ester being 
taken in fractionating the product; b. p. 177—179°/15 mm. 


Tue Ratren Forster LABORATORIES OF ORGANIC CHEMISTRY, 
UnIvERsiIty COLLEGE, LONDON. [Received, August 1st, 1930.] 


































CCXCII.—Bromine Chloride; the Action of Mixtures 
of Chlorine and Bromine on Aliphatic Diaz- 
Compounds. 


By Tuomas Weston Jouns TayLor and LANCELOT 
ALBERT Forscey. 


OF recent years evidence is accumulating that, contrary to the older 
ideas, in a mixture of chlorine and bromine, either as gases or in 
solution, a considerable proportion of the halogens exists as bromine 
chloride, BrCl. Reference may be made to the electrometric work 
of Forbes and Fuoss (J. Amer. Chem. Soc., 1927, 49, 142), to the 
spectrophotometric work of Barratt and Stein (Proc. Roy. So. 
1928, A, 122, 582) based on an observation of Dobson, and to the 
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vapour pressure measurements of Lux (Ber., 1930, 63, 1156). On 
the chemical side, the work of Delépine and Ville (Bull. Soc. chim., 
1920, 27, 673) on the addition of the mixed halogens to unsaturated 
compounds points in the same direction, but the objection might be 
raised that the possibly complicated mechanism of this reaction 
may obscure the issue. 

Chlorine and bromine react very rapidly and energetically with 
aliphatic diazo-compounds, a molecule of nitrogen being expelled 
and a molecule of the halogen taking its place : 


CRR’N, + Hal, —> CRR’Hal, ++ N,. 


If bromine chloride is present to an appreciable extent in mixtures 
of bromine and chlorine, the product obtained by using the mixture 
in this reaction might be expected to consist of the chlorobromo- 
compound together with the dichloro- and the dibromo-compound. 
If, because of the great ease with which the reaction proceeds, 
it is assumed that there are no complicating factors present, the 
proportions in which the three products are formed will be a measure 
of the proportions of the molecules Cl,, Br,, and BrCl in the original 
mixture. 

Ethyl diazoacetate was allowed to react with the equivalent of an 
equimolecular mixture of chlorine and bromine in carbon tetra- 
chloride solution. The mixed dihalogen esters formed were fraction- 
ated under 30 mm. pressure. From the middle fraction (b. p. 
80—85°), on treatment with concentrated aqueous ammonia, 
chlorobromoacetamide; identical in melting point and properties 
with specimens synthesised by two other different methods, was 
obtained. In order to make sure that the substance was not an 
equimolecular compound of dichloro- and dibromo-acetamides, the 
melting-point curve for mixtures of these substances was deter- 
mined; these two amides form an unbroken series of solid solutions 
and the equimolecular mixture melts over a range of temperature, 
the temperature of complete fusion being 137°. The chlorobromo- 
acetamide on the contrary melted sharply at 129-0°. 

If the total esters from such an experiment are converted into 
amides and recrystallised several times, more than half the product 
consists of chlorobromoacetamide. This indicates that the equili- 
brium Br, +- Cl,—=2BrCl lies over to the right-hand side. The 
method using diazoacetic ester, however, is not suitable for obtaining 
quantitative results. It is very difficult to devise a method for 
estimating mixtures of dichloro-, dibromo-, and chlorobromo-acetic 
esters; and, though this could be done for the corresponding 
amides, the conversion of esters into amides is not quantitative, 
some halogen being lost during the process. 











2274 TAYLOR AND FORSCEY : BROMINE CHLORIDE; 


To overcome this difficulty benzoylphenyldiazomethane, 
Ph-CN,°COPh, was taken as starting point, since the reaction 
products, dichloro-, dibromo-, and chlorobromo-deoxybenzoins, are 
all solids melting without decomposition. This diazo-compound 
was allowed to react with its equivalent of an equimolecular mixture 
of chlorine and bromine and an attempt was made to separate 
from the product chlorobromodeoxybenzoin in a state of purity. 
Alcohol proved useless as solvent, since the halogen atoms in the 
compounds reacted with it to a slight extent in hot solution and, as 
the crystallisations proceeded, the product became more and more 
contaminated with benzil. The use of light petroleum overcame 
this difficulty, but ten recrystallisations failed to give a pure product, 
The melting-point curves for binary and ternary mixtures of these 
three deoxybenzoins showed later that all form solid solutions with 
each other and the attempt was abandoned, though the melting 
points of the final fractions together with their bromine and chlorine 
content showed that chlorobromodeoxybenzoin was present in 
considerable quantity. 

Chlorobromodeoxybenzoin was obtained by the bromination of 
monochlorodeoxybenzoin and the melting-point curve for mixtures 
of this substance with varying amounts of an equimolecular mixture 
of dichloro- and dibromo-deoxybenzoins was determined. Since 
the product of the reaction of the diazo-compound with an equi- 
molecular mixture of chlorine and bromine must consist of equi- 
molecular amounts of the dichloro- and dibromo-compounds 
together with the chlorobromo-compound, determination of its 
melting point and reference to this curve will give its composition. 

In actual fact, however, this product is always contaminated 
with a small amount of a gummy material, the complete removal of 
which offers great difficulty; it is best accomplished by recrystal- 
lisation from ligroin, but this process upsets the constancy of the 
chlorine—bromine ratio to a small extent. The melting point of 
the product after this treatment varies between the limits 94° and 
91°, so that as a mean result, which is not of a high degree of 
accuracy, the composition of the reaction product can be taken as 
80 mols. % of chlorobromodeoxybenzoin and 10 mols. % of each of 
the dichloro- and dibromo-compounds. On the assumption made 
here, the same figures express the proportions of the molecules in 
the equilibrium Br, + Cl, =2BrCl. 

The only results with which this figure can be compared are those 
of Barratt and Stein (loc. cit.), who also used solutions in carbon 
tetrachloride. Their results vary widely, the mean being that 
roughly 50 molecules of bromine chloride are in equilibrium with 
25 of each of chlorine and bromine. They worked, presumably, 
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at room temperature, while our reaction mixture was always kept 
in a bath at 0°, but the reaction is vigorous and exothermic and 
accurate temperature control was impossible. The equilibrium, 
however, is probably very little affected by temperature, since there 
isno observable heat change on mixing solutions of the two halogens 
and, further, Dobson has found that the absorption spectrum of 
chlorine—bromine light filters does not alter appreciably with change 
of temperature. The divergence between our result and that of 
Barratt and Stein arises either because their assumption as to the 
absorption of bromine chloride in the visible part of the spectrum 
is not justified, or else because of the failure of our own assumption. 
If the absorption of bromine chloride extends further into the 
visible region than they assume, it is possible that the concentrations 
of free bromine measured by them are too great and the divergence 
between the two sets of results receives some explanation. 


EXPERIMENTAL. 


Throughout this work chlorine and bromine were used as solutions 
in purified carbon tetrachloride which had been standardised 
iodometrically. The estimations of the chlorine and bromine were 
carried out (a) with the acetamides, by boiling a weighed sample 
with concentrated potash solution, precipitating the mixed silver 
halides, weighing them, heating them in a stream of chlorine and 
weighing again (even the purest samples of potassium hydroxide 
contained enough chloride to interfere with this method; so the 
chloride content of a stock solution was estimated and, known 
amounts of this solution having been used, the necessary correction 
was applied); (b) with the deoxybenzoins, by boiling a weighed 
sample with alcoholic silver nitrate, filtering off the silver halides, 
and proceeding as before. 

All temperatures given are corrected for the emergent stem. 

Chlorobromoacetamide obtained from the reaction product 
melted at 129-0° (Found: Cl, 20-1; Br, 46-7. Cale.: Cl, 20-6; 
Br, 464%). The compound was also prepared from ethyl chloro- 
bromomalonate (Conrad and Briickner, Ber., 1891, 24, 2995) and 
from ethyl chlorobromoacetoacetate (Conrad and Schmidt, Ber., 
1896, 29, 1045). These authors give a melting point of 117°; our 
products, after several recrystallisations from benzene, melted at 
129° (Found : C, 14:1; H, 1-7; N, 8-2; Cl, 20-7; Br, 46-4. Cale. : 
C, 13-9; H, 1-7; N, 8-1; Cl, 20-6; Br, 46-4%). These analyses 
agree with the calculated values better than do those of Conrad 
and Briickner and they were probably dealing with an impure 
specimen, unless, as with other amides, polymorphism occurs here. 
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When these samples were mixed with those from the reaction 
product, there was no depression of the melting point. 

Dichloroacetamide was obtained by the action of aqueous 
ammonia on ethyl dichloroacetate: after recrystallisation from 
benzene it melted at 99-4°. Dibromoacetamide prepared similarly 
melted at 155-5°. The temperatures of complete fusion of binary 
mixtures of these two compounds which were determined were :— 
Mols. % CHBr,-CO-NH,  ......... 13-8 27-2 46-95 65-6 
POMS Lids didisccceedseisss. 123-2° 128-4° 135-7° 143-8° 

Benzoylphenyldiazomethane : contrary to the observations of 
Forster and Cardwell (J., 1913, 103, 868), purified benzene was 
found to be a much better solvent than ether for the oxidation of 
benzilmonohydrazone. The solvent was removed at 30° under 
reduced pressure; the product, recrystallised from ligroin (b. p. 
60—80°), melted at 81-8° (decomp.) (Staudinger and Gaule, Ber,, 
1916, 49, 1911, give 79°). 

Dichloro- and dibromo-deoxybenzoins were obtained by the 
action of the halogens on benzoylphenyldiazomethane (Found: 
Cl, 26:5. Cale., 26-89%. Found: Br, 44-8. Calc., 45-2%). The 
temperatures of complete fusion of binary mixtures of these com- 
pounds observed were :— 


Mols. % Ph-CBr,-COPh ......... 0 20-0 29:0 33:6 428 
TOOT OAUNS: 6006p 066560ssereoepecss 60-0° 77°8° 85-2° 92-0° 94-0° 
Mols. % Ph-CBr,-COPh ......... 54-7 66-2 79-5 92-1 100 

ROMIDUEORONG co issesvescsccoccccssees 98-0° 104:5° 106-2° 111-0° 111-0° 


Monochlorodeoxybenzoin (desyl chloride) was obtained from 
thionyl chloride and benzoin (Schroeter, Ber., 1909, 42, 2348); for 
the reaction to proceed satisfactorily a third more thionyl] chloride 
than is recommended by Schroeter was found necessary. The 
initial product was a black viscous liquid which slowly solidified and 
from which the desired compound was obtained by extraction with 
warm ligroin (b. p. 60—80°); the solution was decanted from the 
oil which separated on cooling, and the product crystallised on 
further cooling in ice and salt. It was best recrystallised from 
light petroleum and melted at 65-5°. 

Chlorobromodeoxybenzoin was prepared by the action of the 
theoretical amount of bromine on chlorodeoxybenzoin in glacial 
acetic acid solution; the reaction was complete after 30 minutes’ 
heating on the steam-bath. The product crystallised in part 0 
cooling or was obtained by pouring the mixture into water. It 
formed colourless prisms, m. p. 85° (after four recrystallisations 
from ligroin) (Found : Cl, 10-8, 11-2; Br, 26-0, 24-9. C,,H,,OCIBr 
requires Cl, 11-4; Br, 25-8%). 
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The temperatures of complete fusion of ternary mixtures of the 
dichloro-, dibromo-, and chlorobromo-compounds made up from an 
equimolecular mixture of the first two substances and varying 
amounts of the third were observed to be as follows :— 


Mols. % Ph:CCIBr-COPh ... 92-1 75-4 62-3 39-1 10-95 0 
Temperature  .............e0008 88-4° 93-8° 95-2° 96-0° 96-4° 96-8° 


THE Dyson PEerRRins LABORATORY, 
Ox¥FoRD. (Received, August 19th, 1930.] 





CCXCIII.—Polynitroarylnitroamines. PartI, 2:4: 6- 
Trinitrophenylnitroamine. 


By Witt1AmM WENALLT JonzEs and Francis GEORGE WILLSON. 


DuRING a study of the nitration of o- and p-nitroanilines, Witt and 
Witte (Ber., 1908, 41, 3090) obtained, in addition to a 60—-70% 
yield of picramide and some picric acid, a yellow explosive product 
which yielded a stable sodium salt. Analysis of the latter indicated 
that the new product was 2:4: 6-trinitrophenylnitroamine, but 
it was not further characterised. 

We have found that 2:4: 6-trinitrophenylnitroamine can be 
obtained in good yield by the nitration of sulphanilic acid under 
suitable conditions. It is a yellow crystalline solid which deflagrates 
between 80° and 110°. it dissolves in aqueous alkalis, giving deep 
purple-red solutions (compare Franchimont, Rec. trav. chim., 1910, 
29, 298), from which well-defined salts can be isolated. 

Proof of the constitution of this material is afforded (a) by its 
conversion into 2:4: 6-trinitrophenylmethylnitroamine when 
treated with methyl sulphate and aqueous alkali, (b) by its decom- 
position in the Lunge nitrometer with quantitative liberation of 
nitric oxide, (c) by its formation from picramide by nitration, and 
(d) by the formation of picramide, in practically quantitative yield, 
when it is dissolved, together with an equimolecular amount of 
2: 4-dinitroaniline, in cold concentrated sulphuric acid. 

Riegel, Post, and Reid (J. Amer. Chem. Soc., 1929, 51, 508) state 
that treatment of sulphanilic acid in sulphuric acid solution with 
1-1 mols. of nitric acid affords 2-nitro-4-aminobenzenesulphonic 
acid, but give no proof of this constitution of the product. The 
above results indicate that, if a mononitro-derivative is formed 
under these conditions, it will be the 3-nitro-4-aminobenzenesul- 
phonic acid. 

Macciotta (Gazzetta, 1930, 60, 408) claims to have isolated “ picr- 
amide nitrate” by adding fuming sulphuric acid (30% free SO,) to 
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a solution of p-nitroaniline in nitric acid (d 1-52). His product is 
described as a yellow crystalline compound, which deflagrates when 
heated. It is also stated that picramide remains unchanged when 
treated similarly. 

We have repeated Macciotta’s nitration of p-nitroaniline, and 
find that his product is identical with that obtained as above from 
sulphanilic acid, i.e., it is 2 : 4 : 6-trinitrophenylnitroamine. 

Nitration of 2 : 6-dinitrosulphanilic acid (Holleman and Haefter, 
Rec. trav. chim., 1921, 40, 93) also affords 2 : 4 : 6-trinitrophenyl. 


nitroamine. 
EXPERIMENTAL. 


Nitration of Sulphanilic Acid.—A solution of anhydrous sulph- 
anilic acid (104 g.) in warm sulphuric acid (d 1-84; 400 c.c.) is 
cooled to 15° and stirred mechanically, and nitric acid free from 
nitrous acid (d 1-5; 240 c.c.) is added slowly during about 2 hours, 
the temperature being kept below 20° by means of an external ice. 
bath. The stirring is continued for 24 hours, but renewal of the 
ice is unnecessary after 6 hours. The mixture is then kept for a 
further 48 hours at the ordinary temperature. The 2:4: 6. 
trinitrophenylnitroamine separates in finely divided, crystalline 
condition, and is readily collected on a sintered glass funnel. The 
crude product is placed in ice-water, again filtered off, drained, and 
dried at a low temperature (yield, 120 g., or 75% of the theoretical). 
It is best recrystallised from a mixture of chloroform and acetone 
(6 c.c. and 1 c.c. respectively per g. of product) [Found : N (Lunge), 
5-04. Cale. for C,H,(NO,)sNH-NO,: N, 5-12%. Calc. for 
C,H,(NO,),,-NH,,HNO,: N, 483%]. Dilution of the waste acid 
yields only about 10 g. of gummy material. The nitration is slow, 
and the prolonged stirring and cooling are essential to prevent 
inflammation of the charge. 

Methylation of 2:4:6-Trinitrophenylnitroamine.—The _ nitro- 
amine (9 g.) is dissolved in aqueous 1-5% sodium hydroxide (100 
c.c.). Methyl sulphate (5 c.c.) is added gradually, and the mixture 
stirred until the solution, originally deep red, has become yellow. 
The precipitated solid is filtered off, washed with water, and dried 
(yield, 3 g.); m. p. 115—120°. It is purified by reprecipitation 
from solution in nitric acid (d 1-5) with water. Thus obtained, the 
product has m. p. 125—128°, not depressed by admixture with 
2 : 4: 6-trinitrophenylmethylnitroamine. 

Nitration of Picramide.—Picramide (2 g.) is dissolved in warm 
concentrated sulphuric acid (10 c.c.), and nitric acid (d 1-5; 2-8 c.c.) 
added gradually at below 20° to the stirred solution. After 2 hours, 
the precipitated nitroamine is collected, washed with water, and 
dried (yield, 2 g.). 
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Picramide from 2:4:6-Trinitrophenylnitroamine and 2: 4- 
Dinitroaniline—The nitroamine (3-0 g.) and 2: 4-dinitroaniline 
(20 g.) are dissolved successively in concentrated sulphuric acid 
(25 c.c.) and the solution is kept for 24 hours at the ordinary tem- 
perature and then poured on ice, picramide (4-5 g.) being obtained ; 
m. p. 172—180°, mixed m. p. 177—185°. 

Nitretion of 2:6-Dinitrosulphanilic Acid.—Potassium 2: 6- 
dinitrosulphanilate (30 g.) is dissolved in concentrated sulphuric 
acid (70 c.c.), and nitric acid (d 1-5; 30 c.c.) is added gradually 
with stirring and cooling. After 24 hours, when the mixture is 
poured on ice, 2 : 4: 6-trinitrophenylnitroamine is obtained (yield, 
15g., or 55% of the theoretical). 


The authors desire to make acknowledgment to Dr. A. Forster 
for interest and encouragement and to Dr. G. Rotter for facilities. 
This paper is published by permission of the Director of Artillery. 


Roya ARSENAL, WooLwIcH. [Received, September 8th, 1930.] 





OCXCIV.—Mercuration of Some Polyhydroxybenzalde- 
hydes and their Monomethyl Ethers. 


By THomas ANDERSON HENRY and THomAs MARVEL SHARP. 


MERCURATION takes place with remarkable rapidity when alcoholic 
solutions of 2: 3-, 2:4-, 2:5-, or 3: 4-dihydroxybenzaldehyde are 
mixed at room temperature with mercuric acetate, as is shown by 
the fact that, within a few minutes of mixing, a test portion dis- 
solves completely in aqueous alkali. This result is doubtless due 
to the well-known activating effect on mercuration of phenolic 
hydroxyl groups, an effect which would naturally be enhanced by 
multiplying these groups. 

With the aldehydes which have their two hydroxyl groups in 
the ortho- or para-position to each other it has not been possible 
to isolate the mercury compounds in a pure state owing to the 
ease with which they undergo intramolecular oxidation with the 
separation of mercury as metal or in the mercurous condition. In 
the case of gentisinaldehyde (I) mercuration is quickly followed 
by oxidation, with the separation of mercurous acetate. 


CHO CHO CHO 
OH OH 
HO OH H 
OH 


(I.) (II.) (III.) 
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With 2: 3-dihydroxybenzaldehyde (II) and protocatechualdehyde 
(III), sparingly soluble, dark-coloured mercury compounds, mixed 
with mercurous acetate or oxide, are obtained. The mercurated 
aldehydes are soluble in sodium hydroxide solution, but the liquids 
so formed rapidly deposit metallic mercury and become dark in 
colour. It has not been found possible to isolate the oxidation 
product, which is possibly quinonoid in character. 

Resorcylaldehyde (IV), in which the hydroxyl groups are in 
the meta-position to each other, is mercurated normally and readily 
with the formation of 3: 5-diacetoxymercuri-2 : 4-dihydroxybenz. 
aldehyde, the constitution of which is proved by its conversion into 
a dibromo-2 : 4-dihydroxybenzaldehyde, which on methylation 
yields the known 3 : 5-dibromo-2-hydroxy-4-methoxy- and 3 : 5-di- 
bromo-4-hydroxy-2-methoxy-benzaldehydes (Rao, Srikantia, and 
Iyengar, J., 1929, 1579; Lindemann and Forth, Annalen, 1923, 
435, 219), with some 3 : 5-dibromo-2 : 4-dimethoxybenzaldehyde. 


CHO CHO CHO 
OH 0 OH Hg-OAc 
Hg Hg-OH OH 
H H OMe 
(IV.) (V.) (VI.) 


In view of the above results it was thought that the only tr- 
hydroxybenzaldehyde likely to furnish a stable mercury compound 
would be phloroglucinaldehyde. This aldehyde is mercurated 4 
easily and rapidly as the dihydroxyaldehydes, but no doubt owing 
to the large number of groups attached to the nucleus, internal 
condensation takes place with the formation of an anhydride d 
the probable constitution (V). 

Of the monomethy] ethers of the dihydroxybenzaldehydes, vanillia 
(4-hydroxy-3-methoxybenzaldehyde) has already been shown by 
Paolini to form a monomercuri-compound, the mercury in which 
was replaced by iodine with the formation of an iodovanillin d 
undetermined constitution (Gazzetta, 1921, 51, ii, 188). The mercury 
is now shown to be in the 5-position by conversion into the know! 
5-bromovanillin (Dakin, Amer. Chem. J., 1909, 42, 493). The 
monomethyl ethers are not mercurated so readily as the dihydroxy’ 
benzaldehydes themselves and have in all cases yielded mone 
mercuri-compounds. The mercuri-group enters the ortho-positio 
to the hydroxyl group when that position is free, as in vanillin, 
isovanillin, 2-hydroxy-4-methoxybenzaldehyde and 2-hydroxy~+ 
methoxybenzaldehyde, and the para-position when the orth 
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position is occupied, as in o-vanillin (2-hydroxy-3-methoxybem 
aldehyde), earlier observations on the directing influence of tht 
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lehyde hydroxy! group in mercuration (compare Henry and Sharp, J., 


mixed # 1992, 121, 1055; 1924, 125, 1049; 1926, 2432) thus being con- 
urated firmed. For instance, isovanillin forms 2-acetoxrymercuri-3-hydrowy- 
liquids 4methoxybenzaldehyde (VI), 2-hydroxy-4-methoxybenzaldehyde 
ark in yields 3-acetoxymercurt-2-hydroxy-4-methoxybenzaldehyde (VII), and 
dation ?-hydroxy-5-methoxybenzaldehyde gives rise to 3-chloromercuri- 
L-hydroxy-5-methoxybenzaldehyde (VIII). 


are in 

readily CHO CHO CHO 
sybenz. OH (‘oH 

mn into Hg-OAc MeO gCl / 
ylation H 

Ba OMe °° 'OMe 
a, and 

, 1923, (VII.) (VIII.) (IX.) 


le. _ ‘ , 
In the case of o-vanillin the acetoxymercuri-compound is no 


doubt first formed, but this on drying loses acetic acid with the 
.C formation of 2 : 5-anhydro-5-hydroxymercuri-2-hydroxy-3-methoxy- 
benzaldehyde (IX). This formula accounts for all the properties 
of the substance, but a structure such as (X) is not excluded. The 
product is soluble only in acetic acid, which converts it into 5-acet- 
oxymercuri-2-hydroxy-3-methoxybenzaldehyde, and consequently 





aly = the molecular weight, which would decide between these two 
pe formule, could not be determined. 

ited as 

nternal MeO-C,H.(CHO)-Hg-O-C,H,(CHO)-OMe 

ride o 


Although anhydride formation between a hydroxyl group and a 
hydroxymercuri-group in the ortho-position is quite common, a 
similar condensation between groups in the para-position (IX) 
does not seem to have been recorded previously. 

The constitution of the mercuri-compound from isovanillin (V1) 
follows from its conversion into a bromoisovanillin, m. p. 211— 
212°, which is shown to be the 2-bromo-derivative by the formation 
from it of methyl 2-bromoveratrate, of known constitution (Zincke 
and Francke, Annalen, 1896, 293, 185). The bromo-aldehyde is 
identical with a compound prepared by Pauly (Ber., 1915, 48, 
2010) which he wrongly assumed to be 6-bromoisovanillin. In 
Preparing Pauly’s bromoisovanillin, the authors obtained a second 
monobromo-derivative, m. p. 112—114°. This is shown to be 
6-bromoisovanillin by (a) methylation to the known 6-bromo- 
3:4-dimethoxybenzaldehyde (Pschorr, Annalen, 1912, 394, 23), 
and (6) oxidation to the corresponding acid and preparation of 


the aa ester, m, p. 81—82° (corr.), for which Zincke and Francke 
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(loc. cit.) record a melting point of 88—89°, but since the melting 
points of the methyl esters of 2-bromo- and 5-bromo-veratric acids 
are respectively 46° and 71—72° there can be no doubt that the 
ester formed here is the 6-bromo-derivative. 

Replacement of the mercury in the compound from 2-hydroxy. 
4-methoxybenzaldehyde (VII) by bromine gives a bromo-deriy.|_ 
ative, m. p. 119—121°, which is not identical with 5-bromo-2}, 
hydroxy-4-methoxybenzaldehyde, m. p. 120—121°, prepared by} ; 

d 
g 


Rao, Srikantia, and Iyengar (loc. cit.) since the melting point of a 
mixture of the two substances is depressed by about 30°. It is 
shown to be 3-bromo-2-hydroxy-4-methoxybenzaldehyde by bromin. 
ation to the known 3: 5-dibromo-2-hydroxy-4-methoxybenzalde. 
hyde (Rao, Srikantia, and Iyengar, loc. cit.), and the mercury is 
accordingly in position 3. 

The constitutions of the mercury compounds from 2-hydroxy- 
5-methoxybenzaldehyde (VIII) and o-vanillin (IX) follow similarly 
from their conversion into the known 3-bromo-2-hydroxy-5-meth. 
oxybenzaldehyde (Rubenstein, J., 1925, 127, 2000) and 5-brome 
2-hydroxy-3-methoxybenzaldehyde (Davies, J., 1923, 123, 1586, 
2847, respectively. 

In the preparation of the mercury compounds from 2-hydroxy. 
3-methoxybenzaldehyde and 2-hydroxy-5-methoxybenzaldehyde, 
demercuration takes place when the solutions are cooled (compar 
Henry and Sharp, J., 1926, 2432). The simple explanation tha 
this is in all cases a reversible reaction, 


RH + Hg(0-CO-CH,), => R-Hg-0-CO-CH, + CHy-CO-OH, |* 


in which the reaction from left to right takes place at elevated) p, 
temperatures and that in the reverse direction on cooling, appeati} 19 
to be rendered untenable by the fact that the mercurated produtt} 9. 
of 2-hydroxy-3-methoxybenzaldehyde can be recrystallised from] 
acetic acid without demercuration, although crystallisation of 5-acet} ¢ 
oxymercuri-4-hydroxy-3-methy]-6-isopropylbenzaldehyde from the 
same solvent does induce partial demercuration (loc. cit., p. 2439).[ pp 

The work described forms part of an investigation into tp, 
relation of chemical constitution to bactericidal action in til, , 
group of organic mercury compounds (Henry, Sharp, and Bro 
Biochem. J., 1925, 19, 513). Only three of the substances 
prepared are suitable for bactericidal tests; ‘these have been kindlj[. 
examined by Major H. C. Brown, C.I.E., M.B., B.Ch., of the W'}+9 
come Bureau of Scientific Research. They were tested as sodium 9% 
salts dissolved in water, by the method already described (loc. cit)} Rp 
The minimum concentration required to kill Bacillus typhoss} ey 
Rawlings, in. five minutes is, for the mercury compound frow se] 
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melting ?-hydroxy-3-methoxybenzaldehyde, 0-004%; from 2-hydroxy-4- 
ric acids | methoxybenzaldehyde, 0-025°%,; from 2-hydroxy-5-methoxybenz- 
that the] sdehyde, 0-0025%. 

EXPERIMENTAL, 

iy droxy. It has not been possible to find a standard set of conditions 
10-deriv: | suitable for the mercuration of all the aldehydes now dealt with. 
rOmM0-2! The modifications in solvents, quantities and methods of working 
ared by! described below have been made to overcome such difficulties as 
am of a demercuration, formation of intractable colloidal solutions, ete. 
: Kt is Solubility of the reaction mixture in aqueous alkali was taken as 
bromin- | an indication of complete mercuration. 

enzalde. Resorcylaldehyde.—Resorcylaldehyde (1 mol.) and mercuric acet- 
'TCUTY I} ate (2 mols.) in alcoholic solution were mixed at room temperature. 
The yellow precipitate, which formed at once, quickly turned 
1ydroxy-| white, and on recrystallisation from glacial acetic acid, it separated 
similarly} iy faintly pink crystals, which do not melt up to 300°. The com- 
-5-meth pound is 3: 5-diacetoxymercuri-2 : 4-dihydroxybenzaldehyde (Found : 
-bromel ay 61-4, 61-35; C, 20-15, 20-1; H, 1-5, 1-8. C,,H,,0,Hg, 
3, 158i quires Hg, 61-2; C, 20-15; H, 1-5%). 

3 : 5-Dichloromercuriresorcylaldehyde, made from the foregoing 
1ydr0x¥;} substance by the usual method, crystallises from acetone in colour- 
Idehyde less slender needles, which on heating turn pink at 240°, darken to 
compart! ted and decompose at 260° (Found: Hg, 65-5. C,H,0,Cl,Hg, 
ion that requires Hg, 66-0%). Bromine in acetic acid (5%) converts it 
into 3 : 5-dibromoresorcylaldehyde (see below), which separates from 
aleohol in colourless needles, m. p. 204° (corr.); yield, 84% (Found : 
C, 28:2; H, 14; Br, 542. C,H,O,Br, requires C, 28-4; H, 1-4; 
elevated] Br, 540%). In a similar manner with iodine (5% solution in 
appear! 10% aqueous potassium iodide) the mercury compound yields 
produet 3: 5-di-iodoresorcylaldehyde, which forms needles from alcohol, 
ed from} m, p- 168° (corr.) (Found: C, 21-65; H, 1-2. C,H,O,I, requires 
of 5-acetl (, 21-6; H, 1-0%). 
rom the Methylation of dibromoresorcylaldehyde. Treatment of the di- 
M 2439). bromo-aldehyde (5 g.) with excess of methyl sulphate (3-5 c.c.) in 
into tM presence of sodium hydroxide (20 c.c. of 10% solution) furnished 










OH, 


in thi, mixture of the mono- and di-methyl ethers. After being heated 
| BroWDion the water-bath for 20 minutes, the reaction mixture was made 
ces alkaline and then on extraction with ether furnished 3 : 5-dibromo- 


n kindly 2: 4-dimethoxybenzaldehyde (0-8 g.), which crystallised from alcohol 
he W NY? fone colourless needles, m. p. 10!—102° (corr.) (Found: C, 

4; H, 2-8; Br, 49-15. C,H,O,Br, requires C, 33-35; H, 2-5; 
| Br, 49-3). The ‘alkaline mother-liquor on acidification and 
xtraction with ether yielded a brown solid (4-2 g.), which was 
“parated by steam distillation into two products. The volatile 
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substance crystallised from alcohol in colourless needles (0-5 g,), 
m. p. 96—97°, identical with 3 : 5-dibromo-2-hydroxy-4-methoxy. 
beuzaldehyde (p. 2287). The non-volatile product was brown and, 
after purification through the bisulphite compound, crystallised 
from alcohol in thin plates, m. p. 172—174° (corr.). It is doubtless 
3 : 5-dibromo-4-hydroxy-2-methoxybenzaldehyde, which according 
to Lindemann and Forth (loc. cit.) melts at 170—171° (Found: 
C, 31-2; H, 2-2; Br, 51-8. Calc. for C,H,O,Br,: C, 31-0; H, 
1-95; Br, 51-6%). 

Other Dihydroxybenzaldehydes.—The only other dihydroxybenz. 
aldehydes tried were 2:3-, 2:5- (gentisinaldehyde), and 3:4 
(protocatechualdehyde). Admixture of any one of these in solu. 
tion with mercuric acetate at room temperature led to immediate 
mercuration. In a few minutes the clear liquids formed with the 
first two aldehydes began to deposit greenish-brown precipitates, 
which, while still moist, remained soluble in aqueous alkali, forming 
solutions from which metallic mercury quickly began to separate, 
After drying, the precipitates were no longer completely soluble in 
aqueous alkali, acetic acid or pyridine. Though these substances 
could not be purified, analysis of the product from 3 : 4-dihydroxy. 
benzaldehyde indicates that it consists of a hydroxymercur- 
acetoxymercuri-3 : 4-dihydroxybenzaldehyde (Found: Hg, 66%. 
C,H,O,Hg, requires Hg, 65-4%). With gentisinaldehyde, the 
initially clear solution soon began to deposit mercurous acetate, 
this process being complete in about 3 days. 

iso Vanillin.—isoVanillin (10-15 g.; 1 mol.) in alcohol (100 cc) 
was boiled under reflux for } hour with mercuric acetate (20-35 g.; 
1 mol.) in hot alcohol (400 c.c.) containing acetic acid (15 c.c.). A 
white amorphous solid (2-85 g.) slowly separated; the filtrate from 
this on cooling deposited more of the substance (10-35 g.) and on 
concentration crops of needle-shaped crystals separated amounting 
to 9-45 g.; finally an oil was obtained from which on extraction 
with ether 1-12 g. of isovanillin were recovered. The first two 
crops were monohydroxymercuriisovanillin, and the later ones 
mixtures of this and monoacetoxymercuriisovanillin. The whole 
was converted by solution in acetic acid into 2-acetoxymercurtiso 
vanillin. This crystallised from the solvent in bright colourless 
needles which do not melt up to 300° (Found: C, 28-9, 29-05; 
H, 2-45, 2-4; Hg, 48-7, 48-95. C,,H,,O;Hg requires C, 29-2; 
H, 2-45; Hg, 48-85%). The corresponding chloromercuri-compound 
crystallises from alcohol in colourless needles, m. p. 255—256° 
(Found: Hg, 51-7. C,H,O,CIHg requires Hg, 51-8%). Bromo 
mercuritsovanillin (0-9 g.), prepared in the usual manner, was 
converted by bromine in acetic acid into a bromoisovanillin (0-35 g.); 
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erystallising from alcohol in colourless needles, m. p. 211—212° 
(Found: C, 41-4; H, 3-2; Br, 34-75. C,H,O,Br requires C, 
416; H, 3-1; Br, 34.6%). This is identical with the supposed 
§-bromotsovanillin prepared by Pauly (loc. cit.), which is now 
shown (see below) to be 2-bromoisovanillin. 

Bromination of isovanillin. A solution of isovanillin (10 g.) in 
acetic acid (60 c.c.) was treated gradually with bromine (10-7 g.) in 
acetic acid (15 c.c.). After standing for 14 hours, the white crystals 
which had separated were filtered off (4-6 g.), m. p. 190—210°; 
the filtrate on concentration yielded a further crop (6-7 g., m. p. 
120—180°) and finally on evaporation to dryness in a desiccator 
left a pale brown solid (3-2 g.), m. p. 75—85°. Recrystallisation 
of the first crop from alcohol furnished stout colourless needles, 
m. p. 211—-212°, identical with the bromo-derivative obtained from 
the mercury compound, and a final crop, m. p. 110—120°. The 
lower-melting fractions were crystallised from 50% alcohol, giving 
afirst crop (1-7 g.), m. p. 209—210°, and later crops, m. p. 100—110°. 
On crystallisation to constant melting point the latter were obtained 
as a monohydrate in colourless needles, m. p. 112—114° (corr.) 
(Found on air-dried substance: C, 38-55; H, 3-7. C,H,O,Br,H,O 
requires C, 38-55; H, 3-6%. Found on substance dried by sublim- 
ation at 140° in a vacuum: C, 41-6; H, 3:3; Br, 34-8, 34:8. 
(,H,O,Br requires C, 41-6; H, 3-1; Br, 346%). This compound 
is shown (see below) to be 6-bromoisovanillin. 

Conversion of bromoisovanillin, m. p. 211—212°, into 2-bromo- 
3:4-dimethoxybenzoic aeid. The product resulting from heating 
the bromoisovanillin (5 g.) with methyl iodide (5 c.c.) and sodium 
(05 g.) in methyl alcohol (100 c.c.) during 3 hours was worked up 
in the usual way and yielded unchanged bromoisovanillin (0-3 g.) 
and a substance (5 g.) which, as shown below, must be 2-bromo- 
3: 4-dimethoxybenzaldehyde. It crystallised from 50% alcohol in 
colourless needles, m. p. 80° (corr.), and sublimed slowly at 70° 
ina vacuum (Found: C, 44:4; H, 3-7; Br, 32-9. C,H,O,Br requires 
0,441; H, 3-7; Br, 326%). To this aldehyde (4-5 g.), suspended 
in a boiling solution of magnesium sulphate (18 g.) in water (450 
¢.c.), potassium permanganate (3-6 g.) in water (180 c.c.) was 
added gradually, followed, after cooling, by 2N-sodium hydroxide 
(180 c.c.). The liquid was filtered, and the precipitate (2-7 g.) 
formed on acidifying the filtrate was crystallised from alcohol; it 
formed colourless needles, m. p. 203—204° (corr.). 2-Bromo- 
3:4-dimethoxybenzoic acid has m. p. 201—202° (Zincke and 
Francke, loc. cit.). The substance sublimes slowly at 120° in a 
vacuum (Found: C, 41-6; H, 3-6; Br, 30-7. Calc. for C,H,O,Br : 
C, 41-4; H, 3-5; Br, 306%). The methyl ester forms colourless 
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needles from light petroleum, m. p. 46°, which agrees with the 
recorded melting point (Found: Br, 29-4. Calc. for C,;)>H,,0,Br: 
Br, 29-1%). 

Conversion of bromoisovanillin, m. p. 112—114°, into 6-bromo. 
3: 4-dimethoxybenzoic acid. This change was effected by the 
methods described in the preceding paragraph. The 6-bromo. 
3 : 4-dimethoxybenzaldehyde obtained crystallised from alcohol in 
colourless needles, m. p. 150—151° (corr.), agreeing with the figure 
149—150° recorded by Pschorr (loc. cit.) (Found on substance 
dried at 80° in a vacuum: C, 44-4; H, 3-75; Br, 32-75. Calc. for 
C,H,O,Br: C, 44-1; H, 3-7; Br, 32-6%). The acid produced on 
oxidation crystallised from 50% alcohol in colourless needles, m. p. 
185° (corr.), in agreement with the recorded m. p. of 6-bromo. 
veratric acid (Found on substance dried at 120° in a vacuum: 
C, 41-2; H, 3-5; Br, 30-75. Cale. for C,H,O,Br: C, 41-4; H, 34; 
Br, 306%). The methyl ester formed faintly yellow needles 
m. p. 81—82° (corr.). 

2-Hydroxy-4-methoxybenzaldehyde.—A hot filtered solution @ 
mercuric acetate (16 g.; 1 mol.) in alcohol (100 c.c.) containing 
acetic acid (2-5 c.c.) was added to 2-hydroxy-4-methoxybem. 
aldehyde (7-6 g.; 1 mol.) (Ott and Nauen, Ber., 1922, 55, 925) 
and the solution after boiling under reflux for 5 minutes was filtered 
from a trace of mercurous acetate. On cooling, it deposited bundles 
of needle-shaped crystals (13-25 g.) consisting of almost pure 3-acd 
oxymercuri-2-hydroxy-4-methoxybenzaldehyde, and on concentration 
yielded a further 5-5 g. Finally there remained a sticky oil from 
which a little unchanged aldehyde was recovered. One recrystallis- 
ation of the first crop from alcohol containing 1% of acetic acid 
sufficed for purification. ‘The remaining crops on fractional crystal. 
lisation from the same solvent furnished further quantities, leaving 
a residue of 1-5 g. which appeared to contain a little more highly 
mercurated substance. The monoacetoxymercuri-derivative melts 
at 159—160° (corr.) (Found on substance dried in a desiccator: 
Hg, 48:7; C, 29-3; H, 2-8. C, )H,,0;Hg requires Hg, 48-85; ¢, 
29-2; H, 2-45%). 

The corresponding bromomercuri-compound on treatment with 
bromine in acetic acid yielded a substance which, as shown below, 
must be 3-bromo-2-hydroxy-4-methoxybenzaldehyde. It crystallises 
from alcohol in bright colourless needles, m. p. 119—121° (corr), 
and sublimes on heating at 100° in a vacuum. The melting point 
is depressed to 90° on admixture with 5-bromo-2-hydroxy-4-meth 
oxybenzaldehyde, m. p. 120—121° (Rao, Srikantia, and Iyengar, 
loc. cit.) (Found: C, 41-75; H, 3-2; Br, 34-7. C,H,O,Br require 
C, 41-6; H, 3-1; Br, 346%). The phenylhydrazone forms colour 
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less platelets from alcohol, m. p. 166—167° (corr.), which on admix- 
ture depress the melting point of 5-bromo-2-hydroxy-4-methoxy- 
benzaldehydephenylhydrazone to 140—150°. The latter is described 
as pale yellow leaflets, m. p. 177—178°; our specimen was colour- 
less and melted at 183° (corr.). The new bromo-compound on 
further bromination yielded a product which crystallised from 
alcohol in colourless needles, m. p. 96—97°, and did not depress 
the melting point of 3: 5-dibromo-2-hydroxy-4-methoxybenz- 
aldehyde prepared by Rao, Srikantia, and Iyengar’s method 
(Found: C, 30-9; H,2-1. Cale. for C,H,O,Br,: C, 31-0; H, 195%). 

2.Hydroxy-5-methoxybenzaldehyde.—In the earlier attempts to 
mercurate this aldehyde, the reaction in boiling 50% alcohol was 
found to be complete in 50 minutes but difficulty was experienced 
in isolating the mercury compound owing to demercuration taking 
place when the reaction mixture was worked up. The following 
procedure was found satisfactory, although the yield varied slightly 
in different experiments. A mixture of 2-hydroxy-5-methoxy- 
benzaldehyde (6 g.) and mercuric acetate (48 g.) in 50% alcohol 
(200 ¢.c.) containing acetic acid (3 c.c:) was boiled under reflux for 
an hour. The hot solution was filtered from mercurous acetate 
(5:25 g.) into 600 c.c. of 3% aqueous sodium hydroxide. The 
mercuric oxide was filtered off (21-0 g.), and the clear orange- 
coloured filtrate acidified with hydrochloric acid. The yellow pre- 
cipitate was collected, washed well with water, and dried in a 
desiccator (9-4 g.). From the filtrate 2-hydroxy-5-methoxybenz- 
aldehyde (1-3 g.) was recovered by steam distillation. The yellow 
precipitate consisting of 3-chloromercuri-2-hydroxy-5-methoxybenz- 
aldehyde is slightly soluble in alcohol, acetone, and chloroform, 
rather more so in benzene. From the last solvent it crystallises 
in three forms: (a) rosettes of rather wide, flat, yellow needles, 
(b) yellow spherical crystals, and (c) fine, hair-like, yellow needles. 
The conditions under which these forms arise have not been definitely 
elucidated, but they appear to separate as follows: (a) when 
solutions at a temperature below about 50° are left to cool, (b) from 
solutions above that temperature, and (c) when solutions saturated 
at room temperature are allowed to evaporate spontaneously. 
The compound melts at 242—243° (corr.; decomp.) (Found: C, 
24-7; H, 1-9; Hg, 51-8. C,H,O,ClHg requires C, 24:8; H, 1-8; 
Hg, 518%). 

The substance formed on replacement of the chloromercuri- 
group by bromine crystallised from light petroleum (b. p. 40—60°) 
in bundles of stout yellow needles, m. p. 110—111° (corr.), which 
did not depress the melting point of 3-bromo-2-hydroxy-5-meth- 
oxybenzaldehyde prepared by Rubenstein’s method (doc. cit.) and 
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described by him as brown needles, m. p. 107° (Found: C, 41-4; 
H, 3-5; Br, 34-65. Cale. for C,H,0,Br: C, 41-6; H, 3-1; Br 
346%). ° | 

o- Vanillin.—The o-vanillin used was prepared by the Reimer- 
Tiemann process and consisted of yellow needles, m. p. 42—4} 
(corr.). The following process was devised to avoid demercuration 
on cooling, which takes place with alcohol as solvent. o0-Vanillin 
(5 g.), dissolved in water (250 c.c.), was boiled under reflux for an 
hour with mercuric acetate (31-8 g.; 3 mols.) dissolved in water 
(30 c.c.) containing acetic acid (3 c.c.). The yellow precipitate was 
filtered off, washed with water, and dried in a desiccator (10-9 g)). 
Longer boiling caused the separation of a further small amount of 
mercuri-compound. The substance crystallises from glacial acetic 
acid in pale yellow needles, which do not melt up to 300°, con. 
sisting probably of the acetoxymercuri-derivative. The crystals, 
however, slowly lose acetic acid on drying, even in a desiccator at 
room temperature, but the loss is not complete in 6 weeks. Dried 
at 100° in a vacuum, it loses its acetoxy-group completely with 
the formation of 2 : 5-anhydro-5-hydroxymercuri-2-hydroxy-3-meth- 
oxybenzaldehyde (IX) (Found: Hg, 57:2; ©, 27:5; H, 1-9. 
C,H,O,Hg requires Hg, 57-2; C, 27-4; H, 1-7%). The compound 
formed by replacement of the hydroxymercuri-group by bromine 
was crystallised from light petroleum (b. p. 40—60°) and then 
from alcohol; it then separated in pale yellow needles, m. p. 127— 
129°, which did not depress the melting point of 5-bromo-2-hydroxy- 
3-methoxybenzaldehyde (Davies, loc. cit.) (Found: C, 41-8; H, 
3-0; Br, 34:5. Cale. for C,H,0,Br: C, 41-6; H, 3-1; Br, 34-6%). 

Vanillin.—The mercury compound was prepared by Paolini’s 
method (loc. cit.). On treatment with bromine in acetic acid it 
is converted into 5-bromovanillin, m. p. 166—169° (corr.), which 
does not depress the melting point of an authentic specimen of 
that substance (Found: C, 41-4; H, 3-1; Br, 34-8. Calc. for 
C,H,O,Br: C, 41-6; H, 3-1; Br, 34-6%). 

Phloroglucinaldehyde.—The following process was found to avoid 
the formation of colloidal solutions which are particularly trouble- 
some with this substance. The aldehyde (0-513 g.) in 50% alcohol 
(10 c.c.) was mixed with mercuric acetate (2-12 g.; 2 mols.) in 
water (10 c.c.) containing acetic acid. The pale yellow precipitate, 
which formed at once, was washed with alcohol and ether and dried 
in a desiccator (1-95 g.).. When dry, it was insoluble in organic 
solvents and only partly soluble in sodium hydroxide. For analysis 
it was dried at 70° in a vacuum (Found: Hg, 68-6; ©, 15-6; H, 
0-9. C,H,O;Hg, requires Hg, 70-5; C, 14-8; H, 0-7%). It is 
evidently not pure but clearly contains two atoms of mercury. 
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The authors wish to express their thanks to Mr. H. C. Clarke 
and Mr. W. A. Cowdrey for help in the preparation and analysis of 
the products described. 


WELLCOME CHEMICAL RESEARCH LABORATORIES, 
Lonpvon, E.C. 1. [Received, July 19th, 1930.] 





OCXCV.—The Isomeric Monohydroxyphenylalanines. 
Part II. Some Halogen-substitution Products and 
their Reactions. 


By WiLt1AM PARKER DICKINSON and Puitip GuY MARSHALL. 


Asurvey of the literature reveals the fact that the only halogen- 
ubstitution products of the monohydroxyphenylalanines which 
have been studied are monobromo-, dichloro-, dibromo-, and di- 
iodo-tyrosines. Dibromotyrosine was first obtained by Gorup- 
Besanez (Ann. Chem. Pharm., 1863, 125, 281) by the action of 
homine vapour on finely powdered tyrosine. This method was 
later improved upon by Zeynek (Z. physiol. Chem., 1921, 114, 275), 
vho brominated tyrosine in glacial acetic acid suspension. Zeynek 
iso obtained dichlorotyrosine in a similar manner. Di-iodo- 
tyrosine was originally obtained by Wheeler and Jamieson (Amer. 
Chem. J., 1905, 33, 368) by iodination in potassium hydroxide 
wlution. Harington (Biochem. J., 1928, 22, 1434) obtained an 
improved yield by the use of aqueous ammonia (d 0-880) as the 
solvent. 

3-Bromotyrosine was obtained by Johnson and Bengis (J. Amer. 
Chem. Soc., 1912, 34, 1061) by the condensation of hydantoin with 
3-bromoanisaldehyde, followed by hydrolysis with barium hydroxide 
and demethylation of the methoxy-acid with hydrobromic acid. 

We first attempted the synthesis of the dibromo- and di-iodo- 
0 and -m-hydroxyphenylalanines by condensation of the appro- 
priately substituted benzaldehydes with glycine anhydride in the 
manner previously described by us (J., 1929, 1495). Some difficulty 
was encountered in the purification of these condensation products 
and even then the subsequent hydrolysis and reduction with hydr- 
iodic acid removed both the bromine and the iodine at the same time, 
fact which is hardly surprising in view of the finding of Wheeler 
ad Jamieson (loc. cit.) that di-iodotyrosine is decomposed by 
hydriodic acid. We then had recourse to reduction by zinc dust and 
«etic acid as used for a similar purpose by Sasaki (Ber., 1921, 54, 
166), who then hydrolysed the reduction product to the amino-acid 


vith barium hydroxide (ibid., p. 2058). Even with this procedure 
4H2 
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the iodine was removed almost quantitatively, and the bromine 
partly when the reduction time was a minimum. Morner (Z, 
physiol. Chem., 1913, 88, 137) has reported that dibromotyrosine 
is debrominated by boiling in aqueous solution with zinc dust. 

However, a pure specimen of 2 : 5-diketo-3 : 6-di-(3’ : 5’-dibromo. 
2’-acetoxybenzyl)piperazine was obtained. In the purification of 
the corresponding benzylidenepiperazine two isomerides (of differing 
m. p. and solubility in glacial acetic acid) were obtained. These 
probably correspond to cis- and trans-forms. 


i NH-CO a i TH-CO R AcO Br 
C=C<co.wHel—P P< cone O-Gs R= 

R (sf H ; 
cis. trans. 


The corresponding diketobenzylidenepiperazine from 3:6. 
dibromo-4-hydroxybenzaldehyde could not be obtained pure and 
was more susceptible to debromination by zinc dust and acetic 
acid. This method was finally abandoned in favour of direct 
bromination or iodination of the hydroxyamino-acids. Dv-todo-0- 
and -m-hydroxzyphenylalanines were prepared by a modification of 
Harington’s method (loc. cit.). Iodination with the theoretical 
quantity of iodine monochloride failed to give a monoiodo-acid, 
half the yield of the same di-iodo-acid being obtained. The o 
and m-isomerides were brominated by Zeynek’s method (loc. cit,); 
this gave a monobromo-derivative which, in the case of the o-is- 
meride, was apt to be contaminated with a little dibromo-compound. 

In contradistinction to the o- and m-hydroxyphenylalanine 
themselves, their halogen-substitution products are less soluble 
than those of tyrosine. 

Zeynek states that 3: 5-dibromotyrosine gives a violet colour 
with ferric chloride. This observation was confirmed and the test 
was applied to the bromine and iodine substitution products of all 
three isomerides. 

m-Hydroxyphenylalanine was obtained by reduction of 2:5 
diketo-3 : 6-di-m-acetoxybenzylidenepiperazine by zinc dust and 
acetic acid, followed by hydrolysis with barium hydroxide, but the 
method is more tedious than that previously described (J., 1929, 
1495). 

EXPERIMENTAL. 

3 : 5-Dibromo-4-hydroxybenzaldehyde, 3 : 5-dibromosalicylalde 

hyde, and 3: 5-di-iodosalicylaldehyde were obtained by the 


methods of Lindemann (Annalen, 1923, 431, 283), Lindemann ané§ ,, 


Forth (Annalen, 1924, 435, 223), and Henry and Sharp (J., 1922, 
121, 1056), respectively. 
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2:5-Diketo-3 : 6 - dé - (3’ : 5’ - dibromo - 2’ - acetoxybenzylidene)piper- 
azine.—A mixture of 3-1 g. of glycine anhydride, 15-5 g. of 3: 5- 
dibromosalicylaldehyde, 10 g. of anhydrous sodium acetate, and 
25 c.c. of acetic anhydride was heated for 12 hours at about 40°. 
The cooled mass was extracted thoroughly with hot water, alcohol, 
and finally acetone. The fawn-coloured product (7-9 g.) was then 
extracted several times with boiling glacial acetic acid. The 
residue, after crystallising from nitrobenzene in almost colourless 
needles, decomposed above 300° (Found: Br, 43-9. C,,H,,0,N,Br, 
requires Br, 44-3°%). This substance is probably the trans-isomeride. 

The acetic acid extracts were diluted with water and the pre- 
cipitate obtained was crystallised twice from glacial acetic acid 
(charcoal) and then from nitrobenzene, from which it separated in 
eolourless needles, m. p. 287°. This substance, which is probably 
the cis-isomeride, is more than ten times as soluble as the trans- 
isomeride in acetic acid or ethyl acetate, and occurs in smaller 
quantity (Found: Br, 44-7%). 

Reduction. 5 G. of the diketopiperazine, about 2 g. of zine dust, 
and 100 c.c. of glacial acetic acid were refluxed gently for 24 hours 
with occasional additions of zinc. The liquid was filtered hot, 
and the filtrate diluted with several volumes of water. The pre- 
cipitate was collected, washed with water, extracted with small 
quantities of hot alcohol, and crystallised from glacial acetic acid. 
After two crystallisations from nitrobenzene, followed by extraction 
with boiling acetone, 2 : 5-diketo-3 : 6-di-(3’ : 5'-dibromo-2’-acetoxy- 
benzyl)piperazine was obtained in colourless needles, m. p. 275° 
(decomp.) (Found: Br, 43-5; N, 3-7, 3-9. C,.H,,0,N,Br, requires 
Br, 44-1; N, 385%). 

2: 5-Diketo-3 : 6-di-(3’ : 5’ -dibromo - 4’ - acetoxybenzylidene)piper- 
azine.—This substance was prepared in similar manner to the 
corresponding o-acetoxy-compound. Nitrobenzene, from which 
it crystallised in pale yellow needles, appeared to produce slight 
decomposition. The purest product was obtained by dissolving 
the substance in pyridine, adding an equal volume of benzene, and 
allowing the piperazine to crystallise, but even then the bromine 
content was low (Found: Br, 43-1. C,,H,,0,N,Br, requires Br, 
44-3). 

Reduction. No individual product could be obtained by reduc- 
tion with zine dust in glacial acetic acid. 

Monobromo-m-hydroxyphenylalanine was obtained by Zeynek’s 
method (loc. cit.) as colourless plates which had a sweet taste; 
m. p. 260° (decomp.) (Found: Br, 31:2. C,H,,0,NBr requires 
Br, 308°). 

Monobromo-o-hydroxyphenylalanine.—A modification of Zeynek’s 
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method was used. The theoretical quantity of bromine was added 
to a suspension of the hydroxyphenylalanine in glacial acetic acid 
and, as soon as the solution became colourless, it was diluted with 
two volumes of water and excess of sodium acetate added. The 
precipitated acid, after thorough extraction with boiling water, had 
m. p. 256°. It occurs in rectangular plates (Found: Br, 306, 
C,H, 90,NBr requires Br, 30-8%). 

Di-iodo-m-hydroxyphenylalanine.—A solution of 1 g. of the 
hydroxy-acid in 15 c.c. of aqueous ammonia (d 0-880) was cooled in 
ice and 8-8 c.c. of 32% iodine (in potassium iodide) solution were 
added slowly. After 12 hours, the separated product was washed 
with and suspended in water, hydrochloric acid added to effect 
solution, and the acid precipitated by addition of sodium acetate, 
The product had m. p. 230° (decomp.) (Found : I, 59-2. C,H,O,NI, 
requires I, 58-7°%). 

The hydrochloride crystallises from dilute hydrochloric acii 
(charcoal) in rosettes of slender colourless needles, m. p. 194 
(decomp.). It dissociates in water. 

Di-iodo-o-hydroxyphenylalanine was obtained in similar manner 
to the m-isomeride, the ammonium salt which separated being 
decomposed with dilute acetic acid. It is insoluble in water and 
has m. p. 211° (decomp.) (Found: I, 59-5%). <A violet colour is 
obtained with ferric chloride in the cold. 

The hydrochloride, m. p. 214° (decomp.), crystallises in needles 
from dilute hydrochloric acid. It is insoluble in concentrated 
acid and dissociates in water. 

2 : 5-Diketo-3 : 6-di-m-acetoxybenzylpiperazine.—This is prepared in 
similar manner to the bromine-substituted product. It is dissolved 
in the smallest amount of hot glacial acetic acid, and water added 
until a permanent turbidity appears. The product which separates 
is crystallised several times from absolute alcohol and occurs it 
colourless needles, m. p. 191—192° (Found: N, 6-6. C,,H,,0,%, 
requires N, 6:8%). 

Hydrolysis. A mixture of 2 g. of the diketopiperazine, 20 g. of 
barium hydroxide, and 100 c.c. of water was refluxed for 24 hours, 
100 c.c. of water were then added, and the liquid was filtered hot 
and neutralised with 0-1N-sulphuric acid (to litmus). After removal 
of the barium sulphate the liquid was concentrated in a vacuum t 
about 50 c.c. and 0-1N-sulphuric acid was again added until 00 
more barium sulphate was precipitated. After filtration the 
solution was evaporated in a vacuum almost to dryness, and the 
separated m-hydroxyphenylalanine recrystallised as previously 
described; m. p. 275° (Found: N, 7-5. Cale. for Cg,H,,0,N: ® 
77%). 




















































T II, 


Bs added 
ic acid 
ed with 
H. The 
er, had 
r, 30-6. 


of the 
ooled in 
ion were 
washed 
o effect 
acetate, 


903NI; 


ric acid 
p. 194 


manner 
pd = being 
ater and 
colour is 


1 needles 
entrated 


spared in 
dissolved 
er added 
separates 
yccurs in 
H,.0,%; 


20 g. of 
4 hours, 
ered hot 
- removal 
ccuum to 
until 10 
tion the 
and the 
reviously 
N: ¥, 












REACTION BETWEEN KETO-ANILS AND GRIGNARD REAGENTS, ETC. 2293 


It gives a pale reddish-violet colour with ferric chloride in the cold 
as opposed to the deep purple colour given by the o-isomeride and 


the absence of any colour with tyrosine. 
All the monohydroxyphenylalanines and their halogen derivatives 
give an orange-yellow to brown colour on being warmed with ferric 


chloride. 
We wisk to record our thanks to the Chemical Society for a grant 
which partly defrayed the cost of this investigation. 


THE GRAMMAR SCHOOL, DEPARTMENT OF PHYSIOLOGY, 
WATFORD. ScHoot or MEDICINE, LEEDs. 
[Received, August 25th, 1930.] 





CCXCVI.—The Reaction between Keto-anils and Grig- 
nard Reagents and the Tautomerism of Aliphatic 
Keto-anils. 

By WaLLAcE FRANK SHorT and JoHN STEPHEN WATT. 


ATTENTION has frequently been directed to the analogous reactions 
of the anils and the aldehydes and ketones from which they are 
derived (Miller and Pléchl, Ber., 1892, 25, 2020, 2072; 1894, 27, 
1281, 1296; 1896, 29, 1730; Reddelien, Ber., 1913, 46, 2714; 
1921, 54, 3133; Strain, J. Amer. Chem. Soc., 1928, 50, 2218). 
Although the classical investigations of Busch and his co-workers 
(Ber., 1904, 37, 2691; 1905, 38, 1761) showed that Schiff’s bases 
and aldehydes react with Grignard reagents in a precisely analogous 
manner, only one example of a reaction between a keto-anil and an 
organo-magnesium halide is recorded in the literature (see below). 
The experiments now to be described show that the course of the 
reaction between keto-anils and Grignard reagents is determined 
by the nature of the radicals attached to the grouping >C:N-Aryl. 

(1) The aliphatic keto-anils react with magnesium methyl iodide 
in amyl ether solution to give one molecule of methane and, since 
practically the whole of the anil may be recovered by decomposition 
of the resulting Grignard complex, these anils must be capable of 
reacting in the enamic form >C:CR—NH-Aryl. The complex 
obtained by the interaction of acetoneanil and magnesium ethyl 
bromide reacts with methyl sulphate (compare Gilman and Hoyle, 
J. Amer. Chem. Soc., 1922, 44, 2625) to yield methylisopropeny]l- 
aniline, a compound which Knoevenagel prepared (Ber., 1921, 54, 
1722) by the fission of acetoneanil methiodide with alkali : 


{CMe,:NMePh}I —-> CH,:CMe-NMePh. 
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Although Bhagvat and Sudborough (J. Indian Inst. Sci., 1912, 2, 
187; Proc. Asiatic Soc. Bengal, 1919, 15, 136) have shown that 
simple aliphatic aldehydes and ketones are not perceptibly enolised 
by magnesium methyl iodide, Grignard and Savard (Compt. rend., 
1924, 179, 1573; 1926, 182, 422) found that some ketones are 
enolised by Grignard reagents. In order, therefore, to obtain an 
indication of the constitution of acetoneanil we have applied the 
refractometric method. The results obtained indicate that acetone. 
anil must exist mainly in the enamic phase. 


[RiJo 

found. [Rz]p cale. 
Methylisopropenylaniline... 49-19 CH,:CMe-NHPAh ...... 44-574; 44-05 
MTEL © oxus0n00ccase0800 44-44 Ok ewer 47°5° 


(a) Obtained from the observed value for methylisopropenylaniline by 
subtracting Eisenlohr’s value for the refraction of CH,. 

(6) Using the CH, increment (5-14) derived from the molecular refractions 
of aniline, mono- and di-methylaniline (Ley and Pfeiffer, Ber., 1921, 54, 371; 
Krollpfeiffer, Annalen, 1923, 430, 218). 

(c) Calculated from LEisenlohr’s atomic refractions and the exaltation 
derived from Auwers’s values for the molecular refraction of Schiff’s bases 
(Ber., 1924, 57, 458). 


If it be conceded that acetoneanil is a tautomeric substance in 
which the enamic form is predominant, it should react with alkyl 
halides to give halogen acid salts of N-alkylisopropenylaniline and 
not quaternary ammonium salts. Knoevenagel and his co-worker, 
who observed that the products obtained by the interaction of alkyl 
halides and ketoanils are decomposed by cold 15—20% sodium 
hydroxide solution, concluded that “ wahrscheinlich verleiht die 
déppelte Bindung zwischen dem Stickstoff und dem Kohlenstoff 
den Jodalkylaten der Anile den besonderen Charakter.” We find 
that these compounds decompose sodium carbonate in cold dilute 
solution, and that, contrary to the statement of these investigators, 
no difference can be detected between them and the corresponding 
salts of N-alkylisopropenylanilines. It does not appear that these 
salts are formed by 1:3 addition of halogen acids (Decker, Ber., 
1905, 38, 2493), since by analogy with the methiodides of Schiff’s 
bases (Hantzsch and Schwab, Ber., 1901, 34, 822; Decker and 
Becker, Annalen, 1913, 395, 362) they should then yield acetone 
on fission with alkali. In order to test the validity of this 
conclusion we are investigating Schiff’s bases of the type 
Aryl-CH,°CH:N-Aryl’. 

The existence of an enimic phase of acetoneanil is strongly sug: 
gested by the ease with which this compound is hydrolysed and it 
also appears probable that it is initially produced in this form, since 
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we find that acetone does not condense with methylaniline under 
the conditions employed in the preparation of acetoneanil. 

In acetoneanil we have, so far as we are aware, the first simple 
instance of the tautomeric system >CH-C:N* == >C:C-NH.* The 
existence of functional tautomerism of this type has, however, been 
postulated to account for the production of $-disubstituted pyrroles 
(Meyer and Jacobson, “‘ Lehrbuch,” 2, iii, 150) and the activity of 
a-methyl groups in pyridine and other heterocyclic bases (Mills and 
Smith, J., 1922, 421, 2724) (compare also Eibner, Annalen, 1901, 
318, 165; Lesslie and Turner, J., 1929, 1512).+ 

(2) The interaction of acetophenoneanil with magnesium phenyl 
bromide has been investigated by Plancher and Ravenna (Atti 
R. Accad. Lincei, 1906, v, 15, ii, 555). The product of the reaction 
is a substance, C,,H,,N, m. p. 94—96°, indexed in Beilstein’s 
“Lexikon” (4th Ed., 12, 1327) as MeCPh,,NHPh. We had no 
difficulty in obtaining this substance by following the instructions 
of Plancher and Ravenna, but found that its formula is C,,H,,N. It 
cannot be acetylated, does not yield a nitrosoamine, and yields 
dypnone on hydrolysis. The substance is therefore dypnoneanil 
and has been produced by the condensation of two molecules of aceto- 
phenoneanil under the influence of magnesium phenyl bromide. In 
agreement with this conclusion we find that the same substance is 
produced by the action of one molecule of magnesium ethyl bromide 
with two molecules of acetophenoneanil : 


2PhCMe:NPh -++ RMgX —~> 
*PhCMe:CH-CPh:NPh + PhNH-MgX + RH. 


(3) The recovery of benzophenoneanil unchanged after its vigor- 
ous reaction with Grignard reagents recalls the behaviour of 
Ph'NMe-CH,°CH,*MgBr, which unites with ketones to yield com- 
plexes from which the ketone is regenerated quantitatively by the 
action of water (von Braun, Ber., 1913, 46, 1266; 1917, 50, 1650; 
1919, 52, 1725). ; 

EXPERIMENTAL. 

(1) Acetoneanil (Knoevenagel, Ber., 1921, 54, 1725; 1922, 55, 
1918) has m. p. 23-5° and (supercooled) d? 1-0087 and nj’ 1-5886. 
01750 G. of acetoneanil with excess of magnesium methyl iodide 


* The acetylation of keto-anils will be described in a subsequent com- 


munication. 
+ While this paper was in the press von Auwers and Susemihl (Ber., 1930, 


68, 1081) published the results of spectrochemical investigations which show 
that compounds of the type NH:C-CH,X (where X = CO,Et, CO, or CN) 
exist mainly in the form NH,-C:CHX. 
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in amyl ether gave 29-2 c.c. of dry methane at 18-7° and 767 mm, 
equivalent to 0-94 atom of active hydrogen per molecule. 

The product from the interaction of acetoneanil (13 g.) and 
magnesium phenyl bromide (bromobenzene, 16 g.; magnesium, 
2-4 g.; ether, 25 c.c.) was decomposed with ice-cold ammonium 
chloride solution, the oil extracted with ether, and the extract 
dried over sodium sulphate. Most of the benzene distilled with the 
ether, the fraction below 128°/13 mm. (3 g.) consisted of benzene, 
aniline (benzanilide, m. p. 161—162°), and a little acetoneanil, 
whilst the main fraction (9-5 g.), b. p. 128—133°/13 mm., was almost 
pure acetoneanil. The residue was resinous. 

To the product of the interaction of acetoneanil (13 g.) with 
magnesium ethyl bromide (ethyl bromide, 1] g.; magnesium, 
2-4 g.; ether, 20 c.c.) was gradually added methyl sulphate (12-6 g.) 
in much ether. The reaction was extremely vigorous and the 
product, a thick paste, was decomposed ‘with ammonia and ammon- 
ium chloride solution. The main fraction of the product (9 g.) 
distilled between 140° and 147°/15 mm. and was identified as 
methylisopropenylaniline by the preparation of a di-iodide, m. p. 
and mixed m. p. 139—140° (Knoevenagel, Ber., 1922, 55, 1918). 
Methylisopropenylaniline, b. p. 146°/15 mm., prepared by Knoe- 
venagel’s method (loc. cit.), had d?” 1-0030; n° 1-5856. 

Benzylisopropenylaniline Hydrochloride.—Acetoneanil (1 mol.), 
benzyl chloride (1-05 mols.), and benzene (5%) yielded crystals 
after 3 days (hastened by shaking). The product (yield, almost 
theoretical) was recrystallised from alcohol by addition of acetone 
and was obtained in white needles, m. p. 195° (decomp.), very 
readily soluble in alcohol but very sparingly in benzene, ligroin, 
acetone and ethyl acetate. It was immediately decomposed by 
cold dilute sodium carbonate solution and was titrated against 
0-1N-barium hydroxide and phenolphthalein (0-3020 g. neutralised 
11-68 ¢.c. Cl, 13-7. C,gH,,NCl requires Cl, 13-7%). 

Benzylisopropenylaniline.—The above hydrochloride was decom- 
posed by shaking with cold dilute sodium carbonate solution. 
The oil which separated soon solidified and was pressed on a porous 
plate. The white substance, m. p. 22—23°, obtained was extremely 
soluble in the usual organic solvents and could not be recrystallised 
(Found: C, 86-0; H, 7-7; N, 6-4. C,,H,,N requires C, 86-1; 
H, 7-6; N, 6-3%). When an ethereal solution of the base is treated 
with dry hydrogen chloride, the hydrochloride produced is identical 
with that described above. 

Methylisopropenyl-p-toluidine hydriodide,* prepared by the 
interaction between acetone-p-tolil and methyl iodide (Knoevenagel, 
* Knoevenagel’s acetone-p-tolil methiodide (Ber., 1921, 54, 1720). 
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loc. cit.), may be recrystallised from alcohol or benzene. It has 
m. p. 145—146° (decomp.) after sintering at 142—143°. The same 
compound (m. p. and mixed m. p.) is obtained by passing a current 
of pure dry hydrogen iodide for a short time into a benzene solution 
of methylisopropenyl-p-toluidine. Knoevenagel, however, records 
mn. p. 80—82° for this substance. 

(2) Acetophenoneanil (9 g.), prepared by Reddelien’s method 
(Ber, 1910, 43, 3478), was condensed with magnesium phenyl 
bromide as described by Plancher and Ravenna (loc. cit.). A small 
quantity of aniline (benzanilide, m. p. 161°) was obtained together 
with a substance (4:8 g.), m. p. 97° after recrystallisation from 
alcohol (Found : C, 88-65; H,6-4; N,4:8. Calc.: C,88-8; H, 6-4; 
N, 47%). This substance did not depress the melting point of 
dypnoneanil (Reddelien, Ber., 1913, 46, 2712) and was further 
identified (i) by hydrolysis to dypnone (m. p. and mixed m. p. of 
anti-oxime 74—75°) and aniline (benzanilide, m. p. 160°), (ii) by 
wnversion into 1:3: 5-triphenylbenzene (m. p. 170-5—171°, 
nixed m. p. 169-5—170-5°) by heating with aniline hydrochloride 
(Reddelien, loc. cit.). 

Dypnoneanil is also obtained in 81% yield by the action of 
magnesium ethyl bromide upon acetophenoneanil, and the absence 
of benzene in the product considerably simplifies the recovery of the 
dypnoneanil. An experiment in which only a small quantity of 
magnesium ethyl bromide was employed resulted in a correspond- 
ingly low yield of dypnoneanil, so that the Grignard reagent must 
necessarily combine with the aniline produced from the condens- 
ation of the acetophenoneanil. 

(3) Benzophenoneanil (12-8 g.), prepared by Reddelien’s method 
(Ber, 1913, 46, 2720) and dissolved in dry benzene, was added 
(much heat evolved) to a Grignard solution prepared from magnesium 
(l-2 g.), methyl iodide (7-0 g.) and ether (25 c.c.). The product was 
decomposed with ice-cold ammonia and ammonium chloride 
solution, and the benzene-ether solution dried over sodium sulphate. 
0n removal of the solvent practically the whole of the benzophenone- 
anil (m. p. 113°) was recovered. 


Universrry CoLLEGE, 
AUCKLAND, NEw ZEALAND. [Received, August 28th, 1930.] 
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CCXCVII.—Tertiary Arylalkylphosphines. Part I, 


By Ivor KENNETH JACKSON, WALTER CULE DaAVIEs, 
and WILLIAM J. JONES. 


THE present communication contains an account of the preparation 
and properties of alkylphosphines derived from p-ethyl- and from 
p-methoxy-phenyldichlorophosphine. These chlorophosphines have 
already been described by Michaelis (Annalen, 1896, 293, 314, 
249), who also prepared p-ethylphenyl- and -methoxyphenyl. 
diethylphosphines (ibid., pp. 324, 256). 

The method of preparing p-methoxyphenyldichlorophosphine 
adopted in the present work differed somewhat from that of 
Michaelis, since in our hands his procedure, viz., only 4—6 hours’ 
heating, yielded no chlorophosphine. However, the pure chloro. 
phosphine was obtained in the following way. A mixture of 150 c.. 
of dry anisole, 125 c.c. of phosphorus trichloride, and 30 g. of com. 
mercial aluminium chloride was refluxed for 36 hours. The product 
was distilled under 20 mm. until all the liquid had passed over. The 
distillate was then fractionally redistilled under low pressun, 
whereby the dichlorophosphine (30 g.), b. p. 150°/18 mm., was 
obtained. A sample of this, on being tested with water, gave hydro- 
chloric acid and an immediate separation of needles of anisyl- 
phosphinous acid, which, after recrystallisation from water, melted 
at 113° (Michaelis gave 112°). According to Kunz (Ber., 1894, 27, 
2559), when pure aluminium chloride is used in the preparation, the 
product is phenoxydichlorophosphine, which, on treatment with 
water, yields phenol and phosphorous and hydrochloric acids, 

For the preparation of p-ethylphenyldichlorophosphine, 170 c.c. 
of ethylbenzene, 125 c.c. of phosphorus trichloride, and 30 g. of 
aluminium chloride were used. The b. p. of the chlorophosphine 













was 127°/12 mm. 


The values given by Michaelis for the boiling point and density of p 


p-methoxyphenyldichlorophosphine, viz., ca. 130°/12—15 mm., a 
1-0764 at 15°, respectively, are seriously in error; we found b. p. 
150°/18 mm. and d%" 1-331. The present value for the density of 
p-ethylphenyldichlorophosphine, viz., dj 1-225, however, agrees 
well with the value recorded by Michaelis, viz., 1-227 at 17°. 

In the preparation of the phosphines, a solution of an equivalent 
of the n-alkyl bromide in 150 c.c. of absolute ether, together with 4 
trace of iodine, was added with continuous stirring in the course ¢ 
2 hours to 12-1 g. of magnesium turnings and 150 c.c. of ether in a! 
apparatus through which a stream of hydrogen was passed. The 
amounts of alkyl bromide used were as follows: propyl, 45°5 ¢.¢.; 
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butyl, 53-5 c.c.; amyl, 62.¢.c. The proportions here given ensured 
excess of Grignard reagent over chlorophosphine ; this was found to 
favour yield of phosphine. The Grignard solution was now cooled 
to 0°, and to it was added, drop by drop, a solution of 21 c.c. of 
p-ethylphenyldichlorophosphine, or of 20 c.c. of p-methoxyphenyl- 
dichlorophosphine, in 50 c.c. of ether. The resulting mixture was 
warmed for 4} hour on a steam-bath, then cooled below 0°, and a 
solution of 50 g. of ammonium chloride in 250 c.c. of water was 
slowly added with stirring until the solids dissolved. The ethereal 
solution was separated and dried, and the ether was distilled off. 
The liquid then remaining was fractionally distilled under reduced 
pressure, the phosphine obtained being purified by redistillation. 
All temperatures and weights were corrected. 

The phosphines here described possess the usual phosphinic 
odour, and give the characteristic red coloration with carbon di- 
sulphide. They are insoluble in water, but dissolve freely in ether, 
alcohol, or benzene. 

On deducting the refractivities of the alkyl, ethylphenyl, and 
misyl groups present (Eisenlohr, Z. physikal. Chem., 1910, '75, 585) 
from the given molecular refractivities, values for the atomic re- 
fractivity (for the D line) of phosphorus in these phosphines are 
obtained, viz., 10-15 and 10-65 in the ethylphenyl compounds, and 
10-31, 10-21, and 10-63 in the methoxyphenyl compounds. Com- 
parison with the value given by Zecchini (Gazzetta, 1893, 23, 97) for 
phosphorus in triethylphosphine, viz., 9-47, shows clearly the great 
optically exaltative effeet of the linking of the phenyl group to 
phosphorus. The similar effect with nitrogen and the phenyl group 
has been much studied, and has been attributed to the establishment 
of a virtual conjugation involving the nitrogen atom and the endo- 
cyclic double bonds (Briihl, Ber., 1907, 40, 900, 1155; Eisenlohr, 
Ber., 1911, 44, 3188; Z. physikal. Chem., 1912, 79, 129). 

The rate of oxidation of p-ethylphenyl- and of p-methoxyphenyl- 
phosphines is comparatively slow, so that special precautions to 
prevent ingress of air during manipulation (Dyke, Davies, and 
Jones, this vol., p. 463), although adopted in the present work, are 
not absolutely necessary. These phosphines immediately combine 


agree} with the halogens, and, compared with stibines, their avidity for 
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methyl and other alkyl iodides is considerable. The low degree of 
crystallisability of their derivatives, however, is particularly marked 
inthe case of the ethylphenylphosphines. The methylphosphonium 
hydroxides derived from these phosphines react alkaline, absorb 
carbon dioxide from the air, and precipitate the hydroxides of lead, 
copper, tin, ferric iron, aluminium, and zinc from solutions of their 
respective salts. 
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p-Ethylphenyldi-n-propylphosphine (Found: C, 75-7; H, 10-4, 
C,,H,3P requires C, 75-6; H, 10-4%) has b. p. 157°/21 mm.; d? 
0-9147; mn? 1-5370; [Rrjp 75-86; np 15255; [Rz]p 74-50; n® 
15208; [Rz]. 73-94. Yield of purified phosphine, 13 g. When 
an equivalent of bromine in ether is added to a similar solution of 
the phosphine, an oily precipitate of p-ethylphenyldi-n-propyl. 
phosphine dibromide (Found: Br, 42-1. C,,H,,Br,P requires Br, 
41-8%) is immediately obtained. 

p-Lthylphenyldi-n-butylphosphine (Found: C, 76-6; H, 114. 
C,,H.,P requires C, 76:7; H, 10-8%) boils at 176°/15 mm.; d 
0-9042; n° 1:5319; [Rz]y 85-74; nF 15208; [RzJy 84:24; n® 
1-5162; [Rz], 83-61. Yield, 12 g. The dibromide (Found: Br, 
38:2. C,,H,,Br,P requires Br, 39-0%) forms a thick liquid. 

p-Lthylphenyldi-n-amylphosphine (Found: C, 78:0; H, 104. 
C,,H,,P requires C, 77-6; H, 11-2%) boils at 201°/18 mm. and has 
di? 0-9022. Yield, 13 g. 

With the exception of p-ethylphenyldi-n-amylphosphine mercuri- 
chloride (Found: Cl, 13-1. C,gH;,P,HgCl, requires Cl, 12-9%), 
which, after recrystallisation from glacial acetic acid, formed 
elongated prisms, m. p. 95°, the mercurichlorides and methiodides 
of these p-ethylphenyldialkylphosphines remained non-crystalline 
even after being preserved for 6 months. 

p-Ethylphenylmethyldi-n-propylphosphonium hydroxide is left 
as an oil when an alcoholic solution of the phosphonium iodide is 
shaken with well-washed, freshly precipitated silver oxide, the 
silver iodide filtered off, and the alcohol expelled in a vacuum. The 
solution of the hydroxide reacts alkaline and precipitates the 
difficultly soluble metallic hydroxides from solutions of their salts. 
The corresponding chloroplatinate (Found : Pt, 22-3. 

[(CH;)(C,H,)(C,H,),P],PtCl, 
requires Pt, 22-1%) is precipitated in yellow needles, m. p. 195 
(after recrystallisation from alcohol), when aqueous chloroplatinic 
acid is added to a boiling alcoholic solution of the phosphonium 
hydroxide acidified with hydrochloric acid. 

Similarly prepared, p-ethylphenylmethyldi-n-amylphosphonium 
chloroplatinate (Found: Pt, 19-2. [(CH,)(CgH,)(C;H,,)2P],Pt, 
requires Pt, 19-6°%) forms yellow crystals (m. p. not sharp). 

p-Methoxyphenyldi-n-propylphosphine (Found: C, 69-1; H, 94. 
C,3;H,,OP requires C, 69-6; H, 94%) boils at 165°/17 mm., and 
has d2’ 0-9738; nv" 1-5477; [Rr]e 73-08; n®° 1-5352; [Rz]p 71°69: 
n® 1-5301; [Rz]- 71-12. Yield, 13 g. Treated in ethereal solution 
with bromine, the phosphine gives the dibromide (Found: Br, 
42:5. C,,H,,OBr,P requires Br, 41-6%), a thick liquid. 
p-Methoxyphenyldi-n-propylphosphine mercurichloride is precipit- 
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ated as a gummy solid when alcoholic solutions of its components 
are mixed. On being preserved, the gum is gradually transformed 
to a crystalline mass, the saturated solution of which in glacial 
acetic acid deposits prismatic crystals, m. p. 134° (Found: Cl, 
149. C,,H,,OP,HgCl, requires Cl, 14-39%), on being allowed to 
evaporate. p-Methoxyphenylmethyldi-n-propylphosphonium iodide 
is precipitated as an oil when ethereal solutions of the phosphine 
and of methyl iodide are mixed. On standing in a vacuum desic- 
cator, the oil gradually crystallises. Before analysis, the crystals 
(Found: I, 34-7. (CH,)(C,H,O)(C,H,),PI requires I, 34-7%], 
m. p. 60°, were washed with ether. Attempts to effect recrystal- 
lisation from water, alcohol, or alcohol—light petroleum all resulted 
in precipitation of the methiodide as an oil, which, however, on 
being separated from solvent and preserved, re-solidified. 
p-Methoxyphenyldi-n-butylphosphine (Found: C, 71:0; H, 9-9. 
C,;H,;OP requires C, 71-4; H, 10-0%) boils at 190°/16 mm.; d? 
09600; nF 1-5389; [Rz]p 82-28; n# 15274; [Rz]p 80-82; n° 
15226; [R,]- 80-20. Yield, 12 g. The methiodide is obtained 
similarly to that of the propyl phosphine. It melts at 86° (Found : 
C,48-4; H, 7-4; 1, 32-0. C,g,H,,OIP requires C, 48-7; H, 7-2; I, 
32:2%). The phosphonium hydroxide forms an oil, which on 
treatment with chloroplatinic acid yields p-methoxyphenylmethyldi- 
n-butylphosphonium chloroplatinate (Found : Pt, 20-5. 
[CH,-0-C,H,°P(C,H,)2(CHg) ],PtCl, 
requires Pt, 20-:7°%), which forms fine yellow needles, and, after 
recrystallisation from alcohol, melts at 196°. 
p-Methoxyphenyldi-n-amylphosphine (Found: C, 72:8; H, 10:1. 
C,,H,,OP requires C, 72-8; H, 10-4%) has b. p. 202°/18 mm.; 
d? 0-9382; n° 1-5289; [Rz]p 92-10; nf 15178; [Rz]o 90-48; 
ne 15132; [Rz]o 89-80. Yield, 12 g. The dibromide (Found: 
Br, 37-2. C,,H,gOBr,P requires Br, 36-39%) melts ca. 85°. Re- 
crystallised from acetic acid, the mercurichloride (Found: Cl, 
13:2. C,,H,,OP,HgCl, requires Cl, 12-9%%) forms elongated plates, 
m.p. 114°. Even after long preservation, the methiodide remained 
as an oil (Found: I, 29-5, 29-5. C,,H,,OIP requires I, 30-1%). 
p- Methoxyphenylmethyldi - n - amylphosphonium chloroplatinate 
(Found: Pt, 19-7. (C,,H,,0P),PtCl, requires Pt, 19-6%], re- 
crystallised from alcohol, forms yellowish-brown hexagonal plates, 
m. p. 153°. 


Tse Tarem LABORATORIES, UNIVERSITY COLLEGE, 
CARDIFF. [Received, August 1st, 1930.] 
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CCXCVIII.—The Configurations of the Benzil- 


monoximes. 
By Tuomas Weston JoHNns Taylor and Marcia SARAH Marks, 


THE configurations generally accepted at present for the benzil- 
monoximes are founded on the work of Meisenheimer and his co. 
workers on the oxidation of triphenylisooxazole and its derivatives 
(Ber., 1921, 54, 3206; 1924, 57, 282) and on the Beckmann trans. 
formation (ibid., 1924, 57, 289). Convincing though this evidence 
is, difficulties in the stereochemistry of compounds showing this 
type of geometrical isomerism still remain (compare von Auwers, 
Ber., 1929, 62, 1320). Hence evidence as to the configurations of 
these substances, which in many respects form the keystone of the 
stereochemistry of all oximes, has been sought from an entirely 
different source. 

In an earlier paper (Taylor and Ewbank, J., 1926, 2818), it was 
pointed out that the reactivity of the carbonyl group in the «-oxime 
and the absence of such reactivity in the 8-oxime, together with the 
rough estimates of solubility that have been recorded, indicate that 
in the $-oxime the hydroxyl group and the carbonyl group are 
so situated in the molecule that co-ordination between the two can 
occur; this view leads to the configurations (I) and (II), which 
are the same as those of Meisenheimer. 


O,H,-C—0-C,H, 0,H,{#——-0.8, 
O NOH O—>HON 
(I) a-Oxime. (II) B-Oxime. 


If this view is correct, the «-oxime in physical properties should 
be a hydroxylic substance, while in the 8-oxime the typical 
hydroxylic physical properties should disappear. The two com- 
pounds should behave very much as o- and m-nitrophenols behave, 
since in these substances the space arrangement of the groups in 
the meta-compound prevents the co-ordination of hydroxyl and 
nitro-groups which is responsible for the characteristically non- 
hydroxylic physical properties of the ortho-compound (Sidgwick and 
Callow, J., 1924, 125, 527). 

The solubilities of the two oximes in benzene have been measured 
and analysis of the results indicates clearly that the «-oxime does 
indeed behave as a hydroxylic compound, while the $-oxime does 
not, and thus Meisenheimer’s configurations (I) and (II) receive 
further support. 

The solubility measurements are plotted in Fig. 1. The solubility 
in benzene of a substance that forms “‘ normal ”’ mixtures with that 
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solvent can be calculated from the melting point and latent heat of 
fusion of the substance by means of the equation 


Q Tn —T 
& tat 
where 7’, is the melting point and Q the latent heat of fusion, R the 


gas constant, and S the solubility at temperature 7’, expressed as a 
molar fraction. If, however, the substance is hydroxylic, the 





— log, S = 












































Fig. 1. 
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Mol. % oxime. 
Upper curve, solubility of a-benzilmonoxime in benzene. 
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solubility is known always to be less than the “ natural ” value and 
in many cases this leads to the formation of two liquid layers (see 
Sidgwick, ‘‘ The Electronic Theory of Valency,” 1927, p. 138 et seq.). 
Whether a substance is behaving normally as a solute or not can be 
most easily discovered by calculating from the solubility measure- 
ments, by means of a modified form of the above equation, the 
“nominal heats of solution ’’ for decreasing values of the concen- 
tration of the solute (Sidgwick and Ewbank, J., 1921, 119, 993; 
Sidgwick and Taylor, J., 1922, 124, 1853). If the substance is 
normal, these values remain fairly constant, usually falling slightly ; 
if, however, its solubility is markedly less than the natural, the values 
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rise and pass through a maximum, which becomes infinity if actual 
separation into two liquid layers occurs. 

The calculated values for the nominal heats of solution are plotted 
in Fig. 2, and it will be seen that the «-oxime is definitely a substance 
which shows the same type of abnormality as the m- or p-nitro. 
phenols or the corresponding hydroxybenzaldehydes (Sidgwick and 
Aldous, J., 1921, 119, 1001; Sidgwick and Allott, J., 1923, 123 
2819), i.e., substances whose solubility relationships are determined 
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0 20 40 60 80 100 
Mol. % oxime. 
Nominal heats of solution in benzene : rising curve, a-oxime ; falling 
curve, B-oxime. 
by the presence of a free hydroxyl group in the molecule. The 
curve for the 8-oxime cannot be taken to low concentrations i 
solution because of the entry below 62° of a new solid phase contait- 
ing benzene. Enough of the curve, however, can be obtained to show 
that there is no abnormality of the above kind and that the solubility 
of the 8-oxime is more of the type of that of o-nitrophenol or hydroxy- 
benzaldehyde, where the hydroxylic physical properties have 
disappeared because of co-ordination between the hydrogen atom 
of the hydroxy] group and a donor group in a suitable spatial position 
in the molecule. It is on this ground that the configurations (I) and 
(II) receive fresh support. 
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As the concentrations of the $-oxime in the saturated solutions 
decrease, the values of the nominal heat of solution begin to fall off 
steeply ; this is connected with the formation of the solid compound 
with the solvent (compare Sidgwick and Callow, loc. cit., p. 1011). 

Since the «-oxime in solution is known to change slowly into 
the B-oxime (von Auwers and V. Meyer, Ber., 1889, 22, 540) at 
100° and above, there was a danger that the solubility measure- 
ments of the «-oxime would be vitiated by this change. It was, 
however, inappreciable during the time necessary for the deter- 
mination, since, in the same sealed bulb, the temperature of complete 
solubility remained the same in a series of redeterminations, and 
the solubilities of the two forms are so widely different that any 
isomeric change would have been apparent. ° 


EXPERIMENTAL. 


Preparation of the Oximes.—All published methods are trouble- 
wme and uncertain; some give rise to mixtures of the two oximes 
vhich form slowly-solidifying oils very difficult to separate by 
rerystallisation. All these methods have been investigated in 
detail. The following directions make the preparation of both 
oximes in a state of purity easy and certain. 

«-Benzilmonoxime (a modification of the method of von Auwers 
and Siegfeld, Ber., 1893, 26, 792, footnote). Benzil, which must, be 
pure, is ground to a thin paste with a little alcohol, and hydroxyl- 
amine hydrochloride (1 equiv.) in concentrated aqueous solution is 
added. The whole is cooled to —5° (most conveniently by using a 
bath of crushed ice and concentrated hydrochloric acid) and caustic 
soda (3 equivs.) in 20% aqueous solution is added drop by drop 
with rapid mechanical stirring. The temperature must not rise 
above 0° and the stirring must be efficient. After about 14 hours 
the mixture is diluted with water and the small quantity of unchanged 
benzil is removed on a sintered glass filter. The filtrate is acidified 
with the minimum of glacial acetic acid, and, after standing, the 
rude pinkish «-oxime is collected and recrystallised from aqueous 
alcohol (60 vol. % alcohol). Animal charcoal must not be used in 
the recrystallisations. The product is recrystallised from benzene 
twice and is then pure. 44 G. of benzil gave after the first recrystal- 
lisation 37 g. of oxime, m. p. 137°; the final yield was 28 g. of pure 
oxime, m. p. 140° (von Auwers and V. Meyer, loc. cit., give 137—138°). 

$-Benzilmonoxime is most conveniently obtained from the pure 
“oxime by boiling it for 15 minutes with one-tenth of its weight of 
dried animal charcoal in a quantity of pure benzene just sufficient 
to dissolve the «-oxime at the boiling point (see Taylor and Marks, 
Nature, 1930, 125, 636). The charcoal is removed and the pure 
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compound, -oxime + 4$C,H,, crystallises slowly on cooling; 
more can be obtained by evaporation of the mother-liquor. The 
melting point of our samples of pure @-oxime is 112°; the value 
113—114° given by von Auwers and V. Meyer seems to be a little 
too high. Meisenheimer and Heim (Annalen, 1907, 355, 280) were 
unable to obtain specimens which melted above the range 105—108°: 
their samples probably contained a little «-oxime, from which it is 
difficult to separate the $-oxime by recrystallisation. The pure 
8-oxime causes no colour change whatever in aqueous alcoholic 
solutions of copper acetate, while those contaminated with the 
a-Oxime give a greenish colour. 

Solubility Measurements.—The synthetic method was used, 
sealed bulbs containing known amounts of the oxime and of benzene 
(purified by freezing-out twice and then shaking with sulphuric 
acid) being heated in a bath with a thermo-regulator until the 
temperature of complete solubility was ascertained. All tem- 
peratures given are corrected for the emergent stem, and the 
thermometers used were checked against a standard. The observed 
temperatures were :— ( 





«-Oxime. 6-Oxime. 
Mol. %. Temp. Mol. %. Temp. t 
0-45 28-6° 5:27 33-5° a 
3°99 68-0 11-18 44 co-existing solid phase: 
25-53 89-0 15-74 50 , pB-oxime + $C,H,. 
46-20 106-3 26-72 56 | 
79-60 127-8 34-06 59 
44-13 67 
46-38 71 
55-35 83 
65-83 94 
78-32 103 


The compound -oxime + 4C,H, was first obtained by vaf ( 
Auwers and V. Meyer (/oc. cit.), who stated that it melts “ bei etwa 
70°’’; according to our results this compound has a non-congruett 
melting point, and the transition temperature, i.e., that of incipient 
fusion, is 62°. Many samples of the compound have been preparelB 4 
(Found: loss in weight on heating at 100°, 14-50, 14-67, 14819 fe 
Cale., 14-78%) and all melt over a range of temperature beginnig§ }; 









at 62—63°. th 
Nominal Heats of Solution —The values obtained (see referencts 

above for calculation) were :— or 

a-Oxime, mol. % ... 95 85 75 65 55 45 35 25 m 

Q, kg.-Cal......ccccccces 581 635 667 7:25 7:65 819 9-74 123 

Bal; S, : encsoneseconees 15 75 3-75 

SF mcvarpoenescncnccesecen 17-97 24-02 18-42 





B-Oxime, mol. % ... 95 85 75 65 55 45 
Q, kg.-cal. .....csee0es 6-80 656 560 512 398 2-65 
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Note by T. W. J. T.—-In the earlier paper (Taylor and Ewbank, 
loc. cit.) a structure was proposed for the metallic derivatives of 
oximino-ketones, such as a-benzilmonoxime, which would involve 
a stereochemical change of the «- into the @-structure during the 
formation of the derivative. Such a change does not appear to 
take place, since the copper derivative of a-benzilmonoxime, 
R-Cu-OH, that we described can be easily decomposed by grinding 
it in the cold with dilute sulphuric acid, and the oxime so recovered 
is the «-oxime. Hence the structure proposed by Pfeiffer and 
Richarz (Ber., 1928, 61, 103) and supported by Hieber and Leutert 
(Ber., 1929, 62, 1839) and by Brady and Muers (this vol., p. 1599) is 
much more probable than ours. The cobalt derivative of «- 
benzilmonoxime resists all attempts to decompose it short of 
complete degradation. 

Summary. 


1. The solubilities in benzene of the two benzilmonoximes have 
been measured. 

2. Analysis of the results indicates clearly that the stereochemical 
configurations of these oximes are those proposed by Meisenheimer, 
and thus supports the view that, in this case at least, the Beckmann 
transformation involves the groups in the anti-position to one 
another. 

3. Improved methods for the preparation and purification of 
these oximes are described. 


THe Dyson Perrins LABORATORY, 
OxFoRD. [Received, August 28th, 1930.] 





CCXCIX.—Researches on Ammines. Part IV. Cupr- 
ammine Salts of Monobasic Acids. 


By Herspert JosepH Seymour Kina. 


AtTHouGH a number of ammines of bivalent copper containing 
fewer than four molecules of the base in the co-ordination complex 
have been described, no evidence has been adduced as to whether 
the acid radicals are ionised. 

Further examination of these compounds seemed desirable, in 
order to ascertain whether, in such complex kations, as in the 
more stable kations derived from tervalent metals, acid radicals 
can replace molecules of ammonia or pyridine, with formation of 
acido-ammines sufficiently stable for their existence to be detected 
in aqueous solution. 

If this were so, aqueous solutions of triamminocupric salts should 
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contain one univalent acid radical in the ionised and one in the 
un-ionised condition. Cu(NH,),(NO,).,.2H,O, described by Bhadur 
(Z. anorg. Chem., 1913, 81, 406), was found not to exist, the method 
given for its formation yielding tetramminocupric nitrate. Tri. 
ammino- and tripyridino-cupric formates, described by Grossmann 
and Jager (ibid., 1912, 73, 48), were also unobtainable by the methods 
given, which yielded instead tetrammino- and monohydratei 
dipyridino-cupric formates. 

Triamminocupric aceto-halides (Richards, Amer. Chem. J., 1893, 
15, 642; 1895, 17, 145, 297) and tripyridinocupric o-nitrobenzoat 
(see p. 2315) were unsuitable for further investigation, being insoluble 
in, or decomposed by, water and other solvents. The remaining 
cases recorded are triamminocupric trichloroacetate (Grossmann 
and Jager, loc. cit.) and tripyridinocupric nitrate (Pfeiffer and 
Pimmer, Z. anorg. Chem., 1905, 48, 98). The chemical individuality 
of the former is not well established. Obtained by exposing the 
higher ammine to the air till it attained constant weight, it did not 
at any concentration give a clear solution with water, and it could 
not be recrystallised. When shaken with an aqueous solution 
containing 1 mol. of ammonium picrate, it yielded an impure 
cuprammine picrate which contained only half the original copper 
and no trichloroacetic acid, indicating that both the trichloroacetate 
radicals were ionised. Tripyridinocupric nitrate was obtained by 
Pfeiffer and Pimmer by repeated recrystallisation from alcohol of 
a mixture of the dipyridino- and tetrapyridino-salts. Its chemical 
individuality, however, is supported by the results of molecular. 
weight determinations. When its aqueous solution was treated 
with a solution containing 1 mol. of ammonium picrate, only half 
the copper was precipitated and the product contained no nitrate 
radical. It will be seen from Table II that van’t Hoff’s factor i for 
this compound in aqueous solutions of concentrations 0-025—0-25M 
falls from 3-79 to 2-41, so that its value is always of the order required 
for the tri-ionic salt, [Cu(C;H,;N)3](NO,)., while the possible altern- 
ative formule [Cu(C;H,;N),NO,JNO, and [Cu(C,H;N),][Cu(NO;),) 
would require i values somewhat lower than 2 and 1 respectively. 
Although both acid radicals are attached by electrovalent links in 
aqueous solution, it is probable that in the solid state both link 
are covalent. It appears preferable, in cases where solution i 
water is not known to effect any change other than the conversion 
of covalent into electrovalent links, to follow Werner’s method of 
formulating a complex compound in accordance with its condition 
in aqueous solution, so that the formula reveals the ordinary reactions 
of the substance. This compound is then tripyridinocupric nitrate, 
[Cu(C;H;N),](NO3)o. It is possible that solution of the salt in 
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water involves, in addition to ionisation, the co-ordination of 
molecules of water, but there is no evidence of this, and no justi- 
fication for any assumption as to the number of water molecules 
co-ordinated. 

Attempts to prepare other triammines from cupric salts of acids 
which readily enter the co-ordination complex of tervalent cobalt 
or chromium were unsuccessful. Thus, tetramminocupric acetate, 
when treated in alcoholic solution with 1 mol. of glacial acetic acid, 
yielded a crystalline precipitate of the diammine. The only com- 
pound already described in which it appeared possible that the 
acidotriamminocupric ion was present was decamminotricupric 
iodide, obtained from aquotetramminocupric iodide by exposure to 
air or by treating its aqueous solution with excess of potassium 
iodide. Kohlschiitter formulated this compound as 

2(Cu(NH;),1]1,[Cu(NH3),]I,, 

considering [Cu(NH,),I]I to be the primary product of the reaction 
(Ber., 1904, 37, 1153). However, treatment of pentamminocupric 
iodide with 2 mols. of aqueous hydriodic acid gave an equimolecular 
mixture of diammine and tetrammine, while trituration of hex- 
amminocupric iodide with 3 mols. of an alcoholic solution of 
hydriodic acid resulted in complete decomposition, with liberation 
of iodine. Evidently Cu(NH,),I, does not exist, so Kohlschiitter’s 
formula for the decammine seems very improbable. Decammino- 
treupric picrate, Cus(NH3)19{C,H,O,N;},, has now been obtained 
by treatment of tetramminocupric formate with excess of sodium 
formate and precipitation with ammonium picrate. 

It was shown in Part III (J., 1929, 2593) that, while all cupric 
diammines containing ammonia in the complex are insoluble in or 
decomposed by water, dipyridinocupric nitrite dissolved in water 
without decomposition as the ionic salt [Cu(C;H,;N),](NO,),. Mono- 
hydrated dipyridinocupric formate has proved more readily soluble 
than the nitrite, and from it, by double decomposition in aqueous 
solution, anhydrous dipyridinocupric benzoate and the monohydr- 
ated o-nitrobenzoate were obtained. Even at a concentration of 
015M, the highest obtainable, dipyridinocupric formate gave an 
ivalue of 2-12, which is inconsistent with the presence of a non-polar 
compound. These results support the conclusion that in aqueous 
solution the compound is [Cu(C,;H,N),](H-CO-O),. Here again it 
is possible that solution is accompanied by co-ordination of water 
molecules, but there is no evidence that this occurs. 

Diamminocupric acetate, although decomposed by water, dis- 
solved in boiling absolute alcohol, without decomposition, to the 
‘extent of about 2%. The elevation of the boiling point of the 
ilcohol was only 0-035°, whence M=ca. 624 [Cale. for 
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{Cu(NH,).(CH,°CO-O),},: M, 647]. Nevertheless, diammino. 
cupric acetate and potassium thiocyanate interacted in hot alcoholic 
solution, with precipitation of diamminocupric thiocyanate. 
Cuprammine salts differ from ammines of tervalent cobalt and 
chromium in that the former melt at comparatively low temperatures, 
indicating that, in the solid state, the valency linkages are non-polar. 
The m. p.’s previously recorded have been those of the ammine 
stable at the temperature of fusion. By carrying out the deter. 
minations in sealed tubes, individual m. p.’s for the various 
cuprammine salts of a given acid have now been obtained (see 
Table I). The m. p.’s of tetra- and hexa-pyridinocupric nitrates 





TaB_eE I. ‘ 

Melting points (uncorr.) in sealed tubes. . 
Cu(C,H,N),(NO3)2 .....- 171° Cu(NH;),(H-CO-O), .... 157° (decomp.) 
Cu(C,H,N),(NC4)q «0. 168-5  Cu(NH,),(H-CO-O), ... 152 (decomp.) & 
Cu(C;H;N)s(NOz)o .«..... 161 Cu(NH,),(CH,CO-O), 194 d 
Cu(NH;),(CH;-CO-O), 189 (decomp.) ‘ 

are only 7-5° and 10° higher than that of dipyridinocupric nitrate, § ® 
while those of tetramminocupric acetate and formate are 5° higher f * 
than the values for the corresponding diammines. These figure h 
suggest that the co-ordination of further molecules of ammonia o C 
pyridine is accompanied by no fundamental change in the type df ™ 
linkage, all the compounds, from diammine to hexammine, being ke 
non-polar in the solid state. “ 
Aqueous solutions of ammino- or pyridino-cupric salts smell df 
the base at all concentrations, but the only evidence available a a! 
to the extent to which dissociation of the complex ion occurs is that di 
of Dawson (J., 1906, 89, 1666), who extracted ammoniacal solutions al 
of copper sulphate with chloroform, to obtain a measure of the cys 
free ammonia, and calculated the molecular ratio of combined NE 
ammonia to metal. Values have now been obtained for the number} _{ 
of mols. of ammonia or pyridine associated with each g.-atom of 


copper in aqueous solutions of hexammino-, tetrammino-, hex* 

pyridino-, and tetrapyridino-cupric nitrates, at concentration “ 
between 0-025 and 0-25M, by attributing the excess freezing-poitt ‘ 
depressions of these salts in aqueous solution over those of cuprit 
nitrate at equivalent concentrations to free ammonia or pyridine, 
the concentration of which could then be calculated (see Table II). 
While rigid accuracy is not claimed for these values, which involtt 
the assumption that the complex nitrates ionise similarly to cupti 
nitrate, they are considered to represent fairly closely the condition 
of the salts in aqueous solution, and they agree well with the results 
of Dawson, where comparison is possible. Thus the value 3-51 w# 
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obtained for 0-05M-hexamminocupric nitrate, whereas Dawson 
gives 3-55 for 0-05.M-copper sulphate containing 6 mols. of ammonia. 
For 0-1M-tetramminocupric nitrate, the value 3-46 was obtained, 
as compared with 3-43 for 0-1M-tetramminocupric sulphate as found 
by Dawson. His other results were obtained in presence of excess 
of ammonia, and are somewhat higher than those now recorded for 
the pure salts. 
EXPERIMENTAL. 

Unless otherwise stated, the compounds described were prepared 
for analysis by being washed successively with alcohol and ether, 
and left over-night in a vacuum over soda-lime. 

Acetates.—Foerster (Ber., 1892, 25, 3416) and Horn (Amer. Chem. 
J., 1908, 39, 206) prepared the anhydrous diammine, and from 
it, by the action of liquid ammonia, the latter obtained the 
tetrammine, which has now been prepared in a crystalline con- 
dition by a modification of Horn’s method for preparation of the 
diammine. 20 G. of copper acetate were treated with 150 c.c. of 
ammoniacal alcohol and dry ammonia gas was passed through the 
suspension for an hour. The ice-cold, filtered solution was treated 
with an equal volume of ammoniacal ether, whereupon large 
hexagonal blue plates separated rapidly {Found: NH, 27-1. 
Cale. for [Cu(NH,),](CH,°CO-O), : NH, 27:°3%}. The compound was 
readily soluble in water and in alcohol. After 4 hour, even when 
kept in an ammoniacal atmosphere, surface loss of ammonia had. 
occurred, and exposure to dry air for 2 days resulted in complete 
conversion into the violet diammine, which was decomposed by even 
a little water, forming a blue jelly. When equivalent solutions of 
diamminocupric acetate and potassium thiocyanate in hot. absolute 
aleohol were mixed, greyish-blue needles of diamminocupric thio- 
cyanate separated immediately in 60% yield (Found: Cu, 29-9; 
NH;, 16-1. Calc.: Cu, 29°7; NH, 15-9%). 

Formates.—The existence of tetramminocupric formate was 
detected by Ephraim and Bolle (Ber., 1915, 48, 1770). An- 
hydrous tetramminocupric formate has now been prepared by treating 
finely powdered tetrahydrated cupric formate with liquid ammonia. 
The deep blue product was extremely soluble in. water and sparingly 
soluble in alcohol and in liquid ammonia {Found : Cu, 28-9; NH, 
30-6. [Cu(NH,),])(H°CO-O), requires Cu, 28-7; NHg, 30°7%}. 
The tetrammine was also obtained as large hexagonal plates by 
passing ammonia gas into an alcoholic suspension of cupric formate, 
filtering the product and precipitating the salt with ether. 

Action of Excess of Sodium Formate on Tetramminocupric Formate. 
~When saturated aqueous solutions of sodium formate (20 g.) and 
‘etramminocupric formate (2 g.) were mixed, ammonia was liber- 
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ated. The deep blue, filtered solution was aerated for 2 hours, to 
remove free ammonia, and then added to a solution of ammonium 
picrate [from 4-2 g. (2 mols.) of picric acid] in 350 c.c. of water, 
The precipitate of decamminotricupric picrate (microscopic green 
needles) was collected and washed with water [Found: Cu, 11+; 
NH, 10-1; N, 22-6. Cu,(NH35),9{C,H,O,N;}, requires Cu, 114; 
NH,, 9-9; N, 22-7%]. The same product was obtained when 
3 mols. of picric acid were employed. The compound lost no 
ammonia when heated for 3 hours at 100°. 

Cobalt-blue diamminocupric formate (Found: Cu, 34:0; NH, 
18-1. Cu(NH,),(H-CO-O), requires Cu, 33-9; NHg;, 18-2%] was 
obtained by leaving the tetrammine under an open bell-jar in 
presence of soda-lime for 3 days; no dark blue particles of 
tetrammine then remained. The compound was insoluble in 
alcohol and decomposed by water. It lost 5% of its ammonia in 
3 hours at 90°. 

A solution of cupric formate in aqueous ammonia was left in 
a vacuum over soda-lime for 2 weeks. The violet needles thu 
obtained proved to be the tetrammine (Found: NHsg, 30-1%). 
After exposure to dry air for 3 days, they had been completely con. 
verted into diammine (Found: NH, 18-1%). Grossmann and 
Jager (loc. cit.) stated that they obtained triamminocupric formate 
by this method, and that it remained unchanged after standing in 
air for 12 weeks. 

Monohydrated Dipyridinocupric Formate.—This compound {Found: 
Cu, 19-4; N, 8-5; H,O, 5-4. [Cu(C;H;N),](H*CO-O),,H,O requires 
Cu, 19:3; N, 8:5; H,O, 55%} was obtained when pyridine was 
heated to boiling with cupric formate. The filtrate deposited bright 
blue needles, which were washed with pyridine and left over 
night in a pyridine atmosphere over soda-lime. If the boiling was 
continued for more than a few minutes, decomposition occurred. 
By heating at 85° for 4 hours, the whole of the water and slightlyfi 
more than one mol. of pyridine were removed, leaving a bright green 
powder. (Water in the compound was determined by finding the 
loss in weight at 85°, and estimating nitrogen in the residue, so that 
loss of pyridine could be allowed for.) Grossmann and Jaget 
stated that they obtained tripyridinocupric formate by this 
method. 

Reaction with sodiwm benzoate. The formate (2 g.), dissolved ia 
30 c.c. of water, was shaken with 1-1 g. (2 mols.) of sodium benzoate, 
giving a precipitate of dipyridinocupric benzoate (1-4 g.) (Found: 
Cu, 13-7; N, 5-9. Cale.: Cu, 13-7; N, 60%. See Part III). 

Reaction with ammonium o-nitrobenzoate. The aqueous solutiot 
of the formate (2 g.) was added to 2:5 g. (2-5 mols.) of o-nitrobenzolt 
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acid converted to the ammonium salt in 10 c.c. of water. An imme- 
diate pale blue precipitate of dipyridinocupric o-nitrobenzoate mono- 
hydrate was obtained. It was washed with water, alcohol, and ether 
{Found : Cu, 11-2; N, 9-7; H,O, 3-1. Cu(C;H;N),{C,H,O,N},,H,O 
requires Cu, 11-1; N, 9-8; H,O, 3-2%]. 

Jodides—Hexamminocupric, monohydrated tetramminocupric, 
and decamminotricupric iodides have been obtained by various 
investigators. Ephraim (Ber., 1919, 52, 940) detected the existence 
of the pentammine and diammine, both of which are now 
described; but he obtained no indication of the existence of an 
anhydrous tetrammine, so the monohydrated tetrammine should 
probably be formulated {Cu(NH,),,H,O]I,. 

Horn (Amer. Chem. J., 1908, 39, 184) stated that he prepared this 
compound by treating mixed solutions of copper sulphate, potassium 
iodide, and ammonia with ammonia gas. This method was found, 
however, to yield a product largely contaminated with potassium 
sulphate, from which it was separated by treatment with liquid 
ammonia. The potassium sulphate did not dissolve, and deep 
violet crystals of hexamminocupric iodide were obtained from the 
filtrate. 

Pentamminocupric iodide hemihydrate, [Cu(NH,);|I,,4H,O. When 
a solution of hexamminocupric iodide in ammonia (d 0-880) was 
saturated with ammonia gas, a precipitate of small blue plates, 
lighter in colour than the hexammine, was obtained. The product 
was readily soluble in water, but insoluble in alcohol (Found: Cu, 
155; NH, 21-0; I, 61-6; H,O, 2-2. [Cu(NH,),]I,,}H,O requires 
Cu, 15-5; NH,, 20-7; I, 61-7; H,O, 2-2%). 

When the compound was left in a vacuum over sulphuric acid for 
a week, the water and 1% mols. of ammonia were removed, leaving 
a black residue of decamminotricupric iodide. The same hemi- 


.Phydrate was also prepared by recrystallising decamminotricupric 
ypiodide from 5 parts of warm ammonia (d 0-880) (Found: NHs, 


20-7%). 

Diamminocupric iodide. In an unsuccessful attempt to prepare 
triamminocupric iodide, the solid pentammine (2 g.) was shaken with 
98 c.c, (2 mols.) of N-hydriodic acid. Chocolate-brown diammino- 


is§wpric iodide (1 g.), which was formed immediately, was filtered off, 


leaving a deep blue filtrate [Found : Cu, 18-0; NH, 9-7; I, 72-7. 
(NH;),I, requires Cu, 18-1; NH, 9-7; I, 72:2%]. The filtrate, 
on treatment with excess of a solution of ammonium picrate, gave 


‘f° Precipitate of tetramminocupric picrate equivalent to 40% of the 


inal copper (Found: NHg, 11-4. Calc.: NH, 11-6%. See 
- 2315) ; hence the mechanism of the reaction is 2[Cu(NH,),]I,,H,O 
+ ~_ [Cu(NH;),(H,O) I, + Cu(NH,),I, + 4NH,I. 
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Diamminocupric iodide was also obtained when the hexammine 
was kept in a vacuum over sulphuric acid for a month (Found: 
Cu, 17-9; NH,, 9-7%). The compound was insoluble in and 
decomposed by water. It was not decomposed by cold concentrated 
sulphuric acid, iodine being liberated only on warming. When the 
diammine was kept in a vacuum over sulphuric acid, continuous 
slow liberation of iodine occurred, indicating that 2 mols. of ammonia 
are the minimum number capable of stabilising the cupric iodide 
molecule. ( 
Hexapyridinocupric iodide. When hexamminocupric iodide (5 g.) 
was boiled gently for 10 minutes with 50 c.c. of pyridine, the ammonia 
was displaced and the dark brown filtered solution deposited, on h 
cooling, 7-5 g. of large, irregular, black plates. The product was . 
washed successively with pyridine and ether, and transferred immedi- N 
ately to a stoppered bottle (Found: Cu, 83; C;H;N, 60-2; |, x 
32-5. [Cu(C;H;N),|I, requires Cu, 8-0; C;H;N, 59-9; I, 32-1%). y 
The compound dissolved completely in ammonia to a deep blue 
solution. It was insoluble in water and in cold ‘alcohol. Het 
alcohol decomposed it with liberation of iodine and precipitation of de 
cuprous iodide. ai 
Tetrapyridinocupric iodide. After exposure to dry air free from Th 
acid vapours for 4 days, powdered hexapyridinocupric iodide hai 
been converted into a moss-green compound (Found: Cu, 101; 10- 
C;H,;N, 49-5; I, 40-2. [Cu(C;H,N),|I, requires Cu, 10-0; C,H,N, 10 
49-9; I, 40-1%). It was not found possible to obtain cupric iodide 
by keeping the tetrapyridino-derivative in a vacuum over sulphur os 
acid, as both pyridine and iodine were gradually lost. After si soli 
weeks, 0-8 mol. of pyridine and 1-5 g.-atoms of iodine remained i we 
association with each g.-atom of copper, the residue being 4 jams 
brownish-yellow powder. ED thi 
Nitrobenzoates.—Cupric o-nitrobenzoate was precipitated by mixin des 
aqueous solutions of ammonium o-nitrobenzoate and the calculated ans 
amount of copper sulphate. The air-dried product was bright greet T. 
and was practically insoluble. There was no loss in weight “a 
heating at 100° [Found : Cu, 16-1; N, 7-0. Cu(C,H,0,N), requitt ethe 
Cu, 16-1; N, 7-0%]. met! 
Tetramminocupric o-nitrobenzoate. By treating cupric o-nitto- feo 
benzoate with liquid ammonia, a cobalt-blue ammine, insoluble OF evol 
liquid ammonia, was first obtained, but this was unstable at # an h 
temperature, being completely converted in a few hours into # 
purple tetrammine, even if kept in a strongly ammoniacal atmosphe cryst 
(Found: Cu, 14-0; NH,, 14-8; N, 17-9. [Cu(NH,),]}{C;H,OM ‘p, 
requires Cu, 13-7; NH, 14-7; N,18-1%). The tetrammine dissolve q.. 
readily in water, and less readily in alcohol, giving bright 
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solutions. On exposure to dry air for 6 days, 1 mol. of ammonia 
was lost, leaving a greyish-blue powder which was decomposed by 
water. 

Tripyridinocupric o-nitrobenzoate. Cupric o-nitrobenzoate turned 
blue when treated with pyridine. The product was recrystallised 
from pyridine, collected, washed with a little pyridine, and kept in 
a vacuum over soda-lime over-night. It was insoluble in and not 
decomposed by water or alcohol [Found: Cu, 10-3; N, 11-0. 
Cu(C;HN),{C,;H,O,N}, requires Cu, 10-1; N, 11-1%]. 

Tetramminocupric m-nitrobenzoate. Cupric m-nitrobenzoate 
reacted with liquid ammonia similarly to the o-compound, the 
highest stable ammine being the lilac tetrammine (Found : Cu, 13-5; 
NH,, 14:9; N, 18-0. [Cu(NH,),]{C,H,O,N}, requires Cu, 13-7; 
NH,, 14-7; N, 18-1%). On exposure to dry air for 7 days, the 
ammonia content diminished to 7-3°/, (Calc. for the diammine : 
NH,, 79%). The tetrammine was moderately soluble in water to 
4 bright blue solution, and sparingly soluble in alcohol. 

Picrates.—Tetramminocupric picrate was prepared by double 
decomposition between aqueous solutions of monohydrated tetram- 
minocupric sulphate and the calculated amount of sodium picrate. 
The precipitate of greenish-yellow microscopic needles was washed 
with water and dried over soda-lime in a vacuum (Found: Cu, 
105; NH,, 11-4; N, 23-7. [Cu(NH,),]{C,H,O,N,}, requires Cu, 
108; NH, 11-6; N, 23-8%). On heating at 100°, no loss in weight 
occurred. The tetrammine dissolved in liquid ammonia to a red 
solution, from which, as the ammonia evaporated, a reddish-brown 
solid separated. As removal of the excess ammonia continued, the 
residue became green and finally the greenish-yellow tetrammine 
remained, being the highest ammine stable at room temperature. 
This is remarkable, as the higher co-ordination number 5 is exer- 
cised in pentapyridinocupric picrate (see Part III). Other picrates 
have been described in Part III (Joc. cit.) and on p. 2312. 

Trichloroacetates.—Hexahydrated cupric trichloroacetate was 
described by Judson (Ber., 1870, 3, 783). It is readily soluble in 
ether and was conveniently obtained as a dihydrate by the following 
method. An ethereal solution of 50 g. of trichloroacetic acid was 
treated with 15 c.c. of water and 25 g. of copper carbonate. After 
evolution of carbon dioxide had ceased, the mixture was kept for 

an hour, and the excess carbonate then removed. The filtrate was 


left for 10 days in a vacuum over sulphuric acid, and bright green 
crystals remained (Found: Cu, 15-2. Cale.: Cu, 15-0%). 


Pentammino- and triammino-cupric trichloroacetates were 
described by Grossmann and Jiiger (loc. cit.) but no evidence of 
the existence of the former has been obtained in this work. 
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Tetramminocupric trichloroacetate. Dihydrated cupric trichloro 
acetate was treated with liquid ammonia, in which it dissolved very 
readily to a deep blue solution. The excess ammonia was allowed 
to evaporate from the filtered solution, leaving bluish-violet rectan. 
gular plates. The compound, which was readily soluble in wate 
and in alcohol, was left for 2 days in a vacuum over soda-lime 
in an ammoniacal atmosphere, and proved to be th’ 
anhydrous tetrammine (Found: Cu, 13-9; NH,, 14-9; Cl, 462 
[Cu(NH,),]{CCl,-CO-O}, requires Cu, 13-9; NH,, 14-9; Cl, 46-6%), 

Grossmann and Jager’s triammine was obtained by exposing the ¢ 
tetrammine to dry air for 5 days (Found: NHg, 11-8. Calc.:§ 4 
NH,, 11-6%). 

Diquinolinocupric trichloroacetate. 5 G. of dihydrated cupric 
trichloroacetate in 15 c.c. of ether were added to 10 c.c. of quinoline. 
Small bluish-violet triangular prisms separated, and were freed 
from excess quinoline by washing with ether. The product wa 
sparingly soluble in and decomposed by water. It was somewhat 
soluble in absolute alcohol, giving a clear light blue solution [ Found: 
Cu, 9-8; N, 4:5. Cu(C,H,N),{CCl,-CO-O}, requires Cu, 9°8; J, 
4-3%]. 

Molecular-weight Determinations.—Ebullioscopic method. In the 
Beckmann apparatus, 0-3998 g. of diamminocupric acetate (M= 
215-7) raised the b. p. of 21-05 g. of anhydrous alcohol by 0-035°, givin 
an apparent molecular weight of about 624. The alcohol was dried 
by refluxing it twice with barium oxide and twice with calaw 
turnings and redistilling it after each operation. 

Cryoscopic method. The Beckmann apparatus was used, witl 
water as solvent. Hexamminocupric nitrate solutions were obtained 
by mixing the calculated amounts of tetramminocupric nitrate, 
ammonia solution, and water, and for tripyridinocupric nitrate, 
equivalent quantities of the dipyridino- and tetrapyridino-salts 
were mixed. In all other cases, solutions of the pure salts wet 
employed. The pyridinocupric nitrates were prepared as described 
by Pfeiffer and Pimmer (loc. cit.). 

In the tables, M indicates the calculated molecular weight, ( the 
concentration (in g. mols./1000 g. water), At the depression of tit 
freezing point, and i the osmotic factor, which was obtained frot 
the formula i = At(1 + 0-0055At)/1-858C (see Noyes and Falk, J 
Amer. Chem. Soc., 1910, 32,1011). In Table III, a and 6 represet) 
the ratio of combined ammonia or pyridine (as the case may 
to copper, the former value being calculated as explained below, and 
the latter on the assumption that cupric nitrate dissolves in wat 
as [Cu(H,O) 6](NO3)2. 

Table IV gives the freezing-point depressions for cupric nitratef 
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hl ammonia, and pyridine, which have been used in calculating these 
moro F atios. Thus, for hexamminocupric nitrate and cupric nitrate at a 
te. concentration of 0-15M, the values of Aé are 1-242° and 0-751°, 
Howel respectively ; the difference of 0-491° corresponds to a free ammonia 
— concentration of 0-242 (by extrapolation from the observed depres- 
3 =— sion of 0-498° obtained at a concentration of 0-245); hence the molar 
“a concentration of free ammonia is 0-242 ~ 0-15 = 1-61, and that of 
e 
|, 46:2. TaBeE II, 

6-6%), [Cu(C,H,N),|(H-CO-O),. M = 311-8. 
ing thE ¢... 0-025 0-05 0-075 O-1 0-125 0-15 0-175 
g 
Cale,: at... 0°150° 0-271° 0-365° 0-440° 0-512° 0-591° — 
“hi 3-23 2-92 2-63 237 2-21 212 — 
[Cu(C,;H,;N).(NO;).. M = 345-7. 
cuprice ¢ 0-025 0-05 0-075 0-1 0-125 0-15 0-175 0-2 0-25 
inoline.— at 0-160° 0-281° 0°385° 0-505° 0-605° 0-707° 0-805° 0-913° 1-122° 
e freelle 3°45 3-03 2°77 2°73 2-61 2-55 2-49 2°47 2-43 
: [Cu(C;H,N),(NO,).. M = 424-8. 
ct WH 0025 0-05 «0-075 01S 1250151752025 
mewhai At... 0°176° 0-295° 0-412° 0-519° 0-632 0-732 0-829° 0-930° 1-113° 
Found:— ! 3°79 3°18 ...2°96 2-80 2-73 2-64 2-56 2°52 2-41 
8: Xi [Cu(NH;),]l.. MM = 402-6. 
7 "EC... 0025 0:05 0-075 O1 0126 O15 0-175 02 0-25 
At... 0:238° 0-440° 0-581° 0-742° 0-893° 1-020° 1-112° 1-211° 1-453° 
In thi... 5-13 4-75 4-18 4-01 3°86 3°68 3°44 3°28 3°15 
-) ( = M. C. At. a. 
© givinghp (Cu(CsHgN )p|(NOs)p «-0e--e--seeeesseeees 313-7 0-025 0-150° 3-23 
*y edried (C8 NHa)aCHyCO-O}e ooseeeesseesee 249-3 0-075 0-482 3:47 
‘ : 
calciun TaB_E IIT. 
p [Cu(NH,),](NO3)o. M == 255-7. 
th 
d, wilt ¢ 0-025 0-05 0-075 O-1 0-125 0-15 0-175 0:2 0-25 
ybtainel  t — — 0°475° 0-611° 0-715° 0-820° 0-912° 1:010° — 
itrate i aan ane 3°42 3-29 3-09 2-96 2-81 2-73 — 
nie a — — 337 346 365 3-77 389 398  — 
nitrate,f > — — 335 344 362 3-73 384 3-92 — 
ino-salts . [Cu(C,;H,N),](NO;).. M = 503-9. sd 
eg’ 9°025 0-05 0-075 0-1 0-125 0-15 0-175 0-2 *25 
Its pte At... Q-215° 0-345° 0-481° 0-612° 0-725° 0-830° 0-945° 1-050° 1-234° 
lescri +... 463 3°72 3°45 3°30 3-13 2-99 2-92 2-84 2-68 
a... 2°74 3°22 3°42 3°53 3-66 3-77 3-82 3°89 oo 
t (the db... 2°74 3°21 3°40 3°51 3-63 3°73 3-78 3°85 3-97 
- [Cu(NH,),(NO,),. M = 289-8. 
of the 
n C... 0025 0:05 0-075 Ol 0125 O15 0-175 0-2 
red from§ 4t... 0-278° 0-506° 0-706° 0-895° 1-085° 1-242° 1-420° — 
Falk, J‘ 600 546 509 484 4-70 4:49 4-40 — 
7 Ba 3°27 3°51 3°85 4-07 4-18 4-39 4-49 
b 3°27 3°50 3°83 4-05 4:15 4-35 4-44 
[Cu(C;H,N),](NO,)2. M = 662-0. 
0... 0-025 0-05 0-075 0-1 0-125 0-15 0-175 0-2 0-25 
at... 0-280° 0-488° 0-667° 0-832° 1-013° 1-141° 1-292° 1-420° 1-629° 
ta. 6-04 5-27 4-81 4-50 4-39 4:12 4-01 3°85 3°54 
a... 3-47 3°75 4-08 4-29 4-37 4-62 4-74 4-89 5-19 
b... 347 3-74 405 4:26 434 458 469 483 5-12 








A TET Rr 






KING : RESEARCHES ON AMMINES, PART IV. 


TABLE IV, 
Cu(NO,)>. 
C... 0-025 0-05 0-075 Ol 0-125 0-15 0-175 0-2 0-25 
At... 0-144° 0-257° 0-383° 0-506° 0-629° 0-751° 0-875° 1-002° 1-247° 
(These figures were used in calculating the values of a.) 


[Cu(H,0).,](NO3)2. 
C... 0-025 0-05 0-075 O01 0-125 0-15 0-175 0-2 0-25 
At... 0-144° 0-256° 0-380° 0-501° 0-621° 0-740° 0-859° 0-980° 1-215° 
(These figures were extrapolated from those recorded above for 
cupric nitrate and were used in calculating the values of b.) 


Ammonia. 
C... 0-006 0-02 0-05 0-0667 0-111 0-149 0-186 
At... 0-013°*  0-039°* 0-098°*  0-131° 0-220° 0-298° 0-375° 
C... 0-226 0-245 0-285 
At... 0°454° 0-498° 0-588° 
Pyridine. 
C... 0-0341 0-0491 0-0740 0-103 0-157 0-179 0-208 
Mt... 0-077° 0-111° 0-159° 0-211° 0-308° 0-340° 0-392° 
combined ammonia is 6-00 — 1-61 = 4:39. The values in Table IV 
indicated by an asterisk are taken from International Critical 
Tables, Vol. IV, p. 254, and the others were determined experi. 
mentally. The cupric nitrate solution was stirred for 2 days with 
copper carbonate, filtered, standardised, and diluted for use. 
Blanks in the tables indicate that the compound separated on 
cooling or was decomposed by water. 


Discussion of Results. 


While the osmotic factors recorded for the dipyridino-compound 
indicate the presence of a tri-ionic salt, they diminish somewhat 
more rapidly with increasing concentration than would be expected, 
and between concentrations of 0-1 and 0-25M the freezing-point 
depressions are lower than the corresponding values for cupric nitrate. 

The differences are greater than would be expected to result from 
hydration of the cupric ion, and suggest that to a small extent 
co-ordination of acid radicals has occurred. This is the only 
evidence of co-ordination that has been obtained. 

Comparatively little increase in the osmotic factor takes place om 
passing from dipyridino- to tripyridino-cupric nitrate, and the 
difference diminishes with increasing concentration until at 4 
concentration of 0:25M the two salts produce the same depression. 
The results can best be accounted for by supposing that a smal 
proportion of the tripyridino-salt is present as an acido-ammine. 

The slight differences between the a and 6 values (Table III) indicate 
that no considerable modification is produced by ionic hydration aué 
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probable degree of hydration of the cupric ion is negligibly small. 

The stability of the salts of a complex kation in the solid state 
has not necessarily much relation to their stability in aqueous solu- 
tions. For instance, tetramminocupric nitrate can be heated at 
85° without loss of ammonia, while tetramminocupric acetate loses 
ammonia in a few minutes at air temperature, but the freezing- 
point depressions at a concentration of 0-075M are very close, viz., 
0-475° and 0-482° respectively. 

The ratios combined NH,/Cu and combined C;H;N/Cu at the 
same concentrations are practically identical for tetramminocupric 
and tetrapyridinocupric nitrates, but the latter ratio is 5—6% 
higher in the case of the hexammines. 

In the solid state, both tetrammines are very stable, but whilst 
hexapyridinocupric nitrate is readily obtained pure and can be kept 
indefinitely in a closed vessel, hexamminocupric nitrate readily 
loses ammonia unless strongly cooled. 


NORTHERN POLYTECHNIC, 
Lonpon, N. 7. [Received, August 1st, 1930.] 





CCC.—Optical Activity and the Polarity of Sub- 
stituent Growps. Part XVI. Application of the 
Thorpe-Ingold Valency-deflexion Hypothesis to 
Optically Active Compounds. 


By H. Gorpon Ruz and JoHN HARROWER. 


EaRLIER investigations on the optically active J-menthyl and 
8-octyl esters of acetic and benzoic acids have shown that an 
abnormal effect is apparently produced by certain electronegative 
groups (Cl, Br, I, and OMe) when present in the ortho-position in 
the benzene nucleus. The influence of these ortho-substituents is 
to lower the rotation, although in the para-position they bring 
about the same change as in the acetic esters, where they lead to an 
increased rotatory power. Similarly, menthyl phthalate has been 
found by Cohen to exhibit a much lower rotation than the corre- 
sponding terephthalic ester (J., 1916, 109, 225) : 


OC 19H j9 
0,C,,H 19 


[M]p — 444°. 0,Ci9H i» 
[M]p — 526°. 
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that, af all events up to a concentration of 0-1, the effect of any 
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These peculiarities of the ortho-compounds have been attributed 
(Rule, Hay, and Paul, J., 1928, 1347; Bretscher, Rule, and Spence, 
ibid., p. 1493) to the spatial proximity of the substituent groups to 
the asymmetric complex and possibly also to their orientation 
relative to the latter, a conclusion which is supported by the occur. 
rence of similar phenomena in ortho- and peri-substituted naphthoic 
esters. 

It appeared of interest, therefore, to determine whether further 
evidence bearing on this point could be gained by making use of 
the Thorpe-Ingold valency-deflexion hypothesis as applied to 
gem-dialkyl compounds. In a series such as 


Y 
B>O<x > O<x EDC<x 


the replacement of the relatively compact methylene group by 
gem-dialkyl groups of increasing bulk leads to the addenda X and 
Y being forced into closer contact, thus bringing about definite and 
predictable changes in chemical and physical properties (Ingold, 
J., 1921, 119, 308; 1928, 1594; Gane and Ingold, J., 1926, 10; 
1929, 1692). 

Given suitable arrangements for X and Y, these structural modi- 
fications should also become evident in the optical properties of the 
compounds. A simple case of this type, and one which has a direct 
bearing on the problem of the above ortho- and peri-substituted 
aromatic esters, is represented by the following series of /-menthyl 


derivatives in which X = OMe, CO,R, wre or nO: : 


~*~. /OL His CHa. COC 9H iy ty 2CigHy 
HY \x CH,” i 2 

The actual change in the angle « which takes place when the two 
hydrogen atoms are replaced by alkyl groups is assumed to be 4 
matter of a few degrees only (Ingold, loc. cit.), e.g., from 115° to 
109°, and is certainly not of a sufficient magnitude to cause a reversal 
in the orientation of the dipole X relative to CO,C,,H,., as may 
occur in certain of the o-derivatives discussed above. In the 
corresponding series of substituted malonic acids investigated by 
Gane and Ingold, however, the authors have estimated that the 
distance between the carboxyls in the parent acid (1-54 AU) 
becomes less in dimethylmalonic acid and is reduced to about half 
the original value in diethylmalonic acid. The changes in the 
optically active esters may conceivably be on a somewhat smaller 
scale owing to the larger bulk already occupied by the non-variable 
groups, but should nevertheless be reflected in the rotatory powers 
of the esters. In this respect it is to be anticipated that the intro- 

















ODOOQ Aart naam 


_ 








buted 
sence, 
ps to 
tation 
occur: 
athoic 


arther 
use of 
ad to 


he two 
o bea 
115° to 
eversal 
ws may 
In the 
ted by 
iat the 
_ AU) 
ut half 
in the 
smaller 
rariable 
powers 
p intro- 








THE POLARITY OF SUBSTITUENT GROUPS. PART XVI. 2321 


duction of gem-dialkyl groups into the methylene derivative will 
cause a displacement of the rotation in the same sense as that which 
occurs in the correspondingly substituted octyl or menthyl benzoates 
when the substituent is moved from the para- to the ortho-position. 

Since the rotatory power of menthyl phthalate is low compared 
with that of the terephthalate, we may expect the rotation of 
menthyl malonate to be diminished by the introduction of the gem- 
dimethyl group and to become still less in the gem-diethyl ester. 
Similarly, since the ionisation of the carboxyl group lowers the 
rotation of /-menthyl hydrogen malonate (see below) and to an 
even greater extent that of /-menthyl hydrogen phthalate (Rule and 
McGillivray, J., 1929, 401), the progressively increasing proximity 
of the ionised carboxyl group to the carbomenthoxy-radical in the 
series of sodium menthyl malonates (X = CO,Na) should result in 
a progressively greater fall inrotatory power. Finally, as /-menthyl 
o-methoxybenzoate exhibits a low rotation and the o-carboxy-ester 
a high rotation, these specific effects of the substituent groups should 
be enhanced in the gem-dialkyl compounds if the distance between 
X and CO,C,,H,, is one of the chief factors governing the magnitude 
of the rotatory power. 

The molecular rotations observed for a number of esters of this 
type, both in the homogeneous state and in the presence of solvents, 
are summarised in the following table. The dispersion of all these 
esters proved to be normal and approximately simple in type. 


Rotatory Powers, (Mi,, for l-Menthyl Esters, CRy< 02104, 

Substit. X. State. R = H. R = Me. R = Et. 
C0,C,,H,, Homog. —311°2 —271-9° —279-1° 
CO,H e 189-9 2 205-0 224-7 
OMe pi 195-3 8 197-9 — 
CO,C,,H,, Benzene (c = 5) 324 293 259 
CO,H vs g 188 199 213 
OMe se ie 184 190 201 
CO.C,,H, Alcohol (c = 5) — 321 315 
CO,H pa ” 193 203 215 
CO,(Na) is xe 185 164 166 
OMe 7” - 196 214 — 


1 Extrapolated from values at 70°, 90°, ete., recorded by Hall, J., 1923, 
128, 110. 

* Rule, Hay, and Paul, J., 1928, 1348. 

* Rule and Smith, J., 1925, 127, 2188. 


Influence of the gem-Dialkyl Groups on Rotatory Power—From 
the values recorded in the table it is seen that the modifications in 
rotatory power caused by the introduction of the gem-dialkyl groups 
are with one exception in agreement with the foregoing conclusions. 


Dimenthyl esters. Among the di-esters an increased proximity 
412 
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of the ester groups leads to a fall in rotation, the molecular values 
in the presence of solvents diminishing continuously on passing 
from the methylene to the gem-diethyl ester. In the homogeneous 
state the diethyl derivative, although still much lower than the 
parent malonate, has a slightly higher rotation than the dimethy| 
compound. This small upward trend may possibly be due to the 
incidence of a secondary influence related to the strengths of the 
acids. It will be remembered that among the esters of mono. 
substituted acetic acids (Rule, Thompson, and Robertson, this 
vol., p. 1887) the higher the dissociation constant of the acid the 
greater is the rotation of the menthyl ester. In the series under 
discussion it has been shown by Gane and Ingold (loc. cit.) and by 
Vogel (J., 1929, 1476) that diethylmalonic acid (K, = 63-9 x 10+) 
is an incomparably stronger acid than either dimethylmalonic acid 
(K, = 6-6 x 10~) or the parent malonic acid (K, = 14-1 x 10*), 

In this connexion, attention may be drawn to the values of [/}, 
recorded by Walden (Z. physikal. Chem., 1896, 20, 377) for the 
diamyl esters of fumaric and maleic acids, namely, +15-17° and 
+11-82° respectively. Here again the juxtaposition of the ester 
groups reduces the optical activity. As a result of spatial influences 
of this nature it is only in a few isolated cases that the principle of 
optical superposition is found to hold with any degree of accuracy. 

Acid esters and their sodium salis. The observed rise of rotatory 
power in the carboxy] series and the fall in the values of the corre- 
sponding salts is also in accordance with the deductions drawn from 
the ortho-substituted benzoic esters. The actual magnitude of the 
change in rotation due to conversion of the acid ester into its salt 
becomes progressively more pronounced as the CR, group increases 
in bulk. Incidentally, it is to be expected from the work of Gane and 
Ingold that menthyl hydrogen diethylmalonate will be the most 
strongly ionised of the three ester-acids under examination. Hence, 
as compared with the two preceding members, the rotatory power of 
the diethyl compound in alcoholic solution will be relatively lowered 
owing to the greater proportion which is present in the ionised 
condition. The fall observed on conversion into the sodium salt 
ought, therefore, to be increased by a corresponding amount in order 
to institute a true comparison with the remaining two ester-acids. 

Methoxy-esters. In the homogeneous state the molecular rotation 
of the gem-dimethyl derivative scarcely differs from that of the 
unsubstituted ester, but in benzene and still more noticeably in 
alcoholic solution the values of the three esters rise steadily. In this 
case, therefore, the presence of the gem-dialkyl group does not lead 
to a fall in rotatory power, and the parallel with the aromatic esters 
is not realised. Probably the most reliable index of optical rotation 
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is given by measurements taken in the absence of strongly polar 
solvents, and in this connexion it may be noted that the rotations 
of the carboxyl derivatives increase more rapidly than those of the 
methoxy-compounds if the comparison is limited to determinations 
in benzene solution or in the homogeneous state. 

The possibility may be considered that the continuous rise in the 
rotatory powers of the methoxy- and carboxy-esters is due in part 
to the normal specific influence of the alkyl groups. An examination 
of the annexed values of [M], recorded by Rupe for the methyl- 
substituted acetic esters shows that the introduction of methyl 


CH,CO.C,,Hj, PTeTETILTi TT = 158° (CH,),CH-CO,C,,H 19 terre —_ 163-5° 
CH,'CH,-CO.C,,H i, eevece ~~ 160-2 (CH;),;C-CO.C,,Hy9 eoececece =—_ 161-5 


groups does lead to an enhanced rotation, although the amount of 
the change is relatively small. 

Another factor to be borne in mind is that the methoxyl and 
carboxyl groups are composite dipoles containing an oxygen atom 
united to the central carbon of the system, and that recent work 
on dipole moments indicates that the bonds of bivalent oxygen 
subtend an acute angle of unknown magnitude. A considerable 
degree of uncertainty is thus introduced owing to our lack of definite 
knowledge concerning the disposition of the electrical charges in 
these groups. 

On the whole, however, it may be concluded that the influence 
of gem-dialkyl groups on the rotatory powers of the esters under 
discussion lends additional support to the view that the abnormal 
properties of ortho-substituted benzoic esters are a consequence of 
the proximity and relative orientation of the substituent group to 
the active complex. 

During the preparation of these esters several peculiarities were 
noted which may be explained as purely steric effects due to the 
close packing of the various groups around the central carbon atom. 
When the dimenthyl esters were obtained by way of the acid 
chloride, the yields fell from 57% for the gem-dimethyl to 13% for 
the gem-diethyl compound. As a confirmatory method, these di- 
esters were also prepared from the corresponding dimethyl esters 
(in 63 and 52% yields, respectively) by heating with menthol con- 
taining a little sodium. menthoxide. In this process it was found that 
the proportion of mixed menthy] methy] ester formed as a by-product 
increased continuously on passing from the malonate through the 
gem-dimethyl to the gem-diethyl ester. It appears, therefore, that 
the entry of the second bulky menthy] radical is effected less readily 
in the gem-diethylmalonate. Similar differences were observed 
on half-hydrolysis of the dimenthy] esters in alcoholic solution with 

























2324 RULE AND HARROWER: OPTICAL ACTIVITY AND 









sodium hydroxide. The malonate reacted readily at room tem. 
perature, reaction in this case being possibly facilitated by the 
alternative enolic structure. The gem-dimethylmalonate required 
36 hours at 80°, and the corresponding gem-diethyl compound 7) 
hours under similar conditions of concentration and temperature, 
before neutrality was attained. The yields of the monosodium salts 
fell from 20°, of the theoretical in the case of the gem-dimethy] ester 
to only 4-5% for the gem-diethy] ester, the remainder of the alkali 
forming the disodium salt. 


EXPERIMENTAL. 


l-Menthyl malonate was found to be much more readily accessible 
by the sodium menthoxide process than by any of the method 
given in the literature. Methyl malonate (1 mol.) was treated with 
l-menthol (4 mols.) in which sodium (0-05 g.-atom) had bea 
dissolved. The mixture was maintained at 140—150° in a distil. 
lation flask, and a slow current of dry air drawn through the 
apparatus for 30 minutes to remove methyl alcohol. The produce 
was washed and distilled in steam. Yield, 63%. After being thre 
times crystallised from methyl alcohol, it gave «i, — 9-30', 
l= 2, in chloroform, c = 5 (Hall, J., 1923, 123, 109, records 
—9-32°). The majority of the following esters were prepared by 
the same method. 

|-Menthyl dimethylmalonate. Dimethylmalonic acid (m. p. 185) 
was converted into the acid chloride, which was fractionated an 
treated with methyl alcohol. The methyl ester so obtained (1 mol} 
was then heated with menthol (2} mols.) and a small amount d 
sodium for 4—5 hours at 120—130°. After being washed, the 
product was dried, and menthol removed by distillation (b. p 
100—112°/12 mm.). The crude menthyl ester distilled at 208 
215°/2 mm.; yield, 57% of the theoretical. On refractionation, the 
pure ester, b. p. 210—212°/2 mm., was obtained as an almost odourless 
oily liquid having a pale yellow tint (Found: C, 73-3; H, Ut 
Cy5H,,0, requires C, 73-5; H, 10-9%). 

1-Menthyl hydrogen dimethylmalonate was prepared by heating 
the normal ester (in portions of 25 g.) with 1 mol. of sodium hydroxide 
in 1200 c.c. of 96% alcohol, the course of the reaction being followed 
by titrating 2 c.c. of the mixture with N/250-acid. The mixture 
was maintained at 80° and reached the neutral point in 36 hours 
The acid ester was purified by the method previously described 
(J., 1928, 1357) until the optical rotation underwent no further 
change, being obtained as an odourless but slightly yellow syrup. 
Yield, 4 g. from each 25 g. of di-ester (Found: C, 66-3; H, 9% 
C,5H,,0, requires C, 66-6; H, 9-7%). 
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]-Menthyl diethylmalonate was first prepared from diethylmalonic 

aid (B.D.H.), which was purified by recrystallisation from a 
mixture of benzene, ether, and light petroleum (compare Vogel, 
J., 1929, 1478). This was converted into the acid chloride by means 
of thionyl chloride, and after excess of the reagent had been distilled 
off, the crude chloride was treated directly with /-menthol, and the 
mixture heated at 130—140° for 4 hours. The product was washed 
and dried, and menthol distilled off at 100—110°/12 mm. The bulk 
of the dimenthyl ester was not distilled, for this led to partial 
decomposition as indicated in the variable rotatory power. On 
being allowed to stand, it gradually solidified, and on crystallisation 
from alcohol gave colourless needles, m. p. 52—53°, [M]3i,, — 315°, 
in alcohol, c = 5. Yield, 13% calculated on acid used. 

A further supply of the dimenthyl ester (27 g.) was obtained from 
the corresponding dimethyl ester by use of menthol and sodium 
menthoxide (see above). After removal of menthol and a mixed 
menthyl methyl ester fraction (b. p. 130—180°/2 mm.), the residual 
dimenthyl ester solidified, forming a white crystalline mass. This 
was twice crystallised from alcohol and gave [M];%,, — 318°, in 
aleohol, c = 5(Found : C,74-3; H,11-3. C,,H,,O0, requires C, 74-2; 
H, 11-1%). 

l-Menthyl hydrogen diethylmalonate was prepared in the same 
manner as the previous acid ester, the alkaline mixture in this case 
requiring to be boiled for 70 hours before hydrolysis was complete. 
From 22 g. of diester only 0-6 g. of the desired product was isolated. 
Better yields were obtained by making use of the crude fraction, 
b. p. 130—180°/2 mm., which was separated during the purification 
of the diester. 25 G. of the crude mixed ester gave 4 g. of menthyl 
hydrogen diethylmalonate after 36 hours’ hydrolysis, the product 
having the same rotatory power as that prepared from the dimenthyl 
ester. The acid ester was isolated as an odourless faintly yellow 
and very viscous syrup (Found: C, 68-4; H, 10-4. C,,H3,0, 
requires C, 68-4; H, 10-2%). 

LMenthyl methoxyacetate, for which the rotatory power in 
alcoholic and benzene solutions has not previously been recorded, 
was prepared by the method of Rule and Smith (J., 1926, 2188). 

l.Menthyl «-methoxyisobutyrate. Acetonecyanohydrin, prepared 
by the very convenient process of Welch and Clemo (J., 1928, 2629), 
was hydrolysed by treatment with five times its volume of fuming 
hydrochloric acid. After four days at room temperature the 
mixture (with deposited ammonium chloride) was evaporated on 
the water-bath to one-third of the original bulk and allowed to cool, 
the voluminous deposit of ammonium chloride being then filtered 
of. The filtrate was extracted with ether for 20 hours in a con- 
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tinuous-extraction apparatus, and the extract dried over sodium 
sulphate. On removal of ether, a mass of white crystals remained, 
m. p. 77—78°, which was purified either by sublimation or by 
recrystallisation from light petroleum. From 30 g. of cyanohydrin 
were obtained 23 g. of pure hydroxyisobutyric acid, m. p. 79° (62%, 
yield). 

The pure hydroxy-acid (25 g.) was methylated with methy! 
iodide (205 g.) and dry silver oxide (167 g.), a mercury-sealed 
mechanical stirrer and a reflux condenser being used. The mixture 
was cooled in ice, and the oxide added in small portions during 
6 hours. Stirring was continued for 3 hours with the addition ofa 
further 10 c.c. of methyl iodide, and the product then kept at room 
temperature for 3 days. The mixture was thoroughly shaken with 
ether, filtered, and the filtrate dried over calcium chloride. On 
removal of ether, methyl methoxyisobutyrate was obtained as a 
clear sweet-smelling liquid, b. p. 134—137° (corr.)/755 mm. Yield 
22 g., 70% of the theoretical. 

1-Menthyl «-methoxyisobutyrate could not be prepared from the 
free acid by way of the acid chloride, owing to the excessive darken. 
ing and decomposition which ensued on treatment with thionyl 
chloride. It was therefore obtained (see previous esters) from the 
above methyl ester (8 g.) and menthol in the presence of a small 
amount of sodium menthoxide. The crude ester (8 g.) so obtained 
boiled between 118° and 128°/10 mm., and after fractionation at 
124—126°/10 mm. The rotatory power was not altered by further 
treatment (Found: C, 70-2; H, 11-2. C,;H,,0, requires C, 704; 
H, 11-0%). 

1-Menthyl «-methoxy-«-ethylbutyrate was prepared from the estet 
of «-hydroxy-«-ethylbutyric acid, which is readily obtained by the 
interaction of ethyl oxalate (1 mol.) and magnesium ethyl bromide 
(2 mols.), as described by Hepworth (J., 1919, 145, 1203). The 
ethyl ester was hydrolysed to give «-hydroxy-«-ethylbutyric acid, 
and the latter was then recrystallised from light petroleum and 
methylated as indicated above under the methoxyisobutyric ester. 
The hydroxy-acid (20 g.) gave methyl «-methoxy-«-ethylbutyrate 
(7 g.), b. p. 165—168°, nis = 1-4194. In order to ascertain whether 
methylation was complete, this product was again treated with 
methyl iodide and silver oxide, after which ni§° was unchanged at 
1-4193. 

The methyl ester was converted into the menthyl derivative by 
the sodium menthoxide method, giving a 20% yield. 1/-Menthyl 
a-methoxy-a-ethylbutyrate, b. p. 139—141°/8 mm., was obtained 
as a clear liquid, «%,, — 76-23° (in the homogeneous state, |= 
100 mm.). A second fractionation raised this rotation to —-76-58, 
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after which further treatment produced no change. Only a small 
amount of this ester was obtained (Found: C, 71-6; H, 11-5. 
C,7H3203 requires C, 71-8; H, 11-4%). 


Observed Rotatory Powers. 

On plotting the reciprocals of the rotations of the following esters 
against the squares of the wave-lengths of light employed, a straight 
line is obtained within the limits of experimental error. The dis- 
persion in every case may therefore be assumed to be normal and 
simple over the region investigated. Values for A;4,, will be found 
on p. 2321. Rotations for the sodium salts were measured by using 
acid solutions of the concentrations indicated in the presence of an 
equivalent of sodium ethoxide. 


Solvent. C. l. t. [Mezs- [M]seos- [Masss- 
1-Menthyl dimethylmalonate. 
I csscosspenss (di!* 0-9712) 100 14-5° —177-5° —230-9° —438-7° 
SEE Secccncscese 5-462 200 15 211 273 527 
Benzene ............ 5-012 100 20 194 246 473 
1-Menthyl hydrogen dimethylmalonate. 
RES” Sincvsscases (di? 1-029) 25 17-5 131 172 342 
OS eerie 5-094 100 18 133 173 338 
Benzene ............ 4-980 100 18 135 168 333 
(Na salt in alcohol) 4-671 100 17 117 139 266 
1-Menthyl diethylmalonate. 
SE, scecsecsetve (d= 0-9705) 100 20 181-0 236-2 452-3 
MEE -Sesendsecces 4-944 100 19 202 266 516 
BENZENE ........200. 5-000 100 19 170 222 410 
1-Menthyl hydrogen diethylmalonate * (dz 1-013). 
OO EE 4-940 100 19 138 181 355 
SIE ~ vecdhuarcdesshosee 5-072 100 20 141 182 352 
(Na salt in alcohol) ... 4-534 100 20 103 141 272 
1-Menthyl malonate. 
MND ascovsdvecceisocts 5-000 100 20 — 278 _- 
1-Menthyl hydrogen malonate. 
TED dsccansecccopspens 5-005 200 20 — 159 — 
SE icebsohisinigiein 5-022 100 20 —- 164 — 
(Na salt in alcohol) ... 3-670 100 20 oa 156 — 
]-Menthyl a-methoxyisobutyrate. 
ce San lah (d2 0-9466) 100 20 127-9 168-1 328-2 
Benzene ............ 5-017 200 17 123 163 312 
SE dscensodines 5-004 200 17 141 182 353 
1-Menthyl a-methoxy-a-ethylbutyrate.t 
Benzene ..........+. 4-892 100 18 134 171 336 


* Owing to the yellow colour, this ester could only be examined in the 
homogeneous state for As461- 

t The small yield of this ester only sufficed for the determination of [M] 544, 
in the homogeneous state, observed during the process of purification, and the 
thove rotations in benzene solution. 
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The additional rotatory powers of menthyl malonate, menthy| 
hydrogen malonate, and menthyl methoxyacetate in benzene and 
alcoholic solutions were only measured for ;,,, and are given in 
the table on p. 2321. 

Summary. 


The influence of gem-dialkyl groups, CR,, on the rotatory power 
of J-menthy] esters of the type X-CR,°CO,C,,H,, has been examined, 
The increasing proximity of X and CO,C,,H,, resulting from the 
changes CH, —> CMe, —> CEt, leads to a marked fall in the 
rotations of the menthyl malonates (X = CO,C,,H,,), to a rise 
in the values of the hydrogen malonates (X — CO,H), and to a fall 
in those of the corresponding sodium salts (X = CO,Na). The 
depression following the conversion of the acids into their sodium 
salts increases continuously in magnitude from the malonate to the 
diethylmalonate. These observations are in agreement with the 
known influence of the substituents X in the para- and ortho-sub. 
stituted benzoic esters, on the assumption that the characteristic 
ortho-effects are related to the proximity of X to the ester grouping. 

The methoxy-esters (X = OMe) exhibit a continuous rise from 
the methylene to the gem-diethyl compound, and thus present no 
parallel to the characteristic depression occasioned by the methoxyl 
group in /-menthyl o-methoxybenzoate. 


UNIVERSITY OF EDINBURGH. (Received, August 21st, 1930.] 





CCCI.—Physicochemical Studies of Complex Acids. 
Part IV. The Vanadates of Silver. 


By Hvusert THomas STanLeY BRitTTon and 
RoBert ANTHONY Rosinson. 


THE vanadates of silver have received little attention, investigations 
on the nature of these compounds having been restricted almost 
entirely to their isolation and analysis. 

The 3:1 vanadate, 3Ag,0,V,0;, was prepared by Roscoe (J., 
1871, 24, 23) from the corresponding sodium salt by metathesis; 
in a similar way he prepared the 2:1 salt, 2Ag,0,V,0;, which was 
later isolated by Ditte (Compt. rend., 1887, 104, 1705). The con- 
ditions under which 1:1 silver vanadate is precipitated from 
solutions of silver nitrate by ammonium metavanadate were studied 
by Browning and Palmer (Amer. J. Sci., 1910, 30, 220), who found 
that quantitative precipitation of the vanadium occurred from 
boiling solutions, even when the solutions were first made slightly 
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alkaline with ammonia. Acidification with acetic acid, however, 
gave rise to a precipitate whose composition varied slightly from 
that of the 1:1 vanadate. Carnelly (J., 1873, 26, 323) obtained a 
silver salt of the composition AggV,04g, 7.e., the 3 : 2 vanadate, by 
the action of silver nitrate on solutions of 3:2 sodium vanadate. 
Moser and Brand] (Monatsh., 1929, 54, 169) showed that in the 
presence of a certain concentration of sodium acetate, a precipitate 
corresponding approximately to the yellow 2:1 silver vanadate 
can be obtained from the interaction of solutions of ammonium 
metavanadate and silver nitrate, whilst if a given amount of 
ammonium hydroxide is present along with the sodium acetate, 
a precipitate corresponding exactly to 3:1 silver vanadate is 
formed. 

This communication describes some physicochemical measure- 
ments made in order to determine which of the many possible 
compounds of silver and quinquevalent vanadium are true chemical 
compounds and to investigate the conditions under which they are 
formed. Further, the results are utilised in a discussion of the 
more general problem of the constitution of vanadate solutions. 


EXPERIMENTAL. 
A. Titrations with the Silver Electrode. 

(1) 3: 1 Silver Vanadate, Ag,VO,.—By mixing solutions of silver 
nitrate and 3 : 1 sodium vanadate, prepared by dissolving vanadium 
pentoxide in boiling sodium hydroxide solution, a deep orange-red 
precipitate is obtained having the empirical formula Ag,VO,. The 
course of this precipitation has been followed by titrating 100 c.c. 
of 0-01N-silver nitrate with 0-0333M-sodium vanadate, the silver 
electrode being employed to determine the silver-ion concentration 
at different titres by means of the following cell at 20° : 


Ag|0-1N-AgNO,|sat. KNO,|0-01N-AgNO, -+ Na,VO,|Ag. 


To ascertain whether the cell and the electrodes were functioning 
properly, we titrated 100 c.c. of 0-01N-silver nitrate solution with 
0-1N-sodium chloride against these electrodes and obtained a value 
of 1-61 x 10-1 for the solubility product [Ag*}[Cl’] at 20°, a value 
which is in good accord with those previously published. The 
theoretical end-point of the reaction Na,VO,-+ 3AgNO,—> 
Ag,VO, + 3NaNO, occurs at 10 c.c. of the vanadate solution. 
The #.M.F.’s registered by the above cell on further addition of 
this solution are given in Table I, together with the silver-ion 
concentration calculated from the formula Ly, = — 0-063 — 


0-058 log [Ag’]. 
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TABLE I. 


Titration of 100 c.c. of 0-01N-AgNO, with 0-0333M-Na,VO,. 
End point = 10 c.c. 


ON senile ea ll 12 13 #=14 =%W 20 & 
SINT csi ssateteiauherninenns 0-264 0-274 0-280 0-287 0-290 0-300 0-308 
SS Te params 23-0 155 122 9:24 820 551 40] 
PVT 6 BOF .coicocccsnececese 0-300 0-595 0-885 1:17 1:45 2-78 4-09 
[HVO,”)(= [OH’}) x 10... 0-300 0-595 0-885 1-17 1-45 2-78 4-00 
Ag’}{VO,’”} x 10% ......... 365 222 161 92 80 47 2% 
[Ag’}% HVO,” [OH] x 10% 110 13:2 142 108 116 129 103 
SAE ete) Se) 30 40 50 60 70 80 
EID iabitbiihihntisatinacbuaitads 0-313 0-319 0-324 0-326 0-328 0-329 
OE a 3:29 2:59 2-13 1:96 181 1-74 
VEE SX BOP aicccecesosescoses 513 7:14 8.89 10:4 118 13-0 
[HVO,”](= [OH’]) x 10%... 5:13 7:14 889 10-4 11-8 13-0 
[Ag*}{VO,”"| x 10% ......... 183 124 86 78 70 68 
[Ag"/*HVO,” [OH] x 10% 94 89 76 81 83 89 


Mean value of [Ag*}*[(OH’][HVO,”"] = 1 x 10-*4. 


Curve A of Fig. 1 shows the variation of #.M.F. during the 
titration, and exhibits all the characteristics of a precipitation 
reaction, the H.M.F. first increasing slowly through the diminution 
in silver-ion concentration consequent on the precipitation of a 
silver salt, the completion of the reaction being marked by a sharp 
inflexion at the calculated end-point, after which the curve flattens 
out, the silver-ion concentration being determined by the equilibrium 
between the solution and the precipitated silver vanadate. 

The composition of the precipitate is independent of the ratio of 
the silver nitrate and sodium vanadate reacting. This was shown 
by mixing them in the respective ratios of 1, 2, and 4 mols. of 
silver nitrate to 2 mols. of 3:1 sodium vanadate. The character 
of the precipitate varies, however, since a flocculent, easily filterable 
precipitate can only be obtained by maintaining an excess of silver 
nitrate. These analyses refer to precipitations carried out in the 
cold, but even the precipitate obtained from a boiling solution will 
not settle readily unless the silver nitrate is in excess. Excess of 
the other constituent produces a precipitate which can be separated 
by filtration only with great difficulty. The precipitate was 
analysed in the following way. A weighed amount, dried at 120°: 
was dissolved in sulphuric acid, the silver precipitated with the 
slightest excess of hydrochloric acid, and the vanadium estimated 
in the filtrate by reduction with sulphur dioxide and titration with 
potassium permanganate. Estimations carried out on solutions of 
known silver and vanadium content showed the method to be 
satisfactory. The mean of four analyses of 3:1 silver vanadate 
gave Ag,O, 79-36; V,O;, 20-81 (Calc. : Ag,O, 79-26; V,O;, 20-74%). 
The solution in sulphuric acid had a greenish tinge, showing the 
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presence of a small quantity of vanadium in the quadrivalent 
state; this may have originated in reduction by a small amount of 
organic impurity during the drying of the precipitate or, more 
probably, since the two constituents add up to 100-17%, during 
the dissolution of the vanadate in sulphuric acid. Of the two 
analyses, that of the silver is probably the more accurate. 

Since the solid phase has the composition Ag,VO,, it would be 
expected that the equation K = [Ag’}[VO,’’], where K is the 
solubility product of 3:1 silver vanadate, would determine the 
equilibrium between the solid and its saturated solution. Now, on 
the assumption that the excess of the 3:1 sodium vanadate was 
completely dissociated into Na* and VO,’” ions, we have calculated 


Fia. 1. 


0:3 


E.M.F. 


0-1 





0:05 5 10 20 30 40 50 


Alkali vanadate solution, c.c. 
(line 6 of Table I) values of this product at different titres, and it 
will be seen that it varies continuously over a 50-fold range between 
ll and 80 c.c. of the titrant. Hence it would appear that the 
method adopted to estimate the VO,’ ion concentration was 
unsatisfactory. It was shown previously (this vol., p. 1269) that 
as the p, of a 0-005M-sodium vanadate solution is 11-65, hydrolysis 
of the first stage must be almost complete; and consequently the 
anions existing in the solution are HVO,” and OH’ rather than 
VO,’”, and therefore we are not justified in setting [VO,'"] = 
[Na,VO,]. But the small residual VO,'" ion concentration must be 
in equilibrium with its products of hydrolysis, VO,’” + H,O — 
HVO,” + OH’, so that K, = [VO,'"]/[HVO,'")[0H’], where K,, is 
the hydrolysis constant, and hence the true solubility product, 
K = K,{Ag’ P[HVO,"}|[OH’}. 
Although the product [Ag*}*[HVO,’"][0H’] is not the true solubility 
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product, since the foregoing expression involves an unknown 
hydrolysis constant, yet constancy of this product will confirm the 
postulate that 3:1 sodium vanadate undergoes hydrolysis in 
solution and that there is a small concentration of VO,’” ions in 
solution in equilibrium with the precipitate, Ag,VO,. In the last 
line of Table I is given the value of this product, the HVO,” and 
OH’ ion concentrations each being taken equal to the concentration 
of sodium vanadate, 1.e., hydrolysis being assumed to be complete, 
As predicted by our theory, we find a satisfactorily constant value 
for [Ag’ }[HV0O,'’)[OH’] of the order of 10-24. 

The titration has also been conducted in the reverse manner, 
100 c.c. of 0-0083.M-sodium vanadate being titrated with 0-11 -silver 
nitrate. A curve similar to the upper curve (A) of Fig. 2 was 
obtained, and the H.M.F.’s recorded gave a mean value of 
[Ag )[OH’}[HV0O,""] = 0-9 x 10-*4, over a range of 25 c.c., in good 
agreement with the value obtained as above. 

(2) 2:1 Silver Vanadate, 2Ag,0,V,0O;.—In a similar manner, a 
silver nitrate solution was titrated with a solution of the 2:1] 
sodium vanadate. This solution, which was colourless, was pre- 
pared by dissolving vanadium pentoxide in boiling sodium hydroxide 
solution. The results are given in Table II and Curve B of Fig. 1. 
The precipitate appeared on the addition of the first few drops of 
sodium vanadate. It was light yellow and flocculent; after drying 
at 120°, it contained Ag,O, 71-60; V,O,;, 28°36 (Calc.: Ag,0, 
71-82; V,O,;, 28-18%). Subsequent work suggests that this sub- 
stance is a definite compound, which on the basis of its composition, 
might be regarded as either silver pyrovanadate, Ag,V,O., or the 
secondary silver orthovanadate, Ag,HVO,, and consequently the 
2:1 sodium vanadate used is either Na,V,0,, the pyrovanadate, 
or Na,HVO, respectively. The ionic equilibrium set up between 
this salt and water would be either Ag,V,O, — 4Ag’ + V,O,’"” or 
Ag,HVO, — 2Ag’ + HVO,”, and the respective solubility products 
would be [Ag*]*[V,0,’’"] and [Ag’ [HV0O,"’]. 

Table II gives the values of the two solubility products, and it 
will be seen that only [Ag’}*[HVO,’’] gives a constant value; thus 
this evidence would favour the existence of the HVQ,” ion rather 
than that of the V,0,’’” ion. 

In Part II (this vol., p. 1263) we showed that the colourless 2:1 
sodium vanadate solution could also be prepared by boiling 1 equiv. 
of a strong acid with 1 mol. of Na,VO,, in contrast to the yellow 
solution of slightly higher conductivity formed by adding the acid 
to the cold solution. The colourless solution so prepared gives the 
same precipitate with silver nitrate, and a titration curve, with the 
silver electrode, of 100 c.c. of a 0-01M-silver nitrate solution with 
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COMPLEX ACIDS. 





TaBxeE II. 

Titration of 100 c.c. of 0-01N-AgNO, with 0-05M-Na,HVO,. End- 

point = 10 c.c. 
C.6.  ceccceccccevcccccveee 11 12 13 14 15 20 25 30 
8 rr 0-237 0-248 0-253 0-257 0-261 0-270 0-275 0-278 
[Ag’] X 108% ........000. 6-72 434 3-56 3-04 2-59 181 149 1°32 
[HVO,] x 10*......... 0-450 0-893 1:33 1:75 2-17 4:17 6-00 7-69 
[AgHVO,"] x 104 20 1:7 1-7 16 15 14 “13 13 
[Ag }{V,0,""] x 10% 46 16 ll 7:5 4-9 2-3 15 1-2 
A, snsnbinincabonedtcncial 35 40 45 50 60 70 80 
BIR P « oicsscscccccsvvess 0-281 0-282 0-283 0-284 0-285 0-286 0-287 
[Ag’] X 108 .......... 1:17 1:13 1:08 1-04 1:00 0-96 0-92 
fHVO,] x 10*......... 9-26 10-7 121 133 156 176 194 
Ag’ P{HVO,”)] x 10% 1:3 1-4 1-4 1-4 1-6 1-6 1-6 


[Ag’}*{V,0,""] x 107° 0-87 0-87 0-82 0-78 0-78 0-75 0-69 
Mean value of [Ag*[HVO,”] = 1-5 x 10-4. 


0-025M-Na,HVO, gave 1-6 x 1074 as the mean value for 
(Ag P[HVO,’’], over a range of 60 c.c. beyond the end-point. The 
product, [Ag*}*[V,0,’’’], however, varied from 1270 x 10-7 to 
7x 10°’. It will be seen that the solubility products, [Ag’ [HVO,"’], 
obtained in the above two experiments are identical, in spite of 
the concentration of the precipitant in the second case being one-half 
of that used in the first titration. 

(3) 1:1 Silver Vanadate, Ag,O,V,0;.—1:1 Sodium vanadate, 
prepared by dissolving ammonium metavanadate in boiling sodium 
hydroxide solution and passing a stream of carbon dioxide-free air 
through the boiling solution, gives a deep orange precipitate with 
silver nitrate solution, which on analysis gives Ag,O, 56-40; V,O,, 
43-31 (Cale. for Ag,O,V,0O;: Ag,O, 56-03; V,O;, 43-97%). This 
precipitate is not changed in composition if a large excess of the 
precipitant is used, unlike the precipitate from a solution of 1-6: 1 
sodium vanadate which, as is shown later, acts as a mixture of 1: 1 
and 2:1 silver vanadates, and in the presence of an excess of the 
vanadate solution, changes into the less soluble 2 : 1 silver vanadate. 
Table III gives the results of titrating a solution of silver nitrate 
with 1:1 sodium vanadate solution against silver electrodes, and 
Curve C in Fig. 1 is their graphical representation. 

The solubility product [Ag"][VO,’] has been calculated on the 
assumption that the 1 : 1 sodium vanadate is completely dissociated 
into VO,’ (or H,VO,’) ions. A satisfactory constant is obtained. 

Previous experiments (Part II, loc. cit.) showed that colourless 
solutions of 1 : 1 sodium vanadate can be prepared by boiling solu- 
tions of either the 3:1 or the 2:1 vanadate with the requisite 
quantity of a strong acid. We therefore prepared solutions in this 
way, 0-0167M and 0-025M, respectively, and used them to titrate 
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TasBceE III. 


Titration of 100 c.c. 0-01N-AgNO, with 0-1M-NaVO,. End- 
point = 10 c.c. 

C.6. cccccccccvccccccccece 11 12 14 15 20 25 30 
BMP. crcccccccccceee 0-148 0-156 0-163 0-166 0-181 0-190 0-198 
[Ag’] < 10%  .....00. 2-30 1-68 1-27 1-13 0-62 0-43 0-316 
[VO,’] x 10® ......... 0-901 1-79 351 435 833 120 154 
[Ag [VO,] x 107... 21 30 45 49 52 652 49 
©.0. ccccccccccccccccccecs 35 40 50 60 70 80 
BMP. crcccccccsevese 0-203 0-207 0-212 0-217 0-220 0-221 
[Ag’] X 10® .....eeee 0-259 0-221 0-181 0-149 0-132 0-127 
[VO,’] x 10% ......... 185 21-4 26-7 313 35:3 389 
[Ag’][VO,’] x 107... 4:8 4-7 4-8 4-7 4°7 4-9 


Mean value of [Ag*][VO,’] = 4:8 x 10-7. 


100 c.c. of 0-005N-silver nitrate. In spite of the different concen- 
trations of 1:1 sodium vanadate employed, constant values of 
[Ag’][VO,'] were obtained, the mean values, taken over the range 
33—90 c.c. in the first case and 22—90 c.c. in the latter, being 
4-3 x 10-7 and 4:1 x 10-7 respectively. 

We also used a solution of ammonium metavanadate, NH,V0,, 
to titrate silver nitrate solution, the #.M.F.’s observed being given 
in Table IV. The precipitate, after being dried, had a composition 
corresponding to AgVO, (Found: V,0,, 43-71; Ag,O, 56-12%). 


TaBe IV. 
Titration of 100 c.c. of 0-01N-AgNO, with 0-04M-NH,VO,. End- 
point = 25 c.c. 

C.Bs. covccvcccesccceoseccraccoccsescossos 26 28 30 35 40 
BECMD «. Goncnssccececesenssisescicsces 0-120 0-130 0-137 0-156 0-163 
Seen t RID, : saccunskahiaisinchnclatha 700 4470 356 1:68 1:27 
I I aa aranitiinied 0-318 0-938 154 2-96 4:29 
Ag’ VOs’] X 107 .......cescceeeeee 2-2 4-4 5:5 5-0 5-4 
COB). cxsserccassrcooerecesepocccececevess 45 50 60 70 80 
DEM o  sicvcececqvetesseeccogcescases 0-170 0-173 0-178 0-182 0-184 
Tg reer nae rare 0-96 085 0-70 0-60 0-55 
CEE SK PT ie daindennnsoniinnmninne 5°52 6-67 8-75 10-6 12-2 
[Ag VO5’] X 107 ........eccceceeee 5-3 5-7 6-1 6-4 6-7 


Mean value of [Ag*][VO,’] = 5-3 x 10-7. 


Hence the same precipitate was obtained from ammonium meta- 
vanadate as from 1:1 sodium vanadate, and the average of all 
values of [Ag"][VO,’] may be taken as 5 x 10-7. Diillberg (2. 
physikal. Chem., 1903, 45, 129) brought evidence, based on depres- 
sions of the freezing point, to show that the 1 : 1 sodium vanadate 
is polymerised probably to Na,V,O,, which dissociates : Na,V,0,—> 
3Na’ + (V,0,)’”. If this is the case, then the 1 : 1 silver vanadate 
is in equilibrium, not with VO,’ ions, but with (V,0,)’”’ ions, whence 
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its solubility product would be [Ag*}*[V,0,"]. These data, however, 
would not give even an approximately constant value for this 
product, and therefore in view of the very satisfactory data we 
have obtained with different dilutions of 1:1 sodium vanadate 
and also with ammonium metavanadate, we cannot regard poly- 
merisation of the VO,’ ion as a well-established fact and must 
leave a decision on this question to further experiment. 

(4) Vanadates of the Formula xAg,0,V,0;, where x>3.—In 
order to find whether a vanadate could be obtained of the com- 
position xAg,0,V,0,; where x>3, we titrated a mixture of 100 c.c. 
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of 0-00416M-Na,VO, and 0-0125N-sodium hydroxide with 0-1N- 
silver nitrate against the silver electrode. Fig. 2 shows the plot of 
E.M.F. against c.c. of silver solution and clearly indicates a “‘ break ” 
in the curve at half the amount of silver nitrate required to complete 
the precipitation of both the vanadate and the hydroxide. For 
comparison, the calculated titration curves are given for a titration 
with 0-1N-silver nitrate of (a) a solution of 3:1 sodium vanadate 
of the same total sodium concentration, 1.e., 0-00833M-Na,VO,, 
Curve A, and (6) a solution of sodium hydroxide of the same total 
sodium concentration, i.e., 0-025N, Curve B. 

The precipitate obtained in the first half of the titration had the 
appearance of 3:1 silver vanadate, and that in the second half 
wemed to be silver oxide. The data are reproduced in Table V. 
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To a mixture of 3:1 sodium vanadate and sodium hydroxide jy 
equimolecular amounts (corresponding to 6:1 sodium vanadate), 
was added half the amount of silver nitrate required for complete 
precipitation of silver vanadate and silver oxide, and the precipitate 
filtered off and analysed (Found: V,O,, 20-41 ; Ag,O, 79-67%, 
corresponding to 3:1 silver vanadate). The residual solution con. 
tained no vanadium and gave a titre against acid corresponding to 
the original alkali concentration. This remaining alkali caused silver 
oxide to be precipitated during the second half of the precipitation, 


TABLE V. 


Titration of 100 c.c. of 0-00416M-Na,VO, and 0-0125N-NaOH with 
0-1N-AgNOs. 


ES afer mes ae l 2 4 6 8 10 
SS a aaa +S 0-329 0-328 0-326 0-322 0-318 0-313 
ao 0-174 0-181 0-196 0-230 0-270 0-329 
BE Pa incneenccokots 162 157 147 139 130 122 

[HVO,”] X 108 .o.c..e ce ceeeee 3-79 343 2-72 2-04 1:39 0-76 
[Ag’}{OH’|[HVO,”] x 10% 33 32 30 35 36 33 

[Ag [OH’] x 10® ............ 03 O83 03 O38 04 0-4 

| pees Aen OF ll 15 17 19 21 23 

|S nes 0-311 0-282 0-275 0-268 0-257 0-242 
7°. Ya er cennenaeanet ieee 0-356 113 1:49 4196 3-04 551 
BE 36 DOP. D crisccnnaseesehorns 11:8 870 684 504 331 1-63 
[HVO,”] X 108 woceeeceeeeeee 0-45 

[Ag’}[OH’|[HVO,”] x 10% 24 

[Ag OH’) X 108 L.....eeeeee 0-4 10 #+%©0 10 £410 09 


Mean value of [Ag*][OH’] = 1 x 10°. 
” » (Ag P[HVO,”)[(OH’] = 3-3 x 10-*, 


Hence the precipitation occurs in two stages, first the precipit- 
ation of 3:1 silver vanadate, and then that of silver hydroxide. 
The reason for this order will be apparent from Table V, in which 
are recorded the values of [Ag*][OH’] calculated from the #.M.F.'s 
obtained. During the second half of the titration they acquired 4 
value equal to the actual solubility product of silver hydroxide, 
and one which is in good agreement with that given by Britton 
(J., 1925, 117, 2956). In the first half of the titration, it has been 
assumed that each molecule of 3:1 sodium vanadate gives rise 
one HVQ,” ion and one hydroxyl ion; the concentration of the 
latter added to the hydroxyl-ion concentration derived from the 
sodium hydroxide yields the total hydroxyl-ion concentration giveD 
in the fourth line. 

Although the hydroxyl ions from the sodium hydroxide may 
repress the hydrolysis of 3 : 1 sodium vanadate to a certain extent, 


OT a a a aa 





yet, as the hydrolytic reaction is almost complete, and therefore 
Na,;V 0, has the characteristics of a ‘“‘ strong ’’ base, we have thouglit 
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it reasonable to take the HVO,”-ion concentration as equal to that 
of the 3: 1 sodium vanadate. 

With these data have been calculated the values of 

[Ag’}[HVO,’[0H’). 

The mean value, 3-3 x 10-*5, is of the same order as that obtained 
in the direct precipitation of 3:1 silver vanadate, the lack of 
complete agreement being attributed to the decreased accuracy of 
the silver electrode when placed in a solution of vanadate poor in 
silver ions: it is probable that true equilibrium is then established 
only after a long time, whereas in the previous titrations the silver 
electrode was immersed in a silver nitrate solution and the solution 
titrated with the appropriate solution—in these circumstances 
equilibrium is established almost immediately and the electrode 
responds readily to changes in the silver-ion concentration. 

The last line of Table V shows that the value of the ionic product 
of silver hydroxide, [Ag’][OH’], is always smaller than 1-5 x 10°, 
the solubility product of silver hydroxide, as long as there is 3:1 
sodium vanadate present in solution, thus accounting for the non. 
precipitation of silver hydroxide in the first stage of the titration. 
The values of the HVO,”- and hydroxyl-ion concentrations, how- 
ever, are such as to lead to a precipitation of the less soluble 3: 1 
silver vanadate. 

This evidence leads to the conclusion that no vanadates can be 
obtained from dilute solutions richer in silver than the 3:1 silver 
vanadate. 

(5) Vanadates of the Formuia xAg,0,V,0, where 3>x>2.—A 
solution corresponding to the 2-5: 1 sodium vanadate was added 
to silver nitrate solution, first in such quantity that the silver 
concentration was equal to that of the sodium, and secondly that 
there was a large excess of the sodium vanadate. In the first case 
the precipitate contained Ag,O, 76:16; V,O;, 24:54 (Calc. for 
25Ag,0,V,0,: Ag,O, 76-11; V,O,, 23-89%). If this is a true 
compound, however, we should expect the composition of the 
precipitate to be unchanged in the presence of an excess of the 
sodium salt; the precipitate then, however, contained Ag,O, 78:44; 
V,0;, 21-15%, which is close to that required for Ag,VO,, namely, 
Ag,0, 79:26; V,O,, 20:74%. It would appear, therefore, that as 
long as the silver nitrate is in excess, the reaction consists of the 
¢o-precipitation of two vanadates, the 3:1 and the 2:1, according 
to the following equations 


3Na,0,V,0; + 6AgNO, —> 2Ag,VO, + 6NaNO, 
2Na,0,V,0, + 4AgNO, + H,O —> 2Ag,HVO, + 4NaNO, 


the resulting precipitate, of course, corresponding in composition to 
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2-5Ag,0,V,0;. Addition of excess of the sodium vanadate results 
in the 2 : 1 silver vanadate in the mixed precipitate being converted 
into the less soluble 3:1 vanadate through some vanadium pent- 
oxide contained in the 2:1 salt dissolving in the added sodium 
vanadate. 

A solution was made by mixing 0-0333M-Na,VO, and 0-050M- 
Na,HVO, in equal volumes, the resulting solution corresponding to 
the 2-4: 1 sodium vanadate, and used to titrate 100 c.c. of 0-OLN- 
silver nitrate. The co-precipitation of the 3:1 and the 2: 1 silver 
vanadate was complete after 10 c.c., and the complete conversion 
of the precipitate into the 3:1 vanadate was complete at 20 c.c. 
The #.M.F. plotted against the titrant (Curve D, Fig. 1) shows a 
change of direction between 10 and 20 c.c., corresponding to the 
conversion of the mixed precipitate into the 3 : 1 vanadate. 

In Table VI, the hydroxyl-ion concentration of the solution has 
been calculated from the amount of 3:1 sodium vanadate added, 
and that of the HVO,” ion as the sum of the HVO,” ion derived 
from the 2:1 and the 3:1 vanadate, it being assumed that there 
is but little buffering action of the HVO,” on the hydrolytic reaction. 
On this basis a value of [Ag’P[OH’|[HVO,"] has been calculated 
for that part of the titration where the 3:1 silver vanadate is the 
solid phase. 


TABLE VI. 
RTRs re eee 24 28 32 36 40 44 47 
[ 7) EBEPPeepereae mene 0-288 0-299 0-304 0-308 0-310 0-312 0-314 
8 06 BI nccdcccivicccnseses 888 5°74 4-70 4:01 3-71 3-42 3-16 
SSOP ..scalnsennsportion 0-54 104 1:52 1:96 2-38 2-78 3-06 
SEE 20 BOP a cceconncsnnes 5-38 651 7-58 858 952 10-4 II1-l 


[Ag (OH [HVO,”] x 10% 20 13 12 Ll 12 22 bd 
Mean value of [Ag*}{OH’[HVO,”] = 1-2 x 10-4, 


This value is in good agreement with that obtained by the direct 
titration of silver nitrate solution with 3: 1 sodium vanadate. 

(6) Vanadates of the Formula xAg,0,V,0;, where 2>x>1.—The 
selective precipitation encountered in the case of 2-5:1 sodium 
vanadate is also found in the case of vanadates between the 2:1 
and the 1:1. A solution made up of composition 1-6: 1 sodium 
vanadate and added to a solution of silver nitrate in the ratio 
Ag:Na=1:1, gave a precipitate corresponding to 1-6Ag,0,V,0; 
(Found: Ag,O, 67-31; V,O;, 32°86. Cale. for 1-6Ag,0,V,0;: 
Ag,O, 67-09; V,O;, 32-91%). In all probability this precipitate 
was a mixture of 2Ag,0,V,0, and Ag,O,V,0,, so that on addition 
of excess of the sodium vanadate the 1:1 silver vanadate would 
be converted into the less soluble 2:1 vanadate. The precipitate 
thereby obtained contained Ag,O, 70-60; V.O;, 28-57 (Calc. for 
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2Ag,0,V,0,: Ag,O, 71-82; V,O;, 28-18%), again proving that the 
excess of sodium vanadate solution extracted some vanadium 
pentoxide from the initially precipitated silver vanadate. 

100 C.c. of 0-005N-silver nitrate were titrated with a solution of 
16:1 sodium vanadate, 7.e., with a solution corresponding to 
0-0122M-Na,HVO, + 0-0083M-NaVO,. The precipitation of the 
1-6: 1 silver vanadate was complete at 15-3 c.c., and at 20-5 c.c. 
the solid phase was assumed to be completely converted into 2:1 
silver vanadate. In Table VII are given the concentrations of 
HVO,” ions calculated on this assumption, and from this, values of 
[Ag’}*[HVO,"’] have been computed. The course of the titration 
is shown by Curve E of Fig. 1. 


TaBLe VII. 
its ssactacacépecercsbissets 22 25 30 35 40 45 
ae 0-210 0-227 0-239 0-245 0-249 0-252 
BE St DOP a censanspes 19-6 10-0 6-21 4-89 4-18 3-71 
fHVO,”’] x 10*......... 0-15 0-44 0-89 1-31 1-70 2-06 
[Ag’}{HVO,”] x 10!* 5-8 4-4 3-4 31 3-0 2-8 
ETS Se 50 60 70 80 90 
SIG: \daiinpdonctchueniicn 0-254 0-257 0-259 0-260 0-262 
SS eae 3-42 3-04 2-81 2-70 2-49 
(HVO,”’] x 10°......... 2-40 3-01 3-55 4-03 4-46 
[Ag’}{HVO,”] x 10% 2-8 2-8 2-8 2-9 2-8 


Mean value of [Ag*]{HVO,”] = 2:9 x 1074. 


The value obtained for [Ag*]*]HVO,"] compares well with that 
obtained from direct titration with 2:1 sodium vanadate. This 
experiment explains why Carnelly (J., 1873, 26, 323) obtained 
a vanadate of composition 3Ag,0,2V,0, from a solution of 
1-5Na,0,V,0; by adding excess of silver nitrate solution. Indeed, 
a precipitate of any composition between Ag,0,V,0,; and pure 
silver oxide can be obtained by the action of silver nitrate in excess 
on a solution of the corresponding sodium salt, 7.e., between 
Na,O,V,0, and NaOH. It is only when the sodium salt is in 
excess that evidence can be obtained regarding the different 
vanadates of silver, although precipitates obtained in this manner, 
even from boiling solutions, are unsuitable for exact analytical 
work, on account of the difficulty of their filtration. The above 
experiments afford evidence of only three vanadates of silver, viz., 
the 3:1, 2:1, and1:1. 


B. Conductometric Titrations. 


100 C.c. of solutions of 0-0083M-Na,VO,, 0-0125M-Na,HVO, 
and 0-025M-NaH,VO, were titrated with 0-1N-silver nitrate, and 
the specific conductivities at 25° measured at different titres. 
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Table VIII gives the specific conductivities, «ops, Which are 
represented graphically in Fig. 3. 


TaB_eE VIII. 
AgNOy, 6.c. ssseeeees 0 5 10 15 20 25 30 
KitngV0g X 10® .ceceoeee 354 330 3-05 283 259 2-35 2-73 
KNagHVO, X a vesies 2-33 2-32 2-33 2-29 2-31 2-33 2-74 
KNaH,VvO, X OF Salics 2-58 2-52 2-49 2-41 2-37 2-33 2-71 


In all cases we get a uniform change in conductivity, with a 
sharp inflexion at the calculated end-point, 25 c.c., where the 
observed specific conductivity, 0-00234 mho, allowing for the con- 
ductivity of the small amount of silver vanadate still in solution, 
agrees with that calculated for the amount of sodium nitrate 


Fia. 3. 








cs) 


ko 





3-0 

















Specific conductivity x 10°. 











to 
oO 





0 10 20 30 
AgNO,, c.c. 


theoretically present, 7.c.,0-00221 mho. Afterwards, the curve rises 
with the slope expected from the addition of silver nitrate. It is 
remarkable that, while the precipitation of the 2:1 and 1: 1 silver 
vanadates is accompanied by only small changes in specific conduct- 
ivity, there is a very marked diminution in the case of the 3: 1 vana- 
date. The former precipitations consist essentially in the replacement 
in solution of HVO,” and VO,’ (or H,VO,’) ions respectively by 
nitrate ions, t.e., 2Na° + HVO,'’"—>2Na’ + 2NO,’ and Na’ + 
VO,'—>Na’ + NO,’; therefore, unless sodium nitrate and 2:1 
sodium vanadate undergo dissociation to markedly different extents, 
the mobility of the HVO,” ion must be of the same order as that 
of the nitrate ion. In the case of the precipitation of 3:1 silver 
vanadate, the specific conductivities found are entirely in agreement 
with the hypothesis that hydrolysis of the VO,'” ion is almost 
complete, i.e., VO,"’+- H,O —> HVO,”-+ OH’, and the precipit- 
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ation is therefore essentially 3Na° +- OH’ + HVO,"-+ 3AgNO, —> 
3Na’ + 3NO,’ + Ag,VO,-+- H,O. This may be considered as two 
simultaneous reactions : 


{Na’+ OH’ —> Na’-+- NO,’ 1 
3AgNO; + (2Na"-p HVO,” > 9Na’3N 0,'} + AgsVO, + H,O ts) 
i.€., aS a replacement in the solution during precipitation of (1) 
each hydroxyl ion by a nitrate ion and (2) each HVO,” ion by two 
nitrate ions. The change in the specific conductivity resulting 
from the replacement of hydroxyl by nitrate ions can be calculated. 
The second line of the following table gives the observed con- 
ductivities of the 3:1 vanadate solution at different titres; the 
third line, the calculated conductivity caused by the sodium 
hydroxide assumed to be present, i.e., if complete hydrolysis of all 
the 3:1 vanadate left in solution at any stage of the titration 
occurs as above stated; the fourth line, the calculated conductivity 
at each titre due to the sodium nitrate which has replaced the sodiwm 
hydroxide. The sum of these two specific conductivities will give 
the change in the conductivity of the solution as a result of 
reaction (1), whilst if this sum is subtracted from the corresponding 
observed conductivity of the solution, the residual conductivity, 
given in the last line of the table, will correspond to different stages 
of reaction (2). The differences given in the last line suggest that 
very little change in conductivity might be expected during the 
addition of silver nitrate to a solution of 2:1 sodium vanadate. 
Curve C in Fig. 3 shows that this is actually the case. 


I. tii, cccnsstimninidistinntaiininuniieieen 0 5 10 115 
btn KM WPeadireccdedscdddesicdersiibleoctverech’d 3-54 3-30 3-05 2-83 2-59 
ete 3 WP cscnnseaseodsaedhsdicameclidlaniiin 189 145 104 0:66 0:32 
eg MIE reteln a%e 0-00 0-19 0:34 0-48 0-62 
[ietteg¥Oq-KMaOH-KieNOe] X 109. .cecccccccsocsceqeee 165 1-66 1-67 1-69 1-65 


That this is the correct interpretation of the steep slope of the 
Na,VO, curve, A, of Fig. 3 is confirmed by a comparison of the 
equivalent conductivities of 2:1 sodium vanadate calculated from 
the conductivity of the 3 : 1 vanadate solution and that of the 2:1 
vanadate. The specific conductivity of 0-0083M-Na,VO, is found 
to be 0-00354 mho, and after subtracting xy,zon we get 000165 mho 
for the specific conductivity of 0-0083M-Na,HVQ,, which gives an 
equivalent conductivity of 100. Direct observation on a solution 
of 0-0125M-Na,HVO, gives an equivalent conductivity of 93 at 
this concentration. 

In the following table are collected the equivalent conductivities 
of solutions of the three vanadates, obtained from data in this 
paper and in Part II (loc. cit.). 
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Na,VO,. Na,HVO,. NaH,VO,. 
Conc., M...... 6-0083 0-005 0:0125 0-0083 0-005 0-025 0-005 
Mhos ......... 142 143 93 100 101 103 109 


The above conductometric titrations, therefore, confirm the 
hydrolysis of the VO,’ ion in solution. We have the following 
evidence to support this view: (1) the pq, value of a solution of 
3:1 sodium vanadate is 11-65; (2) the precipitation of 3:1 silver 
vanadate proceeds in accordance with predictions based on the 
theory of almost complete hydrolysis; (3) the precipitation of 3: 1 
silver vanadate from a mixture of Na,VO, + 3NaOH also agrees 
with this hypothesis, which in this case leads to the conclusion 
that 3:1 silver vanadate will be precipitated rather than silver 
oxide in the presence of a deficit of silver nitrate, and this has been 
confirmed experimentally; (4) the precipitation of 3:1 silver 
vanadate from a solution intermediate between 3:1 and 2:1 
sodium vanadate can also be brought into harmony with the hypo- 
thesis; (5) finally, the above conductometric titrations form addi- 
tional independent evidence. 


Summary. 


1. Titrations have been carried out, using the silver electrode, of 
silver nitrate solutions with sodium vanadate whose Na,O: V,O; 
ratios were 3:1, 2-4:1, 2:1, 16:1, and 1:1 respectively. Also 
the reverse titration of vanadate solutions with silver nitrate solution 
has been investigated. 

2. 3:1, 2:1, and 1:1 Sodium vanadates have been titrated 
conductometrically with silver nitrate. 

3. Evidence has been found for the existence of only three 
vanadates of silver, viz., the 3:1, 2:1, and 1:1. 

4. A solution containing more sodium hydroxide than is required 
by 3Na,0,V,O; can be selectively precipitated with silver nitrate; 
if the alkali is in excess, 3 : 1 silver vanadate will first be precipitated, 
it being less soluble than silver oxide. 

5. Hydrolysis of 3:1 sodium vanadate renders the law of the 
solubility product in its ordinary form inapplicable to this salt. It 
has been shown that both theory and experiment lead to a constant 
value for the product [Ag’}*>[HVO,"’][OH’] of the order of 10-*4. 

6. The titration of silver nitrate solution with 2:1 sodium 
vanadate gives a value for [Ag’}*?]HVO,"’] of the order of 2 x 10-4, 
and shows that 2: 1 sodium vanadate solutions contain the HVO," 
ion, rather than the V,0,’’” ion. 

7. The solubility product [Ag*|[VO,’] is 5 x 10-’. 

8. Addition of silver nitrate in excess to a solution of sodium 
vanadate of the composition xNa,0,V,O, results in the precipitation 
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of mixed vanadates of silver whose analyses are in agreement with 
the formula xAg,0,V,0;; addition of excess of the sodium vanadate 
solution, however, precipitates the less soluble silver vanadate, the 
3:1 vanadate if the composition of the solute lies between 2:1 
and 3:1 sodium vanadate, and the 2:1 vanadate in the case of 
solutes between 1 : 1 and 2: 1 sodium vanadate. 


The authors wish to thank the Chemical Society for a grant 
from the Research Fund. 


UNIVERSITY COLLEGE OF THE SouTH WEST OF ENGLAND, 
EXETER. [Received, September 2nd, 1930.] 





CCCII.—Colour Reactions of  Thiolglyoxalines 
(Thioliminazoles) with Sodium Diazobenzene-p- 


sulphonate. 
By Grorce HUNTER. 


THE author (Biochem. J., 1928, 22, 4) recently described for ergo- 
thioneine a test which depends upon coupling this substance with 
sodium diazobenzene-p-sulphonate in a weakly alkaline aqueous 
medium and subsequent addition of concentrated alkali. The 
substance couples very rapidly with production of a lemon-yellow 
colour which changes gradually in the presence of concentrated 
alkali to a beautiful red with a purple tinge. If the yellow solution 
be kept too long before the addition of concentrated alkali, no 
intensification of colour is obtained, indicating that the product of 
reaction of ergothioneine and sodium diazobenzene-p-sulphonate is 
very unstable, and that the characteristic colour increase on the 
addition of concentrated alkali probably depends on a tautomeric 
change. It is remarkable that under the conditions specified for 
the performance of the test the change takes place in a quantitative 
manner, as the colours produced (and measured by a Duboscq 
colorimeter) are linearly proportional to the amounts of ergo- 
thioneine used. The test is also extremely sensitive, as a colour is 
still perceptible with ergothioneine at a dilution of one in five 
millions. 

Subsequent experience, here reported, with the test shows that 
it is given not only by ergothioneine but by a number of other 
thiolglyoxalines (not found in biological material) under certain 
conditions of substitution. A thiolglyoxaline in order to respond 
to the test must be capable of coupling with the diazo-reagent, the 
conditions for which are probably similar to those postulated for 
glyoxalines by Fargher and Pyman (J., 1919, 115, 217): “. . . that 
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glyoxalines, in order to be capable of coupling, must contain a free 
imino-group and also a hydrogen atom, or some other displaceable 
group, such as the carboxyl group, in one of the 2-, 4-, or 5-positions.” 
Since the 2-position is occupied in the thiolglyoxalines here 
examined, the 4- or 5-position (or both) must remain open to permit 
of the formation of an azo-compound. And if the case is analogous 
to that of the glyoxalines, only C-azo-compounds will be formed. 
Besides these conditions the glyoxaline ring must contain a free thiol 
group. 

The thiolglyoxalines tested were ergothioneine (I); acetic acid 
derivative of ergothioneine (II); thiolurocanic acid (III); acetic 
acid derivative of thiolurocanic acid (IV); 2-thiol-4(or 5)-methy]l- 
glyoxaline-5(or 4)-carboxylic acid (V); 2-thiol-5(or 4)-carbethoxy- 
4(or 5)-methylglyoxaline (VI);  2-ethylthiol-5(or 4)-carbethoxy- 
4(or 5)-methylglyoxaline (VII); and 2-thiol-4(or 5)-aminomethy]l- 
glyoxaline (VIII). 


CH—NH CH—NH CH—NH 
SH S-CH,-CO,H C-SH 
yee’ Sen NCS: CH, C0, ( — 





CH, CH, CH 
CH—NMe, CH—NMe, CH 
co—o co—O CO, 
(I.) (II.) (III.) 
a BAND CS-CH, con - H0.CC— NH asp cv.) 
MeC— 
av.) CH 
CH Et0,CC—NE,, pg 
CO,H et OE. (FED 
Ff i. are NH,‘CH,’C 





EXPERIMENTAL. 


The test was given by ergothioneine (I), thiolurocanic acid (II1), 
2-thiol-4(or 5)-methylglyoxaline-5(or 4)-carboxylic acid (V), and 
2-thiol-4(or 5)-aminomethylglyoxaline (VIII). In all of these there 
is a free imino-group, and a free hydrogen atom or a displaceable 
carboxyl group in position 4 or 5. There is also a free thiol group 
in position 2. When the hydrogen of the thiol group is substituted, 
as in the acetic acid derivative of ergothioneine (II), in the acetic 
acid derivative of thiolurocanic acid (IV), and in the 2-ethylthiol 
compound (VII), the test is negative. Blocking the thiol group is 
of itself sufficient to render the test negative, as shown by the fact 
that the acetic acid derivative of ergothioneine (II) and the acetic 
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acid derivative of thiolurocanic acid (IV) respond negatively to the 
test although the conditions required by Fargher and Pyman for 
coupling are fulfilled. These substances indeed give a characteristic 
glyoxaline test by the Pauly method (Z. physiol. Chem., 1904, 42, 
508), or by the Koessler and Hanke method (J. Biol. Chem., 1919, 39, 
497), which gives results in parallel with the Pauly test but allows 
of the production of purer colours. Glyoxalines of course partly 
couple under the conditions of the author’s test, but their speed of 
coupling is apparently much less than in the case of the thiol- 
glyoxalines: For this reason little colour develops in the short 
time allowed in the weakly alkaline medium and the addition of 
concentrated alkali practically completely inhibits further coupling. 

As is to be expected, there is no coupling in the case of 2-ethyl- 
thiol-5(or 4)-carbethoxy-4(or 5)-methylglyoxaline (VII), and no 
colour is produced in the Pauly or in the author’s test. In the 
case of 2-thiol-5(or 4)-carbethoxy-4(or 5)-methylglyoxaline (VI), in 
relatively large amount (about 1 mg.), there is a slight yellow colour 
obtained by the glyoxaline tests, probably through an effect similar 
to that produced by aliphatic thiol groups on diazo-compounds. 

Pyman and his associates in numerous papers in this Journal, and 
various other workers, have established that, when glyoxalines couple 
with sodium diazobenzene-p-sulphonate in sodium carbonate 
solution, they give rise to colours predominantly red. The colour 
hue, varying from orange to purplish-red, is dependent on the 
character of the side chain(s) on the glyoxaline nucleus (Koessler 
and Hanke). In no instance, among the substances with a free 
thiol group here examined, is a red colour obtained by the Pauly or 
the Koessler and Hanke test. The thiolglyoxalines giving the 
author’s test all yield clear yellow colours by the glyoxaline tests. 
It thus follows that the glyoxaline nucleus, if it has a free thiol 
group in the 2-position, is not detectable by the Pauly test, whether 
the glyoxaline is capable of coupling or not. Only when the 
hydrogen of the thiol group is replaced by an alkyl, or presumably 
by an aryl group, will the coupled product yield a red colour 
indicative of the presence of the glyoxaline nucleus. 

As with the glyoxaline test, the author’s test for thiolglyoxalines 
gives colours predominantly red but varying with the character of 
the side chain in the thiolglyoxaline nucleus. Ergothioneine (I) 
and thiolurocanic acid (III) give practically identical colours— 
matching a solution of phenolsulphonephthalein at py, 8-0. Indeed 
it is probable that in the course of the test thiolurocanic acid is 
formed from ergothioneine by the action of the concentrated 
alkali, as trimethylamine is always perceptible by smell (see also 
Barger and Ewins, J., 1911, 99, 2336). The colours obtained from 
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2-thiol-4(or 5)-methylglyoxaline-5(or 4)-carboxylic acid (V) and 
from 2-thiol-4(or 5)-aminomethylglyoxaline (VIII) are also very 
similar to each other, of a pinkish-orange hue resembling that of a 
dilute solution of sodium alizarinsulphonate at the neutral point. 
These colours are much less blue than that from ergothioneine. 


Summary. 


The test previously described by the author for ergothioneine is a 
general one for the thiolglyoxaline ring provided it contains a free 
thiol group in the 2-position and has at least one of the 4- and 
5-positions open or containing a displaceable carboxyl group. A 
free iminic hydrogen may also be necessary. 

It is also shown that the presence of a thiol group in the 2-position 
alters the reaction of the glyoxaline ring with diazo-compounds in 
such a way that its presence in solution can no longer be detected 
by the glyoxaline diazo-tests. That the thiol hydrogen plays a 
part in this interference, and is responsible for the course of the 
reaction in the author’s test, is made evident. 


I am much indebted to Dr. Blythe A. Eagles for small samples of 
thiolurocanic acid, its acetic acid derivative, and that of ergo- 
thioneine, which substances were prepared by him in Professor 
Treat B. Johnson’s laboratory at Yale; to Dr. Harold King of 
London for specimens of 2-thiol-4(or 5)-methylglyoxaline-5(or 4)- 
carboxylic acid, 2-thiol-5(or 4)-carbethoxy-4(or 5)-methylglyoxaline, 
and 2-ethylthiol-5(or 4)-carbethoxy-4(or 5)-methylglyoxaline; and 
to Professor F. L. Pyman for 2-thiol-4(or 5)-aminomethylglyoxaline. 

Dr. Eagles has also informed me that he has applied my test to 
thiohydantoin, thiotyrosine, and thiophenol, with negative results. 
This is valuable contributory evidence of the high specificity for the 
thiolglyoxaline ring which the test appears to possess. 


UNIVERSITY OF ALBERTA, 
EDMONTON, CANADA. [Received, September 19th, 1930.] 





CCCIII.—Derivatives of 4-Methyl-, 4: 6-, 4:7-, and 
4 : 8-Dimethyl-2-hydroxyquinolines. 
By IstporE ELKANAH BALABAN. 


THE substance plasmoquine recently introduced into medicine as 
a valuable drug for the treatment of malaria has stimulated work 
in this field of inquiry (Barger and Robinson and collaborators, J., 
1929, 2947; this vol., p. 1356; Slater, this vol., p. 1209). In the 
present investigation certain 2-hydroxyquinolines were taken as 
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starting points, the object in view being partly the preparation of 
aminotetrahydroquinolines for biological examination in malaria. 
Although this object has not yet been realised, an account is given 
of the work completed. 

On nitration 2-hydroxy-4-methylquinoline (I) yields 6-nitro-2- 
hydroxy-4-methylquinoline (II), the constitution of which follows 
from its synthesis from p-nitroacetoacetanilide (III) by Ewins and 
King’s modification (J., 1913, 103, 104) of Knorr’s method (Ber., 
1884, 17, 542); the conversion is difficult on account of hydrolysis 
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to p-nitroaniline (compare acetoacet-«-naphthalide; Gibson, Hari- 
haran, Menon, and Simonsen, J., 1926, 2249). 

Oxidation of 2-hydroxy-4-methylquinoline and 6-nitro-2-hydroxy- 
4-methylquinoline with hot neutral aqueous potassium perman- 
ganate (compare Kaufmann and de Petherd, Ber., 1917, 50, 336) 
yields benzoxazolone (VIII) and its 5-nitro-derivative (IV) respec- 
tively. Hence the oxidation of derivatives of 4-methylcarbostyril 
follows a novel course, since only derivatives of anthranilic acid 
(Kaufmann and de Petherd, loc. cit.) and of indole (D.R.-P. 292394) 
have been obtained from other carbostyrils. 

When 6-nitro-2-hydroxy-4-methylquinoline (Il) is reduced with 
stannous chloride and hydrochloric acid, 6-amino-2-hydroxy-4-methyl- 
quinoline (VI) is obtained. Attempts to prepare the tetrahydro- 
derivative of this by the action of sodium and alcohol on the base 
or on (II) have not been successful. (The same applies to the other 
nitro- and amino-derivatives described.) Even the action of 
platinum oxide and hydrogen on 2-chloro-6-nitro-4-methylquinoline 
(V; Spath, Ber., 1924, 57, 1243) failed to produce the desired 
compound, although chloroquinolines are suitable materials for the 
preparation of aminotetrahydroquinolines (compare Gibson, Hari- 
haran, Menon, and Simonsen, loc. cit.). 

When 6-amino-2-hydroxy-4-methylquinoline is submitted to the 
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Bart—Schmidt reaction, 2-hydroxy-4-methylquinoline-6-arsinic acid 
(VII) is obtained. 

2-Hydroxy-4 : 6-dimethylquinoline on nitration furnishes a mono- 
nitro-compound. This is presumably the 3-nitro-derivative, because 
the base obtainable from the 8-nitro-compound by reduction would 
give with nitrous acid a diazoimide incapable of coupling with 
alkaline 6-naphthol, whereas the base actually obtained from the 
nitro-compound diazotises normally. Furthermore, carbostyril is 
nitrated fully to give 3 : 6 : 8-trinitrocarbostyril (Kaufmann and de 
Petherd, loc. cit.), and as the 6-position in 2-hydroxy-4 : 6-dimethyl- 
quinoline is occupied, the 3-position is the only one available. 

3-Amino-2-hydroxy-4 : 6-dimethylquinoline failed to furnish an 
arsinic acid. 

2-Hydroxy-4 : 7-dimethylquinoline (1X) gives on nitration a 
mixture of the 6-nitro- and the 8-nitro-derivative (X and XI) The 
latter on reduction yields 8-amino-2-hydroxy-4 : 7-dimethylquinoline 
(XII): from this on treatment with nitrous acid an insoluble 
diazoimide (XIII) is obtained which does not couple with sodium 
6-naphthoxide. On oxidation the two nitro-derivatives give 
5-nitro- and 3-nitro-4-methylbenzoxazolone respectively. 


N N NO, N 
Me OH M OH Me OH 
Ot RO "OG 
Me Me Me 
(IX.) (X.) (XI.) 
ZNx 


“Wf 
N ON NH, N 
aii’ xy Wh it me et Belk 
Me Me 


6-Amino-2-hydroxy-4 : 7-dimethylquinoline gives 2-hydroxy-4 : 7- 
dimethylquinoline-6-arsinic acid normally but in poor yield. 

2-Hydroxy-4 : 8-dimethylquinoline on nitration gives only one 
nitro-compound, presumably the 6-nitro-derivative, which yields 
5-nitro-3-methylbenzoxazolone on oxidation. With phosphorus 
pentachloride, 6-nitro-2-hydroxy-4 : 8-dimethylquinoline furnishes 
2-chloro-6-nitro-4 : 8-dimethylquinoline, and on reduction it gives 
6-amino-2-hydroxy-4 : 8-dimethylquinoline : from this, in the Bart- 
Schmidt reaction, 2-hydroxy-4 : 8-dimethylquinoline-6-arsinic acid 
is obtained. 

Biological Examination —The results of tests made with the 
preceding quinoline-6-arsinic acids on mice infected with 7’. equ’ 
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perdum are in the following table, the symbols having the usual 
significance : 


Quinolinearsinic acid. 7. C. C/T. 
2-Hydroxy-4-methy] (0) ........sccssssseseesees >5-0 >2-0 _— 
O} ccvvsnneessssuneunesones 0-5 0-5 1-0 
2-Hydroxy-4 : 7-dimethy] (0) ..............000 5-0 2-0 1/2-5 
WE sdvesbennnagentons 0-5 0-5 1-0 
2-Hydroxy-4 : 8-dimethy] (0) ..............006 >5-0 2-0 >1/2-5 
(8D) sbenmanencedeqesss 0-25 >0-25 — 


EXPERIMENTAL. 

Derivatives of 2-Hydroxy-4-methylquinoline.—6-N itro-2-hydroxy- 
4-methylquinoline (II). To a solution of 2-hydroxy-4-methyl- 
quinoline (10-6 g.) in concentrated sulphuric acid (50 ¢c.c.) at 0° was 
added with mechanical stirring a mixture of nitric acid (d 1-42; 
4-9 c.c.) and concentrated sulphuric acid (5-0 ¢.c.); after standing 
for 2 hours at room temperature, the mixture was poured into ice- 
water. The nitro-compound, obtained in theoretical yield, was 
insoluble in alcohol and water, and sparingly soluble in glacial acetic 
acid (charcoal), from which it crystallised in minute colourless rods, 
m. p. 340° (decomp.) (Found in material dried at 100°: N, 13-8. 
Ci>H,O,N, requires N, 13-7%). 

The same substance (mixed m. p.) was obtained by adding 1 g. 
of p-nitroacetoacetanilide (D.R.-P. 246286) very slowly to concen- 
trated sulphuric acid (1 c.c.), heating the mixture on the water-bath 
for 10 minutes, and pouring it into water. 

Oxidation of 6-nitro-2-hydroxy-4-methylquinoline. A solution and 
suspension of 2 g. of the nitro-compound in boiling water (2 1.) was 
treated with mechanical stirring with 1% potassium permanganate 
solution (300 c.c.). After 2 hours, the manganese dioxide was 
removed, the solution concentrated to about 40 c.c., and hydro- 
chloric acid added until the reaction was acid to Congo-paper. The 
5-nitrobenzoxazolone obtained crystallised from water (charcoal) in 
long, fine, pale yellow needles (0-3 g.), m. p. 242° (Found in material 
dried at 100°: N, 15-8. Cale.: N, 15-6%). 

This compound is identical with a specimen prepared from 
0-aminophenol by conversion into benzoxazolone and subsequent 
nitration according to Mr. F. J. Paxon, who used nitric acid (d 1-42) 
in sulphuric acid at 0° (private communication). Chelmicki (J. pr. 
Chem., 1890, 42, 441) gives m. p. 241°, whereas Bender (Ber., 1886, 
19, 2271) and Hewitt and King (J., 1926, 823) record m. p. 256° 
and 255° respectively. Samples of 5-nitrobenzoxazolone prepared by 
the last two methods and also by the action of carbonyl chloride on 
5-nitro-2-aminophenol were found to melt, alone or mixed, at 242°. 

2-Chloro-6-nitro-4-methylquinoline (V) was prepared by refluxing 
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6-nitro-2-hydroxy-4-methylquinoline (6-0 g.) with phosphorus 
pentachloride (16-2 g.) and phosphorus oxychloride (8 c.c.) for | 
hour at 160°. After basification, the chloro-compound was obtained 
partly by filtration and partly by extraction with benzene. It 
crystallised from benzene in long, pale brown, prismatic needles, 
m. p. 207° (Found in dried material : N, 12-5; Cl, 16-2. C,)H,0,N,Cl 
requires N, 12-6; Cl, 15-9%). It was fairly readily soluble in 
benzene and chloroform, sparingly soluble in ether and absolute 
alcohol, crystallising in colourless needles from the latter, but 
insoluble in boiling water. 

6-Amino-2-hydroxy-4-methylquinoline (V1) was prepared by 
heating the corresponding nitro-derivative (6-12 g.) with stannous 
chloride (20-34 g.) in concentrated hydrochloric acid (60 c.c.) on 
the water-bath for } hour. The stannichloride obtained, after 
removal of tin by hydrogen sulphide, gave the base in 63-5% yield. 
This crystallised from water or alcohol, in which it was very sparingly 
soluble, in pale yellow needles, m. p. 315° (Found: N, 16-2. 
C19H,,ON, requires N, 16-1%). The hydrochloride crystallised from 
2N-hydrochloric acid, in which it was moderately easily soluble, in 
colourless needles, which did not melt at 310° (Found: N, 13-4; Cl, 
16-7. Cy9H,jON,,HCl requires N, 13-3; Cl, 16-99%). It was 
soluble in hot water, giving a solution faintly acid to Congo-red. 
The acetamido-derivative crystallised from dilute alcohol in colour- 
less needles, m. p. 314° (Found: N, 13-0. C,,H,,0,N, requires 
N, 12-9%). 

2-Hydroxy-4-methylquinoline-6-arsinic acid (VIL) was prepared by 
the Bart-Schmidt reaction from the corresponding aminoquinoline 
(yield, 18%). It crystallised from 2N-acetic acid, in which it was 
sparingly soluble, in colourless needles containing 1H,O, which did 
not melt at 320° (Found in air-dried material: loss at 100°, 6-2. 
Ci9H90,NAs,H,O requires H,O, 6-0%. Found in dried material : 
As, 26-5; N, 5-2. Cy, 9H,,O,NAs requires As, 26-5; N,4:9%). The 
arsinic acid is very sparingly soluble in boiling water and almost 
insoluble in hot alcohol. The magnesium and calcium salts are 
micro-crystalline and the barium salt forms long fine needles. 

Derivatives of 2-Hydroxy-4 : 6-dimethylquinoline.—The following 
compounds were prepared by the methods described above. 
3-Nitro-2-hydroxy-4 : 6-dimethylquinoline (21-0 g.) was prepared from 
2-hydroxy-4 : 6-dimethylquinoline (20-8 g.). It crystallised from 
glacial acetic acid, in which it was moderately easily soluble, in pris- 
matic needles, m. p. 294° (Found : N, 13-0. C,,H,90,N, requires N, 
12-8%). It was very sparingly soluble in alcohol and insoluble in 
boiling water. 
2-Chloro-3-nitro-4 : 6-dimethylquinoline (yield, 32-4%) crystallised 
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horus from benzene, in which it was readily soluble, in yellow rectangular 
for l plates, m. p. 157° (Found in material dried at 100°: N, 11-8; Cl, 
tained § 15-1. C,,H,O,N,Cl requires N, 11-8; Cl, 15:1%). It was readily 















































e. It soluble in chloroform and ether, moderately easily soluble in 
-edles, alcohol, and almost insoluble in boiling water. 
NCI 3-Amino-2-hydroxy-4 : 6-dimethylquinoline (yield, 45-1%) crystal- 


ble in lised from 50% alcohol in colourless square plates, m. p. 264° 
solute} (Found: N,14-6. C,,H,,ON, requires N, 14-9%), sparingly soluble 
, but in alcohol and water. The hydrochloride crystallised from 2N -hydro- 
chloric acid in long yellow needles, m. p. 240° (Found: N, 11-8; 
1 by| Gl, 15-5. ©,,H,,ON,,HCI requires N, 12-4; Cl, 15-8%) : it dissoci- 
nnous ated in water, the base being precipitated. The acetamido-deriv- 
Gc.) On ative crystallised from 2N-acetic acid in thick prisms, m. p. 270° 
after} (decomp.) (Found : N, 12-2. C,,;H,,0,N, requires N, 12-2%). 
yield. Derivatives of 2-Hydroxy-4 : 7-dimethylquinoline.—The nitration 
ringly of 2-hydroxy-4 : 7-dimethylquinoline (31-2 g.) yielded a mixture of 
16-2, 6-nitro- (14-4 g.) and 8-nitro-2-hydroxy-4 : 7-dimethylquinoline 
| from (8-7 g.). 
ole, in 6-Nitro-2-hydroxy-4 : 7-dimethylquinoline (X) crystallised from 
4; Cl,} glacial acetic acid (charcoal), in which it was very sparingly soluble, 
| was in colourless, elongated, rhomboidal leaflets, darkening from ca. 280° 
o-red. | with partial decomposition (Found : N, 12-7. C©,,H,)0,N, requires 
olour- N, 12-8%). It was insoluble in alcohol and boiling water. On 
juires oxidation with 1% permanganate solution, 5-nitro-4-methylbenz- 
oxazolone (0-3 g. from 2 g.), m. p. 233°, was obtained as fine, pale 
ed by yellow needles, very sparingly soluble in hot water (Found : N, 14-9. 
noline Cale.: N, 14-4%). Benda and Sievers (U.S.P. 1539798) give m. p. 
t was | 227—228°. 
h did 8-Nitro-2-hydroxy-4 : 7-dimethylquinoline (XI) crystallised from a 
', 6-2. mixture of equal parts of alcohol and glacial acetic acid (charcoal) 
erial ; in large, yellow, rectangular plates, m. p. 226° (Found: N, 12-5%). 
The It was readily soluble in hot acetic acid but only sparingly soluble in 
Imost | alcohol. 
S are 3-Nitro-4-methylbenzoxazolone (0-3 g.) was obtained on oxidation 
: of the above nitro-compound (2 g., 0-7 g. of which was recovered 
owing | unchanged). It crystallised from 95° alcohol in brown, boat- 
bove. shaped plates, m. p. 236° with previous softening (Found: N, 14-8. 
from C,H,O,N, requires N, 14-4%), very sparingly soluble in water. 
from 2-Chloro-6-nitro-4 : 7-dimethylquinoline crystallised from absolute 
| pris- alcohol, in which it was very sparingly soluble, in long, colourless, 
res Ny, silky needles, m. p. 164° (Found in material dried at 100°: N, 11-4; 
ble in | Cl, 15-1. ©,,H,O,N,Cl requires N, 11-8; Cl, 15-1%). It was 
readily soluble in benzene (crystallising in plates) and chloroform, 
llised | but sparingly soluble in ether. 
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6-Amino-2-hydroxy-4 : 7-dimethylquinoline (45°, yield) crystallised 
from absolute alcohol in yellow rectangular prisms, which blackened 
at about 320° (Found: N, 14-9. C,,H,,ON, requires N, 14-9%). 
It was moderately easily soluble in alcohol, giving a blue fluorescent 
solution, but insoluble in boiling water. The hydrochloride crystal- 
lised from 2N-hydrochloric acid in long, colourless, rectangular 
prismatic needles, which became yellow on drying at 100° and did 
not melt at 320°. It was soluble in cold water, giving a solution 
faintly acid to Congo-paper (Found: N, 12:5; Cl, 1558. 
C,,H,,ON,,HCl requires N, 12-4; Cl, 15-8%). The acetamido- 
derivative crystallised from boiling water (containing two drops of 
acetic acid), in which it was very sparingly soluble, in long colourless 
needles, unmelted at 320° (Found: N, 12-0. C,,H,,0,N, requires 
N, 12-2%). 

2-Hydroxy-4 : 7-dimethylquinoline-6-arsinic acid, prepared by the 
Bart-Schmidt reaction from the above amino-compound (yield, 
4-1%), erystallised from 50°% acetic acid in colourless boat-shaped 
needles, unmelted at 320° (Found : As, 25-6; N,4-7. C,,H,.0,NAs 
requires As, 25-2; N, 4-7%). It was moderately easily soluble in 
boiling water, less soluble in acetic acid, and insoluble in alcohol. 
The magnesium salt crystallised in hair-like needles, the calcium salt 
in fine needles (in stronger solutions it tended to gelatinise), and the 
barium salt in minute rods. 

2-Chloro-8-nitro-4 : 7-dimethylquinoline crystallised from 95% 
alcohol in colourless prismatic needles, m. p. 156° (Found : N, 12:1; 
Cl, 15-0. C,,H,O,N,Cl requires N, 11-8; Cl, 15-1%). It was very 
soluble in benzene and chloroform, sparingly soluble in ether, and 
insoluble in water. 

8-Amino-2-hydroxy-4 : 7-dimethylquinoline (XII) (50-5% yield) 
crystallised from 95° alcohol in colourless, elongated, rhomboidal 
plates, m. p. 255° (Found : N, 15-2. C,,H,,.ON, requires N, 14-9%), 
insoluble in water. The hydrochloride crystallised from 2N-hydro- 
chloric acid in colourless hydrated needles, m. p. 257° (efferv.) 
(Found in air-dried material : loss at 100°, 21-0. 

C,,H,,ON,,HCl,H,O 

requires HCl + H,O, 22-1%): it dissociated on addition of water. 
The acetamido-derivative crystallised from 95% alcohol in broad 
irregular plates containing 2H,O, m. p. 266° (Found in air-dried 
material: loss at 100°, 13-7. C,,H,,0,N,,.2H,O requires H,0, 
13-5%. Found in dried material: N, 12-0. (©,,H,,O,N, requires 
N, 12:2%). 

Derivatives of  2-Hydroxy-4 : 8-dimethylquinoline.—6-N itro-2- 
hydroxy-4 : 8-dimethylquinoline (81% yield) crystallised from glacial 
acetic acid, in which it was sparingly soluble, in colourless needles, 
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m. p. 310° (decomp.) (Found: N, 13-0. C,,H,90,N, requires N, 
12-8%). It was insoluble in boiling water or alcohol. 

5-Nitro-3-methylbenzoxazolone, obtained on oxidation of the above 
nitroquinoline (0-2 g. from 2 g.), crystallised from water, in which 
it was very sparingly soluble, in long, pale yellow needles, m. p. 
249° (Found: N, 14-4. C,H,O,N, requires N, 144%). 

2-Chloro-6-nitro-4 : 8-dimethylquinoline (31% yield) crystallised 
from benzene in pale yellow needles, m. p. 195° (Found: N, 12-1; 
Cl, 15-3. C,,H,O,N,Cl requires N, 11-8; Cl, 15-1%). It was 
readily soluble in benzene and chloroform but sparingly soluble in 
alcohol and ether. 

6-Amino-2-hydroxy-4 : 8-dimethylquinoline (54:-4% yield) crystal- 
lised from water (1 part in 100 parts, boiling) in long, pale yellow, 
rectangular plates, m. p. 288° (Found: N, 15-1. C,,H,,ON, 
requires N, 14:9%). It was moderately easily soluble in absolute 
alcohol, the solution showing a blue fluorescence. The hydrochloride 
crystallised from 2N-hydrochloric acid, in which it was moderately 
easily soluble, in yellow needles, unmelted at 320° (Found : N, 12-8; 
Cl, 15-6. C,,H,,ON,,HCl requires N, 12-4; Cl, 15-8%). It was 
soluble in water, giving a solution faintly acid to Congo-paper, and 
diazotised normally. The acetamido-derivative crystallised from 
dilute alcohol in square plates, unmelted at 320° (Found: N, 12-1. 
C,3H,,0,N, requires N, 12-2%). 

2-Hydroxy-4 : 8-dimethylquinoline-6-arsinic acid, obtained from the 
corresponding amino-compound by the Bart-Schmidt reaction 
(yield, 9-6%), crystallised from 16% hydrochloric acid (charcoal) 
in colourless, hexagonal, prismatic needles containing }H,O not lost 
at 120°, and did not melt at 305° (Found in material dried at 120° : 
loss, 0-86; As, 24-3, 24:3; N, 4:6. C,,H,,0,NAs,jH,O requires 
H,O, 1:4; As, 24:5; N, 46%). It was insoluble in water and 
acetic acid. The magnesium and barium salts crystallised in needles, 
but the calcium salt was amorphous. 

Oxidation of 2-Hydroxy-4-methylquinoline. Isolation of Benz- 
oxazolone.—The hydroxymethylquinoline (6 g.), after treatment by 
the method of oxidation described on p. 2349, gave 3-8 g. of un- 
changed material, m. p. 224°. The solution, on further concen- 
tration, acidification, and extraction with ether, yielded an oil 
which soon crystallised. After five recrystallisations from water 
(charcoal), this was obtained in long, colourless, silky, rectangular 
plates, m. p. 142° (dried at 100°) with previous softening from 138°, 
either alone or mixed with a synthetic specimen of benzoxazolone. 
The air-dried material contained 1H,O and had m. p. 98° (compare 
Young and Dunstan, J., 1908, 93, 1056) (Found : loss in air-dried 
material in a vacuum desiccator over sulphuric acid, 11-8. Cale. : 
4K2 
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H,0, 11:8%. Found in dried material: C, 62-2; H, 4-0; N, 10-5. 
Cale. : C, 62-2; H, 3:7; N, 10-4%). 


The author is indebted to Dr. J. G. Everett for the biological data 
and to Mr. E. Baines for making the analyses. 


RESEARCH LABORATORY, Messrs. May & BAKER, LTD., 
Lonpon, 8.W. 18. [Received, August 25th, 1930.] 





CCCIV.—Phthalazines. Part IJ. 


By Joti Sarup Accarwat, IsHwar Das KueErA, and JNANENDRA 
Natu Rady. 


BENZOYLHYDRAZINE condenses with aromatic aldehydes to give 
arylidenebenzoylhydrazines, which can be dehydrated to phthal- 
azines (Aggarwal, Darbari, and Ray, J., 1929, 1941). It seemed to 
the present authors that an extension of this method would lead to 
the synthesis of substances analogous to papaverine if phenylacetyl- 
hydrazine (or a derivative) were substituted for benzoylhydrazine 
in the above reaction; e.g., 3 : 4-dimethoxyphenylacetylhydrazine 
on condensation with veratraldehyde and subsequent dehydration 
should give (I). A large number of these substances, which are 
now described, have been synthesised. For their pharmacological 
investigation we are indebted to Professor E. Hesse, of Breslau, 
who informs us that the substance (I) is without action on 
tubercle bacilli. 


CH ‘CH,R-NH-NH-CO-CH,R 
\ J 4 
MeO N H,0---Gu—-H,0 SO, 
a & | CH,R-NH-NH-CO-CH,R 
CH,*C,H,(OMe), (II.) 


The alkylacylhydrazines formed by reduction of the condensation 
products of aldehydes and acylhydrazines give with salts of copper 
complexes of the type (II). Aggarwal, Darbari, and Ray (loc. cit.) 
proposed the utilisation of the similar complexes obtained from 
benzoylhydrazine for the rapid evaluation of copper. It has now 
been found, however, that the acylhydrazines of both types do not 
precipitate the metal quantitatively from solutions containing less 
than 0-5% of copper. 

The hydrolysis of the phthalazines has been accomplished by 
heating them with a trace of hydrochloric acid in presence of phthalic 
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acid. The hydrazine formed reacts with the phthalic acid to give 
insoluble phthaloylhydrazine and the aldehydo-ketone is isolated 
from the solution in the form of its diphenylhydrazone. The yield 
is only moderate. 


CHO 
6 COO 
MeO ‘x +O Hs<Co; ,H >, + ©, H,<O 
CO: a 
co 
Ses, Ph CH, Fh 


EXPERIMENTAL. 


a-Phenylacetyl-B-veratrylidenehydrazine, 
C,H,(OMe).°CH:N-NH-CO-CH,Ph. 

—Equimolecular quantities of vesktenbdehyds and phenylacetyl- 
hydrazine were heated together for 3 hours in absolute alcohol con- 
taining a few drops of 20% sodium hydroxide solution. The 
product, separated from the cooled mixture, crystallised from alcohol 
in plates, m. p. 171—172° (yield, theoretical) (Found: N, 9-3. 
C,,H,,0,N, requires N, 9-4%). 

6 : 7-Dimethoxy-1-benzylphthalazine.—(a) A solution of phenyl- 
acetylveratrylidenehydrazine (6 g.) in 60 c.c. of amyl alcohol 
(saturated with dry hydrogen chloride at 0°) was heated on the 
steam-bath for 1 hour and then under reflux for 14 hours. The 
yellowish-brown mass obtained on cooling, after being ground 
with dilute sodium hydroxide solution and washed with water, 
was thrice crystallised from benzene, giving yellowish needles 
(3 g.), m. p. 191—192° (Found: N, 10-2. C,,H,,0,N, requires 
N, 10-0%). 

(6) Phenylacetylveratrylidenehydrazine in chloroform solution 
(1:10) was treated with phosphoryl chloride (1 : 5) on the steam- 
bath for 3 hours, the product poured on ice, and the chloroform 
layer dried over sodium sulphate and freed from solvent, finally in a 
vacuum. The residue, on treatment as under (a), gave a very poor 
yield of crystals, m. p. 191°, mixed m. p. 191—192°. 

a-Phenylacetyl-B-4 : 5-dimethoxybenzylhydrazine was prepared by 
reduction of «-phenylacetyl-6-4 : 5-dimethoxybenzylidenehydrazine 
with 3° sodium amalgam in the usual way; m. p. 129—130° 
(Found: N, 9-5. C,,H, 0,N, requires N, 9-3% 

The following substances were prepared.by the methods described 
above: the figures in parentheses are the theoretical percentages 
for the analyses. 

a-Phenylacetyl-8-piperonylidenehydrazine, m. p. 210°; N, 9-9 (9-9). 
6: 7-Methylenedioxy-1-benzylphthalazine, m. p. 203—204°; N, 
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10-55 (10-6). «-Phenylacetyl-6-p-methoxybenzylidenehydrazine, m. p. 
167°; N, 10-6 (10-4). 7-Methoxry-1-benzylphthalazine, m. p. 168— 
169°; N, 11-1 (11-2): picrate, m. p. 208—209° (from hot benzene); 
N, 14:7 (14-6). «-Phenylacetyl-6-p-methoxybenzylhydrazine, m. p. 
98—99°; N, 10-6 (10-4). «-Phenylacetyl-6-m-methoxybenzylidene- 
hydrazine, m. p. 107—108°; N, 10-6 (10-4). This substance was not 
converted into a phthalazine by the usual treatment. «-Phenyl- 
acetyl-8-m-methoxybenzylhydrazine, m. p. 94—95°; N, 10-3 (10-4). 
a-Phenylacetyl-8-0-methoxybenzylidenehydrazine, m. p. 141—142°; N, 
10-5 (10°4).. This did not furnish a phthalazine. «-Phenylacetyl- 
8-0-methoxybenzylhydrazine, m. p. 79—80° ; N, 10-4(10-4).  «-Phenyl- 
acetyl-8-benzylidenehydrazine, m. p. 148—149°; N, 11-9 (11-8). 
a-Phenylacetyl-B-benzylhydrazine, m. p. 113—114°; N, 11-9 (11-7). 
3: 4-Dimethoxyphenylacetylhydrazine, prepared by the interaction 
of ethyl 3 : 4-dimethoxyphenylacetate and hydrazine hydrate on 
the steam-bath, separated from hot benzene in crystals, m. p. 115— 
116° (Found: N, 13-45. C,9H,,O,;N,. requires N, 133%). It 
condensed readily with veratraldehyde. Since the product tended 
to change into the phthalazine, it was treated with phosphoryl 
chloride or amyl-alcoholic hydrogen chloride, and 6:7: 3’: 4’- 
tetzamethoxy-1-benzylphthalazine (1) isolated and crystallised from 
hot alcohol; m. p. 192—193° (Found : N, 8-7. C,H, 90,N, requires 
N, 82%). The picrate (from hot benzene) had m. p. 186—187° 
(Found: N, 13-1. C,ygH,.0,N,,CgH,0,N, requires N, 12-7%). 
Compound of Copper Sulphate and «-Phenylacetyl-8-4-methoxy- 
benzylhydrazine (as Il).—The hydrazine (2 g.), dissolved in the 
minimum of absolute alcohol, was treated with 20° copper sulphate 
solution (10 ¢c.c.); after a few minutes bluish-green silky needles 
separated. These were washed with water and with alcohol and 
dried in a vacuum [Found : N, 7-7; Cu, 8:7; SO,, 13-4 (estimated 
by precipitation in hydrochloric acid solution with barium chloride). 
C59H,40,9N,S8Cu requires N, 7-6; Cu, 8-6; SQ,, 13-05%]. 
Hydrolysis of 7-Methoxy-1-benzylphthalazine.—A solution of the 
phthalazine (2 g.) and phthalic acid (2 g.) in alcohol containing 1 c.c. 
of hydrochloric acid (d 1-16) was heated in a sealed tube at 100° for 
8—10 hours. The insoluble phthaloylhydrazine was then removed, 
and the filtrate diluted with water and extracted with ether. From 
the washed (sodium carbonate solution) and dried (sodium sulphate) 
extract, an oil was obtained which, heated with phenylhydrazine 
acetate in alcohol, gave 4-methoxy-2-phenylacetylbenzaldehydedi- 
phenylhydrazone ; after recrystallisation from alcohol, this had m. p. 
122—123° (yield, 1-5 g.) (Found: N, 12-7. C,.H,,ON, requires N, 
12-9%). 
Similarly, 6 : 7-methylenedioxy-l-benzylphthalazine on hydro- 
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lysis furnished an oily aldehydo-ketone, which was isolated as its 
diphenylhydrazone, m. p. 104—105° (Found: N, 12-6. C,.H,,O,N, 
requires N, 12-5%). 


UNIVERSITY OF THE PUNJAB, 
LAHORE, INDIA. [Received, September 9th, 1930.] 





CCCV.—1 : 3 : 4-T'riazoles. 
By Kasumiri Lat BHAGAT and JNANENDRA Natu RaAy. 


Or the methods for the preparation of 1 : 3 : 4-triazoles, none has 
advantage over the little-investigated reaction of Pellizzari and 
Alciatore (Atti R. Accad. Lincei, 1901, 10, i, 444). These authors 
found that s-dibenzoylhydrazine reacted with benzanilide or aniline 
to give 1:2: 5-triphenyl-1 :3:4-triazoles a substance having 
physiological properties not unlike those of strychnine. 

Macht and Fisher (J. Pharm. Exper. Ther., 1917, 10, 95) have 
shown that, though morphine and papaverine have narcotic action 
in common there is a fundamental difference between them in that 
the former exerts a stimulating action on the rhythmic contraction 
and tonicity of smooth muscle whereas the latter exerts an inhibitory 
action possibly due to the benzyl group. 

The present work was done in connexion with a search for a 
substance having the physiological properties of strychnine but with- 
out its action on smooth muscle. 

a-Benzoyl-$-phenylacetylhydrazine, like s-dibenzoylhydrazine, 





N—N 

NH—NH Nur phC C-CH,Ph 
Ph:‘CO CO-CH,Ph i af 
NAr 


condenses with aromatic amines to give 1:2: 5-triaryl-1:3: 
4-triazoles: «-benzoyl @-acetylhydrazine, however, invariably pro- 
duces an acyl derivative of the amine. These triazoles are rather 
weak bases and do not form stable salts with acids. Attempts to 
prepare triazoles containing a sulpho-group from sulphanilic and 
orthanilic acids were unsatisfactory. 

An account of the pharmacological properties of these substances 
will be published elsewhere. 


EXPERIMENTAL. 
a-Benzoyl-8-phenylacetylhydrazine, prepared by heating benzoyl- 
hydrazine (1 mol.) and phenylacetic acid (1 mol.) together with a 
few drops of pyridine at 180° for 3 hours, crystallised from alcohol in 
needles, m. p. 214—215°. 
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1 : 2-Diphenyl-5-benzyl-1 : 3 : 4-triazole—A mixture of benzoyl- 
phenylacetylhydrazine (10 g.) and the equivalent of aniline was 
heated together with freshly fused zinc chloride (10 g.) at 180-—190° 
for 3 hours. The product was triturated successively with water, 
sodium hydroxide solution, and water and crystallised from hot 
alcohol ; m. p. 200° (Found : N, 13-8. C,,H,,N, requires N, 13-5%). 

Under similar conditions m-toluidine and p-anisidine gave 
2-phenyl-1-m-tolyl-5-benzyl-1 : 3 : 4-triazole, m. p. 240° (Found : N, 
13:3. CypH,gN, requires N, 12-9%), and 2-phenyl-1-p-methoxy- 
phenyl-5-benzyl-1 : 3 : 4-triazole, m. p. 225° (Found: N, 12-0. 
CagH ON, requires N, 12-3%), respectively. 

1 : 2: 5-Triphenyl-1 : 3 : 4-triazole, obtained from  s-dibenzoy]l- 
hydrazine and aniline at 240°, had m. p. 292° (Found: N, 14-4. 
Cale. : N, 14:1%). Pellizzari and Alciatore (loc. cit.) give m. p. 305°. 

2 : 5-Diphenyl-1-p-tolyl-1 : 3 : 4-triazole, formed from s-dibenzoy]- 
hydrazine and p-toluidine, had m. p. 296—297° (Found: N, 13:8. 
C,,H,,N, requires N, 13-5). The mother-liquor on concentration 
furnished another substance, m. p. 115° (Found: N, 10-9, 11-2%), 
which has not been identified. Similarly p-anisidine, m-toluidine, 
and -phenetidine furnished 2 : 5-diphenyl-1-p-methoxyphenyl- 
1:3: 4-triazole, m. p. 246—247° (Found: N, 13-1. C,,H,,ON; 
requires N, 12-8%), 2 : 5-diphenyl-1-m-tolyl-1 : 3 : 4-triazole, m. p. 
250° (Found: N, 13-6. C,,H,,N, requires N, 13-5%), and 2: 5- 
diphenyl-1-p-ethoxyphenyl-1 : 3: 4-triazole, m. p. 215° (Found: 
N, 12-6. C,.H,,ON, requires N, 12-3%), respectively. 

«-Benzoyl-f-acetylhydrazine, prepared by acetylation of benzoy]- 
hydrazine with acetyl chloride in the cold, gave benzanilide, m. p. 
157°, when treated with aniline in the usual way. 

UNIVERSITY OF THE PUNJAB, 

LAHORE, INDIA. | Received, September 9th, 1930.) 


CCCVI.—A New Orientation Rule and the Anomaly 
of the Nitroso-group. 





By DauzieL LLEWELLYN Hammick and Water §. ILLINGworTH. 


THE facts as to the orienting influence of single atoms and groups 
present in the benzene nucleus on further substitution can be 
expressed, without any theoretical implications whatever, by the 
following rule : 


If in the benzene derivative XY, Y isin a higher group of the 


periodic table than X, or if, being in the same group, Y is of lower 
atomic weight than X, then a second atom or group of atoms that 
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enters the nucleus will do so in the meta-position to the group XY. 
In all other cases, including that in which the group XY is a single 
atom, a second entering atom or group goes to the ortho- and 
para-positions. 

The effect of ionic charges on XY is given by the statement 
that a positive charge directs meta-, and a negative charge directs 
ortho- and para-. ad 

The common meta-directing groups, CO,H, CHO, CO, NO,, CN, 
CCl,, etc., are obviously covered by the first part of the rule. The 
meta-directing sulphonic acid group is a common example of an 
atom attached to the nucleus and also joined to atoms in the same 
group of the periodic table but of lower atomic weight. The 
latter part of the rule covers the ordinary cases of ortho—para- 
directing groups such as CH,, NH,, OH, OCH, etc. The correct 
orienting effect of the recently investigated thiocyanate and seleno- 
cyanate groups SCN and SeCN, which direct ortho—para, is also 
given (Challenger and Collins, J., 1924, 125, 1377; Challenger and 
Peters, J., 1928, 1364). Application of the rule to the case where 
X and Y are the same, as in -N—N- and -C—C-, again gives the 
correct orienting effect; the atom next to the nucleus is not in a 
lower group of the periodic table than the atom to which it is 
joined, so the effect cannot be meta-directing and hence must be 
ortho—para. It will be noticed that the rule thus assigns the 
correct ortho—para influence in the difficult case of the -—C-C- 
group in cinnamic acid. 

Strict application of the rule to mixed groupings, such as CH,Cl, 
‘HCI,, ete., gives the correct answer; thus nuclear substitution in 
benzal chloride yields ortho- and para-derivatives, as required by the 
CH part of the directing group, as well as meta-, due to the CCI,. 

The one apparent exception to the above rule that the authors 
have been able to discover is the well-known case of the nitroso- 
group, NO. On any empirical rule hitherto formulated, this group 
should be meta-directing. Ingold has shown, however (J., 1925, 
127, 513), and our own experiments confirm his results, that 
nitration and bromination of nitrosobenzene in carbon disulphide 
and in carbon tetrachloridé give para-derivatives. 

In discussing the orienting effect of the nitroso-group, it does 
not appear to have been generally recognised that nitrosobenzene 
is associated in the liquid state. Before we can be sure that the 
nitroso-group actually does direct ortho—para, we need information 
as to the molecular complexity of nitrosobenzene in carbon disul- 
phide or carbon tetrachloride. In addition, a solvent must, if 
possible, be found in which nitrosobenzene is entirely unimolecular, 
in order that the true orienting effect of the undissociated nitroso- 
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group may be investigated. Such a solvent has been found in 
acetic acid. 

The Molecular Weight of Nitrosobenzene in Carbon Disulphide and 
in Acetic Acid.—The apparent molecular weight of nitrosobenzene 
in carbon disulphide at the boiling point has been determined by 
the Landsberger-Walker method. By using carefully purified carbon 
disulphide (b. p. 45-9°/760*mm.) and pure naphthalene, the following 
data were obtained : 


WO CC. CENCE.) i ssdcacsiccsacccassssdccsss 12-09 17-65 25-28 
CF OE Sieg EE OB. ccoccnncveiassissasonace 0-0712 0-0487 0-0340 
PROVENCE GE BD. De ccceseccccecccessctsecssers 0-955 0-655° 0-465° 


Elevations of boiling point plotted against concentration of 
nitrosobenzene in g. per c.c. of solution give a straight line passing 
through the origin. The slope of this line is 13-33° per unit change 
in concentration and hence the elevation of boiling point for 1 g.-mol. 
per 100 c.c. of solution is 17-59°. 

Repetition of the determinations with pure nitrosobenzene as 
solute, the above boiling-point constant being used, yielded the 
following results : 


WE OE RR TOE | erceisensdececcnscasigeciee 8-47 16-32 25-72 
hs OE Cte BOE GBs ccvcccssccccsscses 0-1336 0-0693 0-0440 
PEIUUINEION * Chnunbhcessinactinbicebeciecedseres 1-995° 1-045° 0-645° 
BOs GMO . censissiprapesieossesssucieaceices 117-6 116-7 114-9 


Mean, 116-4 (M for C,H,-NO=107). 
Taking the mean value of 116 for the apparent molecular weight 
of nitrosobenzene in carbon disulphide over the concentration range 
traversed, we can calculate the average degree of association as 
16% (compare Bamberger and Rising, Ber., 1901, 34, 3877, who 
found 118 as the apparent molecular weight of nitrosobenzene in 
boiling acetone). 

The apparent molecular weight of nitrosobenzene in pure acetic 
acid, m. p. 16-3°, was next determined cryoscopically. With pure 
naphthalene as solute, a cryoscopic constant was found from the 
following data : 

Weight of acetic acid, 30-390 g. 
EE TENOR SDT IE 0-1239 0-2505 0-4159 
SEATS Ge De cnn cbcecctnivocesscdeees 0-127° 0-255° 0-396° 

These lowerings of freezing point plotted against concentration 
give a straight line passing through the origin, and yield the value 
of 40-0 for the gram-molecular lowering per 100 g. of solvent. 

With nitrosobenzene as solute, the following results were obtained : 


Weight of acetic acid, 45-2578 g. 


OTR acMEhs Bp .ccachareconsssnesedecses 0-0739 0-2653 0-4815 0-6003 
EARORNGOE: GEE DB. ceccsccoccsoncs 0-0615° 0-2180° 0-3980° 0-4950° 
BE, QPORER inc gesdccrvcsescoseese 106-2 107-5 106-9 1072 


Mean, 107 (Cale. : 107). 
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From this it appears that nitrosobenzene in dilute solution in 
acetic acid is entirely unimolecular. 

Bromination of Nitrosobenzene in Carbon Disulphide and in Acetic 
Acid.—Ingold’s experiments on the bromination of nitrosobenzene 
in carbon disulphide (J., 1925, 127, 513) were repeated ; his results 
were entirely confirmed, p-bromonitrosobenzene being obtained 
rapidly at low temperatures (— 5°). With acetic acid as solvent, 
however, negative results were obtained. Thus 5 g. of nitroso- 
benzene in 50 g. of acetic acid at 0° were treated with 7-5 g. of 
bromine (1 mol.) in 25 g. of acetic acid. After standing for 4 hours, 
the mixture still contained much bromine, which was removed by 
pouring into water and treatment with sulphur dioxide. Sub- 
sequent steam distillation resulted in the recovery of 3 g. of 
unchanged nitrosobenzene. The presence of anhydrous sodium 
acetate in the acetic acid did not produce any acceleration of 
reaction, and chlorine appeared to be no more reactive than bromine. 
After prolonged standing at room temperature (24 hours), bromine 
and nitrosobenzene in acetic acid containing excess of anhydrous 
acetate deposited a solid, m. p. 123°, which is probably a tribromo- 
azoxybenzene (Found: ©, 31-5; H, 1:55; N, 6-64; Br, 56-8. 
Ci2H,ON,Br, requires C, 33-0; H, 1-6; N, 6-45; Br, 55-2%. 
Compare Ingold, loc. cit., who obtained small quantities of 4 : 4’-di- 
bromoazoxy benzene). 

It thus appears that the rapid production of para-substituted 
nitrosobenzenes occurs only when experiment shows that the 
nitroso-compound is present to some extent in the bimolecular 
form. When unimolecular nitrosobenzene alone is present, as in 
aetic acid solution, para-substitution is inhibited, and it is not 
unreasonable to suppose that, if it were not for the fragility of the 
nitrosobenzene molecule, more drastic conditions would result in 
the production of meta-substituted derivatives, in accordance with 
our empirical rule. 

There is, however, the possibility that nitrosobenzene in acetic 
acid may interact with the solvent. The production of co-ordinated 
compounds between nitrosobenzene and acetic acid by means of 
the two unshared electrons on the nitrogen atom would give a 
positive charge to that atom and thus, in the usual way, inhibit 
ortho-para-substitution. Two kinds of intermolecular complex are 
possible, viz., 


A Prcipisigs 0 
C>-160 | 000 < >—N—+HO0-00-CH, 


(1.) (II.) 
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(1) would be a polar substance analogous to the anilinium salts, 
with a positive charge located on the nitrogen atom; (II) would 
be a non-polar co-ordination compound, again with a positive 
charge on the nitrogen. 

That the salt (I) is not produced to any appreciable extent is 
shown by the fact that the electrical resistance of pure acetic acid 
is entirely unaffected by the addition of nitrosobenzene. In order 
to ascertain whether a complex of type (II) has any appreciable 
existence, we have determined solid—liquid equilibria in the system 
acetic acid—nitrosobenzene. 

The System Acetic Acid—Nitrosobenzene.—Weighed quantities of 
pure acetic acid and nitrosobenzene were sealed in small glass bulb 
tubes, which were rapidly rotated in a thermostat. The equilibrium 
temperatures were found by slowly varying the temperature of the 
thermostat until the last small trace of solid just failed to dissolve. 
One point on the melting-point curve for acetic acid (7 mols.% 
C,H,;*NO) was obtained in a Beckmann apparatus. The results 
are given below, together with the nominal heats of solution Q 
calculated from the formula (Sidgwick and Ewbank, J., 1921, 119, 
979) 

log. S/S, = Q(7, — T)/2T? 
S being in terms of mol.% of nitrosobenzene and 7' being the 
equilibrium temperature. 


B  srcvsssee 0-0 7-0 11-06 20-49 29-16 39°57 55-31 58-82 69-42 100-0 
D sepecesen 16-3° 16-0° 27-5° 41-0° 47-0° 52-0° 57-7° 58-5° 62-0° 68-5° 
Q, Cals. x 10-* 82 115 1255 124 12:2 10-9 12-6 


The above solid—liquid equilibrium curve shows no indication of 
compound formation. The small variation of the nominal heats of 
solution with composition indicates that the system is of the normal 
type where neither combination between the components nor dis- 
sociation of either of them occurs (compare Sidgwick and Ewbank, 
loc. cit.). Hence it is legitimate to conclude that a solution of 
nitrosobenzene in acetic acid is unlikely to contain any appreciable 
quantity of complex molecules of type (II). It is, of course, obvious 
that to inhibit ortho—para-substitution by complex formation of 
either type (I) or (II), practically all the simple nitrosobenzene 
molecules must be removed, since ortho—para-substitution is always 
faster than meta-. 

We have thus reached the position that’ where we have bimole- 
cular nitrosobenzene we get para-substitution, and where the 
nitroso-compound is entirely unimolecular we find no ortho—para- 
substitution. We therefore conclude that the nitroso-group is 
essentially meta-directing. 
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Reactivity of the Bromine Atom in o-, m-, and p-Bromonitroso- 
benzenes.—Pure specimens of 0- and p-bromonitrosobenzenes were 
dissolved in pure acetic acid and treated with an acetic acid solution 
of silver nitrate in an atmosphere of nitrogen. In each case silver 
bromide was slowly produced. A blank test of the acetic acid by 
itself gave no precipitate, and none was obtained under similar 
conditions with m-bromonitrosobenzene. Attempts to bring the 
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reaction with the o- and p-derivatives to completion failed owing 
to the fragility of the nitroso-molecule, decomposition products 
only being obtained on heating or prolonged standing. Neverthe- 
less, the experiments indicate that the activating effect of the 
nitroso-group on the ortho- and para-halogen is the same as that 
of the nitro- and other meta-directing groups, thus confirming our 
view that the nitroso-group is also meta-orienting. Further con- 
firmation may be expected from a determination of the sense of 
the electrical polarity of the nitroso-group; this determination is 
being undertaken. 
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On our view the bimolecular form must contain an o,p-directing 
group; the structure of this form of nitrosobenzene is now being 


investigated. 
Summary. 

A new orientation rule for substitution in the benzene nucleus is 
given. The one apparent exception is nitrosobenzene, which is 
shown to give para-substituted products only when experiment 
demonstrates that it is present in the bimolecular form. 

Experiments are recorded indicating that the reactivity of the 
halogen in the bromo-substituted nitrosobenzenes is in accordance 
with the view that the nitroso-group is meta-directing when present 
in the unimolecular form. 


The authors wish to thank Mr. N. V. Sidgwick for valuable 
criticism and advice, and Imperial Chemical Industries, Ltd., for a 
grant towards the cost of the research. 


[ Note, added October 2nd, 1930.] A further example of the cor- 
rectness of our rule is contained in the paper (this vol., p. 2171) by 
Ainly and Challenger, who find that phenylboric acid, CgH,*B(OH),, 
gives on nitration over 70°, of meta-derivative. 


THe Dyson PERRINS LABORATORY, 
OXFORD. [ Received, August 19th, 1930. ] 





CCCVII.—The Influence of the Sulphur Atom on the 
Reactivity of Adjacent Atoms or Groups. Part 
IV. Direct Polar Effects. 


By G. MacponaLp Bennett and A. NeviiLEe Mosszs. 


In Part I (J., 1927, 477) it was shown that under conditions in which 
a y-hydroxy-sulphide, R-S-CH,°CH,°CH,°OH, was not attacked by 
hydrobromic acid a 8-hydroxy-sulphide, R’*S-CH,*CH,°CH,°CH,-OH, 
CH,°CH, | 
tn fe 
It thus appeared that the hydroxyl group situated in the 8-position 
relative to a sulphur atom was much more reactive with hydro- 
bromic acid than one in the y-position. This is particularly interest- 
ing because there can be little doubt that the influence of the 
sulphur atom on the 38-hydroxyl group is -transmitted directly 
through space rather than along the intervening chain of atoms. 
The evidence then provided was, however, qualitative and 
indirect. For a valid comparison of reactivities the reactions 
compared must be analogous, and doubt was possible on this point 


readily yielded the cyclic sulpionium bromide | R'S< 
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since neither the 3-hydroxy-sulphide in question nor the bromo- 
sulphide into which it was assumed to have been converted was 
actually isolated. The following possibilities have been considered : 
(a) that the hydroxy-sulphide might have been converted directly 
into the cyclic sulphonium hydroxide before reacting with hydro- 
bromic acid (compare Part I, p. 478, footnote); and (6) that the 
hydroxy-sulphide might have been converted directly into the 
sulphonium bromide without the intermediate formation of the 
open-chain bromosulphide. 

The synthesis of phenyl 8-hydroxybutyl and ¢-hydroxyamyl 
sulphides (Bennett and Heathcoat, J., 1929, 268) made it possible 
to remove these uncertainties and obtain confirmation of the earlier 
result. These sulphides were subjected together with phenyl 
y-hydroxypropyl sulphide to the action of fuming hydrobromic 
acid under identical conditions. In equal times the extent of 
reaction was for the y-hydroxy-sulphide 1-0%, for the 3-hydroxy- 
sulphide 90°, and for the e-hydroxy-sulphide 1-3%. 

There can be little doubt that the original assumptions as to the 
course of the reactions involved were correct. The properties of 
phenyl 8-hydroxybutyl sulphide at once dispose of the supposition 
(a), for the substance has no tendency to ring closure at 100°. In 
order to eliminate the possibility (b) it seemed desirable to isolate 
the halogenated sulphide itself, or some derivative of it obtained 
without ring closure, and to test whether the yield in this reaction 
would be higher than that from the related y-hydroxy-sulphide. 
This was effected by allowing hydrogen chloride to act on the 
y- and 8-hydroxy-sulphides under similar conditions, the product 
from the latter being isolated as 1 : 4-diphenylthiolbutane 
(‘CH,°CH,°SPh),. The experiment proved that in the reaction 
with hydrogen chloride the 8-hydroxy-sulphide was converted first 
into the halogenated sulphide and reacted much faster than the 
y-hydroxy-sulphide. It seems reasonable to assume that the 
reactions with hydrobromic acid are analogous. 

In attributing the enhanced reactivity of the 3-hydroxyl group 
to a direct polar effect of the sulphur atom on the CH,*OH group 
it is not necessary to regard the molecule of phenyl 8-hydroxybuty! 
sulphide as having a permanently coiled configuration with Cs; and 
S adjacent in space. The augmented reactivity can only arise 
when CH,°OH and § approach within a certain distance of each 
other. The relative probabilities of such an approach occurring 
in the 8- and e-hydroxy-sulphides should be similar to those 
revealed by the relative speeds of self-addition of the corresponding 
8- and e-chloro-sulphides to yield cyclic sulphonium salts (Part III, 
J., 1929, 2567), and it is consequently significant that the ratio of 
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the reactivities of the hydroxyl groups in the 3- and ¢-positions is 
of the same order as the ratio of speeds of self-addition found for 
the 3- and ¢-chloro-sulphides. 

The increase of reactivity of the hydroxyl group in the 8- as com- 
pared with that in the y- or ¢-position is large: but from the point 
of view just indicated it is clear that the actual increase of reac- 
tivity at the moment when the atoms § and C; are adjacent in space 
must be of a still higher order. 

It has been pointed out recently (Lapworth and Manske, J., 
1928, 2536) that the effect of the external electrostatic field of a 
group (direct polar effect) can not be disentangled with certainty 
from polar influences transmitted through a single interposed 
atom, and some uncertainty of the same kind is unavoidable in dis- 
cussing direct polar effects in aromatic substitution where the 
intervening atoms form a conjugated system (compare Ingold, Rec. 
trav. chim., 1929, 48, 807; Lapworth and Robinson, Mem. Man- 
chester Phil. Soc., 1928, 72, 43). But there is a variety of evidence 
that internally propagated influences are negligible after the third 
atom of a saturated carbon chain and the elucidation of the various 
effects which determine the second dissociation constants of dibasic 
acids has been worked out on this basis in a very convincing manner 
(Gane and Ingold, J., 1928, 1594, 2267; 1929, 1691). Direct and 
internally propagated polar effects may therefore be indistinguish- 
able in the «- and $-hydroxy-sulphides, but the effect observed in 
the 8-hydroxy-sulphide must be a direct one free from other 
complications. 

Direct Polar Effect of the Methyl Group.—The increased strength 
of ortho- as compared with meta- and para-substituted benzoic 
acids may, as suggested by Lapworth and Manske (loc. cit., p. 2539), 
be taken as.evidence of a direct polar effect of the substituent on 
the carboxyl group. The direct effect thus exerted by a nitro- 
group or a chlorine atom is of the same sign as that of the general 
polar effect of these groups substituted in the meta- or para-position 
in benzoic acid or in aliphatic acids. But the methyl group appears 
to be anomalous in that the effect it produces is of the opposite sign 
from its general polar effect. Thus o-toluic acid (K, 11-7 x 10°) 
is stronger than benzoic acid (6-2 x 10-5) while m-toluic acid 
(5-0 x 10°) is weaker, and similar effects are traceable in all the 
polymethylbenzoic acids: Furthermore, Auwers and Wissebach 
have shown (Ber., 1923, 56,715) that of the crotonic acids it is the 
stronger, isocrotonic, in which the methyl group is near the carboxyl 
group in space. 

Regarding the methyl group as a small dipole exerting an electron- 
repulsion towards the remainder of the molecule and along the line 
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of its attachment to it, the force along this same line in the opposite 
direction outside the group must be of the opposite sign, namely, 
an electron-attraction. Similarly for any axially symmetrical atom 
or group there should be a field outside it of opposite sign from its 
general polar effect. The apparent anomaly in the effects of the 
methyl group is evidence of a characteristic variation of the field 
close to it in space, but this is consistent with the accepted structure 
of the group. A consideration of the charges present and their 
distribution (assuming that the shared electrons, even though 
moving in orbits, may be regarded as situated on the average between 
the carbon atom and the hydrogen nuclei) shows that the methyl 
group should differ from such a substituent as the chlorine atom in 
having an outer field of a more diffuse character persisting over a 
wider angular range. As a consequence of this the opposed direct 
polar effect of the methyl group of o-toluic acid reaches the carboxyl 
group, but not so that of the chlorine atom in o-chlorobenzoic 
acid. 

Further support for these conceptions is obtained from an 
examination of the strengths of the halogenobenzoic acids. The 
general polar effect of fluorine is greater, as shown by the strengths 
of the substituted acetic acids, than that of chlorine, yet the extra 
strength shown by the ortho-substituted benzoic acid as compared 
with the meta- or para-isomeride is not greater but much less for 
fluorine than for chlorine or other haiogen as substituent (dissoci- 
ation constants : m-F 13-4; o-F 31:5; m-Cl 15-5; o-Cl130 x 10°). 
This again was to be expected, for fluorine has a smaller atomic 
diameter than chlorine (Bragg, Phil. Mag., 1926, 2, 258), so that 
in o-fluorobenzoic acid the carboxyl group is nearer to the reversed 
outer field of the substituent than in the chloro-acid. 

The direct polar effect of the methyl group can be traced in 
certain other instances. Its influence on the strength of the normal 
aliphatic acids cannot be large, as the methyl and carboxyl groups 
are free to move and will be only intermittently near each other, 
but some increase in strength is nevertheless to be expected if the 
approach of these groups is sterically easy. This is in fact the case, 
for n-butyric acid (K, 1-5 x 10) is stronger than propionic or 
mheptoic acid (each having K, 1-3 x 10-5). Moreover, when the 
chance of approach of the terminal groups is increased by a branch- 
ing of the chain, the effect is increased, as in isovaleric acid (K, 
7 x 10°) and diethylacetic acid (K, 2-0 x 10°), although the 
general polar effect in these cases would be expected to have an 
opposite tendency. 

The converse influence upon the strengths of bases is also evident 
from the fact that o-toluidine is weaker, although m- and p-toluidines 
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are stronger, than aniline. It is probable that the low value of the 
true dissociation constant of trimethylamine (0-72 x 10°’) as 
compared with that of dimethylamine (14:2 x 10-’) (Moore and 
Winmill, J., 1912, 101, 1672) arises from the same kind of effect. 

Lastly it may be pointed out that the field in the neighbourhood 
of methyl groups may be a factor contributing to the well-known 
valency-deflexion effects studied by Thorpe and Ingold. According 
to their theory it is the larger volumes occupied by the methyl 
groups in a gem-dimethyl group as compared with hydrogen atoms 
which causes the valency-deflexion. The suggestion now made is 
that the two methyl groups will by means of their outer fields exert 
a repulsive force on each other and on the adjacent methylene 
groups in the particular orientation which these must adopt in ring- 
closure. It will be seen on consideration that the volume effect is 
itself determined by electrical forces, but these must be between 
the carbon atoms chemically bound together, whereas the repulsion 
now suggested will arise chiefly between hydrogen atoms adjacent 
in space. 

EXPERIMENTAL. 

Conversion of Phenyl 8-Chlorobutyl Sulphide into 1 : 4-Diphenyl- 
thiolbutane.—The chloro-sulphide was heated with a boiling alcoholic 
solution of sodium thiophenoxide for } hour, the solution acidified, 
and the alcohol and any excess of thiophenol removed in a current 
of steam. The oil solidified on cooling and was crystallised from 
ethyl alcohol. 1 : 4-Diphenylthiolbutane was thus obtained in good 
yield as silvery plates, m. p. 85°, insoluble in water but readily soluble 
in most organic solvents (Found: S, 23-4. C,,H,,S, requires 
S, 23-4%). 

Action of Hydrogen Chloride on Phenyl y-Hydroxypropyl and 
3-Hydroxybutyl Sulphides.—A weighed quantity of each substance 
was heated in a small tube in a bath at 50° while dry hydrogen 
chloride was passed in for 5 minutes. The product from the 
y-hydroxy-sulphide was taken up in ether, and the solution well 
wa8hed. A determination of combined chlorine by Robertson’s 
method on the residue from the evaporation of the ether showed 
that the hydroxy-sulphide had suffered reaction to the extent of 
3°7%. The product from the 3-hydroxy-sulphide was added to an 
alcoholic solution of sodium thiophenoxide in excess and the mixture 
was boiled and then distilled in steam. The oil left in the flask 
solidified on cooling and was diphenylthiolbutane in a practically 
pure condition, m. p. 84°, not depressed by admixture of a pure 
specimen. The yield (33-2%) of this substance must represent that 
portion of the chloro-sulphide produced that had not already 
undergone ring-closure. 














F the 


and 
tect. 
hood 
own 
ding 
thyl 
toms 
de is 
>xert 
ylene 
ring- 
ct is 
ween 
Ision 
cent 


enyl- 
holic 
ified, 
rrent 
from 
good 
luble 


uires 


and 
bance 
‘ogen 
the 
well 
son’s 
owed 
nt of 
to an 
xture 
flask 
cally 


pure 
that 
eady 











PUGH : GERMANIUM. PART VIII. 2369 


Action of Hydrobromic Acid on y-, 8-, and e-Hydroxy-sulphides.— 
A weighed sample of each sulphide was mixed with an excess of 
fuming hydrobromic acid maintained at laboratory temperature by 
water-cooling and the mixture was agitated for 5 minutes by means 
of a current of hydrogen bromide. In the case of the y- and 
e-hydroxy-sulphides the mixture was then diluted, the oil removed 
in ether, and the extract washed, dried, and evaporated. The 
combined bromine was then determined by Robertson’s method. 
The percentage conversion into bromo-sulphide was found by 
duplicate experiments : 

Phenyl] y-hydroxypropy] sulphide ............... 1-16%, 0:92%. 
Pheny] e-hydroxyamy] sulphide.................+ 1.16%, 1-36%. 

The reaction with phenyl 3-hydroxybutyl sulphide differed from 
the others in that the substance dissolved immediately in the 
aqueous hydrobromic acid. The solution at the end of the reaction- 
time was extracted with ether to remove any unaltered hydroxy- 
sulphide, and an excess of potassium bromoaurate added. The 
precipitate of  phenyltetramethylenesulphonium bromoaurate, 
[Ph-SC,H,]AuBr,, was collected and washed twice with water and 
twice with alcohol, in which it was sparingly soluble (yield, 90-0%) 
(Found : Au, 28-7. C,)H,,Br,SAu requires Au, 28-9%). It formed 
a dark red, crystalline powder, m. p. 120° (decomp.). 


THE University, SHEFFIELD. [Received, August 8th, 1930.] 





CCCVITI.—Germanium. Part VIII. The Sulphides 
of Germanium. 


By Wiu1aM Puce. 


THE object of the present investigation was to prepare germanium 
monosulphide in order to determine its behaviour towards certain 
reagents, which will form the subject of a further communication. 

Germanium monosulphide was prepared from the disulphide by 
Winkler (J. pr. Chem., 1886, 34, 215) by heating it with the metal 
in a stream of carbon dioxide, and also by reducing it with hydrogen. 
Dennis and Joseph (J. Physical Chem., 1927, 31, 1716) examined 
the latter method and found the optimum temperature to be 480°. 
The author has confirmed this observation: volatilisation of 
germanium disulphide does not commence below 480°. 

Both these methods, however, involve the preliminary preparation 
of the disulphide, which, according to the methods hitherto described, 
istedious. Dennis and Joseph (loc. cit.) prepared it by precipitating 
strongly acid solutions of germanium dioxide with hydrogen sulphide. 
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In this method, a high concentration of acid is essential and the 
washing process is very troublesome because the cake forms channels 
on the filter. In view of this, and of the fact that the dioxide is 
the usual final product obtained during the extraction of germanium, 
attempts were made to prepare these sulphides direct from the 
dioxide. 

Crystalline Germanium Disulphide. The Action of Sulphur Vapour 
on Germanium Dioxide.—Preliminary experiments showed that ger- 
manium dioxide is only very slowly affected by sulphur below its 
boiling point. In one experiment, a weighed quantity of germanium 
dioxide was heated in a Rose crucible, with an excess of pure sulphur, 
in a current of carbon dioxide, and at least three lots of sulphur 
were required to convert half of the dioxide into disulphide. In 
another series of experiments, germanium dioxide was heated in a 
porcelain boat in a combustion tube and a slow stream of sulphur 
vapour was carried over it by means of carbon dioxide. At 400° a 
faint test for sulphur dioxide was obtained and the surface of the 
oxide turned yellow. At about 530° a faint yellowish-white 
sublimate appeared on the cool part of the tube above the boat, 
but the reaction was extremely slow. At 850° a much stronger 
test for sulphur dioxide was obtained and sublimation was much 
faster, but still very slow, about 4 hours being required to convert 
1 g. of dioxide into disulphide. At this temperature, germanium 
disulphide volatilises rapidly. By maintaining the cooler parts of 
the tube above the boiling point of sulphur, the disulphide was 
obtained pure and uncontaminated with sulphur. In most of these 
experiments, the sublimate was seen to consist of two types of 
material, both of which, however, analysed as pure germanium 
disulphide. The portion deposited just outside the hottest part of 
the tube was yellowish, hard, and coherent, and it seemed to have 
been partially fused: indeed, in some of the experiments it had 
been completely fused and was obtained as an amber-coloured, 
transparent glass. The portion deposited on the cooler parts con- 
sisted of white, pearly, iridescent scales, recalling the appearance 
of tinsel. In some of the experiments, where a rapid current of 
carbon dioxide was employed to carry the vapour away from the 
hot regions, the whole of the sublimate consisted of these lustrous 
scales. For analysis, they were treated with dilute ammoniacal 
hydrogen peroxide, in which they dissolved without separation of 
sulphur (Found : §, 46-80. Cale. for GeS,: S, 46-90%). 

Volatilisation of Germanium Disulphide.—It is stated that ger- 
manium disulphide shows but little tendency to crystallise of 
volatilise (Mellor, ‘Comprehensive Treatise on Inorganic and 
Theoretical Chemistry,’ Vol. VII, 274), but this is contrary to the 
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author’s experience. Both the crystalline disulphide, prepared as 
described, and the amorphous disulphide prepared by precipitation 
were heated in an electric furnace in a current of carbon dioxide. 
At 480°, no trace of sublimate had appeared in 2 hours; at 500°, a 
faint white film appeared on the cool parts in the course of 2 hours, 
and at 800—850°, sublimation became very rapid. Many such 
experfments were carried out, and in all cases it was found that 
the disulphide volatilised readily at 800°. The mass turned yellow 
below a dull red heat and melted in the neighbourhood of 800° to 
a dark liquid. 

The Action of Hydrogen Sulphide on Germanium Dioxide.—When 
germanium dioxide was similarly heated in a current of hydrogen 
sulphide, the first evidence of reaction appeared at about 420°, a 
black metallic glint appearing on the cool parts of the tube and the 
surface of the oxide becoming dark grey. Since the disulphide 
does not volatilise at this temperature, the sublimate probably 
consists of pure germanium monosulphide, but this was not inves- 
tigated because the rate of reaction was too slow. At 700—800°, 
the reaction became quite rapid but the product was invariably a 
mixture. The sublimate on the hotter parts of the tube was 
practically pure white, crystalline germanium disulphide, as already 
described, and that on the cooler parts consisted of black lustrous 
crystals of almost pure monosulphide. The great bulk of the 
material was a mixture of the two, the disulphide forming about 
90% of the total. By carrying out this operation in the presence 
of sulphur vapour, the formation of the monosulphide was prevented 
and the pure crystalline disulphide was obtained. This method of 
preparing germanium disulphide is simpler than that already 
described because reduction with hydrogen sulphide proceeds more 
readily than with sulphur vapour. The best method of all, how- 
ever, consists in preparing germanium monosulphide, as described 
below, and subliming this in sulphur vapour. 

Germanium Monosulphide. The Action of a Mixture of Hydrogen 
Sulphide and Hydrogen on Germanium Dioxide—The action of 
hydrogen sulphide alone on germanium dioxide yields essentially 
germanium disulphide, which, however, is readily reduced by 
hydrogen to the monosulphide. A mixture of the two gases would, 
therefore, be expected to afford a convenient way of preparing the 
monosulphide from the dioxide. This has been found to be the 
case. The proportion of hydrogen in the mixed gases was varied 
between 1 and 3 vols. per vol. of hydrogen sulphide, but there was 
no appreciable alteration in the composition of the ultimate product ; 
in the majority of the experiments the volume of hydrogen was in 
the ratio 2:1. At 500°, the reaction is too slow, very little sublim- 
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ation occurring in several hours; at 600°, it is fairly rapid, the 
dioxide turns black, and at a slightly higher temperature it melts 
to a dark liquid. Volatilisation is rapid at 700° and about 10 g. of 
dioxide may be volatilised as monosulphide in a few hours. The 
sublimate obtained was in all cases free from visible traces of white 
germanium disulphide. It consisted of black, lustrous, opaque 
crystals adhering firmly to the sides of the tube, with, in’some 
cases, a very small proportion of reddish-brown powder deposited 
in the cooler parts. A typical analysis of the black material as 
withdrawn from the tube was Ge, 68-9; S, 31-0 (Calc. for GeS: 
Ge, 69-34; S, 30-66%). Evidently, the material contained a trace 
of germanium disulphide. The whole product was, therefore, 
pulverised and digested over-night with cold dilute ammonia. About 
5% of the material dissolved, and the dried residue was shown by 
analysis to be pure germanium monosulphide (Found: Ge, 69-33; 
8, 30-52%). 

Dennis and Joseph (loc. cit.) found difficulty in analysing this 
substance because of its resistance to the action of solvents. This 
is certainly true of the crystalline mass; the finely powdered 
material, however, is readily soluble in strongly alkaline liquids, 
and, although it is not appreciably soluble in ammonia, it is dissolved 
vigorously by ammoniacal hydrogen peroxide without separation 
of sulphur. Furthermore, the presence of germanium in the resulting 
liquid, according to the results of numerous analyses, does not 
appear to have any appreciable influence on the accuracy of the 
estimation of sulphur as barium sulphate. 

The method just described forms, therefore, a very convenient 
way of preparing germanium monosulphide, in quantity, direct 
from the dioxide. According to Winkler (loc. cit.), even germanium 
monosulphide is reduced by hydrogen at high temperatures, and 
there is some confirmation of this in the results of one of the runs 
made with the mixture of gases used in the present work. In this 
run, the temperature of the furnace was about 750°, and the product, 
after the treatment already described, contained Ge, 69-50 (Calc. 
for GeS : 69-34%). 

The Properties of Germanium Monosulphide—The product ob- 
tained by this method of preparation corresponds in every respect 
with that described by Dennis and Joseph. It consists of heavy, 
black, glistening, opaque crystals, with a high lustre and resembling 
molybdenite or iodine. The crystals are of different habits, most 
of them being in the form of thin plates and needles, but occasionally 
large, fern-like growths occur. The monosulphide was insoluble in 
water, alcohol, benzene, or xylene. It had di 4-012. It just 
scratched aluminium, but it was uncertain whether it scratched, or 
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was scratched by, rock-salt; its hardness is therefore 2 on Moh’s 
scale. It melted in the neighbourhood of 530° to a black liquid, 
and volatilised rapidly above 650°. The coarse, crystalline material 
was only with difficulty attacked by acids and alkalis, even on 
boiling, but the finely powdered material dissolved readily in hot 
dilute caustic alkalis and in moderately concentrated hydrochloric 
acid. Hydrogen sulphide was liberated with the latter. From 
the solutions in caustic alkalis, acids reprecipitated amorphous, 
reddish-brown germanium monosulphide. It was difficultly soluble 
in ammonium hydroxide and in ammonium sulphide, but rather 
more so in yellow ammonium sulphide, from which the white 
disulphide was precipitated by acids. Dilute nitric acid dissolved 
it slowly when hot, and the concentrated acid attacked it vigorously, 
sulphur and germanium dioxide separating. It reacted with chlorine 
and bromine in the cold with evolution of much heat. 

The Properties of Germanium Disulphide.—Crystalline germanium 
disulphide forms white, pearly scales and arborescent growths, of 
dit; 2-942. It is only with difficulty wetted by water and is remark- 
ably resistant to attack even by boiling concentrated acids. Con- 
centrated nitric acid attacks it slowly on boiling, but it dissolves 
readily in hot caustic alkalis, and slowly on digestion with ammonium 
hydroxide in the cold. It melts at about 800° to a dark liquid, 
which solidifies to an amber-coloured transparent glass, d 5-81. 


Summary. 


1. The behaviour of germanium dioxide towards sulphur and 
hydrogen sulphide has been studied. 

2. Crystalline germanium disulphide has been prepared by heating 
the dioxide in hydrogen sulphide carrying sulphur vapour. 

3. Germanium monosulphide is easily prepared by heating the 
dioxide in a mixture of hydrogen and hydrogen sulphide. 

4. Some of the properties of these substances are described. 


In conclusion, the author wishes to thank Professor J. Smeath 
Thomas for the use of the material with which the work was 
carried out. 


UNIVERSITY OF CAPE Town. | Received, September lst, 1930.] 
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CCCIX.—A New Synthesis of Creatine and 
Alacreatine. 
By Harotp Kina. 


Onz of the most convenient methods for the preparation of alkylated 
guanidines was worked out by Wheeler and Jamieson (J. Biol. 
.Chem., 1908, 4, 111), who allowed primary or secondary amines to 
react with the alkyl iodide addition products of thiocarbamide. 


NH:C(NH,)*SMe,HI 4+- NHMe, —-> NH:C(NH,)-NMe, -+ MeSH. 


With one exception, which seems to have been generally over- 
looked, this reaction has apparently never been applied to the 
naturally occurring amino-acids. In an earlier paper Wheeler and 
Merriam (Amer. Chem. J., 1903, 29, 478) had shown that glycine 
and methylisothiocarbamide hydriodide reacted in the presence of a 
molecular proportion of alkali to give glycocyamine (guanidino- 
acetic acid) : 

NH,°CH,°CO,H + NH:C(NH,)-SMe,HI ——> 
NH,-C(°NH)-NH-CH,°CO,H. 

The reaction may in fact be regarded as an improved modification 
of Strecker’s synthesis of glycocyamine from glycine and cyanamide, 
since methylisothiocarbamide when liberated from its salts breaks 
down into methyl mercaptan and nascent cyanamide. 

The value of Wheeler and Merriam’s synthesis has been confirmed 
by the author by the isolation of guanidinoacetic acid in 90%, yield. 
The reaction has now been applied to N-methylamincacetic acid 
(sarcosine) and to dl-x-aminopropionic acid (alanine) with the 
production of the corresponding guanidino-acids, namely, creatine 
and alacreatine respectively. These three biologically important 
nitrogenous compounds have been converted by suitable cyclisation 
methods into the corresponding anhydrides, namely, glycocyamidine, 
creatinine, and alacreatinine. The six substituted guanidines so 
obtained have been characterised by preparation of hydrochlorides 
and picrates, since, as often happens with materials of biological 
origin, there are great discrepancies in the literature of these com- 
pounds. 

Two points only need further discussion. According to Woérner 
(Z. physiol. Chem., 1899, 27, 7) creatine and picric acid solutions 
when mixed give creatinine picrate, and Folin (J. Biol. Chem., 1914, 
17, 463) reports that contrary to the statements in the literature 
creatine and creatinine are easily precipitated by picric acid. The 
cause of the uncertainty which has hitherto existed with regard to 


eo a ek =e me a lm lum Ce 


ws o> 5 








NE. 


iol. 
3 to 


ver- 
the 
and 
cine 
of a 
ino- 


oH. 


tion 
ide, 
oaks 


med 
ield. 
acid 

the 
tine 
tant 
ition 
line, 
Ss sO 
rides 
gical 
com- 


yrner 
tions 
1914, 
uture 

The 
rd to 








KING: A NEW SYNTHESIS OF CREATINE AND ALACREATINE. 2375 





creatine picrate arose, no doubt, from the observation, now appar- 
ently put on record for the first time, that creatine and creatinine 
picrates melt at almost the same temperature and that a mixture 
of the two shows no depression. The crystalline appearance of the 
two picrates, their solubilities and analytical figures, however, leave 
no uncertainty as to their difference. 

The second point concerns some observations made by Séll and 
Stutzer (Ber., 1909, 42, 4539), who claimed to have prepared a 
bimolecular guanidinoacetic acid by the action of guanylearbamide 
on chloroacetic acid. The only evidence adduced in support of this 
so-called bimolecular acid was that it decomposed at about 300°, 
that is, higher than the m. p. at that time attributed to guanidino- 
acetic acid, that it gave a half-picrate, m. p. 235—237°, whereas 
normal guanidinoacetic acid picrate is stated to melt at 201°, and 
that it was converted into ordinary guanidinoacetic acid by boiling 
with concentrated hydrochloric acid. According to the present 
author’s observations, postulation of a bimolecular acid is un- 
necessary, since guanidinoacetic acid is unmelted at 300° and forms 
two picrates, a half-picrate, m. p. 242°, and a normal picrate, m. p. 
210°. 

EXPERIMENTAL. 

Glycocyamine.—Glycine (7-5 g.) was dissolved in 100 c.c. of 
N-potassium hydroxide (1 mol.), and methylisothiocarbamide 
hydriodide (21-7 g.; 1 mol.) added. The solution was slowly 
evaporated under reduced pressure, the temperature of the external 
bath being regulated at 50°, and the evolved methyl mercaptan 
being absorbed by alkaline permanganate solution. A succession 
of crystalline crops of glycocyamine was collected amounting to 
10:55 g. (90%, of the theoretical yield). . They were recrystallised 
from the minimum volume (330 c.c.) of boiling water. The pure 
material crystallised in small rectangular plates (10-2 g.). It was 
unmelted at 300°, in agreement with Nicola (Giorn. Farm. Chim., 
31, 241); Wheeler and Merriam (loc. cit.), however, give m. p. 
250-—260° (decomp.) (Found: N, 35-9. Cale.: N, 35-9%). 

The hydrochloride crystallises from concentrated hydrochloric 
«id in large plates, m. p. 200° (with efferv.) (Korndorfer, Arch. 
Pharm., 1905, 242, 622, gives m. p. 191°). 

On mixing glycocyamine and picric acid (1-05 mols.) in hot water 
and allowing the solution to cool, needles of glycocyamine picrate, 
m. p. 210° (decomp.), separated (Wheeler and Merriam give m. p. 
2°) (Found : picric acid as nitron picrate, 67:1. Calc. : 66+2%). 
When recrystallised from 25 volumes of boiling water, this picrate 
fave the half picrate, crystallising in plates, and later the normal 
icrate, crystallising in needles. The half picrate is more readily 








det age 


2376 KING: A NEW SYNTHESIS OF CREATINE AND ALACREATINE. 
































obtained by using half a molecular proportion of picric acid in i‘ 
preparation. It then crystallises homogeneously in laminated) 
plates, m. p. 242° (decomp.) (S6ll and Stutzer, loc. cit., give m. p.| 
235—237°) [Found: picric acid as nitron picrate,49-6. (C,;H,O.N3)p. 
C,H,0,N, requires picric acid, 49-4°%]. i 
#lycocyamidine.—Glycocyamine (6 g.) was converted into glyco 
cyamidine by heating under pressure with 45 c.c. of concentrate 
hydrochloric acid for 6-5 hours at 150°. It was isolated in 749 
yield as the hydrochloride by crystallisation from alcohol, and om. 
recrystallisation gave a 66°, yield of pure glycocyamidine hydro} } 
chloride, m. p. 213° (Pyman and Fargher, J., 1919, 115, 242, giv . 
m. p. 211—213° corr.) (Found: Cl, 26-0. Cale.: Cl, 26-2%). : 
The base liberated by ice-cold aqueous ammonia is very solubk ( 
( 
I 


in water. It turns brown near 240° and chars gradually up to 300° 
The picrate is readily soluble in hot water and crystallises in lo 

silky needles, m. p. 214—215° (decomp.) (Fargher and Pym 
give m. p. 215—216° corr.) (Found: picric acid as nitron picra 
69-9. Cale.: 69-8%). It also crystallises in a more stable for 


























on long keeping of its solution, as orange plates which melt at th " 
same temperature as the needles. This is apparently the for 
obtained by Abderhalden and Sickel (Z. physiol. Chem., 1928, 179 | 
54). 
Alacreatine.—This base, prepared in the same way as glycocyami 
from 8-9 g. of alanine, was obtained in 65°, yield. The mothe “ 
liquors contain some unchanged alanine. On crystallisation of t 37 
crude alacreatine from 4 volumes of boiling water, it separated ij |, 
narrow rectangular plates, m. p. 246—247° (efferv.) (Bauma se 
Ber., 1873, 6, 1371, gives m. p. 180°, and Ramsay, Ber., 1908, 4 (F 
4388, gives m. p. 226° corr.) (Found: N, 32-2. Cale.: N, 32-1%} , 
The picrate is soluble in 9 volumes of boiling water and crystallisq ~ 
in glistening yellow needles, m. p. 187° (decomp.) (Found : pict 
acid as nitron picrate, 63-5. C,H,O,N;,C,H,0,N, requires pict 
acid, 63-6%). CC 
Alacreatinine.—Alacreatine was evaporated to dryness twi 
with concentrated hydrochloric acid and the crystalline alacreatini 
hydrochloride formed was crystallised from 3 volumes of boili 
absolute alcohol. Alacreatinine hydrochloride separated in cl B 
glassy crystals, m. p. 203—204° (Fargher and Pyman give 202—205} In 
corr.). The picrate is soluble in 14 volumes of boiling water aDf att, 
crystallises in needles, m. p. 214—215° to a red liquid which 800 con 
decomposes (Fargher and Pyman give 212° corr.). The base Wisoq 


obtained by the action either of the calculated amount of silv 
oxide or of excess of ice-cold 2V-ammonia on the hydrochloride 
Crystallised from water, it separates in clear spiked prisms, m. } 
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1 in °° \*$>]_222° (efferv.) (Fargher and Pyman give 222—223° corr.). 
inated! mixed m. p. with a sample made by Fargher and Pyman from an 
slag 2 P azoglyoxaline and for which I am indebted to Dr. Henry, Director 
OzNs)y' 4f the Wellcome Chemical Research Laboratories, showed no de- 
pression of m. p. (Found: H,O, 12-2; N in anhydrous material, 36-8. 
 B1YCO} Cale. : H,O, 13-7; N, 37-1%). Alacreatinine is gradually changed 
ntrateq by boiling with water, probably through formation of alacreatine. 
in 744° Creatine.—Sarcosine hydrochloride (18-8 g.) was treated with 
and of 300 c.c. of N-potassium hydroxide, and methylisothiocarbamide 
hy dro hydriodide (32-7 g.) added. The solution was evaporated under 
t2, 8!V4 reduced pressure at 50°. The crude creatine (yield 8-75 g. or 40%) 
»): was recrystallised from the minimum volume of boiling water 
soluble (50 c.c.) and separated in large rectangular tablets, m. p. 303° 
(Found : H,O, 12-6, 12-3; N in anhydrous material, 32-1. Cale. : 
H,O, 12:1; N,32-1%). The picrate, prepared from the components 
in hot aqueous solution, was recrystallised from the minimum volume 
(17 parts) of boiling water and separated as a felt of woolly needles, 
m. p. 218—220° to a red liquid with decomp. (Found : picric acid as 
nitron picrate, 64-2. CyH,O,N,,C,H,0,N, requires picric acid, 63-6% )- 

Creatinine.—Pure creatine was evaporated to dryness with 4 
volumes of concentrated hydrochloric acid and the residue was 
dissolved in a small volume of water and cooled in ice. On addition 
of excess of concentrated aqueous ammonia creatinine separated in 
mothey nal prisms, m. p. 305° (decomp.) (Found: N, 36-7. Calc.: N, 
n of .. 37-1%). The picrate is slightly less soluble than creatine picrate 
rated if ang requires 23 volumes of boiling water to effect its solution. It 
separates in long, silky, yellow needles, m. p. 220—221° (decomp.) 
"| (Found : picric acid as nitron picrate, 67-4. Calc.: 67-0%). 
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CCCX.—The Optically. Active Diphenylhydroxyethyl- 
3s twi amines and isoHydrobenzoins. Part III. Optic- 


oe ally Active Diphenylethylene Oxides. 

in cle By Joun ReEAp and IsHpe~ GRAcE MacNAauGHTON CAMPBELL. 
)2—201 IN the preceding papers of this series (J., 1927, 910; 1929, 2305), 
ater alfattention has been drawn to the difficulty of deciding between 


Hconfigurations (I) and (II) for diphenylhydroxyethylamine or 
» base Fisodiphenylhydroxyethylamine : 


of silv OH NH H NH 

: 2 eed 
chloride (I.) oe Se Ph-O—C-Ph (II.) 
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The formation of d-isohydrobenzoin and internally compensated 
hydrobenzoin from both d-isodiphenylhydroxyethylamine and 
l-diphenylhydroxyethylamine by the action of nitrous acid proves 
that in each case one of the products is the result of a configurational 
change (compare J., 1927, 911): treatment with nitrous acid thus 
affords no evidence at all concerning the molecular configurations 
of the stereoisomeric bases. 

It occurred to us that a more definite result might perhaps be 
achieved by preparing 2 : 3-diphenylethylene oxide from an opticaliy 
active base of each type, through the corresponding quaternary 
ammonium hydroxide, Ph*CH(OH)-CH(NMe,°OH)-Ph. Rabe and 
Hallensleben (Ber., 1910, 43, 884; compare Emde and Runne, Ber., 
1910, 43, 1727) found that dl-diphenylhydroxyethylamine when 
treated in this way gave an oxide melting at 69°, while the dl-iso- 
base yielded a stereoisomeric oxide melting at 42°. An inspection 
of configurations (III) and (1V) shows that one of these products 
(III) should be internally compensated cis-2 : 3-diphenylethylene 
oxide and that the other (IV) should be the externally compensated 
trans-form : 





Ph! Ph Ph H 

(III.) C iC 6-0 (IV.) 
[N77] NZ | 
HOH H ° Ph 


The quaternary ammonium iodides derived from dl- and 1-isodi- 
phenylhydroxyethylamine were readily prepared by a modification 
of the method of Rabe and Hallensleben, and when steam distilled 
with silver oxide each of them furnished the same optically inactive 
2 : 3-diphenylethylene oxide, m. p. 42°. d-Diphenylhydroxyethy]- 
amine, however, when treated similarly yielded an optically active 
oxide, with m. p. 69—70° and [«]) —306° in ethyl alcohol; the 
antimeric oxide was obtained from /-diphenylhydroxyethylamine, 
and an equimolecular mixture of the d- and /-forms of this oxide 
melted at 69—70°. It is thus evident that isodiphenylhydroxy- 
ethylamine yields internally compensated cis-2: 3-diphenylethylene 
oxide, with configuration (III), and that diphenylhydroxyethyl- 
amine gives trans-2 : 3-diphenylethylene oxide (IV). 

From this investigation it is therefore seen that d-diphenyl- 
hydroxyethylamine, m. p. 143°, [«]p -+ 10-7° (alcohol), yields 
l-isohydrobenzoin, m. p. 146°, [«]» —92-0°, when treated with 
nitrous acid, and gives l-trans-2 : 3-diphenylethylene oxide, m. Pp. 
69—70°, [«]» —306°, by the reaction just mentioned; whereas 
l-isodiphenylhydroxyethylamine, m. p. 115°, [«], —133°, gives rise 
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similarly to /-isohydrobenzoin and cis-2 : 3-diphenylethylene oxide, 
m. p. 42°. 

In every instance the yield of oxide approached the calculated 
amount, and the product was homogeneous. This fact renders it 
very unlikely that configurational changes have taken place during 
the formation of the oxides, since the changes must then be assumed 
to proceed quantitatively in opposite directions under the same 
experimental conditions. It appears, therefore, that configurations 
(I) and (II) must be assigned to diphenylhydroxyethylamine and 
isodiphenylhydroxyethylamine, respectively, the more symmetrical 
base (II) thus possessing the lower melting point and the higher 
rotatory power. 

The stereoisomeric 2 : 3-diphenylethylene oxides are proved to 
be unimolecular. The plane of symmetry of the cis-form (shown 
by the broken line) becomes an axis of symmetry in the trans-form 
(IV). Another example of the same fundamental type of a simple 
cyclic structure displaying optical activity is evident in fumaryl- 
glycidic acid, m. p. 215° (VI), which has recently been resolved into 
antimeric forms, having [«]p +-100° (water), by Kuhn and Ebel 
(Ber., 1925, 58, 919; 1926, 59, 2514). The stereoisomeric maleinyl- 
glycidic acid (V) has a lower melting point (144—145°) than the 
trans-form, and is optically inactive by internal compensation : 


HO,C CO,H HO,C 6H 


© C— 
ix) iv 


The passage from the open structure of l-isohydrobenzoin to the 
three-membered ring of the trans-oxide is attended by a change in 
the value of [«], from —92-0° to —306° (alcohol), the effect of the 
small ring on the optical rotatory power being very marked; the 
corresponding values in benzene solution are —128° and —374°. 
The symmetric cis-oxide, like the acid (V) above, has the lower 
melting point; the d-, /-, and dl-forms of the trans-oxide all melt at 
one temperature, and the melting points of mixtures of the d- and 
l-forms give rise to a characteristic racemate curve. 

The marked stability of the 2 : 3-diphenylethylene oxides towards 
such reagents as Fehling’s solution, potassium permanganate and 
chromic acid (compare Rabe and Hallensleben, loc. cit.) may be 
correlated with the views of Thorpe and Ingold on the effect of 
substituents in relieving the strain inherent in small ring-systems. 
It is therefore all the more remarkable that when kept in ethyl- 
alcoholic solution for about a fortnight I-trans-2 : 3-diphenylethyl- 


q (VI.) 
CO,H 
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ene oxide was transformed completely into J/-isohydrobenzoin 
monoethyl ether (VII), the rotatory power changing meanwhile 
from -—307° to --34-6°. The three-membered ring (IV) thus 
undergoes fission with addition of a molecule of ethyl alcohol : 


Ph H Ph OH 


avy Ot Eo te vm 


> | ern 
i 5 by OEt Ph 


No similar effect has been noticed with methyl or propyi alcohol, 
but it appears that an analogous change is brought about by 
hydrogen chloride in chloroform solution. 

It is of interest that the dl-2 : 3-diphenylethylene oxide which is 
formed in the oxidation of stilbene with perbenzoic acid is now 
shown to be the trans-compound, since its melting point has been 
recorded as 69—70° by Tiffeneau and Lévy (Bull. Soc. chim., 1926, 
39, 763) and 69-5—70-3° by Béeseken and Elsen (Rec. trav. chim., 
1928, 47, 694). In stereochemical agreement with these observations, 
stilbene and allo-stilbene yield predominately isohydrobenzoin and 
hydrobenzoin, respectively, when oxidised with peracetic acid 
(Béeseken and Elsen, loc. cit.). 

The viscid oil which forms the main product of the action of nitrous 
acid on the diphenylhydroxyethylamines (J., 1929, 2313) was 
originally supposed to contain diphenylacetaldehyde or deoxy- 
benzoin (J., 1927, 911), formed as a result of semihydrobenzoin 
transformation, since from the work of McKenzie and his collabor- 
ators on semipinacolinic deamination it is well established that 
migration of hydrocarbon radicals occurs almost invariably in 
interactions between nitrous acid and amino-alcohols of the type 
R,C(OH)-CH(NH,)R’ (see, e.g., J., 1924, 125, 844; Ber., 1929, 62, 
289). Beyond a small amount of benzophenone, however, no 
aldehydic or ketonic constituent could be diagnosed in the oil. 
Acetylation indicated that at least one-third of it consisted of hydro- 
benzoins; and since the material was richer than hydrobenzoin in 
carbon it appeared that diphenylethylene oxides might also be 
present, particularly as we have obtained 2 : 3-di-p-methoxy- 
phenylethylene oxide by the direct interaction of nitrous acid and 
di-p-methoxyphenylhydroxyethylamine. Meerwein’s method of 
disruption with sulphuric acid (Annalen, 1913, 396, 200) failed to 
yield an aldehyde or ketone when applied to the oil, and in this 
respect the material behaved similarly to the trans-oxide (Béeseken 
and Elsen, loc. cit.); but a strong indication that no unimolecular 
ethylene oxide occurs in the product was obtained during an ex- 
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amination of the action of nitrous acid on d-diphenylhydroxyethy]- 
amine. The oily material had [«]) —20-0° in benzene, while the 
corresponding value for the ethylene oxide derived from this base is 
—374°: this value, even in the absence of any 1-isohydrobenzoin 
(which, however, is known to be formed in the reaction) would call 
for the presence of only 5% of the optically active oxide. 

It appears to us that the main constituent of the oil is a chemically 
inert and optically inactive product of polymerisation containing 
carbon, hydrogen and oxygen only. A mixture of hydrobenzoins 
and polymerised diphenylethylene oxides would seem to be capable 
of displaying all the characteristics of the material in question. 
Thus, no migration of hydrocarbon radicals appears to take place 
during the deamination of the diphenylhydroxyethylamines with 
nitrous acid, and a similar state of affairs holds for di-p-methoxy- 
phenylhydroxyethylamine, another amino-alcohol of the general 
type Ar-CH(OH)-CH(NH,)-Ar, which we have recently examined. 


EXPERIMENTAL 


cis-2 : 3-Diphenylethylene Oxide.—(1) dl-isoDiphenylhydroxy- 
ethylamine (25 g.), dissolved in three times its weight of dry methyl 
alcohol, was heated under reflux for an hour with methyl iodide 
(2 mols.), and again for 10 minutes after the addition of sodium 
methoxide (1 mol.) dissolved in a little methyl alcohol. The whole 
treatment was then repeated. The residue obtained upon evapor- 
ation yielded glistening needles of dl-isodiphenylhydroxyethy]l- 
trimethylammonium iodide, m. p. 219°, (40 g.) when recrystallised 
from absolute alcohol (compare Ber., 1910, 43, 885). The iodide 
was shaken with freshly precipitated silver oxide (40 g.) and water 
(170 c.c.), and when the mixture was steam-distilled, cis-2 : 3-di- 
phenylethylene oxide was obtained as an oil which quickly crystal- 
lised (17-5 g.). It separated from 70% alcohol in fine needles, 
m. p. 42°. 

(2) l-tsoDiphenylhydroxyethyltrimethylammonium iodide, pre- 
pared similarly from J/-isodiphenylhydroxyethylamine, separated 
from absolute alcohol in glistening needles, m. p. 214°, a» —0-20°, 
(«Jp —4-0° (c 2.5010, methyl alcohol).* When treated with silver 
oxide, as above, it gave a homogeneous product identical with the 
foregoing cis-2 : 3-diphenylethylene oxide (m. p. 42°; an absolute 
alcoholic solution containing 0-5 g. in 20 c.c. was optically inactive 
in a 2-dem. tube in mercury-green light). 

l-trans-2 : 3-Diphenylethylene | Oxide.—d-Diphenylhydroxyethyl- 

* All the values of a quoted in this paper were observed in a 2-dem. tube 


at the ordinary temperature (about 15°); the weight (¢ gram) of the substance 
vontained in 100 c.c. of the solution is given in each instance. 
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amine * was prepared as described previously (Read and Steele, J., 
1927, 913). d-Diphenylhydroxyethyltrimethylammonium iodide, 
prepared therefrom in the usual way, crystallised from absolute 
alcohol in glistening leaflets, m. p. 145°, «a» + 3-01°, [Jp + 92-4° 
(c 1-6290, methyl alcohol); the yield was 95% of the calculated 
amount. Upon treatment with silver oxide, in the way mentioned 
above, the iodide furnished |-trans-2 : 3-diphenylethylene oxide in 
almost quantitative yield. The oxide crystallised from 70% alcohol 
in feathery needles attaining 1-5 cm. in length, m. p. 69—70°, a 
—8-35°, [x]p —306° (c 1-3660, absolute alcohol) (Found: C, 85-8; 
H, 6-1; M, in camphor, 186, 185. C,,H,,0 requires C, 85-7; H, 
6-1%; M, 196). 

Determinations of rotatory power were made in various other 
solvents, as follows: methyl alcohol, «,» —3-31°, [«]p —311° (¢ 
0-5320); m-propyl alcohol, «, —2-97°, [«]p —287° (ce 0-5180); 
isopropyl! alcohol, «, —2-85°, [a], —279° (c 0-5110); chloroform, 
& —2-59°, [a]p —249°, a54¢, —3°33°, [%]54g¢, —320° (c 0°5205); 
acetone, %» —3-29°, [a]p —291°, a54¢, —4:01°, [a]s4¢, —355° (c 
0-5655); ethyl acetate, a)» —3-14°, [«]p —313°, o54¢, —3-85° 
[<]s4¢1 —384° (c 0-5020); benzene, a) —3-73°, [a]p —374°, a5 46; 
—4:55°, [a]s4¢, —456° (c 0-4985). The methyl alcohol was dried 
with magnesium before use, but the specimens of n- and iso-propyl 
alcohol were not specially purified. Since the n-propyl alcohol 
used for this purpose gave «, —1-62° in a 2-dem. tube, a correspond- 
ing correction was made in the observed reading. Purified specimens 
of chloroform, acetone,t ethyl acetate and benzene were used. 

No alterations were manifest upon keeping any of the above 
solutions at the ordinary temperature for several days. Specially 
purified ethyl alcohol was not used as a solvent; when, however, 
ordinary “‘ absolute ’’ alcohol was employed, the original rotatory 
power, x,» —8-35°, [«], —306°, underwent a gradual change to a 
practically constant value, «) —1-29°, [«], —47-1°, after 15 days; 
among the intermediate readings were «) —6-69° (24 hours), a» 
—2-73° (72 hours), «=» —2-50° (5 days), and a) —1-51° (10 days). 

* The value of [a]p for this base in acetone changed from + 15:1° to 
— 120-8° in 6 hours (Read and Steele, loc. cit.). On repeating this observation, 
we found that the residue recovered by allowing the acetone to evaporate at 
the ordinary temperature melted at 107—-109° and contained C, 83-0 and 
H, 5-8%. Since the original base, C,,H,,ON, has m. p. 143° and requires 
C, 78-9 and H, 7-1%, the change in rotatory power appears to be due to 
chemical interaction between the base and acetone and not to mutarotation 
as was previously suggested. 

+ Certain specimens of acetone which we have examined recently have 
exhibited a distinct levorotation, e.g., ap — 0-61° in a 4-dem. tube, and a much 
more pronounced effect has been observed with specimens of n-propy] alcohol, as 
indicated above (compare McKenzie and Mitchell, Biochem. Z., 1929, 208, 467). 
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Upon allowing the solvent to evaporate at the ordinary temperature, 
fine needles were deposited having m. p. 45—50°, «, —0-39°, [«]p 
—34-6° (c 0-5640, absolute alcohol). The weight of this product, 
which appeared to be |-isohydrobenzoin monoethyl ether, was greater 
than that of the original l-oxide (Found: C, 79-1; H, 7-4; OEt, 
18-1. C,,H,,0°OEt requires C, 79-3; H, 7-5; OEt, 18-6%). 

A chloroform solution containing 0-2008 g. of the /-oxide, together 
with one equivalent of hydrogen chloride, in 20 c.c., gave «, —4-67°, 
[a]o —233°, and this value remained unaltered after the solution 
had been kept for several days at the ordinary temperature. With 
5 equivalents of hydrogen chloride in a similar solution containing 
0-2032 g. of the l-oxide, the appended readings were noted : 5 mins., 
ap —3-03°, [«]p —149°; 15 hours, «, —2-72°, [«]) —134° (constant). 
When a solution containing 10 equivalents of hydrogen chloride 
and 0-2007 g. of l-oxide in 20 c.c. was used, the polarimetric readings 
were as follows: 5 mins., «, —1-29°, [«],p —64:3°; 4 hours, ap 
—0-52°, [«]» —25-9° (constant). It proved possible to recover the 
unchanged substance only from the first solution; the others 
yielded syrupy material when the solvent was allowed to evaporate 
at the ordinary temperature. 

d-trans-2 : 3-Diphenylethylene Oxide.—Crude I-diphenylhydroxy- 
ethylamine, obtained by decomposing impure /-diphenylhydroxy- 
ethylamino-d-methylenecamphor (Read and Steele, J., 1927, 914) 
with bromine in rectified spirit, was condensed with /-oxymethylene- 
camphor. Two recrystallisations of the product from ether-light 
petroleum yielded pure /-diphenylhydroxyethylamino-l-methylene- 
camphor, m. p. 146°, a) —4-51°, [a], —235° (c 0-9600, absolute 
alcohol). The /-base, isolated in the usual way, had m. p. 143°, 
% —O-23°, [«]p —10-7° (c 1-0750, absolute alcohol); the derived 
L-diphenylhydroxyethyltrimethylammonium iodide had m. p. 145°, 
% —1-10°, [«], —102° (c 0-5385, methyl alcohol); and d-trans-2 : 3- 
diphenylethylene oxide, prepared by steam-distilling the last-named 
compound with silver oxide, had m. p. 69—70°, ap + 3-21°, [a]p 
+ 310° (c 0-5170, absolute alcohol) (Found : C, 85-6; H, 6-2%). 

Melting-point Curve of Mixtures of d- and |-trans-2 : 3-Diphenyl- 
ethylene Oxide.—dl-trans-2 : 3-Diphenylethylene oxide, prepared by 
Rabe and Hallensleben (Ber., 1910, 43, 884), melted at the same 
temperature (69—70°) as its optically active components, described 
above. Solid mixtures of known composition were made by mixing 
and evaporating measured volumes of standard methyl-alcoholic 
solutions of the two antimeric forms. The equimolecular mixture 
melted sharply at 69—70° ; the other mixtures melted less definitely, 
and the appended temperatures are the points of complete fusion : 
100% of /-form, m. p. 69—70° ; 95%, 69°; 90%, 65°5°; 85%, 61-5°; 
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80%, 60-5° ; 75%, 62°; 66-7%, 63°; 60%, 67°; 45%, 69°. The melt- 
ing point was taken a second time in each case, when the substance 
had resolidified, without any appreciable difference being noticed. 

Further Observations wpon the Action of Nitrous Acid on l- and 
dl-isoDiphenylhydroxyethylamine.—When treated with nitrous acid in 
the way described in the preceding paper (J., 1929, 2313), 5 g. of 
l-isodiphenylhydroxyethylamine yielded about 0-65 g. of crystalline 
l-isohydrobenzoin and 3-5 g. of a thick, dark brown oil. The crude 
oil, when separated and dried, had «, —1-63°, [«], —30-7° (c 
2-6580, absolute alcohol). When boiled with an excess of acetic 
anhydride, the oil failed to yield any crystalline acetate of hydro- 
benzoin, but the carefully washed product upon hydrolysis with 
standard alkali was found to contain 10-3% of acetyl, corresponding 
to about 36% of hydrobenzoins in the original oily residue. 

Upon distillation under greatly diminished pressure, 11-9 g. of the 
oil yielded a first fraction consisting of 4:2 g. of a pale yellow oil, 
b. p. 147°/3 mm., nif’ 15972; the residue showed signs of decom- 
position. A very similar oil slowly passed over when the crude oil 
was steam-distilled. This product was optically inactive; 3-5 g., 
when treated with hydroxylamine acetate, gave 2-8 g. of crystalline 
material, melting indefinitely at about 120°, and two recrystal- 
lisations from aqueous alcohol furnished 1-4 g. of colourless needles, 
m. p. 141—143°. This substance was shown to be benzophenone- 
oxime (“ Organic Syntheses,” 1930, 10, 10). 

Upon bringing dl-isodiphenylhydroxyethylamine into reaction 
with nitrous acid in the manner indicated above, the product 
obtained consisted solely of a dark brown oil. This material after 
extraction with a hot solution of sodium bisulphite contained more 
carbon than the amount calculated for isohydrobenzoin (Found : 
C, 80-1; H, 6-2. Cale. for C,,H,,0,: C, 78:5; H, 65%); it 
crystallised partially when kept in a desiccator. Subsequent 
treatment with ether and light petroleum furnished pure dl-iso- 
hydrobenzoin, m. p. 119° (2:0 g.). No definite product could be 
isolated from the sodium bisulphite solution. 

The oily by-product obtained by the action of nitrous acid on 
d-diphenylhydroxyethylamine had «) —0-24°, [x], —20-0° (c 0-6000, 
benzene). 


We express our indebtedness to the Carnegie Trust for a Fellow- 
ship awarded to one of us (I. G. M. C.), and to Imperial Chemical 
Industries for a grant which has helped to defray the cost of this 
investigation. 


Unirep Cotitzcs or Sr. Satvator anp Sr, LEONARD, 
University or St. ANDREWS. [Received, July 26th, 1930.] 
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COCXI.—The Solubility of Silver Iodide in Solutions of 
Alkali Iodide in Acetone. 


By Freperick Kari Victor Koca. 


IN a previous communication (this vol., p. 1554) it was shown that 
silver iodide behaves as a sparingly soluble salt in solutions of sodium 
iodide in water, methyl alcohol, and ethyl alcohol. Some results 
are now given which show that, whereas silver iodide is practically 
insoluble in pure acetone, it is easily soluble in solutions of alkali 
iodide in acetone—more than 3 g. of silver 
iodide being soluble in 50 c.c of an N/10- 
sodium iodide solution in acetone. \ 

The reagents were purified as previously ---'*Y**. °f-]]--“*TER) |... 
described (loc. cit. and J., 1928, 272). The 
solutions were made up by weight, saturated 
at 25° -- 0-02° with silver iodide and filtered 
in the thermostat at 25° in the apparatus 
represented in the diagram. 

This filtering apparatus has the advantages 
(1) that the solution is kept at constant 
temperature during filtration, and (2) that 
evaporation of the solvent is prevented, since 
the atmosphere surrounding the filter funnel 
is saturated therewith. The filter-paper was 
kept in position by means of a clip. The b 
ground-in joints 6 were greased, and the | 
tubes a closed with wads of cotton wool when 
not in use. The vessel A (for which there is LA 
a ground-in stopper) was weighed empty and 
again with the filtered solution. It was then 
transferred to a small electrical oven, made 
of asbestos, in a large desiccator. The tem- at, 
perature of the oven was not allowed to rise above 40° (acetone boils 
at 56° at 760 mm.) and evaporation was effected by passing a 
current of air, dried by a calcium chloride tube about one yard long, 
over the surface of the solution. The residue was dried over 
phosphoric oxide in a vacuum. 

Results and Discussion.— 


a 
































G.-mol. G.-mol. 
Nal per Wt. of KI per Wt. of 

800 g. Wt.of resi- Mols. AgI 800g. Wt.of resi- Mols. AgT 
acetone. soln. due. Mols. Nal acetone. soln. due. Mols. KI 
001450 22-49 0-3370 2-96 0-03327 25-98 0-8997 2-97 
004390 21-88 0-9702 2-98 0-06109 29-00 1-7985 2-96 
0-1021 23-69 2-3079 2-90 
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It thus appears that three molecules of silver iodide are taken up 
per molecule of alkali halide. Since the solubility of sodium iodide 
is much greater than that of potassium iodide in acetone, it is, of 
course, advisable to employ the former salt when using these 
solutions as a solvent for silver iodide. 

The solubility of sodium bromide in acetone at 25° was found to 
be only 0-08 g. per 100 g. of acetone, and sodium chloride is practically 
insoluble in acetone. Appreciable quantities of silver chloride and 
silver bromide dissolve, however, in solutions of sodium iodide 
in acetone, so that the above cannot be used as a quantitative 
method of separation. It is possible that the silver chloride or 
silver bromide reacts with a certain amount of sodium iodide, 
forming some silver iodide and some sodium chloride or bromide. 

Birkenstock (Z. physikal. Chem., 1928, 138, 439) concluded, 
from transport number and conductivity data, that sodium iodide 
does not undergo auto-complex formation in acetone. A probable 
explanation of the solubility of silver iodide in solutions of alkali 
iodide in acetone is the formation of a complex anion I([Ag),~ and 
this is supported by the fact that on electrolysis of these solutions 
(which are colourless) iodine and silver iodide are deposited on the 
anode. It appears that the ion I([Ag),~ is very stable under the 
conditions of this investigation and only dissociates slightly. 

The following results for the specific conductivities in mhos/cm. at 
25° of sodium iodide in acetone both before (x,) and after (xs) 
saturation with silver iodide show that «x, is in both cases greater 
than «x, and may be explained by assuming a decrease in mobility 
of the anion. | 


G.-mol. NaI per 800 g. acetone ............cceseeeeeees 0-01346 0-1014 
a OE sesintansasacewaencsacedsnacnetpieernapttemnimtegerie 1-127 5-443 
ie Me hes tpacdadevansesacekecstspissaciuccegissvrnerioneens 0-9385 4-234 


The existence of a complex anion I(1Ag),~ is of interest in connex- 
ion with the phosphors formed by a trace of silver halide in alkali 
halide (compare Fromherz and Menschick, Z. physikal. Chem., 1929, 
B, 3, 1). It was found that mercuric iodide, which is not very 
soluble in pure acetone, is easily soluble in solutions of sodium 
iodide in acetone. Mercuric iodide thus behaves in a similar 
manner to silver iodide. 


In conclusion, the author wishes to express his indebtedness to 
the Trustees of the Beit Fellowship for a Research Fellowship. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonvon, 8.W. 7. [ Received, September 25th, 1939.] 
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THE ACTION OF FUMING SULPHURIC ACID ON HEXANE, ETC. 2387 


CCCXII.—The Action of Fuming Sulphuric Acid on 
Hexane, cycloHexane, and Some of their Deriv- 


atives. 
By Grorce NorRMAN BURKHARDT. 


In a search for a suitable solvent for sulphuric anhydride (compare 
Burkhardt and Lapworth, J., 1926, 685) the author observed that 
this reagent attacked ligroin and crude hexane surprisingly com- 
pletely in the cold, and evolved large amounts of sulphur dioxide. 
The present investigation was undertaken to determine the extent 
and nature of this reaction. The few previous investigations 
published on the action of sulphonating agents on saturated hydro- 
carbons throw little light on its nature and the view that these 
hydrocarbons are very inert towards oleum has been remarkably 
persistent. 

Orndorff and Young (Amer. Chem. J., 1893, 15, 261) allowed 
propane to stand over oleum and showed that 50° was absorbed 
in 15 days. Aschan (Ber., 1898, 31, 1801) observed that diisopropyl 
and isopentane reacted with chlorosulphonic acid in the cold and 
gave, when poured into water, some sulphonic acid and a large 
amount of oil apparently containing alcohol and sulphide. Later 
he treated cyclohexane (reaction at 60—70°) and methylcyclohexane 
(reaction at the ordinary temperature) with chlorosulphonic acid 
(Finnischer Chemiker Verein zu Helsingfors, April, 1905; Chem..- 
Ztg., 1905, 29, 747) and found that in both cases hydrogen chloride 
and sulphur dioxide were formed. Part of the sulphur dioxide was 
reduced to sulphur, and the organic products were unsaturated com- 
pounds which resinified on standing ; no sulphonic acid was isolated. 

Young (J., 1899, 75, 172) showed that the reaction with n-hexane 
was slow at the ordinary temperature, although half the hexane 
was removed on standing over-night with excess of chlorosulphonic 
acid. isoHexane reacted rapidly, with rise of temperature, and left 
a tarry acid. The percentage of n-isomeride in a mixture was 
increased, but the loss was considerable and a pure product was not 
obtained by this method. 

Worstall (Amer. Chem. J., 1898, 20, 664) isolated a 30—40% yield 
of salts of monosulphonic acids by dropping oleum into pure boiling 
hexane, heptane and octane, “the rest of the hydrocarbon being 
oxidised completely *’; but he stated that cold fuming sulphuric 
acid had no action on these hydrocarbons. He did not record the 
chemical properties of the product, or of the disulphonic acids which 
he obtained by passing sulphuric anhydride into boiling hexane, 
but supported his conclusions about their nature by analyses only. 
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He also showed that oleum in a glass absorption pipette absorbed 
methane (6-5% in 4-5 hours, 45-4°%, in 11 days) and ethane (3-9%, 
in 1 day, 70-5% in 15 days). 

Istrati and Michelescu (Bull. Soc. Sci. Bucarest, 1904, 13, 143; 
Cent., 1904, i, 447) observed that warm concentrated sulphuric acid 
acted on the higher-melting hydrocarbons, producing sulphur 
dioxide and carbon dioxide but no sulphonic acids. 

Recently there have been references in the technical literature to 
the fact that saturated hydrocarbons are not so inert to powerful 
sulphonating agents as was formerly supposed, but no further 
investigation of the nature of these reactions is recorded except that 
Menschutkin and Wolf (Neft. Choz., 1927, 13, 340; J. Czech. Chem. 
Comm., 1930, 2, 396) have shown that cyclohexane (1 g.) reacts with 
25% oleum (27 g.) at 25° and have isolated barium benzenesulphonate 
(70%) from the dark brown aqueous extract. 

The present investigation has shown that, when an excess of 
n-hexane, cyclohexane, or methylcyclohexane is stirred vigorously 
with fuming sulphuric acid (35 or 65° SO,) at 0O—10° for 4—5 hours, 
practically the whole of the sulphuric anhydride is used in the 
reaction which takes place. The vigorous stirring, which produces 
a coarse emulsion of the hydrocarbon in the acid, giving the maximum 
opportunity for interaction between the extremely immiscible 
reactants, appears to be the essential improvement in procedure 
which enables such an extensive reaction to take place under these 
conditions. 

In most of the smooth reactions, about 1 mol. of sulphur dioxide 
was formed per mol. of hydrocarbon attacked and it is clear that 
the oxidation of some of the hydrogen of the hydrocarbon is an 
important part of the reaction, but it is not clear whether this is the 
primary reaction or whether sulphonation precedes oxidation. 
cycloHexanesulphonic acid is very readily oxidised by 20% oleum 
under similar conditions and it appears that sulphonation can occur 
without oxidation, as the molecular ratio of sulphur dioxide to 
hydrocarbon was as low as 0-6 in some experiments and some 
benzenesulphonic acid was produced in experiments in which the 
molecular ratio was unity. This is more definitely shown in the 
experiments with methylcyclohexane and 35°, oleum. 

The mixed barium salts (30% yield) obtained from hexane and 
cyclohexane were partly unsaturated and contained sulphuric ester 
groups, apparently in the salts of sulphato-sulphonic acids which 
are formed by the action of fuming sulphuric acid on unsaturated 
compounds [compare ethionic acid, CH,(SO,H)*CH,°O-SO,°OH, from 
ethylene and fuming sulphuric acid]. No crystalline products 
have been isolated, hitherto, from the extremely soluble mixtures, 
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or from the derived sulphonyl chlorides or amides, except the 
derivatives of benzenesulphonic acid which were readily obtained 
from the product from cyclohexane. 

The solid barium salts were precipitated and partly fractionated 
by addition of alcohol to the concentrated aqueous solution. This 
separated the more soluble barium benzenesulphonate from the 
alicyclic derivatives and proved the absence of any considerable 
amount of the soluble unsulphonated sulphuric esters, but otherwise 
only served to give early fractions containing sulphato-sulphonates 
and disulphonates and later fractions containing monosulphonated 
derivatives. After much fruitless work, directed to the isolation of 
single substances and to the reduction of the complexity of the 
mixture, the general nature of the products has been deduced from 
the chemical properties and analyses of the mixed barium salts and 
sulphonyl chlorides. An estimate of the proportions of the con- 
stituents in the mixture was obtained by considering the analytical 
data for the barium salt and acid chloride from the sulphonic acids 
remaining after the sulphate groups had been removed by hydrolysis 
with boiling dilute sulphuric acid. This also hydrolysed a part of 
the less stable sulphonic acid (e.g., 1-cyclohexanol-2-sulphonic acid). 

The barium salt of the hydrolysed product from hexane contained 
2 molecular proportions of disulphonate per molecule of mono- 
sulphonate; 5°% of the hexane chains were unsaturated and it 
appears that about 30% of the hexane chains contained a hydroxyl 
group. These hydroxyl groups were very largely or entirely in the 
form of sulphuric esters in the first product. Similar proportions 
of the corresponding alicyclic sulphonic acids were formed from 
cyclohexane together with a small percentage of benzenesulphonic 
acid. 

When bromine is added to these products in dilute aqueous 
solution, a molecule of acid is liberated per molecule of bromine 
absorbed. Therefore the double bonds are probably in the «$-posi- 
tion to a sulphonic group, as ethylenesulphonic acid behaves simi- 
larly (Kéhler, Amer. Chem. J., 1898, 22, 680), but there is no 
evidence to indicate definitely that this liberation of hydrogen 
bromide would not occur with sulphonic acids unsaturated in more 
remote positions. 

The sulphato-sulphonic acids are almost certainly produced by 
the action of fuming sulphuric acid on unsaturated systems, and 
according to the usual representation of this reaction the sulphate 
and sulphonic groups should be on adjacent atoms : 


CH, 0,0H ‘H,*0-S0O,-OH 
CH, * 0<S01-0H ~~” CH,’S0,-OH 
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This formulation is derived from the reaction of ethylene with 
oleum (Regnault, Annalen, 1838, 25, 32) in which the hydrocarbon 
is always passed into the acid under conditions in which ethyl 
hydrogen sulphate, if it were formed, would certainly be sulphonated. 
However, when 35°, oleum was dropped into cyclohexene, cyclohexyl 
hydrogen sulphate was almost the only product soluble in water, 
although, when the hydrocarbon was added to excess of the acid, 
sulphato-sulphonic acids were obtained. Similar polysulphonated 
products were obtained by treating cyclohexanol and cyclohexyl] 
hydrogen sulphate with oleum. Thus it appears that the formation 
of a sulphuric or pyrosulphuric ester, followed by sulphonation of 
this, more truly represents the course of the reaction. In this case 
evidence is not at present available to indicate whether sulphonation 
would occur at the carbon atom adjacent to the sulphuric ester 
grouping or further along the chain or at both places. 

The properties of some synthetic sulphonic acids and sulphuric 
esters, which might occur in the products from the sulphonation of 
hydrocarbons, were examined. Of these, mention must be made 
particularly of the difficulty of detecting the hydroxyl group in 
synthetic sodium 1-cyclohexanol-2-sulphonate. This was stable to 
boiling dilute permanganate solution and was only partly acetylated 
by boiling with acetyl chloride for several hours. This inertness of 
normally reactive centres in the presence of sulphonic groups must 
be partly responsible for the ineffectiveness of standard methods in 
simplifying the mixture and identifying the products. 


EXPERIMENTAL. 


Purification of Hexane (compare Young, J., 1898, 73, 906; Francis 
and Young, ibid., p. 928).—Four litres of light petroleum (b. p. 
67-5—72-5°) were carefully fractionated five times, and the following 
fractions finally retained: (1) 120 g., b. p. 67-5—68-0°/754 mm.; 
(2) 190 g., 68-0—68-5°; (3) 175 g., 68-5—68-95°; (4) 45 g., 68-95— 
69-0°. These fractions were purified by nitration separately as 
follows. The hydrocarbon layer was shaken with nitric—sulphuric 
acid nitration mixture until no further warming took place and the 
mixture was then heated on a steam-bath for 2 hours. The hydro- 
carbon layer was separated and shaken with an equal weight of 
fuming nitric acid, added a little at a time to prevent a violent 
reaction. This mixture was refluxed gently for a total of 85 hours, 
the acid being renewed after 15, 24, and 48 hours. The hexane was 
separated, washed several times with concentrated sodium hydroxide 
solution, concentrated sulphuric acid, and water, dried over phos- 
phoric oxide, twice fractionated, kept over sodium wire over-night, 
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heated with sodium for an hour, and distilled. Yield, 100 g.; 
b. p. 68-7—69-0°/760 mm. 

In preliminary experiments with petroleum fractions (b. p. 67-5— 
68-5°, and 68-5—68-8° obtained as for purification by nitration and 
purified by stirring with oleum) it was found that, if the hydrocarbon 
was added to the oleum, the reaction was difficult to control, as the 
acid solidified, but with either this procedure or the converse about 
1 mol. of sulphur dioxide was formed per mol. of hydrocarbon 
removed, except in a few experiments where the amount fell to 
0-6 mol. The fraction of b. p. 62—63° (freed from benzene by 
nitration and subsequent fractionation; containing a large pro- 
portion of isohexane) underwent a similar reaction but gave rather 
less sulphur dioxide. 

Fractional sulphonation was carried out to completion with these 
hydrocarbons and with n-hexane and no change was observed either 
in the course of the reaction or in the qualitative behaviour of the 
products. 

The Sulphonation of Hexane.—This was most conveniently carried 
out by dropping 65—70° oleum (100 g.) in 1—1-5 hours into excess 
of hexane (30—50 g.), vigorously stirred with an air-tight stirrer in a 
rubber-stoppered flask cooled in ice-water.* The sulphur dioxide 
evolved was generally collected in absorption tubes of 10° sodium 
hydroxide solution. The stirring was continued until evolution of 
the sulphur dioxide ceased (about 4 hours). The hexane was 
decanted carefully and measured, and the acid layer poured in small 
amounts into ice-water with shaking. Its behaviour was qualita- 
tively that of concentrated sulphuric acid and not of weak oleum. 
The sulphur dioxide in an aliquot part of this extraction liquor and 
in the absorption tubes was estimated by means of N/10-iodine 
solution. 15 G. of hexane were removed and about 1 mol. pro- 
portion of sulphur dioxide was produced. 

The hydrocarbon (5 g., left from 50 g. after a series of experiments), 
separated by decantation and washed with alkali, did not decolorise 
bromine, but that separated from the extraction liquor (3 g.) reacted 
with small amounts of bromine and permanganate. Each portion 


* During the first such experiment the surface of the rubber stopper was 
charred into a hard black layer by the sulphuric anhydride vapour and no 
further action appeared to take place beyond a slow thickening of the hard 
layer. There was no destruction of the stopper and contact of the liquid 
reactants with it was avoided. A mercury-sealed stirrer was used in most 
experiments, care being taken to prevent mercury getting into the reaction 
mixture. Experiments were also carried out in apparatus which had not 
been in contact with mercury and there is no possibility that the reaction 
is dependent on the well-known catalytic action of mercury in similar 
reactions. 
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distilled at 68—69° and the distillates were not unsaturated; the 
residues had b. p. 69° and 78°, respectively. 

In some experiments traces of tar or of a black crystalline solid 
separated from the acid extraction liquor on standing, and an ethereal 
extract of the acid extraction liquor left a trace of black viszous 
oil. The steam distillate from the aqueous extraction liquor only 
contained traces of volatile products when 70°, oleum had been used. 

The acid extract was neutralised with barium carbonate below 
50° and filtered and the united filtrates and washings were evaporated 
nearly to dryness under reduced pressure on a steam-bath. Alcohol 
was then added rapidly to the viscous liquid with shaking and the 
light brown solid which separated was filtered off and dried in a 
vacuum desiccator over calcium chloride. Yield,18g. The barium 
salt was very soluble in water but insoluble in organic solvents. It 
did not crystallise from water or any mixture of water with alcohol 
or acetone, but was precipitated by alcohol from concentrated 
aqueous solution as a light brown, non-crystalline powder, very 
hygroscopic when freshly precipitated but only slightly so after 
drying in a vacuum desiccator over calcium chloride. Fractional 
precipitation with alcohol gave : 

lst fraction: a dark brown, very hygroscopic solid, readily 
hydrolysed (barium sulphate precipitated) on boiling with dilute 
hydrochloric acid (Found in material dried in a vacuum desiccator 
for several days: Ba, 30-14°%%). 

2nd fraction : a light brown solid, slightly hygroscopic, hydrolysed 
by boiling with dilute acid and giving, after similar treatment in a 
vacuum desiccator, Ba, 26-82%. 

Both products decolorised cold permanganate solution and 
bromine water and were therefore probably unsaturated; they did 
not decolorise iodine and so did not contain sulphite. They 
darkened greatly at 110° and no useful significance could be attached 
to the fairly constant weight obtained after 5 hours at that tem- 
perature. The first fraction, after being heated at 110—120°, 
contained a considerable amount of barium sulphate. These results 
indicate that the first fraction contains more sulphato-sulphonic acid 
and possibly disulphonic acid while the later fractions contain 
more monosulphonic acid and little sulphato-sulphonic acid. The 
hydroxy-sulphonic acid in the hydrolysed barium salt was not 
converted into unsaturated sulphonic acid by boiling with acetyl 
chloride and heating the solid product. It was shown that hydroxyl 
groups in the sulphonation product from propy] alcohol and synthetic 
sodium 1-cyclohexanol-2-sulphonate were only partly acetylated by 
this method. 

Quantitative Results and Conclusions.—The unfractionated and 
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unhydrolysed barium salt gave Ba, 26-4; C, 16-6; H, 325%. On 
the assumption that each barium atom is attached to two SO, 
groups (sulphate or sulphonic), the relative numbers of atoms in 
the mixture are 1Ba: 2SO,(assumed) :7-1C:17H:0-80. 1:3 G. 
required 0-23 g. of bromine in an iodine-number estimation. 10 G. 
in 10 c.c. of N/10-sulphuric acid, steam-distilled and heated on a 
steam-bath for 16 hours, gave 2:93 — 0-12 (from H,SO,) = 2°81 g. 
of barium sulphate. The filtered solution was neutralised with 
barium carbonate and the salt, isolated as before, gave Ba, 
28-3; C, 19-8; H, 408%. The relative numbers of atoms are 
1Ba : 2SO,(assumed) : 8C : 20H:40. 0-983 G. required 0-14 g. of 
bromine, 7.e., 4-7°%, of the hexane chains contain one double bond, it 
being assumed that all the bromine is used by these. These results 
suggest that the hydrolysed product is a mixture of 2 mols. of 
disulphonate (C/Ba = 6) with 1 mol. of monosulphonate (C/Ba = 
12). 4:7% of the hexane chains contain one double bond, on the 
assumption that all the bromine is used by these; and some of the 
hexane chains contain a hydroxyl group derived from the hydrolysis 
of sulphate groups. 

A similarly hydrolysed specimen of barium salt was converted into 
potassium salt, which was obtained by evaporating its solution to 
dryness under a few cm. pressure on a steam-bath. The residue was 
warmed with a small amount of thionyl chloride, and the excess 
removed under reduced pressure. Phosphorus pentachloride (2-5 
mols.) was added and, after being heated for an hour, the liquid 
reaction mixture was cooled, poured on ice, kept for 4 hour, and 
extracted with benzene. The extract was dried over sodium 
sulphate, and the benzene removed under reduced pressure on a 
steam-bath, leaving a dark oil which would not distil undecomposed, 
did not crystallise, and gave a liquidamide. The sulphonyl chloride 
(0-783 g.) (Found: Cl, 28-8%) required 0-131 g. of bromine in an 
iodine-number test carried out by Winkler’s method. 

A mixture of monosulphony] chloride and disulphony] chloride in 
the proportion indicated by the other data requires Cl, 23-7%,. 
Hence 32°, of the hexane chains contain a hydroxyl group, on the 
assumption that the extra chlorine is made up by the replacement 
of hydroxyl groups. The unsaturation in the sulphonyl chloride 
corresponds to that in the barium salt. If it is assumed that the 
hydroxyl group was present in the original compound as a sulphate 
group, this would account for 1-8 g. of the barium sulphate (2-8 g.) 
produced by hydrolysis. The difference is probably due to the 
hydrolysis of unstable sulphonic groups, which are very likely indeed 
to be present in such a product (compare sodium 1-cyclohexanol- 
2-sulphonate). 
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In the determination of unsaturation in the salts by means of 
bromate and bromide, a known excess of standard acid was used and 
titrated with alkali after the thiosulphate titration : 1 mol. of acid 


was liberated per mol. of bromine used. 
In a reaction with 40° oleum (150 g.) and hexane (30 g.) under the 
same conditions as above, 12 grams of hexane were removed and 


3°8 grams of sulphur dioxide formed. The aqueous extract was 


rapidly evaporated under reduced pressure and the distillate 
contained a yellow solid with an oppressive odour of sulphide. 

The addition of 30° oleum (100 g.) to boiling hexane in 1-5—2 
hours with repeated shaking (compare Worstall, loc. cit.) gave large 
amounts of sulphur dioxide, but after passing through chromic- 
sulphuric acid mixture and a little dilute iodine solution, the gas gave 
little precipitate with baryta water. After a further 3—4 hours, the 
acid layer, still containing sulphuric anhydride, was run on to ice 
and barium salt was isolated as before. The physical properties of 
this corresponded to those of Worstall’s product, but it decolorised 
permanganate solution and bromine water. 

Alicyclic Hydrocarbons.—Purification. The best commercially 
obtainable cyclohexane and methylcyclohexane were distilled and 
stirred vigorously with an equal weight of 20° fuming sulphuric 
acid, washed with water and alkali, dried, and distilled. 

The cyclohexane had b. p. 80-8° and m. p. 6-4°. It was found to 
be free from any considerable ultra-violet absorption characteristic 
of benzene by Dr. F. Fairbrother, who kindly compared it with 
synthetic specimens. 

Sulphonation of cyclohexane. Method A was similar to that used 
for hexane (p. 2391). In experiments which proceeded smoothly, 
using either 35 or 65° oleum, about 1 mol. of sulphur dioxide was 
evolved per mol. of cyclohexane sulphonated, but if the temperature 
rose, rather more oxidation took place. A small quantity of a very 
hygroscopic, white, crystalline solid separated from the decanted 
hydrocarbon. 100 G. of 65% oleum attacked 15 g. of cyclohexane 
and yielded 18—20 g. of barium salt (Ba, 29%). 200 G. of 35% acid 
attacked 9-5 g. of cyclohexane and the product was qualitatively 
similar to that described below but was more difficult to isolate in 
the presence of so large an excess of sulphuric acid. 

To determine the mechanical loss of cyclohexane, 50 c.c. were 
stirred with concentrated sulphuric acid (100 g.) with sulphur 
dioxide bubbling through under the usual reaction conditions: 
47-5 c.c. of cyclohexane were recovered. 

Steam distillation of the aqueous extract in some experiments 
gave small amounts of evil-smelling organic sulphur compounds. 
The amount of these was higher when lower strength oleum was used. 
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Methyleyclohexane. This was attacked somewhat more rapidly 
and more extensively than cyclohexane, and, in method A, 200 g. of 
35% oleum attacked 14 g. (0-15 g.-mol.) and gave 0-08 g.-mol. of 
sulphur dioxide. This product and that obtained by means of 65%, 
acid were similar to that from cyclohexane. 

The barium salt from the action of 70°, oleum on cyclohexane. This 
was formed by neutralisation with barium carbonate (free from 
soluble barium salts and chlorides) below 50° and, when the solution 
was evaporated under reduced pressure, crystallised as a paste of 
microscopic needles (barium benzenesulphonate) suspended in a 
viscous, dark brown mother-liquor. The crystalline material was 
not satisfactorily separated by crystallisation from water either 
before or after hydrolysis. The products were isolated and fraction- 
ated by precipitation with alcohol. 

The whole product precipitated by alcohol, was slightly hygroscopic, 
very soluble in water, decolorised bromine with precipitation of a 
little barium sulphate, and reduced cold permanganate solution but 
not iodine. It was hydrolysed by boiling dilute acid and the solid 
was decomposed at 120° with formation of barium sulphate. The 
most unstable fraction was precipitated first by alcohol. The 
sulphonyl chloride, prepared as from the hexane product, but not 
left in contact with ice so long, was distilled ina vacuum. The only 
volatile product obtained, after a little phosphorus oxychloride, 
before decomposition took place was benzenesulphonyl chloride 
(2-5 g. from 50 g. of barium salt), b. p. 100—130°/20 mm., giving 
benzenesulphonamide (m. p., after one recrystallisation from 
alcohol, and mixed m. p. with synthetic amide, 149—152°). 

Boiling with dimethylaniline did not remove the sulphate groups 
from the barium salt to form unsaturated derivatives. Sulphur 
in boiling xylene, in presence of a little pyridine to prevent decom- 
position, did not oxidise the alicyclic sulphonates te benzene deriv- 
atives. Dehydration of the salt by continuous distillation of 
anhydrous benzene decomposed this barium salt. 

The hydrolysed barium salt was obtained by heating the acid 
extract of the sulphonation product for 6—8 hours, the volume being 
maintained by addition of water, after which it was neutralised with 
barium carbonate. The product obtained on evaporation under 
reduced pressure was not further hydrolysed by boiling with dilute 
mineral acid. A series of fractional precipitations with alcohol only 
separated this product into three broad fractions : (1) a very hygro- 
scopic, dark-coloured, relatively unstable solid; (2) a non-hygro- 
scopic solid, not crystallising from water and certainly a mixture ; and 
(3) a light brown solid crystallisable from water. 

Fraction (1) did not give any coloration with ferric chloride and 
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on fusion with potash gave no phenol or resorcinol. The sulphonyl 
chloride was rather unstable and could not be distilled in a vacuum. 
A very small amount of solid was obtained by adding ligroin to the 
benzene solution. The barium salt decomposed at 120° (Found : 
Ba, 27:0; C, 20-5; H, 399%). 1-603 G. required 0-215 g. of 
bromine. Calculated as for the hexane product, the relative 
numbers of atoms in the mixture are 
1Ba : 2SO,(assumed) : 8-5C : 19-8H : 2-50, 

i.e., more than 50% of disulphonic acids (C/Ba = 6) are present 
and 6% of the cyclohexane rings contain one double bond. 

Fraction (3) did not give any coloration with ferric chloride, but 
decolorised cold dilute permanganate solution and bromine water 
with partial removal of sulphonic groups as barium sulphate. The 
potassium and magnesium salts also crystallised from water. Fusion 
with potash gave phenol, identified by the isolation of tribromo- 
phenol. The barium salt gave Ba, 26-85; C, 28:3; H, 3-47; H,O, 
9-1%, 1.e., the relative numbers of atoms are 

1Ba : 12C : 12H : 28O0,(assumed) : 0-50 : 2-5H,O. 
1-152 G. required 0-160 g. of bromine, i.e., this fraction is barium 
benzenesulphonate containing a little unsaturated, and possibly 
hydroxylic, cyclohexanesulphonic derivatives. The residue in a 
carbon and hydrogen combustion of a barium salt from cyclohexane 
was shown to be free from carbonate. 

The unsaturated material in the unfractionated hydrolysed salts 
was not reduced by sodium amalgam and the iodine number was 
unchanged by heating a dilute aqueous solution at 150° for 12 hours 
(compare ethylenesulphonic acid; Kéhler, Amer. Chem. J., 1898, 
20, 680). The salts after boiling with acetyl chloride did not under- 
go a mild decomposition, with formation of more unsaturated 
derivatives, on being heated, and crystalline material was not 
obtained by heating the potassium salt to 140° with absolute or 95%, 
alcohol, although propane derivatives of a similar nature crystal- 
lised satisfactorily under these conditions when they would not do 
so at lower temperatures. 

cycloHexene and Sulphonating Agents.—cycloHexene (25 c.c.) 
was run into concentrated sulphuric acid (50 g.), cooled in ice-water 
during 0-5 hour, stirred in the cold for another 0-5 hour, and then 
run into 100 ca. of ice-water. The oil which separated was extracted 
with ether and the ethereal solution was washed with caustic soda 
and distilled, giving cyclohexanol (3 g.) and a thick non-volatile oil 
(5g.). The aqueous layer yielded barium cyclohexyl sulphate (15 g.). 
When this reaction was carried out in presence of liquid 
sulphur dioxide, the main product was again barium cyclohexyl 
sulphate and only a fraction of a gram of a saturated barium salt 
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was precipitated by alcohol from the concentrated extraction 
liquor. 

35°, Oleum (30 g.) was added in 40 minutes to well-cooled and 
stirred cyclohexene (50 c.c.). Traces of sulphur dioxide were pro- 
duced if the speed of addition was increased so that the temperature 
rose appreciably. After 3 hours the mixture was poured into water, 
oil and resinous products (30 g., b. p. above 100°/30 mm.) were 
extracted with ether, and nearly pure barium cyclohexyl sulphate 
(19 g.) [Found: Ba, 26-4. Cale. for (C,H,,-SO,),.Ba,3H,O: Ba, 
254%] was obtained by evaporation of the neutralised aqueous 
liquor. No solid was precipitated by alcohol from concentrated 
aqueous solutions of this product and after 6 hours’ hydrolysis in acid 
solution traces only of barium salt remained. 

Production of Sulphonic Acids from cycloHexene.—cycloHexene 
(15 g.) was run into stirred and cooled 30% oleum (50 g.) in $ hour. 
After being stirred for a further hour, the mixture was run into water 
(500 c.c.), the non-volatile oily residue (7 g.) extracted with ether, 
and the solution neutralised with barium carbonate and evaporated 
in a vacuum. A crystalline solid separated when the volume 
reached 25 c.c., but as this was unworkable the whole of the barium 
salt was precipitated by alcohol. The product decolorised bromine 
water and permanganate solution and was hydrolysed by boiling 
acid, barium sulphate being precipitated. It did not give phenol 
on fusion. The hydrolysed product, partly fractionated by precipi- 
tation with alcohol, gave a last fraction, stable at 140°, which, after 
being dehydrated at that temperature, gave Ba, 35-3°%, indicating 
the presence of polysulphonic acids. 

Sulphonation of cycloHexanol.—cycloHexanol (20 g.) was run 
slowly into 25°, oleum cooled in ice, and the mixture stirred for 
} hour to allow for sulphate formation. 70°, Oleum (40 g.) was added 
in six portions in an hour and the mixture was stirred for 2 hours 
and poured into water. Little sulphur dioxide was formed, A 
considerable amount of viscous oil, probably polymerised cyclo- 
hexene, was separated and the aqueous liquor, neutralised below 50°, 
yielded a barium salt, similar to that from cyclohexene, hydrolysed 
by boiling dilute acid, and decomposing at 110° in the solid state 
{Found : Ba, 29-56; C, 16-66; H, 3-49% : 7.e., the relative numbers 
of atoms are 1 Ba : 2SO, (assumed) : 6-5C : 16H :4-50]. The product 
therefore contains a large proportion of sulphato-sulphonic acid and 
perhaps disulphonic acid. 

Preparation of cycloHexyl Sulphates.—Method 1. cycloHexanol 
(20 g.) was added to 12° oleum (30 g.) in 20 minutes, the tem- 
perature being kept below 20°. The liquid turned reddish-brown 
and smelled faintly of cyclohexene. The temperature was raised 
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to 35° and stirring continued for an hour. The mixture was then 
poured into water, resinous and oily matter were separated, and 
the barium salt was isolated from the aqueous extract in good yield. 

Method 2 (compare Burkhardt and Lapworth, J., 1926, 684). 
Chlorosulphonic acid (42 g.) was run into dimethylaniline (95 g.) in 
chloroform (100 g.) at — 12° to + 20°, and cyclohexanol (20 g.) 
added to the product at 30°. After standing over-night, the 
product was warmed to 50° and poured into a solution of sodium 
hydroxide (35 g.) in water (500 c.c.). The base was separated, 
and the aqueous liquor evaporated under reduced pressure. 
The sodium cyclohexyl sulphate, recrystallised from aqueous 
alcohol, formed lustrous hexagonal plates (Found: Na, 10-6. 
C,H,,0,SNa,H,O requires Na, 10-5%). This salt is rapidly 
hydrolysed to cyclohexanol by boiling dilute mineral acid, but not 
readily below 80—90°. It is unaffected by boiling neutral aqueous 
permanganate in 15 minutes and in dilute solution is only rapidly 
attacked by chromic-sulphuric acid mixture at the boiling point. 
These properties are very similar to those of sodium 1-cyclohexanol 
2-sulphonate, but the sulphate is decomposed cleanly into cyelo- 
hexene and sodium hydrogen sulphate at 120—130° and slowly in 
boiling dimethylaniline. 

Barium cyclohexyl sulphate [Found : Ba, 25-6. 

(C,H,,°SO,).Ba,3H,O 
requires Ba, 25-4%,] crystallises in brilliant plates from water or 
aqueous alcohol. Its chemical properties are similar to those of 
the sodium salt. 

Preparation of the Salts of cycloHexanesulphonic Acid.—Method 
(1) (Borsche and Lange, Ber., 1905, 38, 2766). The Grignard 
derivative of cyclohexyl chloride was treated with sulphur dioxide, 
and the sulphinic acid oxidised with cold dilute permanganate 
solution. The chloride was prepared most conveniently by boiling 
cyclohexanol with concentrated hydrochloric acid (100°% excess) for 
12 hours : gaseous hydrogen chloride, even after a longer time, gave 
a mixture containing more unchanged cyclohexanol and cyclohexene. 
The yield of sulphonate was 15—20%, and 30—40% of dicyclohexy] 
was isolated. 

Method (2) (Kolker and Lapworth, J., 1925, 127, 312) was a more 
convenient one. cycloHexene was shaken for a fortnight with excess 
of N /2-ammonium bisulphate, and the barium salt isolated. 

In an attempt to prepare cyclohexanedisulphonic acid by heating 
sodium methy] sulphite (from sodium methoxide and sulphur dioxide) 
in methyl alcohol with cyclohexene dibromide at 140°, a large 
amount of dimethyl sulphide was formed. 

Barium cyclohexanesulphonate is readily precipitated from 

























ON 


then 
and 
yield. 
684). 
y.) in 
0 g.) 
. the 
dium 
ated, 
sure. 
1e0us 
10-6. 
pidly 
t not 
1e0us 
pidly 
0int. 
xanol 
cyclo- 
‘ly in 


er or 
se of 


sthod 
ynard 
yxide, 
anate 
oiling 
s) for 
gave 
xene. 
hexyl 


more 
xcess 


ating 
yxide) 
large 


from 





HEXANE, cycloHEXANE, AND SOME OF THEIR DERIVATIVES. 2399 


aqueous solutions by alcohol and the physical properties of the 
sulphony] chloride (m. p. 106°) and sulphonamide (m. p. 93°) (Kolker 
and Lapworth, loc. cit.) are in striking contrast to those of the 
oily products from isopentanesulphonic acid. Barium cyclohexane- 
sulphonate was triturated with a small amount of concentrated 
sulphuric acid cooled in ice, and a little 20% oleum added with 
stirring, the temperature being kept below 10°. The liquid turned 
brown and sulphur dioxide was evolved at once, indicating that, if 
this acid is formed in the sulphonation of cyclohexane, it will cer- 
tainly be partly oxidised. The products of this reaction have not 
yet been examined. Barium cyclohexanesulphonate did not give 
any sulphur dioxide on being heated with 80° sulphuric acid and 
was not decomposed when a solution was evaporated nearly to 
dryness with concentrated hydrochloric acid or dilute aqueous 
caustic soda. It gave cyclohexene, without darkening greatly, on 
fusion with sodium hydroxide. 

The preparation of sodium 1-cyclohexanol-2-sulphonate was carried 
out through cyclohexene oxide (Brunel, Ann Chim. Phys., 1905, 6, 
200), prepared from cyclohexene iodohydrin. It crystallises from 
water, in which it is moderately easily soluble, in small, lustrous, 
hexagonal plates, having angles slightly different from those of 
sodium cyclohexy] sulphate (p. 2398). Itis precipitated from aqueous 
solutions by alcohol, in which it is practically insoluble. Boiling 
neutral permanganate solution does not rapidly oxidise it, but a 
boiling aqueous solution of chromic and sulphuric acids darkens 
rapidly and shows extensive reduction in an hour. This oxidation 
is probably preceded by hydrolysis. Water of crystallisation is lost 
at 120°, but no further change takes place until extensive decom- 
position with charring sets in at about 220°. The removal of the 
sulphonic group by boiling mineral acid (Brunel, loc. cit.) was 
confirmed, but the hydrolysis is not quite so rapid as with sodium 
cyclohexyl! sulphate. The hydroxyl group was only partly acetylated 
by boiling for several hours with acetyl chloride or acetic anhydride, 
and the resulting mixture did not fuse but decomposed completely 
between 220° and 250° (contrast with potassium $-acetoxyethane- 
sulphonic acid; Kéhler, loc. cit.). 


The author gratefully acknowledges his indebtedness to Professor 
Lapworth for his interest in this investigation, to the Chemical 
Society for a grant which partly defrayed the cost of materials, and 
to the Department of Scientific and Industrial Research for a 
maintenance grant received during the early part of the investigation. 


Tue University, MANCHESTER. [Received, August 21st, 1930.] 
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NOTES. 


The Reducing Action of a Grignard Reagent. By HaroLtp Burton. 


In an attempt to obtain p-toluoyldiphenylearbinol by a method 
analogous to that used by McKenzie and Wren (J., 1908, 93, 310; 
1909, 95, 1583) for the preparation of benzoin, powdered benzil- 
amide (4-5 g.) was added during 20 minutes to the Grignard reagent 
from magnesium (2-9 g.), p-iodotoluene (26-2 g.), dry amyl ether 
(50 c.c.), and a trace of iodine. The mixture was refluxed for 8 
hours and then decomposed with ice and dilute sulphuric acid. 
Filtration of the undissolved solid (1-5 g.) and crystallisation from 
benzene gave pure diphenylacetamide, m. p. 167—168°. A further 
small amount was isolated from the amyl ether, but none of the 
carbinol was found. 

Benzilamide, m. p. 155°, is conveniently prepared in good yield 
when a concentrated solution of methyl benzilate in alcohol is 
saturated with ammonia gas first at the ordinary temperature and 
then below 0°. Crystals of the amide separate during 3 days; 
these are filtered off and crystallised from benzene. 

When benzilamide was refluxed during 8 hours with ethereal 
magnesium p-tolyl iodide, and the mixture decomposed with ice 
and dilute sulphuric acid, the amide was recovered unchanged.— 
THe University, Lereps. [Received, September 10th, 1930.] 





The Action of Hydrobromic Acid on Certain Arsinic Acids. By 
MONTAGUE ALEXANDRA PHILLIPS, 


THE action of hydriodic acid on 3-nitro-4-aminophenylarsinic acid 
gives a good yield of 4-iodo-2-nitroaniline (Mameli, Boll. Chim. 
Farm., 1909, 48, 682); and bromine and 3: 5-dinitro-4-amino- 
phenylarsinic acid give 4-bromo-2 : 6-dinitroaniline (Benda, Ber., 
1912, 45, 53). 

The following table shows the results of the action of concen- 
trated hydrobromic acid on various arsinic acids. The arsinic acid 
was boiled for a few minutes with three or four times its weight of 
hydrobromic acid (d 1-445), and the resulting oily suspension poured 
on ice. In the cases marked with an asterisk, the method is a 
useful way of preparing the bromo-compounds. In these cases, 
also, the bromo-compounds were recrystallised from alcohol or 
aqueous alcohol. 





TON. 


thod 
310; 
snzil- 
went 
ether 
for 8 
acid. 
from 
rther 
f the 


yield 
iol is 
> and 


lays; 


iereal 
h ice 
ed.— 


By 


> acid 
Chim. 
mino- 

Ber., 


mcen- 
ec acid 
ht of 
oured 
lis a 
cases, 
iol or 


NOTES. 2401 


Phenylarsinic acid. Product. M.p. Yield %. | 
*3-Nitro-4-amino- 4-Bromo-2-nitroaniline 111° 97 
*4-Nitro-3-amino- 5-Bromo-2-nitroaniline 153 96 
*3-Nitro-4-methylamino- 4-Bromo-2-nitromethylaniline 102 92 
*4-Nitro-3-methylamino- 5-Bromo-2-nitromethylaniline 112 80 

3-Nitro-4-hydroxy- Mixture of polybrominated nitrophenols from 


which 2 : 4-dibromo-6-nitrophenol, m. p. 118°, 

was isolated in 20% yield. 
3-Amino-4-hydroxy- 4-Bromo-2-aminophenol (isol- } 

ated as acetyl derivative) 177 — ca. 20 
3-Acetamido-4-hydroxy- % ” ” % 
*3 : 5-Dinitro-4-amino- 4-Bromo-2 : 6-dinitroaniline 160 96 
Of the above arsinic acids, 4-nitro-3-methylaminophenylarsinic acid 
has not hitherto been described ; it is obtained as yellow plates of 
indefinite melting point by the action of methylamine hydrochloride 
on 3-chloro-4-nitrophenylarsinic acid for 3 hours at 150—160° 
(Found: As, 26-95. C,H,O;N,As requires As, 27-1%). 
The action of hydrobromic acid on 4-nitro-3-hydroxy- and 
2-nitro-3-hydroxy-phenylarsinic acids gave mixtures of polybromin- 
ated nitrophenols which could not be separated. No decomposition 
of 6-nitro-3-aminophenylarsinic acid occurred after 3 hours’ treat- 
ment with boiling concentrated hydrobromic acid.—RESEARCH 
LABORATORIES, Messrs. May & Baker Lrtp., Lonpon, S.W.18. 
(Received, August 13th, 1930.] 


The Action of Ferric Chloride on o-, m-, and p-Toluidine. By 
WILLiAM HamiLTon PatrTerRson. 

WHEN treated with hydrochloric acid (slightly more than 1 mol.), 
followed by ferric chloride, o-toluidine yields after some minutes 
adark bluish-green precipitate with purple reflex, m-toluidine gives 
4 brown colour and then a precipitate similar in appearance to the 
above, but p-toluidine only develops an intense plum-red colour, 
slowly in the cold, more quickly when warmed (compare Biehringer 
and Busch, Chem.-Ztg., 1902, 26, 1128). The reactions are given 
by mixtures of the three toluidines, but filtration may then be 
necessary to reveal the red coloration. 

The reaction with m-toluidine, with excess of ferric chloride, is 
complete at the ordinary temperature after 28 days; the weight 
of the precipitate obtained (and also in the case of o-toluidine) is 
about half that of the toluidine. The precipitate obtained after 
idays from a mixture of 30-5% of p- and 69-5% of o-toluidine to 
which hydrochloric acid (1-06 mols.) and ferric chloride (0-98 mol.) 
have been added is 32° by weight of the o-toluidine : the content 
of p-toluidine in the residual mixture is 37-6%. 

The precipitates are complex insoluble substances containing 
ly organic matter and burn without melting when heated in air. 
~East Lonpon CoLLece. [Received, August 19th, 1930.] 
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CCCXITI.—Trypanocidal Activity and Chemical Con- 
stitution. Part II. New Sulphur Derivatives of 
Aromatic Organic Arsenicals (cont.). Derivatives 
of 2-Thiolbenziminazole-5-arsinic Acid. 

By Joun Garwoop EVERETT. 


THE outstanding trypanocidal value of 2-thiolbenziminazole-5. 
arsinic acid (I) and its arseno-compound (Part I, J., 1929, 674) 
made it seem possible that the free thiol (SH) group had some 
significance in the cure of trypanosomiasis. Accordingly, various 
derivatives of this acid have now been prepared, in which the 
hydrogen of the thiol group has been replaced by other groups. 


I.) HS-CCNE>0,H,-As05H, | SCA > CoH, As0,H, au 


Benziminazole-5-arsinic acid 2-disulphide (II) was obtained in the 
form of its monohydriodide by oxidation of a dilute aqueous solution 
of (I) with iodine. The monohydriodide is crystalline and orange 
in colour, the free acid being white and amorphous. The non. 
arsenated analogue, benziminazole 2-disulphide (III), was prepared 
from 2-thiolbenziminazole in a similar manner, the disulphide itself 
being precipitated in this case. 

2-Carboxymethylthiolbenziminazole-5-arsinic acid (IV) and the 
corresponding carbamyl compound (VI) were prepared by the inter- 


ca.) | -scaN>>0,H,| CO,H-CH,S-CAN>>0,H,'As0,H, (I) 
j NH 64 |, “V2 2 NH? Ves site 


action of (I) with chloroacetic acid and chloroacetamide respectively. 
They did not decolorise iodine solution in presence of sodium 
bicarbonate, showing that the carboxymethyl (or carbamylmethyl 
group is attached to sulphur, and not to nitrogen. On reductio 
with sodium hyposulphite they gave respectively 5 : 5’-arsen- 
(2-carboxymethylthiolbenziminazole) (V), soluble in sodium bicarbonate 


(v.) | COM-CHy SCN py >CoHy’ As: | 
2 
solution, and 5 : 5’-arseno-(2-carbamylmethylthiolbenziminazole) (V1) 


soluble in dilute sodium hydroxide solution. The acids (IV) anij peri 


(VI) differed from (I) in being readily soluble in dilute minerdl “ 


acids. 
(VI.) NH,:CO-CHyS-CCNG>0,Hy-As05H, 


oxidation of (I) with alkaline potassium permanganate solutiot 


Pern 
If 
2-Sulphobenziminazole-5-arsinic acid (VIII) was obtained Dif ityp 
ltice 
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On reduction with sodium hyposulphite it gave 5 : 5’-arseno-(benz- 
iminazole-2-sulphonic acid) (IX), soluble in sodium bicarbonate 
solution. The non-arsenated analogue, benziminazole-2-sulphonic 
acid (X), was obtained by oxidising similarly 2-thiolbenziminazole. 
The acids (VIII) and (X) are both very stable and extremely 
resistant to hydrolysis. This supports the view that the sulphonic 


| NH,-CO-CH,S:CKypg >CoHly’ As: | SOjH-C<N yp >CpHy AsOsH, 
2 


(VII.) (VIII.) 


acid is not the intermediate in the oxidation of thiol compounds 
of the type R<Qp>CSH to give cyclic amidines R<y DOH. 


It seems probable that the intermediate compound is the sulphinic 
acid (compare Balaban and King, J., 1927, 1862). The acid (X) 
is not hydrolysed at all by boiling with 25% sodium hydroxide 


(IX.) [ $0,H-C< yp > CoH As! | SO,HO<h a >CH, (X:) 


solution for 2 hours, and only to the extent of 7:3% when heated 
with hydrochloric acid at 170° for 3 hours, the product being 
benziminazole (compare Lamb and Pyman, J., 1924, 125, 707; 
Barnes and Pyman, J., 1927, 2712). The acid (VIII) shows 6-2% 
hydrolysis after boiling for 2 hours with 25% sodium hydroxide 
solution, and 40-8% hydrolysis when heated with hydrochloric 
acid at 170° for 3 hours. The action of 3% nitric acid on these 
two acids is being studied. 

Therapeutic Results —The above-mentioned compounds have 
been tested against an experimental infection of 7’. equiperdum in 
mice with the following results: 7' = maximum tolerated dose in 
mg./g. of mouse, c = minimum curative dose in mg./g. of mouse, 
r= average number of days elapsing between disappearance and 
appearance of trypanosomes in the peripheral blood-stream, 
i> intravenous, o = oral. 

[Note on the test for curative action. Eight mice are used for the 
test. ‘Fhe minimum curative dose (c) is the smallest single dose 
Which will cause the disappearance of all trypanosomes from the 
Ptipheral blood-stream of all eight mice for r days. The cure 
# usually temporary. Experience in this laboratory, however, 
has ‘shown that when r is greater than 30 days the cure is 
Permanent. 

Tf'c is greater than 7’, this indicates that disappearance of all 
typanosomes ‘has occurred in fewer than 8 mice, the number of 
tice in which it has occurred being given by the figure in parentheses. 
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2-Thiolbenziminazole, for example, does not cause the disappear- 
ance of all the trypanosomes in a single case, shown by the figure 0 


in parentheses. | 
c 


T. (8 mice). T /e. r, 
2-Thiolbenziminazole-5-arsinic a 0-5 0-5 10 >30 
acid (I) o 610-0 0-1 100-0 15 
Benziminazole-5-arsinic acid 2-di- a 0-3 0-3 1-0 17 
sulphide (IT) o 10-0 0-1 100-0 20 
2-Carbamylmethylthiolbenzimin- t 2-0 2-0 1-0 13 
azole-5-arsinic acid (VI) 0 5-0 4-0 1-25 9 
2-Carboxymethylthiolbenziminazole- 7 2-0 >2-0 (0) <1-0 = 
5-arsinic acid (IV) o 10:0 >10-0 (0) <1-0 a 
2-Sulphobenziminazole-5-arsinic 7) 10 > 1-0 (0) <1-0 -- 
acid (VIII) o 10:0 >10-0 (0) <1-0 _ 
5 : 5’-Arseno-(2-thiolbenziminazole) 7 0-1 0-005 20:0 ~>30 
o >10-0 0-05 >200-0 12 
5 : 5’-Arseno-(2-carbamylmethylthiol- ¢ 0-1 0-025 4:0 6 
benziminazole) (VII) o 5-0 2:5 2-0 g 
5 : 5’-Arseno-(2-carboxymethylthiol- 0-1 0-1 1-0 3 
benziminazole) (V) o 5-0 5-0 1-0 20 
5 : 5’-Arseno-(benziminazole-2-sul- a 0-1 0-1 1-0 7 
phonic acid) (IX) 0 5-0 1-0 5:0 1 
Non-arsenated compounds. 
2-Thiolbenziminazole t 0-1 >0-1 (0) <1-0 — 
7) 10 >1-0 (0) <1-0 — 
Benziminazole-2-sulphonic acid (X) 4 1-0 >1-0 (0) <1-0 — 
o 10:0 >10-0 (0) <1-0 — 
These results may be summarised as follows : 
Non-arsenated 
compound. Arsinic acid. Arseno-compound. 
N- LN N- 
R= of oe R= OC Oe ASH R= OC OAS: 
| 2: eererrerrresy Inactive Very active Very active 
RS-S'R .......20006 Very active 
R-S-CH,-CO-NH, Slightly active Moderately active 
R-S-CH,-CO,H Inactive Slightly active 
R-SOgH. wu. ss eeeeeee Inactive Inactive Slightly active 


Conclusions. A comparison of the arsinic acids with the parent 
acid (I) shows that only benziminazole-5-arsinic acid 2-disulphide 
(II) approaches it in therapeutic activity. This acid is very sus- 
ceptible to hydrolysis, particularly in alkaline solution, giving the 
thiol acid (I), and on reduction it gives 5: 5’-arseno-(2-thiolbenz 
iminazole). It is therefore probably present in the blood-stream 
and tissues as the free thiol type RSH. In the other cases replace 
ment of the hydrogen of the thiol group causes adverse modification 
of therapeutic activity in both arsinic acid and arseno-compound. 

B. Tuberculosis.—My thanks are due to Dr. Hesse, of the Pharmy 
cological Institute, Géttingen, for kindly testing all the compound 
mentioned in Part I of this series against B. tuberculosis. They 


were all inactive. 
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ExPERIMENTAL. 


Benziminazole-5-arsinic Acid 2-Disulphide (I1).—2-Thiolbenzimin- 
azole-5-arsinic acid (5-48 g.) was dissolved in water (300 c.c.) by 
boiling, coored to 50°, N-iodine solution (20 c.c.) added all at once, 
and the flask rapidly cooled. The precipitate of rosettes of small, 
deep orange, prismatic needles proved to be benziminazole-5-arsinic 
aid 2-disulphide monohydriodide (yield, 3 g.; 45%) (Found: As, 
22-3; N, 82; S, 96; I, 19-0. C,,H,,0O,N,S,As,,HI requires 
As, 22-2; N, 8-3; 8, 9-5; I, 18-8%). The orange mother-liquor, on 
standing, rapidly became colourless, depositing 2-thiolbenziminazole- 
5-arsinic acid (2 g.). 

The sodium salt of (II) was obtained in fine white needles by 
dissolving the monohydriodide in just sufficient sodium bicarbonate 
to make the solution neutral to litmus paper, and precipitating the 
salt with alcohol, in which sodium iodide is soluble. When a solu- 
tion of the salt in a small amount of water was acidified with dilute 
sulphuric acid till faintly blue (Congo-red), it yielded benziminazole- 
5-arsinic acid 2-disulphide (Il) as an orange amorphous powder 
(Found: As, 27-4; N, 10-3; S, 11-6. C©,,H,,0,N,8,As, requires 
As, 27-5; N, 10-3; 8S, 11-7%). 

Benziminazole-5-arsinic acid 2-disulphide so obtained was 
insoluble in water, and soluble in sodium bicarbonate solution with 
effervescence. On reduction with sodium hyposulphite it gave 
5: 5’-arseno-(2-thiolbenziminazole). It was rapidly hydrolysed by 
cold dilute acids or alkalis, or even boiling water, with formation of 
2-thiolbenziminazole-5-arsinic acid (I) (compare benziminazole 
2-disulphide, III). This ready conversion into (I) is shown by 
boiling with thiolacetamide, the product being the thiolacetamide 
derivative of 2-thiolbenziminazole-5-arsinic acid (m. p. 245°, 
decomp.). 

Thiolacetamide Derivative of 2-Thiolbenziminazole-5-arsinic Acid.— 
2-Thiolbenziminazole-5-arsinic acid (2°75 g.) was boiled with thiol- 
acetamide (3-64 g.), the solution filtered hot, and cooled (compare 
Barber, J., 1929, 2335). The thiolacetamide derivative crystallised 
in tufts of fine needles. It was recrystallised from hot water; 
m. p. 245° (decomp.) (Found: As, 18-5; N, 13-8; 8, 23-9. 
(,;H,,0,N,S,As requires As, 18-6; N, 13-9; S, 23-8%). 

2-Carboxymethylthiolbenziminazole-5-arsinic Acid (IV).—Benz- 
iminazole-5-arsinic acid (27-4 g.) in water (100 c.c.) and chloro- 
wetic acid (9-4 g.) in water (100 c.c.) were separately neutralised 
vith sodium hydroxide solution, and the two solutions mixed and 
boiled. Alkalinity was maintained by the addition of sodium 
tydroxide solution (20%) as required. The resulting solution was 











2406 EVERETT : TRYPANOCIDAL ACTIVITY 


treated with charcoal, filtered, and hydrochloric acid added till 
faintly blue (Congo-red). The acid obtained was dissolved in 
sodium bicarbonate solution, and reprecipitated with hydrochloric 
acid (yield, 25 g.) (Found in acid dried at 80°: As, 22-6; N, 8-4; 
S, 9:8. C,H,O;N,SAs requires As, 22-6; N, 8-5; S, 97%). 

2-Carboxymethylthiolbenziminazole-5-arsinic acid so _ obtained 
occurred in rosettes of white needles, and gave no colour with an 
alkaline solution of sodium nitroprusside. It was insoluble in cold 
water, moderately easily soluble in hot water, and readily soluble 
in cold dilute mineral acids. The calcium salt formed micro. 
crystalline rosettes and the barium salt was amorphous. 

2-Carbamylmethylthiolbenziminazole-5-arsinic Acid (VI1).—Pre- 
pared as described under (IV) above, except that solid chloro. 
acetamide was used in place of a solution of chloroacetic acid, the 
temperature of reaction being 80°, the acid (V1) was obtained in 
bunches of colourless needles (yield, 90°) (Found in acid dried at 
80°: As, 22-6; N, 12-5; 8, 9°7. C,H,,0,N,SAs requires As, 22-7; 
N, 12-7; 8,9°7%). It resembled (IV) in solubility and in its behaviour 
with sodium nitroprusside. The barium salt formed rosettes of 
needles and the magnesium salt was amorphous. 

2-Sulphobenziminazole-5-arsinic Acid (VIII).—A _ solution of 
2-thiolbenziminazole-5-arsinic acid (5-6 g.) in water (25 c.c.) and 
sodium hydroxide solution (50%; 12 c.c.) was boiled, and potassium 
permanganate (6-4 g.) added gradually; a vigorous reaction ensued 
after each addition. Boiling was continued for 5 minutes. The 
filtered solution was made just acid with hydrochloric acid (Congo. 
red) and cooled in ice. The precipitated acid was removed, the 
filtrate concentrated further, and the combined precipitates recrys- 
tallised from glacial acetic acid (yield, 4 g.) (Found in acid dried a 
100°: As, 23-2; N, 8-7; 8, 9-9. C,H,O,N,SAs requires As, 23:3; 
N, 8:7; 8, 9-9%). 

2-Sulphobenziminazole-5-arsinic acid so obtained occurred i 
bunches of fine white needles, very soluble in cold water. It did 
not absorb iodine in presence of excess of sodium bicarbonate 
solution, showing the absence of unchanged 2-thiol compound, and 
an acidified solution did not decolorise a dilute solution of potassium 
permanganate, showing that the sulphur was fully oxidised. The 
acid did not react with phosphorus pentachloride and was very 
resistant to hydrolysis both by acids and by alkalis (compare Lam) 
and Pyman, loc. cit.; and benziminazole-2-sulphonic acid, X). 
The barium salt formed bunches of fine needles. 

Acid hydrolysis. The acid (1 g. quantities) was heated with 
hydrochloric acid (10 c.c.) at 170° for 3 hours and at 110° for 6 hour. 
Estimation of sulphate in the filtered solutions gave barium sulphate 
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0-296 g. and 0-2796 g., representing 40-8% and 38-6% hydrolysis, 
respectively. 

Alkaline hydrolysis. 1 G. was boiled for 2 hours with 25% 
sodium hydroxide solution (20 c.c.), no de-arsenication occurring. 
The cooled diluted acidified solution gave 0-045 g. of barium 
sulphate, representing 6-2% hydrolysis. 

5 : 5’-Arseno-(2-carboxymethylthiolbenziminazole) (V).—2-Carboxy- 
methylthiolbenziminazole-5-arsinic acid was reduced with sodium 
hyposulphite as described in Part I (loc. cit.). The relatively insoluble 
sodium salt precipitated from the reduction mixture was washed 
with alcohol and dissolved in water. The solution on acidification 
with hydrochloric acid (Congo-red) yielded 5 : 5’-arseno-(2-carboxy- 
methylthiolbenzvminazole) as a bright yellow, amorphous powder 
(yield, 70%) (Found: As, 25-7; N, 9-5; 8S, 10-9; atomic ratios 
As:N:S = 1-00: 1-98:0-99. C,,H,,0,N,S,As, requires As, 26-6; 
N, 9-9; 8, 113%). It formed a whitish insoluble hydrochloride. 

5 : 5’-Arseno-(2-carbamylmethylthiolbenziminazole) (VII), prepared 
from 2-carbamylmethylthiolbenziminazole-5-arsinic acid as described 
under (V) above, was precipitated from the reduction mixture as 
a bright yellow, amorphous powder (yield, 72%) (Found: As, 26-0; 
N, 14:5; 8S, 11-0; atomic ratios As:N:S = 1-00: 2-99 :0°99. 
C,3H,,0.N,5,As, requires As, 26-7; N, 15-0; S, 11-4%). It formed 
a whitish insoluble hydrochloride. 

5 : 5'-Arseno-(benziminazole-2-sulphonic acid) (IX) was prepared 
from 2-sulphobenziminazole-5-arsinic acid as described above 
under(V). ‘The sodium salt of the arseno-compound was precipitated 
at first in this case. The acid was obtained as a yellow amorphous 
powder (yield, 60%) (Found: As, 25-8; N, 97; 8S, 11-2; atomic 
ratios As: N:S = 1-00: 2-01:1-02. C,,H,)0,N,S,As, requires As, 
27-6; N, 10-3; S, 11-8%). 

Benziminazole 2-Disulphide (111).—2-Thiolbenziminazole (5 g.) was 
dissolved in water (1500 c.c.) by boiling, the solution cooled to 50°, 
and N-iodine solution added (33 c.c.) all at once. Benziminazole 
2-disulphide (4-5 g.) was immediately precipitated in very small, 
orange prisms, m. p. 198°, insoluble in water and the ordinary 
organic solvents (Found: N, 18-8; §, 21-4. C,,H,)N,S, requires 
N, 18-8; S, 21-5%). 

The monohydriodide could not be obtained, hydriodic acid 
causing reduction to 2-thiolbenziminazole with liberation of iodine. 
The monohydrochloride was obtained by stirring the disulphide with 
cold hydrochloric acid (1 : 10); it crystallised in long yellow needles, 
decomp. 210°, insoluble in water but soluble in dilute hydrochloric 
acid (Found when dried at 100°: Cl, 10-8; 8, 19-0. C,,H,)N,S,,HCl 
requires Cl, 10-9; S, 19-1%). 








2408 TRYPANOCIDAL ACTIVITY AND CHEMICAL CONSTITUTION. PART II. 


Hydrolysis. (a) Benziminazole 2-disulphide (3 g.) was boiled for 
2 hours with hydrochloric acid (1:10; 20 c.c.). The orange 
solution slowly became colourless, depositing 2-thiolbenziminazole 
(2-5 g.). 

(6) Benziminazole 2-disulphide (2 g.) was dissolved in cold sodium 
hydroxide solution (5%; 40 c.c.). The colourless solution gave 
2-thiolbenziminazole (2 g.) on acidification. 

The products of the two hydrolyses (a) and (b) were recrystallised 
separately from dilute alcohol and proved to be 2-thiolbenziminazole, 
m. p. 297° (Found: N, 18-7; S, 21-3. Cale.: N, 18-7; S, 21-3%). 
The mother-liquors contained a small amount of sulphate. 

Benziminazole-2-sulphonic Acid (X).—This was obtained from 
2-thiolbenziminazole as described under 2-sulphobenziminazole-5- 
arsinic acid. More water may be used owing to the smaller solu- 
bility of the product in cold water (yield, 90%). Recrystallised 
from water, it formed white prismatic needles, m. p. 365°, moder- 
ately easily soluble in cold water and readily soluble in sodium 
bicarbonate solution (Found in acid dried at 100°: N, 13-5; §, 
15-5; Joss at 120°, 4-4. C,H,O,N,S,4H,O requires N, 13-5; §, 
15-5; H,O, 4-3%). It was insoluble in the usual organic solvents. 
It did not absorb iodine in presence of excess of sodium bicarbonate 
solution, showing the absence of unchanged 2-thiol compound, and 
an acidified solution did not decolorise a dilute solution of potassium 
permanganate, showing that the sulphur was fully oxidised. The 
sulphonic acid did not react with phosphorus pentachloride and was 
very resistant to hydrolysis both by acids and by alkalis (compare 
Lamb and Pyman, loc. cit.). 

Acid hydrolysis. 1 G. was heated at 170° for 3 hours with hydro- 
chloric acid (10 c.c.). On cooling, unchanged benziminazole-2- 
sulphonic acid crystallised (0-7 g.; m. p. 365°). Estimation of 
sulphate in the filtrate gave barium sulphate 0-086 g., representing 
73% hydrolysis. The filtrate from a separate experiment, when 
neutralised and treated with picric acid, gave benziminazole picrate, 
m. p. 222° (0-045 g.; 47-9% of the theoretical). 

Alkaline hydrolysis. 1 G. was boiled for two hours with 25% 
sodium hydroxide solution (20 c.c.). When the liquid was cooled 
and acidified, unchanged benziminazole-2-sulphonic acid crystallised 
(0-8 g.; m. p. 365°). The filtrate contained no sulphate, showing 
that no hydrolysis had occurred. 


RESEARCH LABORATORIES, Messrs. May AND BAKER, LTD., 
Lonpon, S.W. 18. [ Received, August 30th, 1930.] 
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CCCXIV.—Comments on the Paper by Fenton and 
Garner entitled ‘“‘The Heats of Association of 
Acetic and Heptoic Acids in the Vapour State.” 


By Hans Dousez and MANFRED DUNKEL. 


FENTON and GARNER, from the effect of temperature upon the 
equilibrium, calculate the heat of dissociation of the double molecule 
of acetic acid as being 13,790 cals., and they compare this value with 
the heat of vaporisation determined calorimetrically (this vol., 
p. 694). If such a comparison is to be made, it would be preferable 
to make use of the heat of vaporisation as determined from the 
variation of vapour tension with temperature, wherein the alteration 
in energy of the two phases with the temperature is eliminated in 
a manner similar to that employed by Fenton and Garner in their 
paper. By this method, a value of 9,700 cals. is obtained for acetic 
acid (Dunkel, Z. physikal. Chem., 1928, 138, 42). Moreover, the 
heat of vaporisation is the energy required for 6-06 x 10*5 single 
molecules, whereas the value calculated by Fenton and Garner 
relates to 2 x 6-06 x 102% single molecules, and accordingly must 
be halved, giving 6,900 cals. 

A value for the heat of association of benzoic acid can be similarly 
determined. For this acid in benzene, Beckmann found considerable 
association. Since he carried out measurements at the freezing 
point and at the boiling point of the solvent, his data can be used for 
approximately determining the heat of association of benzoic acid. 
In the accompanying table, his values (Z. physikal. Chem., 1888, 2, 
729; 1890, 6, 440) are given in cols. 1 and 2, the former showing 


M (cryoscopic), 








a, g. old constant. new constant. b, g. K. 
0-268 219 228 0-019 0-69 x 108 
0-567 223 231 0-021 1-25 x 108 
1-444 228 237 0-038 0-97 x 108 
2-603 232 242 0-023 4:8 x 108 
4-725 236 246 — oo 
M (ebullioscopic), 
old constant. new constant. 
1-71 210 202 0:36 1:04 x 10! 
3°59 228 219 0-41 1-28 x 10! 
6°81 243 234 0-29 78 x 10! 
10-75 250 241 0-14 48 x 10? 


a, the weight of acid in 100 g. of benzene, and the latter showing his 

value for the molecular weight, M. Beckmann, in calculating the 

molecular weights, used the value 4,900 for the molecular lowering of 

freezing nest and 2,670 for the molecular elevation of boiling point, 
4M 
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which differ slightly from the more exact values 5,100 and 2,570, 
respectively, now used. We have, therefore, recalculated his 
results with these constants, and the corrected data are given in 
col. 3. Col. 4 indicates the unassociated portion 6, calculated from 
the values given in col. 3, and col. 5 gives the association constant, 
K = (a — b)/b?, based on the assumption that the equilibrium is 
represented by 2C,H,;-CO,H == (C,H,°CO,H),. The increase of 
this constant with increasing concentration of the benzoic acid is 
due to the solvation of the dissolved acid, and probably also to 
association of more than 2 molecules of benzoic acid in concentrated 
solutions. For calculating the heat of association of benzoic acid 
it will therefore be best to use only the lowest values. From the 
values K,=0-69 x 10° and K,=1-04 x 10, the heat of 
association of 2 g.-mols. of benzoic acid is found by means of the 
van ’t Hoff isochore, — W = R.dlog K/d(1/7'), to be 1-12 x 104 cals., 
i.e., 5,600 cals. per mol. 

This value is of the same order as the 6,900 cals. calculated for 
acetic acid from the measurements of Fenton and Garner. The 
two values are both of the same order as that of other forces between 
several molecules caused by the mutual electrostatic influence of 
two dipoles. Accordingly, Fenton and Garner’s conclusion that 
the association of acetic acid is concerned with ‘‘ chemical ’’ com- 
bination can no longer be maintained. Unless the more exact 
terms “linkage by ions’ and ‘‘ homopolar combination ”’ are used, 
or reference is made to the forces of dispersion, induction, and 
orientation constituting the forces of van der Waals, instead of 
a difference being made between “chemical” and “ physical” 
combination, the former term should be used only when dealing 
with a combination of ions or with the action of principal valencies 
in a homopolar combination. 


I.G. FARBENINDUSTRIE AKTIENGESELLSCHAFT, 
LUDWIGSHAFEN-AM-RHEIN. [Received, September 10th, 1930.] 





CCCXV.—The Calculation of Activity Coefficients from 
Solubility Measurements. Part II. Thallous Iodate. 


By Ceci, WHITFIELD DavIEs. 


In Part I (Blayden and Davies, this vol., p. 949) it was pointed 
out that in calculating the activity coefficients of a sparingly soluble 
salt from its solubility in the presence of other salts, allowance 
must be made for the incomplete dissociation of both the satur- 
ating and the added salt. It was shown that when the necessary 
corrections are applied to the published results for thallous chloride, 
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the data for this salt in dilute salt solutions reveal new regularities. 
The activity coefficient is, within experimental error, the same in any 
solution of the same ionic strength and is independent of the nature of 
the added salt. It was also shown that this new relationship provides 
a method of finding the extent of dissociation of any soluble salt. 
In view of the interest and potential value of these results it seems 
desirable to extend the calculations to other data. For this purpose 
the recent results of LaMer and Goldman (J. Amer. Chem. Soc., 
1929, 51, 2632) for thallous iodate at 25° are particularly suitable, 
for they extend to lower concentrations than do the data for thallous 
chloride, and at the same time appear to be more accurate. 

Determination of the Solubility Product.—The solubility of thallous 
iodate at 25° is reported as 0-001844 g.-mol. per litre, individual 
determinations differing from one another by not more than 0-4%. 
The dissociation constant of the salt is unknown, but it is evident 
from the low solubility that the correction for undissociated thallous 
iodate will be very small. It can be found with quite sufficient 
accuracy by analogy with those thallous salts for which dissociation 
constants are known. These are the nitrate, K = 0-56 (Davies, 
Trans. Faraday Soc., 1927, 23, 354); chloride, K = 0-284 (Part I, 
loc. cit.); and chlorate, K = 0-34 (idem, ibid.). If we take K = 0-5 
for thallous iodate, we find the concentration of undissociated salt 
to be 5 x 10 g.-mol. per litre, and the concentration of the ions 
to be 1-839 x 10- g.-mol. per litre. 

Solubilities in the Presence of Sodium and Potassium Chlorides 
and Nitrates—The methods of calculation are similar to those 
described in Part I. The figures for each solubility measurement 
have to be corrected for the undissociated parts of the salts present. 
Thus, the saturated solution in the presence of potassium nitrate 
contains undissociated thallous and potassium iodates as well as 
thallous and potassium nitrates. The concentration of undissoci- 
ated thallous iodate is always taken as 5 x 10 g.-mol. per litre, 
for the addition of other salts cannot affect this to a significant 
extent. To calculate the concentrations of the others, use must 
be made of the mass-action expression, K = f?C0.C,/Cc, (where 
C,, Cy, and OC. are the concentrations of kation, anion, and undis- 
sociated salt, and f, is the mean ion-activity coefficient), and it 
is necessary to know the value of K and the value, in each mixture, 
of f,. The dissociation constants used are as follows (Davies, 
loc. cit.) : 

KIO,. NalO,. KCl. NaCl. TICl KNO,. NaNO. TINO,. 

2-00 3-00 oo ro) 0-284 1-37 3-86 0-56 

The values of f, appropriate to the mixtures considered are not 

known, and cannot be calculated on theoretical grounds. It is 
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known, however, that the activity coefficient-concentration curves 
of all uni-univalent salts lie very close together from infinite dilution 
up to the highest concentrations here considered—about 0-1N; 


TaBLeE [. 
7 log D.10e° D.10° 
m. 8. pe Vpn. I10.P. —logf. (C.W.D.). (L. & G.). 
Water. 
== 0-001844 0-001839 0-0429 —5-4708 0-0198 0-0 —- 
Potassium Chloride. 
0-01 0:002005 0-01194 0-1093 —5-4116 0-0494 +0-6 + 27 
0-02 0-002107 0-02198 0-1482 —5-3801 0-0651 +0-2 + 4-5 
0-05 0-002335 0-05208 0-2282 —5-3191 0-0956 —0-2 + 87 
0-10 0-002625 0-10212 0-:3195 —5-2537 0-1283 +0°6 +13°3 
Sodium Chloride. 
0-10  0-002620 0-10214 0-3196 —5-2505 01299 +22 +4124 
Potassium Nitrate. 
0-01 0-001987 0-01189 0-1090 —5-4137 0-0483 —0°3 — 12 
0-02 0:002079 0-02179 0-1476 —5-3807 0-0648 +0-2 — 12 
0-05 0:002270 0-05097 0-2258 —5-3209 0-0947 —0-2 — 35 
0-10 0-002492 0-09836 0:3136 —5-2609 0-1247 —0-9 — 9-2 
Sodium Nitrate. 
0-10 0-002486 0-10078 0-3174 —65-2599 0-1252 —1-8 —10°3 
Potassium Sulphate. 
0-001  0-001912 0-00483 0-0695 —5-4462 00321 405 +4 20 
0-002 0:001958 0-00777 0-0882 —65-4312 0-0396 —0Q-2 + 2-6 
0-005  0-002075 0-01647 0-1284 —5-3948 00578 +10 + 70 
0-01 0-002193 0-03058 00-1749 —5-3619 0-0742 —1-3 + 6:4 
0-013 0-002252 0-03898 0-1974 —5-3466 0-0819 —2-3 + 549 
0-03 0-002513 0-08530 0-2921 —5-2802 0-115] —3-4 + 25 
0-03333 0-002544 0-09423 0-3070 —5-2737 0-1183 —5-°3 — 0-2 
0-05 0:002747 0-1383 0-3719 —65-2237 0-1433 —1-] — 25 
0-05 0:002747 0-1381 0-3716 —85-2498 0-1303 — — 
Sodium Sulphate. 
0-03333 0-002543 0-09550 0-3090 —5-2769 0-1167 —7°5 — 04 
0-05 0-002740 0-1410 03755 —5-2303 0-1400 —5°5 — 36 


0-05 0:002740 01401 00-3742 —65-2517 0-1293 — — 


and it has therefore been assumed that in each solution f, has the 
same value for the other salts present as it has for the thallous 
iodate itself. This value, and the concentrations of the various 
species present, are found by a method of successive approximations. 

It may seem quite unsound that the activity coefficients reported 
for thallous iodate should be founded on assumptions regarding 
the activity coefficients of the other salts present ; but these assump- 
tions are involved only in small correction terms, and it can easily 
be proved that no plausible alteration in the activity coefficient 
taken for the solvent salt could materially affect the results. 

The results are in Table I. The first column shows the com 
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centration of added salt, and the second the solubility of thallous 
iodate, both in g.-mols. per litre; the third column shows the ionic 
strength (per litre), the fourth the square root of this quantity, 
and the fifth the logarithm of the product of the concentrations of 
the thallous and iodate ions. The remaining columns of Table I 
are discussed later. 

Solubilities in the Presence of Sodium and Potassium Sulphates.— 
The dissociation of sodium, potassium, and thallous sulphates has 
recently been examined (Righellato and Davies, Trans. Faraday 
Soc., 1930, 26, 592). In dilute solutions the numbers of electrically 
neutral molecules are negligible, and the first stage in the association 
of the ions (M° + SO,’’ —= MSO,’) can be expressed with the aid 
of the mass-action equation : 


K —Sufso, Mu 
Suso, ™yso, 
where f is the activity coefficient and m the molar concentration 
ofanion. The activity coefficient of an ion can be represented by 
the equation : 
logf = —A2@Vp+ Bu. .... (2) 
where z is the valency of the ion, » is the ionic strength, A is (theor- 
etically) a universal constant, and B is another constant depending 


on the nature of the ions present. Equation (1) can therefore be 
put in the form : 


log MyMgo,/Mugso, = log K +- TA2Vu —=UBe. . (3) 


and equation (3) is valid for the three salts here considered, the 
constants having the values : 


K. 2Az?. =B. 
IR. uasaieccmuniianiliil 0-198 2-0 1-30 
| AAA WE 0-151 2-0 1-05 
EE | entppcqeiiaasenciacesess 0:0472 2-0 1-99 


By using these values, the composition of sodium or potassium sulph- 
ate solutions saturated with thallous iodate can be calculated. The 
amount of undissociated uni-univalent salt (sodium or potassium 
iodate) is calculated as before from the known dissociation constant 
and the assumption that the activity coefficient is the same as for 
thallous iodate itself, whilst the concentrations of the intermediate 
ions, TISO,’ and NaSO,’ or KSO,’, are found from the values of 
K, A, and B just tabulated. At this stage a difficulty enters into 
the calculation which was not present with the chlorides and 
titrates. With the uni-univalent salt mixtures it was quite suf- 
itiently accurate to assume a common activity coefficient value 
for all the salts present in a solution of low ionic strength; but 
vith multivalent electrolytes the activity coefficient changes much 
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more rapidly with changing concentration, and an accurate know. 
ledge of its true value is essential to the calculations. Now the 
activity constants tabulated for the thallous sulphate ions, viz., 
xA=2-0 and XB = 1-99, were determined for pure thallous 
sulphate solutions; in a solution which is predominantly potassium 
sulphate this £B value will not apply. Since TB = By, + 
By — Bysoy (and in the summation the Bo, term will pre. 
dominate), and since the solution is practically one of potassium 
sulphate, it is more reasonable to take the value 2B = 1-05 in 
calculating the amount of the TISO,’ ion as well as that of the 
KSO,’ ion present. The calculation has been made on this basis; 
similarly, in the sodium sulphate solutions the value XB = 1-30 
has been used in calculating the concentrations of both NaSO, 
and TISO,’. The results obtained in this way are shown in ordinary 
type in Table I. 

In the present state of our knowledge of activity coefficients in 
mixtures, it will be a matter of opinion as to whether this method 
of calculation is the best one. The calculations have therefore 
been repeated using the value =B = 1-99 in deriving the con. 
centrations of thallosulphate ion, and the results at the highest 
concentrations are shown in italics in Table I; at ionic strengths 
less than 0-04, the precise value of 2B is of no importance, while 
at higher concentrations the correct figures will probably lie between 
those obtained by these two methods. 


Discussion of Results. , 

On the Debye-Hiickel theory the activity coefficient of an ion is 

given by 
— log f = AV u/(1 -+- av) 

or by —log f = A2Wu — By 
where A, B, and a are constants. The second of these is the more 
convenient in practice and is adopted here. Now, before the ionic 
equilibria in a mixture of electrolytes can be elucidated, and the 
composition and behaviour of the mixture thereby determined, 
both the dissociation constant and the activity coefficient must 
be known for each electrolyte added, or formed by double decom- 
position. The dissociation constants can always be found from 
conductivities and sometimes by other methods (compare Davies; 
Blayden and Davies; and Righellato and Davies, loce. cit.); itis 
largely in the hope of contributing to a solution of the second part 
of the problem that the present series of papers is being written. 
We require to know, therefore, what values for A and B best fit 
the corrected experimental results of Table I, and to what extent 
these values are affected by the nature of the added salt. 
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Dependence on the Nature of the Added Salt.—In their original 
treatment of the data, LaMer and Goldman followed the usual 
custom of assuming the salts employed to be completely dissociated. 
On this basis the solubility of the thallous iodate is inversely pro- 
portional to. its mean activity coefficient, and, combining this with 
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the limiting relationship, — log f = AVu, the authors plotted the 
logarithm of the solubility against the square root of the ionic 
strength. By a short extrapolation to u=0, they were thus 
enabled to calculate the activity coefficients of thallous iodate in 
the various salt solutions, and they then compared these values 
with the limiting theoretical equation of Debye and Hiickel, viz., 


—logf = 0-505. Their differences, log f (obs.) — log f (calc.), 








2416 DAVIES: THE CALCULATION OF ACTIVITY COEFFICIENTS 


are reproduced in col. 8 of Table I. A value of D x 10° = 1-0 
would be accounted for by experimental error, if the maximum 
error in the mean solubility results be taken as 0-1%. Their results 
are also shown by dotted curves in Fig. 1. 

The results are typical of those obtained in this way for the 
activity coefficients of sparingly soluble salts. The deviations from 
uniform behaviour are large and follow no general rule; they are 
positive for the chlorides and negative for the nitrates, while the 
complete curve for potassium sulphate shows a “hump,” the 
deviations being first positive and then negative. 

To recalculate the activity coefficients with allowance for incom- 





plete dissociation, it will be evident that LaMer and Goldman’s | 


method must be modified by employing corrected figures for the 
ionic strength, and by using the square roots of the ion-concen- | 


tration products (J.C.P.), from col. 5 of Table I, in place of the | 
total solubility; the limiting value of log /.C.P., found by extra- | 
polation, is — 5-5103. The corrected figures for — log f are plotted | 
against Vu in Fig. 1. They are also shown in col. 6 of Table I, | 
and in col. 7 they are compared with values calculated from the 
equation 

—log f = 0-470Vp —0222. . . . (4) 


On comparing col. 7 of Table I with col. 8, it will be seen that 
the corrections for incomplete dissociation entirely remove the 
anomaly, reported by LaMer and Goldman, that the activity 
coefficient of the thallous iodate is dependent on the nature of the 
added salt even at the lowest ionic strengths. Instead, the results 
at low ionic strengths are in perfect agreement with the common | 
equation (4); specific influences do not become appreciable, among | 
uni-univalent salts, at concentrations less than N/10, while with 
the sulphate solutions and, presumably, with other multivalent 
electrolytes the specific character of the B term becomes of import- 
ance at about half this concentration. If the three series, for 
potassium chloride, potassium nitrate, and potassium sulphate, 
are considered separately, each leads to a value 0-47 for the A 
coefficient of equation (2), while, for complete agreement between 
the equation and experiment, B must be given the value 0-21 for 
potassium chloride as added salt, 0-23 for potassium nitrate, and a 
value between 0-27 and 0-34 for potassium sulphate, the latter 
value being required by the italicised figures of Table I. 

The results therefore confirm the conclusions already reached 
in Part I, and again bring solubility measurements into agreement 
with the theory of the subject. ” 

The Value of the Factor A.—On the Debye—Hiickel theory, A is 
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a universal constant which has the value 0-50 for aqueous solutions 
at 25°. If true, this universal value would be extremely con- 
venient; it has been adopted by Brénsted, for instance, in his 
treatment of the kinetics of reactions in solutions, and its simplicity 
has materially helped in the development of that subject. More- 
over, it would open the way to a straightforward experimental 
study of the B factor in mixed electrolytes and to the formulation 
of rules concerning its dependence on composition. Unfortunately, 
the value A = 0-50 does not seem to be borne out by experiment, 
and it is doubtful whether its acceptance, as sufficiently accurate 
for most purposes, is justified. Rather, it seems needful at present 
to determine.A wherever possible by experiment. 

In Part I it was pointed out that for several organic acids and 
for hydrochloric acid A has the value 0-39; and that for the com- 
mon uni-univalent salts A. A. Noyes adopted the value A = 0-41. 
It was then shown that the corrected activity coefficients of thallous 
chloride in the presence of potassium chloride are given by the 
equation — log f = 0-38V/u, and that the other available series of 
measurements for thallous chloride agree with this at low concen- 
trations. In applying this simple equation, however, the slight 
curvature of the log f-V/u curves was ignored. Actually, if each 
series is fitted separately to equation (2), the results for thallous 
chloride are as follows : 


Solvent salt. | KCI. HCl. BaCl, TINO, HNO,. 
A 0-39 0-42 0-42 0-40 0-42 
B 0-04 0-21 0-16 0-10 0-22 


The mean value for thallous chloride therefore is A = 0:41. For 
thallous iodate we now find the value A = 0-47. It therefore 
seems necessary to conclude, if the form of equation (2) is accepted 
for ionic strengths up to 0-1, not only that A has usually a value 
much lower than the Debye—Hiickel value, but that it varies from 
salt to salt. The unusually high value for thallous iodate recalls 
the fact discovered many years ago (see Lewis and Randall, 
‘“ Thermodynamics,” 1923, p. 344) that sodium and potassium 
iodates have, in dilute solutions, markedly lower activity coefficients 
than have the other common uni-univalent salts. A high A value 
would therefore appear to be an attribute of the iodate ion. 

The Principle of Specific Interaction.—The “Principle of the 
Specific Interaction of Ions’ was framed by Brénsted (J. Amer. 
Chem. Soc., 1922, 44, 877; 1923, 45, 2898) to account for the 
deviations from ideal behaviour encountered in studying activity 
oefficients in salt mixtures. Its underlying idea can be outlined 
as follows. In a mixture of two salts, AB and XY, the activity 
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coefficient of AB is mainly determined (as in the Debye—Hiickel 
limiting equation) by the ionic strength of the solution. But the 
electrical interaction will to some extent be affected by the nature 
and configuration of the ions present, and this specific influence of 
XY on the activity coefficient of AB will, in dilute solutions, be 
due only to the influence of the anion Y on the kation A and of 
X on B, for the ions of like sign are always at too great distances 
to exert specific effects. A consequence of this is that the ratio 
of the activity coefficient of AB in, say, a nitrate solution to its 
activity coefficient in a chloride solution with the same kation and 
of the same concentration should be the same whatever the kation 
may be. This principle is supported by the numerous solubility 
measurements of Brénsted himself (loc. cit.), and by the accurate 
measurements of Giintelberg (Z. physikal. Chem., 1926, 123, 199). 
Further, it is stated by LaMer and Goldman (loc. cit.) that the 
principle is confirmed by the solubility relationships of thallous 
iodate and thallous chloride. 

The bearing on this statement of the calculations given in the 
present paper and in Part I will be evident. When allowance is 
made for incomplete dissociation, the specific deviations, with both 
thallous chloride and iodate, practically vanish. The constant 
solubility ratios found by LaMer and Goldman for, say, thallous 
iodate in nitrate and chloride solutions are wholly due to the form- 
ation of undissociated thallous nitrate in the one series of measure- 
ments and the formation of thallous chloride, with its markedly 
different dissociation constant, in the other; they in no way reflect 
a specific electrical interaction in Brénsted’s sense between the 
thallous ion and the two anions. 

It would seem probable that much of Brénsted’s own experi- 
mental support for the principle is open to similar objections, | 
though this cannot be tested through lack of the necessary dis- 
sociation data. At the same time it should be noted that this 
criticism is not levelled at the principle itself; it robs it of much 
of its experimental support, but on the other hand Giintelberg’s 
results were obtained with salts which we consider completely 
dissociated and they are therefore outside the scope of the criticism. 

Solubilities in the Presence of Magnesiwm Chloride and Nitrate.— 
LaMer and Goldman also measured the solubility of thallous iodate 
in magnesium chloride and nitrate solutions. They found anomalies 
similar to those already discussed; that is, the solubilities are far 
greater in magnesium chloride than in magnesium nitrate solutions 
of the same concentration. Evidently the same explanation as 
before will apply : a larger amount of the thallous ion is removed 
by double decomposition in the first case than in the second. The 
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results cannot be treated in the same way as the previous ones, 
since the bivalent magnesium ion will presumably react to some 
extent’ to form the MgIO," ion, and the extent of dissociation of 
this is unknown. Instead, we may make use of the results to 
calculate the dissociation constant of the MgIO,° ion, as follows. 

In the solutions already considered, specific deviations were 
found to be only small among isotypic salts, so that the activity 
coefficient of thallous iodate in any uni-bivalent salt solution will 
be very nearly the same as in a potassium or sodium sulphate 
solution of the same ionic strength. The activity coefficient of 
thallous iodate in magnesium chloride or nitrate solutions will 
therefore almost certainly lie between the extreme values given for 
the sulphate solutions; that is, it will be given by the equation 
log f = — 0-47V/u + Bu, where B has a value between 0-27 and 
0-34. The calculations that follow have been carried out using 
these two values in turn. 

Magnesium chloride and nitrate are both completely dissociated 
(Righellato and Davies, loc. cit.), so that the thallous iodate—- 
magnesium salt mixtures contain, besides: the simple ions, only 
undissociated thallous iodate, undissociated thallous chloride or 
nitrate, and the MgIO,° ion. The concentration of undissociated 
thallous iodate is always 0-005 millimol. per litre as before. The 
concentrations of the other species are determined by successive 
approximations ; a plausible value is first given to the concentration 
of undissociated thallous chloride or nitrate, and this determines 
the concentration of thallous ion which then gives, from the solu- 
bility-product principle, the concentration of iodate ion; the 
concentration of the MgIO,° ion is now found by subtraction, and 
hence a closer approximation to the true ionic strength and true 
concentrations is obtained, and so on until final agreement is 
reached. The results of the calculation, using the two values for 
B, are shown in Table II. The first column shows the solvent 
salt and the second its molar concentration. The third and sixth 
give the ionic strength, on the two bases of calculation, the fourth 
and seventh give the concentration of MgIO,° ion in millimols. per 
litre, and the fifth and eighth give the logarithm of the “ classical ” 
dissociation constant of the MgIO," ion: k’ = myg . mro,/Mngto,: 





TaB_eE II. 
B = 0-27. B = 0:34, 
Salt. m. p. ~ MglO,". log k’. py. MglO,’. log k’. 
MgCl, ...... 0-03333 0-1020 0-119 —0-170 01019 0-178 —0-357 


0:05000 0-1520 0-177 —0-142 0-1517 0-274 —0-349 
003333 0-1021 0-094 —0-079  0-1020 0-161 —0-326 
” 0-06000 0-15621 0-137 -—0-045 00-1519 0-239 —0-306 


eeeeee 
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The consistency of the results obtained by such an indirect 
method of calculation, which throws all errors on the small con- 
centration of MgIO,° ion being determined, says much for the 
accuracy of the solubility measurements. It will be seen that 
more satisfactory agreement between the magnesium chloride and 
the nitrate results is obtained by giving B a value of at least 0-34, 
so that it is probable that B has a value close to this in the two 
magnesium salt solutions. Taking this value, we may obtain the 
true dissociation constant of the MglO, ion, K = k’fu,fio,/ 
Sugo,; if, in the absence of direct evidence, the A factor of equation 
(2) is given the Debye—Hiickel value 0-5, we may write 


log K = log k’ — 2V/u +- Bu, 


and substituting in this equation the values of k’ given in the last 
column of Table IT, we obtain : for the magnesium chloride measure- 
ments, K = 0-190, B = 2-68; and for the magnesium nitrate 
results, K = 0-192, B = 2-42. The mean values for the MgIO,° 
ion are therefore K = 0-19 and B = 2-6. These values are of the 
magnitudes to be expected by analogy with other uni-bivalent salts 
(Righellato and Davies, loc. cit.). The K value may carry a large 
percentage error, but it is of importance to know even its order of 
magnitude, since this enables the amount of MgIO,° ion present 
in any dilute salt mixture to be computed with an accuracy sufficient 
for most purposes. 

Solubilities in the Presence of Magnesium Sulphate—There remain 
for consideration the measurements of LaMer and Goldman using 
magnesium and zinc sulphates as solvent salts. The single svulu- 
bility measurement in zinc sulphate is at too high a concentration 
to be of use, but the other series can be used to study the dissociation 
of magnesium sulphate. In a bi-bivalent salt solution such as this, 
thallous iodate will have a lower activity coefficient than in the 
solutions so far considered, but it can be seen from Fig. 1 that the 
common equation (4) can safely be assumed to hold good up to an 
ionic strength of at least 0-02. Only one measurement, for 0-005M- 
magnesium sulphate, comes within this limit, and calculations have 
therefore been made for this. They are not given in detail, as they 
are similar to those just described. The solution contains the 
following species: Mg’, SO,”, TI’, 10’,, TILO,, MgIO,°, TISO’,, and 
MgSO,, and the calculation is directed at finding the ionic strength 
and hence the concentration of undissociated magnesium sulphate 
that must be present in order that equation (4) may be satisfied. The 
calculated concentrations, in millimols. per litre, of the various 
species in the order named are: 3-681, 3-615, 1-973, 2-039, 0-005, 
0-024, 0-090, and 1-295. That is, for equation (4) to be satisfied 
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the magnesium sulphate must be about 25% undissociated. This 
confirms the conclusion, previously reached, that magnesium 
sulphate should be regarded as a fairly “weak” electrolyte, and 
agrees as well as may be expected with the figure deduced from the 
conductivity and freezing-point data for pure magnesium sulphate, 
viz., 80% dissociation in 0-005M-solution (Davies, loc. cit.). 


Summary. 


When allowance is made for the incomplete dissociation of the 
salts concerned, the activity coefficients found for thallous iodate 
from solubility measurements at 25° lose their abnormal features. 
The activity coefficient becomes independent of the nature of the 
added salt provided the concentration of this be small, specific 
effects not making their appearance with uni-univalent salts until 
an ionic strength of 0-1 is reached. 

The activity coefficient of thallous iodate in the most dilute 
solutions is expressed by the equation — log f = AV, where 
A = 0-47; and, since this A value is much greater than those 
derived from the most accurate data for other uni-univalent electro- 
lytes, it is concluded that A may vary from salt to salt; it appears 
to be always lower than the Debye—Hiickel value 0-50. 

It is shown that the solubility data for thallous chloride and 
iodate contribute no support, as stated by LaMer and Goldman, 
for the principle of specific interaction. 

The dissociation constant of the MgIO,° ion is calculated to have 
the approximate value K = 0-19. 


BaTTERSEA POLYTECHNIC, 8.W. 11. [Received, September 16th, 1930.] 





CCCXVI.—The Calculation of Activity Coefficients from 
Solubility Measurements. Part III. The Un- 
symmetrical Valence Type Effect. 


By Crom WHITFIELD DAVIEs. 


WHEN the activity coefficient of a sparingly soluble salt is estimated 
from its solubility in other salt solutions, there have usually been 
found small but definite deviations from the principle that the 
ionic strength of the solution alone governs the activity coefficient ; 
in Parts I and II of this series (this vol., p. 949; preceding paper) 
it has been shown that these specific deviations are due wholly to 
use of the incorrect assumption that the salts concerned are com- 
pletely dissociated into ions. There have also, however, been 
noticed (Brénsted and Petersen, J. Amer. Chem. Soc., 1921, 43, 
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2265; Brénsted and LaMer, ibid., 1924, 46, 555) certain mixtures 
where the deviations are altogether greater; so great, in fact, as 
to call in question the principle of ionic strength, and the Debye- 
Hiickel treatment of dilute electrolyte solutions. A measurement 
by LaMer and Cook (J. Amer. Chem. Soc., 1929, 51, 2622) on the 
solubility of luteocobaltic diamminotetranitrocobaltiate may be 
cited as an example. When pure water is replaced by 0-0002M- 
potassium sulphate, the solubility increase should, on the Debye- 
Hiickel theory, be 5-5 x 10 mol. per litre. It is actually 14-6 x 
10, so that even in such an excessively dilute solution as this, the 
solubility increase is almost 200°% too great, and the limiting laws 
appear completely at fault. This anomaly has been called the 
“electric type effect” or the “unsymmetric valence type 
effect,’”’ and has been the subject of a special investigation by 
LaMer and Mason (J. Amer. Chem. Soc., 1927, 49, 410) and LaMer 
and Cook (loc. cit.). The anomaly is most marked when the electro- 
lyte mixture contains two ions of high valency and opposite charge, 
and this suggests that corrections for the incomplete dissociation 
of the salts concerned may remove these large deviations, just as 
they have the smaller deviations already investigated; for the 
dissociation constants so far obtained (Davies, 7'rans. Faraday 
Soc., 1927, 23, 351; Righellato and Davies, ibid., 1930, 26, 592) 
lead to the rule that the dissociation constant of a salt or complex 
ion is determined mainly by the electrical charges of the com- 
ponent ions, being smaller the greater the opposite charges, and 
only to a minor extent by their specific characteristics; so that 
the correction for incomplete dissociation will be large in just 
those cases where the anomaly is greatest. 

The object of the present paper is to test this idea quantitatively 
on some of the data obtained by LaMer and his co-workers. In 
the two papers cited, they have measured the solubilities of 
luteocobaltic diamminotetranitrocobaltiate (LN,) and luteocobaltic 
diamminodinitro-oxalatocobaltiate (LO,) in very dilute potassium 
sulphate solutions, and LaMer and Goldman (J. Amer. Chem. Soc., 
1929, 51, 2632) have published similar data for lanthanum iodate 
as solute. These measurements are of high accuracy and are 
particularly suited to our purpose; the solubility relationships of 
the salt LN, will first be considered. 

Solubilities of the Salt LN, in Potassium Sulphate Solutions.— 
When the ter-univalent salt LN, is dissolved in potassium sulphate 
solutions, a large number of species are possibly present in the 
solution, e.g., K", SO,’", KSO,’, K,SO,, KN, LSO,’, L(SO,),’, L’”’, N’, 
LN, LN,’, and LN,. If we restrict ourselves to very dilute solu- 
tions, however, only first-stage association products will be present 
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in appreciable amounts, and allowance need not be made for such 
species as K,SO,, LN,’ and so on. Further, at concentrations of 
potassium sulphate not greater than 0-001M, this salt can be 
treated as completely dissociated (Righellato and Davies, loc. cit.), 
and the same is undoubtedly true of the uni-univalent salt KN. 
Finally, the solubility of the salt LN, in water is only 1-6 x 10-4 
mol. per litre, and no great error ‘can be involved in neglecting the 
extremely small, almost constant, proportion of LN” which may 
be present in the solution. At these high dilutions, therefore, we 
need only consider the possibility of association between the two 
ions of high valency, L’*’ and SO,”, and the salts can otherwise be 
taken as completely dissociated. If, now, we assume that the 
Debye-Hiickel limiting equation — log f, = 0-5 z,z,Vu (where f, is 
the mean activity coefficient of a salt, z; and z, are the valencies 
of its constituent ions, and yp is the ionic strength) is obeyed by 
the solutions, and ascribe the deviation of the actual from the 
theoretical solubility to the formation of the ion LSO,’, the amount 
of this in each solution can be calculated. The test of the theory 
will lie in whether the results at the various concentrations conform 
to the requirements of the law of mass action. 

The method of calculation is as follows. The solubility of LN, 
in water at 25° is 1-641 x 10-4 mol. per litre. If the salt is com- 
pletely dissociated, the ionic strength is six times the solubility, 
and from the Debye-Hiickel equation — log f, = 1-5». It follows 
that the solubility product is fi .mm,*° = 1-27 x 1074. Now in 
potassium sulphate solution of concentration m, let the new solu- 
bility be s, and the concentration of LSO, ion be x. The ionic 
strength is given by u = 3m + 6s — 6z, and the solubility-product 
principle yields the equation 

fi(s — x)(3s)* = 1-27 x 1074, 
or 
log (s — x) + 3 log (3s) — 6V/u = — 13-8962. 


The two equations can best be solved for x by a series of approxim- 
ations. The results are in Table I. 


Tassie I. 


m.10% 8.10% 2.104 ps Vu. —logk’. —log K. 
1-641 one 0-0009846  0-03138 — — 
1-787 0-398  0-001432  0-03784 3-253 3-480 
1-991 0-854  0-002182 0-04671 3258 3-537 
2-238 1-28 0003575 0-05979 3185 3-544 


oanwo 


1 


The first column shows the molar concentration of potassium 
sulphate, the second the solubility of LN,, the third the concen- 
tration of LSO,’ ion, the fourth the ionic strength, the fifth the 
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square root of this quantity, and the sixth gives the negative 
logarithm of the “classical” dissociation constant, k’ = mymgo,/ 
Mys0,, Which should govern the equilibrium LSO, == L** + SO,”. 
The last column gives the negative logarithm of the true dissociation 
constant, 
K = fi.fso. _ MmLMs0, 
fiso, M10, 
which is found from k’ by applying the Debye—Hiickel equation to 
give log K = log k’ — 6,/u. It will be seen that over a fairly 
considerable concentration range the constancy of K is satisfactory. 
Solubilities of the Salt LO, in Potassium Sulphate Solutions.— 
Similar calculations may be applied to the data for the salt LO,, 
and the results provide a decisive test of the theory; for the devi- 
ations of this salt from ideal behaviour must be ascribed to the 
formation of the same ion, the LSO,° ion, as in the former case, 
and we should therefore find the same dissociation constant. The 
results of the calculations are shown in Table II, where the column 
headings have the same significance as in Table I. 


TaBxeE II. 
m.10°. 2.10%. 2.106. p. V pb. —logk’. —log K. 
0 0-8255 _- 0-0004953 0-02226 = -- 
2 0-9236 0-252 0-001003 0-03167 3-332 3°522 
5 1-0360 0-481 0-001833 0-04281 3-283 3-539 
10 1-1701 0-699 0-003282 0-05729 3-203 3°547 


The value of K is again satisfactorily constant, and moreover is 
in very close agreement with the value derived from the other 
series of measurements already discussed. The explanation offered 
of the “ unsymmetric valence type effect’ seems, therefore, to 
be fully upheld. 

With reference to Table II, it should be mentioned that in LaMer 
and Cook’s paper the solubility of LO, in 0-0002M-potassium 
sulphate is given as 0-90236 x 10-4. This value was first used in 
the calculations, but failed to give good agreement with the other 
two measurements ; closer examination then showed that a misprint 
had arisen, the correct solubility being 0-9236 x 10-4. 

The values of log K given in Tables I and II, while satisfactorily 
constant, show a definite and (except the first value of Table 1) 
quite regular trend with changing concentration. This is attributed 
to a slight error in the one important assumption made in the 
calculation, viz., that the Debye—Hiickel limiting equation holds 
good; doubt has already been thrown on the correctness of the 
numerical constant, 0-50, in this equation, and somewhat smaller 
values have been empirically derived (see, ¢.g., Parts I and II). 
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Calculations show that if a value 0-48 is used throughout in place 
of the value 0-50, the variation in K entirely disappears, the values 
being as follows: in Table I, — log K = 3-522, 3-558, 3-557; in 
Table II, — log K = 3-547, 3-555, 3-557. 

Solubilities of Lanthanum Iodate in Potassium Sulphate Solu- 
tions.—The measurements of LaMer and Goldman, using lanthanum 
iodate as saturating salt, are open to the same treatment. The 
results of the calculations are given in Table III, where x now 
represents the concentration, and K the dissociation constant, of 
the LaSO,’ ion. 


TaBLe III. 
m.10%. 8.10% 2x. 104. J. Vp. —logk’. —log K. 
0 8-9006 — 0-005340 0-07308 = —_ 
2 9-1666 0-806 0-005616 0-07494 2-907 3-357 
5 9-7463 2-731 0-005709 0-07556 3°235 3-688 


10 10-564 4-619 0-006567 0-08104 3°159 3-646 
20 12-153 7-499 0-008792 0-09377 3-110 3-673 


The theoretical value, 0-50, of the numerical constant in the Debye— 
Hiickel equation has been used in this case. The uniformity of 
the K values is not quite so good, but there is no evidence of a 
definite trend over the ten-fold change in concentration. 

The Dissociation of the LaSO, Ion from Conductivities.—There 
are no other suitable solubility measurements, but the dissociation 
constant just derived can be roughly checked by conductivity 
measurements. The conductivity of lanthanum sulphate at 18° 
has been measured by Noyes and Johnston (J. Amer. Chem. Soc., 
1909, 31, 987), who found A, = 129 for the equivalent conductivity 
at infinite dilution, and A = 60-1 for that of a 0-002N-solution. 
Now if lanthanum sulphate were completely dissociated, its con- 
ductivity would be given by the equation of Onsager (Trans. 
Faraday Soc., 1927, 23, 341), A = Ay —avVC, where C is the 
equivalent concentration and the constant a has in this case the 
value 469. For a 0-002N-solution this gives a conductivity decrease 
of only 20 units, and the difference between the theoretical value 
for the conductivity, 109, and the experimental value, 60-1, must 
be ascribed to partial association of the ions. As we have seen, 
the first stage in this association will be the formation of the LaSO,° 
ion, and this stage will probably go almost to completion before 
the further association of this univalent ion need be considered. 
The attendant decrease in conductivity may be estimated from the 
scheme 


2La"” + 380,” —-» 2LaSO,° + SO,” 
2x3x6l 3x2 x 68— >2 x 40 2 «x 68 
774 —> 216 
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where 61 and 68, are the mobilities at infinite dilution of the lanth- 
anum and sulphate ions, and 40 may be taken as a rough estimate 
of the mobility of the LaSO, ion. The fall in conductivity for 
100°, association (reckoned on mobilities at infinite dilution) is 
therefore 558 units per mol., or 93 units per equiv.; %.e., 72%. 
The observed fall in conductivity is 49 units, or 45%. The degree 
of association is therefore 45/0:72 = 62%. This gives for the 
individual molar concentrations : La’, 0000253; SO,’’, 0-000587 ; 
LaSO,°, 0-000413; and hence, — log h’ = 3-444, » = 0-00252, and 
— log K = 3-745. This agrees, within the limit of accuracy of 
the calculations, with the former value. The large deviations from 
the Debye-Hiickel activity theory (“the unsymmetric valence 
type effect’) and the equally large deviations from the Onsager 
conductivity equation find, therefore, a common explanation in 
the extensive association between oppositely charged ions of high 
valency. 
Summary. 

The large deviations from the Debye—Hiickel theory of dilute 
solutions which have been described as “ the electric type effect ” 
or “the unsymmetric valence type effect’ are considered to be 
due wholly to the incomplete dissociation of the salts concerned. 
Calculations based on solubility measurements with two luteoco- 
baltic salts in potassium sulphate solutions support this view, and 
give closely concordant values for the dissociation constant of the 
luteocobaltic sulphate kation. The large deviations found with 
lanthanum iodate in sulphate solutions are successfully interpreted 
in the same way, and lead to a value for the dissociation constant 
of the lanthanum sulphate kation agreeing with that derived from 
the conductivity of lanthanum sulphate solutions. 


BAtTERSEA PotyTEcunic, 8.W. 11. [Received, September 16th, 1930.] 





CCCXVII.—The Interaction between Alkyl Grignard 
Reagents and Arsenie Trichloride. 


By WiFreD James Crecm, Dyke and Wit11aAM JacoB JONES. 


Iy the present investigation it has been found that the chief product 
of the interaction between an alkyl Grignard reagent and arsenic 
trichloride is the trialkylarsine. Some arsenic is always liberated ; 
it forms a finely divided, brown powder, and appears to be produced 
by the reducing action of the free arsine, which is present in the 
reaction mixture, on the added arsenic trichloride. Paraffin, 
formed during the preparation of the Grignard solution by the 
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synthetic action of the magnesium on the alkyl bromide, can, be 
isolated by shaking the pre-arsine fraction in the final distillation 
with concentrated sulphuric acid. 

Trialkylarsines are less readily oxidised than the corresponding 
stibines. They combine immediately, however, with bromine, and 
with iodine, and their avidity for alkyl halides is much greater than 
that of the stibines. With chlorine, trimethylarsine immediately 
bursts into flame. Reduction to finely divided, brown arsenic 
occurs when a tertiary arsine is slightly warmed with arsenic tri- 
chloride. 

Gryszkiewiez-Trochimowski, Zambrzycki, and Sikorski (Rocz. 
Chem., 1926, 6, 794; 1927, 7, 54; 1928, 8, 250; Bull. Soc. chim., 
1927, 41, 1570) have prepared the tertiary n-alkylarsines: from 
methyl to octyl by treating Grignard reagents with arsenious oxide, 
and have recorded measurements of their refractive indices. The 
atomic refractivity of arsenic in the new tritsoalkylarsines. now 
described, calculated by deducting the atomic refractivities of the 
carbon and the hydrogen (Eisenlohr, Z. physikal. Chem., 1910, 75, 
585) from the values of the molecular refractivities, [Rz]. (see 
Experimental), is given in the following table. 


Atomic Refractivity of Arsenic. 
Arsine. F, D. Cc 


Triisobutyl .......cs0ccccecesese 12-31 11-94 11-80 
PEb GENE: con coccgsnpsetenda 11-83 11-46 11-32 
VOUT cicespeccigeccesgeoss 12-34 11-96 11-79 
Telinahemyl...csteccovcvcsessecs 12-35 12-00 11-86 


For comparison, it may be added that the value given by 
Gryszkiewicz-Trochimowski and Sikorski for the atomic refractivity 
of arsenic for D light is 11-46 in triethylarsine, and 10-97 in tri- 
n-propylarsine. 

EXPERIMENTAL. 

The apparatus and procedure employed in the investigation of the 
interactions between Grignard reagents and antimony trichloride 
(Dyke, Davies, and Jones, this vol., p. 465) were adopted in the 
present work, the arsine being finally isolated by fractional distil- 
lation under reduced pressure. 

For the analyses, as in the case of the stibines, tared, constricted 
glass tubes were quarter-filled with 0-1—0-2 g. of the arsine inside a 
chamber filled with carbon dioxide (Dyke and Jones, this vol., p. 
1923), and were then quickly sealed off. In the determinations of 
carbon and hydrogen, a mixture of powdered lead chromate and 
copper oxide was used to surround the tube, whose seal had been 
broken immediately before introduction. Arsenic was determined 
by the method of Ewins (J., 1916, 109, 1356). 
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A mixture of diethyl ether and trimethylarsine was obtained by 
Hibbert (Ber., 1906, 39, 160) by distilling in carbon dioxide the 
product obtained on using approximately equivalent weights of 
magnesium, methyl iodide and arsenic tribromide. Owing to the 
closeness of the boiling points of the ether and trimethylarsine, 
34-6° and 52°/760 mm. respectively, their separation by distillation 
is not convenient, and, therefore, in investigating the interaction 
between magnesium methyl iodide and arsenic trichloride we have 
chosen di-n-amyl ether as medium. The use of a high-boiling ether 
permits of easy isolation of the arsine through fractional distillation, 
and affords a convenient method of preparation, alternative to that 
recommended by Renshaw and Holm (J. Amer. Chem. Soc., 1920, 
42, 1468), viz., the action of arsenic trichloride on zinc methyl] in 
xylene. The medium for the preparation of the Grignard reagent was 
obtained as follows. A mixture of 600 c.c. of n-amy]l alcohol and 100 
c.c. of 96°, sulphuric acid was kept gently boiling in a distillation 
flask until the temperature of the liquid attained 170°. The heating 
lasted about 7 hours, and from the distillate consisting of a mixture 
of amylene, alcohol, ether and water, the upper layer was separated. 
The mixture in the flask was then steam-distilled, and the upper layer 
of the distillate was separated and added to that obtained from the 
distillate collected during the heating. The combined ethereal 
layers were washed with sodium carbonate solution, dried over 
calcium chloride, and fractionally distilled, the amylene, b. p. 40°, 
and alcohol, b. p. 138°, being rejected, and the distillate between 180° 
and 192° being collected. This was then refluxed for 3 hours with 
metallic sodium, filtered, allowed to stand over phosphoric oxide, 
decanted, and freshly distilled for use. The yield was 145c.c. 

A solution of magnesium methyl] iodide was prepared by dropping 
31 c.c. of methyl iodide in 70 c.c. of i-n-amyl ether on 12-1 g. of 
magnesium turnings immersed in 70 c.c. of the ether, to which a 
granule of iodine had been added. Dissolution of the magnesium 
began early, and the preparation of the Grignard reagent was com- 
plete in 3 hours, the reaction mixture being warmed to 40—50° 
towards the end. Then 13 c.c. of arsenic trichloride in 100 c.c. of 
m-xylene were added drop by drop during 2 hours. After the 
addition was complete, the stirring of the mixture was continued 
for 1 hour. The magnesium salt-complex was decomposed with a 
solution of 60 g. of ammonium chloride in 300 c.c. of water. Through- 
out all the preceding operations pure, dry hydrogen was passed 
through the reaction bottle. The ethereal layer was now removed 
in an atmosphere of carbon dioxide, dried, and fractionally distilled 
in a slow stream of carbon dioxide through an 8-pear column, the 
fraction 49—57° on being redistilled yielding 4-2 g. of trimethyl- 
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arsine, b. p. 51—53°. It may be noted that di-n-amyl ether has 
not hitherto been used as a medium for the preparation of Grignard 
reagents. 

Auger and Billy (Compt. rend., 1904, 139, 597), owing apparently 
to the conditions of their experiment, did not obtain triethylarsine 
on treating the Grignard reagent with arsenic trichloride, but in the 
present work, 9 g. of purified triethylarsine were obtained by 
allowing 13-8 c.c. of arsenic trichloride in 100 c.c. of diethyl ether to 
react with the reagent prepared from 12-1 g. of magnesium, 55 g. of 
ethyl bromide, and 300 c.c. of diethyl ether, treating the mixture by 
the method of Dyke, Davies, and Jones (loc. cit.), and distilling the 
arsine, b. p. 138—139°/760 mm., in a stream of carbon dioxide. 
There was no evidence of the formation of any arsenic compound, 
other than the tertiary arsine, in this interaction. 

Tri-n-butylarsine was prepared by the addition of the equivalent 
of arsenic trichloride in diethyl ether to the Grignard reagent 
prepared from 69 g. of n-butyl bromide. The yield of arsine, b. p. 
150°/41 mm., was 10 g., and 5 g. of n-octane, b. p. 125°/760 mm., 
were obtained. 

The preparation of triisobutylarsine (Found: C, 58-5; H, 
11-5; As, 29-9. C,,H,,As requires C, 58-5; H, 11-1; As, 304%) 
was effected by adding arsenic trichloride to the Grignard reagent 
obtained from 69 g. of isobutyl bromide; yield of arsine, 9 g.; 
b. p. 119°/31 mm.; d% 0-9590; nz” 14704; nz 1-4627; nv 
1-4595; [R,]y 71-67; [Rz]p 70°66; [R,], 70-24. In the preparation, 
3 g. of Be-dimethylhexane, b. p. 110°/765 mm., were obtained. 

No tertiary arsine was obtained from the products of reaction 
of arsenic trichloride with magnesium ¢ert.-butyl chloride. 

Yields of 12 g. of tri-n-amylarsine, b. p. 179—180°/31 mm., and 
of 10 g. of n-decane, b. p. 169°/760 mm., were obtained when 13:8 c.c. 
of arsenic trichloride, 61 c.c. of n-amyl bromide, and 12-1 g. of 
magnesium were used. 

Tri-dl-8-methylbutylarsine (tri-dl-amylarsine) (Found: C, 62-0; 
H, 11-6; As, 26-1. C,,H,,As requires C, 62-4; H, 11:5; As, 
26-0%), b. p. 160°/28 mm., 149°/20 mm.; d2% 0-9563; n¥ 1-4772; 
n> 14696; n? 1-4665; [R,], 85-19; [Rz]>p 84:03; [Rr], 83°55, 
was prepared by the interaction between arsenic trichloride and 
magnesium dl-8-methylbutyl bromide made from 76 g. of the alkyl 
bromide. Yield, 7 g. The first runnings furnished 10 g. of 
y¢-dimethyloctane, b. p. 160°/760 mm. 

Tri-y-methylbutylarsine (triisoamylarsine) (Found: C, 62-2; H, 
11-6; As, 25-9. C,;H,,As requires C, 62-4; H, 11-5; As, 26-0%), 
b. p. 167—168°/28 mm.; dz" 0-9504; n?*° 1-4771; n# 1-4694; nz 
1-4662 ; [Rz]y 85°71; [Rz]p 84-52; [Rz], 84-02, was obtained from the 
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Grignard reagent made from 76 g. of tsoamyl bromide (yield, 10 g.). 
The synthetic action of the magnesium gave 9 g. of $y-dimethyl- 
octane, b. p. 160°/760 mm. 

The interaction between the arsenic halide and the magnesium 
8-methylamyl bromide made from 83 g. of the alkyl bromide gave 
10 g. of tri-8-methylamylarsine (triisohexylarsine) [Found.: C, 650; 
H, 12:0; As, 22-0. (C,H,;),As requires C, 65-4; H, 11-9; As, 


5° 


227%], b. p. 158—160°/5 mm.; d% 0-9309; nj" 1-4741; np 


1-4669; n2” 1:4639; [R,]p 99°72; [RzJp 98-42; [Rz], 97-88. The 
first runnings furnished 5 g. of @:-dimethyldecane, b.'p. ca. 78°/7 mm. 
Derivatives of the trialkylarsines are being investigated. 


THe Tatem LABORATORIES, UNIVERSITY COLLEGE, 
CARDIFF. [Received, September 19th, 1930.] 


CCOCXVITI.—Researches in the Menthone Series. Part 
VII. The Condensation of Menthylamines with 
d- and |-Oxymethylenecamphor. 


By Joun Reap and (Miss) CATHERINE CASSELS STEELE. 


Tue only complete optical resolutions of externally compensated 
menthylamines which have yet been recorded are those of dl- 
menthylamine and dl-neomenthylamine by means of the hydrogen 
d-tartrates (J., 1929, 23). The unusual difficulties which we 
experienced in attempting the resolution of menthylamines with 
optically active acids (loc. cit.) led us to study the possibility of 
utilising optically active oxymethylenecamphor as a resolving 
agent in this field. This reagent reacts readily with the bases, 


and from dl-neomenthylamine we found it possible to prepare © 


optically pure specimens of the d- and l-base with the aid of d-oxy- 
methylenecamphor only. Owing to their great .solubility, the 
condensation products furnished by dl-isomenthylamine and dl- 
menthylamine could not be submitted to fractional crystallisation, 
so-that no resolution could be effected in these instances, 

The further possibility was envisaged that the d- and /-forms of 
a particular menthylamine might display different velocities of 
reaction with d-oxymethylenecamphor. In such an event, the 
residual base from an interaction between a d/-base and this reagent 
should be optically active, as in the case of dl-ac-tetrahydroquin- 
aldine.(Pope and Read, J., 1913, 103, 1528). In.none of.the three 
reactions examined, however, .was-any measurable optical activity 
displayed by the unchanged base. Thus, the optical resolution of 
dl-isomenthylamine still remains an unsolved preblem. 
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The preparation and characterisation of stereochemically homo- 
geneous substances of the types d-D and d-L was rendered ‘possible 
by ‘condensing an optically pure d- or l-menthylamine (indicated 
by d- or l- in the abbreviated representation) with an optically 
pure d- or l-oxymethylenecamphor (indicated by D or L). The 
optical resolution of di-neomenthylamine is ‘possible because a 
mixture of the diastereoisomeric derivatives d-D and I-D may be 
separated by fractional crystallisation. Pope and Read (loc. cit., 
p. 1516) showed that in certain instances pairs of substances related 
in this way were capable of forming partial'racemates, and that in 
solution these partial racemates exhibited rotatory powers which 
were the mean of those of their components. The conclusion was 
therefore drawn that no ‘‘ combination exists in the solution between 
the two components of the partially racemic substance which exists 
in the crystalline condition as a definite compound ” '(p. 1522). 

With dl-menthylamine, there is no evidence regarding the practic- 
ability or otherwise of separating the substances d-D and 1-D, 
owing to the great solubility of the material; but the observed 
rotatory power of the mixture, [«], + 140-2°, approximates ‘so 
closely to the calculated value, [«],) -+- 133-5°, as to render unlikely 
the existence of a combination between its constituents. in solution. 
dl-isoMenthylamine, however, appears to present a new kind ‘of 
behaviour; for here the observed values of [«],. for the equimole- 
cular mixture of d-D and l-D is + 162-2°, whereas the mean of the 
values for the individual components is (+- 212-9° + 281:3°)/2 = 
+ 247-1°. The marked discrepancy between the observed and the 
calculated rotatory powers points to the conclusion that the dia- 
stereoisomerides d-D and /-D in this case form a partially racemic 
combination, the stability of which persists even in an alcoholic 
solution. 

The interesting observation that mutarotation was displayed by 
some, but not all, of these stereoisomeric condensation prodticts 
adds to the difficulty of advancing a satisfactory explanation of 
this striking property of so many methylenecamphor derivatives 
(compare J., 1909, 95, 179). 


EXPERIMENTAL. 

1, neoMenthylamines. —d-neoMenthylamine hydrochloride (J., 
1926, 2219), having [«], + 21-5° in water, was treated with sodium 
hydroxide in aqueous solution; the liberated base was then 
extracted with ether and dissolved in an excess of 50% acetic acid. 
When this: solution was mixed on the water-bath with a warm 
alcoholic solution of d-oxymethylenecamphor (1 mol.; Amnnalen, 
1894, 281, 831), an oily separation of the condensation product 
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occurred almost at once. After about 10 minutes the derivative 
was isolated in ether and. washed free from unchanged materials 
in the usual way (J., 1913, 103, 1516). A crystalline mass was 
obtained when the solvent was removed in a vacuum and the 
residue kept in a desiccator for several days. The product dis- 
solved readily in all the usual organic solvents except light petrol- 
eum; since crystallisation could not be effected from solutions in 
warm light petroleum, the substance was purified by washing it 
with the cold solvent until a constant specific rotatory power was 
attained. d-neoMenthylamino-d-methylenecamphor forms small 
colourless crystals, m. p. 105°, [«]p + 317-8° in absolute alcohol 
(c 0-6 g. in 100c.c.; 1 = 2; ¢ = 16°); no mutarotation was observed 
after 48 hours (Found: C, 79-4; H, 10-9. C,,H,;,ON requires 
C, 79-5; H, 11-0%). 

d-neoMenthylamino-l-methylenecamphor, prepared similarly from 
the same base and /-oxymethylenecamphor (J., 1913, 103, 445), 
crystallised from light petroleum in colourless translucent prisms, 
m. p. 94°, [«]p — 129-8° in absolute alcohol (c 0-6); no muta- 
rotation was observed after 48 hours (Found: C, 79-6; H, 10-8%) 

When equimolecular quantities of dl-neomenthylamine and d-oxy- 
methylenecamphor were condensed in the same way, the crude 
product was obtained in transparent prisms (m. p. 92°) embedded 
in a viscid syrup. The mixture was stirred and kept for several 
days in a desiccator in the ice-chest; the whole mass then became 
crystalline, but it could not be recrystallised from a solvent. Accord- 
ingly, it was well washed with cold light petroleum. The undis- 
solved portion consisted of pure d-neomenthylamino-d-methylene- 
camphor, m. p. 105°, [«]p + 317-4° in absolute alcohol (c 0-6). 
The petroleum washings deposited crystals which after recrystallis- 
ation from the same solvent yielded pure 1-neomenthylamino- 
d-methylenecamphor, m. p. 92°, [«]» + 130-0° in absolute alcohol 
(c 0-6); this substance showed no mutarotation (Found: C, 79-4; 
H, 11-1%). 

When dissolved in rectified spirit and titrated with bromine 
(1 mol.), d-neomenthylamino-d-methylenecamphor underwent the 
usual reaction (J., 1913, 103, 448). After evaporation to small 
bulk on the water-bath, the product was shaken with water and 
benzene ; the aqueous layer deposited d-neomenthylamine hydrobrom- 
ide upon evaporation to dryness (Found : Br, 33-7. C, 9H,,N,HBr 
requires Br, 33-9%). This salt crystallised from ethyl acetate in 
long lustrous prisms which did not melt below 220°; [a]p + 18°6°, 
[M]p + 44° in aqueous solution (c 0-6). J-neoMenthylamino-d- 
methylenecamphor similarly yielded /-neomenthylamine hydro- 
bromide, [«], — 18-5°, [M], — 44° in water. dl-neoMenthylamine 
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hydrobromide (J., 1926, 2229) is considerably less soluble than its 
optically active components. 

As only about 76%, of the di-neomenthylamine and d-oxymethyl- 
enecamphor condensed in the above reaction, the unchanged base 
was recovered from the acid washings in the form of hydrochloride : 
1:1960 g., made up to 20 c.c. with water, gave no appreciable devi- 
ation in a 2-dem. tube when examined in sodium light. 

2. isoMenthylamines——When prepared in the usual way, d-iso- 

menthylamino-d-methylenecamphor was obtained as a syrup which 
erystallised to a hard mass when kept in an evacuated desiccator 
in the ice-chest for several days. It could not be recrystallised 
from any solvent, but when washed with cold light petroleum it 
yielded microscopic crystals, m. p. 110°. It displayed muta- 
rotation in absolute alcoholic solution (c 0-6), the original value, 
[«]» + 281-3°, changing to + 274-9° in 15 hours, and attaining the 
constant value, -+ 257:5°, in 48 hours (Found: C, 79-3; H, 11-2%). 
d-isoMenthylamino-|-methylenecamphor was also obtained as a 
syrup which crystallised with difficulty. After being washed with 
cold light petroleum, the substance melted at 99—100°; in absolute 
alcohol (c 0-6) it gave [«], — 212-9°, changing to — 179-6° in 15 
hours, and attaining the constant value, — 160-8°, in 48 hours 
(Found: C, 79-3; H, 11-3%). 
The product furnished by the condensation of dl-isomenthylamine 
(J., 1926, 2230) with d-oxymethylenecamphor (1 mol.) was a syrup 
which could not be induced to crystallise, even when seeded with 
crystals of each of the two derivatives just described ; no separation 
of this material into component substances could thus be brought 
about. The product exhibited mutarotation in absolute alcohol 
(¢ 0-8), the initial value, [«], + 162-2°, changing to the constant 
value, + 155-2°, in 48 hours. The unchanged isomenthylamine 
recovered from the acid washings in this experiment was optically 
inactive : 1-0003 g. of the hydrochloride, made up to 20 c.c. with 
water, gave no rotation when examined in a 2-dem. tube in sodium 
light. 

3, Menthylamines. —\-Menthylamino-d-methylenecamphor,  pre- 
pared as usual, was obtained as a crystalline mass after removal 
of the ether. This product melted indefinitely at 65—75°, and 
thowed mutarotation in absolute alcohol (c 0-6), the original value, 
(*], + 75:3°, changing to + 82-9° in 1-5 hours and attaining the 
‘onstant value, + 108-7°, in 16 hours. Recrystallisation was 
lifficult; the small needles deposited from aqueous alcohol had 
i. p. 90°, [a], + 96-7°, changing to + 110-4° in 7 hours and becom- 
ing constant at +- 125-0° in 16 hours (Found : ©, 79-5; H, 11-1%). 

|-Menthylamino-1-methylenecamphor consisted of a thick glassy 
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syrup, which crystallised partly in long slender needles on being 
kept in an evacuated desiccator in a cold place for a fortnight. It 
was very soluble in all organic solvents, and could not be recrystal- 
lised. In absolute alcohol (c 0-6) it gave the value [a«]p — 170-2°, 
which remained unaltered after 24 hours (Found: C, 79-0; H, 
11-3%). 

The crude product formed upon condensing equivalent weights 
of dl-menthylamine (J., 1926, 2226) and d-oxymethylenecamphor 
crystallised partly when kept in a desiccator, but it could not be 
fractionally crystallised. The original value of [«], in absolute 
alcohol (c 1-0) was + 140-2°; this changed to + 145-6° in 16 hours 
and then remained constant. The yield was 63°, of the theoretical, 
and the hydrochloride of the unchanged base was optically inactive 
in aqueous solution (0-7130 g. in 20 c.c.). 


We express our thanks to the Carnegie Trust for a Fellowship 
which enabled one of us (C. C. 8.) to take part in this investigation. 


Unitep COLLEGE oF Str. SALVATOR AND St. LEONARD, 
UNIVERSITY oF St. ANDREWS. [| Received, October 6th, 1930.] 





CCCXIX.—Natural Glucosides. Part II. The 
Constitution of Aisculin. 
By Frank 8S. H. Heap and ALEXANDER ROBERTSON. 


THE glucoside esculin was first isolated in the pure state from the 
bark of Alsculus hippocastanum by Minor (Arch. Pharm., 1831, 38, 
130). Rochleder and Schwartz (Annalen, 1853, 87, 186; 88, 356) 
showed that the substance was a monoglucoside of zsculetin and 
that it was hydrolysed by emulsin as well as by mineral acids. 
Assculetin was synthesised by Gattermann and Koébner (Ber., 1899, 
32, 287), but they did not determine the orientation of the inter- 
mediate hydroxyquinol aldehyde. The conversion of esculetit 
into 2: 4: 5-trimethoxycinnamic acid by Tiemann and Will (Ber. 
1882, 15, 2072) and the oxidation of this acid to asarylaldehyde and 
asaronic acid by Moore (J., 1911, 99, 1047), together with the 
orientation of asaronic acid by Luff, Perkin, and Robinson (J., 
1910, 97, 1131), serve to confirm the conclusions of Gattermanl 
and Kébner. That glucose is the sugar derived from esculin wa 
proved by Schunck and Marchlewski (Annalen, 1893, 278, 349) 
and by ter Meulen (Rec. trav. chim., 1905, 24, 446). The hydrolysis 
by emulsin indicated that the glucoside belongs to the G-series 
Glaser and Kraus (Biochem. Z., 1923, 138, 183) obtained a synthetit 
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glucoside which appeared to be identical with the natural substance 
but did not exhibit in alcoholic solution the fluorescence character- 
istic of the natural substance. They suggested that wsculin was 
7-glucosidoxy-6-hydroxycoumarin, but definite evidence of the 
position of the glucose residue was lacking. 
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(11.) (ILI.) | (IV.) 

MeO/ NOH MeO/ OH . MeO/ ‘OMe MeO OMe , 

Et >EtO. CHO” EtO HO EtO SH:CH-CO,H 
(VI.) (VII.) (VIII.) (V.) 


[R = C,H,,9;"] 


Methylation of zsculin by Robinson’s procedure (J., 1928, 1457) 
afforded the O-methyl ether (II), which on hydrolysis gave glucose 
and O-monomethylesculetin (III) identical with that described by 
Tiemann and Will (Ber., 1882, 15, 2072) and by Bargellini and 
Monti (Gazzetta, 1915, 45, 90). 7-Methoxy-6-ethoxycoumarin (IV), 
prepared by ethylation of (III), was converted into the methyl ester 
(pale yellow) of (V) by means of methyl sulphate and sodium 
hydroxide. Hydrolysis of this ester gave rise to a colourless form 
(A) of 2: 4-dimethoxy-5-ethoxycinnamic acid (V), which was con- 
verted into a bright yellow, unstable form on heating. A synthesis 
of (V) through the stages (VI), (VII), and (VIII) afforded a pale 
yellow form (B). Although the experimental conditions necessary 
for the interconversion of (A) and (B) could not be determined, both 
forms on oxidation gave rise to 2 : 4-dimethoxy-5-ethoxybenzaldehyde 
(VIII), which was further oxidised to 2 : 4-dimethoxy-5-ethoxy- 
benzoic acid. Attempts to prepare the coumarin (IV) from the 
aldehyde (VII) failed. 

The preparation of 4 : 5-dimethoxysalicylaldehyde (X) was under- 
taken in the first instance in order to determine the orientation 
of aldehydes derived from phenols of the type (IX) by Gatter- 
mann’s procedure. The orientation of (X) follows from its methyl- 
ation to asarylaldehyde (XI), which was oxidised to asaronic acid. 


Me _, MeO - Me OMe MeO OH 
MeO > MeO > Me CHO * H HO 
(IX.) (X.) (XI.) (XII.) 


Application of Gattermann’s reaction to methoxyquinol (Dakin, 
Amer. Chem. J., 1909, 42, 492) gave 2 : 5-dihydroxy-4-methoxy- 
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benzaldehyde (XII), the orientation of which depends on the pro- 
duction of (XI) by methylation. A Perkin reaction on (X) gave 
only a small yield of the coumarin (IIT). 

The constitutions assigned to (VIII) and consequently to (V) 
were independently confirmed by the synthesis of 2 : 5-dimethozy- 
4-ethoxybenzaldehyde (XV) through the stages (XIII) and (XIV). 


EtO, itO, OH EtO OMe 
mo — HSC Bio — HSC eH ; 


(XIII.) (XIV.) (XV.) 


EtO, ‘OMe A 
woo en :cH-CcO,H &Y" 


The oxidation of (XV) gave 2 : 5-dimethoxy-4-ethoxybenzoic acid. 

The formula of xsculin (I), therefore, is definitely established 
and the suggestion of Glaser and Kraus (loc. cit.) is disproved. 

It may be noted in connexion with the cinnamic acid (V) that 
Will (Ber., 1883, 16, 2106) isolated two forms of 2 : 4 : 5-triethoxy- 
cinnamic acid. 

EXPERIMENTAL. 


Methylation of Aisculin. 7-O-Methylesculin (I1).—A suspension 
of wsculin (5 g.) and well-ground potassium carbonate (7 g.) in a 
mixture of methyl iodide (20 c.c.) and acetone (150 c.c.) was heated 
under reflux on the steam-bath for 85 hours; after 50 hours, 
more methyl iodide (10 c.c.) and methyl alcohol (50 c.c.) were added 
to the mixture. The esculin slowly dissolved and was replaced 
by a bulky white precipitate; the bright yellow colour which the 
mixture had assumed during the first hour gradually disappeared. 
The acetone, methyl alcohol, and unchanged methyl iodide were 
removed by distillation and the residual solid mixture was extracted 
with dilute acetic acid. 7-O-Methylesculin remained as a white 
solid, which was collected, washed with water, and crystallised from 
methyl alcohol, separating in colourless slender needles, m. p. 230° 
(decomp.), apparently of a dihydrate [Found in air-dried material: 
C, 49-5; H, 5-9. C,,H,,0,,2H,O requires C, 49-2; H, 5-6%. 
Found in a specimen dried at 110° for 2 hours: C, 54-0; H, 53; 
OMe, 8-6. C,;H,,0,(OMe) requires C, 54:2; H, 5-1; OMe, 88%]. 
The glucoside is insoluble in cold 10% aqueous sodium hydroxide 
and benzene, sparingly soluble in water and acetone, and moderately 
easily soluble in alcohol. Aqueous and alcoholic solutions are non- 
fluorescent. Addition of ammonia to a nitric acid solution of the 
substance does not give a coloration; zsculin gives a blood-red 
coloration (compare Sonnenschein, Ber., 1876, 9, 1184). 
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Hydrolysis of 7-O-Methylesculin—The glucoside (3°8 g.), heated 
under reflux in 5% sulphuric acid (36 c.c.) for } hour, rapidly passed 
into solution, and after 20 minutes pale yellow needles of 7-O- 
methylesculetin (III) separated. The coumarin crystallised from 
methyl alcohol in almost colourless needles, and from 40% acetic 
acid in tiny plates, m. p. 185° (Found: C, 62-2; H, 4:4. Cale. 
for CyH,O,: C, 62-5; H, 4:2%). It is readily soluble in warm 
alcohol and in acetone, and does not give a ferric chloride reaction. 
The yellow solution in sodium hydroxide darkens on keeping. A 
solution of the coumarin in alcohol is non-fluorescent in daylight, 
but one in concentrated sulphuric acid is slightly fluorescent. In 
the light of the carbon arc both alcoholic and sulphuric acid solu- 
tions exhibit a striking blue fluorescence (compare Tiemann and 
Will, loc. cit.; Bargellini and Monti, loc. cit.). 

The acid filtrate from the coumarin was neutralised with an 
excess of barium carbonate and the barium salts were removed 
by filtration. Concentration of the solution gave a syrup which 
on treatment with phenylhydrazine yielded phenylglucosazone, 
identified by comparison with an authentic specimen. 

7-Methoxy-6-ethoxycoumarin (IV).—An attempt to ethylate 7-O- 
methylesculetin by means of ethyl] iodide and silver oxide in acetone 
gave a resinous product from which a definite compound could not 
be isolated. A mixture of 7-O-methylesculetin (5-5 g.), ethyl 
iodide (10 c.c.), acetone (100 c.c.), and potassium carbonate was 
refluxed for 20 hours. The end-point of the reaction was indicated 
by the disappearance of the bright yellow colour which had developed 
when the reagents were mixed. After filtration, the solution was 
evaporated, and the solid residue washed with water. 7-Methoxy- 
6-ethoxycoumarin, thus obtained in almost theoretical yield, was 
crystallised from benzene-ligroin and then from dilute alcohol, from 
which it separated in hexagonal prisms, m. p. 120° (Found : C, 65-3; 
H, 5-5. C,,.H,,0, requires C, 65-5; H, 5-5%). A solution of the 
coumarin in alcohol exhibits a blue fluorescence. 

5-Nitro-2-ethoxyanisole-—Powdered potassium carbonate (70 g.) 
was suspended in a solution of 4-nitroguaiacol (Pollecoff and Robin- 
son, J., 1918, 113, 647) (63 g.) in acetone (200 c.c.) and ethyl iodide 
(70 c.c.), and the mixture refluxed for 70 hours. After filtration 
from potassium salts the acetone and the excess of ethyl iodide 
were removed by distillation and the product was washed with 
dilute sodium hydroxide solution and then with water. Crystal- 
lisation from dilute alcohol gave 5-nitro-2-ethoxyanisole (62 g.), 
m. p. 85° (Allan and Robinson, J., 1926, 376). 

3-Methoxy-4-ethoxyaniline Sulphate—The nitro-compound (58 g.) 
was added to a solution of sodium sulphide (200 g. of the hydrate 
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in 500 c.c. of water), and the mixture refluxed for 8 hours. The 
cooled reaction mixture was extracted with chloroform and the 
gradual addition of concentrated sulphuric acid to the dried chloro- 
form solution precipitated the sulphate (60 g.), which crystallised 
from water in almost colourless plates. The salt gave with aqueous 
ferric chloride a brown coloration, changing to wine-red and finally 
violet. The acetyl compound crystallised from water in rhombic 
plates, m. p. 146° (compare Freyss, Bull. Soc. Ind. Mulhouse, 
1900, 70, 375; Heidelberger and Jacobs, J. Amer. Chem. Soc., 
1919, 41, 1450). 

3-Methoxy-4-ethoxyphenol (V1).—A solution of the foregoing sul- 
phate (25 g.) in concentrated sulphuric acid (27 c.c.) and water 
(250 c.c.) was diazotised at below 0° with sodium nitrite (8 g.) 
dissolved in water (50 c.c.). The diazonium solution was heated 
on the steam-bath for 2 hours, cooled, saturated with ammonium 
sulphate, and extracted with ether. After drying and removal of 
the ether, the oily residue (17 g.), which partly solidified, was dis- 
tilled three times in a vacuum. The phenol, obtained as an almost 
colourless oil which solidified, crystallised from ether-ligroin in 
elongated prisms, m. p. 58° (Found: C, 64:5; H, 7-4. C,H,,0, 
requires C, 64-3; H, 7-1%). The compound is readily soluble in 
alcohol, acetone, and chloroform and sparingly soluble in ligroin. 
[t gives with alcoholic ferric chloride a brownish-violet coloration 
which does not change on dilution with water. The phenol dissolves 
in concentrated sulphuric acid to a brownish-purple solution and 
on the addition of a few drops of water an intense magenta colour 
is produced which on further dilution changes to bright blue. The 
blue colour disappears on addition of an excess of alkali but returns 
on acidification with mineral acid. 

2-Hydroxy-4-methoxy-5-ethoxybenzaldehyde (V1I).—Powdered zinc 
cyanide (10 g.) was suspended in a solution of 3-methoxy-4-ethoxy- 
phenol (12 g.) in ether (250 c.c.), anhydrous hydrogen cyanide 
(10 ¢.c.) introduced, and the mixture saturated with hydrogen 
chloride. After 4 hours, the copious yellow solid was collected, 
washed with ether, dissolved in water (250 c.c.), and heated on the 
steam-bath for 20 minutes. The aldehyde, which separated as an 
oil and crystallised on cooling, was recrystallised from a small 
volume of methyl alcohol, forming almost colourless, hexagonal 
prisms (10 g.), m. p. 112—113° (Found : C, 60-9; H, 6-2. C,9H.% 
requires C, 61-2; H, 6-1%). It is readily soluble in warm alcohol, 
ether, and acetone, and sparingly soluble in warm water. The 
colour of the solution in aqueous sodium hydroxide is yellow, and 
in alcohol or water the ferric chloride reaction is dark green. 

2 : 4-Dimethoxy-5-ethoxybenzaldehyde (VIII).—The foregoing alde- 





ii. Ce Ge ee es 


@e swe 2&2 &§: © =F — m= 


22 


Pp 


The 
| the 
loro- 
lised 
1eous 
nally 
mbic 
Ouse, 
Soc. ; 


: sul- 
vater 
8 g.) 
pated 
nium 
ral of 
3 dis- 
‘most 
in in 
1,05 
yle in 
zroin. 
ation 
iolves 
» and 
olour 

The 


turns 


| zine 
hoxy- 
anide 
rogen 
acted, 
nn the 
as an 
small 
gonal 
H 120, 
cohol, 

The 
- and 


alde- 





PART II. THE CONSTITUTION OF ASCULIN. 2439 


hyde (VII) (4 g.) was dissolved in acetone (60 c.c.) and methylated 
by means of methyl iodide (8 c.c.) and potassium carbonate (6 g.) 
during 2 hours on the steam-bath. On isolation, 2 : 4-dimethory-5- 
ethoxybenzaldehyde crystallised from methyl alcohol in clusters of 
elongated silky needles (3-5 g.), m. p. 110° (Found: C, 62-8; H, 
6-8. C,,H,,0, requires C, 62-9; H, 67%). The substance is 
insoluble in alkali and does not give a ferric chloride reaction. 

2 : 4-Dimethoxy-5-ethoxybenzoic Acid.—Potassium permanganate 
(0-8 g.), dissolved in water (45 c.c.), was gradually added to a 
solution of 2 : 4-dimethoxy-5-ethoxybenzaldehyde (1 g.) in acetone 
(30 c.c.) maintained at 40°. After 20 minutes the cooled reaction 
mixture was cleared with sulphur dioxide, and on slow evaporation 
of the solvent a colourless solid separated. A solution of the product 
in 5° aqueous sodium carbonate (20 c.c.) was filtered from unchanged 
aldehyde and, on acidification with concentrated hydrochloric acid, 
gave 2: 4-dimethoxry-5-ethoxybenzoic acid, which crystallised from 
hot water in elongated silky needles (0-5 g.), m. p. 137° (Found : 
C, 58-2; H, 64. C,,H,,0; requires C, 58-4; H, 6-2%). The 
substance is readily soluble in alcohol and acetone and sparingly 
soluble in cold water. Crystallised from benzene, it formed elongated 
prisms. 

2 : 4-Dimethoxy-5-ethoxycinnamic Acid (V).—(A) A suspension of 
7-methoxy-6-ethoxycoumarin (45 g.) in a mixture of methyl 
alcohol (20 c.c.) and 20% aqueous sodium hydroxide (50 c.c.) was 
heated on the water-bath until the solid dissolved. After cooling 
to 50°, the solution was mechanically agitated, and methyl! sulphate 
(32 g.) gradually introduced. 20%, Aqueous sodium hydroxide 
(50 c.c.) and a further quantity of methyl sulphate (20 g.) were 
then added. Methyl 2 : 4-dimethoxy-5-ethoxycinnamate separated 
as an oil which crystallised on cooling. Recrystallised from ligroin 
and then from methyl alcohol (charcoal), it formed clusters of pale 
yellow, hexagonal prisms (3-5 g.), m. p. 80° (Found: C, 63-1; H, 
69. C,,H,,0, requires C, 63-2; H, 6-8%). Hydrolysis of this 
ester (1 g.) by means of warm 5% aqueous methyl-alcoholic sodium 
hydroxide (30 c.c.) gave the acid, which crystallised from benzene 
in colourless prismatic needles (Found : C, 62-0; H, 6-5. C,,H,,0; 
requires C, 61-9; H, 63%). On being heated, the substance 
sintered and was transformed at 117—-118° into a bright yellow 
solid which then melted at 128°. The yellow solid crystallised 
from warm benzene in bright yellow needles, m. p. 128°, which on 
standing in contact with the solvent reverted to the colourless 
form. This acid is easily soluble in alcohol and sparingly soluble 
in warm water. 

The colourless cinnamic acid (0-5 g.) was dissolved in warm 
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acetone (20 c.c. at 45°) and oxidised by the addition of a 1-4% 
aqueous solution of potassium permanganate (50 c.c.). The cooled 
reaction mixture was cleared with sulphur dioxide, and, after the 
addition of 20%, sulphuric acid (10 c.c.), was heated to boiling. 
On cooling, 2 : 4-dimethoxy-5-ethoxybenzaldehyde separated, m. p. 
and mixed m. p. 110° after crystallisation from methyl alcohol 
(Found: C, 63-0; H, 68%). The aldehyde thus obtained, on 
oxidation by means of potassium permanganate, gave 2: 4-di- 
methoxy-5-ethoxybenzoic acid, m. p. and mixed m. p. 137° after 
crystallisation from water. 

(B) A mixture of 2 : 4-dimethoxy-5-ethoxybenzaldehyde (2 g.), 
malonic acid (4 g.), pyridine (8 c.c.), and piperidine (0-25 c.c.) was 
heated on the steam-bath for 4 hours and then under reflux for 
5 minutes. After dilution with water (30 c.c.) and acidification 
with concentrated hydrochloric acid (50 c.c.), it deposited 2 : 4-di- 
methoxy-5-ethoxycinnamic acid as a pale yellow solid (2-2 g.). 
The substance crystallised from benzene in pale yellow needles 
containing solvent of crystallisation. After drying at 100° for 
4 hours, it melted at 132—133° (Found: C, 61-9; H, 63%). A 
mixture of the pale yellow and the colourless form melted at 75—80°. 

The pale yellow cinnamic acid on oxidation in acetone solution 
with aqueous potassium permanganate gave 2 : 4-dimethoxy-5- 
ethoxybenzaldehyde, m. p. and mixed m. p. 110°, which was further 
oxidised to 2 : 4-dimethoxy-5-ethoxybenzoic acid, m. p. and mixed 
m. p. 137°. 

3: 4-Dimethoxyphenol (IX).—4-Aminoveratrole (35 g.) (Fargher, 
J., 1920, 117, 869) was dissolved in water (450 c.c.) and concen- 
trated sulphuric acid (53 c.c.) cooled to below 0°, and diazotised by 
the addition of 16% sodium nitrite solution (100 c¢.c.). After 
filtering, the diazonium solution was heated on the steam-bath for 
2 hours, the cooled reaction mixture saturated with ammonium 
sulphate, and the product isolated by five extractions with ether. 
On distillation under diminished pressure, the phenol was obtained 
as a pale yellow oil, b. p. 168—170°/12 mm., which solidified. 
Crystallisation from water gave a hydrate in almost colourless, 
rhombic plates, m. p. 46° (Found in air-dried specimen: C, 56-1; 
H, 7-1. C,H,,03,H,O requires C, 55-8; H, 7:0%). The phenol 
is readily soluble in ether, alcohol, and acetone. The ferric chloride 
reaction in alcohol is pale green and in water is bluish-green, instantly 
changing to reddish-brown. The sulphuric acid reaction is the same 
as that of (V1). 

2-Hydroxy-4 : 5-dimethoxybenzaldehyde (X).—Hydrogen chloride 
was led into a solution of 3 : 4-dimethoxyphenol (15 g.) and hydrogen 
cyanide (20 c.c.) in ether (300 c.c.) containing powdered zinc 





4%, 
voled 
the 
ling. 
n. p. 
ohol 
, on 
4-di- 
after 


8) 

was 
¢ for 
ition 
4-di- 

g.). 
adles 
for 


-80)°. 
ition 
cy-5- 
‘ther 
‘ixed 


rher, 
icen- 
d by 
After 
1 for 
ium 
ther. 
ined 
fied. 
‘less, 
6-1; 
enol 
ride 
intly 
ame 


ride 
ogen 
zinc 





PART Il. THE OCONSTITUTION OF ASCULIN. 2441 


cyanide (15 g.) in suspension. The double zinc salt began to 
separate after 15 minutes and the passage of hydrogen chloride 
was continued until the liquid was saturated. After 12 hours the 
solid was collected, washed. with ether, and dissolved in cold water 
(300 c.c.). Hydrolysis was effected during 4 hour on the steam- 
bath and the aldehyde (15 g.) separated as a brown oil which 
solidified on cooling. Crystallised from aqueous alcohol (charcoal) 
and then from methyl alcohol, it formed almost colourless, thick, 
rhombic plates, m. p. 105° (Found: C, 59-2; H, 5-6. C,H,,0, 
requires C, 59-3; H, 55%). The substance is sparingly soluble in 
hot water, from which it separates in glistening needles on cooling. 
The ferric chloride reaction is dark green, changing to brownish- 
purple on dilution with water. Added to 10% aqueous sodium 
hydroxide, the aldehyde dissolves, and the pale yellow sodium salt 
is precipitated almost immediately ; with 10° potassium hydroxide 
a yellow potassium salt is obtained. 

Methylation of this aldehyde (X) by means of methyl iodide and 
potassium carbonate in boiling acetone gave a quantitative yield of 
asarylaldehyde (XI), which crystallised from water in colourless 
needles, m. p. 114° after slight sintering at 93—95°. Asarylaldehyde 
(1 g.) was dissolved in warm acetone (30 c.c. at 40°) and oxidised 
by the addition of a solution of potassium permanganate (0-7 g.) 
in water (40 c.c.). After isolation, asaronic acid crystallised from 
water in colourless needles, m. p. 143-—144° (Found in specimen 
dried at 105°: C, 56:3; H, 5-6. Cale. for C,)H,,0;: C, 566; 
H, 5-7%). 

2 : 5-Dihydroxy-4-methoxybenzaldehyde (X11).—Methoxyquinol was 
repeatedly crystallised from benzene and obtained in colourless 
leaflets, m. p. 89° (Will, Ber., 1888, 21, 606, gives m. p. 84°; Dakin, 
loc. cit., gives m. p» 82—83°). It behaves with sulphuric acid in 
the same way as (VI). 

Zine cyanide (10 g.) and hydrogen cyanide (10 ¢.c.) were added 
to a solution of methoxyquinol (13 g.) in ether (250 c.c.), and the 
mixture was saturated with hydrogen chloride. Next day, the solid 
was collected, washed with ether, and dissolved in water (250 c.c.). 
The solution was heated on the steam-bath for 20 minutes, a part 
of the aldehyde crystallising; the remainder separated on cooling. 
The substance was recrystallised from acetic acid and then from 
alcohol (charcoal), giving almost colourless, hexagonal prisms (6 g.), 
m. p. 209° (slight decomp.) (Found: C, 56-8; H, 4-9. C,H,O, 
requires C, 57-1; H, 4-8%). It is sparingly soluble in hot alcohol 
or acetic acid and moderately easily soluble in acetone. It gives 
with alcoholic ferric chloride a bluish-green coloration which fades 


on addition of water. The compound dissolves in aqueous sodium 
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hydroxide to a yellow solution. On methylation in acetone solution 
with methyl iodide and potassium carbonate, 2 : 5-dihydroxy-4- 
methoxybenzaldehyde gave a theoretical yield of asarylaldehyde 
(XI), m. p. and mixed m. p. 115°. 

Synthesis of 7-O-Methylesculetin (II1).—A mixture of 2: 5-di- 
hydroxy-4-methoxybenzaldehyde (5 g.), acetic anhydride (25 c.c.), 
and sodium acetate (8 g.) was heated on the steam-bath for 3 hours, 
at 120° for 2 hours, and finally at 180° for 8 hours. Water (200 c.c.) 
was added to the cooled mixture and 12 hours later the solid was 
collected. A solution of the product in a mixture of methyl alcohol 
(30 c.c.) and 10° aqueous sodium hydroxide (25 c.c.) was kept at 
room temperature for 2 hours and then acidified with concentrated 
hydrochloric acid. The coumarin gradually separated and after 
24 hours was collected. On crystallisation from 40% acetic acid 
and then from alcohol, the substance was obtained in colourless 
needles, m. p. and mixed m. p. 185° (Found: C, 62-3; H, 42%). 
The synthetic compound was identical in every way with a specimen 
prepared by the hydrolysis of 7-O-methylesculin (p. 2437). Acetyl- 
ation with acetic anhydride and pyridine gave the acetyl derivative, 
which crystallised from 80°% alcohol in prismatic needles, m. p. 
164° (compare Bargellini and Monti, loc. cit.). 

4- Nitro-2-ethoxyanisole.—5-Nitroguaiacol (Paul, Ber., 1906, 39, 
2779; Cardwell and Robinson, J., 1915, 107, 255) (50 g.) was 
dissolved in acetone (300 c.c.) and ethylated by means of ethyl 
bromide (40 g.) and potassium carbonate (50 g.) during 16 hours 
on the steam-bath. On isolation, the product crystallised from 
dilute alcohol in pale yellow needles (58 g.), m. p. 101—102° (com- 
pare Wisinger, Monatsh., 1900, 21, 1007; Allan and Robinson, loc. 
cit.). 

4-Methoaxy-3-ethoxyaniline.—Of the following methods of reduction 
the first (A) proved to be the most convenient (compare Wisinger, 
loc. cit.; Heidelberger and Jacobs, loc. cit.). 

(A) A mixture of 4-nitro-2-ethoxyanisole (75 g.), hydrated sodium 
sulphide (250 g.), and water (600 c.c.) was refluxed for 8 hours. 
The chloroform extract of the reaction mixture was washed with 
water and then agitated with dilute hydrochloric acid. After 
separation, the acid solution was made alkaline with sodium hydr- 
oxide, the amine being liberated as an oil which solidified. Crys- 
tallisation from warm water (charcoal) gave almost colourless, 
rhombic plates (51 g.), m. p. 81°. The acetyl derivative melted at 
144—145° after crystallisation from toluene. 

(B) The nitro-compound (50 g.), dissolved in boiling alcohol, was 
reduced with iron powder (40 g.) and concentrated hydrochloric 
acid (5 c.c.). After filtration, the alcohol was distilled, and the 
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residue extracted with ether. The gradual addition of concentrated 
sulphuric acid to the dried ethereal extract precipitated the aniline 
sulphate, which crystallised from water in rhombic plates (59 g.). 

(C) Sufficient water was added to a mixture of the nitro-compound 
(56 g.) and iron powder (50 g.) to form a stiff paste. The mixture 
was heated on the water-bath for 5 minutes, and acetic acid (10 c.c.) 
added. A vigorous reaction ensued and after 4 hours the warm 
mass was extracted with alcohol and the aniline sulphate (55 g.) 
isolated as described under (B). 

4-Methoxy-3-ethoxyphenol (XIII).—The foregoing amine (45 g.) 
in water (600 c.c.) and concentrated sulphuric acid (68 c.c.) cooled 
to below 0° was diazotised with a solution of sodium nitrite (18-6 g.) 
in water (100 c.c.). After 30 minutes the diazonium solution was 
heated on the water-bath until the evolution of nitrogen had ceased. 
On cooling, part of the product separated and was collected; the 
remainder was isolated by five extractions with ether, the total 
yield of crude product being 20 g. Crystallisation from water 
(charcoal) gave a hydrate in colourless needles, which showed slight 
sintering at 85° and melted at 92—93° (Found: C, 57-7; H, 7-4. 
C,H,.03,H,O requires C, 58-1; H, 7:5%). After drying at 100°, 
the phenol was distilled under diminished pressure and obtained as 
a colourless oil which solidified, b. p. 175°/12 mm. (Found: C, 64-1; 
H, 7:3. C,H,,0, requires C, 64-3; H, 7-1%). The substance is 
readily soluble in alcohol, ether, and benzene. It gives with 
alcoholic ferric chloride an unstable greenish-blue coloration which 
is unchanged on the addition of water. The sulphuric acid reaction 
is the same as that of (VI). 

2-Hydroxy-5-methoxy-4-ethoxybenzaldehyde (XIV).—The condens- 
ation of 4-methoxy-3-ethoxyphenol (4-5 g.) and hydrogen cyanide 
(6 c.c.) in ethereal solution was effected by means of zinc cyanide 
(3 g.) and excess of hydrogen chloride. On hydrolysis of the 
aldimine-zine chloride double compound, the aldehyde (4:5 g.) 
separated as an oil which solidified. Crystallised from aqueous 
alcohol and then from methyl alcohol, it was obtained in almost 
colourless, squat prisms, m. p. 91° (Found in material dried at 100° : 
C, 61-0; H, 6-0. C,,H,,0, requires C, 61-2; H, 6-1%). The sub- 
stance is readily soluble in warm alcohol or acetone and sparingly 
soluble in warm water. Addition of ferric chloride to an alcoholic 
solution gives a thin bluish-green coloration which is unchanged on 
addition of water. The phenylhydrazone crystallised from 80% 
methyl alcohol in pale yellow plates, m. p. 157—158°. 

2 : 5-Dimethoxy-4-ethoxybenzaldehyde (XV).—The foregoing alde- 
hyde (6 g.) was dissolved in acetone (90 c.c.) and methylated by 
Means of methyl iodide (12 c.c.) and potassium carbonate (10 g.) 
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during 2 hours on the steam-bath. The product (6 g.) crystallised 
from methyl alcohol in short thick prisms, m. p. 110° (Found: C, 
62-7; H, 6-6. C,,H,,0, requires C, 62-9; H, 67%). A mixture 
of this substance and the isomeric aldehyde (VIII), m. p. 110°, 
melted at 85—90°. On oxidation with potassium permanganate in 
aqueous-acetone solution at 50—55°, this aldehyde gave 2: 5-di- 
methoxy-4-ethoxybenzoic acid, which crystallised from water in 
rectangular prisms, m. p. 130° (Found : C, 58-5; H, 6-4. C©,,H,,0; 
requires C, 58-4; H, 6-2%). The acid is readily soluble in alcohol 
and in hot benzene. 

2 : 5-Dimethoxy-4-ethoxycinnamic Acid (XVI).—A mixture of 
2 : 5-dimethoxy-4-ethoxybenzaldehyde (1 g.), malonic acid (2 g.), 
pyridine (6 c.c.), and piperidine (0-25 c.c.) was heated on the steam- 
bath for 3 hours and then under reflux for 5 minutes. After dilution 
with water and acidification with concentrated hydrochloric acid, 
it deposited the acid (1-3 g.), which crystallised from dilute acetic 
acid in pale yellow, slender needles, m. p. 178—179° after sintering 
at 170° (Found: C, 61-9; H, 6-1. C,,;H,,0,; requires C, 61-9; 
H, 63%). The compound is insoluble in water and sparingly 
soluble in hot benzene. 


The authors wish to express their thanks to the Chemical Society 
for grants which have partly defrayed the cost of this investigation, 
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CCCX X.—Stereoisomerism in Substituted 1:2:3:4- 
Tetrahydroquinolines. Part II. 


By SypNEY GLENN Preston PLant and REGINALD JOHN Rosser. 


In Part I (J., 1929, 1861) the preparation of two stereoisomeric 
(cis- and trans-) tetrahydro-bases during the reduction of both 
2 : 3-dimethyl- and 2 : 3-diphenyl-quinoline has been described and 
the connexion between these results and those obtained with more 
complex systems of a related type (see, e.g., Perkin and Plant, 
J., 1928, 639) has been indicated. In view of the interesting 
results which have been more recently obtained during a study of 
the reduction of certain quinoline derivatives containing a third 
ring attached in the 3: 4-position (Blount, Perkin, and Plant, J., 
1929, 1975), it became desirable to extend these investigations in 
various directions. In the first place, the reduction of 3 : 4-di- 
methylquinoline (I) to the corresponding 3 : 4-dimethyl-1 : 2:3: 4 
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tetrahydroquinoline (II) under different conditions has been 
examined. The previous study of this reaction appears to be 


H,C—CH, 
Me CHMe 3 CH, 
fe /\/ \CHMe a be ol 
\ ? \Z08s / LO scng 
} NH NH 
(I.) (II.) (III.) 


confined to a single observation by Fischer and Meyer (Ber., 1890, 
23, 2628), who reduced the base (I) with sodium and absolute 
alcohol, but the authors give no details concerning the primary 
product, which they converted into the methiodide of 1 : 3 : 4-tri- 
methyl-1 : 2: 3: 4-tetrahydroquinoline. In the present work use 
has been made of the following reducing agents: (a) tin and alco- 
holic hydrochloric acid, (6) sodium and alcohol, (c) electrolysis in 
dilute sulphuric acid solution, and (d) zine and alcoholic hydro- 
chloric acid. It was found that the reduction of the base is a slow 
process and requires prolonged action of the reducing agent, and in 
most experiments a certain amount of unchanged 3 : 4-dimethyl- 
quinoline was recovered from the product. Although two stereo- 
isomeric forms of (II) are possible, only one modification has been 
isolated under all the conditions investigated, and no definite 
indication has been observed of the presence of any appreciable 
quantity of the second form. The fact that only one tetrahydro- 
base, which is an oil giving a phenylcarbamyl derivative (m. p. 107— 
108°), a picrate (m. p. 143—145°), and a hydrochloride (m. p. 156— 
158°), is produced in this reaction is surprising in view of the results 
described in Part I. 

It was observed by Blount, Perkin, and Plant (loc. cit.) that the 
reduction of 5-keto-2 : 3:5: 6-tetrahydro-x-quinindene (II]) with 
sodium amalgam in boiling alcohol led to the formation of both 
stereoisomeric modifications of 5-keto-2 : 3: 4:5: 6: 13-hexahydro- 
a-quinindene (IV), but the further reduction by sodium and alcohol 


H,C—CH, _ H,C-—CH, 
3 (CR |x CH, Me 
hm * | ZA Me 
O H, CO 
NH NH NH 
(IV.) (V.) (VI.) 


of a mixture of these stereoisomerides gave a single modification 
oly of 2:3:4:5:6: 13-hexahydro-«-quinindene (V), a reaction 
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which could be explained if the latter stage was assumed to involve 
the following steps : 


H,C—CH, H,C—OH, 
AA A “i \ 
(IV). —->» —se _ Qo ey* 
. /JCH:‘OH — CH 
\Z S\Z 
NH NH 


It became of interest, therefore, to study the reduction along 
similar lines of the analogous, but simpler, compound, 2-keto- 
3 : 4-dimethyl-1 : 2-dihydroquinoline (VI). The only recorded 
investigation in this direction appears to be contained in a single 
remark by Knorr (Annalen, 1888, 245, 358) that the reduction of 
(VI) with sodium and alcohol gives dimethyltetrahydroquinoline, 
but no description of the product is given. The reduction of (VI) 
with sodium amalgam in boiling alcohol has now been found to 
yield a mixture of the two possible stereoisomeric modifications of 
2-keto-3 : 4-dimethyl-1 : 2 : 3 : 4-tetrahydroquinoline (VII), which have 
been called (A), m. p. 127—128°, and (B), m. p. 117°, respectively. 
The amounts of the forms (A) and (B) produced were in the ratio 
of approximately 6:1. The interesting observation has also been 
made that, when the stereoisomeride (A) is treated with phosphorus 
oxychloride, oxidation takes place and the product is 2-chloro- 
3 : 4-dimethylquinoline. This reaction is analogous to that described 
by Aeschlimann (J., 1926, 2902) in which 2-keto-1 : 2 : 3 : 4-tetra- 
hydroquinoline-4-carboxylic acid is converted by phosphorus penta- 
chloride into 2-chloroquinoline-4-carboxylic acid. The further 


reduction of this mixture of the two stereoisomeric forms of (VII) 
CHMe Me Me CHMe 
Oem oe - OO "yee 
‘10 \ CH-OH M 3 
ay ee . © 1/CH 
NH NH N NH 
(VIL.) (VIII.) (IX.) (X.) 


by the action of sodium and alcohol led to a product from which 
one only of the two possible modifications of 3 : 4-dimethyl- 
1 : 2:3: 4-tetrahydroquinoline (II), identical with that described 
above, could be isolated. The reaction is, therefore, in some aspects 
very similar to that described by Blount, Perkin, and Plant. It 
was found, however, that the product also contained a small quan- 
tity of 3 : 4-dimethylquinoline, and it now becomes possible to make 
interesting deductions concerning the course of the reaction. It 
was discovered, on investigation, that the reduced base (II) was 
quite unchanged by treatment with sodium and boiling alcohol, 
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which makes it clear that the 3: 4-dimethylquinoline must have 
appeared in the reduction process either as an intermediate product 
or from a side reaction. If it appears in the former réle, its presence 
in the product is easily understood, since it has already been 
observed that the complete reduction of this base to its tetrahydro- 
derivative is a slow process. It now appears quite likely that the 
mechanism of the reduction of (VII) to (II) involves the following 
steps: (VII)—>(VIII)—~+(I)—~>(I]). The transformation of 
(VII) to (VIII) could result from a series of isomeric changes and 
the whole procedure accounts satisfactorily for the conversion of 
the two forms of (VII) into one form only of (II), since the reduc- 
iion of (I) has already been shown to yield a single tetrahydro- 
base. It is clear that these views can be applied equally well to 
the reaction of Blount, Perkin, and Plant, and are preferable to 
the suggestions of these authors, which have no such experimental 
basis. 

In view of the differences observed during the reduction of 
2: 3-dimethyl- and 3 : 4-dimethyl-quinoline, it became of interest 
to investigate the reduction of 2 : 4-dimethylquinoline (IX) under 
various conditions, although this substance has no analogue amongst 
the more complex polycyclic systems referred to above. More- 
over, the incomplete state of the existing knowledge of this reaction 
also made it desirable to extend these investigations in this direc- 
tion. Thus, although several authors have prepared “2: 4-di- 
methyl-1 : 2 : 3 : 4-tetrahydroquinoline ” by various routes, and the 
possibility of stereoisomerism in this substance has been recognised, 
there appears to have been no definite characterisation of the two 
forms (see, ¢.g., Ferratini, Gazzetta, 1893, 23, ii, 122; Ber., 1893, 
26, 1811; Fischer and Meyer, loc. cit.; Ciamician, Ber., 1896, 29, 
2460; von Braun, Gmelin, and Schultheiss, Ber., 1923, 56, 1338). 
The most far-reaching investigation into this reaction hitherto 
recorded is the work of Thomas (J., 1912, 101, 725), who reduced 
the base (IX) with sodium and alcohol to an oily mixture of the 
two stereoisomeric modifications of 2 : 4-dimethyl-1 : 2 : 3 : 4-tetra- 
hydroquinoline, but an attempt to separate them by crystallisation 
of the benzoylation product failed. However, the two forms are 
racemates, and, with the aid of d- and /-«-bromocamphor-z-sulphonic 
acids, Thomas succeeded in isolating the four optically active 
tetrahydro-bases, which he called d- and 1-2 : 4-dimethyltetrahydro- 
quinoline and d- and /-iso-2 : 4-dimethyltetrahydroquinoline respec- 
tively. A mixture of equal quantities of the first two gave a hydro- 
chloride, m. p. 220—222°, and there can be no doubt that this 
tacemate is identical with the tetrahydro-base (A) described below. 
During the present investigation the base (IX) has been reduced 
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(a) with sodium and alcohol, (b) with tin and alcoholic hydrochloric 
acid, (c) electrolytically, and (d) with zine and alcoholic hydro. 
chloric acid, and the two inactive stereoisomeric modifications of 
2 : 4-dimethyl-1 : 2 : 3 : 4-tetrahydroquinoline have now been iso- 
lated in various proportions by methods described in the experi- 
mental section. Both modifications are liquids, but the tetra. 
hydro-base (A) gave a hydrochloride (m. p. 228°), an acetyl derivative 
(m. p. 50—51°), a picrate (m. p. 139—141°), a phenylcarbamyl 
derivative (m. p. 121—122°), and a benzoyl derivative (m. p. 115°), 
whilst the tetrahydro-base (B) gave a hydrochloride (m. p. 178— 
179°), an acetyl derivative (m. p. 97—98°), a picrate (m. p. 188— 
190°), and a phenylcarbamy! derivative (m. p. 112—113°). 

Of the quinoline compounds investigated, the 3 : 4-dimethyl 
derivative alone has failed to yield two stereoisomeric tetrahydro- 
bases under the conditions employed. This fact can be explained 
if it is assumed, as is probable, that 3 : 4-dimethyl-1 : 4-dihydro- 
quinoline (X) is an intermediate product in the reduction process. 
The carbon atoms 3 and 4 are now united by a single bond, and a 
consideration of the tetrahedral arrangements shows that, since 
the methyl group occupies a larger volume than a hydrogen atom, 
the 4-methyl radical will tend to displace the adjacent 3-methy] 
radical from its symmetrical position with respect to the 2 : 3-double 
linkage. The completion of the reaction, which involves the 
addition of a hydrogen atom to the 3-carbon atom, will, in conse- 
quence of this displacement, tend to take place more readily in 
one of the two alternative ways. The application of these con- 
siderations to the other quinoline derivatives investigated shows 
that in no case is there any probability of the similar displacement 
of a methyl group from a symmetrical position with respect to the 
double linkage. 

The results described in Part I and in this communication make 
it apparent that in the reactions studied the relative proportions 
of the stereoisomerides produced vary considerably with the nature 
of the reducing agent. In a given reaction, relatively considerable 
quantities of both modifications are most likely to be formed if 
sodium and alcohol are used, and this observation has already been 
successfully applied to a more complex system of this type (Plant 
and Rosser, this vol., p. 1840). 


EXPERIMENTAL. 

Reduction of 3 : 4-Dimethylquinoline.—3 : 4-Dimethylquinoline has 
been prepared by Knorr (loc. cit.) from 2-keto-3 : 4-dimethyl-1 :2- 
dihydroquinoline by distillation over hot zine dust, but it has been 
found more satisfactory in the preparation of considerable quantities 
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to proceed along lines similar to those used by the same author 
(Annalen, 1886, 236, 99) for the conversion of 2-keto-4-methyl- 
] :2-dihydroquinoline into lepidine. A mixture of the keto- 
compound (5-4 g.) and phosphorus oxychloride (20 ¢.c.) was boiled 
under reflux for 4 hour, poured on ice, and made alkaline with 
ammonia. The 2-chloro-3:4-dimethylquinoline (5 g.) obtained 
was heated in a sealed tube with red phosphorus (3 g.) and hydriodie 
acid (55 c.c. of d 1-7) for 20 hours at 175—180°. After being 
cooled, the solid product was collected, washed with water, and 
dissolved in boiling water. The hot, filtered solution was made 
alkaline with aqueous sodium hydroxide, and, on standing, 3 : 4-di- 
methylquinoline, which separated as an oil, soon solidified. After 
crystallisation from petroleum (b. p. 60—80°), it was obtained in 
colourless prisms, m. p. 73—74° (Knorr gives m. p. 65°) (Found : 
C, 84-3; H, 7-0. Cale.: C, 84-1; H,7-0%). The yield was almost 
quantitative. The picrate of 3:4-dimethylquinoline separated 
from alcohol in yellow needles, m. p. 215—217° (Knorr gives m. p. 
205°), and the hydrochloride, prepared by passing dry hydrogen 
chloride into an ethereal solution of the base, was obtained from 
absolute alcohol in colourless needles, m. p. 290° (decomp.) (Knorr 
does not record the m. p.). 

(a) With tin and alcoholic hydrochloric acid. A mixture of 
3: 4-dimethylquinoline (2 g.), aleohol (50 c.c.), and granulated 
tin (58 g.) was boiled under reflux on the steam-bath for 90 hours, 
concentrated hydrochloric acid (160 c.c.) being added in portions 
at intervals. The whole was then filtered whilst hot, the residue 
was washed with boiling aleohol, and the united filtrates were 
steam-distilled to remove the alcohol. The residual liquid was 
made alkaline with potassium hydroxide (120 g. in concentrated 
aqueous sclution) and again distilled in steam. The oily distillate 
was extracted with ether and dried with potassium carbonate and 
the base obtained by removal of the ether was heated at 60° 
with an equal weight of phenylearbimide in benzene in a sealed 
tube for 3 hours. The resulting solution was shaken with dilute 
hydrochloric acid to extract a small quantity of basic material, 
and the benzene was then removed in steam. After the residue 
had been extracted with ether and dried with sodium sulphate, 
it was ultimately crystallised from benzene. First a little carb- 
anilide separated, and then 1-phenylcarbamyl-3 : 4-dimethyl-1 : 2:3: 4- 
tetrahydroquinoline was obtained. After recrystallisation from 
alcohol, it was isolated in colourless prisms, m. p. 107—-108° (Found : 
C, 77:2; H, 7-1. C,gH,ON, requires C, 77:1; H, 7-1%). The 
benzene mother-liquor, on being concentrated, yielded a further 
small quantity of this phenylearbamyl] derivative, and the residue, 
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after complete removal of the solvent, was hydrolysed by treat- 
ment with boiling aqueous-alcoholic potassium hydroxide for 15 
hours. The product was isolated by steam distillation, the first 
portion of the distillate, which contained much alcohol, being 
acidified with hydrochloric acid, and then, after removal of the 
alcohol, made alkaline. The united liquids were shaken with ether, 
and the base so obtained was treated with picric acid in hot alcohol. 
On cooling, a small quantity of the picrate (m. p. 217°) of 3 : 4-di- 
methylquinoline separated, but no indication was obtained of the 
presence of a derivative of the second form of 3 : 4-dimethyl- 
1: 2:3: 4-tetrahydroquinoline. 

The pure phenylcarbamyl derivative was hydrolysed with 
aqueous-alcoholic alkali, as described above, and an oily base 
obtained. When this was dissolved in hot alcoholic picric acid, 
there separated first, on cooling, a small quantity of the picrate 
(m. p. 217°) of 3: 4-dimethylquinoline, which was produced, no 
doubt, by oxidation during the process of hydrolysis. The alcoholic 
solution subsequently yielded the picrate of 3 : 4-dimethyl-1 : 2:3: 4- 
tetrahydroquinoline in orange-coloured prisms, m. p. 143—145°. 
The corresponding base was obtained, by shaking this with dilute 
aqueous ammonia and ether, as a colourless oil which could not be 
made to solidify. Its hydrochloride was prepared by passing dry 
hydrogen chloride into its solution in ether, and isolated from 
alcohol—ether in large colourless prisms, m. p. 156—158°. 

(b) With sodium and alcohol. A boiling solution of 3 : 4-dimethy]- 
quinoline (1-5 g.) in absolute alcohol (75 c.c.) was treated gradually 
with sodium (15 g.), a further quantity of alcohol being subse- 
quently added to dissolve all the sodium. After the addition of 
water (75 c.c.), the whole was steam-distilled. The first portion 
of the distillate was acidified with hydrochloric acid, the alcohol 
present removed in steam, the base liberated with alkali, and the 
mixture added to the main portion of the distillate. The basic 
product was extracted with ether, the extract was dried with 
potassium carbonate, and, after the removal of the solvent, a 
colourless oil (1-3 g.) was obtained. This was dissolved, together 
with picric acid (1-85 g.), in hot alcohol, and, on cooling, a yellow 
picrate separated. When this was recrystallised from alcohol, a 
very small quantity of the picrate (m. p. 211—213°) of unchanged 
3 : 4-dimethylquinoline separated first, and then the picrate (m. p. 
143—145°) of 3: 4-dimethyl-1 : 2:3: 4-tetrahydroquinoline was 
isolated. A further quantity of the latter derivative was obtained 
on concentrating the mother-liquor, and the total amount (3 g.) 
indicated the formation exclusively of the single modification of the 
tetrahydro-base already described. 
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(c) Electrolytic reduction. A solution of the base (4 g.) in sulphuric 
acid (250 c.c. of 20%) was submitted to electrolytic reduction at 
95—100°, lead electrodes and a current of 5 amps. (approximately 
0-02 amp. per sq. cm. of cathode) being used during 26 hours. 
After being made alkaline with sodium hydroxide, the product 
was extracted with ether, and examined by conversion into the 
picrate as described above. Although the yield of base was small, 
it gave the picrates of 3 : 4-dimethylquinoline and the 3 : 4-dimethy]- 
1: 2:3: 4-tetrahydroquinoline already obtained, whilst no evidence 
was procured of the presence of a second form of the latter 
substance. 

(d) With zinc and alcoholic hydrochloric acid. A mixture of the 
base (6 g.), alcohol (150 c.c.), and zine dust (100 g.) was boiled for 
60 hours under reflux on the steam-bath, whilst concentrated 
hydrochloric acid (200 g.) was added gradually in portions. The 
whole was then filtered whilst hot, the aleohol removed by dis- 
tillation, and the residue made alkaline with sodium hydroxide 
(180 g. in concentrated aqueous solution). The basic product was 
steam-distilled, extracted with ether, and dried with potassium 
carbonate. After removal of the ether, the oily residue (4:8 g.) 
was examined by conversion into the picrate as described above. 
The product which separated first from alcohol in small quantity 
appeared to be essentially the picrate of unreduced 3 : 4-dimethyl- 
quinoline, although its m. p. (190—192°, after recrystallisation) 
was somewhat low. However, a mixed m. p. determination gave 
the value 205—209°, and conversion into the corresponding hydro- 
chloride led to a product which melted indefinitely at 269—272° 
and, when mixed with the hydrochloride of 3 : 4-dimethylquinoline 
(m. p. 290°), it melted over the intermediate range. The alcoholic 
mother-liquor readily yielded the picrate (m. p. 143—145°) of the 
3: 4-dimethyl-1 : 2 : 3 : 4-tetrahydroquinoline described above, its 
identity being confirmed not only by a mixed m. p. determination, 
but by conversion into the phenylcarbamyl derivative of the 
corresponding base. The ultimate residue from the alcoholic solu- 
tion was very small, and no indication was obtained of the presence 
of a derivative of a second form of the tetrahydro-base. 

Reduction of 2-Keto-3 : 4-dimethyl-1 : 2-dihydroquinoline.—A mix- 
ture of 2-keto-3 : 4-dimethyl-1 : 2-dihydroquinoline (13-5 g., pre- 
pared from ethyl methylacetoacetate and aniline as described by 
Knorr, loc. cit.) and alcohol (600 c.c.), to which a little sodium 
bicarbonate had been added, was kept boiling and vigorously 
stirred for 40 hours, whilst sodium amalgam (1500 g. of 4%) was 
added gradually, a stream of carbon dioxide being passed through- 
out the operations. After the hot mixture had been filtered, and the 
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residue washed with boiling alcohol, the united liquids were heated 
on the steam-bath to remove alcohol. After dilution with water, 
the solid product (12-5 g.), m. p. 105—110°, was collected and 
crystallised several times from alcohol, 2-keto-3:4-dimethyl-1 : 2:3: 4- 
tetrahydroquinoline (A) being obtained in colourless prisms, m. p. 
127—128° (Found: C, 75-4; H, 7:5. C,,H,,ON requires C, 75-4; 
H,7-4%). The mother-liquors were then evaporated and the residue 
was crystallised from carbon tetrachloride, yielding colourless 
prisms, m. p. 100—108°. After these had been recrystailised four 
or five times from alcohol, 2-keto-3 : 4-dimethyl-1 : 2:3: 4-tetra- 
hydroquinoline (B) was isolated in colourless plates, m. p. 117° 
(Found : C, 75-2, 75-7; H, 7-3, 7-5%). A mixture with the stereo- 
isomeride (A) melted indefinitely at 100O—110°. From the quantities 
isolated, it was estimated that the amounts of the (A) and (B) 
forms present in the reduction product were in the ratio of approxim- 
ately 6:1. When the stereoisomeride (A) (0-9 g.) was heated for 
4 hour with phosphorus oxychloride (4 c.c.), and the resulting 
mixture was poured on ice, made alkaline with ammonia, and 
allowed to stand, 2-chloro-3 : 4-dimethylquinoline (m. p. 130°) was 
obtained. Its identity was established by a mixed m. p. deter- 
mination with an authentic specimen of this compound, prepared 
by the interaction of phosphorus oxychloride and 2-keto-3 : 4- 
dimethyl-1 : 2-dihydroquinoline (compare Knorr, loc. cit.). 

The crude mixture (3-2 g.) of these two stereoisomerides (A) and 
(B), prepared as described above, was dissolved in boiling absolute 
alcohol (150 c.c.) and treated gradually with sodium (24 g.). 
After the addition of a little alcohol to remove undissolved sodium, 
a small quantity of water was added, and some of the alcohol was 
removed by heating on the steam-bath. The product was isolated 
by dilution with water and extraction with ether. After the solu- 
tion had been dried with potassium carbonate, and the solvent 
removed, the oily residue was treated with an equivalent of hot 
alcoholic picric acid; on cooling, a mixture of picrates separated. 
When this was recrystallised from alcohol, the picrate (m. p. 215— 
217°) of 3: 4-dimethylquinoline separated first: its identity was 
established by conversion into the corresponding base (m. p. 73— 
74°) and. determination of the m. p. of a mixture of this with an 
authentic specimen of 3:4-dimethylquinoline. The alcoholic 
mother-liquor then yielded the picrate (m. p. 143—145°) of the 
3 : 4-dimethyl-1 : 2 : 3 : 4-tetrahydroquinoline described above. No 
indication was obtained of the presence in the solution of a deriv- 
ative of a second form of the latter base. 

When the tetrahydro-base derived from this picrate was sub- 
mitted to further treatment with sodium in alcoholic solution and 
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the product was examined in the usual way, no trace of 3 : 4-di- 
methylquinoline was detected. 

Reduction of 2:4-Dimethylquinoline.—(a) With sodium and 
alcohol. A solution of 2 : 4-dimethylquinoline (10 g., prepared from 
aniline and acetylacetone as described by, e.g., Combes, Bull. Soc. 
chim., 1888, 49, 90) in boiling absolute alcohol (250 c.c.) was treated 
gradually with sodium (44 g.). After } hour’s boiling, any undis- 
solved sodium was removed by the addition of alcohol, a little 
water added, and the mixture steam-distilled. The first portion 
of the distillate was acidified with hydrochloric acid, the alcohol 
removed in steam, and the residue made alkaline and added to the 
main part of the steam distillate. The oily product was extracted 
with ether, dried with potassium carbonate, and, after removal of 
the solvent, dissolved in dry ether and treated with dry hydrogen 
chloride. The mixture of hydrochlorides which separated from the 
solution was crystallised from absolute alcohol, and the hydro- 
chloride of 2: 4-dimethyl-1 : 2:3: 4-tetrahydroquinoline (A) was 
obtained in colourless prisms, melting, after recrystallisation, at 
228° (Found: C, 67-1; H, 83. ©,,H,;N,HCl requires C, 66-8; 
H, 8-1%). After the separation of further quantities of this hydro- 
chloride by concentration of the mother-liquor, the remaining solu- 
tions, together with the ethereal mother-liquor from the preparation 
of the mixed hydrochlorides, were evaporated, and the residue was 
decomposed with alkali. The basic product was collected in ether, 
dried with potassium carbonate, and, after removal of the ether, 
treated with boiling acetic anhydride (45 g.) for 20 hours.’ This 
solution was stirred into dilute aqueous sodium carbonate and left 
for some time, and the resulting solid was crystallised from alcohol, 
l-acetyl-2 : 4-dimethyl-1 : 2:3: 4-tetrahydroquinoline (B) being 
obtained in colourless prisms, m. p. 97—98° (Found: C, 77:1; 
H, 8-6. C,,H,,ON requires C, 76-8; H, 8-4%). After the isolation 
of further quantities of this acetyl derivative by concentration of 
the mother-liquor, the residual product was hydrolysed by treat- 
ment with boiling aqueous-alcoholic potassium hydroxide for 4 days. 
After removal of the alcohol on the steam-bath, the residue was 
extracted with ether, and the ethereal solution was shaken with 
dilute hydrochloric acid. Evaporation of the ether then left a 
negligible quantity of material, indicating that hydrolysis was com- 
plete. The acid solution was consequently made alkaline, and the 
basic product was extracted with ether, dried with potassium 
carbonate, and, after concentration of the ethereal solution, treated 
with hydrogen chloride. The solid product was crystallised from 
absolute alcohol, a further quantity of the hydrochloride (A) (m. p. 
228°) being obtained. The residue was then quite small, and the 








2454 STEREOISOMERISM, ETC. PART II. 


total amounts of the two products obtained indicated that the 
tetrahydro-bases (A) and (B) were present in the original mixture 
in the proportion of approximately 2 : 3. 

When the hydrochloride (m. p. 228°) was decomposed with 
alkali, 2: 4-dimethyl-1:2:3:4-tetrahydroquinoline (A) was 
obtained as a colourless oil. Its l-acetyl derivative, prepared by 
boiling its solution in acetic anhydride for 15 hours, separated 
from petroleum (b. p. 60—80°) in large flat prisms, m. p. 50—51° 
(Found: C, 76-5; H, 8-2. C,,;H,,ON requires C, 76-8; H, 8-4%). 
A mixture with the acetyl derivative (B), described above, melted 
at 45—47°. The picrate of the tetrahydro-base (A) separated from 
petroleum (b. p. 40—60°) in yellow prisms, m. p. 139—141°, the 
l-phenylearbamyl derivative, prepared with phenylcarbimide, 
separated from petroleum (b. p. 40—60°) in slender needles, m. p. 
121—122°, and the 1l-benzoy! derivative, prepared by shaking the 
base with benzoyl] chloride and aqueous sodium hydroxide, separated 
from alcohol in colourless plates, m. p. 115°. 

2: 4-Dimethyl-1 : 2 : 3 : 4-tetrahydroquinoline (B) was obtained 
from the acetyl derivative (m. p. 97—-98°) described above by 
hydrolysis with boiling aqueous-alcoholic potassium hydroxide for 
30 hours, and separated as an oil on dilution with water. Its 
hydrochloride was obtained by passing dry hydrogen chloride into a 
solution of the base in ether, and was isolated from alcohol—ether 
in large colourless prisms, m. p. 178—179° (Found: C, 67-1; H, 
8-2. C,,H,;N,HCl requires C, 66:8; H, 81%). Its picrate 
crystallised from alcohol in yellow prisms, m. p. 188—190°; a 
mixture with the picrate of the base (A) melted indefinitely at 
130—133°. The 1-phenylcarbamyl derivative, prepared by the 
action of phenylcarbimide on the base, separated from alcohol in 
large colourless prisms, m. p. 112—113°, and a mixture with the 
stereoisomeric phenylcarbamy]! derivative melted at 95—100°. 

(b) With tin and alcoholic hydrochloric acid. A boiling mixture 
of 2 : 4-dimethylquinoline (4 g.), alcohol (100 c.c.), and granulated 
tin (75 g.) was treated with concentrated hydrochloric acid (160 c.c.), 
which was added in portions over a period of 72 hours. The hot 
mixture was filtered, cooled, made alkaline with sodium hydroxide 
(150 g. in concentrated aqueous solution), and steam-distilled. The 
basic product was examined by the procedure described above, the 
hydrochloride (A) and acetyl derivative (B) being isolated, but the 
amounts obtained indicated that the tetrahydro-base (A) greatly 
preponderated in the reaction mixture, the quantity of the base (B) 
representing less than 10% of the total yield. 

(c) Electrolytic reduction. A solution of 2 : 4-dimethylquinoline 
(4 g.) in sulphuric acid (200 c.c. of 20%) was electrolysed during 
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12 hours at 95°, lead electrodes and a current of 4-7 amps. (0-03 amp. 
per sq. cm. of cathode) being used. It was then made alkaline 
with sodium hydroxide and steam-distilled. Although the total 
yield of basic product was poor, it was examined by the method 
already described, and appreciable quantities of both the hydro- 
chloride (A) and the acetyl derivative (B) were obtained. From 
the residue after steam distillation a considerable quantity of an 
amorphous solid was extracted with ether, but attempts to crys- 
tallise it failed, and its nature has not been determined. 

(d) With zine and alcoholic hydrochloric acid. A mixture of 
2:4-dimethylquinoline (4 g.), alcohol (140 c.c.), and zinc dust 
(130 g.) was boiled for 5 days, whilst concentrated hydrochloric 
acid (250 c.c.) was added in portions at intervals. The hot mixture 
was then filtered, made alkaline, and steam-distilled. Owing to 
the presence of some unreduced 2 : 4-dimethylquinoline in the basic 
product it was necessary to modify the usual method of investigation. 
The mixture was first boiled with acetic anhydride for 10 hours, the 
resulting solution being shaken with aqueous sodium carbonate and 
extracted with ether. The extract was shaken with dilute hydro- 
chloric acid, which removed the unreduced tertiary base, and the 
mixed acetyl derivatives, after being recovered from the ethereal 
solution, were hydrolysed by the action of boiling aqueous-alcoholic 
potassium hydroxide for 3 days. When the resulting basic mixture 
was examined by conversion into the hydrochlorides as described 
above, both the hydrochloride (A) and the acetyl derivative (B) 
were isolated. The amounts obtained indicated that the tetra- 
hydro-bases (A) and (B) were present in the reaction mixture in 
the proportion of approximately 5: 1. 


THE Dyson PERRINS LABORATORY, 
OxFORD. [Received, September 12th, 1930.] 


CCCX XI.—4-Alkyl Derivatives of 1-Phenylceyclo- 
hexane-3 : 5-dione. 


By Ipranm™ Hitmr EL-Sarp Mattar, JOHN JAMES HUNTER 
Hastines, and THomas KENNEDY WALKER. 


THE synthesis of derivatives of cyclohexane-1 : 3-dione by addition 
of compounds of the type of ethyl sodiomalonate to the double 
bond in ketones of the general formula >C:CH-CO-CHg, and sub- 
sequent ring closure (Vorlander, Ber., 1894, 27, 2053), is so well 
known that, on reference to the literature, it was surprising to find 
no information as to the general applicability or otherwise of this 
method to ketones of the structure >C:CH-CO-CH,A (A = alkyl or 
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aryl). The only instance in which the ketone employed was not a 
methyl ketone is that of the synthesis of 1 : 4-dimethyl-1-ethyleyclo- 
hexane-3 : 5-dione from ethyl sodiomalonate and e-methyl-A’- 
hepten-y-one (Becher and Thorpe, J., 1922, 121, 1303). 

We find that ring closure may be effected in a number of other 
cases in which A is an alkyl group, and the compounds now described 
are principally 4-alkyl derivatives of 1-phenylcyclohexane-3: 5- 
dione. Thus, the 4-methyl, 4-ethyl, 4-n-propyl, 4-n-amyl, and 
4-benzyl derivatives, required by one of us for the purposes of another 
investigation, were readily obtained by condensation of ethyl 
sodiomalonate with styryl ethyl, styryl n-propyl, styryl n-butyl, 
styryl n-hexyl, and styryl 6-phenylethyl ketones, respectively. 

Ethyl phenylacetate also was found to condense with styryl 
ethyl ketone in the presence of sodium ethoxide to yield 1 : 2- 
dipheny1-4-methylcyclohexane-3 : 5-dione (compare Borsche, Ber., 
1909, 42, 4498), but the corresponding reaction did not occur with 
styryl 6-phenylethyl ketone. 


EXPERIMENTAL. 


Ethyl  1-Phenyl-4-methyleyclohexane-3 : 5-dione-2-carboxylate.— 
Styryl ethyl ketone (8 g.; 1 mol.) (Harries and Muller, Ber., 1902, 
35, 966) was added to a solution of ethyl sodiomalonate prepared 
from ethyl malonate (8 g.; 1 mol.) in dry alcohol (25 ¢.c.). The 
mixture was boiled until neutral to litmus (4 hours); on cooling, the 
sodium salt of the product separated in needles. Water was added, 
unchanged material removed in ether, the aqueous-alcoholic solution 
treated with dilute hydrochloric acid, and the precipitate washed 
with water and crystallised from methyl alcohol containing a little 
water, giving colourless prisms, m. p. 121—123°, soluble in acetone 
and ether and very sparingly soluble in water (yield, 79%) (Found: 
C, 67-8, 68-0; H, 6-7, 6-8. C,.H,,0,,3H,O requires C, 68-1; H, 
6-7%). 

1-Phenyl-4-methylcyclohexane-3 : 5-dione—The above-described 
ester was heated under reflux in alcoholic caustic potash (20% 
solution) during 2 hours, the bulk of the alcohol then distilled off, 
the residue acidified with dilute hydrochloric acid and the mixture 
boiled until evolution of carbon dioxide ceased. The product, 
which crystallised on cooling, separated from hot acetone in small 
colourless prisms, m. p. 212—213° (sintering at 210°) (yield, 40% 
calc. on the ester) (Found: OC, 76-8; H, 6-9; M, 199. C,,H,49; 
requires C, 77:2; H,6-9%; M, 202). 

1-Phenyl-4-ethyleyclohexane-3 : 5-dione.—Styryl propyl ketone 
(14-5 g.; 1 mol.) (Harries and Bromberger, Ber., 1902, 35, 3088) 
was boiled with a solution of ethyl sodiomalonate (from 13-3 g. 
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1 mol., of ethyl malonate) in absolute alcohol (40 c.c.) until the 
mixture was neutral to litmus (3 hours). The bulk of the alcohol 
was distilled off, water (200 c.c.) added, neutral material removed 
in ether, and the aqueous residue boiled for 2 hours with caustic 
potash (40 g.). After cooling, the liquid was acidified with hydro- 
chloric acid and the liberated product was decarboxylated by further 
boiling until carbon dioxide ceased to be evolved. The crystals 
which separated on standing were washed with water, dried on tile, 
and recrystallised several times from methyl alcohol and acetone 
alternately, giving colourless plates, m. p. 200° (yield, 41%) (Found : 
C,77-4; H, 7-1. C,,H,,0, requires C, 77-7; H, 7-4%). 

This compound absorbed oxygen and became resinous in the air. 
Tendency to resinification has been noticed in other 4-substituted 
derivatives of dihydroresorcinol (compare Becher and Thorpe, loc. 
cit.; Farmer and Ross, J., 1925, 127, 2362), but such liability 
to decomposition would not necessarily appear to depend on the 
presence of a substituent in the 4-position, since ethyl 1-n-propyl- 
cyclohexane-3 : 5-dione-2-carboxylate decomposes on long keeping 
(Sonn and Burkard, Ber., 1928, 61, 2479), and 1-benzylcyclohexane- 
3: 5-dione is stated to resinify readily in contact with hydrolytic 
agents (Linstead and Williams, J., 1926, 2735). 

1-Phenyl-4-n-propylcyclohexane-3 : 5-dione, obtained by the con- 
densation of styryl butyl ketone with ethyl sodiomalonate and 
hydrolysis and decarboxylation of the product, crystallised readily 
from methyl alcohol and from acetone, forming colourless needles, 
m. p. 185° (yield, 35°) (Found by microanalysis : ©, 77-8; H, 7-4. 
C,;H,,0, requires C, 78:3; H, 7-8%). 

1-Phenyl-4-n-amyleyclohexane-3 : 5-dione.—Ethy] malonate (22 g.) 
and styryl n-hexyl ketone (22 g.) were condensed by means of 
alcoholic sodium ethoxide (from sodium, 2-34 g.), and the resulting 
ester (27 g.) was hydrolysed and decarboxylated as in the previous 
preparations. After crystallising from methyl alcohol and acetone, 
alternately, the product had m. p. 191° (yield, 17 g.) (Found by micro- 
analysis: C, 79-4; H,8-3. C,,H,.O, requires C, 79-1; H, 8-5%). 

Ethyl 1-Phenyl-4-benzyleyclohexane-3 : 5-dione-2-carboxylate.—The 
following is a more convenient way of preparing styryl 8-phenylethyl 
ketone than the somewhat lengthy process of Harries and Gollnitz 
(Annalen, 1903, 330, 233). A mixture of ethyl benzylacetoacetate 
(73 g.) with a solution of caustic potash (19 g.) in alcohol (190 g.) 
was heated under reflux on a steam-bath for 2 hours, a sodium salt 
separating. After removal of the alcohol the solid was acidified, and 
decarboxylated by boiling, and the liquid was then cooled and 
extracted with ether. The extract yielded 44 g. of 6-phenylethyl 
methyl ketone, b. p. 118—122°/15—16 mm. It was found that the 
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time (3 days) required by Harries and Gollnitz (loc. cit.) to condense 
this substance with benzaldehyde could be shortened to 18 hours 
provided the reactants were agitated together continuously in a 
shaking-machine. So prepared, styryl $-phenylethyl ketone melted 
at 56°, and its oxime after crystallisation from alcohol had m. p. 
100—103° (Harries and Gollnitz give 53° and 95—105°, respectively). 

Styryl 6-phenylethyl ketone (23-6 g.) was mixed with an alcoholic 
solution of ethyl sodiomalonate (from ethyl malonate, 16 g., sodium, 
2-5 g., and absolute alcohol, 50 c.c.) and heated on a steam-bath for 
3 hours. Ethyl 1-phenyl-4-benzylcyclohexane-3 : 5-dione-2-carboxyl- 
ate, isolated as in a previous similar preparation, formed colourless 
prisms, m. p. 146°, from ethyl alcohol (yield, 60%) (Found by 
microanalysis: C, 75:2; H, 6-0. Cy 9H..O, requires C, 75-7; 
H, 6-3%). 

This ester was converted by hydrolysis and decarboxylation into 
1-phenyl-4-benzyleyclohexane-3 : 5-dione, which crystallised from 
alcohol in colourless prisms, m. p. 169—170°, readily soluble in 
acetone and methyl alcohol, moderately easily soluble in ethyl 
alcohol, and sparingly soluble in benzene and in light petroleum 
(yield, 86% calc. on the ester) (Found: C, 81-9; H, 6-0. C,)H,,0, 
requires C, 82-0; H, 6-4%). 

1 : 2-Diphenyl-4-methylcyclohexane-3 : 5-dione was prepared by 
the same general method from ethyl phenylacetate (41 g.), styryl 
ethyl ketone (40 g.), and sodium (5-8 g.) in dry alcohol (200 c.c.). 
After crystallising from boiling methyl alcohol containing a little 
water, it had m. p. 167° (yield, 21%). It was readily soluble in 
acetone, moderately easily soluble in hot benzene, and very sparingly 
soluble in light petroleum or ligroin (Found: C, 81-8; H, 6-4. 
Ci 9H, 0, requires C, 82-0; H, 64%). 

CoLLEGE or TECHNOLOGY, 

UNIVERSITY OF MANCHESTER. [Received, September 22nd, 1930.] 





CCCXXII.—Dynamic Isomerism involving Mobile 
Hydrocarbon Radicals. Part II. The Intramole- 
cular Character of the Amidine Rearrangement. 

By ArTHUR WILLIAM CHAPMAN. 


In Part I of this series (J., 1929, 2133) it was shown that when the 
two isomeric diphenyl-p-tolylbenzenylamidines (I) and (II) were 
(I.) NPh:CPh-NPh(C,H,) NPh,°CPh:N(C,H,) (II-) 
heated at a sufficiently high temperature they underwent mutual 
interconversion by migration of a phenyl group from one nitrogen 
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atom to the other, similar equilibrium mixtures of the two isomerides 
being obtained from both compounds. 

This rearrangement bore a close resemblance, both in form and in 
conditions, to the conversion of imino-ary] ethers into the correspond- 
ing amides, ¢.g., 

heat 
OPh:-CPh:NPh ——-> O:CPh-NPh, 


which had previously been shown to be intramolecular (J., 1925, 
127, 1992) for the following reasons: (a) The change occurred 
completely without the formation of by-products, (b) the progress 
of the rearrangement could be represented accurately by the 
formula for a unimolecular reaction, and (c) no interchange of groups 
took place between the molecules of two different imino-ethers 
when heated together to give a mixture of the corresponding amides. 

Similar tests applied to the amidine change were complicated by 
the reversibility of this rearrangement and by the fact that the 
compounds were not completely stable. Exposure to the higher 
temperature required for conversion always caused some darkening 
and decomposition, although this could be minimised by repeated 
purification of the material used. 

The conversion of the members of a pair of isomeric amidines into 
an equilibrium mixture was found to follow a unimolecular course as 
represented by the formula for a reversible reaction. An example 
is given in the following table, the data being taken from those of 
Part III (following paper). (Time is expressed in minutes, and 
logarithms to the base 10 are employed.) 


Interconversion of NPh:CPh:NPh:-C,H,Cl(p) (Ic) 
and NPh,’CPh:N-C,H,Cl (p) (IIc) at 330—331° (corr.). 


LURE) cnapesmisissennnyuee cies 20 40 60 90 120 

Change, %, Ic —>IIc (i) ...... 8 13 19 255 30 

Change, %, Ile —-> Ie (ii) ...... 13 20 26-5 36 38-5 

Total change [(i) + (ii)] (iii) ... 21 33 45-5 615 68-5 
Equilibrium, %, Ic ............... 61:5 61 58-5 58-5 56-5 Mean 59 


*(k + k’) x 103, cale. from (i) 4-6 
*(k + k’) x 103, cale. from (ii) 5:3 
(k + k’) x 103, calc. from (iii) 5-2 


* The mean equilibrium position is assumed in calculating these values. 


65 4:2 455 4-7 4-75 
5 4:5 4:35 4-55 3°85 
4-3 4-4 4-6 4-25 Mean 4-5 


Repeated recrystallisation of N-diphenyl-N’-p-tolylbenzenyl- 
amidine (II) with change of solvent did not alter its rate of conversion 
into its isomeride (I), nor was the velocity of change affected by the 
use of a silica in place of a glass vessel. There was therefore no 
obvious indication that the progress of the reaction depended on the 
presence of a catalyst. 

In those triarylbenzenylamidines (such as [il and TV) where all 
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three aryl groups attached to the nitrogen atoms are the same, 
migration of a group from one nitrogen atom to the other presumably 


(III.) NPhiCPh-NPh, N(C,H,):CPh-N(C,H,), (IV-) 


takes place under conditions similar to those required for the 
unsymmetrical compounds, but as the product of the migration is 
identical with the original material no change can be observed. 
The stability of such compounds under the conditions required for 
rearrangement provides a measure of the extent to which by-product 
formation takes place. It was found that after carefully purified 
triphenylbenzenylamidine (III) had been heated at 345° for 2 hours, 
a time almost sufficient to bring the isomerides (I) and (IT) into 
equilibrium, its m. p. had been depressed by only 2°. Tri-p-tolyl- 
benzenylamidine (IV) was also fairly stable, its m. p. being depressed 
2° after 1 hour’s heating at 335°. The formation of by-products, 
even at these high temperatures, was therefore only slight. 

To determine whether interchange of groups occurred during 
rearrangement, a mixture of compounds (III) and (IV) was made in 
such proportion as to yield on hydrolysis the eutectic mixture of 
diphenylamine and di-p-tolylamine. This was analysed before and 
after being heated at 330—331° for 4 and for 1 hour. Exposure 
at this temperature for 1 hour was more than would be necessary 
for half conversion of (I) and (II) into their equilibrium mixture, 
and if any exchange of groups had taken place between molecules of 
(III) and (IV), new amidines yielding phenyl-p-tolylamine on 
hydrolysis would have been formed in appreciable amounts. The 
melting points of the mixtures of secondary amines obtained from 
the material before and after heating differed, however, by less than 
1-5°, which was within the limits of error of the experiment. 

It must, therefore, be concluded that the reversible rearrangement 
of the triarylamidines is, like the conversion of the imino-aryl ethers 
into the corresponding amides, an intramolecular process. 


EXPERIMENTAL. 

Velocity of Rearrangement of Compound (II) after Successive 
Crystallisations—A specimen of N-diphenyl-N’-p-tolylbenzeny]- 
amidine (II) after two crystallisations from a mixture of equal parts 
of acetone and alcohol (A) was successively recrystallised from a 
similar mixture of the redistilled solvents (B) and from redistilled 
light petroleum (C). Samples (5 g. each) of these products were 
heated in test-tubes simultaneously in an oil-bath at 330—331° 
(corr.) for 1 hour, and the melts were analysed by the method 
described in Part I, with the following results : 
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Specimen ii...sscsseseeveee A A B C C (silica tube) 
. p. of. mixture of 
secondary amines...... 56-2° 55-6° 56-5° 57-3° 55-4° 
Per cent. of (I) formed 41 40 405 42 40 


The variations are not related to the degree of purification and are 
within the limits of experimental error. 

The new amidines were prepared from the corresponding anilide- 
iminochlorides and secondary amines in the manner described in 
Part I. 

Triphenylbenzenylamidine (III) crystallised from a mixture of 
equal volumes of acetone and alcohol in tiny yellow needles, m. p. 
168—169° (Found: N, 8-2. C,;H. N, requires N, 8-05%). Di- 
phenylamine (m. p. 54—55°) and aniline (identified as acetanilide, 
m. p. 114—114-5°) were obtained on hydrolysis. 

Tri-p-tolylbenzenylamidine (IV) crystallised from the same solvent 
in long lemon-yellow needles, m. p. 188—189° (Found: N, 7-2. 
C,,H,,.N, requires N, 7-2%), and yielded p-toluidine (m. p. 42-5— 
43-5°) and di-p-tolylamine (m. p. 78—80°) on hydrolysis. Both 
amidines were very sparingly soluble in alcohol but readily soluble 
in acetone. 

Melting Points of Mixtures of Diphenylamine and Di-p-tolyl- 
amine.— 


NHPh, (% by wt.) ... 0 109 195 302 394 501 

NHPh, (mols. %)...... 0 125 22:0 336 431 53-9 

OR | eh REN 80°3° «743° 69-G°s«ZH?«GHAE «478° 
NHPh, (% by wt.) ... 583 67-7 796 876 100 

NHPh, (mols, %) ...... 61-9 710 82:0 892 100 

Mis siivasiesidus 410° 398° 45:56° 49:5° 55:5° 


Heating of a Mixture of Triphenyl- and Tri-p-tolyl-benzenyl- 
amidines.—A mixture of the two amidines containing approximately 
66°% of the triphenyl compound was made by fusing the two com- 
ponents together, and two samples (5 g. each) were heated for $ and 
for 1 hour respectively at 330—331° (corr.). The m. p.’s of the 
secondary amine mixtures obtained on hydrolysis were as follows : 
Time of heating (mins.) ......... 0 0 30 60 
Bee sO CRERDUNG... 006 0:bs Koeeesass 36-7° 36-1° 36-2° 35° 

Tri-p-chlorophenylbenzenylamidine, prepared from di-p-chloro- 
diphenylamine and _ benz-p-chloroanilideiminochloride, formed 
yellow crystals, m. p. 147—148°, from acetone~alcohol (Found : 
Cl, 23-6. C,,H,,N,Cl, requires Cl, 23-6%), but was not sufficiently 
stable above 300° to be employed for the experiments of this series. 
On hydrolysis it yielded p-chloroaniline (m. p. 71°) and di-p-chloro- 
diphenylamine (m. p. 78—79°). 

Di-p-chlorodiphenylamine is conveniently prepared by direct 
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chlorination of benzoyldiphenylamine in chloroform solution, 
followed by hydrolysis of the resulting benzoyldi-p-chlorodipheny!- 
amine with boiling alcoholic potash. The preparation was described 
by Claus and Schaare (Ber., 1882, 15, 1286; compare J., 1929, 569), 
but the constitution of the product was not determined. This has 
now been established by independent synthesis through N-p-chloro- 
phenylbenzimino-p-chlorophenyl ether (stout, pale yellow needles, 
m. p. 68—69°. Found: Cl, 20-6. C,,H,,ONCI, requires Cl, 20-75%) 
and by direct comparison of the benzoyl derivative and free amine 
with those obtained by the chlorination of benzoyldiphenylamine. 
The identities of these compounds and of those obtained by 
hydrolysis of the various amidines were all confirmed by the method 
of mixed melting points. 

Di-p-chlorodiphenylamine had m. p. 78—79°, constant on repeated 
recrystallisation from light petroleum (Claus and Schaare give m. p. 
80°; Burton and Gibson, J., 1926, 2246, give m. p. 71—72°). 


The author desires to express his thanks to the Research Fund 
Committee of the Chemical Society for a grant that has defrayed 
part of the cost of this investigation. 


THE UNIVERSITY, SHEFFIELD, [Received, September 16th, 1930.] 





CCCXXIII.—Dynamic Isomerism involving Mobile 
Hydrocarbon Radicals. Part III. Some Effects 
of Substitution on the Velocity of Interchange and 
Position of Equilibrium of Isomeric Triarylbenzenyl- 
amidines. 

By ARTHUR WILLIAM CHAPMAN and CHARLES HARDY PERROTT. 


In Parts I and ITI of this series (J., 1929, 2133; preceding paper) 
the reversible rearrangement of the isomeric triarylamidines (I) 
and (II), where A and B are aryl groups, was described and shown 


CANA, HY phccNAs 
i) Proc, == Pao<N&e any 
to resemble in certain respects the apparently irreversible change of 
imino-aryl ethers into amides. 
(III.) NAr’?CPh-OAr bre 4 NArAr’-CPh:O  (IV.) 


It is known that the velocity of rearrangement of the imino-aryl 
ethers is greatly affected by substitution either in the migrating 
group (Ar) or in the group (Ar’) attached to the nitrogen atom (J., 
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1927, 1743), and it therefore seemed of interest to study the effects 
of substitution on the amidine change, especially as the position of 
equilibrium would be involved as well as the velocity of inter- 
conversion. 

In a pair of isomerides such as (I) and (II), migration of a group 
A or B can only occur from the singly bound nitrogen atom to that 
originally carrying a double bond. When A leaves either ‘NA, or 
‘NAB it produces an isomeride, but when B leaves ‘NAB it attaches 
itself to -NA and thus yields the original compound. Whilst there 
is no doubt that B does migrate from one nitrogen atom to the other, 
its transfer cannot be observed, and a pair of isomerides of this 
type may therefore be treated as consisting of (a) a migrating 
group A, and (b) a system —NB-CPh:NA- in which the group A is 
migrating. 

The enquiry is thus resolved into the determination of: (i) the 
effect of a given substitution, (a) in the migrating group or (6) in the 
group A or B of the system, on the velocity of interchange; (ii) the 
effect of similar substitution on the position of equilibrium ; (iii) the 
effects on velocity and equilibrium of substitution in the phenyl 
group attached to the central carbon atom, a problem not dealt 
with in this communication. 

Four pairs of isomerides have been investigated : 


(a) NPh:CPh-NPh(C,H,) (Ia) => NPh,*CPh‘N(C,H,) (Ia) ; 
A = Ph, B = C,H,(p) 


(a repetition under improved conditions of the observations of 
Part I). 


(6) N(C,H,):CPh-NPh(C,H,) (Ib) —= N(C,H,),*CPh:NPh (IIb) ; 
A = C,H,(p), B = Ph. 

(c) NPhiCPh-NPh(C,H,Cl) (Ic) == NPh,*CPh:N(C,H,Cl) (IIc) ; 
A = Ph, B = C,H,Cl (p). 

(d) N(CgH,Cl):CPh-NPh(C,H,C!l) (Id) => N(C,H,Cl).*CPh!NPh 
(IId); A = C,H,Cl (p), B = Ph. 


The compounds were heated for various times at the standard 
temperature of 330—331° (corr.), and the extent of rearrangement 
was determined by the method described in Part I. Since pro- 
longed exposure at the high temperature was always accompanied 
by a certain amount of decomposition, the heating was not continued 
long enough for equilibrium to be attained; the position of equili- 
brium was therefore calculated from the relative extent to which 
each member of a pair of isomerides had undergone rearrangement 
after the same exposure. 
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The results obtained may be summarised as follows : 
Equilibrium % of (1), 


Pair. Group A. Group B. (k + k’) x 10%. (NA:CPh-NAB). 
(a) Phenyl p-Tolyl 6-2 69 
(6) p-Tolyl Phenyl 2-0 53 
(c) Phenyl p-Chlorophenyl 4-5 59 
(d) p-Chlorophenyl Phenyl 11-3 71 


Pairs (a) and (6) differ from one another only as regards the 
migrating group A. The relative rates of interconversion of the 
members of the two pairs represent, therefore, the relative mobilities 
of the groups phenyl and p-tolyl in the same system. A comparison 
of the velocities of transformation of pairs (c) and (d) similarly gives 
the relative values for phenyl and p-chlorophenyl. The mobilities 
of these three groups are therefore in the order p-tolyl<phenyl<p- 
chlorophenyl. This is also the order of their relative attraction for 
electrons as measured by the dissociation constants of the correspond- 
ing acids (R*CO,H), and the result to be expected from analogy with 
the imino-ether change. 

The effect of substitution in the group B of the system on the 
mobility of a given migrating group A can be seen by comparison of 
pairs (@) and (c); phenyl is the mobile group in both pairs, but (c) 
possesses a p-chloropheny] group in place of the p-tolyl group of (a). 
The effect of this substitution is to render the members of pair (c) 
less easily interconvertible than those of (a), which again might be 
expected, since replacement of one group (Ar’) attached to the 
nitrogen atom of an imino-aryl ether (III) by another having a 
greater electron affinity causes a diminution of the rate of change of 
the ether into the amide. 

In view of the close resemblances between the amidine and 
imino-ether rearrangements in structural form, in their intra- 
molecular character, and in the effects of substitution on the velocity 
of rearrangement, the conclusion cannot be resisted that the two 
isomeric changes are identical in their mode of occurrence. 

If the distribution of groups in the molecules of an equilibrium 
mixture of the isomeric amidines (I) and (II) were determined solely 
by chance, the mixture would contain 2 parts of (I) to 1 part of (II), 
but since A and B are different groups they might affect the position 
of equilibrium by exerting some directing influence on the mobile 
group. In each case the equilibrium was found to be displaced 
from the ideal value of 67% of (I), and by consideration of the 
direction of this displacement it is now possible to decide between 
the view originally put forward (J., 1927, 1744) and that recently 
suggested (Bennett, Ann. Reports, 1929, 26, 123) as to the way in 
which the rearrangement of the imino-ethers, and hence of the 
amidines, takes place. 
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According to the original view the retarding effect upon the 
rearrangement of an imino-aryl ether (III) of a group (Ar’) having a 
powerful attraction for electrons is due to a constraint upon the 
valency electrons of the migrating group (Ar) exerted by Ar’ through 
the chain. In the amidine system the influence of such a group 
would be exerted in one isomeride through the chain, as in the 
imino-ethers, and in the other, directly on the nitrogen atom to 
which the mobile group was attached. The latter influence would 
certainly be the more powerful, and hence the migrating group 
would tend to remain on that nitrogen atom which carried the group 
with the greater attraction for electrons. 

According to the more recent suggestion, instead of the initial 
step of the imino-ether change being the severance of one of the 
hinding electrons from the oxygen atom, it is considered more likely 
that the migrating group would first attract one or both of the lone 
electrons of the nitrogen atom and then release the original binding 
pair. The new hypothesis is also in complete agreement with all 
the observed effects of substitution on the velocity of the imino- 
ether rearrangement, but leads to a different prediction of the 
displacement of equilibrium in the amidine system. The retardation 
of isomeric change caused by the presence of an electron-attracting 
group in the system is regarded as due to a constraint imposed upon 
the electrons of that nitrogen atom to, and not from, which the 
migrating group is proceeding. The retardation will therefore be 
greater when the mobile group is attached to the end of the system 
away from the electron-attracting group X (VI to IX), and the 
compounds in which this condition is fulfilled (VI and VIII) will 
therefore tend to accumulate at the expense of their isomerides 
(VII and IX), thus : 

(VI.) NX:CPh-NY, <> NXY-CPh:NY (VIL) 
(VIIL.) NX:CPh-NXY “yy NX,°CPh:NY (IX.) 


From the positions of equilibrium of the four pairs of isomerides 
investigated, it is evident that the mobile group tends, only slightly 
in pair (a), but quite definitely in the other three cases, to attach 
itself preferentially to the nitrogen atom which carries the group 
vith the lesser attraction for electrons. The view originally put 
frward for the imino-ether rearrangement must therefore be 
modified according to the more recent suggestion. 

The influence of substitution in the migrating group upon the 
position of equilibrium is small compared with that of substitution 
inthe system. The relative values for the pairs of mono-p-chloro- 
phenyl. and di-p-chlorodiphenyl-amidines indicate that the nature 
of the sigreting group exerts no influence upon the equilibrium 

Oo . 
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attained, whilst those for the mono-p-tolyl and di-p-tolyl pairs agree 
with this conclusion within the possible limits of experimental error. f.., 







EXPERIMENTAL. 


The amidines were all prepared from the corresponding anilide-}» 
iminochlorides and secondary amines by the method described in}... 
Part I. 

NN’-Di-p-tolyl-N-phenylbenzenylamidine (Ib) crystallised from§ 
light petroleum in microscopic yellow crystals, m. p. 133° (Found :§... 
N, 7:4. C,,H,,N, requires N, 7-45%). 

N-Di-p-tolyl-N’-phenylbenzenylamidine (IIb) was obtained in long 
yellow needles from alcohol, m. p. 149-5—150° (Found : N, 7-45%). 

NN’ - Diphenyl-N -p-chlorophenylbenzenylamidine (Ic) formed 
clusters of microscopic yellow needles, m. p. 150—152°, sparingly 
soluble in a mixture of equal parts of acetone and alcohol (Found: ft 
Cl, 9-05. C,;H, N,Cl requires Cl, 9-3%). : 

N-Diphenyl-N'-p-chlorophenylbenzenylamidine (IIc) crystallised D 
from the same solvent in stout yellow needles, m. p. 167-5—168-5° 
(Found : Cl, 9-4%). 

NN’-Di-p-chlorodiphenyl-N-phenylbenzenylamidine (Id) formed 
yellow crystals, m. p. 132—133°, fairly readily soluble in the samejoy 
mixture of solvents (Found: Cl, 17-1. C,;H,,N,Cl, requires {0H 
Cl, 17-:0%). P. 

N-Di-p-chlorodiphenyl-N'-phenylbenzenylamidine (IId), clustertin'y 
of fine yellow needles, m. p. 101—103°, was readily soluble in alcohd 
(Found : Cl, 16-8%). 

The constitution of each of these amidines was confirmed. by the 
isolation and identification of the primary and secondary amines 
formed on hydrolysis with concentrated hydrochloric acid in 40H, 
sealed tube for 6 hours at 200—230°. Aniline and p-toluidine CH, 
were obtained as their acetyl derivatives, and the identity of each}, H 
compound was established by the method of mixed melting}(a 
points. 

Dynamical Experiments.—As minute traces of impurity wet] q, 
found to accelerate the charring of the amidines at the temperature], 
of the experiments, some specimens were recrystallised several time}... 
after a constant melting point had been attained, until a direct test 
showed that very little darkening occurred on heating for 2 hours at}, 
330—340°. sad 

5 G. of amidine were used for each determination. The material, },.. 
in a test-tube, was plunged into an-vil-bath of about 5 gallon}... 
capacity, electrically heated and maintained between 330° and 33!’ f.. 
(corr.) throughout the experiment. At the end of the required 
period, the tube was withdrawn and the contents were analysed by}. 
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» agree the method described in Part I. Several tubes of each of a pair of 
| error. komeric amidines were heated together. The short time required 
or the material to attain the temperature of the bath was ignored. 

.,., }2 view of the low volatility of di-p-chlorodiphenylamine, glycerol 
nilide. (50 c.c.) was added to the mixture (approx. 100 c.c.) for each steam 
bed in bistillation involving this substance, to raise the boiling point of the 
queous liquid. Control analyses of mixtures of isomeric amidines 

n known proportions showed that the results were accurate to within 

‘fess than 5° and in most cases to within 2%. 


Melting points of mixtures of phenyl-p-tolylamine and 
di-p-tolylamine. 

(,H,)sNH (% by wt.) ...... 100 90 80 70 60 

(,H,)sNH (mols. %) 893 788 683 583 

.p. ‘ 75-0° 697° 63-0° 57-8° 
30 20 10 0 
28-3 18-8 9-35 0 
75-2° 81-0° 848° 89-0° 


Melting points of mixtures of diphenylamine and 
p-chlorodiphenylamine. 
> SAM 10.H.Cl)PhNH (% by wt.) 100 91-2 80-4 681° 59-7 
>quires f(H,Cl)PhNH (mols. %) ... 100 896 773 640 65:3 
p- 65:3° 59-9° 52-5° 45-7° 
(,H,Cl)PhNH (% by wt.) 39-3 31-3 22-6 9-3 0 
(,H,CI)PhNH (mols. %)... 35:0 275 195 80 0 


ARES GF 2h 36-3° 40-5° 450° 50°5° 55-0° 
Melting points of mixtures of p-chlorodiphenylamine and 
di-p-chlorodiphenylamine. 
1 in 4)0,H,ClyPhNH (% by wt.) 100 898 79:9 69:9 60:0 650-2 


‘dine{HCl)PhNH (mols. %) ... 91-1 823 731 637 54-1 
Mp. 0 659° 610° 559° 50-0° 46-8° 
300 197 100 0 
33-4 223 115 0 
61-0° 67-0° 72:6° 78-4° 


’ ak The results of the various series of dynamical experiments are 
Ta . 


In order, therefore, to bring out more clearly the 
ubstantial concordance of the results, this coefficient has first been 
orked out for each observation, and then, from the mean of the 

irés thus obtained, together with the mean value deduced for the 


meride have been caleulated. These are shown in the tables 
inst the corresponding experimental data, Time is expressed in 
tinutes and logarithms to the base 10 are used throughout. 
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Conversion of (Ia) and (IIa) into equilibrium mixture at 330—331’. 
Mean value of k + k’ = 6-2 x 10°%. Equilibrium at 69% (Ia). ( 
% Change (Ia) —> (11a), % ae (IIa) —>(la), Equilibrium 
Time. found. calc. und, calc. % (Ia). 
20 7 " 17 70-5 
40 is ‘ 13-5 28-5 30 70-5 
60 19 18 41 39-5 69 
90 25°5 22-5 48-5 50-5 66 I 
120 28 25:5 55 56-5 67 ‘ 
Mean 69 ; 
Conversion of (1b) and (IIb) into equilibrium miature at 330—331°.5 
Mean value of k + k’ = 2:0 x 10°. Equilibrium at 53% (Ib). a 
% Change (Ib) —> (1b), % Change (IIb) —> (I) Equilibriun} y 
Time. und, calc. found. cale. % (Ib). a 
40 "10 8 8 9 44 
60 13-5 11-5 12 12-5 47 [fT 
60 11 11-5 11 12-5 50 
90 19 16 21 18 52 | 
90 17 16 18 18 51 @ 
120 18-5 20 23 22-5 55:5 Eth 
120 18 20 20-5 22-5 53-5 b 
180 24 26-5 38 30 61°5 
180 23 26-5 28-5 30 55-5 | di 
240 30 31-5 40 35:5 56-5 at 
240 25 31-5 32 35-5 56°5 ‘ 
Mean 53 : 
I 
Conversion of (Ic) and (IIc) into equilibrium mixture at 330—331°.| y 
Mean value of k + k’ = 4-5 x 10°*. Equilibrium at 59% (Ic). ar 
% Change (lo) => (ile), % ——— (ie) > ede Equilibrium] 
Time. found. cale. % (Ie). 95 
20 . r ys 11 61-5 
40 13 14 20 20 61 pa 
60 19 19 26°5 27-5 58°5 (F 
90 25-5 25 36 35-5 58-5 
120 30 29 38-5 42 56:5 mi 
Mean 59 93 
Conversion of (Id) and (11d) into equilibrium mixture at 330—331". : 
Mean value of k + k’ = 11-3 x 10°%. Equilibrium at 71% (Id). th 
% Change (Id)—> (Tid), % Change (Id) —> (Id), Equilibrim 
Time. found. cale. found. cale. % (id). | 
20 115 11-5 26°5 29 70 19 
30 15-5 15°5 40 38-5 72 me 
40 18-5 18-5 47°5 46 72 
60 ey 2 23 56 56 72 {of 
60 25 23 54-5 56 69 oy, 
Mean 71 ; 
We desire to express our thanks to the Research Fund Commi ref 
of the Chemical Society for a grant to one of us (A. W. C.) that the 
defrayed part of the cost of this investigation. lat 
Tae University, SHEFFIELD. [Received, September 16th, 1930.) * 
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(CCX XIV.—The Ionisation Constants of Some Chloro- 
and Nitro-anilines by the Partition Method. 


By Gwyn Wi1aMs and FREDERICK GEORGE SOPER. 


EXAMINATION of the published values for the ionisation constants 
of the chloro- and nitro-anilines revealed a number of discordancies. 
Being in need of these data for comparison with the results of 
equilibrium and kinetic measurements with anilides and chloro- 
amines (Soper and Smith, J., 1928, 138; Williams, this vol., p. 37), 
we have determined theionisation constantsfor o-,* m-, and p-chloro- 
and o-nitro-anilines, using a partition method (Farmer, J., 1901, 
79, 963; Farmer and Warth, J., 1904, 85, 1713; Filiirscheim, J., 
1909, 95, 718; 1910, 97, 84) in which attention was directed to the 
effect of unhydrolysed salt on the distribution equilibrium and to 
the choice of extracting solvent when dealing with certain very weak 
bases. The results are shown in Table I, v denoting the range of 
dilutions (in litres) examined. The value of X,, employed in calcul- 
ating K, is that recommended by Harned (J. Amer. Chem. Soc., 
1925, 47, 930), i.e., Ky» = 1-005 x 10-4 at 25°. The figures in 
brackets refer to K, = 1-18 x 10-14 and are added for comparison 


‘| with previous values, K, x 10", which are as follows : For m-chloro- 


aniline 3:45 (Fliirscheim, loc. cit., by partition method), 4-8 (Gold- 
schmidt and Keller, by catalytic saponification, Ber., 1902, 35, 
3534); for p-chloroaniline 14-9 (Farmer and Warth, loc. cit., by 
partition method), 9-9 (Fliirscheim); for o-nitroaniline 0-00056 
(Farmer and Warth), 0-0015 (Léwenherz, by a colorimetric solubility 
method, Z. physikal. Chem., 1898, 25, 385). Veley (J., 1908, 
93, 2122) has obtained values by an indicator method at 10—19° 


which are not in accord with the above, and Brénsted and Duus 


(Z. physikal. Chem., 1925, 117, 299) give the following values for 
the basic association constant (which may be identified with K,,; 
compare Brénsted, Rec. trav. chim., 1923, 43,718; J. Physical Chem., 
1926, 30, 777; Ber., 1928, 61, 2049): at 18—20°, by an electro- 
metric method, K, x 104 = 25, 3-0, 0-98; and at 15°, by catalysis 
of diazoacetic ester decomposition, K, x 104 = 16-8, 2-9, 0-84 for 
0-,m-, and p-chloroanilines respectively. 

In Table I, K, is the “ concentration ”’ basic dissociation constant, 
referring to infinite dilution, i.¢., Cnn, .Con-/Cans,, Whilst K; is 
the “concentration” hydrolysis constant Cyyu, . Con,-/Cann,. The 
latter is related to the thermodynamic equilibrium constant for 


* When our experiments were started, no value was available for o-chloro- 
aniline, 
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TABLE I. 

Temp. 25° + 0:01°. K, = 1-005 x 1074. 

No. of Mean devn. 

expts. v. from mean. K,.10*. Ky. 104. 
o-Chloroaniline ... 4 39—89 33% 27-1 0°371 (0-435) 
m-Chloroaniline... 4 40—276 1-7 3:49 288 (3-38) 
p-Chioroaniline ... 4 43—170 2-9 1:19 845 (9-92) 
o-Nitroaniline...... 2 32—33 0:6 2850 0-00353 (0-00414) 


the system RNH, + H,O + Cl’ == RNH, + OH, + Cl’ by 
equation (1), 
Ky, = Ky. fawn, -@u,olfann,-fonys + + + (I) 


where the a’s denote activities, the f’s activity coefficients, and the 
C’s concentrations. At zero ionic strength, K, becomes equal to 
K,. In the present experiments, unhydrolysed salt is always 
present (up to a maximum of 0-021M), but although the presence 
of moderate salt concentrations will cause an increase in K; 
(Brénsted, Trans. Faraday Soc., 1927, 23, 416; 1928, 24, 630; 
Dawson, tbid., p. 640; Harned and Akerléf, ibid., p. 666; Arrhenius, 
Z. physikal. Chem., 1899, 31, 197), which may amount to as much 
as 40% in the presence of 0-02M salt (Harned, J. Amer. Chem. Soc., 
1925, 47, 930; Harned and Swindells, ibid., 1926, 48, 126; Dawson 
and Lowson, J., 1929, 1217), the value of X;, is seen from equation 
(1) to be approximately independent of salt concentration, and 
therefore the values of K, calculated from KX), by the relation 
K, = K./K,, will vary with salt concentration only in so far as K,, 
the “ concentration ” ionic product for water, is affected. Thus, 
by assigning to K, a value referring to pure water, we obtain values 
of K, which refer also to pure water as medium. 

The influence of salt concentration upon the activity coefficient 
of the amine RNH, must also be taken into account in the partition 
method, which estimates primarily the activity of the amine in the 
aqueous phase. If the distribution of the amine between aqueous 
solution and the extracting solvent is appreciably affected by the 
presence of the unhydrolysed salt, errors may appear, not only in 
the value assigned to the concentration of the amine, but also in 
that of the unhydrolysed salt, which is found by difference. This 
effect has been examined, and we have shown that for p-chloro- 
aniline, where the unhydrolysed salt concentration is greatest, the 
partition coefficient between heptane and water is unchanged by 
salt concentrations up to and including V/10. The results are shown 
in Table II, and prove that molar concentrations of salts have 4 
marked effect upon the partition coefficient. 
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TasieE II. 


Partition coefficient of p-chloroaniline between heptane and aqueous 
salt solutions at 25°. 


Aqueous phase. Individual results. Mean partition coeff. 
Pure water 4-32, 4-30, 4-30 4-31 
0-01M-KCl 4-27 4-27 
0:01M-KBr 4-33 4-33 
0-10M-KCl 4-29, 4-31 4-30 
0-10M-KBr 4-36 4-36 
1-00M-KCl 5-80, 5-84 5-82 
1-00M-KBr 5-18, 5-21 5-20 


EXPERIMENTAL. 


Materials.—o- and p-Chloroanilines were prepared by the reduc- 
tion of the corresponding chloronitrobenzenes. The ortho-deriv- 
ative was purified by distillation under reduced pressure, and the 
para-derivative by recrystallisation from aqueous alcohol. m-Chloro- 
aniline and o-nitroaniline were pure specimens from Kahlbaum and 
B.D.H. respectively. Phenanthrene, used for the usual “ solubility 
correction,’ was obtained from a somewhat impure commercial 
specimen, whose purification presented some difficulty (compare 
Capper and Marsh, J., 1926, 724): it was finally achieved by 
sublimation (m. p. of product 98—99°). The solvents employed as 
extractors were redistilled Kahlbaum heptane and “ Pure Cryst.” 
benzene, shown to leave a negligible residue on evaporation. 

Measurements.—The method consists (a) in determining the 
partition coefficient of the amine between water and a second solvent, 
and (b) in using this result to find the amount of free amine existing 
in an aqueous solution of the amine hydrochloride. 

The three chloroanilines were investigated by partition between 
60 c.c. of benzene and 1000 c.c. of water in separating funnels of 
1-5 1. capacity, placed in a thermostat at 25°. The anilines and 
standard hydrochloric acid solution were both weighed into the 
funnels, the acid being always present in excess in the hydrolysis 
measurements. ‘The correction for loss of benzene due to solubility 
in water and evaporation was determined in the usual way by a 
blank partition measurement with phenanthrene, which was shown 
to be practically insoluble in water. The mean of four experiments 
gave the corrected volume of the benzene layer as 59-0 + 0:3 c.c. 

The equilibrium amount of amine in the benzene layer was 
estimated by transferring 50 c.c. of the benzene solution by means 
of a pipette into a light, weighed, 100-c.c. Duroglass beaker, which 
was then fitted with a cork carrying an easily detachable inlet tube 
(always weighed with the beaker) and an outlet tube which ended 
flush with the lower edge of the cork. A current of air at room 
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temperature was drawn through (a) concentrated hydrochloric acid, 
(6) a calcium chloride tube, and (c) the benzene solution of the amine 
in the beaker. Amine hydrochloride was precipitated from the 
benzene solution, and the air stream was continued until the solvent 
had evaporated, the time required being 8 hours for 50 c.c. of 
solution. Air alone was then led through for 10 minutes, and the 
beaker and inlet tube were dried to constant weight in a vacuum 
desiccator containing potassium hydroxide, concentrated sulphuric 
acid, and also (essential for quick “ desiccation ’’) a layer of pre- 
viously roasted wood charcoal. The weights of beakers were 
reproducible to 0-0002 g., and test experiments on the accuracy of 
the method of estimation with known weights of m- and p-chloro- 
aniline in benzene solution showed losses of amine of 0-49% and 
0-45% respectively. Attempts to accelerate the evaporation of the 
benzene by surrounding the beaker with a heating bath were aban- 
doned owing to loss of amine. 

Modification of the Partition Method.—With certain amines, the 
partition method may with advantage be modified in two directions, 
viz., (a) choice of solvent, (b) analytical method. 

(a) With some amines the use of benzene as extracting solvent 
leads to partition coefficients which are inconveniently high. For 
accuracy in measuring partition coefficients, the weight of amine in 
the aqueous phase should be at least approximately as great as the 
amount in the phase in which it is estimated, since the former has 
to be found by difference. With benzene, even the use of incon- 
veniently large volumes of water does not always produce the 
required equality. For the hydrolysis measurements, of course, 
the partition coefficient must not be too small, but for very weak 
bases, the degree of hydrolysis of the salts is so great that sufficient 
free base can be extracted from the aqueous salt solution even when 
the partition coefficient is less than 2 (compare o-nitroaniline). 
Tetrachloroethane, hexane, and heptane were tested, and the last 
was found to be a very suitable extracting solvent: it is not-too 
volatile, it does not react with the substances under investigation, 
it is less soluble in water than is benzene (in fact, the “ solubility 
correction ’’ vanishes), and finally, it gives partition coefficients of 
the right order for very weak bases. Partitions are conveniently 
carried out with this solvent in 100-c.c. standard flasks. 

(b) The hydrochloride method of estimation described above, 
although accurate, is slow; but it is necessary for o-chloroaniline, 
since Fliirscheim’s picrate method fails with this substance. In 
applying the latter method to other bases with heptane as solvent, 
it was found necessary to adhere exactly to the following procedure 
in order to secure successful results. About 1 g. of picric acid was 
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heated to constant weight in a distilling flask of about 90 c.c. 
capacity in the steam-oven. To the weighed flask were added 
5—10 c.c. of benzene, and the picric acid was dissolved by warming. 
To the cooled solution was added the solution of amine in heptane. 
The solvent was distilled off, and the flask and its contents were 
subsequently dried to constant weight in the steam-oven. In most 
cases, the final weight was perfectly constant over some hours. 
Two test experiments with heptane solutions of p-chloroaniline gave 
amine losses of nil and 0-39% respectively. The initial addition of 
benzene to the picric acid is essential, since this acid is not very 
soluble in heptane, and consequently no picrate is formed when the 
heptane solution of the amineisrunin. Loss of amine then invariably 
occurs when the solvent is distilled off. 

Experimental Results —Two complete specimen results are given 
below, one for partition with benzene and one with heptane. The 
collected partition coefficients are shown in Table III, which also 
illustrates the increase in precision in using the heptane modification. 
Some partition measurements on benzylamine are included. The 
following symbols are used: c, and c, are the total initial molar 
concentrations of hydrogen chloride and aniline respectively, 
cis the equilibrium concentration of free base in the aqueous phase, 
and F is the partition coefficient. 

o-Chloroaniline.—Partition coefficient for benzene—water. 


Wt. of RNH,Cl Wt. of base Wt. of base 


Wt. of R-NH, from 25 c.c. in 59 c.c. in 1000 c.c. 
put in, g. benzene, g. benzene, g. water, g. F. 
2-6128 1-2486 2-293 0-320 121 
3-0647 1-4616 2-683 0-382 119 
1-3380 00-6354 1-166 0-172 115 
1-2000 0-5740 1-053 0-147 121 
Mean 119 


Hydrolysis constant. 
Wt. of RNH,Cl from 


Cy. Cy. 50 c.c. benzene, g. c. Ki, X 10°. 
0-01206 0-01122 0-9800 0-001004 2-83 
0-02671 0-02569 1-7694 0-001813 2-53 
0-02896 0-02281 1-5084 0-001546 2-76 
0-01853 0-01534 1-1706 0-001200 2-70 


Mean K, = 2-71 x 10°% 
o-Nitroaniline.—Partition coefficient for heptane—water. 


Wt. of aniline put in, g. .........sccseeseeeeeees 0-1969 0-2526 0-3010 

Vol. of heptane, C.C. .........cscccsssssecceeseeees 25 50 60 

Oe WRI, GO i ccccccccincsneccostboontaseedncs 75 150 140 

Vol. of heptane layer for analysis, c.c. ...... 20 45 50 

Wt. of aniline found, g. ............scssseeeeees 0-0588 0-0849 0-1091 

Wt. of base in whole heptane layer, g. ...... 0-0735 0-0944 0-1309 

Wt. in aqueous layer, g. ........scceeseseeseeeee 0-1234 0-1582 0-1701 

Partition coefficient ..... ececccccvecccccococe cooce «=: 1 786 1-789 1-794 
Mean 1-790 


402 
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Hydrolysis constant. 
Wt. of amine from 


Cy. Cee 50 c.c. heptane, g. Cc. Ki. 
0-05040 0-03086 0-0989 0-008005 0-2865 
0-05040 0-03004 0-0962 0-007787 0-2830 

Mean 0-285 
TasxeE III. 


Collected partition coefficients; temp. 25° + 0-01°. 


No. of Concentration range Meandevn. Partition 
Benzene—water. expts. (aqueous phase). from mean. coefficient. 


o-Chloroaniline .. 4 0-00115 —0-00300M@ 1-7% 119 
m-Chloroaniline ... 8 0-000832—0-00327 4:4 86-2 
p-Chloroaniline ... 4 0-00143 —0-00348 2-8 62-4 
Benzylamine ...... 2 0-0162 —0-0168 1-0 4-03 
Heptane—water. 

p-Chloroaniline ... 3 00114 —0-0142 0-31 4°31 
o-Nitroaniline...... 3 0-00764 —0-0119 0-17 1-790 
(Benzylamine...... 1 0-0383 — 0-614) 


An attempt was made to estimate the amines in heptane solution 
by precipitation by means of picrolonic acid, filtration through a 
Gooch crucible, and weighing, a method which has been employed 
for estimating alkaloids in organic solvents (Matthes and Rammsted, 
Arch. Pharm., 1907, 245, 112; Freundlich and Krestovnikof, 
Z. physikal. Chem., 1911, 76, 79). For p-chloroaniline the results 
were uniformly 2% low, but for o-chloroaniline they were not even 
approximately quantitative. o-Chloroaniline picrolonate (decomp. 
170°) and p-chloroaniline picrolonate (m. p. 220°, decomp.) are 
yellow substances, and the latter is almost insoluble in organic 
solvents. 


University CoLLEGE or NortH WALES, 
BanGor. [Received, September 19th, 1930.] 





CCCXXV.—Metallic Hydroxy-acid Complexes. Part V. 
Neutral a-Cupritartrates. 


By Exsts Evetyn Wark and [An WitLiAM WARE. 


DuMANSKI and CHatisEew (Kolloid Z., 1929, 47, 121) deny the 
existence of the «-cupritartrates described by Packer and Wark 
(J., 1921, 119, 1348). They further question the existence of many 
similar compounds described by other workers in this field, particu- 
larly the compounds from alkaline solutions, contending that 
these supposed compounds are merely colloidal suspensions of 
copper hydroxide in neutral or alkaline tartrate solutions. 

While we are of the opinion that the earlier work of Pickering 
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(J., 1911, 99, 169; and subsequent papers) proves conclusively that 
the constituents of such alkaline solutions are prone to hydrolysis, 
giving colloidal solutions of copper hydroxide, we consider that: there 
is abundant evidence that the neutral «-cupritartrates are stable 
compounds substantially free from hydrolysis. Dumanski and 
Chalisew admit the existence of compounds of the tartar emetic 
type, but do not consider that copper-bearing solutions contain 
similar complexes. This is in contradistinction to the views 
expressed in an earlier communication (I. W. W., J., 1924, 125, 2004), 
where a similarity of type is pointed out. 

These same authors state that they have followed the method of 
preparation of Packer and Wark (loc. cit.) for sodium «-cupritartrate, 
but that on washing this compound with 36% alcohol they effected 
a change in composition, indicated in the following table taken from 
their paper. 


Na. Cu. Tartrate. H,O. Mols. Cu/Na. 
Salt prepared after Packer 7:11 25-9 31:12 =18-20 1-33 
and Wark 7-05 25-95 31-27 11-20 _ 
Washed many times by 10-7 26-11 41:90 20-40 0-9 


decantation with 36% 10-74 26-18 42-12 20-50 — 
alcohol 


By recrystallisation with 11:64 25:8 42-4 — 0-81. 
sufficient alcohol 11-72 25:8 42-3 ~ — 


We have followed the same procedure in attempting to confirm 
their work, but can find no change in composition on washing with 
alcohol. A preparation of the original salt, designated Sample I, 
was washed with 36% alcohol, and washing was stopped while a 
portion remained undissolved (Sample II). On addition of alcohol 
to the washings, Sample III crystallised. The analyses of these 
three samples, together with the results of Packer and Wark, are 
set out in the following table. 


Analysed by Na. Cu. C. H. H,O. Tartrate. 
7-10 25-63 14-71 3-30 20-34 — 


f 
Packer and Wark 1 698 26-73 1473 339 — _ 
Wark and Wark : 
Sample I 6-8 25-6 ~ _ >, se 
a an 69 25:6 — — _ _ 
” Itt 70 26-5 mo and ame —> a 
Cale. for 


Na,Cu,C,,H,0,,,1]H,O 7:05 25:99 14:73 3-19 20:25 46-03 


In addition to the sodium salt of «-cupritartaric acid there have 
been prepared and analysed the potassium, silver, and lead salts 
(Masson and Steele, J., 1899, 75, 725) and the ammonium and 
barium salts (Packer and Wark, loc. cit.). There cannot, therefore, 
be any doubt as to the identity of the series. 

Dumanski and Chalisew further question the accepted view of the 
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reaction between sodium hydroxide and copper tartrate, although 
the equation 


5NaOH + 4CuC,H,O, —> Na,C,H,O, + Na,Cu,C,,H,0,, + 4H,0 


appears to be the only one which will fit the analytical data— 
including their own analysis cited above. They state that the 
point of solution of copper tartrate in sodium hydroxide does not 
always coincide with the ratio 5/4, varying in fact from 1-35 in 
N/10-sodium hydroxide to 1-18 in 2N-sodium hydroxide. In 
repeating their work, we found that if the titration was carried out 
slowly, N/10-alkali gave the ratio Na/Cu = 1-17 for complete 
solution; that N/2-alkali gave 1-22 at room temperature and only 
1-15 at 35°; that 2N-alkali gave 1-22 at room temperature; that 
the apparent ratio varied also with the rapidity of titration, and, in 
short, that the process resembled an ordinary solubility phenomenon 
rather than a chemical action. This, in fact, it is, in so far as the 
sodium tartrate formed by the reaction—and to a less extent, the 
water itself—is a solvent for copper tartrate.* At the point of 
complete solubility the solution may remain acid to litmus (compare 
Dumanski and Chalisew), but when the ratio Na/Cu reaches 5/4, 
alkalinity towards phenolphthalein develops; this is illustrated in 
the following table : 





NaOH /CuC,H,0,, 
-~ Conc. of NaOH 
for complete solubility. for development of alkalinity. and temp. 
1-17 1-22 N/10 at ? 
1-22 1-24 N/2 at 18° 
1-15 1-24 N/2 at 35 
1-22 1-27 2N at 18 


Following the method of an earlier paper (I. W. W., J., 1923, 123, 
1823), Dumanksi and Chalisew, adding 2M-sodium tartrate to 
prevent hydrolysis of the complex formed, found that the ratio 
NaOH/Cu for complete solution was unity. They interpreted this 
result in terms of the equation 


In making this deduction the solubility of copper tartrate w 
sodium tartrate has been lost sight of. It can be shown expeti- 
mentally that copper tartrate is completely soluble in sufficient 
sodium tartrate, 100 c.c. of a 1-5N-solution of the latter dissolving 
1 g. of the former. Such a solution, however, still required 5Na0H/ 
4CuC,H,0, to render it alkaline to phenolphthalein. The variations 

* This solubility is itself probably due to a chemical reaction (loc. cit.), 


but the compound formed is less stable than the a-cupritartrate whose form: 
ation continues as sodium hydroxide is added. 
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in ratio observed by Dumanski and Chalisew are therefore due to 
wlubility and not to any variations in the primary chemical action. 

The end-point in the titration against sodium hydroxide is difficult 
to determine. Lack of sharpness has resulted in the variations in 
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col. 2 of the above table. In order to determine the position of this 
end-pcint with greater certainty, we carried out a potentiometric 
titration, successively increasing amounts of sodium hydroxide being 
added to the solid tartrate. Before each measurement, the 
unchanged copper tartrate was removed from the solution by 
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filtration. The saturated calomel electrode, which was used for 
reference, was connected with the hydrogen electrode through a 
saturated potassium chloride bridge. Results are plotted in Fig. 1, 
A sharp break occurs at an NaOH /Cu ratio very close to 5/4. This 
curve should be compared with similar ones (Fig. 2) which we 
obtained for copper salts of salicylic, lactic, and glycollic acids. It 
has been shown (J., 1927, 1753) that 1 mol. of each of these salts 
reacts with 2 mols. of alkali to give the sodium salt of the correspond. 
ing complex acid. The curves show that the potentiometric method 
gives a trustworthy indication of complex formation, and by analogy, 
the case for the tartrate is strengthened. 


Our thanks are due to Professor E. J. Hartung, who kindly made 
available the facilities of the laboratory for this research. 


THE UNIVERSITY, MELBOURNE. [Received, September 29th, 1930.] 


CCCXXVI.—Digitalis Glucosides. Part II. Digozi- 
genin, the Aglucone of Digoxin. 
By Sypnery Sirs. 


TuE isolation of digoxin, a new digitalis glucoside, was described in 
a recent communication (this vol., p. 508) in which it was also shown 
that the sole products of the hydrolysis of the glucoside were 
digoxigenin (1 mol.) and digitoxose (3 mols.). 

Digoxigenin, C,,H,,0;, when heated with dilute acids readily 
loses one molecule of water and since the resulting anhydro- 
digoxigenin, C,,H,.0,, gives a diacetate, digoxigenin itself presumably 
contains three hydroxyl groups. Three of the five oxygen atoms in 
the empirical formula are thus accounted for. The remaining two 
oxygen atoms are present in a lactone group which can be estimated 
by hydrolysis and titration. Digoxigenin gives the red colour with 
alkaline sodium nitroprusside (Legal test) which Jacobs, Gustus, and 
Hoffmann (J. Biol. Chem., 1926, 67, 333; 70, 1) consider typical of 
A*y-unsaturated lactones. More direct proof of the unsaturated 
nature of digoxigenin is afforded by the formation of dihydro- 
digoxigenin on catalytic reduction. Digoxigenin is therefore 4 
trihydroxy A*y-unsaturated lactone. Jacobs and his co-workers 
have shown that the aglucones of the digitalis and strophanthus 
series when treated with alkali lose their unsaturated nature owing 
to the formation of an oxide ring. Digoxigenin also is typical in this 
respect. When treated with alkali it readily yields isodigoxigenin, 
which no longer gives the Legal reaction and is not reduced by 
palladium and hydrogen under the conditions successfully employed 
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for the reduction of digoxigenin. The recent work of Jacobs and 
Gustus (J. Biol. Chem., 1930, 86, 199) has given for the first time 
definite proof that gitoxigenin and digitoxigenin, the aglucones of 
gitoxin and digitoxin, have a common structure. It is probable 
that this structure is also common to digoxigenin, although there is 
as yet no direct proof of this assumption. Further work in this 
direction is in progress. 


EXPERIMENTAL. 


Digoxigenin (loc. cit.) reduces alkaline silver nitrate (Tollens’s 
reagent) and gives a red colour with sodium nitroprusside (Legal 
test) under the conditions given by Jacobs and Hofimann (loc. cit.). 
When dissolved in sulphuric acid containing ferric sulphate (Kiliani’s 
reagent), it gives a yellow solution which on standing becomes red 
by transmitted light but greenish by reflected light. Digitoxigenin 
behaves in a similar way with Kiliani’s reagent, but gitoxigenin 
gives a solution which rapidly becomes red and does not become 
dichroic even on prolonged standing. Digoxigenin possesses the 
bitter taste typical of the digitalis glucosides. 

The lactone group was estimated by boiling under reflux for 3 
hours about 20 mg. of the substance with 2 c.c. of neutralised alcohol 
and 0-100 c.c. of 2:7N-potassium hydroxide solution (measured in a 
Trevan micrometer syringe). After hydrolysis was complete the 
solution was titrated with 0-1N-sulphuric acid solution (phenol- 
phthalein indicator). 20-97 Mg. required 0-52 c.c. of 0-1N-potassium 
hydroxide. Calc. for 1 equiv., 0-54 c.c. 

Diacetyldigoxigenin was prepared by boiling digoxigenin with 
acetic anhydride and a trace of pyridine for 10 minutes. It crystal- 
lised readily from aqueous methyl alcohol in prisms, m. p. 221° 
(corr.), [«]%:, + 61-3° (c in methyl alcohol, 1-56) (Found for the 
substance dried at 100° in a vacuum: C, 68-3; H, 8-0. C,,H;,0, 
requires C, 68-3; H, 8-1%. The lactone and acetyl groups in this 
and the other acetyl compounds described in this paper were 
estimated together by hydrolysis and titration as described above. 
20-78 Mg. required 1-36 c.c. of 0-1N-potassium hydroxide. Calc. for 
3 equivs., 1-31 ¢.c.). 

Anhydrodigoxigenin——A solution of digoxigenin (1 g.) in 50% 
alcohol (100 c.c.) containing sulphuric acid (5 g.) was boiled under 
reflux for 2 hours. The solution was diluted with 100 c.c. of water, 
and the alcohol removed by evaporation under reduced pressure. 
After standing for some time the semi-crystalline deposit (0-8 g.) 
was separated and crystallised first from aqueous acetone and then 
from ethyl acetate, from which it separated in brilliant prisms, 
m. p. 182° (corr.), [«}%, + 163° (c in methyl alcohol, 1-6). It 
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crystallised from aqueous alcohol in rectangular plates containing 
water of crystallisation (Found for the air-dried crystals: C, 71-0; 
H, 8-7; loss at 100° in a vacuum, 4-4. C,,H;,0,,H,O requires 
C, 70-7; H, 8-8; H,O,4-6%. Found for the substance dried at 100° 
in a vacuum : C, 74:1; H, 8-7. C,3H 3.0, requires C, 74-2; H, 8-7%. 
17-22 Mg. required 0-49 c.c. of 0-1N-potassium hydroxide. Cale. for 
1 equiv., 0-46 c.c.). Gitoxigenin under the same conditions gave 
dianhydrogitoxigenin, m. p. 212°, [«]%{,, + 740° (c in methyl alcohol, 
0-47). Cloetta (Arch. Exp. Path. Pharm., 1926, 112, 261) gave 
m. p. 211°, [a]p + 576° (methyl alcohol). Digitoxigenin similarly 
gave anhydrodigitoxigenin, m. p. 183—184°, [«]?{,, — 0-7° (e in 
methyl alcohol, 1-89). Cloetta (ibid., 1920, 88, 113) gave m. p. 
183—185° and Windaus and Stein (Ber., 1928, 61, 2436) gave m. p. 
193° and [«]}*’ — 4-68° (methyl alcohol). 

Diacetylanhydrodigoxigenin was prepared by boiling the substance 
with acetic anhydride containing a trace of pyridine under reflux 
for 15 minutes. It crystallised readily from dilute alcohol in 
solvent-free needles, m. p. 199° (corr.), [«]?, + 38-6° (c in methyl 
alcohol, 0-5) (Found for the substance dried at 100° in a vacuum: 
C, 71:2; H, 7-9. C,,H3,0; requires C, 71-0; H, 8-0%. 8-911 Mg. 
required 0-60 c.c. of 0-1N-potassium hydroxide. Calc. for 3 equivs., 
0-59 c.c.). 

Dihydrodigoxigenin.—0-5 G. of digoxigenin dissolved in 25 c.c. of 
80% alcohol was shaken with palladium-black and hydrogen until 
no more gas was absorbed. Reduction proceeded slowly for 2 hours 
and was complete after about 12 hours. After the catalyst had been 
removed, the solution was concentrated, until solid separated, and 
kept. The solid (0-4 g.) after crystallisation from ethyl acetate 
melted at 215° (corr.) and had [a], + 20-5° (c in methyl alcohol, 
0-5). It crystallised from dilute alcohol in needles which melted 
with frothing at 170° and on further heating solidified a few degrees 
higher and finally melted at 214°. Dihydrodigoxigenin is soluble in 
most organic solvents but like digoxigenin is sparingly soluble in 
benzene, light petroleum, and ether. Its colour reactions are 
similar to those of digoxigenin and it possesses the bitter taste of the 
latter. It does not give the Legal reaction (Found in material dried 
at 100° in a vacuum: C, 70:3; H, 9-4. C,,H;,0,; requires C, 70-4; 
H,9-3%. 19-78 Mg. required 0-47 c.c. of 0-1 N-potassium hydroxide. 
Cale. for 1 equiv., 0-50 c.c.). 

Diacetyldihydrodigoxigenin was prepared by acetylating the 
dihydrogenin with acetic anhydride in pyridine solution. It 
crystallised readily from dilute alcohol in needles, m. p. 222° (corr.), 
| «];, + 29-8° (c in methyl alcohol, 0-9), and possessed the bitter taste 
of the parent substance (Found in material dried at 100° in a vacuum: 
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C, 68-0; H, 8-4. C,,H, 0, requires C, 68-0; H, 85%. 18-43 Mg. 
required 1-07 c.c. of 0-1N-potassium hydroxide. Calc. for 3 equivs., 
1-16 c.c.). 

isoDigoxigenin.—Digoxigenin (2 g.), dissolved in a 10% solution 
of potassium hydroxide in methyl alcohol (20 c.c.), was kept for 
30 minutes. The solution was diluted with water (20 c.c.) and 
alcohol (20 c.c.) and acidified with 10% hydrochloric acid (25 c.c.). 
After standing for } hour, the solution was further diluted and then 
concentrated under diminished pressure. The solid which separated 
was either filtered off and purified by crystallisation or extracted 
with chloroform. In the latter case the chloroform solution was 
freed from a trace of the unlactonised acid by washing with dilute 
sodium carbonate solution, dried by magnesium sulphate, and 
evaporated. The chloroform residue was dissolved in ethyl acetate, 
and the solution concentrated on a water-bath until crystallisation 
began; the yields of successive crops were 0-45 g. (m. p. 245°) and 
0-42 g. (m. p. 255°). After repeated crystallisation isodigoxigenin 
melts and decomposes at 260° (corr.). It separates from ethyl 
acetate in prisms and from dilute alcohol in needles. It is readily 
soluble in methyl and ethyl alcohol and acetone, somewhat sparingly 
soluble in chloroform, and practically insoluble in benzene and light 
petroleum. The specific rotation [«]};, is + 13-6° (c in methyl 
alcohol, 1). The substance retains the bitter taste of digoxigenin 
but no longer gives the Legal reaction, nor can it be reduced with 
palladium and hydrogen. The colour reaction with Kiliani’s 
reagent is identical with that of digoxigenin (Found in material dried 
at 100° in a vacuum : C, 70-8, 70-9; H, 8-6, 8-6. C,,H,,0, requires 
C, 70:7; H, 88%). isoDigoxigenin dissolves readily in pyridine 
and crystallises from concentrated solution in long, stout, six-sided 
plates (m. p. 280° corr.) containing 1 mol. of pyridine (Found : 
loss at 100° in a vacuum, 13-5. C,,;H;,0;,C;H;N requires loss, 
16-8%). 

Diacetylisodigoxigenin was prepared with acetic anhydride in 
pyridine solution. It crystallised from aqueous alcohol in needles, 
m. p. 280° (Found: C, 68-6; H, 7:8. C,,H3;,0, requires C, 68-3; 
H, 8-1%. 23-25 Mg. required 1-42 c.c. of 0-1N-potassium hydroxide. 
Cale. for 3 equivs., 1-47 c.c.). 

isoDigoxigeninic Acid.—A solution of isodigoxigenin (0-6 g.) in 
alcohol (12-5 c.c.) and 10% sodium hydroxide solution (1-5 c.c.) was 
heated on a water-bath for 15 minutes, cooled, diluted with water, 
and acidified with acetic acid. After the alcohol had been evapor- 
ated under reduced pressure at a low temperature, the acid 
separated in fine needles, m. p. 228° (corr.; decomp.). The acid 
is very readily relactonised, but it can be recrystallised without 
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lactonisation by dissolving it in alcohol and freely diluting the 
solution with water or by adding dilute aqueous ammonia to a 
suspension of the acid in water until it has dissolved and acidifying 
the solution with acetic acid. For analysis the substance was dried 
over sulphuric acid in a vacuum desiccator (Found: C, 67-6; H, 
8-4. C,,H5,0, requires C, 67-6; H, 8-9%). 


The author is indebted to Mr. A. Bennett and Mr. H.C. Clarke for 
the analyses. 


Wettoome CHEMICAL WorgKs, 
DaRTFORD. [Received, October 6th, 1930.] 





CCCXXVII.—The Structure of isoAnethole. 


By Grorce Davin Goopatt and Rospert Downs Hawortu. 


Tue work of Staudinger during the last ten years on polymeric 
substances of high molecular weight indicates that they can be 
represented by structural formulz in which the monomeric forms 
are held together by ordinary valency bonds, However, in many 
cases, the structural formule are still unproved and therefore a 
systematic investigation of the polymerides of propenylbenzene 
derivatives was contemplated with a view to the determination of 
the structure of the simpler dimeric forms. 

The polymerisation of anethole has been investigated and the 
constitution of isoanethole was established before Bergmann and 
Weiss (Annalen, 1930, 480, 49) published the results of a similar 
investigation of asymmetrical diphenylethylene. As they state 
that investigations of other dimeric substances, including dianethole, 
are being undertaken, we submit our results on isoanethole. 

Two dimerides of anethole are known: one is an oil with un- 
saturated properties, known as isoanethole (Kraut and Schlun, 
Jahresber., 1863, 552; Orndorff, Terrasse, and Morton, Amer. Chem. 
J., 1897, 19, 859), and the other, metanethole, is a crystalline 
substance (Gerhardt, Annalen, 1843, 48, 234; Perrenoud, ibid., 
1877, 187, 68; Orndorff, Terrasse, and Morton, loc. cit.; Staudinger, 
Helv. Chim. Acta, 1928, 12, 972). Formule (I), (II), and (III) 
represent possible structures for isoanethole, and of these (I) or (III) 
appears the most probable. Stobbe and Posnjak (Annalen, 1909, 
371, 287) have shown that unsymmetrical addition is involved in 
the formation of liquid distyrene from cinnamic acid, and this 
suggests structure (I) for isoanethole. Stoermer and Kootz (Ber., 
1928, 61, 2330), however, have shown that liquid distyrene iso- 
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merises in the presence of concentrated sulphuric acid, and there- 
fore by analogy isoanethole may have structure (ITI). 


MeO CH:CMe-CHEt{ OMe COMe-CHEt OMe 


(I.) (V.) 


MeO’ CH:CMe-CHMe-CH,< OMe (I1.) 
COMeCHMeCH,< OMe MeO¢ CH, CMeiCRt¢ OMe 


(IV.) (III.) 
MeO CH,-CMe(CO;Et)-COMe (VI.) 


isoAnethole was readily obtained by the action of boiling methyl- 
alcoholic hydrogen chloride on anethole. On treatment with 
potassium permanganate in acetone solution, it was oxidised almost 
quantitatively to anisic acid and a ketone, C,,H,,0,, which was 
characterised by its crystalline semicarbazone and oxime. The 
production of anisic acid excluded structure (III), and a decision 
between (I) and (II) was made by comparing the ketone C,,H,,0, 
with the ketones (IV) and (V), which were synthesised. 

In order to prepare the ketone (IV), ethyl p-methoxybenzylaceto- 
acetate was prepared from p-methoxybenzyl bromide (Lapworth 
and Shoesmith, J., 1922, 121, 1391) and ethyl sodioacetoacetate. 
The high-boiling fractions from this condensation contained ethyl 
di-p-methoxybenzylacetoacetate, which was hydrolysed by 10% 
potassium hydroxide solution to di-p-methoxybenzylacetone. Ethyl 
p-methoxybenzylacetoacetate, which was hydrolysed to p-methoxy- 
benzylacetone by 10% potassium hydroxide solution, was treated 
with sodium methoxide and methyl iodide and converted into 
ethyl p-methoxybenzylmethylacetoacetate (V1). 

a-p-Methoxybenzylethyl methyl ketone (IV), obtained from the 
ester (VI) by hydrolysis with 10% potassium hydroxide solution, 
yielded a crystalline semicarbazone, which was not identical with the 
semicarbazone of the ketone produced by the oxidation of iso- 
anethole. 

The synthesis of the isomeric ketone (V) was first attempted from 
p-methoxyphenylacetonitrile, which we hoped would react with 
ethyl iodide and sodamide to give the ethyl derivative (compare 
Bodroux and Taboury, Compt. rend., 1910, 1450, 531). The experi- 
ments, however, were unsuccessful and the following method was 
adopted. 

p-Methoxyphenylacetonitrile was condensed with ethyl acetate 
in the presence of sodium ethoxide (compare Beckh, Ber., 1898, 31, 
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3150) and a good yield of acetyl-p-methoxyphenylacetonitrile (VII) 
was obtained. This was boiled with 50% sulphuric acid and the 
p-methoxybenzyl methyl ketone (VIII) obtained was converted into 
a-p-methoxyphenyl-n-propyl methyl ketone (V) by the action of 
sodiunr ethoxide and ethyl iodide (compare Tiffeneau and Levy, 
Bull. Soc. chim., 1923, 33, 767). This ketone (V) could not be 
completely freed from the unchanged p-methoxybenzyl methyl 
ketone by distillation, but a pure specimen of the semicarbazone 
was easily obtained. This was identical with the semicarbazone 
of the ketone C,,H,,0, obtained from isoanethole. A pure 
specimen of «-p-methoxybenzyl-n-propyl methyl ketone (IV) was 
prepared by hydrolysing the semicarbazone with 30% sulphuric 
acid and converted into an oxime which was identical with the 
oxime of the ketone prepared from isoanethole. The identity of 
the ketones was also confirmed by their oxidation with sodium 
hypobromite to a bromo-acid which was probably «-3-bromo- 
4-methoxyphenyl-n-butyric acid (IX). 


(VII.) MeO¢ —CH(CN)-COMe MeO CH,-COMe (VIIT.) 


Me0€ CHEtCO,H (x, 
Br 


EXPERIMENTAL. 


isoAnethole.—Anethole (50 g.) and 5N-methyl-alcoholic hydrogen 
chloride (250 c.c.) were heated under reflux. The colour changed 
from orange to purple and an oil rapidly separated. After 12 hours, 
most of the alcohol was removed and the residue was diluted with 
water and extracted with ether. The extract was washed with 
dilute sodium hydroxide solution, dried with potassium carbonate, 
and distilled under reduced pressure; a viscous, pale yellow oil 
(45 g.), b. p. 205—210°/0-7 mm., was obtained (Found: C, 81-0; 
H, 8:3; M, 288. Calc. for C,,H,,0,: C, 81-0; H, 8:1%; M, 296). 

Oxidation. <A slight excess of finely powdered potassium per- 
manganate was added to a stirred, cooled solution of isoanethole 
(25 g.) in acetone (500 c.c.), to which solid sodium bicarbonate 
(25 g.) was then added. The liquid was filtered, the residue ex- 
tracted several times with boiling water, and the extract concen- 
trated and acidified ; anisic acid (11 g.) was precipitated, m. p. 180° 
after crystallisation from dilute acetic acid. The acetone filtrate 
was evaporated, and the residual oil distilled in a vacuum; a colour- 
less oil (13 g.), b. p. 120—125°/0-5 mm., was obtained (Found : 
C, 74-9; H, 85. C,,H,,0, requires C, 75-0; H, 83%). This 
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ketone, «-p-methoxyphenyl-n-propyl methyl ketone (V), which had 
a faint odour resembling that of liquorice, gave a semicarbazone 
which crystallised from ethyl alcohol in rhombic plates, m. p. 189° 
(Found: C, 62-4; H, 7-8. C,,H,,0,N, requires C, 62-6; H, 
76%). ‘The oxvme separated from aqueous ethyl alcohol in colour- 
less prisms, m. p. 84—85° (Found: C, 69-6; H, 8-4. C,,H,,O,N 
requires C, 69-6; H, 8-2%). 

Ethyl p-Methoxybenzylacetoacetate.—p-Methoxybenzyl bromide 
(40 g.) was gradually added to a cold suspension of ethyl sodioaceto- 
acetate (from pulverised sodium, 4-6 g., and ethyl acetoacetate, 
26 g.) in dry benzene (100 c.c.) and after 12 hours the mixture was 
refluxed for 1 hour and treated with water. The benzene layer 
was dried with calcium chloride, the solvent removed, and the 
residue distilled in a good vacuum; a colourless oil (27 g.), b. p. 
165—170°/0-2 mm., was collected and redistilled at 172°/0-25 mm. 
(Found: C, 67-0; H, 7-0. C,,H,,0, requires C, 67-2; H, 7-2%). 
A higher-boiling fraction (A) contained ethyl di-p-methoxybenzyl- 
acetoacetate, which was hydrolysed as described below. 

p-Methoxybenzylacetone was prepared by boiling the above ester 
(5 g.) with 10% potassium hydroxide solution (125 c.c.) for 3 hours. 
The ketone was extracted with ether, dried, and distilled, giving a 
colourless oil (3-5 g.), b. p. 177°/25 mm. (Found: C, 74-0; H, 7-8. 
C,,H,,0, requires C, 74-1; H, 7-9%). The semicarbazone crystal- 
lised from methyl alcohol, in which it was sparingly soluble, in 
irregular prisms, m. p. 172—173° (Found: C, 61:3; H, 7:4. 
C,.H,,0,N, requires C, 61-3; H, 7:2%). The oxime separated 
from aqueous ethyl alcohol in slender felted needles, m. p. 77° 
(Found : C, 68-4; H, 7-7. C,,H,,0O,N requires C, 68-4; H, 7-8%). 

Di-p-methoxybenzylacetone was obtained by boiling the high- 
boiling fraction (A) with 10% potassium hydroxide solution for 
6 hours. The ketone was extracted with ether and dried, and the 
solvent removed. The residue, which solidified on cooling, 
crystallised from ether in feathery needles, m. p. 96—97° (Found : 
C, 76-6; H, 7-3. C,,H,.0, requires C, 76-5; H, 7-3%). 

Ethyl p-Methoxybenzylmethylacetoacetate (V1).—Ethyl p-methoxy- 
benzylacetoacetate (10 g.) was added to a solution of sodium (1 g.) 
in dry methyl alcohol (20 c.c.) and refluxed with methyl iodide 
(6-2 g.) for 12 hours. The mixture was then dried, the solvent 
removed, and the residue distilled in a good vacuum; a colourless 
oil (7 g.), b. p. 180°/0-5 mm., was obtained (Found: C, 68-0; H, 
7-4. C,5H5,0, requires C, 68-2; H, 7-6%). 

a-p-Methoxybenzylethyl methyl ketone (IV) was obtained as a 
colourless oil, b. p. 175°/20 mm., by hydrolysing the above ester 
(VI) with 10% potassium hydroxide (Found: C, 74:8; H, 8-4. 
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C,,H,,0, requires C, 75-0; H, 8-3%). The semicarbazone separated 
from ethyl alcohol, in which it was moderately easily soluble, in 
small irregular plates, m. p. 135° (Found: C, 62-6; H, 7-8. 
C,,;H,,0,N, requires C, 62:6; H, 76%); a mixture of it and the 
semicarbazone of the ketone obtained from isoanethole melted at 
120—135°. The oxime was obtained as an oil. 

p-Hydroxyphenylacetonitrile—This was prepared from phenyl- 
acetonitrile as described in Cohen’s “‘ Practical Organic Chemistry,” 
3rd edition, 1924, p. 356, with the following modification in the 
reduction of p-nitro- to p-amino-phenylacetonitrile: p-Nitrophenyl- 
acetonitrile (100 g.), zinc dust (120 g.), and methylated spirits 
(100 c.c.) were stirred during the gradual addition of dilute sulphuric 
acid until most of the zinc had dissolved. The liquid was filtered, 
the residue thoroughly extracted with hot water, and the combined 
extracts and filtrate made strongly alkaline with ammonia and 
extracted with chloroform. The extract was dried, and the solvent 
removed; the residue (45—50 g.), consisting of p-aminopheny]l- 
acetonitrile, was used without further purification for conversion 
into p-hydroxyphenylacetonitrile. 

p-Methoxyphenylacetonitrile was prepared by gradually adding 
methyl sulphate (12-6 g.) to a solution of p-hydroxyphenylaceto- 
nitrile (13 g.) in 10° methyl-alcoholic potassium hydroxide (50 c.c.). 
After 12 hours, the mixture was diluted with water and extracted 
with ether and the p-methoxyphenylacetonitrile was distilled, a 
colourless oil (12 g.), b. p. 170°, being obtained. 

p-Methoxyphenylacetonitrile was heated with sodamide and ethyl 
iodide in ethereal or benzene solution, but p-methoxyphenylacetic 
acid, m. p. 86°, was the only crystalline substance isolated after 
hydrolysis. 

Benzylidene-p-methoxyphenylacetonitrile, prepared by the action 
of a few drops of methyl-alcoholic potassium hydroxide on an 
equimolecular mixture of benzaldehyde and p-methoxyphenyl- 
acetonitrile, crystallised from ethyl alcohol in colourless plates, 
m. p. 96° (Found: N, 5-7. C,,H,,ON requires N, 5-7%). 

Acetyl-p-methoxyphenylacetonitrile (VII).—p-Methoxypheny]- 
acetonitrile (6 g.) in a solution of sodium (1-2 g.) in absolute ethyl 
alcohol (16 c.c.) was refluxed with ethyl acetate (5-3 g.) for 3 hours. 
The mixture was poured into water and after acidification with 
dilute sulphuric acid the solid was collected and crystallised from 
aqueous ethyl alcohol; pale yellow needles (7 g.), m. p. 80°, were 
obtained (Found: C, 70-0; H, 6-1. C,,H,,0,N requires C, 69-8; 
H, 5-8%). Several attempts were made to condense this nitrile 
with ethyl iodide in the presence of sodium ethoxide, but the 
product isolated after hydrolysis was p-methoxybenzyl methyl 
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ketone, which was identified by means of its semicarbazone (see 
below). 

p-Methoxybenzyl methyl ketone was prepared by refluxing acetyl- 
p-methoxyphenylacetonitrile with 5 vols. of 50% sulphuric acid for 
12 hours. The mixture was extracted with ether and traces of acid 
were removed from the extract by washing it with dilute sodium 
hydroxide solution. After drying and removal of the ether, the 
residue was distilled; a colourless oil, b. p. 150°/20 mm., was 
obtained (Found: C, 73-0; H, 7-4. C,9H,.0, requires C, 73-1; 
H, 7:3%). The semicarbazone crystallised from ethyl alcohol in 
small prisms, m. p. 173° (Found: C, 59-9; H, 6-9. C,,H,,;0,N; 
requires C, 59-7; H, 6-8%). 

a-p-Methoxyphenyl-n-propyl Methyl Ketone (V).—p-Methoxy- 
benzyl methyl ketone (5 g.) in a solution of sodium (0-86 g.) in ethyl 
alcohol (25 c.c.) was refluxed with ethyl iodide (5 g.) for 12 hours. 
The mixture was poured into water and extracted with ether. The 
residue, b. p. 145—152°/20 mm., obtained after evaporation of the 
dried solvent was converted into the semicarbazone, m. p. 173— 
182°. After several recrystallisations from ethyl alcohol, this 
melted at 189°, alone and when mixed with the semicarbazone of 
the ketone prepared from isoanethole. The pure semicarbazone, 
m. p. 189°, was boiled with 30% sulphuric acid for 6 hours and the 
a-p-methoxyphenyl-n-propyl methyl ketone (V) produced was 
distilled in steam, extracted, and distilled. It boiled at 125—128°/ 
0-7 mm. and yielded an oxime, m. p. 84—85°, which was identical 
with the oxime described on p. 2485. 

a-3-Bromo-4-methoxyphenyl-n-butyric Acid (IX).—The ketone (V) 
(5 g.) was shaken for 24 hours with a solution of bromine (18 g.) in 
5° aqueous sodium hydroxide (180 c.c.). Non-acidic impurities 
were extracted with ether, the aqueous layer was saturated with 
sulphur dioxide, and the acid extracted with ether. The extract 
was dried and concentrated and the residue, which solidified on 
cooling, was crystallised from ether-light petroleum (b. p. 40—60°) ; 
colourless prisms, m. p. 123—125°, were obtained (Found : C, 47-9; 
H, 4-9. C,,H,,0,Br requires C, 48-3; H, 4-8%). 

If the amount of oxidising agent is reduced, a large quantity of 
unchanged ketone (V) is recovered. The bromo-acid (IX) was 
recovered after refluxing with 10% sodium hydroxide solution for 
3 hours. 


THe UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, September 25th, 1930.] 
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CCCXXVIII.—The Mobility of the Perchlorate Ion in 
Methyl Alcohol. 


By E. D. Coptey and Sm Harotp Hartiey. 


THE perchlorate ion is of special interest in methyl-alcoholic solutions 
both on account of its exceptionally high mobility and of its value for 
finding the mobilities of bivalent metals, since it has been shown by 
F. A. Philbrick and K. B. Ross in this laboratory that the perchlorates 
of a number of bivalent metals are strong electrolytes in this solvent. 

Frazer and Hartley (Proc. Roy. Soc., 1925, 109, A, 351) assigned 
a value of 69-4 to the mobility of the perchlorate ion at 25° in methyl 
alcohol based on Philbrick’s measurements of the conductivity of 
sodium perchlorate. Further measurements have now been made 
of the conductivities of solutions of the perchlorates of lithium, 
sodium, and silver at 25° over a range of concentration 0-0001N to 
0-002N with a view to getting a more accurate value for the mobility 
of the perchlorate ion. 

Methyl alcohol was purified by the method described by Hartley 
and Raikes (J., 1925, 127, 524) and its dryness was tested by 
measuring its viscosity. The specific conductivity of the sample 
used in each series of measurements is stated in the tables of results. 

Lithium perchlorate was prepared by heating Merck’s lithium 
nitrate with perchloric acid, and recrystallising the salt twice from 
water. It was dried to constant weight by heating at 300° in a 
Richards bottling apparatus in which the salt could be heated and 
bottled in a current of dried air. 

Sodium perchlorate was prepared by dissolving sodium carbonate 
in perchloric acid. The anhydrous salt was recrystallised from 
water above 50° and centrifuged. It was dried to constant weight 
in an air-bath at 250—270°. 

Silver perchlorate was prepared from pure assay silver by the 
method recommended by Hill (J. Amer. Chem. Soc., 1921, 43, 254). 
The nitrate was first made and converted into the oxide by the 
addition of caustic soda solution. Slight excess of the oxide was then 
heated with 60% perchloric acid solution, and the solution of silver 
perchlorate filtered and evaporated until crystals began to form. 
The salt was then recrystallised from benzene and dried to constant 
weight for 12 hours at 120°. 

The resistance measurements were carried out as described by 
Frazer and Hartley (loc. cit.) in a conductivity cell designed by 
Barrett and Hartley (J., 1913, 103, 789). About 250 g. of alcohol 
were placed in the cell, and a series of additions of salt solution were 
made from a weight burette, the resistance being measured after 
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an each addition. The cell constant was determined by measuring the 
resistance of a series of aqueous solutions of potassium chloride at 
18° as described by Frazer and Hartley (loc. cit.). The means of 
two series of determinations were 0-03948, and 0-03942,, giving a 
, final mean of 0-03945, in good agreement with a previous mean 
1ONS 
value of 0-03945,. 
e for ; 
“ys TaBLeE I. i 
ae Ke eX 10%. 100/c. =A, obs. A, cale. Diff. i 
at Lithium perchlorate: Ag = Ac + 258Vc; Ag = 110-50. i 
: 0-105 1-2863 1-134 107-55 107-57 —0-02 : 
sned | 2-1939 1-481 106-67 106-68 —0-01 : 
thy] | Series a 3-3276 1-824 105-76 105-79 —0-03 
; | 49352 2-222 104-71 104-77 —0-06 
y 0 78521 2-802 103-22 103-27 —0-05 
ace 0-086 1-1676 1-080 107-80 107-71 +0-09 
um 2-1926 1-481 106-73 106-68 +0-05 
+ ,. | Series b 37707 1-942 105-52 105-49 +0-03 
V to 5-6449 2-376 104-36 104-37 —0-01 
lity 9-7881 3-129 102-40 102-43 —0-03 
Sodium perchlorate: Ag = Ac + 290Vc; Ay = 116-50. 
tley 0-138 1-4627 1-209 112-97 112-99 —0-02 
| 2-4318 1-559 112-02 111-98 +0-04 
by | Series a 3-7478 1-934 111-83 110-89 —0-06 
aple | 5°7517 2-398 109-54 109-54 4-0-00 
‘Its 9-3164 3-052 107-71 107-65 +0-06 
a 0-061 1-1266 1-061 113-40 113-42 —0-02 
ium | 2-2003 1-483 112-16 112-20 —0-04 
rom | Series b 3-5368 1-881 111-01 111-05 —0-04 
| 57591 2-400 109-49 10954 —0-05 
na 91420 3-024 107-78 107-73 +0-05 
and Silver perchlorate: hy = Ne + 277Ve3 Ay — 121-16. 
0-262 1-5627 1-250 117-03 117-69 —0-65 
ate 2-7317 1-653 116-35 116-57 —0-22 
fetes 4-2863 2-070 115-36 115-42 —0-06 
rom — 6-7881 2-605 113-97 113-93 + 0-04 
ght 9-5985 3-098 112-63 112-57 +-0-06 
14-1630 3-763 110-84 110-73 +-0-07 
0-146 1-3590 1-166 117-46 117-92 —0-46 
the 2-5405 1-594 116-55 116-73 —0-18 
- 4-2188 2-054 115-42 115-46 —0-04 
54). | Series b 61936 2-489 11428 11426 +0-02 
the 95848 3-096 112-63 11257 +0-06 
hen 13-8941 3-728 110-85 110-82 +0-03 
wer 0-161 1-3204 1-149 117-73 117-97 —0-24 
: 2-3941 1-547 116-89 116-86 +-0-03 
rm. Seriesc 3-6300 1-905 115-94 115-87 +0-07 
ant | 56-0585 2-249 11503 11492 +4011 
71-3469 2-710 113-73 113-64 +011 
0-084 1-3968 1-182 117-85 117-88 —0-03 
by Series d | 2-7815 1-668 116-58 116-53 +0-05 
b (by F. A. 51613 2-272 114-82 114-86 —0-04 
y Philbrick) | 9-0148 3-003 112-82 112-83 —0-01 
hol 13-8284 3-719 110-84 110-85 —0-01 
« The experimental results are given in Table I. With each 
| substance are given the mean values found graphically for Ag, its 
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conductivity at infinite dilution, and for xz, the coefficient in the 
Kohlrausch equation A, = Ay —xVc. Col. 1 gives the specific 
conductivity (x) of the solvent in each series, the value of which 
was subtracted from the conductivity of each solution, col. 2 the 
concentration in g.-equivs. per l. x 104, col. 3 the value of 100V/c, 
cols. 4 and 5 respectively the values of A, observed and of A, 
calculated from the mean values of A, and z, and col. 6 gives the 
difference A, obs. — A, calc. 


Discussion of Results. 


The differences in the last column of the tables show that, with 
the exception of the values of the more dilute solutions of silver 
perchlorate, the results are in good accordance with the equation 
he= Ag — xVc. In the case of silver perchlorate the values of the 
equivalent conductivity obtained for solutions of concentration 
less than N/3000 were considerably lower than those calculated 
from the equation. The degree of divergence was different for 
different series, being greatest with solvent of highest conductivity. 
It appears, therefore, that the discrepancy is connected with the 
purity of the solvent and similar behaviour has been noticed by 
Frazer and Hartley in the case of silver nitrate. Moreover, the results 
of Getman and Gibbons for silver nitrate show a maximum in the 
region of 0-001N ; these authors give no details of the purity of their 
solvent, but owing to their method of purification its conductivity 
was probably high. Silver salts thus appear to be very sensitive to 
solvent impurity. Constant stirring was necessary to obtain 
consistent readings with silver solutions, otherwise the resistance 
changed continuously. 

Onsager has modified the Debye—Hiickel theory of the variation of 
equivalent conductivity with concentration so as to take into 
account the Brownian motion of the ions, and has derived the 
following expression for x in the equation A, = A, — xV‘c for a 
uni-univalent electrolyte in any solvent : 

“5 105 ‘0 _ 
«=| ore 4+ or l¥2 
which for methyl alcohol at 25° (D, the dielectric constant = 30:3; 
n, the viscosity = 0-00545) reduces to 
x = 0-957 Ay + 158-1. 


The observed and the calculated values of x for the salts examined 
are given in Table II, and it will be seen that in each case there is 
good agreement with the theoretical value. 
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TaBie I. 
- Ao. Igcio4”- z, obs. z, cale. 
LiClO, — ccecccscececevcecsecs 110-50 70-90 258 264 
NaClOg ..ccccccccceccsecsers 116-50 70-80 290 270 
AgllOg crcevccrscevceeersers 121-15 68-95 277 274 


Col. 3 of Table II gives the values for the mobility of the per- 
chlorate ion obtained by subtracting from the values of A, the 
mobilities of the respective kations found by Frazer and Hartley. 
The values from the first two salts are in good agreement, and the 
low value obtained from silver perchlorate suggests that the mobility 
of the silver ion (52-2) given by Frazer and Hartley is too high. It 
was derived from their measurements with silver nitrate, the 
conductivity of which diminished with concentration to an abnormal 
extent, x obs. being 451 and x calc. 266. These values show that 
silver nitrate is associated in dilute solutions and that the value for Ay 
found by extrapolation may be too high owing to the steepness of the 
curve. As silver perchlorate behaves normally, it probably yields a 
more correct value for Ay, and by subtracting the mean value for the 
perchlorate mobility given by the lithium and sodium salts, viz., 70-85, 
we obtain a more likely value of 50-3 for the mobility of the silver ion. 

It is remarkable that the perchlorate ion should have a mobility 
of 70-8 when the mobility of the simple chloride ion is only 51:3. 
The perchlorate ion is actually faster than any monatomic ion in 
methyl alcohol, the next fastest being cesium with a mobility of 
62:3. In water the velocities of the chlorine and perchlorate ions 
are almost identical. In the crystalline state the chlorine ion 
behaves as a sphere of diameter 3-44 A., while the perchlorate ion 
occupies a considerably larger volume. According to Zachariasen 
(Z. Krist., 1930, '73, 141) the ClO,- group is tetrahedral, the distance 
from chlorine to oxygen being 1-56 A., and the mean distance from 
oxygen to oxygen being 2-51 A. The reason for the abnormal mobility 
of the more complex ion in solution may be that it is less solvated 
in consequence of the weaker electrical field in its neighbourhood, 
due to its larger size. 

Summary. 

1. The conductivities of solutions of the perchlorates of lithium, 
sodium, and silver have been measured in methyl alcohol at 25° at 
concentrations varying from 0-0001N to 0-002N. 

2. The variation of conductivity with concentration is in each 
case in close agreement with the Debye—Hiickel—Onsager theory. 

3. The mobility of the perchlorate ion is found to be 70-85, and 
that of the silver ion 50-3, in methyl alcohol at 25°. 


Puysicat CHEMistTRY LABORATORY, BALLIOL COLLEGE AND 
Trunity CoLLEGE, OxForD. [Received, August 15th, 1930.] 
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CCCXXIX.—The Conductivity of Some Uni-univalent 
Salis in Ethyl Alcohol. 


By E. D. Coptzy, D. M. Murray-Rvust, and Sm Haroip 
HARTLEY. 


THE conductivity of a large number of uni-univalent salts has been 
measured in water and in methyl alcohol, but there are few accurate 
data available for ethyl alcohol. The purposes of this investigation 
were, first, to work out a convenient method of preparing pure ethyl 
alcohol suitable for conductivity measurements and, secondly, to 
determine the mobility of the perchlorate ion, in order to discover 
whether this was abnormally great compared with that of other 
anions, as has been found to be the case in methyl alcohol (see 
preceding paper). The conductivity of a few other salts was 
measured for purposes of comparison, but the choice of salts is 
more limited than in methyl alcchol, for many salts were found to be 
insufficiently soluble in dry ethyl alcohol. Since this work was 
completed, a more extensive investigation of the conductivity of 
salts in ethyl alcohol has been undertaken by M. Barak in this 
laboratory, and the results of this will be published shortly. 


EXPERIMENTAL. 


Purification of Ethyl Alcohol—A method of purifying ethyl 
alcohol based on that used by McKelvey (Bull. Bur. Standards, 1913, 
9, 327) has been worked out by one of us (E. D. C.). Most of the 
water was removed by refluxing for 24 hours with freshly fired lime, 
followed by distillation through a long fractionating column, and 
the last traces were removed by distillation from aluminium ethoxide 
made by warming the lime-dried alcohol with aluminium amalgam 
for some hours. The preliminary drying with lime was found to 
be necessary, as the aluminium amalgam would not react with the 
alcohol unless the water content was very small; in some cases 
when the alcohol was being recovered from residues containing 
a considerable amount of water, two distillations from lime were 
necessary before the amalgam would react. Volatile impurities 
were removed by refluxing for some hours in a current of pure air 
in the presence of a small quantity of anhydrous copper sulphate, 
followed by distillation into a siphon conductivity cell, which was 
fitted to the still so that the conductivity of each sample could be 
measured as it distilled. The average specific conductivity of the 
distillate was 0-003 x 10 mho. The water content of the alcohol 
was determined by measurements of its viscosity in an Ostwald 
viscometer. The increase of viscosity caused by the addition of 
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small quantities of water is proportional to the water content, and 
it was found that the addition of 0-1% of water raised the viscosity 
by about 0-4%, a value which is in agreement with the measurements 
of Goldschmidt and Aarflot (Z. physikal. Chem., 1926, 122, 371). 
LD The viscosity of the pure alcohol was taken to be 0-01078, as this 
was the lowest value that was consistently obtained. The carbide 
test used by Hartley and Raikes (J., 1925, 127, 524) for the determin- 


alent 


oe ation of water in methyl alcohol was found not to be applicable to 
ation ethyl] alcohol. 

ethyl Preparation of Salis—Lithium chloride. This was made by 
y, ra heating pure lithium nitrate several times to dryness with constant- 
Comin boiling hydrochloric acid. It was recrystallised from water and 
dian dried to constant weight by heating in dry hydrogen chloride at 


(see 400° in a Richards bottling apparatus, followed by further heating in 
wie - nitrogen. It was found unexpectedly difficult to obtain concordant 
os results with different specimens of lithium chloride, and the final 
is the values are taken from the mean of five series of measurements (two 

of which were carried out by M. Barak in this laboratory) with three 


her independent samples of salt. 


Bo Lithium nitrate. Measurements were made with a sample of 
Merck’s pure lithium nitrate and also with a sample made from 
impure lithium chloride. The fluoride was precipitated by adding 
a solution of hydrogen fluoride to a boiling solution of lithium chloride 

‘hy! and was converted into the nitrate by heating to dryness with nitric 

113, acid. The lithium nitrate was recrystallised from water, and dried 

the to constant weight in an air-bath at 160°. 

me. Lithium, sodium, and silver perchlorates. The samples used were 

sal those made by Copley and Hartley (see preceding paper) for the 

ide measurement of conductivities in methyl alcohol. 

one Potassium iodide. A sample of Merck’s potassium iodide was 

in recrystallised and dried to constant weight in an air-bath at 160°. 
the Silver nitrate. This was prepared from pure silver by treatment 
ees with nitric acid and was dried to constant weight in an air-bath at 

. 110°. 

= Rubidium iodide and sodium bromide. The results for these salts 

len are less accurate than for the other salts described, as they were 

te known to contain a certain amount of impurity. The apparent 
te, equivalent weight of the rubidium iodide, determined by titration, 


os was found to be 210-7 (Calc. for RbI: M, 212-4), and the results are 
ke calculated from this experimental value. 

he Measurement of Conductivity —The conductivity was measured 
a in a cell of the type described by Hartley and Barrett (J., 1913, 
id 103, 789); successive additions of weighed amounts of solution 
of were made to a known weight of solvent in the cell and the resistance 
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was determined after each addition. 


at 25°. 


All measurements were made 


Results—Table I shows the values of the equivalent con- 
ductivities at various concentrations. The concentrations are given 


Series A 


Series E 


Series A 


Series B 


Series C 


A A A A A 


oe ee 


K. 


0-028 


0-025 


0-024 


0-029 


0-022 


0-024 


0-038 


0-068 


TaB_e I. 
cx10% 100Ve. 
Lithium chloride: Ay = 39-2; 
1-457 1-207 
3-005 1-733 
4-988 2-234 
7-509 2-741 
10-479 3-237 
14-173 3-767 
1-048 1-024 
2-179 1-476 
4-233 2-058 
7-329 2-707 
10-171 3-189 
13-664 3-676 
1-036 1-018 
2-054 1-433 
4-412 2-100 
8-950 2-992 
13-964 3-736 
19-654 4-433 
1-305 1-142 
2-606 1-614 
4-779 2-192 
8-331 2-886 
11-846 3-442 
16-238 4-030 
1-462 1-205 
2-780 1-667 
5-245 2-290 
9-190 3-031 
13-098 3-619 
17-064 4-195 
Lithium nitrate: A, = 42-7; 
2-1935 1-450 
4-0465 2-011 
7-367 2-714 
12-854 3-585 
17-128 4-139 
24-074 4-906 
2-2091 1-486 
4-4267 2-104 
7-195 2-682 
11-141 3-338 
14-934 3-864 
21-375 4-623 
2-2189 1-490 
3-779 1-944 
6-906 2-628 
11-882 3-447 
16-860 4-106 
23-676 4-866 


Ac. 
z= 168, 
37-07 
36-22 
35-38 
34-54 
33-69 
32-82 


37-64 
36-83 
35-84 
34-71 
33-90 
33-08 


37-42 
36-76 
35-62 
34-10 
32-88 
31-76 
37-42 
36-64 
35-65 


33-52 
32-59 


37-26 
36°47 
35-39 
34-10 
33-17 
32-26 


z=171. 
40-25 
39-24 
38-05 
36-52 
35-60 
34-39 
40-18 
39:05 
38-06 
36-86 
35-98 
34-77 
40-10 
39-52 
38-25 
36-81 
35-69 
34-49 


Diff. 


—0-10 
—0-07 
—0-07 
— 0-06 
—0-07 
—0-05 
+0-09 
+011 
+0-09 
+ 0-06 
+0:05 
+0-05 
—0-07 
—0-03 
—0-05 
—0-07 
—0-04 
+ 0-02 
+0-11 
+0-16 
+013 
+0-09 
+011 
+017 
+0.08 
+0-07 
+0-04 
—0-01 
—0-01 
+0-11 


+0-03 
—0-02 
+0-00 
— 0-05 
—0-02 
+0-08 
+0-02 
—0-05 
+0-08 
—0°13 
—0-01 
—0-03 
—0-05 
+0-14 
+0-04 
+0-00 
+0-01 
+06-11 


Ny 


ry 


ry 


a 





:on- 
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Series A 


Series B 


Series A 


Series B 


Series A 


Series B 


Series C 


Series A 


Series B 
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K c x 104. 100Vc. Mew 
Lithium perchlorate: Ag = 48-50; x = 162. 
0:043 2-0202 1-421 46-07 

3-6493 1:910 45-48 
5-826 2-414 44-61 
10-001 3-162 43-32 
13-655 3°695 42-49 
18-695 4-324 41-56 
0-029 2-0027 1-415 46-29 
3-806 1-951 45-34 
6-614 2-572 44-31 
10-075 3-174 43-34 
13-296 3°647 42-58 
18-809 4:337 41-55 

Sodium perchlorate: Ay = 52-45; x = 233. 

0-046 1-6622 1-289 49-52 

3-261 1-806 48-31 

5-500 2-345 47-00 

8-791 2-965 45-56 

11-812 3°437 44-48 

17-082 4-133 42-94 

0-054 1-797 1-341 49-27 

3-581 1-892 48-00 

7-593 2-755 45-97 

11-483 3-389 44-54 

17-517 4-185 42-70 

Silver perchlorate: Ay = 51:2; x = 184. 

0-075 1-791 1-338 49-22 

3-755 1-938 47-67 

5-492 2-344 46-90 

8-446 2-906 45-78 

12-550 3-543 44°57 

18-823 4:339 43-20 

0-038 1-952 1-397 48-45 

3°705 1-925 47-63 

6-981 2-642 46°35 

11-352 3-369 45-02 

15-760 3-970 43-96 

21-191 4603 42-91 

0-620 1-894 1-376 48-78 

3-993 1-998 47°51 

7-492 2-737 46-02 

10-149 3-186 45-20 

14-042 3°747 44:17 

Siler nitrate: Ay = 46-25; a = 336, 

0-044 2-051 1-432 41-44 
. 3-904 1-976 39-59 . 

6-668 2-582 37°54 

9-174 3-029 36-08 

. 13-791 3-714 33:77 

0-061 2-139 1-463 40-96 . 
4-078 2-019 39-29 
z 9-175 3-029 36-02 
. 12-545 . 3542 34:37 
17-073 4-132 32°69 
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Diff. 


—0-13. 
+0-07 
+0-02 
—0-06 
—0-02 
+0-06 
+0-08 
+0-00 
—0-02 
—0-02 
—0-01 
+0-08 


+0-07 
+90-07 
+0-01 
+0-02 
+0-04 
+0-12 
—0-06 
—0-04 
—0-06 
—0-01 
+0-11 


+0-48 
+0-02 
+0-02 
—0-07 
—0-10 
—0-01 
—0-18 
—0-03 
+0-02 
+0-02 
+0-07 
+0-19 
+0-10 
+0-01 
—0-15 
—0-14 


—0:13 


Q-00 
—0-02 
—0-03 
+0-01 
+0-19 
-~ 0-37 . 
—0-18 
—0:05-.. 
+0-02 
+0-32 
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kK. c xX 104. 100Vc. he Diff. 

Sodium bromide: Ay = 44°85; x = 192. 
0-028 0-6246 0-790 43-26 —0-18 
| 1-2301 1-109 42-69 —0-03 
a4) 2-517 1-554 41-89 +0-02 
Series A 4-064 2-016 40-98 0-00 
5-420 2-328 40-37 —0-01 
7-864 2-805 39-45 —0-02 
0-034 1-380 1-175 42-52 —0-07 
2-750 1-658 41-72 +0-05 
oe 4-971 2-229 40-62 +0-05 
Series By 8-517 2-918 39-25 0-00 
10-954 3-310 38-55 +0-05 
14-161 3-763 37-66 +0-04 


Potassium iodide: Ag = 50°8; x = 209. 


0-059 1-696 1-302 48-04 ~0-04 
3-361 1-833 46-96 ~0-01 
Series A 6-741 2-596 45-38 0-00 
8-933 2-989 44-55 0-00 
13-612 3-628 43-20 —0-02 
0-309 2-079 1-442 47-09 —0-70 
3-860 1-964 46-41 —0-29 
Series B 7411 2-722 45-10 —0-01 
10-268 3-204 . 44-15 +0-05 
14-050 3-748 42-95 —0-02 
0-773 0-867 48-72 —0-27 
1-679 1-293 48-16 +0:06 
wok 3-358 1-832 47-09 40-12 
— 6-725 2-593 45-47 +0-09 
10°465 3-235 44-09 +0-05 
13-602 3-688 43-16 +0-07 
Rubidium iodide: A, = 51-8; x = 228. 
0-042 0-656 0-810 49-55 —0-40 
1-316 1-148 49-17 —0-01 
Series A 2-254 1-501 48-47 +0-09 
| 3-102 1-762 47-92 40-13 
4-340 2-083 47-14 +0-09 
0-022 0-842 0-918 49-33 —0-38 
1-592 1-261 48-88 —0-04 
Series B 2-761 1-661 47-99 —0-02 
| 3-763 1-940 47-38 0-00 
5-111 2-261 46-60 —0-05 


in g.-equivs. per litre, the density of the solutions being assumed to 
be the same as that of the pure solvent (D?" 0-7851). All the salts 
obey the square-root relation A, = A, — xc, and the mean values 
for Ag and x are given for each salt at the head of the appropriate 
section of the table. Col. 1 gives the value of «, the specific con- 
ductivity of the solvent in reciprocal megohms, and the solvent 
correction was applied by subtracting this value from the specific 
conductivity of the solution in each case. Col. 2 gives the value of 
the concentration; col. 3, the value of 100Vc; col. 4, the observed 
equivalent conductivity A,, and col. 5 the difference between the 
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observed value of A, and that calculated from the given values of 
Ay and x. 
Discussion of Results. 


The results when plotted show that the fall in conductivity is 
proportional to the square root of the equivalent concentration in 
accordance with the theory for strong electrolytes, and values of 
Ay have been determined by direct extrapolation of these straight 
lines. A comparison of the slopes of the experimental lines with 
those calculated from theory is given in Table II: 2,4. is the 
experimental slope, and 2,.),. is the value calculated from the Debye- 
Hiickel-Onsager equation, which for uni-univalent electrolytes in 
ethyl alcohol reduces to the form 

Ac = Ag — (1-256Ay + 87-8)Vc. 
The last column of the table gives the values of A, the percentage 
deviation of the observed values from the theoretical : 
A = 100(%o, — eatc,) [Weato. 


TaBLe II. 

Salt. Ae, Bam. Sele. ‘he Salt. Mee ore, Zale) A. 
LiCl] ... 39:2 166 # 137 21 AgNO, 46:25 336 146 130 
LiNO,... 42:7 171 14] 21 NaBr ... 44:85 192 144 33 
LiClO, 48-6 164 149 10 BE ceswcs 50-8 209 152 38 
NaClo, 52-45 232 154 652 ) en 51- 228 153 49 


AgClO, 51-45 195 152 28 


In all cases A has a positive value, indicating that the experi- 
mental slope is greater than the theoretical, as would be expected 
if there were any ionic association. It is seen that the lithium salts 
show the smallest deviation from theory, as is the case with methyl 
alcohol (Unmack, Proc. Roy. Soc., 1930, A, 127, 228), but there are 
not sufficient data for a systematic comparison; this will be left 
until a later paper when the results of a more complete investigation 
of salts in ethyl alcohol will be published. The values of A, for the 
perchlorates show that, in this solvent as well as in methyl alcohol, 
the perchlorate ion has a larger mobility than the other anions and 
so is presumably less solvated. 

One other point of interest is the large deviation shown by silver 
nitrate, which makes it probable that the value of A, found by direct 
extrapolation is too high, as the curve should be tangential to the 
theoretical slope at high dilutions. This view is supported by 
comparing the values for the difference /),,+ — 14+ obtained from 
the nitrates with that from the perchlorates. The value of 
Ngagno, — Aguno, 18 3-55, while Agagcio, — Aguew, is 2°85, and as the 
perchlorates have about the same slope, the latter value for the 
difference between the mobilities of the silver and lithium ions is the 
more trustworthy. 

4P 








Among previous measurements of the salts described here, the 
most important are those with potassium iodide by Walden (Z. 
physikal. Chem., 1905, 54, 129) and by Philip and Courtman (J., 
1910, 97, 1268), and those with sodium bromide by Goldschmidt 
and his pupils. The measurements with potassium iodide were 
made in more concentrated solutions than have been used in the 
present work, and neither series gives a straight line when A, is 
plotted against Vc. In the short range in which they overlap with 
our measurements, Walden’s results are about 1° lower than ours, 
and Philip and Courtman’s about 2% lower. Goldschmidt’s early 
measurements with sodium bromide also do not give a straight line 
for the A—-Vc relationship, but quite recently Thomas and Marum 
have repeated the work in dilute solution (Z. physikal. Chem., 1929, 
143, 191); their individual points are rather more scattered than 
ours, but the mean line which they draw through them (A, = 44:9, 
« = 192) is in excellent agreement with our results. 


Summary. 


1. A method of preparing pure ethyl alcohol for conductivity work 
is described. 

2. The electrical conductivity of solutions of nine uni-univalent 
salts in ethyl alcohol has been measured at 25° over a concentration 
range from N/10,000 to NV /500. 

3. The perchlorate ion is found to have a greater mobility than 
other anions in ethyl alcohol. 


Puysicat CHEMISTRY LABORATORY, BALLIOL COLLEGE AND 
Trinity COLLEGE, OXFORD. [Received, August 15th, 1930.] 





CCCXXX.—The Reduction of Substituted p-Benz- 
quinones by Sulphur Dioxide alone and in the 
Presence of Alkali. 


By JoHn WALLIS Dopeson. 


THE investigation (J., 1914, 105, 2435) on the reduction. of 
p-benzoquinone by sulphur dioxide in the presence of water and of 
alkali has been extended to include certain substituted p-quinones. 
The method of experiment was the same throughout. In a flask 
through which nitrogen was continuously passed, water (400 c.c.) 
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and the calculated quantity of standard sodium hydroxide solution 
were boiled and cooled and 25 c.c. of a standardised solution of 
sulphur dioxide were added, followed by the quinone (0-25 g.) 
dissolved in alcohol. After 15 minutes, excess of hydrochloric 
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acid was added, the liquid was boiled to expel the excess of sulphur 
dioxide, and the sulphuric acid which had been formed was estimated 
by means of barium chloride. The filtrate and washings were 
evaporated to dryness with concentrated nitric acid and again with 
concentrated hydrochloric acid, the residue was treated with water, 
and the residual barium sulphate was washed and ignited. Before 
being finally weighed, the sulphate was warmed with dilute hydro- 
chloric acid to remove barium oxide left by ignition of any slight 
residue of barium nitrate and more particularly of barium oxalate, 
which was always formed in considerable quantity by the oxidation 
of the quinolsulphonic acid or quinol with nitric acid and often 
separated in crystals, BaC,0,,4H,O. 

The quinones examined were: (a) toluquinone, (b) o- and p- 
xyloquinones (Clark, J. Amer. Chem. Soc., 1892, 14, 565), (c) mono- 
chlorobenzoquinone, (d) 2:5- and 2: 6-dichlorobenzoquinones, 
and (e) tetrachlorobenzoquinone. 

The action was in all cases somewhat similar to that which takes 
place with p-benzoquinone : quinol was formed by direct reduction 
(measured by the amount of barium sulphate first precipitated) 
together with sulphonic acid (measured by the barium sulphate 
obtained after oxidation). 

The results given by the first four quinones are in Table I. In 
each case there is the reversal of the percentages of the quinone 
reduced and sulphonated when more alkali than is necessary to 
form acid sulphite is added (compare p-benzoquinone). The 
reversal is by no means so sudden with the two xyloquinones as with 
the others. The results for p-benzoquinone are included for 
comparison. 

Experiments with monochloroquinone were made to ascertain 
if chlorine was liberated during the reaction. None was detected 
witil the molecular ratio of alkali to sulphur dioxide was 1:1; 
thereafter the quantity increased with the proportion of alkali, but 
it was never large. It is probable therefore that the higher per- 
centages of sulphonation are due to the displacement of chlorine and 
consequent formation of a disulphonic acid. 

The displacement of chlorine from the dichloroquinones was more 
marked, and was accompanied by a considerable excess of sulphona- 
tion, which was for the first three experiments of each series sensibly 
equivalent to the chlorine liberated (Table II). 

The Barium Salts of the Sulphonic Acids.—10 G. of each quinone 
Were mixed with water and reduced with sulphur dioxide and the 
filtered solution was boiled to expel the excess of sulphur dioxide, 
tooled, extracted several times with ether, and treated with barium 
tarbonate. The salts were very soluble in water and not easily 
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purified. Sufficient p-2 : 3-xyloquinone was not available for the 
preparation of a workable quantity of the barium salt, but a dilute 
solution was obtained which gave a faint blue colour with ferric 





chloride solution and reduced an ammoniacal silver oxide solution— 
this property is common to all these sulphonic acids. It was 
necessary to free the barium salts prepared from the dichloro- 
compounds from barium chloride: the analyses suggest a mixture 
of a monosulphonate and a disulphonate, CsHCl(OH),(SO,),Ba. 

Barium toluquinolsulphonate. Found: Ba, 25-4; SO,, 29-3. 
[(C,H,Me(OH),"SO,],Ba requires Ba, 25:2; SO,, 29-5%. Ferric 
chloride reaction, blue. Barium p-ayloquinolsulphonate. Found: 
Ba, 23-3; SO,, 27-3. [C,HMe,(OH),-SO,],Ba requires Ba, 24-0; 
8O,, 280%. Reaction, greenish-blue. Barium  chloroquinol- 
sulphonate. Found: Ba, 21-6; SO,, 24-5. [C,H,Cl(OH),*SO,],Ba 
requires Ba, 23-4; SO,, 27-4%. Reaction, blue. Barium 
2 : 5-dichloroquinolsulphonate. Found: Ba, 23-35; SO,, 26-5. 
(C,HCI,(OH),°SO,],Ba requires Ba, 21-0; SO,, 245%. Reaction, 
bluish-violet. Barium 2: 3-dichloroquinolsulphonate. Found : 
Ba, 19-9; SO,, 23-2%. Reaction, bluish-violet. 

T' etrachloroquinone.—The insolubility of this compound in water 
and hot alcohol made impossible any series of reductions by the 
process described. As it is known also that the action of sulphite 
upon it is to give the corresponding salt of 2 : 5-dichloroquinol- 
sulphonic acid (Greiff, Z. Chem., 1863, 341) and that it is converted 
into chloroanilic acid by alkali, experiment was confined to the 
action of sulphur dioxide alone. The results obtained were: 
quinol reduced, 39-67; sulphonic acid formed, 70-65; chlorine 
displaced, 70-53 equivs. %. 








The sulphonation is directly proportional to the chlorine displaced. 
nd di-sulphonic acids containing about 21% of the latter. A 
mixture of the barium salts, assumed to be [C,Cl,(OH),*SO,],Ba 
nd C,Cl,(OH),(SO,),Ba, in this proportion would require Ba, 21-1; 
SO,, 24:7%. The barium salt prepared in the usual way gave Ba, 
20-4; SO,, 23-95%. 
These salts in water (they were not separated) gave a deep bluish- 
jurple colour with ferric chloride solution. 


Summary. 


(a) Sulphonic acids are regularly formed by the action of sulphurous 
ncid on quinones (compare Pinnow, J. pr. Chem., 1914, 89, 536). 
(6) Direct reduction also takes place according to the equation : 


(4X40, + H,S0, + H,0 —> C,X,(OH), + H,80, 
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(c) While the quinone molecule contains one or more hydrogen 
atoms, the reaction may be expressed : 

(d) In chloroquinones there is a marked tendency to form di- 
sulphonic acids: ¢.g., 

C,H,Cl,0, + 2H,SO, —> C,HCl(OH),(SO,H), + HCl 

(e) With tetrachloroquinone, which no longer contains a labile 
hydrogen, the sulphonation must be expressed by the equations : 
(1) C,Cl,0, +- 2H,SO, +-H,O —> C,Cl,(OH),"SO,H +- H,SO,+ HCl 
(2) C,Cl,0, + 3H,SO,+ H,O0 —> C,Cl,(OH),(SO,H),-+H,SO,+ 2HCl 

(f) The formation of sulphonic acids by neutral sulphites is largely 
in excess of reduction of the quinone. It must be the result of the 
presence of sulphonic ion. This demands previous hydrolysis of 
the sulphite. Additional alkali inhibits this hydrolysis, and this is 
probably a contributing cause of the falling off of sulphonate as the 
proportion of alkali is increased. 

(g) The action of excess of alkali apparently leads to destruction 
of the quinone through the formation of highly coloured unstable 
compounds. 


I wish to thank Professor H. Bassett for his interest in this work 
and for his many valuable suggestions. 


THE UNIVERSITY, READING. [ Received, August 2nd, 1930.] 





CCCX XXI.—A General Method for the Preparation of 
Thiocyanine Dyes. Some Simple Thiocarbocyanines. 


By Neue Ivy Fisher anp Frances Mary Hamer. 


From his observation of the similarity between quinoline and 
benzthiazole, Hofmann was led to attempt the preparation of 
cyanine dyes containing benzthiazole nuclei. He was successful in 
isolating a carmine-red dye by the action of ammonia on an aqueous 
solution of benzthiazole amyliodide and 1-methylbenzthiazole 
amyliodide, and it is not surprising that he regarded it as cyanine in 
which the quinoline nuclei are replaced by benzthiazole nuclei (Ber., 
1887, 20, 2251). Mills, working with the corresponding ethiodides, 
effected a great improvement in yield by using pyridine, and dis- 
covered that the purple ethiodide, which corresponds with the 
amyliodide prepared by Hofmann, is accompanied by a yellow 
compound. He came to the very striking conclusion that the purple 
dye is not, as Hofmann supposed, the cyanine of the benzthiazole 
series (I), but is the corresponding carbocyanine (II), whilst the 
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yellow substance is the cyanine (I). For this new class of yellow 
— ae by formula = Mills proposed is name 


OpQO Orne 


(I.) (IT.) 

thiocyanine, and he definitely established the constitution by syn- 
thesising thiocyanines from o-aminophenyl] mercaptan (J., 1922, 121, 
455). His deduction, that the purple thiocarbocyanines are repre- 
sented by formula (II) has been amply confirmed by syntheses, in 
which 1-methylbenzthiazole quaternary salts are condensed with 
ethyl orthoformate (K6nig and Meier, J. pr. Chem., 1925, 109, 324; 
Hamer, J., 1927, 2796). Mills and Amies showed that a mixture of 
thiocyanine and thiocarbocyanine may also be obtained by the 
reaction of a 1-methylbenzthiazole quaternary salt with di-o-formy]- 
ethylaminodiphenyl disulphide in pyridine solution (Mills and 
Braunholtz, J., 1923, 123, 2804). 

In Mills’s original method of preparing 2 : 2’-diethylthiocyanine 
iodide, the yield of crude product amounted to 16—21% (loc. cit.), 
whilst the yield of pure 2 : 2’-diethyl-5-methylthiocyanine iodide, 
analogously prepared from 5-methylbenzthiazole ethiodide and 
1-methylbenzthiazole ethiodide, was only 5% (Mills and Braunholtz, 
J., 1922, 121, 1489); in the disulphide method, the yield of 2 : 2’-di- 
ethylthiocyanine iodide was 11% (Mills and Braunholtz, J., 1923, 
123, 2804). Both methods suffer from the disadvantage that the 
thiocyanine has to be separated from the accompanying thiocarbo- 
cyanine. In the present new method, however, thiocyanine is the 
only dye formed; the method is a general one, and simple to 
operate, and the yields of crude thiocyanines vary from 35 to 48%, 
being 18—33% after recrystallisation. 

The method was discovered as the result of an examination of a 
method of preparing new dyes, recently patented by the I. G. 
Farbenindustrie A.-G. (D.R.-P. 459,616, 4.5.26; B.P. 291,888, 


(1I1.) O:CH, oe OMe (IV.) 
Y 
x x 
R R xX 


11.3.27). According to these patents, when 2-methylene-1 : 3 : 3- 
trialkylindoline (III) or the corresponding indoleninium salt (IV) 
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is treated with an ester or salt of nitrous acid, in the presence of an 
acid anhydride, there result yellow to orange dyes, to which is 
assigned the formula (V). 


OR, OR, S g 
C:CH:N:CH: CCH-NICH: 
PA \ \ 
N My ¥ N 
R R X R 


Jy 
R X 


(V.) (V1.) 


Now, instead of using an indoleninium salt, the effect of amyl 
nitrite, in the presence of acetic anhydride, was tried on a benz- 
thiazolinium salt containing a reactive methyl group. The 
ethochloride of 1-methylbenzthiazole was selected for trial, because 
chlorine is not liberated from chlorides by the action of nitrous 
acid. Reaction readily occurred on warming, with the production 
of a yellow chloride; the best yields were obtained by heating 
2 mols. of 1-methylbenzthiazole ethochloride, 1-5 mols. of amyl 
nitrite, and acetic anhydride on the water-bath for 15 minutes. 
The yellow chloride was converted into the corresponding bromide 
and iodide, by means of sodium bromide and potassium iodide, 
respectively. But the analytical data showed no concordance with 
those required by a compound (VI), analogous to the new compounds 
of the German patents. On the other hand, the halogen contents 
of the chloride, bromide, and iodide closely approximated to the 
values required for 2 : 2’-diethylthiocyanine chloride (1), bromide, and 
iodide, respectively. The iodide which had been made by the 
reaction of 1l-methylbenzthiazole ethochloride and amyl nitrite, 
followed by treatment with potassium iodide, was carefully com- 
pared with a specimen of 2 : 2’-diethylthiocyanine iodide, which had 
been prepared by the method of Mills. They were found to be similar 
in appearance and solubility, identical in optical and photographic 
properties, and with the same melting point and mixed melting point. 
Similarly a chloride was prepared by the action of amyl nitrite, in 
the presence of acetic anhydride, on 1-methylbenzthiazole metho- 
chloride, and it was converted into the corresponding bromide and 
iodide; this was identical with 2: 2’-dimethylthiocyanine iodide 
prepared by Mills’s method. 

There is no doubt that the action of amy! nitrite in the presence 
of acetic anhydride on a benzthiazolinium salt containing a reactive 
methyl group is an excellent general method for the preparation of 
thiocyanines, but it is a surprising reaction. The formation of 
thiocyanine is dependent upon the addition of amyl nitrite, yet no 
part of the amyl nitrite molecule is present in the thiocyanine 
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molecule. The reaction may be tentatively represented as occurring 
in the following three stages : 


S 
CoH nme CMe + C;H,,"0-NO —_—> C;H,,"0H + 


gona ; sesame 


CHa<N cee C-CN + McCoy OC Vo 
CH Np CCHC< Gen C,H, + HCl + HON. 


It is, however, questionable whether the hypothetical product of 
the second stage, 1-cyanobenzthiazole ethochloride, would react 
with 1-methylbenzthiazole ethochloride to form the thiocyanine. 
The application of the new method to the methylnaphthathiazoles 
was tried. From 1-methyl-«-naphthathiazole ethochloride and 
methochloride, two new thiocyanines were obtained (VII), and each 


s 8 HC —s s—oH 
OOH TNs pits TT a agate! 
. _ _ 
\ N JN, 
N JN R X 
R R xX 





u 
R 
(VII.) (VIIL.) 

of these was converted into the corresponding bromide and iodide. 
There were, on the other hand, only negative results when the start- 
ing point was 2-methyl-f-naphthathiazole ethochloride or metho- 
chloride. This falls into line with a previous observation, that 
thiocarbocyanines containing the chain ‘CH-CMe:CH: can only be 
prepared from quaternary salts of 1-methyl-«-naphthathiazole and 
not from those of 2-methyl-S-naphthathiazole (Hamer, J., 1929, 
2598). 

Thus four sets of thiocyanines were actually prepared, each set 
consisting of chloride, bromide, and iodide: namely, 2 : 2’-diethyl- 
thiocyanine halide, 2 : 2’-dimethylthiocyanine halide, 2 : 2’-diethyl- 
5:6: 5’ : 6’-dibenzthiocyanine halide, and 2: 2’-dimethyl-5 : 6 : 5’ : 6’- 
dibenzthiocyanine halide; of these twelve compounds, only the 
iodides of the first two groups and the chloride of the second group 
had previously been prepared. In all four groups the solubility 
decreases in the series chloride, bromide, iodide, and the melting 
point rises. The first two sets of dyes are pale yellow, crystalline 
solids, and the latter two sets are powders of deeper colour. In the 
case of the latter two sets, the absorption maxima of the spirit 


solutions lie 150—200 A. further into the less refrangible region of 
4P2 
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the spectrum than do those of the former two sets. Mr. O. F. 
Bloch has found that all the thiocyanines confer extra-sensitivity 
on silver chloride emulsions bathed in their solutions ; in the case of 
those containing two naphthathiazole nuclei, the sensitising maxima 
lie 250—300 A. nearer to the red region than do those of the thio- 
cyanines containing two benzthiazole nuclei. The fact that the 
thiocyanines are adsorbed by silver halide is sufficient to characterise 
them as dyes. 

Attempts to prepare thiocyanines by the new method from the 
methochloride and the (previously unknown) ethochloride of 2 : 4-di- 
methylthiazole proved unsuccessful. This is not surprising, for it 
is recognised that the simplest cyanines are difficult to prepare : 
for instance, the ethyl orthoformate and pyridine method of pre- 
paring carbocyanines fails completely in the case of the pyrido- 
carbocyanines (Hamer, J., 1927, 2796), so that these, the simplest 
of all 2 : 2’-carbocyanines, have only recently been prepared, by a 
special method devised by Rosenhauer and Barlet (Ber., 1929, 62, 
2724). It is in this connexion noteworthy that the ethyl ortho- 
formate and pyridine method, which has been described as being at 
its best in the case of the thiocarbocyanines (Hamer, loc. cit.), does 
not fail in the case of the simpler thiocarbocyanines (VIII) derived 
from the ethiodide and methiodide of 2 : 4-dimethylthiazole. But 
the difficulty of preparing simple cyanines is again illustrated by 
the fact that the yields of these new dyes, after recrystallis- 
ation, are only 27% and 14%, respectively, whereas, normally, 
thiocarbocyanines are obtainable in 79—83% of the theoretical 
yield. 

The optical properties of the simple thiocarbocyanines (VIII) 
derived from 2: 4-dimethylthiazole are remarkable, in that the 
absorption band of the spirit solution lies only 100 A. nearer to the 
blue end of the spectrum than does that of 2 : 2’-diethylthiocarbo- 
cyanine iodide (II), which is derived from 1-methylbenzthiazole ; 
corresponding with this, their sensitising spectra are very like that 
of 2 : 2’-diethylthiocarbocyanine iodide. It is a general rule that, 
in a given series of compounds, decrease in molecular weight occasions 
a shift of the absorption towards the blue end of the spectrum, but 
exceptions to this rule have been recorded in the cyanine series 
(Hamer, this vol., p. 995; Bloch and Hamer, Phot. J., 1930, 70, 
374). In the present instance, the shift is indeed in the expected 
direction, but it is not so great as had been anticipated from the 
recently recorded observation (Bloch and Hamer, Joc. cit.) that the 
absorption maximum of 2-p-dimethylaminostyryl-4-methylthiazole 
ethiodide (IX), which is derived from 2 : 4-dimethylthiazole, lies as 
much as 600 A. nearer to the blue end of the spectrum than does 
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that of 1-p-dimethylaminostyrylbenzthiazole ethiodide (X), which 
is derived from 1-methylbenzthiazole. 


HC—s S 
MeC CCH:CHK NM 
\Z 7 OO O-CH:CHE NMe, 
JN, \F 
Kt I x. . 
— Kt I (X.) 


ExPERIMENTAL. 


Methylbenzthiazolinium Chlorides.—These chlorides were prepared 
from the corresponding iodides by boiling the latter in spirit 
solution with an excess of freshly precipitated silver chloride. If 
the lumps of halide are broken up at intervals, and the boiling is 
prolonged so as to decompose the double halide which is at first 
produced, there is no difficulty in obtaining uniformly excellent 
yields of the methylbenzthiazolinium chlorides on evaporation of the 
filtrate and washings to dryness. The solid was in every case 
thoroughly dried in a vacuum desiccator and, before the subsequent 
condensation was carried out, the complete absence of iodide was 
confirmed. 

2: 2’-Diethylthiocyanine Chloride.—1-Methylbenzthiazole etho- 
chloride (5 g.; 2 mols.) was treated with acetic anhydride (75 c.c.), 
freshly distilled amyl] nitrite (2-4 c.c.; 1-5 mols.) was added, and 
the mixture was heated under reflux on the water-bath for 15 
minutes, moisture being excluded by means of a calcium chloride 
guard-tube. When cold, the yellow chloride was filtered off, 
washed with a little ether, and dried in the air (2-10 g.; 48% yield). 
It was recrystallised from spirit (12 c.c. per g.) and the yield so 
obtained was 29%. The dye was dried in a vacuum at 100—110° 
until of constant weight and was analysed by the method of Carius. 
This method of drying and of analysis was employed throughout the 
present work (Found: Cl, 9-5. After a second recrystallisation, 
found : Cl, 9-6; 8S, 16-9. C, gH,)N,CIS, requires Cl, 9-5; S, 17-1%). 
M. p. 255° (decomp.). 

2: 2’-Diethylthiocyanine Bromide.—Crude 2: 2’-diethylthiocy- 
anine chloride (2 g.) was dissolved in spirit, and the solution filtered 
hot into a hot solution of sodium bromide (4 g.) in water (24 c.c.). 
The solid, which immediately began to separate, was filtered off 
when cold (1-76 g.; 79% yield) and recrystallised from spirit (40 c.c.). 
The yield was 56% (1-25 g.) (Found: Br, 19-2. C,H,)N,Br8, 
requires Br, 19-1%). M. p. 298° (decomp.). 

2 : 2’-Diethylthiocyanine Iodide.—When solutions of crude 2 : 2’-di- 
ethylthiocyanine chloride (1-15 g.) in hot spirit (15 c.c.) and of potass- 
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ium iodide (2-3 g.) in hot water (15 c.c.) were mixed, a precipitate 
formed instantaneously; it was filtered off when cold (0-95 g.; 
67%, yield) and recrystallised from hot spirit (400 c.c.), the yield 
then being 0-66 g. (Found: I, 27:2; N, 5-9. Cale. for 
Cy 9H, N, IS, : I, 27-2; N, 60%). When heated, the iodide melted 
at 312° (decomp.), simultaneously with a specimen prepared by the 
method of Mills (loc. cit.), and with their mixture. Both specimens 
showed the same absorption and gave the same sensitisation towards 
chloride plates on bathing, properties which have already been 
described by Mills. 

2 : 2’-Dimethylthiocyanine Chloride.—By the reaction of 1-methy]l- 
benzthiazole methochloride (5 g.) with amy] nitrite in the presence of 
acetic anhydride, there was obtained a 40% yield of the thiocyanine 
chloride (1-7 g.), and after recrystallisation from spirit (40 c.c. per g.), 
the yield was 33% (Found: Cl, 10-2. Calc. for C,,H,,N,CIS, : 
Cl, 10-2%). M. p. 261° (decomp.). Mills prepared this dye from 
the corresponding thiocyanine iodide and gives its melting point as 
269° (decomp.) (loc. cit.). 

2 : 2’-Dimethylthiocyanine Bromide.—This was prepared from the 
thiocyanine chloride, as in the case of the corresponding diethyl 
compound, and the yield was 91%. After recrystallisation from 
spirit (115 c.c. per g.), the yield was 72% (Found: Br, 20-4. 
C,,H,,;N,BrS, requires Br, 20-5%). M. p. 287° (decomp.). 

2 : 2’-Dimethylthiocyanine Iodide.—The iodide was obtained from 
the crude thiocyanine chloride in 74% yield and, after recrystallis- 
ation from spirit (315 c.c. per g.), the yield was 55% (Found: 
I, 28-9. Cale. for C,,H,,N,IS,: I, 29-0%). This specimen of 
iodide, one prepared by Mills’s method, and their mixture, all 
melted simultaneously at 290—292° (decomp.); Mills gives m. p. 
279—280°. Spirit solutions of both specimens had the same 
absorption spectrum, with the maximum at 24150A. Both 
specimens also produced exactly the same sensitising effect on 
chloride plates on bathing, the maximum being at 14500 A., and the 
sensitisation extending to 2 4900 A. for moderate exposures. 

2 : 2’-Diethyl-5 : 6 : 5’ : 6’-dibenzthiocyanine Chloride—The yield 
of crude thiocyanine obtained from 1-methyl-«-naphthathiazole 
ethochloride (5 g.) was 26% (1-16 g.) and, after recrystallisation from 
spirit (100 c.c. per g.), the yield was 20% (Found: Cl, 7:3. 
C.,H,,N,CIS, requires Cl, 7-5%). M. p. 264° (decomp.). Its spirit 
solution shows an absorption band with its maximum at d 4450 A. 
With chloride plates the well-marked band of extra-sensitivity 
extends to 15300 A. and has a maximum at 14800 A.; the plates 
were stained yellow. 

2 : 2’-Diethyl-5 : 6 : 5’ : 6’-dibenzthiocyanine bromide was obtained 
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from the crude thiocyanine chloride in 81% yield, and after recrys- 
tallisation from spirit (310 c.c. per g.) the yield was 51% (Found : 
Br, 15-45. C,,H,,N,BrS, requires Br, 15-4%). M. p. 286° (decomp.). 

2 : 2’-Diethyl-5 : 6 : 5’ : 6’-dibenzthiocyanine iodide, prepared from 
the corresponding thiocyanine chloride, was so sparingly soluble 
that its recrystallisation was not attempted; it was washed with 
water and obtained in 70% yield (Found: I, 22-3. C,,H,,N,IS, 
requires I, 22.4%). M. p. 297° (decomp.). 

2: 2’- Dimethyl - 5: 6: 5’ : 6’ - dibenzthiocyanine Chloride—From 
]-methyl-«-naphthathiazole methochloride (5 g.), the thiocyanine was 
prepared in 35% yield (1-59 g.). After recrystallisation from spirit 
(250 c.c. per g.), the yield was 18% (Found: Cl, 7-9. 
C,5H19N,CIS, requires Cl, 7-°9%). M. p. 275° (decomp.). 

2: 2’-Dimethyl-5 : 6 : 5’ : 6’-dibenzthiocyanine bromide was pre- 
pared from the crude thiocyanine chloride and washed with water 
(yield, 43%) (Found: Br, 16-3. C,,H, ,N,BrS, requires Br, 16-3%). 
M. p. 309° (decomp.). The absorption maximum of its spirit 
solution lies at 14500 A. The band of extra-sensitivity, conferred 
on chloride plates, reaches its maximum at 14750 A. and extends to 
15200 A. for moderate exposures. 

2 : 2’ - Dimethyl - 5 : 6 : 5’ : 6’ - dibenzthiocyanine iodide, similarly 
prepared and washed, was obtained in 44% yield (Found : I, 23-6. 
C,;H,)NoIS, requires I, 23-6%). M. p. 314° (decomp.). 

2 : 4- Dimethylthiazole Methiodide.—2 : 4 - Dimethylthiazole 
(5-05 g.; 1 mol.) and methyl iodide (3-3 c.c.; 1-2 mols.) were heated 
in a sealed tube at 100° for 2 days. The product was treated with 
water and filtered to remove periodide. The filtrate was evaporated 
to dryness, and the resultant solid extracted with ether. The 
colourless residue (10-6 g.; 93% yield) was recrystallised from dry 
spirit (55 c.c.) and the yield was 81% (9-2 g.) (Found: I, 49-95. 
Cale. for CgH,,NIS: I, 49-7%). M. p. 260° (decomp.). Hantzsch 
says that slow decomposition occurs above 225° (Annalen, 1889, 250, 
257). 

2: 4-Dimethylthiazole Lthiodide.—2 : 4-Dimethylthiazole (4-25 g.; 
| mol.) and ethyl iodide (3-6 c.c.; 1-2 mols.) were heated in a sealed 
tube at 100° for 2 days, and the product was treated with water 
and benzene. The filtered aqueous solution was boiled with char- 
coal, filtered, and evaporated to dryness; the yield of ethiodide was 
"°, (9-06 g.), but the iodine content was higher than that calculated 
(Found: I, 47-7. C,H,,NIS requires I, 47-15%). The colourless 
hygroscopic ethiodide is much more soluble in dry spirit than is the 
corresponding methiodide. 

Thiocarbocyanine prepared from 2 : 4-Dimethylthiazole Methiodide. 
~The methiodide (2 g.; 2 mols.), ethyl orthoformate (2°6 c.c. 
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4 mols.), and pyridine (20 c.c.) were boiled together for 4 hours, 
The crude product contained only a relatively small amount of 
dye; the other product was not ether-soluble, but could readily be 
removed by virtue of its greater solubility in methyl alcohol: 
recrystallisation from this (70 c.c.) gave a 14% yield of the thio.) 
carbocyanine (0-21 g.) in steely crystals (after a second recrystallis. 
ation, found: I, 32-2. C,,H,,N,IS, requires I, 32-4%). M. p. 
255° (decomp.). The spirit solution possesses a rather broad 
absorption band with its maximum at 25500 A. and there is an 
indication of another band at 25100 A. A gelatino-bromide plate, 
bathed in it, shows practically uniform sensitivity, extending to 
» 6800 A. for moderate exposures; the maximum is at 4 5900 A. 

Thiocarbocyanine prepared from 2 : 4-Dimethylthiazole Ethiodide.— 
A thiocarbocyanine was similarly prepared from 2 : 4-dimethyl- 
thiazole ethiodide (2 g.), and the crude product (0-50—0-55 g.; 
32—35% yield) gave, on recrystallisation from methyl alcohol 
(50 c.c.), a 27% yield (0-42 g.) (Found: I, 30-1. After a second 
recrystallisation, found: I, 29-95. C,,H,,N,IS, requires I, 30-2%), 
The m. p. is sharp but depends upon the rate of rise of temperature, 
varying from 271° to 294°. The spectral absorption resembles that 
of the preceding compound. The band of extra-sensitivity is not 
quite so uniform, showing one maximum at 2 5900 A. and a weaker 
one at 25350 A.; it extends to 2 6500 A. 


BRITISH PHOTOGRAPHIC PLATES AND PAPERS, LIMITED, 
Iurorp, E. [Received, October 4th, 1930.] 





CCCXXXII.—Stereochemical Influences on Aromatic 
Substitution. Substitution Derivatives of 5-Hydroxy- 
hydrindene. 

By Wit11am Hosson Mitts and Ivor Gray Nrxon. 


THE application of the tetrahedral theory of the distribution of the 
carbon valencies to the Kekulé formula for benzene would indicate 
that the external valencies of a benzene nucleus thus constituted are 
not directed as from the centre of the hexagon, as shown by the 
dotted lines in Fig. 1, but lie as indicated in the figure in directions 
inclined alternately to either side of these. 

This follows from the probable configuration of the valencies of 
the doubly bound carbon atom. If, in a doubly bound carbon 
atom, the angle « between the two single bonds is the same as that 
between the valencies of the carbon atom in methane (according té 
the tetrahedra! theory, 109-5°), then the angle 6 which the single 
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bonds make with the plane of the double bonds would be one half 
of 360—109-5°; that is, 125-25°. 

It is improbable that the true magnitudes of these angles can be 
deduced in this way because of the likelihood that the angle between 
two of the valencies of the carbon atom will be altered when the 
other two take part in a double bond. The inequality which is thus 
indicated between the angles « and § is, however, so considerable 
that it seems reasonable to assume that, although it is probably 
diminished, it is not removed by such adjustments between the 
valency angles. We accordingly assume provisionally that in the 


Fie. 1. 
F 














vs 
ve 





residue ‘C< the angles @ are appreciably greater than the angle «. 
This inequality being admitted, a further adjustment is involved 
when six of these residues are united to form a Kekulé benzene 
nucleus, since this union will require that the internal angle of each 
residue is reduced to 120°. This reduction of the internal angle 
must cause correlated increases in the external angles and if, as is 
likely, the two external angles are increased approximately pro- 
portionally, the difference between them will be rendered still 
greater by this adjustment. We therefore conclude that there is 
reason to suppose that in the benzene nucleus constituted in accord- 
ance with the Kekulé formula the angle «, which each of the external 
valencies makes with the intranuclear single bond on the one side of 
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it, is less than that 8 which it makes with the plane of the double 
bond on the other side. 

It seemed that the simplest way to test these conclusions experi- 
mentally would be through the examination of compounds in which 
the benzene ring is fused with appropriate five- and six-membered 
rings. If our hypothesis is correct, the stable form of a compound 
in which the benzene ring is fused with a five-atom ring must clearly 
be that in which the linking common to the two rings consists of a 
single bond. 





In hydrindene, for example, of the two forms Ia and Ib conditioned 
by the two possible arrangements of the bonds in the benzene ring, 
the one with the double bond common to the two rings (Ia) will be 
under the greater intramolecular strain, since in it two #-inter- 
valency angles are included in the five-ring and considerable dis- 
tortion of the natural valency directions (indicated by the dotted 
lines) will be required to approximate these angles to 108°, the 
intervalency angle of the symmetrical five-carbon-atom ring. In 
the form (Ib), on the other hand, with the single bond common to 
the two rings, two «-angles are brought into the five-ring, and since 
the «-angles do not differ so greatly from the intervalency angle of 
the five-carbon ring the molecule of this form will be more nearly 
strain-free. 

The form Ib should therefore be the more stable, and hydrindene 
in the liquid or dissolved state should consist of an equilibrium 
mixture in which this form preponderates. 

As far as we are aware, there is no method known at the present 
time by which the distribution of double bonds in hydrindene itself 
could be determined; there would appear, however, to be a simple 
means of investigating their arrangement in 5-hydroxyhydrindene. 

It is well recognised that the coupling of diazo-compounds with 
phenols is closely related to the condensation of these compounds 
with aliphatic enols, the reactions being apparently analogous and 
brought about by analogous mechanisms; and similarly, that the 
processes of bromination of phenols and of enolic compounds, which 
take place with such characteristic readiness, are likewise analogous 
phenomena. Diazo-compounds and bromine react with enolic 
compounds in such a way that the substituting group is introduced 
at the carbon atom which is linked to that bearing the hydroxyl by 
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the double bond. It is therefore to be inferred that in the ortho- 
substitution of phenols by a diazo-residue or by bromine, of the two 
ortho-carbon atoms, the substituent will likewise become attached 
to that which lies on the same side as the double bond. 

If, then, in 5-hydroxyhydrindene (IV) the double bonds are 
arranged as would be expected from the foregoing considerations 
(i.e., with a single bond common to the two rings), substitution by 
diazo-residues or by bromine should take place at the 6-position, as 
indicated by the arrow. 


* CH, ) CH, 
AN 
av HOG*\” Son, HO? NOB «y. 
ANG W/\ foie 
iG “4 


We have accordingly examined the action of diazotised p-toluidine, 
diazotised sulphanilic acid, and of bromine on 5-hydroxyhydrindene. 
In each case there is formed as the main product of the reaction a 
compound in which on investigation the substituent arylazo-group, 
or bromine atom, proved to have entered the 6-position. (The 
methods by which the orientation of the substituent groups was 
established are described below.) It would therefore appear that 
the more stable arrangement of the double bonds in 5-hydroxy- 
hydrindene is actually that which we had been led to expect from 
the foregoing considerations. 

The effect on the benzene nucleus of fusion with a six-ring is quite 
different. The analogue of 5-hydroxyhydrindene in which the 
alicyclic five-ring is replaced by a six-ring is ar-tetrahydro-6-naphthol 
(V), and a large number of derivatives of this substance have been 
described by Schroeter (Annalen, 1922, 426, 83). Schroeter found 
that it yielded, on bromination, 1-bromo-2-hydroxytetrahydro- 
naphthalene and, on coupling with diazotised aniline, 1-benzeneazo- 
2-hydroxytetrahydronaphthalene. Bromination of the correspond- 
ing acetamido-derivatives gives analogous results. Thus 2-acet- 
amidotetrahydronaphthalene yields mainly 1-bromo-2-acetamido- 
tetrahydronaphthalene (Clarence Smith, J., 1904, 85, 730), whereas 
5-acetamidohydrindene yields 6-bromo-5-acetamidohydrindene 
(Borsche and Bodenstein, Ber., 1926, 59, 1910). 


Br 
CH, Y CH, 
NHAc( ATA NHAc/ \/ ‘CH: 
(s+ } 
Bt? \A\2 A Pett 
CH, CH, 


It thus appears that 5-hydroxy (and 5-acetamido) -hydrindene 
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show a marked difference from ar-tetrahydro-$-naphthol (and 
acet-ar-tetrahydro-f-naphthalide) with respect to the position in the 
benzene ring entered by substituents. This difference must arise 
presumably either (i) from alterations of the reactivity of the 
hydrogen atoms on either side of the hydroxy] (or acetamido-) group 
consequent on polarity effects due to the replacement of the tri- 
methylene chain by a tetramethylene chain, or (ii) from differences 
between the stereochemical effects of the five- and six-membered 
hydroaromatic rings, or of course a combination of these influences, 
The trimethylene and tetramethylene groups are, however, so 
similar chemically that it is difficult to suppose that sufficient polar 
differences to produce the observed effect could arise from their 
interchange ; on the other hand, the differences in the stereochemical 
effects of the two types of alicyclic ring produced are evidently likely 
to be considerable. There is thus an a priori probability that the 
difference in behaviour shown by the two dicyclic systems is mainly 
due to the different stereochemical influences of the alicyclic rings. 

It is accordingly suggested that the position assumed by the 
substituent group in the coupling and bromination of these hydr- 
indene and tetralin derivatives is determined by the disposition of 
the system of alternate single and double bonds in the benzenoid 
ring; that in 5-hydroxyhydrindene the more stable modification 
is that in which a single bond, in 2-hydroxytetralin that in which a 
double bond, is common to the two rings; and it is further suggested 
that this difference in the disposition of the bonds is due to the 
difference in the position of minimum strain according as the tri- or 
the tetra-methylene chain is attached to the benzene nucleus. 

A point of evident importance in this connexion is the behaviour 
of as-o-xylenol (4-hydroxy-1 : 2-dimethylbenzene). Diepolder found 
(Ber., 1909, 42, 2918) that when this phenol is coupled with diazo- 
tised aniline the benzeneazo-residue enters mainly into the 5-position, 
the product containing 83°% of the 5-derivative (X) and 17% of the 
3-derivative. We have also examined, with the assistance of Mr. 
R. R. T. Young, the bromination of acet-as-o-xylidide (4-acetamido- 
1 : 2-dimethylbenzene) and find that in this compound also substitu- 
tion takes place in the 5-position. 
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It may hence be inferred that in a 1 : 2-dialkyl-4-phenol the more 
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stable arrangement of the intranuclear bonds is that represented in 
(XI). It would accordingly appear that the arrangement of the 
bond-system in 5-hydroxyhydrindene is the normal arrangement, 
whereas that in 2-hydroxytetralin is an abnormal arrangement 
brought about through the attachment to the benzene nucleus of the 
tetramethylene chain. 

When the 5-ring is fused with the benzene ring the relations seem 
clear; the chemical effect of the substituents and the stereochemical 
effect of the ring combine to bring the system of bonds into the 
position in which a single bond is common to the two rings. 

The effect of the six-ring presents greater difficulty. Here the 
chemical influence of the substituents and the stereochemical 
influence of the ring appear to be opposed, and the experimental 
evidence indicates that the latter is predominant, the stable arrange- 
ment of the bonds in 2-hydroxytetralin being that in which a double 
bond is common to the two rings. 

The tetrahedral theory might at first sight seem to indicate that 
both arrangements of the double bonds would give strainless systems, 
the approximate configurations of which are represented in perspect- 
ive by (XII) and (XIII). In (XIII), in which the bonds are arranged 
so that the dicyclic bond is single, the alicyclic ring has the con- 
figuration of the C-form of cyclohexane in the phase in which the 
methylene groups in the | : 4-position are at closest approximation. 
In (XII), where the dicyclic link is double, it has a configuration 
similar to that of the Z-form of cyclohexane. 


D F A 
(XII.) (XIII.) 


In examining the question more closely it is, however, to be 
remembered that (i) the carbon atoms of the benzene nucleus 
probably have a smaller diameter than those of the aliphatic chain, 
and that (ii) if we assume that the benzene nucleus is composed of 
six similar co-planar ‘CH: groups, the internal angle will be 120°, 
the « and 8 angles will therefore together amount to 240°, and any 
probable partition of this between them must make the « angle 
considerably greater than 109-5°. 

On the basis of X-ray measurements we may take 1-42 A.U. as the 
diameter of the carbon atoms of the benzene nucleus and 1-54 A.U. 
as that of those of the tetramethylene chain. We should then have, 
in the tridimensional hexagon ABCDEF (XII), AB = 1-42, BC = 
AF = 1-48, and CD = DE = EF = 1-54 ALU. 

There is at present no precise knowledge of the magnitude of the 
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intervalency angle 6 of the methylene group at C, D, E and F, but 
if we provisionally assume that the molecule in the configuration 
(XII) is strainless we can calculate the value of 8 corresponding with 
different values of 6. Thus, if 6 is taken as 109° 28’ and the sides of 
the figure have the lengths given above, @ will be 124° 2’. The 
corresponding value of « obtained by subtracting 6 from 240° is 
115° 58’. Assuming these values of « and 0, we can then get a 
measure of the strain in the form (XIII) by comparing the distance 
RS between the centres of two carbon atoms attached to two singly 
linked carbon atoms of the benzene nucleus (Fig. 2) with the distance 


Fria. 2. R B 
S S 


R’S’ between the centres of the terminal carbon atoms of the tetra- 
methylene chain in its unstrained cis-uniplanar arrangement. 
Calculated from the above data, RS is 2:57 and R’S’ is 2-72 A.U. 
Strain must therefore be set up when R and R’ and S and 8’ are made 
to coincide so as to form the alicyclic ring in the configuration (XIII) ; 
thus on the above values of the intervalency angles and atomic 
diameters the configuration (XIII) would be strained and (XII) 
would be strainless. 

In this manner the values of 6, RS and R’S’ corresponding with 
a series of arbitrarily assumed values of 0 can be calculated. In 
view of the different linkings of the two pairs of valencies of the 
carbon atom in the methylene group it is probable that 6 will be 
somewhat greater than the interaxial angle of the regular tetrahedron ; 
we may accordingly take it as lying between the limits 109-5° and 
115-3°, the latter value being that suggested by Ingold (J., 1921, 119, 
307). To see how the related dimensions vary over this range we 
have made the calculation for 6 = 109° 28’, 112°, and 115° and the 
results are given in the following table :-— 








6 (assumed). B. RS. R’S’. 
109° 28’ 124° 2’ 2-57 A. U. 2-72 A. U. 
112 123 46 2-69 2-73 


115 123 20 2-84 2-76 
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As 6 increases, RS and R’S’ increase also, but RS much more 
rapidly than R’S’, that so whilst at @ = 109° 28’ RS is 6% less than 
R’S’, at 6 = 115° RS has become 3-3% greater than R’S’. At 
§ = 112° 48’ RS and R’S’ are equal and both configurations would 
be strainless. decreases slowly as 0 increases; the values indicated 
for « and 8 are approximately 116° and 124° and are thus such as 
would be expected on the basis of the considerations we have put 
forward regarding the benzene intervalency angles. 

Provided, therefore, that the value of 6 is not too near to 112-8°, 
the tetralin molecule should be under less intra-annular strain in 
configuration (XXII) than in (XIII) and the former configuration 
should be the more stable. 

This enquiry into the relationship between the two forms thus 
indicates the possibility of their having different intra-annular strains, 
and to this extent it supports the view we have put forward to explain 
the effect of the attached six-ring on the benzene nucleus. At the 
same time it would seem to show that any difference in stability 
thus produced would be small, too small possibly to overcome what 
has been referred to above as the chemical effect of the substituents 
on the arrangement of the double bonds, which from the behaviour 
of o-xylenol would appear to favour the form (XIII). It may 
therefore be that the data employed for the atomic diameters may 
differ appreciably from the values applicable to the present case ; 
it is possible, moreover, that the interaction of the hydrogen atoms 
may also have an appreciable effect on the relative stability of the 
two configurations, and if so, this would presumably favour the 
alicyclic ring in (XII) in comparison with that in (XIII), which, as 
has been remarked, corresponds with an extreme phase of the 
C-form of cyclohexane. 

The inequality of the « and 8 angles of the doubly linked carbon 
atom indicated by the foregoing consideration seems to be confirmed 
by the observations of Kon and Speight (J., 1926, 2728) on certain 
cyclic derivatives of malonic ester. The cyclohexenyl derivative 
(XIV) was found to be stable in the Py-unsaturated form, whilst 
the corresponding cyclopentenyl derivative was stable in the 
afs-unsaturated form (XV). 


~ Am .. CHy CH cecyc 
CHa oH CHO CH(CO,Et), (HCH, Oo CO2EY2 
(XIV.) (XV.) 


The larger B-angles would clearly fit more easily into the six- than 
into the five-ring. Dieckmann’s observations (Ber., 1922, 55, 2473) 
that cyclopentanonecarboxylic ester (X VI) contains only 4-5% of the 








2518 MILLS AND NIXON: 


enolic form whilst cyclohexanonecarboxylic ester (XVII) contains 
76°% of enol may be similarly interpreted. 


»CH, H,-CH, 
(XVI.) CO CH, >C-OH (XVII) 
»CH-CO,Et CH,C-CO,Et 


However, in certain similar cases the relationships are not so clear ; 
the stereochemical effects of the double bonds may apparently be 
obscured by other influences; thus Linstead observed (J., 1929, 
2143) that the «$-unsaturated cyclohexylideneacetonitrile was, if 
anything, more stable than its cyclopentylidene analogue. 

The orientation of the substitution derivatives of 5-hydroxy- 
hydrindene was carried out in the following manner. To determine 
the point of entry of the arylazo-group, 5-hydroxyhydrindene was 
coupled with diazotised p-toluidine and, as had already been done 
by Borsche and John (Ber., 1924, 57, 656), with diazotised sulphanilic 
acid, and the resulting azo-compounds (X XII) were reduced, giving 
an aminohydroxyhydrindene (X XI), also obtained by Borsche and 
John, though regarded by them (loc. cit., p. 657) as being probably 
a 4-amino-compound on the ground that the ring homologue of 
5-hydroxyhydrindene, 6-hydroxytetralin, coupled, according to 
Schroeter, in the «-position. 

We converted this aminohydroxy-compound (X XI) by diazotis- 
ation into the corresponding dihydroxy-compound and, for com- 
parison, prepared 5 : 6-dihydroxyhydrindene from the dimethoxy- 
hydrindone synthesised by Perkin and Robinson (J., 1907, 91, 1079) 
from 3 : 4-dimethoxyphenylpropionic acid and proved by them to 
have the constitution (XVIII), since they showed that it gave 
m-hemipinic acid (XIX) on oxidation. 
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We reduced this dimethoxyhydrindone to the corresponding 
5 : 6-dimethoxyhydrindene and eliminated the methyl groups by 
hydrolysis and thus obtained 5 : 6-dihydroxyhydrindene (KX) as a 
IT.) reference substance of established constitution. 

On comparison of this dihydroxyhydrindene with that obtained from 
the arylazo-5-hydroxyhydrindenes we found the two substances to 
ear; be identical. Hence the aminohydroxyhydrindene of Borsche and 
r be John is the 5: 6-derivative (X XI) and therefore in the coupling of 
929, 5-hydroxyhydrindene with diazo-compounds the arylazo-residue 
s, if enters the 6-position. 

The coupling does not take place, however, exclusively in this 





































xy- position. It was observed in the interaction with diazotised 

send p-toluidine that, along with the 6-p-tolueneazo-5-hydroxyhydrind- 

wae ene, a small quantity of an isomeric compound, presumably the 

lone 4-tolueneazo-derivative, was produced. 

ailic In order to obtain information as to the actual proportion of the 

Ing 6-derivative formed, we examined the coupling with diazotised ” 
and p-chloroaniline, since with this diazo-compound coupling proceeds 


bly exceptionally cleanly and without the formation of tarry by- 
> of products. It was found that the proportion of the 6-p-chloro- 


to benzeneazo-derivative was 90% of the total azo-dye produced. 

’ To determine the position entered by bromine, 5-hydroxy- 
tis- hydrindene was brominated in acetic acid solution. The reaction 
m- proceeded smoothly and a monobromo-derivative was readily 
ixy- obtained. That the bromine had entered the 6-position was estab- 


79) lished by showing the identity of the product with the 6-bromo- 
| to 5-hydroxyhydrindene (X XIII) formed by replacement of the amino- 
ave group in 6-amino-5-hydroxyhydrindene (XXII) by bromine through 
the diazo-reaction. 

The position of the bromine in the product of monobromination 
of 4-acetamido-o-xylene was determined by converting the bromo- 
acetamido-compound (XXV) into the corresponding dibromo- 
o-xylene. This melted at 88° and was therefore 4 : 5-dibromo- 
o-xylene (XXVI) (Jacobsen, Ber., 1884, 17, 2377); the isomeric 
5: 6-dibromo-compound melts at 8°. 


’ NHA e NHA e Br e 
A, Ol ; © ; 2@: 


(XXIV.) (XXV.) (XXVI.) 


EXPERIMENTAL. 
Preparation of 5-Hydroxyhydrindene.—This substance was first 


prepared by Moschner (Ber., 1900, 33, 737) by fusion of sodium 
hydrindenesulphonate with potash, and was afterwards obtained 
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by Borsche and John (Ber., 1924, 57, 656) by the action of nitrous 
acid on 5-aminohydrindene. We obtained the substance by reduc- 
ing 5-hydroxyhydrindone, which we prepared by a method, due to 
Auwers and Hilliger (Ber., 1916, 49, 2410), dependent on the trans- 
formation of phenyl «-bromopropionate under the influence of 
aluminium chloride. 


gel —— 
«XS oH, OW CHM 


O 


We proceeded as follows: propionic acid (55 g.) was mixed with 
the equivalent weight of thionyl chloride and kept at room tem- 
perature till no more hydrogen chloride was evolved; the reaction 
was strongly endothermic. The crude propionyl chloride obtained 
was heated on a boiling water-bath and bromine (120 g.) was added 
in quantities of about 10 c.c.; bromination then proceeded smoothly 
(it is strongly catalysed by sunlight). 

The product of the reaction was a mixture of «-bromopropionyl 
chloride and «-bromopropionyl bromide and boiled at 140—155°. 
After distillation its composition was determined by decomposing 
a weighed sample with N-sodium hydroxide solution and back- 
titration. The mixed chloride and bromide were then heated 
with the calculated quantity of phenol (l1—2% excess) for 4 hours 
at 140° and the resultant phenyl ester was distilled and then treated 
with aluminium chloride in the manner described by Auwers and 
Hilliger, 50 g. of ester being used for each experiment. The yield 
obtained of 5-hydroxyhydrindone (m. p. 183°) was 16% of the 
theoretical. The hydroxyhydrindone was reduced to hydroxy- 
hydrindene by Clemmensen’s method. Amalgamated zinc (170 g.) 
was covered with dilute hydrochloric acid (1 vol. of conc. acid 
to 2 vols. of water), the hydroxyhydrindone (17 g.) added, and the 
mixture warmed to start the reaction. After the vigorous reaction 
had subsided, the mixture was heated for 1 hour with occasional 
addition of the dilute hydrochloric acid and then for 2 hours with 
similar addition of concentrated hydrochloric acid. The mixture 
was then steam-distilled, the distillate was extracted with ether, and 
the residue left on evaporation of this ether was crystallised from 
light petroleum (b. p. 40—60°). Yield, 13-8 g. (90% of the 
theoretical); m. p. 56°. 

6 - p - Tolueneazo - 5 - hydroxyhydrindene.— 5 - Hydroxyhydrindene 
(6-7 g.), dissolved in ice-cold alkaline solution, was coupled in the 
usual way with diazotised p-toluidine (5-35 g.). The product was 
collected after standing over-night and was separated into two 
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fractions by crystallisation from alcohol. The less soluble fraction 
(8-3 g.), m. p. 132-5°, consisted of 6-p-tolweneazo-5-hydroxyhydrindene 
(Found: C, 76-5; H, 6-4. C,,H,,ON, requires C, 76-2; H, 6-4%). 
The more soluble fraction, crystallised from light petroleum (b. p. 
60—80°), gave a red substance (0-9 g.), m. p. 99—101°, which was 
probably a mixture of the 6-p-tolueneazo- with the 4-p-tolueneazo- 
derivative in the proportion approximating to the eutectic, as it had 
the composition of a pure tolueneazohydroxyhydrindene (Found : 
0, 76-1; H, 6-5; N, 11-2. Cale.: C, 76-2; H, 64; N, 11-1%) and 
its m. p. was raised, not depressed, by addition of a small quantity 
of the 6-p-tolueneazo-derivative. 

6-p-Chlorobenzeneazo-5-hydroxyhydrindene.—p-Chloroaniline (1 g.) 
was diazotised and the diazo-solution, after having been carefully 
neutralised with sodium carbonate, was added to an ice-cold alkaline 
solution of 5-hydroxyhydrindene (1 g.). The orange-yellow product 
was collected after a few minutes and when dried had nearly the 
theoretical weight. By crystallisation of 1-7 g. of this product from 
alcohol it was separated into two fractions: A, 1-36 g.,m. p. 155— 
156° (Found: Cl, 12-84), and B, 0-28 g., m. p. 109—110° (Found : 
Cl, 12-83. C,;H,,ON,Cl requires Cl, 130%). A was evidently 
6-p-chlorobenzeneazo-5-hydroxyhydrindene and B appeared to be a 
mixture of A with the isomeric 4-derivative. From solubility 
experiments it was estimated that this mixture contained about 40% 
of A. Thus the coupled product contained 90% of the 6-derivative, 
the remaining 10° being presumably the 4-derivative. 

6 - Amino -5- hydroxyhydrindene.—6 - p - Tolueneazo - 5 - hydroxy - 
hydrindene was dissolved in boiling alcohol (50 c.c.) and reduced by 
the gradual addition of a solution of stannous chloride prepared 
from crystallised stannous chloride (168 g.), concentrated hydro- 
chloric acid (160 c.c.), and alcohol (200 c.c.), about 54 c.c. of this 
solution being required. When reduction was complete the mixture 
was diluted with water, the tin removed with hydrogen sulphide, 
the filtrate concentrated and made alkaline, and the p-toluidine 
removed by a current of steam. The aminohydroxyhydrindene 
was then precipitated by the cautious addition of acetic acid, 
extracted with ether, and crystallised from benzene. It melted at 
185—186°. The compound is also conveniently prepared by the 
reduction of benzeneazohydroxyhydrindenesulphonic acid by 
sodium hydrosulphite as described by Borsche and John. 

5 : 6-Dihydroxyhydrindene.—(a) From 5: 6-dimethoxy-1-hydrind- 
one. 3:4-Dimethoxyphenylpropionic acid was prepared, with 
slight modifications, by the method described by Perkin and 
Robinson (J., 1907, 91, 1079). Veratraldehyde (50 g.) was added 
to a mixture of sodium wire (10 g.) and ice-cold ethyl acetate (100 g.), 
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the temperature being maintained between 30° and 40° after the 
commencement of the reaction. When the reaction had subsided, 
the mixture was kept over-night, and the ester then hydrolysed by 
the addition of a solution of potassium hydroxide (45 g.) in methyl 
alcohol. After the completion of the reaction water was added, the 
mixture steam-distilled to remove alcohol and the excess of veratr- 
aldehyde, and the 3 : 4-dimethoxycinnamic acid precipitated with 
hydrochloric acid. The dimethoxycinnamic acid was dissolved in a 
slight excess of dilute aqueous ammonia, and the cold solution of 
ammonium salt reduced by 3°, sodium amalgam, acetic acid being 
added from time to time to neutralise the liberated ammonia. The 
acid was purified by crystallisation from benzene; it melted at 97° 
and the yield was 46 g. It was converted into 5 : 6-dimethoxy- 
1-hydrindone exactly as described by Perkin and Robinson. 

5 : 6-Dimethoxyhydrindene was obtained by reducing the hydrind- 
one by Clemmensen’s method, the conditions employed being the 
same as those described above for the reduction of 5-hydroxy- 
I-hydrindone. The crude 5: 6-dimethoxyhydrindene melted at 
54°, and after purification by crystallisation from dilute alcohol at 
55°. Yield, 3-7 g. from 5 g. of hydrindone (Found : C, 74-4; H, 8-0. 
C,,H,,0, requires C, 74:1; H, 79%). The substance gives a pale 
yellow solution in sulphuric acid which passes into a fine blue on 
warming. 

The methoxy-derivative (2 g.) was heated with hydriodic acid 
(d 1-7) (25 g.) in a current of carbon dioxide for } hour after all 
the oil had gone into solution (about 14 hours altogether). The 
contents of the flask, which solidified on cooling, were diluted 
with water and extracted with ether, the extracts being sub- 
sequently washed with sodium bicarbonate solution to remove 
hydriodic acid and iodine. The dihydroxyhydrindene, recrystal- 
lised from hot water, was obtained as colourless platelets, m. p. 116°. 
It can also be crystallised from light petroleum (b. p. 60—80°). It 
dissolves in concentrated sulphuric acid, giving a pale yellow solution 
which passes into a fine blue with a reddish fluorescence on warming 
(Found : C, 71-8; H, 6-7. C,H,)0, requires C, 71-9; H, 6-7%). 

(b) From 6-amino-5-hydroxyhydrindene. The aminohydroxy- 
compound (3 g.) was dissolved in a solution of sulphuric acid (4 g.) 
and copper sulphate crystals (0-69 g.) in water (20 c.c.) and diazo- 
tised at 0—5°. After 4 hour, the slight excess of nitrous acid was 
destroyed by the addition of urea. The diazo-solution was then 
added to a boiling solution of copper sulphate crystals (50 g.) in 
water (50 c.c.), and boiling continued for a short time until decom- 
position was complete. The cold solution was extracted with ether, 
and the tarry product left on removal of the ether extracted with 
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boiling water (150 c.c.), which was again extracted with ether. The 
residue from the ether, crystallised from light petroleum, gave pure 
5 : 6-dihydroxyhydrindene in platelets, m. p. 116° (yield, 0-6 g.). A 
comparison of the compound thus obtained with that from 
dimethoxyphenylpropionic acid left no doubt as to their identity. 
The melting points were identical and the mixed m. p. showed no 
depression (116°). The colour reactions with sulphuric acid were 
indistinguishable. Moreover, their crystallographic properties, for 
the determination of which we are indebted to Mr. E. C. Bullard of 
Clare College, were found to agree. Examination in polarised light 
under the microscope showed both to belong to the oblique system 
with the plane of symmetry perpendicular to the plates and parallel 
to the cleavage. The optic axial plane was in the plane of symmetry, 
the normal to the plates lying between the obtuse bisectrix 
and the one visible optic axis. The angle between the normal and 
this optic axis was measured for both specimens, the values found 
being 16-5° for that from dimethoxyhydrindone and 19-5° for that 
from the aminohydroxyhydrindene, which were equal within the 
limits of experimental error. 

The second optic axis was totally internally reflected, the optic 
axial angle, estimated from the curvature of the visible brush, being 
of the order of 45° for both specimens. The refractive indices for 
light travelling perpendicular to the section were measured by the 
Beckse line method. That for vibrations perpendicular to the plane 
of symmetry was 1-62, and for vibrations in the plane of symmetry 
1-64, for both specimens. Both specimens were optically positive. 

6-Bromo-5-hydroxyhydrindene.—(a) From  5-hydroxyhydrindene. 
A solution of 5-hydroxyhydrindene (4 g.) in acetic acid (50 c.c.) was 
treated with bromine (4-8 g.) dissolved in twice its volume of acetic 
acid, the mixture being cooled with ice-water. Water was then 
added, the product extracted with ether, and the ethereal solution 
washed with sodium bicarbonate solution to remove acetic acid. 
The oil left on evaporation of the ether distilled at 143°/14 mm. and 
crystallised on cooling (yield, 6-4 g.). The crystals were freed from 
a little adherent oil by pressure between filter-paper and recrystal- 
lised from 50% acetic acid cooled in a freezing mixture. The com- 
pound has a characteristic odour and melts at 37-7° (Found: Br, 
37:1. C,H,OBr requires Br, 37-5%). 

(b) From 6-amino-5-hydroxyhydrindene. Aminohydroxyhydrind- 
ene (1 g.), dissolved in a mixture of 4-6 g. of hydrobromic acid 
(d 1-7) and water (12 c.c.), was diazotised with a solution of sodium 
nitrite (0-46 g.) in water (5 c.c.). The diazo-solution was poured 
into a solution of cuprous bromide, prepared from copper sulphate 
crystals (8 g.), in a mixture of 8-8 c.c. of hydrobromic acid (d 1-7) 
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with an equal volume of water kept at 90—100°. The resulting 
mixture was distilled with steam, and the product extracted with 
ether from the distillate. It was distilled at 0-5 mm. pressure from 
a bath at 100°. The distillate, after purification in the same way as 
the product obtained by bromination of 5-hydroxyhydrindene, proved 
to be identical with that product. Both substances melted at 37-7° 
and the mixture melted at the same temperature. The one substance 
when fused crystallised on addition of a nucleus of the other. 

5-Bromo-4-acetamido-o-xylene.—4-Nitro-o-xylene, prepared from 
o-xylene by the method of Crossley and Renouf (J., 1909, 95, 202), 
was reduced with tin and hydrochloric acid to the corresponding 
o-xylidine and the latter was acetylated with acetic anhydride in the 
usual manner. 

Acetamido-o-xylene (7-7 g.) was dissolved in the smallest possible 
amount of glacial acetic acid, and bromine (8 g.), dissolved in glacial 
acetic acid (45 c.c.), was added gradually at 0°. A yellow precipitate 
was formed which dissolved on addition of a small quantity of dilute 
acetic acid and was reprecipitated by addition of water. Yield, 
10-1 g. After crystallisation from dilute acetic acid and then from 
water, the product melted at 164° (Found : Br, 33-2. CygH,,ONBr 
requires Br, 33-05%). 

5-Bromo-4-amino-o-xylene.—Bromoacetamido-o-xylene (6:8 g.) 
was hydrolysed by boiling it gently with a mixture of concentrated 
sulphuric acid (100 c.c.) and water (100 c.c.). The resulting bromo- 
o-xylidine (4-1 g.) melted, after recrystallisationfrom light petroleum, 
at 84°5° (Found: Br, 40-2. C,H, )NBr requires Br, 40-0%). 

4 : 5-Dibromo-o-xylene.—Bromoamino-o-xylene (1 g.) was dis- 
solved in dilute hydrobromic acid (8 c.c. of acid, d 1-7, and 35 c.c. of 
water) and diazotised with a 10% solution of sodium nitrite. This 
diazo-solution was added gradually to a solution of cuprous bromide 
(8-5 g.) in hydrobromic acid (27 c.c. of acid, d 1-49, and 9 c.c. of 
water) kept at 90°. The product was isolated by distillation with 
steam and extraction with ether. Yield, 1-1 g. After recrystal- 
lisation from alcohol it melted at 88° (Found: Br, 60-7. Calc.: 
Br, 60-6%). 


We are indebted to Mr. A. R. Morcom for assistance in the 
determination of the orientation of 6-bromo-5-hydroxyhydrindene 
and to Mr. R. R. T. Young for the preparation and investigation of the 
bromoacetamido-o-xylene. Our thanks are due to the Department 
of Scientific and Industrial Research for a maintenance grant to one 
of us (I. G. N.) which enabled him to take part in this work. 


Untversiry CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, October 9th, 1930.] 
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CCOCX X XTII.—Syntheses with Bp’-Dichlorodiethyl Ether. 
Part I. Derivatives of Tetrahydropyran. 


By Cuarues StantEy Gipson and Joun Dosnzy ANDREW 
JOHNSON. 


THE present series of investigations has for its object the production 
from the readily available 68’-dichlorodiethyl ether of various types 
of heterocyclic compounds containing an oxygen atom and another 
atom other than carbon as members of the ring system. It was 
first necessary to supplement previous work so as to obtain inform- 
ation regarding the reactivity of this compound and its suitability 
for the object in view. 

88’-Di-iododiethyl ether, hitherto only obtained in an impure state 
by Sand (Ber., 1901, 34, 1385, 2908), has now been prepared by the 
action of excess of sodium iodide in acetone solution on 68’-dichloro- 
diethyl ether. If superheating be avoided, it can be distilled under 
diminished pressure without decomposition (contrast Sand, loc. cit.), 
and the compound has the stability of ordinary alkyl iodides. 

Ethyl tetrahydropyran-4 : 4-dicarboxylate (I) has been prepared 
by von Braun and Kéhler (Ber., 1917, 50, 1657) from the di-iodo- 
ether and ethyl malonate and by Kamm and Waldo (J. Amer, Chem. 
Soc., 1921, 43, 2223), who used the dichloro-ether. We also used 
the dichloro-ether for the preparation of the ester (I), and converted 
this into tetrahydropyran-4-carboxylic acid (also prepared by von 
Braun and Kéhler), from which the chloride, amide, anilide and the 
methyl and ethyl esters were readily obtained by standard reactions. 

CH,°CH,Cl rawr es ct, CH,°C CO,Et 
O< GE CHI O<CH;: CHT>C<Co! Et 
88’-Dichlorodiethyl ether condensed fairly readily with ethyl 
sodiocyanoacetate, yielding the expected ethyl 4-cyanotetrahydro- 
pyran-4-carboxylate (II); this on gentle hydrolysis in the cold was 
converted into the corresponding acid (III), vigorous hydrolysis 
yielding the dicarboxylic acid (IV). 


CH, CH _eentlo 0) -CHy CH, 4 -ON 
O<cH;-C ™>C<60, Be — O<¢H;-CH, > “<00,H 
idioik (II.) > (III.) 

NN sy 
CHy CH COM 
CH OCH CH >CK CO. ‘NH, °<cH;-CH,>“<cosH 


(VI.) rv.) Y 


CH. CN 
(V.) O< oH H 


—00, 
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The decarboxylation of 4-cyanotetrahydropyran-4-carboxylic 
acid took place smoothly and readily, the nitrile of tetrahydropyran- 
4-carboxylic acid (V) being produced. The cyano-ester (II) readily 
furnished the corresponding cyano-carboxyamide (V1) on treatment 
with a concentrated solution of ammonia. 

Ethyl sodioacetoacetate condensed only to a slight extent with 
the dichloro-ether, but readily with the di-iodo-ether. The boiling 
points of the condensation product and of the di-iodo-ether are 
so close that complete separation from small quantities of un- 
changed material could not be effected. The nature of the con- 
densation product was, however, clear, since, on hydrolysis, tetra- 
hydropyran-4-carboxylic acid, acetic acid, and a trace of a ketonic 
substance were produced. 

The high solubility in water of these tetrahydropyran derivatives 
is a characteristic property. 

The following preparations were unsuccessfully attempted: (a) 
Pyrazolone derivatives from the condensation product of ethyl 
acetoacetate and the di-iodo-ether. (6) The arsenical compound 
(VII); this was unsuccessful because the dichloro-ether did not 
react with sodium arsenite. (c) The arsenical compound (VJII) 
by means of the Grignard reaction ; this failed because the dichloro- 
ether showed no tendency to form a magnesium compound and the 
di-iodo-compound did not yield an isolable product. 


H,-CH 0 CH,-CH 
om OH CH “*<one X<ocnicHAsPh (vit) 


The use of $§’-dichlorodiethyl ether and of the corresponding 
di-iodo-compound for the preparation of heterocyclic compounds 
in which oxygen and a congener of oxygen are the heterocyclic 
atoms has, however, been successful. A description of 1 : 4-selen- 
oxan and some of its derivatives will shortly be submitted for 
publication. 

EXPERIMENTAL. 


The £§’-dichlorodiethyl ether used in these experiments was 
distilled first under atmospheric and then under reduced pressure 
(b. p. 66°/12 mm., 70°/15 mm., and 176°/744 mm.; m. p. — 24-5°). 

For the successful preparation of 88’-di-iododiethyl ether a large 
excess of sodium iodide is necessary. A mixture of 68’-dichloro- 
diethyl ether (28-6 g.; 1 mol.), sodium iodide (120 g.; 4 mols.), 
and acetone (500 c.c.) was boiled for three periods of 8 hours, being 
kept over-night. between the periods. Sodium chloride was 
separated by filtration whenever the quantity was so large as to 
cause excessive bumping. The acetone was distilled off, water 
added to the residue, and the oil which separated extracted with 
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ether. The extract was washed with water, dried with calcium 
chloride, and evaporated, and the residue distilled under diminished 
pressure, an oil-bath being used to minimise the tendency to super- 
heating which caused decomposition of the substance. The first 
few drops of the di-iodo-compound to distil (after a small quantity 
of unchanged dichloro-compound had passed over), which were 
always contaminated with a little free iodine, were rejected. The 
di-iodo-compound (52 g.) was obtained as a colourless heavy liquid, 
b. p. 123-5—124°/10 mm., having an odour typical of alkyl iodides 
(Found: I, 78-6. C,H,OI, requires I, 77-:9%). It darkened 
slowly on keeping. 

Tetrahydropyran-4-carboxylic Acid.—Ethyl _tetrahydropyran- 
4: 4-dicarboxylate (compare von Braun and K@hler, loc. cit.; Kamm 
and Waldo, loc. cit.) was readily prepared by boiling a mixture of 
88’-dichlorodiethyl ether (107-2 g.), ethyl malonate (240 g.), and 
sodium (34-5 g.) in alcohol (500 c.c.) for 5 hours, keeping the product 
for 12 hours, and working it up in the usual manner; yield, 70 g. 
of refractionated material, b. p. 134—135°/12 mm. The use of 
the di-iodo-ether for this reaction, while possibly resulting in a 
better yield, produces a substance contaminated with unchanged 
di-iodo-ether (compare von Braun and Kéhler, loc. cit.) (Found : 
C, 57-4; H, 7-8. Cale.: C, 57-4; H, 78%). The ester (75 g.) 
was boiled with a solution of potassium hydroxide (55 g.) in alcohol 
(980 c.c.) for 2 hours, a little water added, the alcohol boiled off, 
and more water added; the solution was then acidified with dilute 
sulphuric acid, and extracted nine times with ether, since the acid 
is not very soluble in ether and is appreciably soluble in water. 
The acid (81% yield) solidified immediately after evaporation of 
the ether and was contaminated with only a little oil. On being 
heated at ordinary pressure at 175—185°, it lost carbon dioxide 
and gave tetrahydropyran-4-carboxylic acid (945% yield), which 
distilled completely at 146—147°/15 mm. and solidified immediately 
on cooling. 

The chloride (21 g.) of tetrahydropyran-4-carboxylic acid, prepared 
by heating a mixture of the acid (20 g.) and thionyl chloride (30 c.c.) 
on a water-bath for 30 minutes, followed by distillation under 
reduced pressure, was a colourless liquid, b. p. 85—86°/16 mm., 
which did not solidify at — 15° (Found: Cl, 24-35. C,H,O0,Cl 
requires Cl, 23-99%). Methyl tetrahydropyran-4-carboxylate (7-4 g.), 
prepared from the chloride (12-7 g.) and methyl alcohol (a very 
vigorous reaction taking place on mixing), was a colourless liquid, 
b. p. 80-5—81°/16 mm., having a pleasant odour (Found: C, 58-5; 
H, 8-5. C©,H,,0, requires C, 58:3; H, 83%). The ethyl ester, 
prepared in an analogous manner, had similar properties; b. p. 
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82-5°/12 mm. (Found: C, 60-7; H, 8-8. C,H,,0, requires C, 60-8; 
H, 88%). 

Tetrahydropyran-4-carboxyamide, which is very soluble in water 
and hot alcohol, was prepared by mixing the acid chloride (4-2 g.) 
and ammonia solution (d, 0-880; 10 c.c.), a vigorous reaction taking 
place. The colourless solid precipitated on cooling was filtered off, 
warmed with a little concentrated ammonia solution to remove 
ammonium chloride, and recrystallised from the minimum quantity 
of alcohol, giving colourless plates, m. p. 179° (Found: N, 10-7. 
C,H,,0,N requires N, 10-9%). The same substance was obtained 
by shaking the above methyl ester (7 g.) and ammonia solution 
(d, 0-880; 20 c.c.) for 5 hours, evaporating the homogeneous liquid 
to small bulk, and recrystallising from alcohol the solid which 
separated. The ethyl ester did not yield the amide when treated 
in an analogous manner. 

The anilide of tetrahydropyran-4-carboxylic acid, prepared from 
the acid chloride (3-8 g.) in dry ether (50 c.c.) and aniline (5 g.), 
was recrystallised from aqueous alcohol and obtained in small 
colourless plates, almost insoluble in ether; m. p. 163° (Found: 
N, 6-8. C,,H,,0,N requires N, 6-8%). 

Ethyl 4-Cyanotetrahydropyran-4-carboxylate (I1).—88’-Dichloro- 
diethyl ether (97 g.) was added to an alcoholic solution of ethyl 
sodiocyanoacetate, prepared from sodium (31-5 g.), alcohol (446 c.c.), 
and ethyl cyanoacetate (155 g.), and the mixture was heated on the 
water-bath for 3 hours and then kept for 12 hours. Water was 
added, the precipitated oil extracted with ether, and the extract 
washed with sodium carbonate solution to remove colouring matter, 
then with water, dried with calcium chloride, and evaporated. The 
residue was fractionated under reduced pressure; all material 
distilling below 100°/16 mm. was neglected, and that boiling between 
105° and 132°/16 mm. was collected and refractionated, a yield of 
43 g. (33%) of the cyano-ester, b. p. 122—125°/16 mm. (mainly at 
125°/16 mm.), being obtained (Found: N, 8-0. C,H,,0,N requires 
N, 76%). 

4-Cyanotetrahydropyran-4-carboxylic Acid (II1).—The preceding 
ester (32 g.; 1 mol.) was mixed with a cold solution of potassium 
hydroxide (10-8 g.; 1-1 mols.) in aqueous methyl alcohol (9 c.c. of 
water; 192 c.c. of methyl alcohol) and kept for 15 hours. Carbon 
dioxide was passed through the clear solution, which was then 
concentrated on the water-bath. When solid matter began to 
separate, water was added until a clear solution was obtained, and 
the cold liquid was acidified. The precipitated acid was filtered off, 
and the filtrate extracted three times with ether. The ethereal 
solution, washed with water, dried’ with calcium chloride, and 
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evaporated, yielded a further quantity of the acid. The acid was 
recrystallised from the minimum quantity of water (decolorising 
charcoal) and 16-4 g. were obtained in stout colourless prisms, 
m. p. 160—162° (Found: N, 9-3. C,H,0,N requires N, 9-0%). 
The acid is highly soluble in hot water and appreciably soluble in 
cold. 

On hydrolysis of ethyl 4-cyanotetrahydropyran-4-carboxylate 
(4:1 g.; 1 mol.) with aqueous-alcoholic potassium hydroxide (50% 
KOH, 3 mols., 7-5 g.; alcohol, 30 c.c.) by boiling for 4 hours and 
working up the product as described for tetrahydropyran-é4 : 4-di- 
carboxylic acid, an acid identical with the latter was obtained. 

4-Cyanotetrahydropyran-4-carboxyamide was obtained by shaking 
the ethyl ester (7-1 g.) with ammonia solution (d, 0-880; 20 c.c.) 
for 14 hours, a homogeneous solution resulting. A little water was 
added, and the solution concentrated on the water-bath. The 
amide readily separated on cooling and was recrystallised from the 
minimum quantity of alcohol, being obtained in colourless rhomb- 
shaped plates, m. p. 158° after slight softening. It is somewhat 
sparingly soluble in cold water (Found: N, 18-1. C,H,)0,N; 
requires N, 18-2%). 

4-Cyanotetrahydropyran  (V).—4-Cyanotetrahydropyran-4-carb- 
oxylic acid (16-4 g.) was heated under reflux in an oil-bath at 
180—200° until the evolution of carbon dioxide (1 hour) had ceased : 
the product was allowed to cool slowly in the oil-bath. On distil- 
lation under diminished pressure a colourless liquid passed over at 
82—83°/10 mm. and a colourless crystalline residue remained. 
The latter was again heated at 200—210° for 30 minutes, and the 
product distilled under reduced pressure, a further 1-1 g. passing 
over at 82—83°/10 mm. The combined distillates (66% yield) 
were redistilled and had b. p. 82—83°/10 mm. (Found: N, 12-6. 
C,H,ON requires N, 126%). The nitrile is a colourless liquid 
which does not solidify at — 15° and is very soluble in water. 

An attempt to reduce the nitrile to the corresponding amine by 
means of sodium in amy] alcohol was unsuccessful, although a very 
small quantity of a basic substance was obtained. 

Condensation of 88'-Dichloro(Di-iodo)diethyl Ether with Ethyl 
Sodioacetoacetate—The dichloro-ether when condensed under the 
conditions used for the di-iodo-ether gave only a small quantity of 
high-boiling material. 

A mixture of @8’-di-iododiethyl ether (97-8 g.; 1 mol.) and an 
alcoholic solution of ethyl sodioacetoacetate prepared from sodium 
(15-2 g.; 2-2 atoms), alcohol (300 c.c.), and ethyl acetoacetate 
(85-8 g.; 2-2 mols.) was boiled under reflux for 3 hours, kept for 
16 “we and again boiled for 7 hours. After cooling, water was 

Q 
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added, the liquid extracted with ether, and the extract washed with 
water, dried with calcium chloride, and evaporated. The residue 
was distilled under diminished pressure. A small quantity of 
liquid distilled below 126°/11 mm. The fraction boiling between 
126° and 130°/11—9 mm. was collected ; the residue had no constant 
boiling point. The fraction collected contained a trace of halogen; 
on redistillation, 31-9 g. of a colourless liquid having a pleasant 
odour and still containing a trace of halogen were obtained, b. p. 
122-5—123-5°/9 mm. The boiling point and the products of 
hydrolysis showed conclusively that it mainly consisted of the normal 
cyclic condensation product. 

The ester just described (38-4 g.; 1 mol.) was boiled for 2} hours 
with alcoholic potassium hydroxide (43 g. KOH, 4 mols.; 530 c.c. 
alcohol); after cooling, water was added and the liquid extracted 
twice with ether. The extract, worked up in the usual way, gave 
only a small quantity of a colourless liquid, b. p. 140—200°. This 
gave a semicarbazone, but the quantity obtained was too small for 
analysis. The aqueous liquid remaining after the ether extraction 
was concentrated, filtered, acidified with dilute sulphuric acid, and 
extracted three times with ether. The extract, washed with water 
and dried with calcium chloride, gave tetrahydropyran-4-carboxylic 
acid (identified by direct comparison) and acetic acid. 

No results were obtained in attempts to carry out the Friedel- 
Crafts reaction on the dichloro-ether and benzene, and to prepare 
88’-dicyanodiethyl ether by boiling the dichloro-ether with an 
aqueous-alcoholic solution of potassium cyanide. 

Attempt to condense 88'-Dichlorodiethyl Ether with Sodium Arsenite. 
—A mixture of the dichloro-ether (28-6 g.; 1 mol.), sodium hydroxide 
solution (10N, 132 c.c.; 6-6 mols.), and arsenious oxide (43-6 g.; 
1-1 mols.) was boiled gently and stirred (mercury seal) under reflux. 
At the end of 8 hours, | c.c. of the aqueous solution was diluted toa 
known volume, and an aliquot portion titrated with standard iodine 
solution : there was no change in the arsenite content of the liquid. 


We are greatly indebted to Imperial Chemical Industries Limited, 
British Dyestuffs Corporation, Dalton Works, Huddersfield, for the 
considerable quantity of 68’-dichlorodiethyl ether which is being 
used in these investigations. 


Guy’s Hospirat Mepicat ScuHoot (University or Lonpon), 
Lonpon, S.E. 1. [ Received, October 13th, 1930.] 
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CCCXXXIV.—The Organic Compounds of Gold. 
Part I. Diethylgold Bromide and Some Derivatives. 


By CHARLES STANLEY GIBSON and JoHN LIoNEL SIMONSEN. 


DIETHYLGOLD bromide, Au(C,H;),Br, first described by Pope and 
Gibson (J., 1907, 91, 2061), has now been completely analysed and 
the previous work confirmed. The molecular weight determined 
by the cryoscopic method in benzene shows, however, that the 
compound has twice the above formula and its constitution may be 
conveniently written concisely (I) on Sidgwick’s method. In the 
Et Br Et “H,O Et | 

(I.) Aug Sau | r Pt Aut | 
Et Br ‘Et _H,O Et | 


massociated form, the gold atom would have an incomplete octet, 
which is complete in the associated form. 

Diethylgold bromide is not a salt and is insoluble in water. It is, 
however, slowly acted upon by water, the presence of ionised 
bromine then becoming manifest. From the work now described, 
which proves definitely that gold in these organic compounds has 
normally a co-ordination number of 4, it may be assumed that in 
the presence of water diethylgold bromide tends to form an aquo- 
alt (II), which is soluble in water and gives the usual reaction for 
the bromine ion. 

The composition of amminodiethylgold bromide, (C,H;),AuBr,NH, 
(loc. cit., p. 2065), has been confirmed and a corresponding pyridino- 
tethylgold bromide, (C,H;),AuBr,C;H,N, isolated. These two 
wlourless, highly crystalline compounds are very similar in 
properties. They are both sensitive to light, soluble in organic 
‘lvents and almost insoluble in water. They are, however, soluble 
in dilute aqueous solutions of ammonia and pyridine respectively 
and these solutions contain ionised bromine. It appears, therefore, 
that when aqueous solutions of ammonia and pyridine dissolve 
liethylgold bromide, soluble unstable salts having the constitution 
(1) are formed. These substances then suffer loss of base 


xX Et | me Et 
(in) | pau | Br | _ Ant (IV.) 
> Et 


Br (11) 


| Br ‘Et 


(X = NH, or C,H;N) 
tuing isolation with the formation of compounds (IV) which are 
W longer soluble in water but can be recrystallised from suitable 
ganic solvents. 
The correctness of these views regarding the constitution of the 








2632 GIBSON AND SIMONSEN : 





isolable ammonia and pyridine derivatives is emphasised by th 
preparation of the typical salt, ethylenediaminodiethylgold bromide, 
which is soluble in water and crystallises from ethyl alcohol in 
colourless plates, gradually decomposing above 182°. Its aqueow 
solution yields an immediate precipitate with silver nitrate and it 
constitution must be represented as (V). Although it darken 
slowly on exposure to light, its stability is greater than that of the 


H,-NH, Et” Et _,0-0(CH 
(V.) Te "Au ut ‘Br Aug uy *\\ on (VI 
H,-NH, Et. Et O:C(CH,)” 


analogous diammino- and dipyridino-compounds; this is explained 
by both basic groups being directly attached to the C,H, group ani 
one cannot be liberated on isolation of the compound. 

Through the kindness of Dr. R. C. Menzies, who supplied the 
thallous acetylacetone, it has been possible to prepare diethylgoli 
acetylacetone by the simple mixing of the former compound and a 
equivalent quantity of diethylgold bromide in alcoholic solution 
The gold content, physical properties, and reactions of the compoum 
indicate that it should be represented constitutionally as (VI). 4 
in the corresponding dimethylthallium and diethylthallium acetyl 
acetones, the presence of the two ethyl groups in this monochelai 
compound gives to the gold a stable covalency of 4 (compar 
Menzies, Sidgwick, Cutcliffe, and Fox, J., 1928, 1288). Th 
colourless compound is apparently insoluble in water but freely 
soluble in all organic solvents. Its low melting point (9—10°) isi 





marked contrast to that of trimethylplatinum acetylacetor 
(Menzies, J., 1928, 565) and those of the dimethylthallium an 
diethylthallium compounds. 

Diethylgold acetylacetone in alcoholic solution decompox 
when exposed to light, giving beautiful gold mirrors showing tl 
characteristic colours of thin gold films by transmitted light; th 
mirrors are fairly adherent and are obtained in varying thickness 
according to the concentration of the solution and the duration @ 
exposure. When once the photo-decomposition has started, i 
appears to continue when the light source is removed. The de 
composition proceeds more rapidly in the light of a mercury vapow 
lamp than in daylight. Brilliant gold mirrors are also produced by 
gentle heating of the compound, but these are less adherent tha 
those formed by photo-decomposition. 





Diethylgold acetylacetone is decomposed by bromine in chiom 
form solution, diethylgold bromide being produced. When alcohol 
solutions of sodium iodide and diethylgold acetylacetone are mixe, 


diethylgold iodide is obtained. This compound is analogous to t 
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bromide in all its properties, having a low melting point (67—68°), 
being volatile, and freely soluble in: liquid hydrocarbons. Its 
constitution is obviously similar. Hthylenediaminodiethylgold todide 
is readily prepared by mixing a slight excess of ethylenediamine 
with a solution of the iodide in ligroin. Like the corresponding 
bromide, this beautifully crystalline, colourless salt darkens slowly 
on exposure to light, but the two substances are the most stable 
of the organic gold compounds described in the present paper. 

The reaction between magnesium ethyl bromide and gold tri- 
bromide is more complicated than was formerly believed. Under 
the conditions described later, products other than diethylgold 
bromide have been isolated in not inconsiderable quantities. These 
by-products are soluble in water and are less soluble in ether than 
diethylgold bromide. They are also insoluble in ligroin, which was 
used for extracting the looked-for product in the earlier investigation, 
and therefore they previously escaped notice. A preliminary 
investigation of these by-products has been made, but the final 
consideration of their nature must be postponed until they have 
been compared with the analogous compounds which are formed 
when other magnesium alkyl bromides react with gold tribromide. 


EXPERIMENTAL 
The gold tribromide is made by dissolving fine gold in aqua regia, 
evaporating the solution free from nitric acid, and adding an excess 
of concentrated hydrobromic acid to the resulting chloroauric acid 
dissolved in water. After the mixture has been warmed for some 
time at a temperature not exceeding 70°, the cooled solution is 
placed in a separating funnel, and crystalline magnesium sulphate 
added until the solution is saturated. Ether is then added and 
almost the whole of the gold tribromide is obtained in the ethereal 
layer. The ethereal extract is washed several times with a 
saturated solution of magnesium sulphate and left standing for 
some hours with anhydrous magnesium sulphate, which, however, 
does not remove all the water. The filtered solution is then evapor- 
ated to dryness, finally in a vacuum desiccator containing potassium 
hydroxide. The material obtained is highly crystalline. It should 
not be kept under reduced pressure in the presence of potassium 
hydroxide, because it slowly loses bromine under these conditions, 
aurous bromide, insoluble in ether, being formed (compare Camp- 
bell, Chem. News, 1907, 96, 17). 
Diethylgold Bromide.—The method now adopted for obtaining 
this compound may be illustrated by describing a typical preparation. 
Gold tribromide (30 g.), dissolved in dry ether (250 c.c.), is placed 
in a 3-necked flask provided with a stirrer and a condenser. The 
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ethereal solution of magnesium ethyl bromide prepared from 
magnesium (6 g.) and ethyl bromide (27 g.) is forced by a stream of 
nitrogen through a fine muslin filter into the gold tribromide solution. 
The rate of mixing is regulated to take about 1 hour, both solutions 
being cooled in freezing mixtures and efficient stirring maintained. 
Stirring is continued for 4 hour after mixing, the bath is then re- 
placed by cold water, and the stirring continued for 4 hour. The 
solution becomes dark green during the mixing, a dark-coloured 
solid separates, and the solution is finally dark red. With a greater 
excess of the Grignard reagent, the solution becomes almost colour- 
less and a much smaller yield of the desired product is obtained. 
If the cooling of the reactants is not adequate, a more violent 
reaction ensues with the same result. 

The stirring being continued and the mixture cooled in ice, 
powdered ice is added in small quantities—there should be no violent 
reaction at this stage—and finally dilute hydrobromic acid. The 
mixture is poured into a separating funnel, and the flask thoroughly 
washed out with ether. The ethereal solution, separated from solid 
matter (gold), is then washed several times with water. The first 
aqueous solution, which is almost colourless, is rejected. The 
subsequent ones are strongly coloured, the red colour becoming less 
intense, as also does that of the ethereal solution, as washing pro- 
ceeds. These aqueous washings contain the by-products referred to 
above. The ethereal solution, which should finally be only pale 
yellow, is rapidly dried with calcium chloride and evaporated to 
small bulk in a current of nitrogen under reduced pressure at as low 
a temperature as is convenient. The evaporation is completed in a 
desiccator over sulphuric acid. The crystalline residue, having the 
characteristic odour of diethylgold bromide, may be a mixture if 
the washing of the ethereal solution has not been carried far enough. 
The red substance present, being insoluble in ligroin (b. p. 40—60°), 
is easily removed, the filtered ligroin solution being again evaporated 
in a vacuum desiccator over sulphuric acid. If water-soluble by- 
product is still present, the crystalline residue should be washed 
with a little water and dried before the extraction with ligroin. 
The colourless diethylgold bromide (3 g.), obtained in long needles, 
is sufficiently pure for the preparation of derivatives. It has m. p. 
54—55°, and this is raised to 58° (compare Pope and Gibson, loc. 
cit.) by washing with a little methyl alcohol, in which the bromide 
is sparingly soluble. If the solution of diethylgold bromide in 
ligroin is evaporated at about 40°, the compound is obtained in 
small prisms having the same melting point. The molecular weight,’ 


* We are greatly indebted to Mr. 8. Holt, M.Sc., for carrying out this 
determination. 
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determined by the cryoscopic method in benzene, shows that the 
compound is (AuEt,Br),, its constitution being probably that 
indicated (I) (Found: C, 14-3; H, 3-9; Br, 22:7; Au, 584; M, 
641, 653. Cale. for AuEt,Br: C, 14:3; H, 3-0; Br, 23-8; Au, 
588% ; M, 335). 

The ammino-derivative of diethylgold bromide was again prepared 
as previously (loc. cit., p. 2065). It can be recrystallised from 
benzene or cyclohexane. The substance is colourless when isolated, 
but rapidly becomes deep violet, even in artificial light. Its 
analysis proved somewhat difficult, but there is no doubt that the 
compound has the composition AuEt,Br,NH3, as previously stated 
(Found: N, 3-1, 3-3; Au, 56-0. Cale.: N, 4:0; Au, 560%). It 
is not sufficiently soluble in benzene or cyclohexane at the freezing 
point for its molecular weight to be determined. 

Pyridinodiethylgold Bromide, [Au(C,H;),Br,C;H,;N].—Diethyl- 
gold bromide (0-5 g.), suspended in methyl alcohol (1-5 c.c.), was 
mixed with pyridine (0-2 g.) in methyl alcohol (2 ¢.c.). The solution 
obtained gave on addition of water, colourless needles which, after 
being washed with water, were purified by the careful addition of 
water to their solution in methyl alcohol. The compound rapidly 
darkened on exposure to light. It melted with decomposition at 


‘ §9—60° and explosive decomposition set in at about 79°. The deter- 


mination of gold proved difficult on account of the explosiveness of 
the compound even when partial decomposition had been previously 
effected with concentrated sulphuric acid (Found: N, 3-8; Br, 19-5; 
Au, 47-2. C,H,;NBrAu requires N, 3-4; Br, 19-3; Au, 47-6%). 

Ethylenediaminodiethylgold bromide (V) separated at once when a 
slight excess of ethylenediamine was added to a solution of diethyl- 
gold bromide in ligroin. It crystallised from absolute alcohol in 
small colourless plates, which turned red at about 182° and gradually 
decomposed above this temperature (Found: N, 6-9; Br, 19-9; 
Au, 49-0. C,H,,N,BrAu requires N, 7-1; Br, 20-2; Au, 49-9%). 

Diethylgold Acetylacetone (V1).—Thallous acetylacetone (1-52 g.), 
suspended in absolute ethyl alcohol, was treated with diethylgold 
bromide (1-63 g.), dissolved in sufficient of the same solvent, and the 
mixture was stirred for some time, finally at about 40°. Thallous 
bromide, which separated at onee, was removed and the filtrate 
and washings were evaporated over sulphuric acid in a desiccator. 
The residue was dissolved in ligroin (b. p. 40—60°), and the filtered 
solution again evaporated. The strongly cooled residue crystallised 
in colourless plates, which were rapidly separated from adhering 
mother-liquor; m. p. 9—10° (thermometer in liquid). Owing to its 
extreme sensitivity to light, the substance was analysed at once 
(Found: Au, 55-3. C,H,,0,Au requires Au, 55-7%). 








2536 THE ORGANIC COMPOUNDS OF GOLD. PART I. 


Diethylgold acetylacetone quickly decolorised a solution of bromine 
in carbon tetrachloride. If the addition of the bromine solution 
was continued until the colour of the latter just persisted, and the 
resulting solution was evaporated, a volatile lachrymatory substance 
(? bromoacetylacetone) was evolved and a colourless crystalline 
residue remained. After recrystallisation of the latter from ligroin 
(b. p. 40—60°) it was proved identical with diethylgold bromide by 
the method of mixed melting points. 

Diethylgold Iodide.—A mixture of diethylgold acetylacetone and 
a small excess of sodium iodide in absolute alcohol became slightly 
warm, and a colourless precipitate was formed on the addition of 
water. This was separated, dried, and extracted with ligroin 
(b. p. 40—60°), in which it was readily soluble. On evaporation of 
this solution, the iodide was obtained in long colourless needles 
closely resembling those of diethylgold bromide. 

Diethylgold iodide has m. p. 67—68° and begins to decompose 
vigorously at 70—71°. It is somewhat less soluble than the bromide 
in organic solvents and is insoluble in water. It decomposes 
violently when heated in a crucible and even when preliminary 
decomposition has been effected with concentrated sulphuric acid. 
The best way in which to estimate the gold content is to decompose 
the substance with a carbon tetrachloride solution of bromine before 
heating (Found: Au, 51-3. C,H, IAu requires Au, 51-6%). 

Ethylenediaminodiethylgold Iodide (formula as V).—This compound 
was prepared from diethylgold iodide and ethylenediamine in an 
exactly similar manner to that used for the corresponding bromide. 
It was crystallised from aqueous alcohol and obtained in colourless 
plates, m. p. 162° (decomp.), soluble in water and very sparingly 
soluble in alcohol. Its aqueous solution yielded an immediate 
precipitate with silver nitrate. Like the corresponding bromide, it 
darkened slowly on exposure to light, but it is a relatively stable 
compound (Found: N, 6-2; I, 285; Au, 44-4. C,H,,N,IAu 
requires N, 6-3; I, 28-7; Au, 44-6%). 


These investigations are being made possible through the generosity 
of Sir William Pope, F.R.S., who has placed at the disposal of one of 
the authors a large proportion of the gold being used. To Imperial 
Chemical Industries, Limited, and to the Government Grant 
Committee of the Royal Society the authors are greatly indebted 
for grants out of which the other expenses are being defrayed. 


Guy’s Hospirtat Mepicat ScHoor (UNIVERsiTy or Lonpon), 
Lonpon, S.E. 1. [Received, October 13th, 1930.] 
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CCCXXXV.—Synthesis of Alkyl Naphthalenes. Part II. 
1:3:5- and 1:3:8-Trimethylnaphthalenes. 


By Isipor Morris HemBron and DonaLp GraHamM WILKINSON. 


A DESCRIPTION was given in Part I of this series (this vol., p. 423) of 
the synthesis of certain methylethylnaphthalenes. The work has 
now been extended to include trimethylnaphthalenes containing a 
methyl group in position 1 of the naphthalene nucleus. Of these, 
1:2: 6-trimethylnaphthalene has been described by Baeyer and 
Villiger (Ber., 1899, 32, 2447) and the 1:4:6-, 1:4:5-, 1:3:6-, 
and 1:3:7-isomerides have been prepared by Professor Ruzicka 
(private communication). The present paper deals with the syn- 
thesis of the 1 : 3 : 5- and 1 : 3 : 8-trimethylnaphthalenes. 

1:3: 5-Trimethylnaphthalene.—2 : 4-Dimethylbenzaldehyde was 
prepared as described by Gattermann (Annalen, 1906, 347, 347) and 
converted into ethyl 2 : 4-dimethylcinnamate (I), which was reduced 
by Bouveault’s method, a good yield of y-(2 : 4-dimethylphenyl)- 
propyl alcohol (II) being obtained. This alcohol was converted, by 
way of the bromide and cyanide, into y-(2 : 4-dimethylphenyl)- 
butyric acid (III), the chloride of which passed readily into 5-keto- 
1 : 3-dimethyl-5 : 6 : 7 : 8-tetrahydronaphthalene (IV) on treatment 
with aluminium chloride. By the action of magnesium methyl 
iodide on the ketone an unstable carbinol was obtained which on 
treatment with acetic anhydride gave 1:3: 5-trimethyl-7 : 8-di- 
hydronaphthalene (V), from which 1 : 3 : 5-trimethylnaphthalene was 
obtained on treatment with selenium according to the method of 
Diels, Gidke, and Kérding (Annalen, 1927, 459, 1). 


Me CH Me CH, Me CH, 


\cH H H 
— CH, —> 2 
ul Sogn "Oe CH,-OH Oe: By 


I. 11.) [Br] 0,H 
“ [CN] (III.) : 


Me CH, Me CH, 


(Hs __, He vy.) 


IV. 
oe CH, M Jou 


1:3: 8-Trimethylnaphthalene.—The synthesis was commenced by 
condensing 2 : 4-dimethylacetophenone and ethyl bromoacetate in 
presence of zinc (compare Lindenbaum, Ber., 1917, 50, 1270), a 
mixture consisting of ethyl B-hydroxy-B-(2 : 4-dimethylphenyl)butyrate 
(VI) together with some ethyl 6-(2 : 4-dimethylphenyl)crotonate (VII) 
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being obtained. This was completely converted without separation 
into the latter compound by treatment with phosphorus oxychloride 
in benzene (compare Lindenbaum, loc. cit.). Reduction of the 
unsaturated ester with sodium and alcohol gave y-(2 : 4-dimethyl- 
phenyl)butyl alcohol (VIII), from which +y-(2 : 4-dimethylpheny)). 
valeric acid (IX) was obtained in the usual manner. Elimination 
of hydrogen chloride from the acid chloride by means of aluminium 
chloride produced 5-keto-1 : 3 : 8-trimethyl-5 : 6 : 7 : 8-tetrahydro- 
naphthalene (X). This ketone was reduced by Clemmensen’s 
method to 1 : 3 : 8-trimethyl-5 : 6: 7 : 8-tetrahydronaphthalene (X1), 
which was dehydrogenated by selenium to 1:3: 8-trimethyl- 
naphthalene. 


Me CMe-OH Me CMe Me CHMe 
/ CH, PEL TS / ‘cH ae “OH, et 
Me. CO,Et Me CO,Et Me CH,-OH 
(VI.) (VIL.) (VIII.) cm 
Me CHMe Me CHMe Me CHMe 
CH, /\CH, / CH, 
— — 
Me /CH,  M CH, Me _A_/#i, 
CO,H O CH, 
(IX.) (X.) (XI.) 


EXPERIMENTAL. 


Ethyl 2:4-Dimethylcinnamate (I).—2 : 4-Dimethylbenzaldehyde 
(43 g.) was added in small portions to dry ethyl acetate (200 c.c.) 
and fine sodium wire (7-4 g.) cooled to — 10°. The sodium rapidly 
dissolved and a brownish liquid was obtained, which, after standing 
over-night, was treated with glacial acetic acid (21 c.c.) and diluted 
with water. The ethyl acetate layer was separated, washed with 
sodium carbonate solution, and dried over sodium sulphate. After 
removal of solvent the residual oil was distilled ; ethyl 2 : 4-dimethyl- 
cinnamate, b. p. 135—137°/5 mm., was then obtained as a highly 
refractive liquid (40 g.) (Found: C, 76-1; H, 7-9. C,,H,,0, 
requires C, 76-5; H, 7:8%). 

y-(2 :4-Dimethylphenyl)propyl Alcohol (I1).—A solution of the 
ester (40 g.) in absolute alcohol (250 c.c.) was reduced with sodium 
(60 g.) by Rupe and Lauger’s method (Helv. Chim. Acta, 1920, 3, 
272). The reduction furnished, together with the crude alcohol 
(19 g.), 8-2 : 4-dimethylphenylpropionic acid (13 g.), from which a 
further quantity of alcohol was obtained by esterification and 
reduction. y-(2 : 4-Dimethylphenyl)propyl alcohol was obtained on 
distillation under reduced pressure as a colourless viscous oil, b. p. 
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126°/5 mm. (Found: C, 80-0; H, 9-9. C,,H,,0 requires C, 80-5; 
H, 9°8%). The urethane crystallised from benzene-light petroleum 
in long fine needles, m. p. 81° (Found : N, 4-9. C,gH,,0O,N requires 
N, 49%). 

y-(2 : 4-Dimethylphenyl)propyl Bromide.—The alcohol (20 g.) was 
heated under pressure with a 30%, solution of hydrogen bromide in 
glacial acetic acid (200 g.) at 100° for 6 hours. When cool, the 
liquid was poured into water, and the bromide extracted with ether. 
The ethereal solution, freed from acid by shaking with sodium 
carbonate solution, was dried, and on evaporation furnished the 
bromide as a heavy oil (25 g.). y-(2 : 4-Dimethylphenyl)propyl 
bromide formed a heavy mobile liquid, b. p. 147°/18 mm. (Found : 
Br, 35°6. C,,H,,Br requires Br, 35-3%). 

y-(2 : 4-Dimethylphenyl)butyric Acid (III).—A solution of the 
bromide (25 g.) in alcohol (400 c.c.) was boiled with potassium 
eyanide (20 g. in 80 c.c. of water) for 24 hours. After removal of 
the alcohol the liquid was diluted with water and extracted with 
ether. The residual oil was distilled in a vacuum, the main portion 
passing over at 175—177°/23 mm. The residue, which solidified 
on cooling, consisted of the amide of the acid; it crystallised from 
benzene in fine silky needles, m. p. 128—129° (Found: N, 7-6. 
CyoH,,0N requires N, 7:°3%). The nitrile was hydrolysed with 
amyl-alcoholic potash; after removal of the amyl alcohol in steam 
the liquid was rendered acid and y-(2 : 4-dimethylphenyl)butyric acid 
was precipitated (18 g.). The acid separated from light petroleum 
in lustrous plates, m. p. 73—79° (Found : C, 75-0; H, 8-4. C,.H,,0, 
requires C, 75-0; H, 8-3%). The acid chloride formed a colourless 
liquid, b. p. 136—138°/9 mm. 

5- Keto-1:3- dimethyl -5:6:7: 8 -tetrahydronaphthalene (IV).— 
This was prepared from the acid chloride (17 g.) by treatment with 
aluminium chloride (15 g.) under similar conditions to those described 
in Part I (loc. cit.). It formed a colourless oil, b. p. 160°/14 mm. 
(13 g.). The semicarbazone, m. p. 243—246° (decomp.), crystallised 
from alcohol in minute needles (Found : C, 67-5; H, 7-7. C,3H,,;ON, 
requires C, 67-5; H, 7-4%). 

1:3: 5-Trimethyl-7 : 8-dihydronaphthalene (V).—A_ solution of 
the above ketone (12-4 g.) in dry ether (50 c.c.) was added gradually 
from a tap funnel to a well-cooled solution of magnesium methyl 
iodide (from 40 g. of methyl iodide). The reaction was completed 
by refluxing for 2 hours, and the product decomposed with ice-cold 
dilute hydrochloric acid. The ether layer, which was separated 
and dried over sodium sulphate, yielded a viscous oil consisting 
mainly of the carbinol (10 g.). This was converted into 1 : 3 : 5-tri- 
methyl-7 : 8-dihydronaphthalene by refluxing it with acetic 
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anhydride (50 c.c.) for 4 hours. The hydrocarbon was purified by 
distillation over sodium and obtained as a mobile liquid, b. p, 
143—145°/18 mm. (7 g.). 

1:3:5-Trimethylnaphthalene.—The dihydro-derivative was 
dehydrogenated with selenium as described by Diels, Gaidke, and 
Kérding (loc. cit.). The crude product was converted into the 
picrate, which separated from alcohol in long orange needles, m. p. 
141—142° (Found: C, 56-7; H, 4:5; N, 10-5. Cy, )H,,0,N, 
requires C, 57-1; H, 4:3; N, 10-5%). On decomposition of the 
picrate with aqueous ammonia 1 : 3: 5-trimethylnaphthalene was 
obtained ; it crystallised from methyl alcohol in prisms, m. p. 47° 
(Found: C, 91-4; H, 8-2. C,,H,, requires C, 91-8; H, 8-2%). 
The styphnate formed golden-yellow needles, m. p. 138° (Found: 
N,9-9. C,,H,,0,N, requires N, 10-1%). 

Ethyl §-Hydroxy-B-(2 : 4-dimethylphenyl)butyrate (VI).—A mix. 
ture of 2 : 4-dimethylacetophenone (115 g.), prepared as described 
by Claus and Willner (Ber., 1886, 19, 230), and ethyl bromoacetate 
(130 g.) was added in small quantities at a time to pure zinc turnings 
(51 g.) covered with dry benzene in a flask fitted with a reflux 
condenser. After the addition of about 20 c.c. of the mixture the 
flask was heated on a steam-bath until the reaction commenced and 
finally the reaction mixture was refluxed for 1 hour. The product 
was decomposed with dilute sulphuric acid and extracted with ether. 
After removal of solvent the residual oil was distilled at 20 mm. 
pressure and separated into two main fractions, (a) b. p. 120—140°, 
(b) b. p. 170—180°. The lower-boiling fraction, which contained 
unchanged ketone together with ester, was treated with alkali, 
whereby 8-hydroxy-B-(2 : 4-dimethylphenyl)butyric acid was obtained 
as an oil which solidified on standing. It crystallised from light 
petroleum—benzene in colourless needles, m. p. 70—72° (Found: 
C, 691; H, 81. C,,H,,0, requires C, 69-2; H, 7-7%). The 
higher-boiling fraction (50 g.) consisted mainly of ethyl -hydrozy- 
8-(2 : 4-dimethylphenyl)butyrate (Found : C, 72-3; H, 8-7. CygHo9% 
requires C, 71-2; H, 85%. ©,,H,,0, requires C, 77:1; H, 83%). 

Ethyl 8-(2 : 4-Dimethylphenyl)crotonate (VII).—A solution of the 
hydroxy-ester (50 g.) in benzene (150 c.c.) was refluxed for 3! 
minutes with phosphorus oxychloride (10 c.c.). The cold solution 
was poured into water and the benzene layer was separated, washed 
with sodium carbonate solution, and dried over sodium sulphate. 
After removal of the benzene, the ester was distilled, the mail 
fraction passing over at 160—170°/20 mm. (Found: C, 77+; 
H, 8:5. C,,H,,0, requires C, 77-1; H, 8-3%). 

y-(2 : 4-Dimethylphenyl)butyl Alcohol (VIII)—The above estet 
(58 g.) was reduced with sodium (60 g.) and alcohol (300 c.c.) in the 
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usual manner. The crude alcohol (20 g.) was distilled, the main 
portion (12 g.), b. p. 140—150°/15 mm., being collected. Pure 
y-(2 : 4-dimethylphenyl)butyl alcohol formed a colourless viscous 
liquid, b. p. 152—153°/19 mm. (Found : C, 80-4; H,10-2. C,,H,,0 
requires C, 80-9; H, 10-1%). 

In addition to the alcohol 8-(2 : 4-dimethylphenyl)butyric acid was 
obtained in large amount. It crystallised from light petroleum in 
colourless prisms, m. p. 69° (Found: C, 75-1; H, 8-4. C,.H,,0, 
requires C, 75:0; H, 83%). The ethyl ester was obtained as a 
colourless liquid, b. p. 168—170°/25 mm. (Found: C, 76:5; H, 8-9. 
C14H»,0. requires C, 76-4; H, 9:1%). Further quantities of the 
alcohol were obtained from it in the following manner: A solution 
of the ester (28 g.) in propyl alcohol (170 c.c.) contained in the 
apparatus described by Rupe and Lauger (loc. cit.) was heated at 
130°, and reduced by means of sodium (30 g.), added in small 
portions. When all the sodium had dissolved, water was added, and 
the propyl alcohol removed under reduced pressure. The yield of 
alcohol obtained in this way is more than 10% larger than that 
obtained by the use of ethyl alcohol. 

The bromide, which was prepared in the usual manner, formed a 
heavy colourless liquid, b. p. 143°/17 mm. (Found: Br, 33-3. 
C,,H,,Br requires Br, 33:2%). 

y-(2 : 4-Dimethylphenyl)valeric acid (IX) was prepared from the 
bromide through the nitrile as previously described. It was obtained 
as a viscous oil, b. p. 175°/9 mm. (Found: C, 75:2; H, 8-9. 
C,3H,.0. requires C, 75-7; H, 8°7%). The acid chloride, obtained 
from the acid by means of thionyl chloride, formed a pungent- 
smelling liquid, b. p. 157—-160°/18 mm. The amide formed needles, 
m. p. 91—92°, from benzene—petroleum (Found: N,7-0. C,;H,,ON 
requires N, 6-8%). 

5-Keto-1 : 3 : 8-trimethyl-5 : 6:7 : 8-tetrahydronaphthalene (X).— 
A solution of the acid chloride (29 g.) in petroleum, b. p. 90—100° 
(20 c.c.), was added gradually from a tap funnel to freshly prepared 
aluminium chloride (20 g.) covered with petroleum (20 c.c.) in a 
flask fitted with a reflux condenser. The reaction was completed by 
heating on a water-bath for 2 hours. The product was decomposed 
with ice-water and extracted with ether. After removal of solvent 
the ketone was distilled and obtained as a colourless oil, b. p. 174— 
176°/20 mm. (20 g.) (Found: C, 82-6; H, 8-7. C,,H,,0 requires 
C, 83-0; H, 85%). The semicarbazone melted at 220—222° 
(Found : N, 16-9. C,,H,,ON, requires N, 17-:1%). 

1:3: 8-Trimethyl-5 : 6 : 7 : 8-tetrahydronaphthalene (XI).— The 
ketone (5 g.) was reduced by vigorous boiling with concentrated 
hydrochloric acid and amalgamated zinc (35 g.) for 10 hours. The 
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liquid was then steam-distilled, and the distillate extracted with 
ether. 1:3: 8-Trimethyl-5 : 6 : 7 : 8-tetrahydronaphthalene (3 g.) 
was obtained as a colourless liquid, b. p. 133—136°/18-5 mm. 

1:3: 8-Trimethylnaphthalene.—The tetrahydro-derivative (5 g.) 
was heated with selenium (5 g.) at 300° for 20 hours. After puri- 
fication by distillation over sodium in a vacuum the product was 
treated with an alcoholic solution of picric acid. The picrate 
separated from alcohol in small orange-red needles, m. p. 125° 
[Found : (micro) C, 57:2; H, 4:5; N, 10-3. C, gH,,0,N, requires 
C, 57:1; H, 4:3; N, 10-5%]. 

1:3:8-Trimethylnaphthalene regenerated from the picrate 
crystallised from methyl alcohol in plates, m. p. 48° (liquefies when 
mixed with 1:3: 5-trimethylnaphthalene, m. p. 47°) (Found: 
C, 91-7; H, 8-3. C,,H,, requires C, 91-7; H, 83%). 

The styphnate crystallised from alcohol in golden needles, m. p. 
140-:5° (Found: C, 55:1; H, 4:1. C,,H,,O,N, requires C, 54-9; 
H. 41%). 


Grateful acknowledgment is made to the Department of Scientific 
and Industrial Research for a grant to one of us (D. G. W.) which 
has enabled this investigation to be carried out. 


THE University, LIVERPOOL. [ Received, September 27th, 1930. ] 





CCCXXXVI.—The Unsaponifiable Matter from the Oils 
of Elasmobranch Fish. Part VII. The Synthesis 
of a-Glyceryl Ethers and its Bearing on the 
Structure of Batyl, Selachyl, and Chimyl Alcohols. 


By Gomer GiynneE Davies, Istpor Morris Hermsron, and 
WiuiaM Morean OwENs. 


It has previously been shown that batyl, selachyl, and chimyl 
alcohols are simple monoglyceryl ethers whose structures correspond 
to either (I) or (II), where R represents the octadecyl, oleyl, and 
cetyl radical respectively. 


a B 
(I.) R*O-CH,-CH(OH)-CH,-OH R-O-CH(CH,°OH), (II.) 


Of these the {-structure was at first considered the more likely 
(Heilbron and Owens, J., 1928, 942), but, for reasons stated later, a 
reversal of this view was more recently suggested (Report of the 
Food Investigation Board, 1928, 109). The unsymmetrical 
a-glyceryl ether structure is also favoured by Knight (Biochem. J., 
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1930, 24, 256) as a result of measurements of unimolecular films of 
the three alcohols. 

In continuation of this work and in order conclusively to establish 
the structure of these alcohols, the synthesis of «-cetyl glyceryl ether 
and «-octadecyl glyceryl ether has now been effected. Reference to 
the literature shows that two general methods have hitherto been 
employed for the preparation of ethers of this class. The first is due 
to Reboul (Annalen, 1861, Suppl. I, 239), who prepared «-ethyl 
glyceryl ether by heating «-monochlorohydrin with sodium ethoxide 
at 200°. The method was modified by Griin and Bockisch (Ber., 
1908, 41, 3465), who found that in the case of the «-methyl glyceryl 
ether the reaction could be carried out in methyl-alcoholic solution. 
The second method emanates from Cross and Jacobs (J. Soc. Chem. 
Ind., 1926, 45, 3207), who described the preparation of the «-ethyl, 
isoamyl, and benzyl glyceryl ethers by the interaction of the respec- 
tive alkyl halides with sodium glyceroxide. 

We have found that although these methods are readily applicable 
to the formation of the lower alkyl «-monoglycery] ethers, several of 
which we have prepared and characterised by formation of their 
diphenylurethanes, they cannot be employed for the preparation 
of the higher homologues such as the «-cetyl or «-octadecyl glyceryl 
ether. The desired results have, however, been reached by way of 
the allyl ethers, which are readily obtained by heating the required 
alkyl chloride with sodium allyloxide in allyl-alcoholic solution. 
The conversion of the allyl ethers into the corresponding «-glyceryl 
ethers presented no special difficulty. As methods involving the 
formation of the (y-dibromo-«-alkyloxypropanes did not seem 
suitable in view of the difficulty experienced by Irvine, Macdonald, 
and Soutar (J., 1915, 107, 337) in converting 6y-dibromo-«-methoxy- 
propane into «-methyl glyceryl ether, we decided to attempt the 
direct introduction of the hydroxyl group by means of oxidising 
agents. Such a method has been employed by Fairbourne and 
Foster (J., 1926, 3146), who succeeded in converting allyl p-nitro- 
benzoate into the corresponding glyceride ester by employing a 1% 
solution of aqueous potassium permanganate, but the yield was 
unsatisfactory. We have now found that a practically quantitative 
conversion of the cetyl and octadecy] allyl ethers into their «-glyceryl 
ethers can be effected by means of perhydrol in glacial acetic acid 
solution according to the method employed by Hilditch (J., 1926, 
1828) for the preparation of dihydroxystearic acid from oleic acid. 
The «-cetyl glyceryl ether was thus obtained in colourless crystals, 
m. p. 64—65°. It produced no noticeable depression of melting 
point in admixture with a small amount of material (m. p. 62—63°) 
which had been isolated from a Japanese shark liver-oil and which 
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appeared to be identical with Toyama’s chimyl alcohol (m. p. 
60-5—61-5°) (Chem. Umschau, 1924, 31, 61, 153) and it thus appeared 
that chimyl alcohol was actually the «-cetyl glyceryl ether. Sub. 
sequent work has shown us, however, that our supposed pure chimy] 
alcohol was in reality a mixture of batyl alcohol with some un. 
identified substance (unpublished work). In this case, therefore, 
no direct comparison of the synthetic glyceride with the naturally 
occurring alcohol, if such indeed actually exists, has been possible. 
On the other hand, we have been able to compare the synthetic 
«-octadecyl glyceryl ether with an authentic specimen of pure baty] 
alcohol. The two substances both melt at 70—71° (Toyama, 
loc. cit., gives m. p. 70-4—71° for batyl alcohol), but a mixed m. p, 
determination shows a small but definite depression (with equal 
quantities the m. p. is 68—-69°5°). This indication of a difference in 
structure of the two substances is emphasised in the case of the 
respective diphenylurethanes: whereas «-octadecyl glyceryl ether 
diphenylurethane melts at 95—96° and batyl alcohol diphenylure- 
thane has m. p. 97-5—98°, a mixture of the two substances has m. p. 
93—94°. These results seem to us clearly to indicate that batyl 
alcohol is not identical with «-octadecyl glyceryl ether and must 
consequently have the isomeric $-structure (II). It follows from 
this that, as selachy] alcohol readily yields batyl alcohol on hydrogen- 
ation, it must by analogy be the 8-oleyl glyceryl] ether. 

We are at present engaged in the attempted synthesis of the 
%-octadecyl glyceryl ether in order to have complete evidence of its 
identity with natural batyl alcohol. 


EXPERIMENTAL. 

a-Ethyl glyceryl ether was readily obtained in good yield as 
colourless mobile liquid, b. p. 118—121°/21 mm., by Griin and 
Bockisch’s modification of Reboul’s method (loc. cit.). The diphenyl- 
urethane was prepared by heating the alcohol (2-5 g.) with phenyl- 
carbimide (5 g.) for 3 hours at 60°. The glassy mass was extracted 
with warm benzene and filtered to remove diphenylurea. The 
urethane, after precipitation with low-boiling petroleum, was 
repeatedly crystallised from benzene-light petroleum, from which 
it separated in needle clusters, m. p. 103—104° (Found: N, 8-0. 
Ci9H.0;N, requires N, 7-8%). 

a-Propyl glyceryl ether was prepared in a similar manner from 
«-monochlorohydrin by treatment with sodium and propyl alcohol 
(compare Boehringer and Séhne, Centralblatt, 1910, 81, II, 1256). 
It formed a colourless liquid, b. p. 118—122°/15 mm., nj§" 1-4400, 
d= 1-074 (Found: C, 53-3; H, 10-2, C,H,,O, requires C, 53-7; 
H, 104%). The diphenylurethane crystallised from benzene-light 
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petroleum in needles, m. p. 116° (Found: N, 7-7. CopH,0;No 
requires N, 7-5%). 

a-Butyl Glyceryl Ether —a-Monochlorohydrin (30 g.) was refluxed 
for 18 hours with sodium butoxide solution (9-3 g. of .sodium in 
120 c.c. of butyl alcohol). The butyl alcohol was removed at 
ordinary pressure from the filtered solution, and the residue fraction- 
ated; the pure «-butyl glyceryl ether was then obtained as a colourless 
mobile oil, b. p. 138—140°/22 mm., nif 1-4463, dy 1-002 (Found : 
C, 568; H, li-l. C,H,,0, requires C, 56-8; H, 108%). The 
diphenylurethane crystallised from benzene-light petroleum in 
needle clusters, m. p. 94—95° (Found: N, 7-6. C,,H,,0;N, 
requires N, 7-3%). 

Cetyl Allyl Ether—A solution of sodium allyloxide (10-5 g. of 
sodium in 90 g. of pure allyl alcohol) and cetyl chloride (40 g.) was 
gently boiled under reflux for 30 hours. The reaction mixture was 
diluted with water, neutralised with dilute sulphuric acid, and 
extracted with ether. The ethereal solution was washed with 
water and dried over anhydrous sodium sulphate and, after removal 
of solvent, the yellow mobile oil was fractionally distilled from a 
Willstatter flask. The main fraction (33 g.), which distilled at 
165—176°/7 mm., gradually solidified. Pure cetyl allyl ether was 
obtained after three crystallisations from aqueous alcohol in large 
colourless plates, m. p. 25° [Found : C, 80-7; H, 13-4; iodine value 
(Wijs), 90-1. C, Hs ,0 requires C, 80-9; H, 13-5%; iodine value, 
88-2]. 

a-Cetyl Glyceryl Ether.—Numerous attempts were made to 
obtain this compound directly (a) by the interaction of sodium 
cetyloxide with «-monochlorohydrin and (b) by the interaction of 
sodium glyceroxide with cetyl chloride according to Cross and 
Jacobs’ method (loc. cit.), but under no conditions could any definite 
product be isolated. The following method was finally adopted : 
A solution of cetyl allyl ether (6 g.) in glacial acetic acid (120 c.c.) 
was treated with perhydrol (9-6 g.), and the whole heated on the 
steam-bath for 15 hours, further quantities of hydrogen peroxide 
being introduced at regular intervals until an equivalent of 9 mols. 
had been employed. The cold solution was neutralised with dilute 
aqueous ammonia and repeatedly extracted with ether. The 
residual viscous oil after removal of the solvent was hydrolysed with 
hot alcoholic potash to decompose any acetyl derivative formed 
during the reaction. The solution was again diluted with water 
and extracted with ether. After removal of the ether, a thick oil 
was obtained which rapidly solidified in the ice-chest. The crude 
product was crystallised from aqueous acetone, from which pure 
a-cetyl glyceryl ether separated in rosettes of colourless needles, 
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m. p. 64—65° (Found: C, 72-2; H, 12-8. C,gHgyO, requires 
C, 72-2; H, 12-7%). The diphenylurethane was prepared by 
refluxing for 4 hours a solution of «-cetyl glyceryl ether in dry 
benzene with excess of phenylcarbimide. It crystallised from 
benzene in needles, m. p. 93—94° (Found: C, 71-5; H, 8-8; 
N, 4-9. C,,H;90;N, requires C, 71-5; H, 9-0; N, 5-1%). 

Octadecyl Allyl Ether.—Octadecyl alcohol was quantitatively 
converted by treatment with phosphorus pentachloride in thionyl 
chloride solution into the chloride, and this was condensed with 
sodium allyloxide as detailed above. Octadecyl allyl ether crystal- 
lised from alcohol in colourless plates, m. p. 27-5—28°5° [Found : 
C, 81:0; H, 13-5; iodine value (Wijs), 82-1. C,,H,.O requires 
C, 81:3; H, 13-6°%; iodine value, 81-9]. 

a-Octadecyl Glyceryl Ether—The preparation of this compound 
was carried out in an exactly analogous manner to that of «-cetyl 
glyceryl ether. The pure substance crystallised from acetone in 
lustrous plates, m. p. 70—71° (Found : C, 73-2; H, 13-0. C,,H,4,0, 
requires C, 73-2; H, 12-8%). The diphenylurethane separated from 
benzene-light petroleum in needles, m. p. 95—96° (Found: N, 5-0. 
C3,H;,0O;N, requires N, 4:8°%). 

In conclusion we desire to thank the Department of Scientific 
and Industrial Research for a grant to one of us (W. M. O.) in aid of 
this investigation. 

THE UNIVERSITY, LIVERPOOL. [Received, September 27th, 1930.] 





CCCXXXVII.—Unsaponifiable Matter from the Oils of 
Elasmobranch Fish. Part VIII. The Structure 
of the Naphthalene Hydrocarbon derived from 
Squalene. 

By Istpor Morris HEBRON and DoNALD GRAHAM WILKINSON. 


Ir was shown in Part III of this series (Harvey, Heilbron, and 
Kamm, J., 1926, 3136) that, whereas squalene suffers complete 
decomposition when heated with sulphur, tetracyclosqualene yields 
on similar treatment a naphthalene hydrocarbon, C,,H,,. Almost 
simultaneously with the appearance of this paper, Ruzicka, Steiger, 
and Schinz (Helv. Chim. Acta, 1926, 9, 962) published the results of 
an investigation into the nature of Manila copal and described the 
isolation of a hydrocarbon of the same empirical formula as ours 
and having similar physical constants. 

By oxidation of the hydrocarbon with potassium ferricyanide 
these authors obtained an acid, m. p. 310°, which gave the analytical 
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figures of a naphthalenedicarboxylic acid and hence concluded that 
the hydrocarbon itself was a methylethylnaphthalene. 

Prior to the appearance of the above paper, we had carried out a 
similar oxidation of the squalene hydrocarbon and obtained an acid, 
m. p. 270—272°, which also corresponded to a naphthalenedicarb- 
oxylic acid. It thus appeared as though the two hydrocarbons were 
isomeric rather than identical, but this view was shown to be 
untenable when mixed melting-point determinations with the two 
hydrocarbons and with their picrates and styphnates, rendered 
possible by an interchange of specimens, established their identity 
beyond doubt. The discrepancy was ultimately cleared up in a 
private communication from Professor Ruzicka stating that, by 
more energetic oxidation of the C,,H,, hydrocarbon with potassium 
ferricyanide, he had obtained an acid giving a pure methyl ester, 
m. p. 89°, corresponding to a naphthalenetricarboxylic acid. Mean- 
while we also had prepared this ester and arrived at analytical values 
in excellent agreement with the formula C,)H;(CO,Me),. It is thus 
apparent that the oxidation with potassium ferricyanide takes 
place in stages and that what we first took to be a pure substance 
was actually a mixture containing, besides: the naphthalenetri- 
carboxylic acid, partly oxidised methyl- and dimethyl-carboxylic 
acids. The hydrocarbon is therefore not a methylethylnaphthalene 
but a trimethylnaphthalene. 

In order to gain further insight into the position of the methyl 
groups and establish the constitution of the hydrocarbon, resort was 
made to other methods of oxidation. For this purpose a large 
quantity of material had to be accumulated and selenium was 
substituted for sulphur as the dehydrogenating agent (compare 
Diels, Gidke, and Kording, Annalen, 1927, 459, 1), whereby a much 
improved yield was obtained. 

Trial experiments showed that chromic acid was a suitable oxidis- 
ing agent. The conditions employed were similar to those used 
by Weissgerber and Kruber in their oxidation of various dimethyl- 
naphthalenes (Ber., 1919, 52, 346) and resulted in the formation of 
both neutral and acid products, the latter largely predominating. 

Acid products. The crude acids were isolated as a thick oil, from 
which, after treatment with benzene, a single solid acid separated. 
Analysis of the purified substance, m. p. 126°, gave the formula 
Ci9H,,03, and the formation of a semicarbazone showed the presence 
of a carbonyl group. Further mild oxidation with sodium hypo- 
bromite yielded 3-methylphthalic acid, from which it follows (a) that 
the acid itself must be represented by either formula (I) or (II), 
(b) that, of the three methyl groups in the original hydrocarbon, two 
must occupy positions 1 : 5 or 1 : 8 in the naphthalene nucleus, and 
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(c) that in all probability the methyl group eliminated during the 
oxidation occupies a 6-position in the molecule. 


Me Me 


OMe CO,H 
va @:: @::: rene 


The residual oil, after removal of the above acid, was esterified 
with methyl alcohol, and the product fractionally distilled. Two 
solid esters, m. p.’s 78—79° and 71—72°, were obtained, both 
differing from the methyl ester (m. p. 47—48°) of the keto-acid 
already described. Analysis of the higher-melting compound gave 
an empirical formula C,,H,,0, corresponding with an acid having 
the structure C,H,Me,(COMe)-CO,H. It is thus evident that the 
chromic acid oxidation leads to scission of the hydrocarbon in both 
rings A and B. 


Me Me Me 

| C,,H,,0, 
|A{;B];Me or | A|{B | ;}Me —> .- 
\AVZ J /N/ | | CoH 199s 


Me 
The lower-melting ester was found on analysis to be derived from 
an acid isomeric with (I) or (IT); as will be shown later, it must have 
the constitution (IIT), its formation being due to elimination of one 
of the «-methy] radicals. 

Neutral products. These vary according to the conditions of 
oxidation. After incomplete oxidation, whereby unchanged hydro- 
carbon was recovered, the only definite neutral product isolated was 
a small amount of a non-volatile, red, crystalline substance, C,,H,,0,, 
undoubtedly a trimethyl-8-naphthaquinone. 

With more prolonged oxidation two further substances, both 
volatile in steam, resulted. Of these, the higher-melting, of formula 
C,.H,,0,, was obtained as a yellow crystalline solid, m. p. 94°. Its 
identity with 1 : 6-dimethyl-«-naphthaquinone, for which Weiss- 
gerber and Kruber (loc. cit.) give m. p. 95°, was shown by direct 
comparison with an authentic specimen kindly supplied by Professor 
Kruber, to whom we desire to express our thanks. In addition the 
phenylhydrazones of both substances were prepared and found to 
have the same melting point and to give no depression in admixture. 
The elucidation of the structure of this substance proves that, of the 
two B-methy] groups present in the parent hydrocarbon, one has been 
eliminated during the oxidation. Further, the third methyl group is 
now definitely established as occupying a 8-position in the naphthal- 
ene nucleus. It follows, therefore, that the hydrocarbon can be only 
1:2:5- or 1:3: 8-trimethylnaphthalene, a result in agreement with 
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the evidence derived from the study of the ketonic acids already 
discussed. The formation of the acid (III) is obviously connected 
with the ready elimination of the «-methyl group in the disubstituted 
benzene ring and suggests that of the two possible constitutions 
for the hydrocarbon the 1 : 2 : 5-formulation is the more probable. 
The lower-melting solid accompanying the 1 : 6-dimethyl- 
«-naphthaquinone and separable from it by fractional crystallisation 
was obtained in colourless crystals, m. p. 70—71°, giving analytical 
data agreeing with an empirical formula C,,H,,0,. Although the 
quantity of this material in our hands did not permit of a detailed 
examination, the compound is probably 5 : 8-diacetoxy-1 : 6-di- 
methylnaphthalene (VII), its formation being reminiscent of the 
production of 1 : 2 : 4-triacetoxynaphthalene by the action of acetic 
anhydride and concentrated sulphuric acid or zine chloride on 
az-naphthaquinone (Thiele and Winter, Annalen, 1900, 311, 345). 
In order finally to decide between the two possible structures 
resort has been made to direct synthesis. As shown on p. 2542, we 
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have carried out the synthesis of 1 : 3 : 8-trimethylnaphthalene : 
this hydrocarbon (m. p. 48°) is not identical with the one under 
review, which consequently must be the 1 : 2: 5-isomeride. Com- 
plete confirmation of this has been supplied by Professor Ruzicka, 
who has now synthesised this compound (unpublished result) and 
to whom we are indebted for specimens of its picrate and styphnate, 
neither of which shows any depression in melting point when mixed 
with the similar derivative from the ‘“ squalene ”’ hydrocarbon. 

The scheme on p. 2549 indicates in outline the course of the 
oxidation. 

The formation of this new naphthalene hydrocarbon is a matter 
of considerable interest. It has already been shown (Harvey, 
Heilbron, and Kamm, loc. cit.) that the fragment of the tetracyclo- 
squalene molecule yielding the hydrocarbon is essentially a sesquiter- 
pene. Hitherto, only two naphthalene homologues, cadalene and 
eudalene (Ruzicka, Meyer, and Mingazzini, Helv. Chim. Acta, 1922, 
5, 345), have been isolated from the products of dehydrogenation 
of the known sesquiterpenes. There is, however, no difficulty in 
theoretically formulating the formation of the 1 : 2 : 5-trimethyl- 
naphthalene from a sesquiterpene of the farnesene type in the 
manner outlined below, whereby two methyl groups must be ejected 
on passage from the hydroaromatic to the true aromatic condition. 
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Preparation of the Naphthalene Hydrocarbon from Tetracyclo- 
squalene.—Tetracyclosqualene was prepared as described by Harvey, 
Heilbron, and Kamm (loc. cit.). The crude product was dehydrogen- 
ated in 200 g. portions with selenium (150 g.) in distillation flasks 
(500 c.c.) fitted with long air-condensers, and heated to 300° in baths 
composed of molten potassium and sodium nitrates. Throughout 
the dehydrogenation there was a steady evolution of hydrogen 
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selenide and alkyl selenides, which were absorbed in concentrated 
caustic soda solution. After 50 hours’ heating, the oil was decanted 
from unchanged selenium and distilled over sodium at 15 mm. 
pressure until the temperature reached 250°. The distillate (300 g. 
from 1000 g. of tetracyclosqualene), which consisted of a complex 
mixture containing cymene, partly dehydrogenated sesquiterpenes, 
and the naphthalene hydrocarbon, was roughly fractionated and the 
fraction of b. p. 130—200°/15 mm. was treated with a warm con- 
centrated alcoholic solution of picric acid. The hydrocarbon was 
obtained from the purified picrate as described in Part III. In this 
manner 2000 g. of tetracyclosqualene were dehydrogenated, yielding 
80 g. of hydrocarbon. 

Oxidation with Potassium Ferricyanide.—The hydrocarbon (4 g.) 
was well shaken at 60° for 70 hours with a solution of potassium 
ferricyanide (470 g.) and potassium hydroxide (82 g.) in water 
(1180 c.c.). During the oxidation a further quantity of potassium 
ferricyanide (185 g.) and potassium hydroxide (50 g.) was added. 
The liquid was thoroughly extracted with ether, whereby a consider- 
able amount (2-5 g.) of hydrocarbon was recovered. The solution 
was then rendered acid and extracted twenty times with ether. The 
solid acid obtained after removal of solvent was crystallised from 
methyl alcohol and finally sublimed in a vacuum. It formed 
colourless feathery needles, m. p. 270—272° [Found: (micro) 
C, 66-4; H, 3-8. C,,H,O, requires C, 66-7; H, 37%. C,3,H,O, 
requires C, 60-0; H, 3-1%]. The methyl ester, prepared by heating 
the acid with methyl alcohol and sulphuric acid, formed colourless 
crystals, m. p. 89° [Found: (micro) C, 63-6; H, 4:8. C,,H,.0, 
requires C, 68-9; H, 49%. C,gH,,O, requires C, 63-6; H, 46%]. 

Oxidation with Chromic Acid.—A solution of chromic acid (100 g.) 
in 80% acetic acid (200 c.c.) was added gradually from a tap funnel 
during 3 hours to a well-stirred solution of the hydrocarbon (20 g.) 
in 80% acetic acid (200 c.c.) heated to 60°. The liquid was main- 
tained at this temperature for a further 2 hours and was then 
poured into water (1500 c.c.) and thoroughly extracted with ether. 
The ethereal solution was first washed with concentrated sodium 
bicarbonate solution, the removal of the greater part of the acetic 
acid thus being effected. The acidic products of oxidation were then 
separated by shaking with sodium hydroxide solution. The alkaline 
liquid was acidified and the acids were extracted with ether. On 
evaporation of the dried solution a thick brown oil (8 g.) was obtained. 
The ethereal extract, after removal of the acidic products, was dried 
and yielded the neutral substances as a reddish-brown oil (3 g.). 

Neutral substances. 1:2: 5-Trimethyl-8-naphthaquinone (Va or 
b) was only isolated in appreciable amount when the quantity of 
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chromic acid was reduced by 30% and the oxidation was not allowed 
to proceed for longer than 2 hours. The neutral oil (6 g.), which 
was deep red, was diluted with methy] alcohol (5 c.c.) and left in the 
ice-chest for several days; the quinone then crystallised in orange- 
red needles (0-1 g.). It was separated from the oil and recrystallised 
from methyl alcohol, in which it was sparingly soluble. The residual 
oil still contained unchanged hydrocarbon, which was recovered by 
means of itspicrate. 1:2:5-Trimethyl-§-naphthaquinone crystallises 
in red needles having no definite melting point but decomposing 
between 130° and 135°. The compound is unstable and gradually 
decomposes on standing; it gives an intense violet colour with 
concentrated sulphuric acid [Found: (micro) C, 77-7; H, 61. 
C,H ,.0, requires C, 78-0; H, 6-0°%]. 

1 : 6-Dimethyl-a-naphthaquinone (VI). The neutral oil, which 
partly crystallised on standing, was steam-distilled, whereby a 
yellow solid was carried over. On crystallisation from methyl 
aleohol 1 : 6-dimethyl-«-naphthaquinone separated first, and after 
further recrystallisation from the same solvent was obtained in 
bright yellow needles, m. p. 94° [Found: (micro) C, 77-3, 77-4; 
H, 5-3, 5-3. Calc. for C,,H,,0,: C, 77-4; H, 54%]. The phenyl- 
hydrazone crystallised from glacial acetic acid in bright red needles, 
m. p. 225°, which gave no depression in melting point in admixture 
with the phenylhydrazone, m. p. 226°, prepared from authentic 
1 : 6-dimethyl-«-naphthaquinone {Found : (micro) C, 77-8; H, 5-6; 
N, 9-8. C,.H,,ON, requires C, 78:3; H, 5-8; N, 10-1%]. 

5: 8-Diacetoxy-1 : 6-dimethylnaphthalene (VII). The methyl- 
alcoholic filtrate obtained after removal of the above quinone was 
concentrated; colourless crystals separated on cooling and were 
recrystallised from methyl alcohol. The pure compound formed 
large prisms, m. p. 70—71° [Found : (micro) C, 70-6, 70-4; H, 6-0, 
6-1. C,,H,,0, requires C, 70-6; H, 5-9%]. 

Acidic products. 3-Methylacetophenone-2-carboxylic acid (II). The 
thick oily acid portion obtained from the oxidation was diluted with 
benzene and the solid material which separated after some time was 
filtered off (10 g. from 80g. of hydrocarbon). On repeated crystal- 
lisation from benzene 3-methylacetophenone-2-carboxylic acid was 
obtained in small colourless needles (4 g.), m. p. 126° (Found: 
C, 67-7, 67-4; H, 5-5, 5-6; equiv., 180. C,,H,,0, requires C, 67-4; 
H, 56%; equiv., 178). The semicarbazone, prepared in the usual 
manner, crystallised from alcohol in small needles, m. p. 177° 
(decomp.) [Found : (micro) C, 56-2; H, 5-2; N, 18-4. ©,,;H,,0;N; 
requires C, 56-1; H, 5-5; N, 17-9%]. 

Methyl 3-methylacetophenone-2-carboxylate was prepared by reflux- 
ing the dry silver salt with methyl iodide in dry ether. It was 
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obtained as an oil which solidified on standing and separated from 
benzene-—light petroleum in large crystals, m. p. 47—48° [Found : 
(micro) C, 69-0, 68-7; H, 6-6, 6-5. C,,H,,0, requires C, 68-7; 
H, 62%]. The semicarbazone crystallised from alcohol in colourless 
needles, m. p. 215° (decomp.) [Found: (micro) C, 57-7; H, 5-9. 
C2H,,0,N, requires C, 57-8; H, 60%]. 

Oxidation of 3-methylacetophenone-2-carboxylic acid to 3-methyl- 
phthalic acid. A dilute solution of sodium hypobromite was added 
gradually to a well-cooled solution of 3-methylacetophenone-2-carb- 
oxylic acid (0-9 g.) in aqueous sodium hydroxide (20 c.c. of 5%) 
until a faint yellow colour persisted. After 12 hours, sulphur 
dioxide was passed in to remove the excess of sodium hypobromite 
and the bromoform was extracted with ether. 3-Methylphthalic 
acid, obtained by extracting the acidified solution with ether, 
separated from ethyl acetate in colourless crystals, m. p. 157—160° 
(depending on the rate of heating). Jiirgens (Ber., 1907, 40, 4413) 
gives m. p. 154° and Weissgerber and Kruber (loc. cit.) give m. p. 
157° [Found : (micro) C, 60-3; H, 4-6. Calc. for C,5H,0,: C, 60-0; 
H, 4-4%]. That the acid was actually the 3- and not the isomeric 
4-methylphthalic acid was proved by its oxidation with potassium 
permanganate to hemimellitic acid. 

Attempts to obtain any further single acid directly from the 
residual oil from which the 3-methylacetophenone-2-carboxylic acid 
had been isolated were unsuccessful. The oil (20 g.) was therefore 
esterified by refluxing it with methyl alcohol and sulphuric acid and 
the esterified material (13 g.) was fractionated from a Willstatter 
flask at 5 mm. pressure, yielding the following fractions: (1) 4 g., 
wholly crystallised, b. p. up to 125°, m. p. 45—48°; (2) 3 g., partly 
crystallised, b. p. 125—135°, m. p. 55—65°; (3) 2 g., partly crystal- 
lised, b. p. 145—155°, m. p. 64—73° ; (4) 1 g., liquid, b. p. above 145° 
(the m. p.’s are those of the separated crystals). 

Methyl 4-methylacetophenone-2-carboxylate was isolated in long 
needles, m. p. 71—72°, from fraction 1, by repeated crystallisation 
from light petroleum—benzene. The yield of pure substance was 
small (0-5 g.), the solid obviously being a complex mixture [Found : 
(micro) C, 69-0; H, 6-2. C,,H,.0, requires C, 68-7; H, 6-2%]. 
Hydrolysis of the ester yielded 4-methylacetophenone-2-carboxylic 
acid (III), which crystallised from benzene in needles, m. p. 125— 
126°, and readily gave a semicarbazone, m. p. 182° (decomp.). 

3: 4-Dimethylacetophenone-2-carboxylic acid (IV). The methyl 
ester of this acid (1 g.) was obtained by repeated crystallisation from 
light petroleum—benzene of the total solid (3 g.) from fractions 2 
and 3. It separated in rosettes of needles, m. p. 78—79° [Found : 
(micro) C, 69-5; H, 6-7. CgH,,0, requires C, 69-9; H, 68%]. 
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3 : 4-Dimethylacetophenone-2-carboxylic acid, obtained by hydro. 
lysis of the ester, crystallised from benzene-light petroleum in 
needles, m. p. 105° [Found : (micro) C, 68-7; H, 6-3. C,,H,,.0, 
requires C, 68:7; H, 6-2%]. The acid formed a very sparingly 
soluble semicarbazone, m. p. 217° (decomp.). 


In conclusion we gratefully acknowledge the assistance given us 
in this work by Dr. J. Harvey, who carried through the oxidation of 
the naphthalene hydrocarbon with potassium ferricyanide. Further, 
we desire to express our thanks to Professor L. Ruzicka for his 
friendly co-operation and also to make acknowledgment of our 
indebtedness to the Department of Scientific and Industrial Research 
for a grant to one of us (D. G. W.). 
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CCCXXXVIII.—T he Constitution of Double Sulphonium 
Mercuric Iodides. The Optically Active Mercuri-tri- 
and -tetra-iodides and Cadmi-tetra- and -penta- 
iodides derived from |-Phenacylmethylethylsulphon- 
ium Iodide. 


By MicHAkEL Paruir BALFE, JosEPH KENYON, and HENRY PHILLIPS. 


Tue double salt formed by the union of potassium iodide (1 mol.) and 
mercuric iodide (1 mol.) is usually assigned the constitution 
K*(HglI,]~: by analogy, the double sulphonium mercuric iodides have 
the constitution R,S*[HgI,]— (Sidgwick, ‘“‘ The Electronic Theory of 
Valency,” p. 227). This constitutional formula is in agreement with 
the conductivities and the molecular weights of trialkylsulphonium 
mercuritri-iodides (tri-iodomercuriates) in acetone and also with 
their parachors (Sudgen, “ The Parachor and Valency,”’ p. 154). 

Pope and Neville (J., 1902, 81, 1552), however, proposed an 
alternative constitutional formula for double sulphonium and 
selenonium mercuric halides (reproduced in this vol., p. 358) in order 
to explain why compounds of this type prepared from d- and 
l-phenacylmethylethylsulphonium and _ phenylmethylselenetine 
d-bromocamphorsulphonates were optically inactive. 

A study of the chemical properties of the mercuri-tri- and -tetra- 
iodides and analogous compounds derived from triethylsulphonium 
and phenyldiethylsulphonium iodides has led to the conclusion that 
the racemisation of the sulphur compounds of Pope and Neville was 
due to the chemical instability of sulphonium iodides and to the 
sensitiveness of sulphonium mercuritri-iodides towards the reagents 
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used in their preparation. As far as it is concerned with /-phenacyl- 
methylethylsulphonium mercuritri-iodide, the work of Pope and 
Neville (oc. cit.) has therefore been repeated, with the result that no 
difficulty has been experienced in obtaining this mercuritri-iodide and 
other compounds of a similar nature in an optically active condition. 
Optically Active Compounds containing Mercuric and Cadmium 
Iodides in Combination with 1-Phenacylmethylethylsulphonium 
Iodide.—Mercuric iodide forms five well-defined salts with cesium 
iodide, CsHglI,, Cs,HgI,, Cs,HgI;, Cs,Hg,I,, and CsHg,I,; (Wells, 
Amer. J. Sci., 1892, 44, 221). With /-phenacylmethylethyl- 
sulphonium iodide, mercuric iodide readily forms double salts 
which correspond to two members of the cesium series, /-phenacyl- 
methylethylsulphonium wmercuritri-iodide (III) and /-phenacyl- 
methylethylsulphonium mercuritetraiodide (II). 


Ew }* - 
mes | 0:80,C,,H,,BrO (I) 
Ph:CO-CH,’ | 


J 





r Et li r Hel, r Et. \* - 

Me 5S | Hel, ——— | Me—S | Hgl 

PhCO-CH,’ |, “‘kheai=s | Ph-CO-CH,” . 
(IT.) (III.) ~ 


The methods of preparation and the reactions by which the two 
compounds can be interconverted are given in the scheme above. 
The /-mercuritri-iodide (III) was obtained by the addition of an 
aqueous solution (containing a few drops of acetone) of potassium 
iodide (1 mol.) and mercuric iodide (1 mol.) to an aqueous solution of 
the d-bromocamphorsulphonate (I), prepared by Smiles’s method (J., 
1900, 77, 1174). It had m. p. 81—82° and [«];4g, — 10-7° in acetone 
solution. The l-mercuritetraiodide (II) was obtained, with m. p. 
122—123° and [«];4., — 9°3° in acetone, by the addition of an 
aqueous-acetone solution of potassium iodide (2 mols.) and mercuric 
iodide (1 mol.) to the d-bromocamphorsulphonate (1 mol.) in ethyl 
alcohol. To attempt to reconcile the results of the present investig- 
ation with the results of Pope and Neville, it was assumed that these 
authors employed a large excess of potassium iodide. When, how- 
ever, five molecular proportions of potassium iodide were used to one 
of mercuric iodide and one of the d-bromocamphorsulphonate, with 
water as the reaction medium, the /-mercuritetraiodide was again 
obtained with [«]5,., — 7-9°. 

Pope and Neville (Joc. cit.) record the m. p. of the dl-mercuritri- 
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iodide as 128°. The dl-mercuri-tri- and -tetra-iodides were therefore 
prepared for purposes of comparison. The dl-mercuritetraiodide 
was prepared by the addition of an aqueous solution contaming 
potassium iodide (2 mols.) and mercuric iodide (1 mol.) to an 
alcoholic solution of dl-phenacylmethylethylsulphonium bromide 
(1 mol.). It had m. p. 134° and when allowed to react with mercuric 
iodide (1 mol.) was converted into the dl-mercuritri-iodide, m. p. 82— 
83°. From these experiments it appears probable that the dl- 
mercuritri-iodide, m. p. 128°, described by Pope and Neville was a 
slightly impure dl-mercuritetraiodide.* 

Attempts to prepare the dl-phenacylmethylethylsulphonium 
mercuritrichloride (white scales, m. p. 119°) described by Pope and 
Neville (loc. cit.) have also been unsuccessful, although, as far as can 
be seen, similar experimental methods have beenemployed. By the 
addition of aqueous solutions containing equimolecular quantities 
of potassium chloride and mercuric chloride (1 and 2 mols.) to 
aqueous solutions of dl-phenacylmethylethylsulphonium d-bromo- 
camphorsulphonate (1 mol.), dl-phenacylmethylethylsulphonium 
dimercuriheptachloride, (Ph-CO-CH,"SMeEt),Hg,Cl,, was obtained in 
soft white needles, m. p. 153°. The same product was formed in a 
similar experiment in which an aqueous solution eontaining potas- 
sium chloride (5 mols.) and mercuric chloride (1 mol.) was added to 
a solution of the d-bromocamphorsulphonate of the dl-base (1 mol.). 
From the d-bromocamphorsulphonate of the /-base (1 mol.), potassium 
chloride (1 mol.), and mercuric chloride (1 mol.), with water as the 
reaction medium, 1-phenacylmethylethylsulphonium dimercurthepta- 
chloride was obtained with [«];,,, — 113° in methyl-alcoholic 
solution. This compound has no analogue amongst the cesium 
mercuric halides of Wells (Joc. cit.). It is possible that this salt is 
composed of equimolecular quantities of the mercuri-tri- and -tetra- 
chlorides, probably chemically linked, since attempts to effect a 
separation by recrystallisation were fruitless. 

From these experimental results, it can be concluded that when an 
asymmetric sulphonium ion takes part in the formation of a complex 
double mercuric halide its asymmetry is preserved. It has been found 
that this is also true when the asymmetric sulphonium ion becomes 
part of complex double cadmium halides. For example, by the 


* Recently Ray and Adhikary (J. Indian Chem. Soc., 1930, 7, 297) pre- 
pared di-phenacylmethylethylsulphonium mercuritri-iodide by Pope and 
Neville’s method and found that its conductivity in acetone solution, in con- 
trast to the conductivity of triethylsulphonium mercuritri-iodide, was of the 
same order as that of potassium iodide rather than that of potassium mercuri- 
tri-iodide. Since these authors record the m. p. of the dl-mercuritri-iodide 
as 129°, it is possible that the compound studied by them was the dl-mercuri- 
tetraiodide. 
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addition of aqueous solutions of cadmium iodide (1 mol.) and 
potassium iodide (either 1 or 2 mols.) to ethyl-alcoholic solutions of 
the d-bromocamphorsulphonate of the /-sulphonium base (1 mol.), 
l-phenacylmethylethylsulphonium cadmitetraiodide was obtained with 
[%]54g1 — 10-2° in acetone solution. By heating an acetone solution 
of this l-cadmitetraiodide with cadmium iodide, it was converted 
into 1-phenacylmethylethylsulphonium cadmipentaiodide with [«]54¢3 
— 9:0°. 

The Racemisation of the Double Mercuric and Cadmium Halides of 
the 1-Phenacylmethylethylsulphonium Base.—Although the empirical 
compositions of the sulphonium mercuric halides now described differ 
from those obtained by Pope and Neville, the difference is relatively 
unimportant. The important difference lies in the fact that, whereas 
optically active products were consistently obtained in the present 
research, Pope and Neville isolated products which were optically 
inactive. The racemisation of the compounds prepared by these 
authors is probably connected with the instability of sulphonium 
ions in the presence of halogen ions. This instability is due to the 
tendency of sulphonium halides to dissociate into an alkyl halide 
and a sulphide : 


RS + RI <= (R,S]i —*> (R,S}Hel,. 


Selenonium (Edwards, Gaythwaite, Kenyon, and Phillips, J., 
1928, 2293) and telluronium halides (Lowry and Gilbert, J., 1929, 
2867) show a similar tendency. 

On account of this dissociation, a sulphide, when placed in contact 
with an equimolecular quantity of an alkyl iodide, is rarely com- 
pletely converted into a sulphonium iodide: the reaction appears 
to reach an equilibrium before all the reactants have united. In the 
presence of mercuric iodide, however, alkyl sulphides and alkyl 
halides combine more rapidly and completely (Smiles, J., 1900, 77, 
163). The explanation of the action of mercuric iodide is that it 
converts the iodide ions into stable mercuritri-iodide ions and 
thereby prevents the disruption of the sulphonium ions. From these 
considerations it would be expected that /-phenacylmethylethy]l- 
sulphonium mercuritri-iodide would be a stable compound capable 
of retaining its optical activity in solution. On the other hand, 
since the mercuritetraiodide ion dissociates into an iodide ion and a 
mercuritri-iodide ion, it would be expected that the l-phenacyl- 
methylethylsulphonium mercuritetraiodide would dissociate in 
solution according to the following scheme, in which R,S is the 
optically active sulphonium ion : 


[R,S],Hel, == 2[R,S] + Hel, +1: [RS] +1 RS + RL 
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This dissociation would lead to the ultimate disruption of all the 
optically active sulphonium ions and hence solutions of the /-mercuri- 
tetraiodide should racemise. 

These deductions are in agreement with a number of experi- 
mental observations. For example, an acetone solution of the 
l-mercuritri-iodide had [«];4.; — 10-7° when first prepared and also 
after it had stood at laboratory temperature for 264 hours. An 
acetone solution of the /-mercuritetraiodide, however, with 
*]54¢1 — 7°8° when first prepared, had [«],,,, — 2-9° after 41 hours 
and was optically inactive after 139 hours. Examination of this 
solution then showed that it contained the dl-mercuritetraiodide, 
as well as methyl ethyl sulphide and other decomposition products 
of the sulphonium iodide. Similarly, the /-cadmi-tetra- and -penta- 
iodides, both of which contain less stable anions than the mercuri- 
tri-iodide anion, gradually lost their optical activity in solution. 

Further, from the scheme given above, it can be concluded that the 
addition of an alkyl halide to a solution of the /-mercuritetraiodide 
would alter the rate of racemisation, since the alkyl halide, by 
increasing the concentration of sulphonium iodide, would help to 
maintain the concentration of iodide ions at a maximum. On the 
other hand, the addition of an alkyl halide to a solution of the 
l-mercuritri-iodide should be without effect. In agreement with 
these deductions it was found that a solution of the /-mercuritri- 
iodide containing methyl iodide did not racemise, whereas the 
addition of methyl iodide to a solution of the /-mercuritetraiodide 
increased its rate of racemisation threefold. A further convincing 
observation was that a solution containing a mixture of the /-mercuri- 
tri- and -tetra-iodides racemised completely in spite of the fact that 
the l-mercuritri-iodide alone is optically stable. 

From this study of the racemisation of these compounds, it can be 
concluded that, when it is desired to prepare mercuri-iodides of 
optically active sulphonium bases, the experimental conditions 
should be so chosen that the mercuri-iodide separates rapidly from 
the solution and care should be taken that the product is removed as 
quickly as possible from contact with all solutions containing soluble 
halides. Pope and Neville were unacquainted with the necessity for 
these precautions and it is doubtless owing to this cause that their 
products were optically inactive. As showing the ease with which 
even the /-mercuritri-iodide is racemised by solutions containing 
iodide ions, the following observation may be recorded. An acetone 
solution of the J-mercuritri-iodide (1 mol.) having [«]44, — 7°8°, 
had [«]s4¢, — 2°4° immediately after the addition of potassium 
iodide (5 mols.), and after 15 hours the solution was optically 
inactive. 
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During the course of this investigation, solutions of the mercuri- 
tri-iodide, picrate, and d-bromocamphorsulphonate of the J-sul- 
phonium base have been kept under observation for periods exceed- 
ing 6 months. It has been found that even these compounds suffer 
a slight but definite loss of rotatory power with lapse of time. 

Double Salts derived from Mercuric Iodide and Triethyl- and Phenyl- 
diethyl-sulphonium Iodide.—The conclusions regarding the relative 
stabilities of the mercuri-tri- and -tetra-iodide ions are supported by 
the chemical properties of the mercuri-tri- and -tetra-iodides of the 
triethyl- and phenyldiethyl-sulphonium bases. 

With triethylsulphonium iodide, mercuric iodide readily forms 
three double salts, Et,SHgI, (IV), Et,;SHg,I, (V) (Smiles and Hil- 
ditch, J., 1907, 107, 1394), and [Et,S],HgI, (VI) (Hofmann and 
Rabe, Z. anorg. Chem., 1897, 14, 293). It has been found that 
these three compounds can be prepared and interconverted by a 
variety of methods, which are summarised in the following scheme : 























Et,S (IV.) (V.) 
+ a S| me Et,SHg,, 
Etl 
A 
a 
#||$ 
a} |% 
i 
rf 
’ 
Et,SI [Et,S],Hgl, (v1.) 


It will be seen that (V), the salt containing the highest proportion 
of mercuric iodide, can be converted into a salt containing a smaller 
proportion of mercuric iodide by interaction with compounds which 
will combine with or destroy mercuric iodide, e.g., triethylsulphonium 
iodide, potassium iodide or hydrogen sulphide. Conversely, (VI), 
the salt containing the smallest proportion of mercuric iodide, can 
be converted into salts containing larger proportions of mercuric 
iodide by interaction with mercuric iodide, or, alternatively, by the 
application of heat, triethylsulphonium iodide then being expelled. 
By using acetone, acetone containing ethyl alcohol, or mixtures 
of acetone, ethyl alcohol, and water as reaction media, the three 
double salts described can readily be isolated. Other double salts 
containing the triethylsulphonium group have been described, 
ég., Et,SHg,Cl, (Nasini and Costa, Gazzetta, 1891, 21, 191), 
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Et,SHg,Br,, and Et,SHg,Cl,, (Stromholm, Ber., 1898, 31, 2285; 
Hofmann and Rabe, Z. anorg. Chem., 1898, 17, 26). 

Similar methods have been applied to the preparation of double 
salts of phenyldiethylsulphonium iodide and mercuric iodide and 
three members of this series have been isolated, phenyldiethyl- 
sulphonium mercuritri-iodide (VII), phenyldiethylsulphonium 
trimercurioctaiodide (VIII), and phenyldiethylsulphonium mercuri- 
tetravodide (1X). 

PhSEt + EtI + Hgl, 


PhSEt,HglI, (VII.) 








(Ix.) (PhSEt,),HgI, < =. : (PhSEt,),HgI, (VII!) 


The double salt with the composition PhSEt,Hg,I; is too unstable 
to be isolated in a state of purity. 

Pope and Neville (loc. cit.) prepared the mercuritri-iodide of dl- 
phenacylmethylethylsulphonium iodide by using “a concentrated 
solution of mercuric iodide (one molecular proportion) in aqueous 
potassium iodide.” It would appear from the description that an 
indefinite amount of potassium iodide was used. The experimental 
results described above emphasise that the amount of potassium 
iodide employed determines to a great extent the nature of the 
double salt obtained, since it competes with the sulphonium iodide 
Zor possession of the mercuric iodide. For example, in both the 
triethylsulphonium and the phenyldiethylsulphonium series of salts 
the use of excess of potassium iodide results in the formation of the 
salt with the smallest proportion of mercuric iodide, namely, 
(R,8),HeI,. 

As is indicated in the reaction diagrams, the action of heat on 
the mercuri-iodides has been investigated. Triethylsulphonium 
mercuritri-iodide (IV), m. p. 112°, can be heated at 165° without 
undergoing any profound change. Mercuric iodide separates from 
acetone solutions of triethylsulphonium dimercuripentaiodide (V), 
but, since the mercuritri-iodide (I) is produced, no further change 
occurs. In this respect it resembles the corresponding cesium 
compound, CsHg,I, (Wells, loc. cit.). There is evidence that 
triethylsulphonium mercuritetraiodide (V1) dissociates in boiling 
acetone solution into the mercuritri-iodide and the sulphonium 
iodide, and when heated at its m. p. (151°) it decomposes smoothly, 
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losing a molecular quantity of triethylsulphonium iodide (as a 
mixture of ethyl iodide and ethyl sulphide), and leaves a residue of 
the pure mercuritri-iodide. 

The greater instability towards heat of the mercuritetraiodide (V1) 
as compared with the mercuritri-iodide (IV) is doubtless connected 
with the greater instability of HgI,- - as compared with HgI,~. There 
are apparently other factors influencing the stability of mercuri- 
iodides which are illustrated by the behaviour of the mercuri-iodides 
derived from phenyldiethylsulphonium iodide. The mercuritri- 
iodide (VII) of this series, in marked contrast to triethylsulphonium 
mercuritri-iodide, decomposes when heated, evolves a molecular 
proportion of sulphonium iodide, and leaves a stable residue in which 
two molecules of sulphonium iodide are in combination with three 
molecules of mercuric iodide. Presumably, therefore, the presence 
of the phenyl group can cause the sulphonium ion itself to initiate 
the decomposition. The stability of the product of this change, the 
trimercurioctaiodide (VIII), is remarkable: it can be heated at 
180° for 2 hours without suffering any loss in weight. 


EXPERIMENTAL. 

Triethylsulphonium Mercuritri-iodide (IV).—{i) This salt, m. p. 
and mixed m. p. 112—113°, crystallised as sulphur-yellow, prismatic 
rods (6 g.; 85-7%) from the solution obtained by adding mercuric 
iodide (4-5 g.; 1 mol.) to a suspension of triethylsulphonium iodide 
(2-5 g.) in warm acetone (20 c.c.) (Found: C, 10-5; H,2-2; Hg, 28-4. 
Calc. for C,H,,I,SHg : C, 10-3; H, 2-1; Hg, 28-5%). 

(ii) A clear yellow solution was obtained by adding mercuric 
iodide (1-13 g.; 1 mol.) to a suspension of triethylsulphonium 
mercuritetraiodide (2-37 g.; 1 mol.) in acetone (15 c.c.). When 
the solution had evaporated at the ordinary temperature to 5 c.c., 
triethylsulphonium mercuritri-iodide (3-10 g.; 89-4% calc.), m. p. 
113°, crystallised. 

(iii) When a solution of mercuric iodide (9-1 g.) in aqueous 
potassium iodide (12 c.c.) was added to triethylsulphonium iodide 
(5 g.) in water (50 c.c.), a slight evolution of heat occurred and 
triethylsulphonium wmercuritri-iodide (14 g.) separated; after 
crystallisation from ethyl alcohol (400 c.c.), 12-4 g. were obtained, 
m. p. and mixed m. p. 113—114°. 

(iv) Mercuric iodide (45-4 g.) was added to a solution of ethyl 
sulphide (9-0 g.) in acetone (10 c.c.) and, when no more mercuric 
iodide would dissolve, even on heating, ethyl iodide (9-0 c.c.) was 
added. The mixture was heated for 3 minutes; a vigorous reaction 
then occurred and the clear solution boiled. On cooling, triethyl- 
—— mercuritri-iodide (68-5 g.), m. p. 105—110°, separated ; 
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and after recrystallisation from acetone (45 c.c.) 60 g. were obtained, 
m. p. and mixed m. p. 112—113°. 

Triethylsulphonium Dimercuripentaiodide (V).—{i) Mercurie 
iodide (9-1 g.; 2 mols.) was added to a suspension of triethylsul- 
phonium iodide (2-5 g.) in hot acetone (50 c.c.). On cooling, the 
resulting clear solution deposited sulphur-yellow needles of triethyl- 
sulphonium dimercuripentaiodide (8-8 g.), m. p. 121—122° (Found : 
Hg, 34:5. Calc. for C,H,,I,SHg, : Hg, 34-7%). 

(ii) To a solution of triethylsulphonium mercuritri-iodide (2-0 g.) 
in hot acetone (10 c.c.), mercuric iodide (1-3 g.; 1 mol.) was added. 
The solution, on standing, deposited triethylsulphonium dimercuri- 
pentaiodide (3-05 g.; 93% calc.), m. p. and mixed m. p. 121—122°. 

(iii) A solution of triethylsulphonium iodide (7-0 g.) in warm 
acetone (40 c.c.) was saturated with mercuric iodide, filtered, and 
allowed to cool. The dimercuripentaiodide (5-4 g.), m. p. and 
mixed m. p. 121—122°, separated. The filtrate was saturated with 
mercuric iodide: a further crop of the dimercuripentaiodide separated, 
and the new filtrate was treated as before. This process was repeated 
until no more mercuric iodide could be dissolved in the filtrate 
obtained : 5-19 g. of mercuric iodide were dissolved and 11-42 g. 
(99% cale.) of triethylsulphonium dimercuripentaiodide were 
obtained. 

Triethylsulphonium Mercuritetraiodide (V1)—(i) A solution of 
potassium mercuritri-iodide (3-2 g.) in water (2-5 c.c.) was added 
to a solution of ethyl sulphide (1-8 g.) and ethyl iodide (3-3 g.) in 
acetone (8 c.c.). The resulting clear solution, after 10 days, deposited 
triethylsulphonium mercuritetraiodide (2-1 g.; 90% calc.) as very 
pale yellow needles, m. p. 150—151° (decomp.) (Found: Hg, 20-9. 
Cale. for C,,H51,8,Hg : Hg, 21:2%). This salt is very sparingly 
soluble in boiling acetone, benzene, or chloroform and only slightly 
soluble in boiling acetic acid or ethyl alcohol. 

(ii) Mercuric iodide (1-13 g.) was added to a hot solution of triethyl- 
sulphonium iodide (1-46 g.; 2 mols.) in acetone (25 c.c.). Triethyl- 
sulphonium mercuritetraiodide (2-5 g.; 93% calc.), m. p. 151° 
(decomp.), was obtained. 

(iii) Potassium iodide (1-66 g.; 1 mol.) in water (5.c.c.) was added 
to a solution of triethylsulphonium mercuritri-iodide (7-0 g.) in warm 
acetone (20 c.c.). The mercuritetraiodide (4-7 g.; 99% calc.), 
m. p. 150—151° (decomp.), was obtained. 

(iv) Triethylsulphonium mercuritetraiodide (8-7 g.; 92% calc.), 
m. p. 151° (decomp.), was obtained by the addition of a solution of 
triethylsulphonium mercuritri-iodide (7-0 g.) in hot acetone (25 c.c.) 
to a solution of triethylsulphonium iodide (2-5 g.) in the same solvent 
(25 c.c.). This reaction takes place also in aqueous acetone. 
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(v) Triethylsulphonium dimercuripentaiodide (1-91 g.) was added 
gradually to a boiling solution of triethylsulphonium iodide (1-48 g. ; 
3 mols.) in acetone (60 c.c.). The mercuritetraiodide (3-2 g.; 94% 
calc.), m. p, 151° (decomp.), was obtained. 

(vi) To a solution of triethylsulphonium dimercuripentaiodide 
(6-9 g.) in warm acetone (50 c.c.), a solution of potassium iodide 
(1-5 g.; 1-5 mols.) in water (40 c.c.) was added. The mercuritetra- 
jodide (0-7 g.; 25% calc.), m. p. 151° (decomp.), crystallised. The 
low yield obtained is due to the dissociation of triethylsulphonium 
mercuritetraiodide into triethylsulphonium mercuritri-iodide and 
triethylsulphonium iodide in warm aqueous acetone. 

(vii) When a current of hydrogen sulphide was passed into a 
warm solution of triethylsulphonium mercuritri-iodide (9-8 g.) in 
acetone (160 c.c.) containing water (15 c.c.), a black precipitate 
of mercuric sulphide formed, which, after about 15 minutes, became 
bright red, having changed to mercuric iodide. After removal 
of the precipitate (0°85 g.), the filtrate deposited triethyl- 
sulphonium mercuritetraiodide (5-9 g.; 89% calc.), m. p. 148—149° 
(decomp. ). 

The action of heat on triethylsulphonium mercuritetraiodide. The 
salt (18-95 g.) was heated at 145—165° for 2 hours; no further 
reaction then occurred. The residue (14-5 g.) was separated by 
recrystallisation from acetone into unchanged mercuritetraiodide 
(1-0 g.) and triethylsulphonium mercuritri-iodide (13 g.). The 
distillate obtained (3-2 c.c.) was a mixture of ethyl iodide and ethyl 
sulphide and, after redistillation (b. p. 72—92°), set to a white 
crystalline mass of triethylsulphonium iodide, m. p. and mixed 
m. p. 150° (decomp.). 

Triethylsulphonium mercuritetraiodide was also converted 
quantitatively into triethylsulphonium mercuritri-iodide through the 
loss of ethyl iodide and ethyl sulphide by heating it with water on a 
steam-bath. 

Phenyldiethylsulphonium Mercuritri-iodide (VII).—(i) A mixture 
of phenyl ethyl sulphide (27-6 g.), mercuric iodide (91-4 g.), and 
ethyl iodide (32 g.) in acetone (60 c.c.) was gently warmed and shaken 
until a clear yellow solution was obtained. After remaining for 
5 months in an uncorked flask, this deposited phenyldiethylsul- 
phonium mercuritri-todide, which was recrystallised from acetone- 
ethyl alcohol and obtained as pale yellow, hard, irregular rhombs 
(141-5 g.; 95% cale.), m. p. 56—57° (Found: Hg, 26-6. 
C,,H,,1,SHg requires Hg, 26-8%). 

(ii) On adding mercuric iodide (0-45 g.; 1 mol.) to a suspension of 
phenyldiethylsulphonium mercuritetraiodide (1-04 g.) in acetone 
(10 c.c.), a clear yellow solution was obtained, from which, on 
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addition of ethyl alcohol, phenyidiethylsulphonium mercuritri- 
iodide (1-4 g.), m. p. and mixed m. p. 54—55°, crystallised. 

(iii) When phenyldiethylsulphonium mercuritetraiodide (1-04 g.) 
was warmed with an excess of aqueous potassium mercuritri-iodide, 
it was converted into phenyldiethylsulphonium mercuritri-iodide 
(1-3 g.), m. p. and mixed m. p. 53—54°. 

Action of heat on phenyldiethylsulphonium mercuritri-iodide, 
The salt (10-0 g.) was heated at 120—170° until it ceased toeffervesce, 
The residue [8-2 g.; calc. for (SPhEt,),Hg,I,, 8-7 g.] consisted of 
phenyldiethylsulphonium trimercurioctaiodide and had m. p. and 
mixed m. p. 66—67° (see below) after crystallisation from acetone, 
When heated for 2 hours at 150°, the trimercurioctaiodide darkened, 
but otherwise remained unchanged. Further heating for 2 hours at 
180° caused it to lose 5-7°% in weight, but no profound decomposition 
occurred. 

Phenyldiethylsulphonium Trimercurioctaiodide (VIIL).—Mercuric 
iodide (2-27 g.; 0-5 mol.) was dissolved in a solution of phenyl- 
diethylsulphonium mercuritri-iodide (7-48 g.; 1 mol.) in acetone 
(10 c.c.). When the resulting solution was diluted with alcohol, 
phenyldiethylsulphonium trimercurioctaiodide (9-5 g.), m. p. 65—66°, 
separated as pale yellow, irregular rhombs (Found: Hg, 30:8. 
CopHgolg5,Hg; requires Hg, 30-9%). 

Phenyldiethylsulphonium Mercuritetraiodide (1X).—{i) Potassium 
iodide (1-7 g.; 1 mol.) in water (4 c.c.) was added to a solution 
of phenyldiethylsulphonium mercuritri-iodide (7-5 g.; 2 mols.) 
in acetone (15 c.c.). Phenyldiethylsulphonium mercuritetraiodide 
(5-1 g.), m. p. 114—115°, separated almost immediately. Owing to 
its sparing solubility it could not be recrystallised (Found : C, 22-0; 
H, 2-9; 1, 48-8; Hg, 20-3. C. )H591,8,Hg requires C, 23-0; H, 2-9; 
I, 49-0; Hg, 19-2%). 

(ii) To a solution of phenyldiethylsulphonium trimercuriocta- 
iodide (15 g.; 1 mol.) in acetone (30 c.c.), potassium iodide (3-3 g.; 
2 mols.) in water (7 c.c.) was added. The mercuritetraiodide 
(7-6 g.), m. p. and mixed m. p. 114—115°, was obtained. 

(iii) A current of hydrogen sulphide was passed for 2 hours into a 
solution of phenyldiethylsulphonium mercuritri-iodide (15 g.) in a 
mixture of acetone (15 c.c.) and water (5 c.c.). A precipitate of the 
mercuritetraiodide (10-2 g.) was produced, m. p. and mixed m. p. 
114—115°. 

(iv) Hydrogen sulphide was passed for 2 hours into a solution of 
phenyldiethylsulphonium trimercurioctaiodide (7-8 g.) in acetone 
(50 c.c.). A yellow precipitate of mercuric iodide (0-65 g.) was 
removed, and the filtrate allowed to evaporate at the ordinary 
temperature. The mercuritetraiodide (2-55 g.), m. p. 114—115° 
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(decomp.), crystallised, and, when the mother-liquor was concen- 
trated and diluted with ethyl alcohol, the mercuritri-iodide (2-5 g.), 
m. p. 53—54°, was also obtained. 

Action of heat on phenyldiethylsulphonium mercuritetraiodide. 
The salt (3-0 g.) was heated at 110—130° until the evolution of ethyl 
iodide had ceased. The resinous residue was separated by means of 
ether into phenyl ethyl sulphide (b. p. 202—204°) and crystalline 
phenyldiethylsulphonium mercuritri-iodide (2-18 g.), m. p. and 
mixed m. p. 56—57°. 

Phenacylmethylethylsulphonium d-Bromocamphorsulphonate.—The 
preparation and resolution of this salt were carried out by Smiles’s 
method (loc. cit.). The dl-sulphonium bromide obtained from 
o-bromoacetophenone (56-1 g.) and methyl ethyl sulphide (21-4 g.) 
was converted into the d-bromocamphorsulphonate, which, when 
recrystallised from ethyl alcohol, gave J/-phenacylmethylethyl- 
sulphonium d-bromocamphorsulphonate (20 g.), m. p. 196°, 
[«]ss03 + 46-0°, [a]54g1 + 59-0° (c = 1-17; 1 = 2-0) in water. The 
specific rotatory power of this d-bromocamphorsulphonate altered 
only by 1-0° when the salt was recrystallised from absolute or 
aqueous ethyl alcohol. From the filtrate from this d-bromo- 
camphorsulphonate, three other crops of the same salt were obtained : 
(a) 10 g., [o]sag, + 71:2°; (6) 4 g., [o]gqgy + 61°1°; (c) 4 g., 
[Jsag, + 71-2°. 

The combined filtrates from the crops of the /-sulphonium salt, on 
standing for 5 weeks, gave no further crystals, and the addition of 
picric acid caused the deposition of only a small quantity of the 
dl-picrate, m. p. 126°. 

In a second and more successful resolution, a solution of dl- 
phenacylmethylethylsulphonium d-bromocamphorsulphonate (86 g.) 
in aqueous ethyl alcohol (90%, 550 c.c.) was concentrated ; a crop of 
the /-sulphonium salt separated, which was fractionally recrystallised 
from the same solvent. The more soluble d-sulphonium salt was 
obtained by evaporating the combined filtrates from the crystal- 
lisation of the /-sulphonium salt to a small bulk and precipitating the 
salt with dry ether. The d-sulphonium salt obtained was then 
washed with dry acetone. The specific rotatory powers (J = 2, in 
water) of the crops of /- and d-sulphonium salt obtained were as 
follows :— 


Crop. Weight, g. M. p. [a]57¢0- [a]}sae.- c. 
A 10 193° +48-7° +58-1° 1-48 
B 6 191—192 50-2 58-0 1-52 
C 11 184 54-5 64:8 1-55 
D 5 185—186 61-4 71-1 1-55 
E 2 182—183 63-2 73-2 1-51 
F 2 182—183 — 71-4 1-50 


4R2 
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Crops A and B were combined and recrystallised from ethyl] alcohol. 
The resulting /-phenacylmethylethylsulphonium salt (7-1 g.), 
m. p. 193°, had [«];29 + 50:5°, [«]s4g1 + 58°5° (c = 1-55, 1 = 2-0) 
in water. 

The optically purest J-sulphonium salt with [«]59, + 46-03°, 
[%]s4¢1 + 59-0° (obtained in the first resolution), gave /-phen- 
acylmethylethylsulphonium picrate, m. p. 128°, [«]54g, — 9°8°, 
and, after recrystallisation from ethyl alcohol, [«]5g93; — 11-2°, 
[<]s4e1 — 13-5° in acetone (c = 1-56, 1 = 2-0). Pope and Neville 
(loc. cit.) record [«]5;e93 + 41-1° (¢ = 1-410, ] = 2-0) as the rotatory 
power of the optically pure /-sulphonium d-bromocamphorsulphonate 
and [«];e93 — 10-0° (c = 1-910, 1 = 2-0) as the maximum rotatory 
power of the /-picrate. 

In neither the first nor the second resolution could the d-sulphonium 
salt be obtained in any quantity or even optically pure. Crop F 
(second resolution) approached optical purity: it gave a d + dl- 
sulphonium picrate with [«];..) + 6-0°, [«]s4g1 + 66° (c¢ = 1-59; 
1 = 2-0) in acetone solution. 

The Stability of |-Phenacylmethylethylsulphonium d-Bromocamphor.- 
sulphonate in Aqueous Solution and of the |-Picrate in Acetone Solution. 
—An aqueous solution of the d-bromocamphorsulphonate had 
[%]546, + 581° when freshly prepared, [«],,,, + 59-1° after 237 hours 
and also after 1392 hours. 

Six months after it had been prepared, a specimen of the /-picrate, 
m. p. 132—133°, [«]54g; — 16-8° in acetone (c = 1-012; 1 = 2-0), 
had [«]54g; — 17-8° (c= 1-570; 1 = 2-0) in acetone. This acetone 
solution had [«];,4,, — 15°0° after 741 hours and [«];4g, — 13-4° after 
1897 hours. 

dl- and |-Phenacylmethylethylsulphonium Mercuritri-iodide (III).— 
When the paste obtained by adding a few drops of acetone to dl 
phenacylmethylethylsulphonium mercuritetraiodide (see below) 
(2-2 g.; 1 mol.) and mercuric iodide (0-9 g.; 1 mol.) was warmed, 4 
yellow mass was obtained. It was dissolved in cold acetone and 
when ethyl alcohol was added dl-phenacylmethylethylsulphonium 
mercuritri-iodide (1-2 g.), m. p. 82—83°, separated in small 
yellow needles (Found: Hg, 25-6. C,,H,,O1,SHg requires Hg, 
25-8%). 

1-Phenacylmethylethylsulphonium mercuritri-iodide. (i) To 4 
solution of J-phenacylmethylethylsulphonium d-bromocamphor- 
sulphonate (2-0 g.; 1 mol.; [«]54¢,; + 59°) in water (20 c.c.) was 
added a solution of potassium mercuritri-iodide (2-5 g.; 1 mol.) im 
water (3 c.c.). The oil which separated crystallised to a yellow solid 
(2:7 g.), m. p. 78—80°, [a]s4g, — 7:2° (¢ = 1-52, 1 = 2-0). When 
this solid was recrystallised from acetone—aqueous alcohol, 1-phenacyl- 
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methylethylsulphonium mercuritri-iodide (2-3 g.), m. p. 81—82°, 
was obtained (Found: ©, 17-2; H, 2-0; I, 49-2; Hg, 25-6. 
C,;H,,01,SHg requires C, 17-0; H,1-9; I, 49:1; Hg, 258%). It 
had = [«]5759 — 64°, [2]5e93 — 9°1°, [«]sae1 — 107° (c= 1-918; 
| = 2-0) in acetone solution immediately after the solution had been 
prepared and also after it had stood at the ordinary temperature for 
264 hours. The solution was then unchanged in appearance and 
free from the odour of alkyl sulphides. After 1368 hours and also 
after 2865 hours this solution had [«];4., — 5°5°. 

(ii) Sufficient acetone was added to freshly prepared J-phenacyl- 
methylethylsulphonium mercuritetraiodide (see below) (0-55 g.-) 
and mercuric iodide (0-22 g.; 1 mol.) to form a pasty mass, which, 
on being warmed, assumed a homogeneous yellow colour. When 
alcohol was added to a solution of this paste in acetone, /-phenacyl- 
methylethylsulphonium mercuritri-iodide (0-7 g.) separated, m. p. 
82° alone and when mixed with the /-mercuritri-iodide prepared as 
described above. In acetone solution it had [«]57g) — 6-6", 
[~]s4¢1 — 6°8° (c = 2-36, 1 = 2-0), values which remained unchanged 
after 93 hours. 

The Permanence of the Rotatory Power of 1-Phenacylmetiylethyl- 
sulphonium Mercuritri-iodide in Acetone containing Methyl Iodide.— 
To 19 ¢.c. of an acetone solution of the J-mercuritri-iodide having 
[«]5289 — 7°1°, [e]s4¢1 — 7°9° (c = 2-53, 1 = 2-0), which remained 
unchanged during 20 hours, methyl iodide (1-37 g.; 15-8 mols.) was 
added. The solution then had [a]s7 9 —7:9°, []sse1 — 8°1°, 
unchanged after 161 hours; [«];,,, —6-1° after 1032 hours ; 
[]54¢3 — 57° after 1358 hours; [«],,., — 4:3° after 2522 hours. 

The Racemisation of 1-Phenacylmethylethylsulphonium Mercuritri- 
iodide in Acetone.—(a) Inthe presence of potassium iodide. 1-Phenacyl- 
methylethylsulphonium mercuritri-iodide (0-614 g., [*]54¢1 — 7°8°), 
potassium iodide (0-3 g.; 5 mols.), and water (1 c.c.) were made up 
to 20 c.c. with acetone. The solution obtained had [«];44, — 2°4°, 
and was optically inactive after 15 hours. 

(b) Im the presence of 1-phenacylmethylethylsulphonium mercuri- 
letraiodide. Toa solution of the /-mercuritri-iodide (0°3564 g.) in 
acetone (20 c.c.), the /-mercuritetraiodide (0-2266 g.) was added. 
The resulting solution had a,,,, —0-36°; after 20 hours, 
%54g) — 0°32°; after 338 hours, «,,,, —0-16°; and after 861 
hours was optically inactive. The /-mercuritri-iodide used in this 
experiment had [«],,,, — 8-4° in acetone solution, changing to 
— 6-2° after 2043 hours. 

Action of Heat on 1-Phenacylmethylethylsulphonium Mercuritri- 
iodide.—The salt (0-598 g.; [«]s44, — 78°) was heated at 100° for 
Zhours. It was then black, had an odour resembling that of alkyl 
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sulphides, weighed 0-583 g., and was optically inactive in acetone 
solution, from which it could not be precipitated by the addition of 
either ethyl alcohol or ether. 

dl- and 1|-Phenacylmethylethylsulphonium Mercuritetraiodide.— 
An oil, which solidified after 12 hours, separated when a solution of 
potassium mercuritri-iodide (8-2 g.; 2 mols.) in water (10 c.c.) 
was added to a solution of dl-phenacylmethylethylsulphonium 
bromide (3-6 g.; 1 mol.) in alcohol (10 c.c.). The solid product 
(4-3 g.) had m. p. 120—130°, and after crystallisation from dry 
acetone-ether gave dl-phenacylmethylethylsulphonium mercuritetra- 
todide (1-7 g.), m. p. 134° (Found: Hg, 18-3. C,.H390,1,8,Hg 
requires Hg, 18-2%). 

1-Phenacylmethylethylsulphonium mercuritetraiodide. (i) From }- 
phenacylmethylethylsulphonium d-bromocamphorsulphonate. (a) Using 
potassium iodide (2 mols.) and mercuric iodide (1 mol.) in ethyl- 
alcoholic solution. Potassium iodide (2-65 g.; 2 mols.) and mercuric 
iodide (3-55 g.; 1 mol.) in hot aqueous acetone (15 c.c., containing 
water, 5 c.c.) was added to a solution of /-phenacylmethyl- 
ethyl sulphonium d-bromocamphorsulphonate (2 g.; 1 mol.; 
[%]s4¢x + 59-0°) in hot alcohol (40 c.c.). When the mixture was 
cooled, a white crystalline precipitate (1-8 g.), m. p. 118—120°, was 
obtained, from which, by recrystallisation from acetone-ether, 
l-phenacylmethylethylsulphonium mercuritetraiodide (1-5 g.) was 
isolated as clusters of minute white needles, m. p. 122—123° (Found : 
C, 241; H, 2-8; I, 46:7; Hg, 17-9. C,.,.H,,0,S,1,Hg requires 
C, 24-1; H, 2-7; I, 46-6; Hg, 18-2%). In acetone solution it had 
La]s7g9 — 82°, [%]5ag1 — 9°3° (¢ = 2-425; 1 = 2-0) when this solution 
was first prepared, [«];75) — 2°9°, [a]s4g, — 3°1° after 72 hours, and 
[<]5789 — 1-6°, []sa4g, — 1-7° after 192 hours. 

Another specimen of this /-mercuritetraiodide (2 g.), prepared by 
the addition of potassium mercuritri-iodide (9-3 g.; 2 mols.) in hot 
water (10 c.c.) to a solution of the d-bromocamphorsulphonate 
(3-0 g.; 1 mol.) in alcohol (50 c.c.), after recrystallisation from 
acetone-ether, had m. p. 122°, and [«];e9, — 6°8°, [«]szg9 — 7°3°; 
[%]54¢1 — 7°8° in acetone solution (c = 2-939; 1 = 2-0). Attheendof 
19 hours, this solution had [«];..) — 3-9°, [«]54,, — 3-9°; after 41 
hours, [«]57g9 — 2°9°, []sag — 2°9°; after 91 hours, [«]s2g9 — 2°3°; 
[«]sag1 — 2°2°; and after 139 hours it was optically inactive. 
The solution, which was originally pale yellow, gradually darkened 
and developed an odour of alkyl sulphide. After 312 hours, it was 
found to contain free iodine and the gum which remained on evapor- 
ation of the solvent had an odour of w-bromoacetophenone and 
deposited dl-phenacylmethylethylsulphonium mercuritetraiodide 
(0-07 g.), m. p. 133°, on standing. From these observations it can 
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be concluded that the racemisation of the /-mercuritetraiodide is 
attended by profound decomposition. Even in the solid state the 
salt is not stable. For instance, a freshly prepared specimen, m. p. 
122—123°, had [a];44, — 10-9° (c = 1-380 ; 1 = 2) in acetone; after 
2160 hours, this specimen had m. p. 114—122° and [«];4,, — 8°4° 
in acetone (c = 1-195; 1 = 2-0); and at the end of 386 hours this 
solution was optically inactive. 

(b) Using potassium iodide (2 mols.) and mercuric iodide (1 mol.) 
in aqueous solution. A solution of potassium iodide (1°35 g.; 
2 mols.) and mercuric iodide (1-85 g.; 1 mol.) in water (3 c.c.) was 
added to a solution of the d-bromocamphorsulphonate (2-0 g. ; 1 mol.) 
in water (40 c.c.). The precipitated oil slowly formed a paste 
(2-9 g.) which, by crystallisation from acetone and alcohol, was 
separated into the /-mercuritetraiodide (0-50 g.), m. p. 122—124°, 
and the /-mercuritri-iodide (1-75 g.), m. p. 78—80°, which, after 
crystallisation from acetone and aqueous alcohol, had m. p. 
81—82° and [«]54¢, — 8-0° (¢ = 5-45; 1 = 2-0) in acetone. 

(c) Using potassium iodide (5 mols.) and mercuric iodide (1 mol.). 
To a solution of the d-bromocamphorsulphonate ([«];4¢, + 59-0°; 
1-0 g.) in water (30 c.c.), potassium iodide (1-6 g.; 5 mols.) and 
mercuric iodide (0-9 g.; 1 mol.) in water (5 c.c.) were added. The 
oil which separated crystallised on standing and, after recrystallis- 
ation from acetone-ether, was obtained (0-5 g.) with m. p.128—130°, 
a value which is about 6° higher than that of the other preparations 
of this compound (Found: C, 23-9; H, 2:7; Hg, 184%). This 
specimen of /-phenacylmethylethylsulphonium mercuritetraiodide 
had [«]57g9 — 7°6°, [«]s4g1 — 7°9° in acetone solution (c = 1-32 ; 
1= 2-0). After 72 hours this solution had [«];.., and [«]54g, — 4°9°, 
and after 163 hours it was optically inactive. 

(ii) From 1-phenacylmethylethylsulphonium mercuritri-iodide. When 
the solution obtained by mixing a hot acetone solution (5 c.c.) of the 
l-mercuritri-iodide (0-77 g.; [%]54¢,; — 7-9°) with an aqueous solution 
(2 c.c.) of potassium iodide (0-16 g.; 1 mol.) was cooled, l-phenacyl- 
methylethylsulphonium mercuritetraiodide (0-52 g.) crystallised, 
m. p. 122° alone or when mixed with the compound described under 
(i). It had [a]s2¢9 — 10-9°, [a«]s4g, — 10-9° in acetone solution 
(c = 1-38; 2 = 2-0). 

(iii) By the action of hydrogen sulphide on |-phenacylmethylethyl- 
sulphonium mercuritri-todide. When a current of hydrogen sulphide 
was passed through a solution of /-phenacylmethylethylsulphonium 
mercuritri-iodide (1-0 g.; [a]s4¢, — 7°8°) in acetone (10 c.c.), 
mercuric sulphide was precipitated which changed to mercuric 
iodide after 12 hours. The filtrate from this precipitate, when 
diluted with ether, gave /-phenacylmethylethylsulphonium mercuri- 
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tetraiodide, m. p. and mixed m. p. 122°. It had [a]54., — 9-7° 
(c = 1-86; 1 = 2-0) in acetone. 

The Racemisation of |-Phenacylmethylethylsulphonium Mercuri- 
tetraiodide in Acetone containing Methyl Iodide.—To 20 c.c. of the 
acetone solution of /-phenacylmethylethylsulphonium mercuritetra- 
iodide ([«]54g, — 10-9°; see above), methyl iodide (0-23 g.; 4-5 mols.) 
was added. The freshly prepared solution had [«];.) — 11-3°, 
(sag, — 11-3°; after 19 hours, [a],7g) and [a]54g; — 4°7°; after 
42 hours, it was optically inactive. This solution, in contrast to the 
similar solution containing the J-mercuritri-iodide described above, 
did not change in appearance, and even after 120 hours it was still 
pale yellow and free from the odour of alkyl sulphides. 

The Action of Heat on |-Phenacylmethylethylsulphonium Mercuri- 
tetraiodide.—The salt (0-611 g.; [«]s4g3 — 10-5°), when heated for a 
few minutes, turned black and developed a strong odour resembling 
that of alkyl sulphides. After 2 hours’ heating, the black residue 
weighed 0-582 g. (loss in weight, 4-74%). It was soluble in acetone, 
giving an optically inactive solution which yielded no solid products 
when diluted with ethyl alcohol or ether. 

1- and dl-Phenacylmethylethylsulphonium Dimercuriheptachloride.— 
When potassium mercuritrichloride (2-1 g.; 1 mol.) in water (5 c.c.) 
was added to a solution of dl-phenacylmethylethylsulphonium 
d-bromocamphorsulphonate (3 g.; [«]54g, ++ 64-8°) in water (60 c.c.), 
an oil separated, which crystallised as soft white needles (2-5 g.), 
m. p. 152—154° (decomp.). After recrystallisation from acetone- 
ether, thesecrystals gave dl-phenacylmethylethylsulphonium dimercuri- 
heptachloride, m. p. 153° (decomp.) (Found: C, 32-1; H, 3-9; 
8S, 7-7; Cl, 20-7; Hg, 33-3. C,,H,;0,8,Cl,Hg, requires CO, 32-1; 
H, 3-7; 8, 7-8; Cl, 20-2; Hg, 330%). 

In two similar experiments, potassium mercuritrichloride 
(2 mols.) being used in one and potassium chloride (5 mols.) together 
with mercuric chloride (1 mol.) in the other, 2-0 g. and 1-5 g. 
respectively of the di-dimercuriheptachloride were obtained. 

1-Phenacylmethylethylsulphonium dimercuriheptachloride, m. p. 153°, 
was prepared from the d-bromocamphorsulphonate of the /-sul- 
phonium base (1-0 g.; [«]54g; + 59-0°) and potassium mercuri- 
trichloride (0-7 g.; 1 mol.) in water (35 c.c.) (Found: Hg, 33-0%)- 
It is insoluble in water, ethyl alcohol and ether and slightly soluble 
in acetone, but more soluble in methyl alcohol. It had [a];7g9 
— 10-7°, [«]54¢, — 11-3° in methyl-alcoholic solution (c = 1-17; 1 = 
2-0). After 1947 hours this solution had [«];,.) and [a]g4g, — 7°7°. 

dl- and 1-Phenacylmethylethylsulphonium Cadmitetraiodides.— 
dl-Phenacylmethylethylsulphonium  cadmitetraiodide. (a) Using 
potassium iodide (1 mol.) and cadmium iodide (1 mol.). To 4 
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solution of phenacylmethylethylsulphonium bromide (5-4 g.) in 
alcohol (10 c.c.), cadmium iodide (7-43 g.; 1 mol.) and potassium 
iodide (3-38 g.; 1 mol.) in water (4-5 c.c.) were added. A brown 
pasty solid was precipitated which, by crystallisation from acetone— 
alcohol, yielded dl-phenacylmethylethylsulphonium cadmitetraiodide 
as a white powder (2:8 g.), m. p. 126° (Found: Cd, 108, 
CopH390,1,8,Cd requires Cd, 11-1%). 

(b) Using potassium iodide (2 mols.) and cadmium iodide (1 mol.). 
A solution of cadmium iodide (7-43 g.; 1 mol.) and potassium iodide 
(6-76 g.; 2 mols.) in water (10 c.c.) was used in place of the solution 
described above. A precipitate (9-8 g.), m. p. 115—125°, was 
obtained which, recrystallised from anhydrous acetone-ether, gave 
the dl-cadmitetraiodide (7-7 g.), m. p. 126° (Found : Cd, 10-8%). 

1-Phenacylmethylethylsulphonium cadmitetraiodide. To a solution 
of J-phenacylmethylethylsulphonium d-bromocamphorsulphonate, 
[~]s461 + 59-0°, (2-0 g.) in hot alcohol (40 c.c.), potassium cadmi- 
tetraiodide (2-8 g.; 1 mol.) in aqueous acetone (acetone 10 c.c. + 
water 5 c.c.) was added. After 24 hours, a mass of needles, m. p. 
133°, separated which, after recrystallisation from acetone and ether, 
weighed 1-0 g. and had m. p. 132—133° (Found : Cd, 10-9%). 

1-Phenacylmethylethylsulphonium cadmitetraiodide had [«]57g9 —9°9°, 
[]s4g1 — 10-2° in acetone (c = 1-41; 1 = 2-0); this solution had 
[~]57g9 and [«];4¢, — 3:5° after 72 hours and was optically inactive 
after 164 hours. 

dl-Phenacylmethylethylsulphonium Cadmipentaiodide, 

[COPh-CH,’*SMeEt}],CdI,. 

—This compound was obtained by using the method previously 
employed for the preparation of mercuritri-iodides. 

dl-Phenacylmethylethylsulphonium cadmitetraiodide (1-0 g.) and 
cadmium iodide (0:35 g.; 1 mol.) were warmed together with suffi- 
cient dry acetone to form a paste, from which the acetone was 
subsequently removed by distillation on a steam-bath. The hard, 
white, crystalline material obtained was dissolved in acetone, from 
which it was precipitated by addition of alcohol. It (1-1 g.) then 
had m. p. 130—132° and, by recrystallisation from acetone-alcohol, 
dl-phenacylmethylethylsulphonium cadmipentaiodide was obtained 
as white needles, m. p. 134—136° (Found: S, 7-4; Cd, 8-6. 
C33H,;0,1,8,Cd requires 8, 7:2; Cd, 8-5%). 

1-Phenacylmethylethylsulphonium Cadmipentaiodide—From _ l- 
phenacylmethylethylsulphonium cadmitetraiodide (2-0 g.; 1 mol.; 
[<]s4¢: — 10-2°) and cadmium iodide (0-35 g.; 1 mol.), by the 
method described above, 1-phenacylmethylethylsulphonium cadmi- 
pentaiodide (0-5 g.), m. p. 128°, was obtained (Found : Cd, 8-7%). It 
had [a]s7g9 and [«];44, — 90° in acetone (c= 1-115; 1 = 2-0). 
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After 25 hours this solution had [«];..) and [«];4g; — 5°4° and after 
48 hours it was optically inactive. 


The authors wish to express their thanks to the Government 
Grant Committee of the Royal Society and to Imperial Chemical 
Industries, Ltd., for grants which have defrayed much of the cost of 
this investigation. 


BATTERSEA PotyTecanic, S.W.11. [ Received, September 30th, 1930.] 





CCCXXXIX.—The Parachor and Chemical Constitu- 
tion. Part XV. The Constitution of Sulphonium 
and Ammonium Mercuri-iodides (Lodomercuriates). 


By Haroip JoHn CAVELL and SAMUEL SUGDEN. 


THE sulphonium mercuri-iodides of the general formula R,SHgl, 
are of interest in connexion with the electronic theory of valency 
since they have been formulated with six groups attached to a 
central sulphur atom (Hilditch and Smiles, J., 1907, 91, 1398). 
These substances can be prepared either by the interaction of an 
alkyl sulphide with an alkyl iodide in the presence of mercuric 
iodide, or by the combination of a sulphonium iodide with mercuric 
iodide. Pope and Neville (J., 1902, 81, 1097, 1552) found that an 
optically active sulphonium salt gave an inactive mercuritri-iodide, 
whereas (Pope and Harvey, J., 1901, 79, 840) an optically active 
ammonium salt gave an active mercuritri-iodide of the general 
formula R,NHgI,. We have therefore made a comparative study 
of the properties of some sulphonium and ammonium mercuritri- 
iodides in the hope of finding some explanation of this difference in 
behaviour. 

For this investigation we have chosen fusible substances so that 
their parachors could be determined. In the sulphonium series the 
dibenzyl-methyl- and -ethyl-sulphonium mercuritri-iodides described 
by Hilditch and Smiles (loc. cit.) fulfil this condition, and to these 
we have added the n-propyl and n-butyl derivatives which have not 
been previously described. 

In the ammonium series we have examined the phenyl-trimethy], 
-dimethylethyl, -methyldiethyl, and -triethyl compounds described 
by Barker and Porter (J., 1920, 117, 1308). These substances are 
all readily soluble in acetone and acetonitrile, sparingly soluble in 
alcohol, and insoluble in benzene and ligroin. This suggested that 
they were polar in character, and measurement of the conductivity 
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of acetone solutions showed that they were all strong binary 
electrolytes. 

Table I gives the conductivities found for the sulphonium com- 
pounds in acetone at 26°, the dilution v being given in litres; these 
are of the same order of magnitude as the conductivities of typical 
binary electrolytes in this solvent, e.g., N(C,H,),I gives 495. = 112-6 
at M/100 (Walden, Ulich, and Birr, Z. physikal. Chem., 1927, 131, 
34). Furthermore, the change of conductivity with dilution is in 
good agreement with the equation developed by Onsager (Physikal. 
Z., 1926, 27, 228; 1927, 28, 277) for a completely dissociated uni- 
univalent electrolyte. This equation may be written 


_. (578 x 108 
n= he — (“omer Xe + pry) VB «OD 


where D is the dielectric constant of the solvent and 7 its viscosity. 
For acetone at 25°, D = 21-5 (Walden, Z. physikal. Chem., 1909, 70, 
569); Hilditch and Dunstan (Z. Elektrochem., 1912, 18, 185) give 
%95° = 0-00305, whilst interpolation in the data of Thorpe and 
Roger (Phil. Trans., 1894, 185, 397) gives nog = 0-00315. If we 
adopt the mean, 7... = 0-0031, equation (1) becomes 


A=A,, — (1-586 2,, + 330)Ve or a,, = (A+ 330Vc)/(1 — 1-586Vc). 





TABLE I. 
Conductivity of dibenzylalkylsulphonium mercuritri-iodides in acetone 
at 26°. 
Aobs. Aine 
v. Ve. Me. Et. Pr. Bu. Me. Et. Pr. Bu. 
2500 0-0200 154 -- 153 — 166 — 165 — 
1600 0-0250 _ — — mae —- — — 16 
1200 0-0289 — 4 —- — - 162 — 
1000 0-0316 43 — MW — BOE | tog i cme 
800 0-0353 — 4 — 11 — 16 — 162 
600 0-0408 — 19 — — — 4 —- — 
500 0-0447 40 — — ~ 166 — — — 
400 0-0500 — 196 182 133 — 166 161 162 
250 0-0632 270 —_ — i. —- — — 
200 0-0707 - 12] 120 120 oo 163 162 i62 
100 0- 1000 113, 109 «112 «108174 s«169 172s: 168 


The values of 4,, calculated by this formula are given on the 
right-hand side of Table I; it will be seen that they are nearly 
constant except for the most concentrated solutions. The agree- 
ment with Onsager’s equation is shown graphically in Fig. 1, in 
which 2 is plotted against Vc. The straight line corresponds to the 
Onsager formula with »,, = 164. 

The corresponding data for the ammonium compounds are col- 
ected in Table II. Here again the conductivities indicate that 
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the substances are binary electrolytes, although the agreement with 
the Onsager equation is not so good. The deviation from this 
equation is, however, in the opposite direction to that which would 


be expected for incomplete dissociation. 


Fie. 1. 
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TABLE II. 


Conductivities of phenyltrialkylammonium mercuritri-todides in 
acetone at 26°. 


Aobs. Aw . 


v. Ve. Me;. Me,Et. MeEt,. Et;. Me,. Me,Et. MeEt,. Ets. 
1600 00-0250 157 157 158 152 172 172 173 167 
800 00353 152 153 153 148 173. 174 174 169 
400 00-0500 145 146 147. 139 175 176 177-169 
200 00707 137 137 137 127 180 180 180 169 
100 00-1000 126 124 126 117 189 187 188 179 
50 0-1414 116 ~~ 116 114 =—106 210 210 208 197 





It should be noted that the fourth substance, which is a dimercuri- 
pentaiodide (pentaiododimercuriate), Et,PhNHg,I;, gives con- 
ductivities which indicate dissociation into two ions only. 

Molecular weights were determined by the ebullioscopic method 
in acetone, a modified form of Cottrell’s apparatus (J. Amer. Chem. 
Soc., 1919, 44, 721) being used. The results are given in Table ITI, 
the concentrations (c) being in g.-mols. per 1. Owing to the small 
values of AZ’ for substances of such high molecular weight, the 
accuracy is probably not greater than 8%. The values of the van ’t 
Hoff factor (i = M, calc./M, obs.) again indicate dissociation into 
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two ions; the dimercuripentaiodide appears to be rather more 
completely dissociated than the other substances. 





TasBeE III. 
Molecular weights (ebullioscopic) in acetone. 
MeBz,SHglI;. EtBz,SHgl;. 
Rib sbntbbeadepebd doevegdey 0-0396 0-0816 0-1253 0:0467 0:0612 0-1070 
RG . atassanenasnctes 541 569 572 549 590 580 
TF enevesasonsneesonnsenees 1-50 1-42 1-42 1-50 1-38 1-40 
PrBz,SHglI;,. BuBz,SHglI;. 
TF scuncaesnnnstoereetaboos 0:0395 0-0783 0-1183 0-0536 0-1038 
Mle CU, cocccccssoesens 594 587 588 612 609 
Er cidddsbvecnedddbibebiodes 1-41 1-41 1-41 1-39 1-40 
Me,PhNHglI;. Me,EtPhNHglI;. 
Widccdearovadorindengpedios 0-:0465 0-0930 0-0453 0-0906 
ae 462 506 445 494 
TT vnestgensvebeneseconceba 1-55 1-42 1-64 1-48 
MeEt,PhNHg]I,. Et,PhNHg,I;. 
De ohelicsvescecetooeetbies 0-0406 0-0828 0-:0284 0-0568 
BE; DOR. ccvsnssnccsoess 451 487 539 593 
nidedeesionsecschestnven 1-65 1-53 2-25 2-03 


The next question which arises is the nature of the two ions into 
which these substances are divided. In the ammonium series, 
since the nitrogen atom has its octet completed by sharing with 
four alkyl groups, it is highly improbable that it can also be attached 
to a mercury or an iodine atom. Hence the ammonium salts may 
be taken to have the structure [R,N]*[HgI,]-. The sulphur atom 
in the sulphonium compounds possesses an unshared pair of electrons 
which might link with the mercury atom, giving a complex of the 
type [R,SHgI,]*I-; on the other hand, the close similarity between 
the ammonium and sulphonium series is more compatible with the 
structure [R,8]*[HglI,]-. 

If the anion is an iodide ion, then its concentration should be 
capable of measurement by means of the cell 














M/100-KT in || M/100-R,SHgI, 
Ag acetone, in acetone, Ag. 
saturated AgI|| saturated Agl 


An attempt was made to set up this cell, but it was found that silver 
iodide was readily soluble in a solution of any of the sulphonium 
iodides. Hence, not only is the concentration of iodide negligibly 
small in these solutions, but this ion is removed probably to form 
the more stable ion [HgI,]-~ which is known in aqueous solutions. 
M /100-HgCl, || 4 /100-Me,SHgI 
The cell Hg af pee: a || i‘. fi *| Hg was set up, 
and found to have an H.M.F. of 0-145 volt, with the electrode in 


coytact with mercuric chloride positive. The small conductivity 
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of mercuric chloride in acetone solution indicates a small degree of 
dissociation (much less than 10% at M/100), hence the amount of 
free mercuric ion in the solution of the sulphonium mercuri-iodide is 
less than 10~ of the total mercury present [conc. = 10 @ +%149/0-029) — 
10-8]. The [HgI,]~ ion seems, therefore, to be very stable. 

Since both series of compounds appear to contain the HgI,~ ion, 
the only remaining question is its electronic structure. Two formule 
are possible; in (I) the negative charge is associated with the iodine 


7 6 
(lL) b=Hgch =He<t, a) 


atoms which are linked to the mercury atom by singlet linkages, 
whilst in (II) the mercury is negative and all the iodine atoms are 
held by duplets. These structures should be distinguishable by 
means of the parachor, since the singlet links in (I) correspond to a 
decrement of 24-8 units. Since, however, the substances are all 
electrolytes, the interpretation of the parachors may be obscured 
by the large anomalies already noted in fused salts (Sugden and 
Wilkins, J., 1929, 1291). 


TABLE IV. 
Parachors. 

Substance. [P] obs. [P] cale. (I). [P] cale. (IT). 
Et(PhCH,),SHgl, ..........000+. 915-2 916-9 941-7 
Pr(PhCH,),SHgl, .........0000+0 952-0 955-9 980-7 
Bu(PhCH,),SHgl, ............ 1000-0 994-4 1019-2 
Me,PhNHgl, ..........000ccceeeee 719-1 688-0 712-8 
Me,EtPhNHgl,  ......seseee+++ 754-0 727-0 751-8 
MeFt,PhNHgl,  .........00002 789-5 766-0 790-8 
SOU Scichntechitieedsts 1060-0 1031-2 1056-0 


(see ITT) (see IV) 


The experimental values of the parachors collected in Table IV 
are compared with the values calculated for formule (I) and (II). 
It will be seen that the sulphonium compounds give parachors in 
good agreement with the singlet formula (I), whilst the ammonium 
compounds are in better agreement with (II). It is, of course, highly 
improbable that there are two isomeric HgI,~ ions; hence it must 
be supposed, either that (I) is the correct formula and that the 
ammonium salts exhibit a large salt error, or that (II) is correct and 
that the sulphonium salts show a negative salt error. Until more 
information has been obtained as to the types of salt which are 
likely to exhibit parachor anomalies, it is not possible to decide 
between these two hypotheses. 

The formula of the dimercuripentaiodide can also be written in 
two ways, viz., (III) and (IV), which contain 4 and 2 singlet linkages 
respectively. The values given for [P] calc. in the table correspond 
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with these formule; it will be seen that the observed parachor is 
in good agreement with (IV). 


Is 6 16 16 
(Ut) 77>He— Heh, > Hg— Is—He<je OY) 


An additive compound of benzyl sulphide and mercuric iodide 
was also examined but was too unstable to permit of a parachor 
determination. It was found, however, that its solution in acetone 
has only a very small conductivity (« = 8-4 x 10° at M/100); 
hence it must be formulated as a non-polar molecule with the 
structure (V) or (VI). 


+, Glin ae 
(V.) CHS He OHS He<e (VI.) 


A preliminary account of the results of this investigation was 
given by one of us last year (Sugden, “‘ The Parachor and Valency,”’ 
Routledge and Sons, London, 1929, p. 153). Recently, Ray and 
Kumar (J. Indian Chem. Soc., 1930, '7, 297), having independently 
found that the conductivities of triethylsulphonium mercuri-iodide 
and phenacylmethylethylthetine mercuri-iodide in acetone are of 
the same order as those of binary electrolytes, have formulated these 
substances with the [HgI,]~ anion. 


EXPERIMENTAL. 

Parachors.—Surface tensions were determined by the method of 
maximum bubble pressure (Sugden, J., 1922, 121, 158; 1924, 125, 
27), and densities by means of the U-shaped pyknometer described 
in J., 1924, 425, 1171. The tables below are set out in the same 
manner as in earlier papers and need no further description. 

Dibenzylethylsulphonium mercuritri-iodide, C,,H,SHgl,, M = 
824, prepared as described by Hilditch and Smiles (loc. cit.), had 
m. p. 116° (Found: Hg, 24-15. Cale.: Hg, 24-35%). Densities 
determined : D}”” 2-333, Di? 2-302. 


D siccccccccvendovcsesssesens 120° 122° 126° 

Y cisccoccscocccsccccccccsece 45-33 44-20 42-95 
ER 2-333 2-324 2-306 

POORGREE  cccccvstcccsese 916-2 914-2 915-2 Mean 915-2 


Dibenzyl-n-propylsulphonium mercuritri-iodide, C,,H,,SHgl;, 
M = 838, was prepared in a similar manner, and recrystallised from 
acetone-alcohol; m. p. 78° (Found: Hg, 23-84. C,,H,,SHgl, 
requires Hg, 23-92%). Densities determined: D?* 2-312, D?® 
2-296, Df 2-282, D®* 2-273, whence Di = 2-446 — 0-00174t. 


© vecccocccccoccccccccsccoces 85-5° 91-5° 95-5° 
DP wsesncceccsecosevsnccooeess 45-96 45-53 45-10 
i ikaidpedbicedcsnecsetstbans 2-295 2-290 2-280 


Parachor  ........ssse00s 951-3 951-5 953-3 Mean 952-0 
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Dibenzyl-n-butylsulphoniwm mercuritri-iodide, C,,H,,SHgI,, M = 
852, was prepared in a similar manner; the condensation of the 
alkyl iodide with mercuric iodide and dibenzyl sulphide was very 
slow and required several days. After repeated crystallisation from 
acetone-alcohol, the substance melted at 81° (Found: I, 44-63. 
C,,H,,SHgI, requires I, 44:67%). Densities determined: D?* 
2-216, D%* 2-202, Di” 2-186, Di!” 2-173, whence Di = 2-335 — 
0-00147:. 


Bi dcuddicepnctsbenessh 85-5° 93-5° 100-5° 111° 

OP: sicgapuatuacnoiaitian 45-62 44-30 42-98 42-20 
iieiatebiiensdasiabe 2-208 2-198 2-188 2-172 

Parachor ......... 1003 1000 997 1000 Mean 1000 


Phenyltrimethylammonium mercuritri-iodide, C,H,,NHgI;, M = 
717. This and the following ammonium compounds were prepared 
by warming together in acetone solution equimolecular quantities of 
an alkyl iodide, a dialkylaniline, and mercuric iodide (compare 
Barker and Porter, loc. cit.). After crystallisation from acetone 
the substance melted at 137—138° (Found: I, 52-68. Calc.: I, 
53-08%). Densities determined: Di}? 2-721, Dj®* 2-710, Di* 
2-698, Di®* 2-689, whence Di; = 2-923 — 0-00145¢. 


© siditneieutaeumis 147-5° 154° 157° 161-5° 

© cituammaneandenanenns 54-61 53-68 53-48 53-06 

I adatidcdibivibinnanans 2-709 2-699 2-695 2-688 

POE cs ikcnici 719-4 719-7 718-6 720-1 Mean 719-1 


Phenyldimethylethylammonium mercuritri-iodide, C,)H,,NH¢gI,, 
M = 731, melted at 97-5° (Found: I, 51-6. Cale.: I, 52-06%). 
Densities determined: Dj} 2-647, Di!" 2-636, Di?” 2-623, D 
2-612, whence Di: = 2-810 — 0-00155t. 


bs sthssrabobliiek 109-5° 120° 128-5° 134-5° 

Ot citintiappienisonmnan 55-24 53-21 52-42 51-93 

Sg BT Se SL 2-641 2-623 2-611 2-602 

Parachor ......... 754-1 763-2 753-9 755-0 Mean 754-0 


Phenylmethyldiethylammonium mercuritri-iodide, C,,H, NHgl,, 
M = 745, melted at 98-5°. Densities determined: Di" 2-545, 
Dy 2-537, Di" 2-529, DiP* 2-520, whence D*{: = 2-669 — 
0-00114¢. 
$f ab eecesedebparesoce. 107-5° 119° 126-5° 136° 


Ah gash donvnaddercereees §2-41 51-72 51-20 50-52 
Dt dtiisbitninGeiiees Chee 2-547 2-534 2-525 2-514 
Parachor ......... 788-0 789-0 790-0 790-9 Mean 789-5 


Phenyltriethylammonium dimercuripentaiodide, C,,H,NHg,I;, 
M = 1214, was the chief product when diethylaniline was con- 
densed with ethyl iodide and mercuric iodide, and required several 
crystallisations from acetone and alcohol for complete purification ; 
m. p. 113° (Found: Hg, 32-97; I, 52-21. Cale.: Hg, 33-056; I, 





25 ms So OC 


ee 


aa oe lklC | h hO 


! XV. THE CONSTITUTION OF SANTONIN. PART III. 2579 


= | 52-28%). Barker and Porter (loc. cit.) describe C,,H,j»NHglI, and 
of the | (C,,H..N),HgI,. These substances were probably present in our 
3 very | mother-liquors, but we did not isolate them. Densities determined : 
1 from | D* 3-087, D 3-077, Di" 3-069, Di" 3-059, whence Di = 
44-63. | 3-300 — 0-00164t. 


15° 
D, DD copchapeaasiheseiedse 124° 129-5° 134-5° 140-5° 
POP TI ccs esccescandveser 53-38 52-90 52-42 51-88 
DP cdisddivstesdadchibis 3-097 3-088 3-080 3-070 
POPRCIIOE..... onccestes 1059 1060 1060 1061 Mean 1060 
Conductivities.—The acetone used as solvent was purified by drying 
oe over anhydrous sodium sulphate, followed by fractional distillation ; 


the specific conductivity of the first batch (used for the sulphonium 
= | compounds) was 3-0 x 10+, whilst the second batch (used for the 
pared | ammonium compounds) was more carefully fractionated and had 
ies of | a specific conductivity of 6-6 x 10-’. 
upare The conductivities were measured with a Gambrell Post Office 
>tone Box accurate to 1 part in 1000 parts, alternating current of a 
os . frequency of 900 supplied by a valve oscillator being used. The 
D°* | cell constant was determined in the usual manner by measurements 
on aqueous solutions of potassium chloride. The accuracy of the 
molecular conductivities recorded in the theoretical part of this 
paper is estimated to be about 1%. 
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CCCXL.—The Constitution of Santonin. Part III. 
Proof of the Positions of the Methyl Groups. 


By Grorcz Rocser Ciemo and Rosert Downs HawortTu. 


‘ In Parts I and II (J., 1929, 2368; this vol., p. 1110) the hitherto 
gl, undetermined positions of the isopropyl side-chain and of the lactone 
45, ring were settled by the synthesis of di-santanous acid and of 
)— desmotroposantonin respectively, and the new formula (I) was 
advanced for santonin itself. 
Me Oo Me ~0—CO 
4 i bu CH 
— 9 1 

5 0=0¢ Ns ,CH—CHMe o=( Wa YoH—CHMe 
. WN H,C © OH, 
yn- CH, (II.) 
ral Me H, H, 
n; (I.) Me 


I, The one point outstanding in connexion with this structure was 
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to prove the 5-position of the second methy] group, and the present 
paper describes experiments carried out for this purpose. 

In Part I it was suggested that the production of phenolic deriv- 
atives from santonin was due to the migration of a methyl group 
from position 5 to 6 and in order to prevent this change it was 
decided to reduce the compound to tetrahydrosantonin (II) (com- 
pare Asahina, Ber., 1913, 46, 1775; Wienhaus and Oettingen, 
Annalen, 1913, 397, 219). The ketonic group in tetrahydrosantonin 
was then reduced by means of amalgamated zinc and concentrated 
hydrochloric acid, and deoxytetrahydrosantonin (III) obtained. As 
in the first of the above reductions three new asymmetric centres 
are introduced into the molecule, and the second involves long 
treatment with hot concentrated mineral acid, it was only to be 
expected that stereoisomeric problems should arise; no attempt, 
however, has been made fully to resolve them. 





Me (0—CO 
¢H CH MeHC CH, 
ee LNZN 
H, GH CH—CHMe H,¢ GH CHEt 
H.C © CH, H.C CCH, 
(LIL.) VA. Ns Phy (1V.) 
Ht | i, Ht | i, 
Me Me 


The lactone (III) was reduced with red phosphorus and hydriodic 
acid ; when the oily iodine-containing product was treated withsodium 
amalgam and then distilled with soda-lime, 1 : 4(a)-dimethyl-7- 
ethyldecalin (IV) was obtained. Several attempts were made to 
dehydrogenate this characteristically smelling liquid with selenium 
and also with sulphur, but the results were unsatisfactory, and 
although analysis indicated some loss of hydrogen, attempts to 
prepare a pure crystalline picrate were unsuccessful. 

As the failure of the dehydrogenation process was doubtless due to 
the volatility of (IV), the action of selenium on the lactone (III) 
was next investigated; a hydrocarbon was then obtained which 
readily formed a picrate, m. p. 96—97°. This proved to be identical 
with the picrate of 1-methyl-7-ethylnaphthalene which Professor 
Heilbron kindly sent to us. The loss of the methyl group during 
the selenium treatment establishes the 5-position of the second methy] 
group in santonin, and it is hoped to submit confirmatory synthetic 
work at a later date. 


EXPERIMENTAL. 


Tetrahydrosantonin (I1).—Santonin (20 g.) in glacial acetic acid 
(150 c.c.) was mixed with 2% palladium chloride solution (added in 
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three portions of 5 c.c. each during the reduction) and an aqueous 
solution of gum arabic (3 g.) and stirred in an atmosphere of hydrogen 
for 24 hours; reduction was then complete. The liquid was filtered, 
and evaporated under reduced pressure, and the residue crystallised 
from aqueous methyl alcohol and then from absolute alcohol. 
Tetrahydrosantonin separated as colourless plates, m. p. 156—157° 
(compare Asahina, loc. cit.; Wienhaus and Oettingen, loc. cit.) 
(Found: C, 72-0; H, 8-8. Cale. for C,;H,.0,: C, 72-0; H, 8-8%). 

Deoxytetrahydrosantonin (II1).—Tetrahydrosantonin (10 g.), 
amalgamated zinc (50 g.), and concentrated hydrochloric acid (75 c.c.) 
were refluxed for 24 hours. The reduction product, which solidified 
on cooling, was decanted from the residual zinc. The solid was 
collected and crystallised from methyl alcohol, already used to 
extract the zinc, colourless plates (5 g.), m. p. 140—141°, raised to 
141—142° by crystallisation from ethyl alcohol, being obtained 
(Found : C, 76-2; H, 10-4. C,;H,,0, requires C, 76-3; H, 10-2%). 

1 : 4(a)-Dimethyl-7-ethyldecalin (IV).—Deoxytetrahydrosantonin 
(8 g.), hydriodic acid (d 1-7; 40 .c.), and red phosphorus (8 g.) were 
refluxed for 24 hours; the mixture was then diluted with water and 
extracted with ether. The extract was washed with sodium 
bisulphite solution and dried, and the solvent removed. The oily 
iodine-containing residue (7-5 g.) was dissolved in boiling ethyl 
alcohol (100 c.c.) and reduced with sodium amalgam (30 g. of 4%) 
for 12 hours. The solution was diluted, acidified, and extracted 
with ether. The extract was dried, the solvent removed, and the 
residual iodine-free oil (6 g.) mixed with soda-lime (8 g.) and distilled 
at a dull red heat. The oily distillate was separated from water by 
extraction with ether, the extract dried, the solvent removed, and 
the residue distilled in a vacuum; | : 4(a)-dimethyl-7-ethyldecalin 
was then obtained as a colourless oil with characteristic odour, b. p. 
120—125°/20 mm. (Found: C, 86-7; H, 12-9. C,,H,, requires 
C, 86-6; H, 13-4%). 

1 : 4(a)-Dimethyl-7-ethyldecalin was heated with an equal weight 
of selenium in a metal-bath at 320° for 30 hours, and it was observed 
that most of the hydrocarbon refluxed above the surface of the 
selenium. As the oil gave no crystalline picrate, it was heated with 
sulphur at 200° for 24 hours. The resulting oil was purified by 
distillation over sodium ; b. p. 120—125°/20 mm. (Found : C, 88-1; 
H, 12-8%). The oil was treated with picric acid in alcohol-ether, 
the solvent removed, and the residue fractionally crystallised. The 
first fractions were unchanged picric acid; a small amount of yellow 
needles, m. p. 103—104°, was isolated from the mother-liquors, but 
these liberated picric acid, possibly by dissociation, during attempts 
at purification. 
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1-Methyl-7-ethylnaphthalene.—Deoxytetrahydrosantonin (2 4g.) 
and finely powdered selenium (2 g.) were heated in a metal-bath at 
280—320° for 40 hours, the pressure then being reduced to 1 mm. 
The oil that passed over was steam-distilled and the volatile oil was 
extracted with ether, dried, and distilled twice over sodium, 0-5 g. 
of an oil, b. p. 95—99°/1 mm., being obtained (Found: C, 89-9; 
H, 9-3%). When treated with picric acid in absolute alcoholic 
solution, it yielded a picrate which separated from alcohol in orange- 
coloured needles, m. p. 96—97° (Found : C, 57-1; H, 4:3. Calc. for 
O,5H,,0,N, : C, 57-1; H, 43%). This picrate was identified as the 
picrate of 1l-methyl-7-ethylnaphthalene by comparison with a 
synthetic specimen (Harvey, Heilbron, and Wilkinson, this vol., 
p. 423). 


Our thanks are due to the Chemical Society for a grant, and to 
Mr. ©. R. 8. Tenniswood, B.Sc., for valuable assistance in the 
microanalytical determinations. 


UnIvERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, October 28th, 1930.] 


Addendum. Whilst this paper was in course of preparation we 
were surprised to find that Ruzicka and Eichenberger (Helv, Chim. 
Acta, 1930, 13, 1117), after using at length the arguments we gave 
in Part I, had added a proof of the 5-position of the second methyl 
group. Their attack on the position of this group is very similar 
to our own and is clearly based on our earlier work. Hexahydro- 
santonin, presumably the fully saturated alcohol, was dehydrogenated 
and 1-methyl-7-ethylnaphthalene isolated as picrate. It may be 
added that not a single yield is stated. 

The work we now describe was far advanced last July when Pro- 
fessor Heilbron sent us the specimen of picrate for mixed melting- 
point purposes, but it was then interrupted for some weeks and has 
only recently been finished. Had it been realised that we could not 
expect even a few months in which to establish the last point in the 
formula we had advanced for santonin, the work would have been 
finished and submitted for publication in July.—G. R. C.; 
R. D. H. 
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2 &) 1 COOXLI—The Potential of the Iridi-Iridochloride 


ath at 

L ieaet Electrode. 

. ree By Henry Terrey and HerBert CHARLES BAKER. 
5 g. 


89-9: In a previous communication (Terrey, J., 1928, 202), it was shown 
| as a result of information obtained from measurements of the 


oholic 

range. potential of the platino—platinicyanide electrode, that the so-called 
le. for | Platinicyanides, MPt'"(CN),, previously supposed to contain 
as the | tervalent platinum, should be regarded as containing the platinum 


ith q | in the bi- and quadri-valent states. They are therefore to be 
written as M,Pt'¥(CN),Pt"(CN),, and as such are brought into line 


_ with the platino—platinichlorides. 

The irido-iridichlorides are assumed to be analogous to the 
ind to | ferro-ferrichlorides and it was considered interesting to test this 
n the | Point by measurements of the potential of the iridi-iridochloride 

electrode. 

A definite and reproducible P.D. is slowly set up when an iridium 
30.) electrode is put into a solution of sodium iridichloride and sodium 

, iridochloride. If the irido-iridi-salts are similar in type to the 
ferro—ferri-salts, the electrode reaction will be expressed by 
“hin, | IClg-+ ¢€ —> IrClg, and the cell reaction is Hg + NaCl + 
gave Na,IrCl, —> HgCl + Na,[IrCl,. gaat 
ethy! | The current passes from left to right in the cell 
ar Hg|Hg,Cl, + NaCl|NaCl + Na,IrCl, + NagIrCl,|Ir. 
de" N-Sodium chloride was used as electrolyte, and the total concen- 
y be tration was thus kept approximately constant, so the activities of 
the iridi- and irido-chloride ions are replaceable by their concen- 
Pro. | ations. The #.M.F. of the cell is then given by 
ting- E = E, + RT/F. log. t/o, 
1 has where i = concentration of iridichloride, 
1 not = ¥ ,, iridochloride. 


ithe | qT, test this formula, measurements of the #.M.F. were made with 
been varying i/o ratios. Experiments 1—5 and 9—15 were made with 
C5 7 6 kept constant at 0-984 x 10°N, and 6—8 with 7 constant at 
0-874 x 10°3N. 

EXPERIMENTAL. 

Sodium iridichloride was obtained by the method of Berzelius 
by leading a stream of pure dry chlorine over a mixture of finely 
divided iridium and sodium chloride at a gentle red heat. The 
uncombined metal was filtered off, after solution of the reaction 
mixture in the minimum quantity of hot water, and the deep 

4s 
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brownish-red liquid evaporated to a small bulk while being kept 
saturated with chlorine gas. Sodium iridichloride separated as 
long black needles after spontaneous evaporation of the mother- 
liquor on a watch-glass. The crystals were dried between filter- 
paper and ground to a reddish powder (Found: Ir, 34:5. Cale. : 
Ir, 34-6%). 

Sodium iridochloride was prepared by reduction of a sodium 
iridichloride solution, prepared as above and saturated with chlorine 
gas, by neutral sodium oxalate as recommended by Delépine 
(Compt. rend., 1908, 146, 1267). The large crystals of deepest 
green (almost black) were dried and crushed to a dirty green powder. 
The salt crystallises with twelve molecules of water (Found: 
Na,IrCl,,12H,O, 95-0; NaCl, 2-9%). The 2-1% unaccounted for 
was suspected to be due to the presence of water in the incompletely 
dried salt. This was verified by completely dehydrating a weighed 
amount of salt. Most of the water of crystallisation was removed 
over concentrated sulphuric acid in a desiccator, and the rest was 
easily taken off at 160°. The small amount of sodium chloride 
present was immaterial, since a solution of this salt was to be used 
as the electrolyte. 

Solutions.—The iridochloride was weighed anhydrous and made 
up into a stock solution in N-sodium chloride. Solutions 1—5 and 
9—18 were prepared by adding 10—15 c.c. of this solution to a 
weighed quantity of iridichloride, and making the whole up to 
50 c.c. with N-sodium chloride. Solutions 7 and 8 were made from 
stock solutions of both iridi- and irido-chlorides diluted to 50 c.c. 
with N-sodium chloride. Solution 6 was made by adding 6-00 c.c. 
of iridichloride stock solution to a weighed quantity of iridochloride 
and diluting the mixture to 25 c.c. with N-sodium chloride. 

Electrodes.—Five types were used: (a) platinised glass; (b) 
platinum-iridium points; (c) iridium points; (d) iridised iridium 
foil welded to platinum-iridium wire; and (e) iridised glass. The 
last two were the most satisfactory. 

(a) Platinised glass was early abandoned owing to the steady fall 
found in P.D., possibly due to interchange between the platinum of 
the electrodes and the iridium of the solution, which would be 
facilitated by the large surface of platinum available. 

Electrodes (6) and (c) proved rather troublesome, as the null 
point was at times difficult to measure and the electrode took a long 
time to attain equilibrium: solution 15 took 4 days to rise from 
0-769 to 0-777 volt. 

(d) Solutions 1—5 were measured with electrodes of this type, 
made by using the foil as the cathode during the electrolysis of sodium 
iridichloride with a low C.D. 
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(¢) Experiments 6—12 were made with electrodes of this type. 

Cell_—The usual pattern of half-cell was used. The electrode 
was measured against a normal calomel electrode containing sodium 
chloride instead of potassium chloride. 

The apparatus consisted of a Leeds-Northrup type K potentio- 
meter, a Cambridge Instrument Company moving-coil galvano- 
meter, and a Cambridge standard Weston cell. Measurements 
were made at 25°, the temperature being controlled by an air 
thermostat. 

Results. 


The time taken to reach equilibrium was about 48 hours for the 
best electrodes, and the P.D. then remained constant within 0-001 
volt for many hours. The measurements for each i/o ratio were 
made on a pair of cells. The agreement was generally within 
0-001—0-002 volt, but in some cases it was not so good. In all 
cases the higher value of the H.M.F. was taken for the calculations, 
and values were rounded off to the third decimal place. 

Examination of the values of H, in Table I shows that an 
approximately constant value is obtained, although this varies 
somewhat with the nature of the electrode. The agreement is 
sufficient to show, however, that the irido-iridichlorides are correctly 
represented as being of the “‘ ferro—ferri ”’ type. 





TABLE [. 
Type t, 0, Max. £.M.F. 
of mols./ mols./ E.M.F. of elec- 
Expt. elec- _ litre litre of cell trode RT/F x 
No. trode. x 10%. x 103. z/o. (volt). (Z).  logi/o. * 
1 2-132 0-984 2-166 0-728 1-001 0-020 0-981 
2 2-296 0-984 2-333 0-732 1-005 0-022 0-983 
3 ;d 4-736 0-984 4-815 0-743 1-016 0-040 0-976 
4 6-707 0-984 6-818 0-753 1-026 0-049 0-977 
5 8-757 0-984 8-900 0-764 1-037 0-057 0-980 
6 \% 0-874 8-330 0-105 0-638 0-911 0-058 0-969 
7 0-874 2-990 0-292 0-677 0-950 0-027 0-977 
8 0-874 0-944 0-926 0-695 0-968 0-002 0-970 
9 >e 1-771 0-984 1-799 0-706 0-979 0-015 0-964 
10 5-163 0-984 5-247 0-738 1-011 0-042 0-969 
ll 5-571 0-984 5-663 0-740 1-013 0-044 0-969 
a 2 11-06 0-984 11-24 0-757 1-030 0-062 0-968 
13 5-970 0-984 6-067 0-748 1-021 0-046 0-975 
14 + C 9-857 0-984 10-017 0-755 1-028 0-060 0-968 
15 J 18-482 0-984 18-782 0-777 1-050 0-082 0-968 
16 F 1-008 0-960 1-049 0-691 0-964 0-001 0-963 
a 6UF ; 2-016 0-960 2-100 0-718 0-991 0-019 0-972 


The 4.M.F. of the electrode FZ, given in col. 7, was obtained 
from the observed maximum H#.M.F. of the cell (col. 6) by adding 
the value, +- 0-273 volt, of the calomel electrode. 

The Effect of Temperature on the Electrode.—The results of 
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measurements at different temperatures are in Table LI. The 
E.M.F. varies linearly with the temperature, the coefficient being 
markedly negative. Col. 7 gives the mean value of dH/dT' over a 
range of not more than 20° in the neighbourhood of 25°, for five 
different cells, and these values of dH /dT' were used to calculate the 
heat Q evolved in the cell reaction at 25° and at constant pressure 
(see col. 8). 
Tase II. 
Expt. 


No. i/o. Ep. Bey. Ex. —dE/dT. Q. Q’. 
1 2166 0-747 13° 0-728 —  0-00158 27,800 (3,500) 
3 4815 0-764 85 0-743 —  0-00130 26,100 5,200 
4 6818 0-759 19:5 0-753 0-748 0-00120 25,600 5,700 
5 8900 0-777 13:5 0-764 —  0-00113 25,400 5,900 
7 0-292 0-688 16 0-675 — 000144 25,500 5,800 


Since the reaction in both cells can be written 
Hg + Cl + IrCl, —> HgCl + IrCl,, 
and if the heat of formation of calomel be taken as 31,300 cals., the 
values for the heat of formation (Q’, in cals./mol.) of iridichloride 
from iridochloride are as given in the last column. The value in the 
first series being ignored, the mean value for the heat of oxidation 
is 5,600 cals. ; 
Summary. 

The potential of the iridi—iridochloride electrode was measured 
and the #.M.F. shown to vary according to the equation 
E = Ey + RT/F . log, i/o. 

The temperature coefficient of the cell was determined. From 
the Gibbs—Helmholtz equation the heat of oxidation of iridochloride 
was calculated as 5,600 cals. 

Tae Witi1am Ramsay [NoRGANIC AND PHySICAL CHEMISTRY 


LABORATORIES, UNIVERSITY COLLEGE, 
LonpDon. [Received, September 27th, 1930.] 





CCCXLII.—Synthesis of 1-2-Thiolhistidine. 


By Juxius NicHoLSON ASHLEY and CHARLES ROBERT 
HARINGTON. 


In recent years the 2-thiolglyoxalines have acquired renewed 
biological interest through the identification of ergothioneine as a 
constituent of mammalian blood (Newton, Benedict, and Dakin, 
J. Biol. Chem., 1927, 72, 367). Although the constitution of 
ergothioneine, which was first isolated from ergot by Tanret (J. 
Pharm. Chim., 1909, 30, 145), must be regarded as established 
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as the betaine derived from 2-thiolhistidine by the work of Barger 
and Ewins (J., 1911, 99, 2336), its synthesis has not yet been 
accomplished. Further, although the amino-acid, 2-thiolhistidine, 
has not yet been found among the products of hydrolysis of proteins, 
the natural occurrence of ergothioneine suggests the strong likeli- 
hood that the corresponding amino-acid may represent a part of the 
hitherto unidentified sulphur-containing constituents of proteins. 
Indeed, evidence of a physiological character has been adduced 
(Eagles and Vars, J. Biol. Chem., 1928, 80, 615) that maize contains a 
substance which can serve as the physiological precursor of ergo- 
thioneine, and, since zein contains an appreciable amount of sulphur 
which cannot be accounted for as cystine, the identity of this pre- 
cursor with 2-thiolhistidine is a not unlikely hypothesis. 

We have been engaged for some time past in attempts (hitherto 
abortive) to synthesise ergothioneine, and also in a search for 
2-thiolhistidine among the products of hydrolysis of zein and other 
proteins. In connexion with the latter part of our work a knowledge 
of the properties of 2-thiolhistidine became very desirable and it was 
therefore decided to attempt the synthesis of this compound. 

The starting point of the synthesis was histidine, which was first 
converted into the methyl ester dihydrochloride; this was benzoyl- 
ated as described by Kossel and Edlbacher (Z. physiol. Chem., 
1915, 93, 397) to give methyl «yd-tribenzamido-Ay-pentenoate, 
which, treated with methyl-alcoholic hydrogen chloride according 
to the method of Windaus, Dérries, and Jensen (Ber., 1921, 54, 
2754), yielded methyl «3-dibenzamido-y-ketovalerate. This ester, 
when boiled with 20° hydrochloric acid, afforded the dihydro- 
chloride of «8-diamino-y-ketovaleric acid, which was converted, on 
treatment with one molecular equivalent of sodium thiocyanate, 
into the monohydrochloride of the desired amino-acid. The free 
amino-acid was readily obtained on addition of sodium acetate to a 
concentrated aqueous solution of the hydrochloride. 

The proof of the constitution of the synthetic amino-acid was 
obtained by its almost quantitative conversion, by oxidation with 
ferric sulphate, into histidine. The histidine employed as the 
starting point in this synthesis was the natural /-amino-acid, and 
the 2-thiolhistidine obtained was also levorotatory, having [«]g4¢, 
— 95°. The histidine recovered by oxidation of the 2-thiolhistidine 
had [a«]) — 36-0° as against the accepted value of [«], — 39-7° for 
pure /-histidine. It is evident, therefore, that surprisingly little 
racemisation had occurred during the series of reactions and that 
the synthetic 2-thiolhistidine was almost optically pure. Moreover, 
the isomeride obtained in this synthesis, being configuratively 
related to naturally occurring /-histidine, is the isomeride which 
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may be expected to occur in nature if this compound be indeed a 
constituent of proteins. 


EXPERIMENTAL. 


Methyl «ys-Tribenzamido-Ay-pentenoate.-—The method of pre- 
paration of this compound described by Kossel and Edlbacher 
(loc. cit.) gave in our hands minute yields only. More success was 
attained as follows. A solution of l-histidine methyl ester dihydro- 
chloride (4 g.) in ice-cold water (100 c.c.) was treated with powdered 
crystalline sodium carbonate (40 g.), and benzoyl chloride (20 g.) 
added in small portions with vigorous shaking, the temperature 
being maintained at 0°. When, after many hours’ shaking, the 
product, at first oily, had formed hard lumps, it was collected with 
water, pulverised, extracted with ether, dried in the air, and re- 
crystallised by cautious dilution with water of its solution in boiling 
alcohol (charcoal). The yield of product (m. p. 214—215° uncorr.) 
was 25%, of the theoretical. 

Methyl «3-Dibenzamido-y-ketovalerate.—This was prepared accord- 
ing to Windaus, Doérries, and Jensen (loc. cit.) by boiling the above 
ester for 45 minutes with 10% methyl-alcoholic hydrogen chloride 
(30 parts). 

a8-Diamino-y-ketovaleric Acid Dihydrochloride.—Methyl «8-di- 
benzamido-y-ketovalerate (1 g.) was boiled under reflux with 20% 
hydrochloric acid for 1-5 hours. The solution was evaporated to 
dryness under diminished pressure, the evaporation being several 
times repeated after addition of small amounts of water. The 
residue was taken up in boiling water (charcoal), and the solution 
was filtered and evaporated over potassium hydroxide in a vacuum 
desiccator. There was thus obtained 0-6 g. of a colourless hygro- 
scopic gum mixed with a few crystals of ammonium chloride. The 
product could not be obtained crystalline, although analysis indic- 
ated that it was approximately pure (Found: N, 11-6; Cl, 33-7. 
CH, 903N2,2HCI requires N, 12-8; Cl, 32-4%). 

1-2-T'hiolhistidine.—a8-Diamino-y-ketovaleric acid dihydro- 
chloride was dissolved in a little water, sodium thiocyanate (1-1 
mols.) added, and the mixture heated on the steam-bath for 1 hour. 
The solution was then treated with saturated aqueous sodium 
acetate until it was no longer acid to Congo-red. Crystallisation of 
the amino-acid set in almost immediately and was complete at 
0° after some hours. The yield of almost pure product was about 
40°, of the theoretical. A further small amount could be obtained 
by dilution of the mother-liquor and precipitation with a solution of 
10% mercuric sulphate in 5% sulphuric acid. The first sticky 
portion of the precipitate was rejected and the remainder was 
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ideed a | collected, washed with water, and decomposed with hydrogen 
sulphide. The filtrate from the mercuric sulphide was freed from 
sulphuric acid with barium hydroxide and concentrated to a small 
volume under diminished pressure; the amino-acid then crystal- 
f pre- lised. 

bacher For analysis the 2-thiolhistidine was recrystallised from water 
88 Was (charcoal), from which it formed colourless plates of somewhat 
hydro. irregular shape (Found: C, 38-45, 38:3; H, 4:8, 4.4; N, 22-4; 
vderei| amino-N, 8-1; 8, 16-65, 16-7. Cale. for CgH,O,N,8: C, 38-5; H, 
(20 g.) 4-8; N, 22-45; S, 17-1%). 

rature When heated, the amino-acid darkened at about 290° but was 
g, the still not melted at 310°. It had [«],., — 95° (¢ = 2-01 in N-hydro- 
1 with chloric acid; 1 = 0-5). 

|.2-Thiolhistidine is readily soluble in hot water but sparingly so 


nd re- 
oiling at the ordinary temperature; it has, however, a marked tendency 
corr.) to form supersaturated solutions. It is insoluble in alcohol and 
other organic solvents. It gives the ninhydrin reaction and, with 
cord. sodium p-diazobenzenesulphonate, an orange-red colour which 
ubove deepens to a reddish-brown with a purple fluorescence on addition 
loride of excess of sodium hydroxide. Aqueous solutions of the amino- 
acid instantly decolorise alkaline permanganate in the cold. On 
.8-di- warming with ferric chloride, sulphuric acid is liberated, and the 
20% solution, after removal of iron, gives the cherry-red colour with 
.d to sodium p-diazobenzenesulphonate which is characteristic for 
veral glyoxalines. 
The Although the glyoxaline nucleus in /-2-thiolhistidine, as in other 
ition 2-thiolglyoxalines, is of a very feebly basic character, the amino- 
uum acid forms a well-defined dihydrochloride when it is evaporated in a 
gro- desiccator with excess of concentrated hydrochloric acid. This 
The salt, which forms large colourless prisms, m. p. 197—199° (decomp.), 
dic. is very soluble in water and sparingly so in alcohol (Found: Cl, 
3-7, 26-6. C,H,O,N;,2HCl requires Cl, 27:3%). No other well- 
characterised derivative was obtained. The monopicrate, prepared 
lro- by dissolving equimolecular proportions of /-2-thiolhistidine and 


(1-1 picric acid in water and allowing the solution to evaporate 
spontaneously at the ordinary temperature, forms orange-red 


re prisms, m. p. 156° after sintering. This salt could not, however, be 
1 of obtained analytically pure, the picric acid content of recrystallised 

at samples, even when the solution contained excess of picric acid, 
out being 1—2°%, below the theoretical (e.g., found: picric acid, 52-8. 


1ed C,H,O,N,8,C,H,0;N, requires picric acid, 55-0%). 1-2-Thiol- 
histidine is precipitated from its aqueous solution by silver salts at 
about p, 5-0; it is also precipitated by mercuric sulphate in presence 
of 5%, sulphuric acid, and by mercuric chloride at a faintly acid 
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reaction. Phosphotungstic acid precipitates it from concentrated 
solutions only. 

Oxidation of 1-2-Thiolhistidine.—The amino-acid (100 mg.) was 
heated for one hour on the steam-bath with a solution of ferric 
sulphate (1-9 g.) in water (10 ¢.c.). The solution was then diluted, 
heated to boiling, and treated with barium hydroxide in slight 
excess. The precipitate was collected, boiled with water, and again 
filtered off. The combined filtrates were treated at the boiling 
point with dilute sulphuric acid until faintly acid to Congo-red. 
After removal of the barium sulphate the solution was concentrated 
under diminished pressure to about 5 c.c. and treated with 0-4 g. 
of flavianic acid. Separation of a crystalline precipitate soon set in. 
The solution was kept over-night at the ordinary temperature and 
then for a few hours at 0°, and the precipitate was collected. After 
drying, it weighed 0-35 g., corresponding with an 83% yield of 
histidine diflavianate calculated on the thiolhistidine taken. A 
portion was recrystallised from a 3° aqueous solution of flavianic 
acid and formed bunches of small yellow needles, m. p. 241—242° 
(decomp. ; uncorr.); an authentic sample of /-histidine diflavianate 
had m. p. 242—243° (decomp.; uncorr.) and a mixture of the two 
melted at 241—242° (decomp. ; uncorr.). 

The remainder of the flavianate was dissolved in warm dilute 
sulphuric acid and the flavianic acid was removed by extraction 
with butyl alcohol. The aqueous layer was freed exactly from 
sulphuric acid with barium hydroxide, and the filtered solution was 
evaporated to dryness under diminished pressure. The crystalline 
residue was taken up with a little hot water and the solution was 
treated with warm alcohol until a permanent turbidity was produced. 
On being kept over-night at 0°, it deposited colourless plates, which 
had m. p. 275° (decomp. ; uncorr.) and corresponded in all qualitative 
reactions with histidine. The oxidation product had [a], — 36-0°, 
[%]ss. — 41-4° in water (c = 3; 1 = 0-5) and was therefore almost 
optically pure /-histidine, the rotation of which is recorded in the 
literature as [«]) — 39-7°. The histidine remaining in the mother- 
liquor from the crystallisation was converted into the monopicrolon- 
ate, which, after recrystallisation from water, formed bunches of 
microscopic needles, m. p. 227—-229° (decomp. ; uncorr.); this m. p. 
was not depressed by admixture with authentic /-histidine mono- 
picrolonate. 


UNIVERSITY CoLLEGE HospiraL MEpDIcAL ScHoot, 
LONDON. [ Received, October 31st, 1930.] 
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CCCXLITI.—The Interaction of Ammonium Sulphite 
with Certain Polybromoparaffins. 


By Witu1amM Jackson Pope and FREDERIC Barry Kippine. 


THE interaction of alkaline sulphites and polybromoparaffins has 
been studied with the object of obtaining aliphatic polysulphonic 
acids. The most easily obtainable bromoparaffins appeared to be 
apys-tetrabromo-fy-dimethylbutane and f#y-dibromobutane, and 
these were therefore chosen for this work. For the preparation of 
the former compound, pinacol, obtained from acetone (“ Organic 
Syntheses,” vol. V, p. 87), was first converted into #y-dimethyl- 
butadiene by distillation with a small quantity of hydrogen bromide 
(Kyriakides, J. Amer. Chem. Soc., 1914, 36, 987). The tetrabromide 
could not be obtained from this hydrocarbon in good yield by 
bromination in light petroleum or in carbon disulphide (compare 
Kondakow, J. pr. Chem., 1900, 62, 171; Courtot, Bull. Soc. chim., 
1906, 35, 975), but addition proceeded smoothly in glacial acetic 
acid, apparently only one of the two theoretically possible, optically 
inactive isomerides being produced in any appreciable quantity. 
#y-Dibromobutane was readily obtained by passing n-butyl alcohol 
vapour over a phosphoric acid catalyst at 400—500° and absorbing 
the product in bromine (King, J., 1919, 115, 1408). 

The sodium salts of the sulphonic acids prepared from these 
bromides were so exceedingly soluble in water that they could not be 
isolated from the reaction product of aqueous sodium sulphite and 
the halogen compound. The bromides were therefore boiled with 
aqueous ammonium sulphite and all inorganic salts were then 
completely removed from the solution by successive treatment with 
baryta and silver oxide; in this way the salts of the sulphonic acids 
were easily isolated. 

Under these conditions «$yd-tetrabromo-fy-dimethylbutane 
yielded, not the corresponding tetrasulphonic acid, but a By-dimethyl- 
butylenedisulphonic acid, HO,S*CH,*CMe(SO,H)-CMe-CH, or 

HO,S-CH,*CMe-CMe’CH,‘SO3H ; 
8y-dibromobutane, which is presumably a mixture of meso- and 
dil-forms, gave a mixture of two isomeric $-hydroxybutane-y- 
sulphonic acids, one of which was obtained in an optically active 
form. Thus, although ethylene dibromide and «#y-tribromopropane 
react normally with alkali sulphites, yielding ethane-«f-disulphonic 
acid (Autenrieth and Rudolph, Ber., 1901, 34, 3473; Kohler, Amer. 
Chem. J., 1897, 19, 732) and propane-afy-trisulphonic acid 
(Schiiuffelen, Annalen, 1868, 148, 117; Schober, Amer. Chem. J., 
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1904, 32, 166) respectively, analogous compounds cannot be 
prepared in this way from bromobutanes. 


EXPERIMENTAL. 

apys-T'etrabromo-fy-dimethylbutane.—Bromine (13 c.c.; 2 mols.) 
in acetic acid (30 c.c.) was slowly added to @y-dimethylbutadiene 
(10 g.) in acetic acid (20 ¢.c.). The colour of the bromine was 
discharged instantly at first, more slowly during the later stages, 
and a little hydrogen bromide was evolved. Very little heat was 
developed and towards the end of the addition the tetrabromide 
started to separate from the solution. After standing for about an 
hour, the product was removed by filtration, and washed first with 
a little acetic acid and finally with ether (yield, 28 g.). The bromide 
crystallised from benzene in colourless prisms, m. p. 138° (Found : 
C, 17-8; H, 2-5. Calc. for C,H, )Br,: C, 17-9; H, 2-5%). With 
a view to the isolation of the theoretically possible isomeric tetra- 
bromide, the acetic acid mother-liquors were poured into water 
and the precipitated oil, after drying, was distilled in a vacuum : 
no fraction of constant boiling point could be isolated, with the 
exception of further quantities of the tetrabromide already 
described. 

By-Dimethylbutylenedisulphonic Acid.—a«$ys-Tetrabromo-fy-di- 
methylbutane (20 g.) was suspended in ammonium sulphite (50 g.) 
dissolved in water, and the mixture boiled under reflux during 16 
hours, with the addition of small amounts of ammonium carbonate 
when sulphur dioxide appeared at the end of the condenser. The 
bromide had then almost completely dissolved and after filtration 
(from unchanged bromide, 2 g.), barium hydroxide (150 g.) was 
added and the ammonia expelled by boiling. The excess of baryta 
having been removed with carbon dioxide, freshly precipitated 
silver oxide (from 35 g. of silver nitrate) was added and the mixture 
well shaken. The precipitated silver bromide was filtered off, 
excess of barium removed as before, and the filtrate evaporated to 
dryness. The barium salt (12-5 g.; 70% of the theoretical yield) 
which remained proved to be that of Sy-dimethylbutylenedisulphonic 
acid. In further preparations the yield was increased to over 80%. 
The salt is extremely soluble in water and crystallised from aqueous 
alcohol in minute needles (Found: C, 18-15; H, 3-0; H,O, 4-6; 
Ba, 34-8, 34-6. C,H,,0,8,Ba,H,O requires C, 18:1; H, 3-0; H,0, 
4:5; Ba, 34-6%. Found in salt dried in a vacuum at 120°: Ba, 36:2. 
C,H,,0,8,Ba requires Ba, 362%). By addition of excess of 
bromine water to a solution of the salt and determination of the 
excess of bromine by titration it was found that one molecule of 
bromine was absorbed by 399 g. of the salt. One ethylenic linkage 
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in the molecule requires 397-4 g. ‘The free acid from this salt could 
not be obtained crystalline. The ammonium salt crystallised from 
water in glistening plates (Found: C, 26-05; H, 6:5; N, 10-05. 
C,H,,0,N.S, requires C, 25-9; H, 6-5; N, 10-05%). The sodium 
salt crystallised from water, in which it is very soluble, in minute 
needles (Found: Na, 15-7. C,H,,0,8,Na, requires Na, 15-9%). 
The pyridine salt crystallised from acetone-alcohol in colourless 
needles, m. p. 215—216° (Found: C, 48-5; H, 5-5; equiv., 201. 
C,H,,.0,8,,2C;H,N requires C, 47-8; H, 5-5%; equiv., 201). 

The acid chloride was prepared by treatment of the sodium salt 
(15 g.) with phosphorus pentachloride (40 g.). Reaction occurred 
at once with evolution of heat and the mixture became liquid. The 
phosphorus oxychloride was removed by distillation, and the oil 
which separated when the residue was poured on ice was extracted 
with chloroform. The dried chloroform solution on evaporation 
deposited colourless needles, m. p. 125—126° (Found: C, 25:2; 
H, 3-55; Cl, 25-3; S, 23-3. C,H ,0,Cl,8, requires C, 25-6; H, 3-6; 
Cl, 25-3; S, 22-8%). 

The Interaction of «$-Dibromobutane and Aqueous Ammonium 
Sulphite—The dibromide was boiled with excess of ammonium 
sulphite and after complete solution had occurred (22 hours) the 
barium salts of the sulphonic acids formed were isolated as previously 
described. The free acid from the barium salts was obtained as a 
syrup and was therefore dissolved in alcohol and neutralised with 
brucine. The product_ crystallised readily and after exhaustive 
fractionation from 90%, alcohol two pure salts were isolated. 
Fraction A crystallised in minute colourless prisms, m. p. "270° 
(decomp.). It was slightly soluble in alcohol, but readily soluble in 
water, and proved to be the brucine salt of one of the possible 
8-hydroxybutane-y-sulphonic acids, CH,*CH(SO,H)-CH(OH)-CH, 
(Found : C, 59-1; ig 6-75; 8S, 6-1. C,H,,0,8,C,,H,,0,N, requires 
C, 59-1; H, 6-6; S, 5-85%). [«],%,, — 23-9° (c = 0-58)*. 

This brucine Li was converted into the barium salt by treatment 
with baryta, extraction of brucine with chloroform, and precipit- 
ation of the excess of baryta with carbon dioxide. By evaporation 
of the filtrate the barium salt was obtained as a colourless powder 
very readily soluble in water (Found: H, 3:9; Ba, 30-6. 
C,H, ,0,S,Ba requires H, 4-05; Ba, 30-9%). [a] — 5°4° (c = 3:15). 
The ammonium salt could not be obtained oryetelline, but the 
l-menthylamine salt crystallised from acetone in masses of fine silky 
needles, m. p. 196° (Found: 8, 10-45. C,H,,0,8,C,)H,,N requires 
8, 10-35%). 

Fraction B crystallised from aqueous alcohol in small needles, 
* All rotations were taken in aqueous solution. 
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m. p. 180—185°. It is readily soluble in hot alcohol and is apparently 
the salt of an acid isomeric with A (Found: C, 59-0; H, 6-7%). 
[ «2%, — 29-6° (c = 0-57). The barium salt of this acid was optically 
inactive. 

Other fractions isolated from the original mixture could not be 
obtained homogeneous and further investigation was abandoned. 


Summary’ 

Attempts to prepare paraffin polysulphonic acids from «fyé-tetra- 
bromo-fy-dimethylbutane and fy-dibromobutane by interaction 
with aqueous ammonium sulphite have resulted in failure : in the 
former case a Sy-dimethylbutylenedisulphonic acid was produced 
and in the latter salts of isomeric $-hydroxybutane-y-sulphonic 
acids were isolated. 


Tue UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [ Received, November 7th, 1930.] 


SCCXLIV.—Researches on Residual Affinity and Co- 
ordination. Part XXXII. Complex Salts of 
Bivalent Silver. 


By Gitpert T. Morcan and Francis HEREWARD BURSTALL. 


In earlier communications of this series it was shown that: co- 
ordination between copper salts and a diamine such as ethylene- 
diamine stabilises the bivalent condition of this metal so that it 
becomes possible to isolate complex cupric salts of the less electro- 
negative anions such as iodide, thiosulphate, selenocyanate, and 
hypophosphite (J., 1926, 2018, 2028; 1927, 1260). These results 
suggested that the employment of a suitable diamine might lead to a 
similar increase in the valency of silver. Ethylenediamine itself 
was tried without complete success, but we have since noticed that 
a«’-dipyridyl (I) furnishes a sufficiently powerful chelate group to 
hold together a stable bivalent argentic complex. 


N N- 
4 y, 
< >< >» [Ag?dipy}'NO, [Ag2dipy]#'S,0, 
| (II.) (III.) 
[Ag3dipy]"(NOg).,(C1O3). or (C10,)o. [Ag2dipy}“(HSO,). 
(IV.) (v.) 


When light yellow bis-««’-dipyridylargentous nitrate (II) is 
added to cold aqueous potassium persulphate the following reaction 
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occurs and reddish-brown bis-««’-dipyridylargentic persulphate (111) 
is obtained in practically quantitative yield : * 2[Ag2dipy]'NO, +- 
3K,8,0, = 2[Ag2dipy]"S,0, + 2KNO, + 2K,SO,. From this 
complex persulphate the following salts of bivalent silver have been 
prepared by suitable double decompositions: T'ris-««’-dipyridyl- 
argentic nitrate and chlorate (IV) are both highly coloured, crystalline 
salts decomposing quietly above 170° and soluble in water to intense 
reddish-brown solutions. T'ris-a«’-dipyridylargentic perchlorate (IV) 
is a sparingly soluble, orange-brown salt which detonates on heating. 
Bis-xx'-dipyridylargentic hydrogen sulphate (V) is a brown, sparingly 
soluble powder. 

In addition to these mononuclear salts a well-defined complex 
binuclear diargentic persulphate, [Ag,5dipy](S.O,)., has been 
identified and an acid argentosoargentic nitrate, 

[Ag2dipy](NO3).,AgNO3,HNOg, 
has been recognised as a by-product in the formation and decom- 
position of tris-««’-dipyridylargentic nitrate (IV). 

The bivalency of silver in the foregoing complex argentic salts is 
demonstrated by estimating the iodine liberated by these compounds 
from potassium iodide. In the case of the two argentic persulphates 
this effect is accompanied by a further liberation of iodine due to the 
oxidising action of the anion on the iodide. 

In general these complex argentic salts remain unchanged if kept in 
a cool dry place shaded from direct sunlight. They are decomposed 
immediately by halogen acids or aqueous alkalis. Mild reducing 
agents such as ethyl alcohol decolorise their aqueous solutions. 

The earliest observations on bivalent silver salts were made by 
Barbieri, who first obtained tetrapyridinoargentic persulphate (V1) 
on mixing aqueous solutions of persulphate and silver nitrate 
containing excess of pyridine (Gazzetta, 1912, 42, ii, 7) and sub- 
sequently prepared the corresponding nitrate (VI) electrolytically by 
anodic oxidation of aqueous silver nitrate in presence of pyridine 
(Ber., 1927, 60, 2424). 

(VI.) [Ag4py]S,0, or (NOs), [Ag2phenan]S8,0, or X, (VII.) 
More recently Hieber and Miihlbauer (Ber., 1928, 61, 2149) have 
prepared a series of complex argentic salts having the general formula 
(VII, where X = HSO,, NO,, ClO, or ClO,), using «-phenanthroline 
as the co-ordinating diamine. 

* It is noteworthy by way of comparison that, although argentous per- 
sulphate readily decomposes with formation of silver peroxide (Marshall and 
Inglis, J., 1891, 59, 775), the univalent condition can be stabilised for this 
salt by co-ordination with a sulphur-containing addendum. Colourless tri- 


ethylenethiocarbamidodiargentous persulphate, [Ag,3etu]S,O,, is stable up 
to 160° and only slowly decomposed by warm water (J., 1928, 150). 
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The series of complex argentic salts described in the present 
communication differ from those containing «-phenanthroline in 
containing complexes with three as well as two molecules of the 
diamine, thus indicating both co-ordination numbers 4 and 6 for 
bivalent silver. 

EXPERIMENTAL. 

ax’-Dipyridyl was prepared by heating pyridine and ferric chloride 
in steel autoclaves fitted with stirring gear, the method being 
essentially that described by Hein and Retter (Ber., 1928, 61, 1790). 
When, however, these reagents are employed in considerable 
amounts, notable proportions of by-products are obtained which 
are still under examination. 

Bis-a«'-dipyridylargentous nitrate (11) separated when hot aqueous- 
alcoholic solutions of 16-9 g. of silver nitrate and 31-2 g. of a«’-di- 
pyridyl were mixed and a further amount was obtained by concen- 
tration of the mother-liquor. Recrystallised from hot dilute 
alcohol, this complex nitrate formed felted masses of yellow needles 
(Found: Ag, 22-1; NO,, 12-5. C,)H,g0,N;Ag requires Ag, 22-4; 
NO,, 12-:9%). The salt, which was only sparingly soluble in hot 
water or in organic solvents other than the alcohols, was decomposed 
by either acids or aqueous alkalis. It was slowly darkened by 
light and decomposed at 155°. 

Bis-a«'-dipyridylargentic Persulphate (I11).—When_ bis-«a’-di- 
pyridylargentous nitrate was stirred into a cold saturated solution 
containing excess of potassium persulphate, the filamentous needles 
of the argentous salt were soon replaced by a deep reddish-brown 
microcrystalline precipitate of the complex argentic persulphate and 
after 2 hours the reaction was complete. The precipitate, thoroughly 
washed with cold water, was obtained in almost quantitative yield 
(Found: Ag, 17-3; 8S, 10-6; dipy, 48-5. C,)H,,O,N,S,Ag requires 
Ag, 17-6; 8, 10-5; dipy, 51-0%). 

With aqueous potassium iodide, this persulphate decomposed in 
accordance with the equation 


[Ag2dipy]S,0, + 4KI = AgI + 2K,SO, + 2dipy + 3I. 


0-2032 G. required 9-0 c.c. of N/10-thiosulphate, the calculated 
amount being 9-0 c.c. The complex persulphate decomposed 
rapidly at 137° and on exposure to the air at the ordinary temper- 
ature it was slowly transformed into the corresponding bisulphate 
(v. infra). It was only very sparingly soluble in water and in- 
soluble in the ordinary organic media. 
Pentakis-a«'-dipyridyldiargentic persulphate, [Ag,5dipy](S,Ox)», 
was formed when the foregoing persulphate was triturated with 
cold dilute nitric acid (60% HNOs, d 1-4, and 40% H,O) and was 
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precipitated from the brown filtrate by dilution with four volumes of 
cold water (Found : Ag, 15-8; 8, 9-4; dipy, 54-9. C5 9Hy016N y9S,Ago 
requires Ag, 15:7; S, 9-3; dipy, 565%). With aqueous potassium 
iodide the binuclear persulphate reacted in a similar manner to the 
mononuclear persulphate : 0-1013 g. required 4:5 c.c. of N/10-thio- 
sulphate, the calculated amount being 4-4 c.c. 

This complex persulphate was insoluble in water or alcohol but 
dissolved in moderately concentrated nitric acid and crystallised 
from the brown solution in small reddish-purple needles which 
decomposed rapidly at 159°. 

Tris-««'-dipyridylargentic Nitrate (IV).—The residue remaining 
after the trituration of bis-««’-dipyridylargentic persulphate with 
60% nitric acid in the preceding experiment consisted largely of 
complex nitrate; it was drained from excess of acid and extracted 
with warm water. Excess of aqueous ammonium nitrate was 
added to the brown filtrate and when the solution was cooled in ice 
the complex argentic nitrate separated in small, dark brown needles, 
which were dissolved in warm water and reprecipitated by addition 
of ammonium nitrate (Found: Ag, 15-5; NOs, 18-0; dipy, 65-8. 
Cy9Hp,OgNgAg requires Ag, 15-4; NO,, 17-7; dipy, 66-9%. 0-2032 
G. required 2-85 c.c. of N/10-thiosulphate; calc., 2-93 ¢.c.). When 
kept in a cool dark place, this complex argentic nitrate remained 
unchanged, but it decomposed at 176°. Its aqueous solution, 
which slowly decomposed with evolution of oxygen, behaved as a 
powerful oxidising agent. Aqueous alkalis caused an immediate 
precipitation of silver peroxide, whereas nitric acid promoted the 
formation of the complex argentosoargentic nitrate, 

[Ag2dipy ](NO,).,AgNO;,HNOs, 
obtained in small brown needles and also separating from a solution 
of bis-««’-dipyridylargentic persulphate in nitric acid (64% HNOs, 
d 1-4, and 36% H,O) (Found: Ag, 27-8; NO,, 32-3. CygH,7,O;.N Ago 
requires Ag, 27-8; NOs, 31-:9%. 0-2058 G. required 2-55 c.c. of 
N/10-thiosulphate ; calc., 2-65 c.c.). 

Some of the univalent silver may be removed from this complex 
substance by repeated extraction with cold alcohol. The complex 
argentosoargentic salt, which decomposed at 161°, dissolved readily 
in water to a dark solution, from which tris-««’-dipyridylargentic 
nitrate separated on addition of ammonium nitrate. 

Tris-x«'-dipyridylargentic chlorate (1V) was readily obtained in 
dark purple plates or needles when aqueous sodium chlorate was 
added to solutions of either of the preceding complex nitrates, and 
the product recrystallised from water by addition of sodium chlorate 
(Found: Ag, 14:8; ClO,, 22-1; dipy, 62-7. CggH.O,N,Cl,Ag 
requires Ag, 14-5; ClO, 22-5; dipy, 63-0%). 
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This chlorate dissolved readily in water to a deep brown solution 
in which the salt slowly decomposed ; it decomposed quietly at 171°. 

Tris-x«'-dipyridylargentic perchlorate ([V) separated as an orange- 
brown microcrystalline precipitate when sodium perchlorate was 
added to a solution of either nitrate or chlorate (Found: Ag, 13-8; 
ClO,, 25-6; dipy, 58-9. Cy ,H,,O,N,Cl,Ag requires Ag, 13-9; ClQ,, 
25-7; dipy, 60-4. 0-2067 G. required 2-80 c.c. of N/10-thiosulphate ; 
eale., 2-7 c.c.). It was very sparingly soluble in water and de- 
tonated violently on heating. 

Bis-x«'-dipyridylargentic hydrogen sulphate (V) was prepared when 
his-x«’-dipyridylargentic persulphate was treated with cold 40% 
sulphuric acid. It has also been obtained by adding sodium 
sulphate and sulphuric acid to solutions of the foregoing chlorate or 
nitrate. The brown crystalline powder was washed with cold 
water and dried over concentrated sulphuric acid. [It decomposed 
at 157° (Found: Ag, 17-9; 8, 10-5; dipy, 49-5. C,,H,,0,N,S,Ag 
requires Ag, 17-6; S, 10-4; dipy, 50-7. 0-2010 G. required 3-2 c.c. 
of N/10-thiosulphate ; calc., 3-27 c.c.). 

Analytical Methods.—Bivalent silver was estimated by treating 
the complex salt with cold aqueous potassium iodide: AgX, + 
2KI = 2KX + AglI + I. 

Total silver was estimated by decomposing the complex salt with 
hydrochloric or hydrobromic acid and weighing the precipitated 
silver halide. Alternatively the complex salt was heated to leave 
a residue of metallic silver. 

The nitrate and perchlorate radicals were precipitated and 
weighed as nitron salts, after silver had been removed by decom- 
position of the complex salt with pure caustic soda. The chlorate 
radical was estimated by distilling the compound with hydrochloric 
acid (1 concentrated acid: 1 water) in a stream of carbon dioxide, 
the distillate being received in aqueous potassium iodide. 

aa’-Dipyridyl furnishes sparingly soluble mercurihalides and 
the mercuri-iodide, C,,H,N,,HgI,, was found to be sufficiently in- 
soluble for use in the gravimetric estimation of the base (Found : 
I, 41-0. C,)H,N,I,Hg requires I, 41-6%). 

The silver of the complex salt was first removed as chloride or 
bromide and the filtrate was treated successively with sodium 
hydroxide, acetic acid, and a solution of mercuric iodide in aqueous 
potassium iodide. The ««’-dipyridyl was then precipitated as 
white granular mercuri-iodide, which was readily collected and 
washed. 


CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [ Received, October 18th, 1930.] 
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CCCXLV.—Bis-p-phenetyl Telluride and its Derivatives. 
By Gitpert T. More@an and Francis HEREWARD BURSTALL. 


DoRtne an investigation on the parachor of tellurium (Burstall and 
Sugden, this vol., p. 229) it was found that the observed molecular 
parachor of bis-p-phenety] telluridichloride (I) (Morgan and Drew, 
J., 1925, 127, 2307) gave a value which suggested that this dichloride 
was a nuclear-substituted telluride (II). We have now confirmed 
the earlier view by preparing bis-p-phenetyl telluridichloride in a 
manner which leaves no doubt as to its constitution. Bis-p-phenetyl 
telluride (III), made by the Grignard reaction, readily adds on 
chlorine, forming a dichloro-derivative identical in all respects with 
the dichloride described by Morgan and Drew (loc. cit.). 


(EtO-C,H,),TeCl, <> (EtO-C,H,),Te (EtO-C,H,Cl),Te 


BBs) Treas (II1.) (IT.) 
| not 
i) ea 
Y a 
JO. ion, 
(IV.) (EtO-C,H,).oTe’  >Te(CgH,OEt), —> (EtO-C,H,),TeO (v.) 
Cl Cl 


Bis-p-phenetyl telluridichloride is converted into bis-p-phenetyl 
tellurioxychoride (LV) by boiling with water, whereas warm aqueous 
caustic alkalis furnish bis-p-phenetyl telluroxide (V). 

Bis-p-phenetyl telluridibromide and bis-p-phenetyl telluridi-iodide 
have also been prepared. Concentrated nitric acid decomposes 
these three telluridihalides with formation of varying proportions 
of o-halogenated p-nitrophenetoles, the yield being greatest in the 
ease of 0-iodo-p-nitrophenetole : 


HNO 
EOC >— TeX, ——> Et0¢ NO 
( )oTeX, + 2 (X = Cl, Br, or I). 


During the interaction of nitric acid and bis-p-phenetyl telluri- 
dibromide or di-iodide the mixture darkens owing to the transient 
liberation of the halogen and subsequently becomes decolorised. 
These colour changes support the view that this formation of 
o-halogeno-p-nitrophenetoles is due to successive reactions : liber- 
ation of halogen and subsequent halogenation. Similar migrations 
of halogens have been noted by other observers (Reverdin, Ber., 
1896, 29, 2595; 1899, 32, 160; G. M. Robinson, J., 1916, 109, 
1078). Moreover, direct bromination and iodination are promoted 
by the action of nitric acid (Datta and Chatterjee, J. Amer. Chem. 
Soc., 1916. 38, 2545; 1917, 39, 435, 441). 
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p-Anisyl-p-phenetyl telluridichloride, m. p. 165—166°, produced 
on boiling p-phenetyl telluritrichloride with anisole, is readily 
reduced to p-anisyl p-phenetyl telluride. 'These compounds contain- 
ing dissimilar aromatic radicals resemble closely their analogues of 
the anisyl and phenetyl series (Morgan and Kellett, J., 1926, 1080). 


EXPERIMENTAL. 


Bis-p-phenetyl Telluride.—p-Bromophenetole (63 g.), made by the 
Sandmeyer reaction from p-phenetidine, was added to 7-2 g. of clean 
magnesium suspended in dry ether. The mixture was gently warmed 
until practically all the magnesium had dissolved. The solution of 
the Grignard compound was decanted from any undissolved metal 
and added slowly to a suspension of tellurium dibromide (43 g.) in 
dry ether. The mixture was refluxed for several hours, cooled, and 
treated with ice. Hydrobromic acid was added to dissolve any 
precipitated basic magnesium salts, and the solution filtered from 
tellurium. The ethereal layer was dried over calcium chloride and 
evaporated to dryness. The dark brown gum containing the 
telluride mixed with impurities was extracted with petroleum 
(b. p. 40—60°) and the solid which separated on evaporation of this 
extract was crystallised repeatedly from alcohol. Pure bis-p-phene- 
tyl telluride was obtained in white lustrous plates having a faint 
greenish tinge and melting at 64° (Found: C, 51-7; H, 5-0; Te, 
34:4. C,,H,,0,Te requires C, 51-95; H, 4-9; Te, 345%). Although 
insoluble in water, the telluride dissolved easily in the common 
organic solvents; cold concentrated sulphuric acid developed a red 
coloration. 

Bis-p-phenetyl Telluridichloride—This_ dichloride has been 
obtained (a) by addition of chlorine to a solution of bis-p-phenety] 
telluride in carbon tetrachloride, (b) by heating p-phenety] telluritri- 
chloride with excess of phenetole at 180—190° (Morgan and Drew, 
loc. cit.), and (c) by heating tellurium tetrachloride (1 mol.) with 
phenetole (4 mols.) at 180—190°. Each method gave a dichloride, 
melting at 108° either alone or in admixture with the other prepar- 
ations (Found: Cl, 15-9. Calc., Cl, 16-1%). The three specimens 
of telluridichloride were reduced to bis-p-phenety1 telluride by zinc 
dust and acetic acid. When cautiously warmed with excess of 
nitric acid (d 1-4), the telluridichloride decomposed and o-chlcro- 
p-nitrophenetole (m. p. 80°) was identified among the products of 
the reaction. 

Bis-p-phenetyl Tellurioxychloride—When the foregoing dichloride 
was heated to boiling in aqueous suspension, the crystals became 
opaque and a portion dissolved. On cooling, the filtrate yielded 
fluffy white crystals of the oxychloride, which dissolved in benzene, 
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acetone, or alcohol and decomposed at 193° (Found: C, 46-4; 
H, 4:5; Cl, 84. C,.H,,0,;Cl,Te, requires C, 46-4; H, 4-4; Cl, 
8-6%). 

Bis-p-phenetyl telluridibromide separated in lemon-yellow crystals 
when solutions of its generators were mixed. After recrystallisation 
from alcohol it melted at 127° (Found: Br, 30-2. C,,H,,0,Br,Te 
requires Br, 30-2%). The dibromide was, however, not formed 
when p-phenetyl telluritribromide was heated with excess of 
phenetole or when phenetole and tellurium tetrabromide were 
heated at 180—190°; in both cases a mixture of bromophenetoles 
and metallic tellurium was obtained. When warmed with nitric 
acid (d 1-4), the dibromide decomposed and o0-bromo-p-nitro- 
phenetole, m. p. 98°, was isolated, the yield being about 40%. 

Bis-p-phenetyl telluridi-iodide, m. p. 144°, separated from solutions 
of its generators in orange-red needles (Found : I, 40-8. C,,H,,0,1,Te 
requires I, 40-7%). Decomposition with concentrated nitric acid 
resulted in the isolation of 0-iodo-p-nitrophenetole, m. p. 96°, in 
excellent yield. 

Bis-p-phenetyl telluroxide, a white microcrystalline substance 
decomposing at 181°, was formed when bis-p-phenetyl telluridi- 
chloride or dibromide was boiled with 2N-aqueous caustic alkali 
(Found: C, 49-6; H, 4-9. C,gH,,0,Te requires C, 49:8; H, 4-7%). 
Although insoluble in water, the oxide dissolved in alcohol and 
benzene ; it separated from the solvents as an ill-defined powder. 

p-Anisyl-p-phenetyl Telluridichloride.—p-Phenetyl __ telluritri- 
chloride (1 mol.) was heated at 160° with anisole (4 mols.) for 6 hours. 
The cooled melt was treated with petroleum (b. p. 40—60°), and the 
residue crystallised repeatedly from alcohol; glistening white 
needles of the dichloride then separated, m. p. 165—166° (Found : 
Cl, 16-7; Te, 29-55. C,,H,,0,TeCl, requires Cl, 16-6; Te, 29-85%). 

p-Anisyl p-Phenetyl Telluride——The foregoing dichloride was 
heated for an hour in glacial acetic acid with excess of zine dust. 
The coloured filtrate was poured into water, and the precipitated 
telluride crystallised from alcohol; it then separated in glistening 
white needles having a faint greenish tinge (Found: C, 50-6; H, 
46. C,;H,,0.Te requires C, 50-6; H, 45%). It melted to a clear 
liquid at 45°. 


CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [ Received, October 31st, 1930.] 
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CCCXLVI.—Degradations in the Sugar Group. 
By Venancio DEULOFEU. 


THE methods commonly used for the degradation of carbohydrates 
are those of Ruff, Wohl, Weermann, and Zemplén, the last being a 
modification of Wohl’s method. The first three appear to be 
applicable in all cases. Zemplén’s method is to be recommended 
only for sugars higher than the pentoses and methylpentoses, 
because the high concentration of alkali that is necessary for the 
reaction decomposes the lower members of the monose series and 
low yields of sugars are obtained. 

Experiments have been made on some sugars by the four methods. 

d-Arabinose.—The sugar, hitherto degraded only by Ruff (Ber., 
1899, 32, 3674), has now been converted by Wohl’s method into 
d-erythrose diacetamide : hydrolysis of this gave d-erythrose as a 
non-crystallising syrup. The production of triacetyl d-erythrose 
by the action of silver oxide on tetra-acetyl d-arabononitrile, and 
also of ammonia-erythrose (erythroseimine) (compare Wohl, Ber., 
1899, 32, 3671, for the /-series) has been confirmed. These two 
compounds could not be obtained by the degradation of d-xylose 
(Deulofeu and Mendive, unpublished work). 

Treated by Zemplén’s methods, d-arabinose gave results similar 
to those recorded for /-arabinose (Deulofeu and Selva, J., 1929, 
225). 

d-Xylose.—The sugar, which has been degraded by Maquenne 
(Compt. rend., 1900, 130, 140) by a modification of Wohl’s method, 
and also by -Ruff (Ber., 1901, 34, 1370), was transformed into 
tetra-acetyl xylononitrile, and this was treated (a) with sodium 
methoxide and (b) after deacetylation with sulphuric acid, with 
silver carbonate. In both cases, only traces of erythrosazone were 
obtained. The syrup obtained in (a) yielded tartaric acid on 
oxidation with nitric acid. 

1-Rhamnose.—This methylpentose has been degraded by Fischer 
(Ber., 1896, 29, 1380), who used Wohl’s method, and also by Ruff 
(Ber., 1902, 35, 2360). By the action of alkaline sodium hypo- 
chlorite (compare Weermann, Rec. trav. chim., 1917, 16, 37) the 
corresponding methyltetrose has now been obtained ; it was isolated 
as the osazone. Zemplén’s methods gave results comparable with 
those recorded above [(a) and (b)], only small quantities of the 
osazone being isolated. 

d-Galactose—The sugar has been degraded by Wohl and List 
(Ber., 1897, 30, 3105), Ruff and Ollendorf (Ber., 1900, 33, 1798), 
and Weermann (loc. cit.), and Neuberg, Scott, and Lashmann 
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(Biochem. Z., 1909, 24, 156) have obtained lyxose by the electro- 
lysis of galactonic. acid and of its calcium salt. 

Treated by Zemplén’s methods, penta-acetyl galactononitrile 
gave 30% of lyxose in method (a) (above) and 22° in method (b). 
From the p-bromophenylhydrazone, crystalline lyxose was obtained 
identical with the 6-form described by Haworth and Hirst (J., 1928, 
1221). 

d-Mannose.—The sugar, hitherto degraded to d-arabinose only by 
Weermann (loc. cit.), has now been examined by the other methods. 
In Wohl’s method a 32% yield of d-arabinose diacetamide was 
obtained from the nitrile. Zemplén’s methods (a) and (b) gave 
61% and 56%, respectively, of arabinose (calculated from the 
osazone obtained). Method (a) is the best method of degradation, 
starting with the nitrile. Ruff’s method gave only 23°% of arabinose, 
calculated on the calcium mannonate employed. 


EXPERIMENTAL. 


(1) d-Arabinose.—The sugar was obtained from the p-bromo- 
phenylhydrazone and converted without isolation into the oxime, 
m. p. 136°: from this, tetra-acetyl arabononitrile was obtained, by 
treatment with fused sodium acetate and acetic anhydride, in 
colourless crystals, m. p. 118°, insoluble in water and soluble 
in chloroform, alcohol, and ether (Found: CN, 8-0. Cale. for 
C,3H,,0,N: CN, 8-2%). The nitrile was also prepared from the 
mother-liquor of the oxime (compare Deulofeu and Selva, loc. cit.). 

d-Erythrose diacetamide. Tetra-acetyl arabononitrile (5 g.) in 
alcohol (15 ¢.c.) was treated with a solution of the silver oxide from 
3-5 g. of silver nitrate in 40 c.c. of aqueous ammonia (30%). After 
being kept for 36 hours at room temperature, the liquid was freed 
from ammonia by a strong current of air, filtered, evaporated, 
diluted with 50° alcohol, treated with hydrogen sulphide, again 
filtered, and evaporated in a vacuum. The residual syrup, treated 
with alcohol-ether (2: 1), slowly crystallised. Recrystallised from 
alcohol, the product (1:27 g.; yield, 40°) was obtained colourless, 
m. p. 210° (Found: N, 12-8. Calc. for C,H,,0;N,: N, 12-7%). 

d-Hrythrose. A solution of d-erythrose diacetamide (3 g.) in 
180 c.c. of water was boiled with 9 c.c. of 60°, sulphuric acid for an 
hour, and then concentrated to 18 c.c. in a vacuum. After ten 
extractions with 18 c.c. of ether to remove most of the acetic acid 
produced, the liquid was diluted and made alkaline with barium 
hydroxide, the barium sulphate removed, and the filtrate evaporated. 
The syrup obtained was repeatedly dissolved in alcohol and recovered 
by evaporation until it was free from ammonium sulphate. It 
reduced Fehling’s solution in the cold, was very soluble in water, 
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and gave erythrosazone, m. p. 163—165°, on treatment with 
phenylhydrazine. 

Triacetyl erythrose. A solution of tetra-acety! arabononitrile (5 g.) 
in 200 c.c. of methyl alcohol was treated with silver oxide (obtained 
from 10 g. of silver nitrate by means of barium hydroxide) and two 
drops of concentrated aqueous ammonia. After 42 hours, the 
solution, which no longer responded to the test for nitrile, was 
filtered, treated with hydrochloric acid, neutralised, and evaporated 
at a low temperature in a vacuum; crystals and a syrup were then 
obtained. The former were separated and recrystallised from 
alcohol, giving triacetyl erythrose, m. p. 133° (Found: C, 49-2; 
H, 5:3. Cale. for C,gH,,0,: C, 48-7; H, 56%). 

Ammonia-d-erythrose (d-erythroseimine). A solution of 3 g. of 
erythrose diacetamide in 180 c.c. of water was treated as described 
above for the preparation of d-erythrose, but after the extraction with 
ether the sulphuric acid was quantitatively removed with barium 
hydroxide and the filtrate was freed from barium by means of 
carbon dioxide, filtered again, and evaporated at 35° under di- 
minished pressure. The crystalline substance obtained was washed 
with alcohol-ether and recrystallised from water, giving colourless 
crystals, m. p. 156° (Found: N,7-3. Cale. forC,H,,O,N: N,7-1%). 

Degradation of tetra-acetyl arabononitrile by Zemplén’s methods. 
(a) After the substance (5 g.) had been treated in the usual manner 
with sodium methoxide, the solution obtained had reducing pro- 
perties in the cold, but yielded only 0-04 g. of erythrosazone, m. p. 
165—166° (Deulofeu and Selva, loc. cit.). 

(b) The nitrile (5 g.) was deacetylated with sulphuric acid and 
then treated with 6 g. of barium hydroxide and 1-5 g. of silver 
carbonate. From the solution finally obtained, a small quantity of 
erythrosazone, m. p. 164—165°, was isolated. 

(2) d-Xylose.—The necessary tetra-acetyl xylononitrile was 
prepared by a method similar to that employed in the case of 
l-xylose (Deulofeu, J., 1929, 2458). 

Degradation of the acetylated nitrile. When 5 g. of the substance 
were treated as in methods (a) and (b) for the degradation of d- and 
l-arabinose, only 0-045 g. and 0-015 g., respectively, of erythrosazone 
were finally isolated. 

Oxidation of d-threose. The syrup resulting from the degradation 
of 20 g. of tetra-acetyl xylononitrile with sodium methoxide was 
purified by extraction with absolute alcohol. The residue left on 
evaporation of the extract had the reducing power of 2-9 g. of 
glucose. 30°, Nitric acid (15 c.c.) was added to it, and the solution 
was kept at 55—60° during 24 hours and then evaporated at low 
pressure to a syrup; this was diluted with water, re-concentrated, 
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again diluted with water (to 400 c.c.), neutralised while boiling with 
calcium carbonate, and filtered hot. From the filtrate, after the 
usual treatment with lead acetate, hydrogen sulphide, acetic acid, 
potassium acetate, and two volumes of alcohol, crystals of potassium 
hydrogen tartrate were obtained (Found : K, 20-4. Calc. : K, 20°7%). 

(3) 1-Rhamnose.—l-Rhamnonoamide slowly separated from a 
solution of 10 g. of rhamnonolactone in 70 c.c. of saturated alcoholic 
ammonia; after recrystallisation from alcohol, it melted at 135° 
(yield, 6 g. or 60%) (Found: N, 8-1. Calc.: N, 7-8°%) (compare 
Jackson and Hudson, J. Amer. Chem. Soc., 1930, 52, 1270). 

Degradation with hypochlorite. A solution of 20 g. of the amide 
(1 mol.) in 250 g. of ice-water was treated with a solution of sodium 
hypochlorite (1 mol.) and sodium hydroxide (1 mol.). After 5 
minutes, the liquid was acidified with hydrochloric acid, heated in a 
water-bath until carbon dioxide ceased to be evolved, neutralised 
with calcium carbonate, filtered, and concentrated under low pressure. 
Addition of absolute alcohol then produced a precipitate; this was 
removed, and the filtrate evaporated in a vacuum : these operations 
were repeated and the syrup obtained was dissolved in a little water. 
The solution reduced Fehling’s solution in the cold and, when 
treated with acetic acid and phenylhydrazine, gave an osazone, 
m. p. 170° (methylerythrosazone melts at 171—176°). 

Degradation by Zemplén’s methods. (a) Tetra-acetyl rhamnono- 
nitrile (5 g.), dissolved in 10 c.c. of chloroform, was treated with 
a solution of 1-2 g. of sodium in 10 c.c. of methyl alcohol. A reducing 
solution was finaliy obtained from which a small quantity of methyl- 
erythrosazone, m. p. 170—172°, was isolated. 

(b) The acetylated nitrile (5 g.) was boiled with dilute sulphuric 
acid, and the solution obtained was treated with 1-5 g. of silver 
carbonate and 6 g. of barium hydroxide. After the usual treatment 
the solution gave methylerythrosazone, m. p. 171—173°, by inter- 
action with phenylhydrazine in acetic acid. The solutions of 
the methyltetrose gave positive reactions with «-naphthol and 
reduced Fehling’s solution in the cold. 

(4) d-Galactose.—Degradation by Zemplén’s methods. (a) When 
solutions of 6 g. of penta-acetyl galactononitrile in 15 c.c. of chloro- 
form (cooled in ice and salt) and of 1-2 g. of sodium in 10 c.c. of 
methyl alcohol were shaken together, a solid mass was produced. 
After 5 minutes, this was dissolved by the addition of 20 c.c. of 
water, 2 c.c. of acetic acid were added, the chloroform layer was 
removed and the aqueous solution evaporated in a vacuum. The 
residue, after being evaporated twice with 20 c.c. of absolute alcohol, 
was dissolved in 50 c.c. of water. Titration by the furfural method 
indicated the presence of 0-69 g. of pentose in the solution (0-121 g. 
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of phloroglucide compound from 10 ¢.c.). Another 10 c.c., treated 
with the calculated quantity of p-bromophenylhydrazine, gave 
0-3 'g. of lyxose-p-bromophenylhydrazone, m. p. 155—156° after 
recrystallisation from water. The yield of pentose from the nitrile 
was 30%. 

The lyxose-p-bromophenylhydrazone was boiled with benzalde- 
hyde and water, and the solution obtained was extracted several 
times with ether and evaporated at 40°. The residual syrup partly 
crystallised after being kept in a desiccator for 21 days. The 
solid, recrystallised from absolute alcohol, melted at 115—116° 
(Haworth and Hirst give m. p. 117—118°), and a solution had 
[x], — 35-1° after 64 minutes and [«], — 15° after } hour. The 
sugar was therefore the 6-variety. 

(b) The acetylated nitrile (5 g.) was deacetylated with sulphuric 
acid, and the product treated with silver carbonate and barium 
hydroxide, in the usual way. Ultimately, 1-1 g. of lyxose-p-bromo- 
phenylhydrazone were obtained, corresponding to 0-51 g. of lyxose 
(yield, 22%, calculated on nitrile employed). 

(5) d-Mannose.—Penta-acetyl mannononitrile. A mixture of 5 g. 
of mannoseoxime (Fischer and Hirschberger, Ber., 1889, 22, 1155), 
5 g. of fused sodium acetate, and 25 g. of acetic anhydride was 
heated to boiling for a minute and then poured into 50 c.c. of cold 
water; the resulting black syrup crystallised after some days. 
The solid was dried and extracted with ether. The extract on 
evaporation gave penta-acetyl mannononitrile, which separated 
from alcohol in colourless crystals, m. p. 94°, soluble in ether, alcohol, 
and chloroform and insoluble in water (yield, 4:2 g., that is, 45°) 
(Found: CN, 6-7. Cale. for C,,H,,0,,N : CN, 6-7%). 

Degradation of the nitrile. (i) By Wohl’s method. Penta-acetyl 
mannononitrile (5 g.) in 15 c.c. of alcohol was treated with the 
silver oxide from 2-5 g. of the nitrate dissolved in 25 c.c. of 30% 
aqueous ammonia. After the usual operations, d-arabinose di- 
acetamide (1-03 g.) was obtained, m. p. 187°. The yield corresponds 
to 0-618 g. of arabinose, that is, 32° calculated on the nitrile used. 

(ii) By Zemplén’s methods. (a) The acetylated nitrile (6 g.) in 
10 c.c. of chloroform was treated in the way already described with 
a solution of 1-2 g. of sodium in 10 c.c. of methyl alcohol. De- 
composition of the addition product with water and acidification 
with acetic acid gave, after evaporation and treatment with ethyl 
alcohol, a residue, which was dissolved in water. From an aliquot 
part of the solution, a quantity of arabinosazone (m. p. 203—206°) 
corresponding to a total yield of 1-42 g. of arabinose (61%, calculated 
on the nitrile employed) was obtained. (b) When the nitrile was 
first deacetylated and then treated with silver carbonate and 
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barium hydroxide, the yield of arabinose calculated from the 
osazone obtained was 1-1 g. or 56% (calculated on the nitrile used). 

Degradation of calcium mannonate. <A solution of 12 g. of the 
calcium salt in 50 c.c. of water was warmed at 35° and hydrogen 
peroxide (14 mols.) and 3 g. of ferric acetate sol were added. Carbon 
dioxide was evolved and calcium salts were precipitated. After 
10 hours, these were removed and the filtrate was concentrated to a 
syrup in a vacuum. Addition of 50 c.c. of absolute alcohol then 
precipitated a further quantity of calcium salts. The solution was 
decanted and the salts were repeatedly dissolved in a little water 
and precipitated with alcohol until they were free from reducing 
substances. The mixed alcoholic extracts were concentrated at a 
low pressure and the syrup obtained was dissolved in a little water 
and treated with an alcoholic solution of phenylhydrazine; 3-8 g. of 
d-arabinosazone were precipitated after some time, corresponding 
to 1-8 g. of arabinose or a yield of 23%, calculated on the calcium 
mannonate used. 


FAcUuLTAD DE CrenciAs Exactras Fisicas y NATURALES, 
BuENOos AIRES. [Received, August 19th, 1930.] 





CCCXLVII.—Catalytic Decomposition of Some Gaseous 
Ethers. 


By Pavut ALFRED Kiavs CiusIvs. 


It was shown by Hinshelwood and Glass (J., 1929, 1815) that under 
the influence of iodine as a catalyst diisopropyl ether is decomposed 
into acetone and propane, CHMe,*O-CHMe,—-> CMe,0 + C,H, and 
it was subsequently found that the same homogeneous reaction takes 
place under the influence of various alkyl halides (Clusius and 
Hinshelwood, Proc. Roy. Soc., 1930, A, 128, 75). More interesting, 
however, was the fact that this catalytic decomposition, whereby 
a hydrogen atom adjacent to the oxygen atom is transferred to 
another carbon atom, is quite a general one; thus, diethyl ether 
and acetaldehyde undergo the following reactions (idem, ibid., p. 
82; Hinshelwood, Clusius, and Hadman, ibid., p. 88) : 


CH,°CH,°0°C,H, —-> C,H, +- CH,*CHO 
and CH,°CHO —-> CH, + CO. 


The heat of activation of the catalysed reaction is always smaller 
than that of the uncatalysed. 

From a kinetic point of view it is of interest to investigate as 
many similar reactions as possible. Such investigations may 
enable us to study the influence of the structure of the molecule 
















2608 CLUSIUS : 


on the heat of activation, and to test the possibility of calculating 
the reaction velocity theoretically by the assumption of simple 
collision mechanisms. On the other hand, the general reaction is 
also of interest from a purely chemical point of view; a study of 
a mixed ether should give an idea of the strength of the hydrogen- 
carbon link in different groups. The results of the present investig- 
ation, however, show definitely that the behaviour of the hydrogen 
atoms in a radical is very much influenced by the other radical in 
the mixed ether. This shows distinctly that the process of activation 
is connected with the structure of the whole molecule and is not 
dependent only upon the presence of a certain group. 

It seemed desirable to investigate, first, dimethyl ether, and then 
the series of ethers obtained by successive substitution of methyl 
groups for the hydrogen atoms in one of the two methyl groups, 
i.e., CH,°O-CH,,CH,°O-CH,°CH,,CH,°O-CH(CH,),,CH,°O°C(CHs)s. 

The dimethyl ether gave a rather surprising result. Iodine 
vapour had no appreciable influence on the rate of decomposition, 
suggesting that the methyl group is unable to split off hydrogen 
catalytically. But this generalisation is not valid, because the 
investigation of the third ether yielded evidence of two simultaneous 
reactions, one of which involved the movement of a hydrogen atom 
of the methyl group. If the methyl group were quite stable in the 
presence of iodine vapour, the last ether would experience no 
catalytic effect at all. The fact that there is a considerable influence 
of the catalyst makes it clear that the result found with the simplest 
ether does not apply to the others. 


EXPERIMENTAL. 


Methyl Ethyl Ether—The ether was prepared by heating a 
saturated methyl-alcoholic solution of sodium methoxide with 90% 
of the required amount of ethyl iodide at about 60° in a sealed tube 
(Williamson, Annalen, 1852, 81, 77). The tube was then cooled ina 
freezing mixture and opened; the ether was allowed to distil, being 
condensed again in an all-glass apparatus, dried over sodium for 
several days, and carefully fractionated. There was no sign of 
iodine compounds in the ether, and two different preparations gave 
the same rate of decomposition. 

The experiments were carried out in the same way as before: 4 
certain amount of isopropyl iodide vapour was allowed to stream 
into the silica reaction vessel and to decompose; then the pressure 
of the products was regulated to the required magnitude, and the 
ether vapour added. One-third of the pressure of the decomposed 
iodide is due to the iodine, which is the real catalyst (compare 
Hinshelwood and Glass, loc. cit.). 
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The reaction takes place at a conveniently measurable rate be- 
tween 460° and 550°. The total pressure increase, according to the 
equations CH,*O-C,H,>CH, -++ CH,°CHO and CH,-CHO-+CH,+CO, 
should be 200%. But on account of some condensation reactions 
the observed increase was always smaller, being about 175—180% 
independently of the temperature. Some tarry product is formed 
and a slight deposit of carbon appears on the wall of the bulb. 
The analysis of the gaseous products agrees very closely with the 
above equations; therefore it must be the unchanged ether, and 
not the intermediate or final products, which disappears by the side 
reaction. In a sample of the products withdrawn during the de- 
composition, the presence of acetaldehyde could easily be shown 
by the silver test. An analysis of the products of decomposition 
was carried out in a Bone and Wheeler apparatus and gave the 
following results : 

Unsat. hydro- 
CH, % ©CO,%. CO,.,%. carbons, %, 
Products at 504° ..........5. 65-5 33-1 --- 1-4 
Calculated ........s.cseccecsers 66-6 33°3 — —_— 

The explosion of the saturated hydrocarbon with an excess of 

oxygen gave the following relations : 


Gas used : contraction : CO, formed : oxygen used. 


SE chs tainnniabeind 1 : 1-97 : 1-01 : 1-98 
Calc. for CH, ......... l : 2 - 1 : 2 


A mixture of equal volumes of hydrogen and ethane would give 
the same results as methane, but it could be shown by heating the 
saturated hydrocarbon with copper oxide at 307° for 10 minutes, 
that only a very small amount of hydrogen could have been formed. 

The homogeneous character of the reaction was tested in a silica 
bulb filled with silica beads, the surface being about 16 times greater 
than before. It was thereby found that only about 4% of the whole 
reaction velocity was due to a surface reaction. 

To a sufficient approximation, the reaction may be considered to 
be of the first order with respect to the ether; only the primary 
reaction is important for the reaction velocity, because the catalytic 
decomposition of the acetaldehyde at this temperature takes place 
very rapidly. At 504°, for instance, the primary reaction is 45 
times slower than the secondary. 

In the following table are details of a typical experiment; a is 
the total pressure increase at time t, and k = 1/t. log,sa/(a—a) : 


Temp., 504°; a = 310 mm. 
t(secs.) ...... 15 53 99 127 180 225 300 360 


z(mm.) ...... 32 92 142 165 202 224 251 270 
odeasaeges 3°16 2-52 2-68 2-60 2-54 2-47 2-40 2:47 
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The catalytic efficiency of the iodine is proportional to its own 
pressure, as shown by the following table, in which t;) and ¢,, 
represent the times required for 50°, and 75°, decomposition. 


Temp., 504°; ether pressure, about 200 mm. 


She (MEMS) ocdiis cicnvnsccdss 40 20 10 
bee (BECK.) —sroccccccccccccess 63 118 231 
Sen SOOO.)  sevsnpccccasensnce 138 260 515 


On the other hand, the reaction velocity appears to be independent 
of the ether pressure over a large range, as shown by the following 
data : 


— 20 
Temp., 504°; iodine pressure, 7 mm, 


Initial pressure of ether, mm.... 311 229 177 105 49 
Gen BORED, « <  citavosdeonmsaasensvaascees 121 118 116 113 95 
EiMCE “~siccisnssneuuceiansenienie 275 260 249 255 203 


A series of experiments was carried out at different temperatures 
in order to get the heat of activation in the usual way from the 
Arrhenius equation. In the following table are given the observed 
values of ¢;, and the times corrected to a standard iodine con- 


0 


: 2 —_ , : 
centration of mm. at 7 = 750° Abs. The reaction velocity 


coefficient k is expressed in reciprocal seconds; ka)-, has been found 
from the equation log, k = 19-7, — 38,300/RT’. 


yf Abs. tso- tso- tcorr.- Kove. x 104. Kea .X% 104. 
mQ90 Rie 
733 aan 510-5 522 13°8, 13-7, 
230 
755 226 
222 
120 
116 
121 
777 118 
114 
123 
116 
93 
785 87 
96 
95 
57°3 
61-8 | 
799 60-0 | 59-6 5 


226 224+5 30°9 29-6 


118-5 114-2 60-6 61-0 


92:, 88-, 78:3 78-5 


—_— ——  — ee 


124 121 


or 
> 


57-7 

61-3 

35-2 

820 34-0 34-2 31+3 222 224 

33-5 
The corrected heat of activation is 37,500 cals. (“ Kinetics of 
Chemical Change,”’ Oxford, 1929, p. 104). The number of collisions, 
Z, per c.c. between ether molecules at 1 atm. pressure and iodine 
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molecules at the standard concentration of 7 mm. at 750° Abs. is 


equal to 2-89 x 1076 at 773° Abs. (see Clusius and Hinshelwood, 
loc. cit.). Then the number of ether molecules per second undergoing 
the reaction according to the simple theory should be 2-89 x 1076 x 

37,500 
e k.77%8 = 7-44 x 105, The real value of k at 773° Abs. is 
536 x 10-3; whence we get for the number of decomposed ether 
molecules kN = 5-36 x 10° x 9-56 x 1018 = 51:2 x 105, N= 
9-56 x 108 being the number of ether molecules per c.c. according 
to the assumption previously stated. Thus the number of molecules 
reacting is about seven times greater than expected. 

Methyl isoPropyl Ether.—The ether was prepared in an analogous 
way by refluxing methyl iodide with an excess of sodium isoprop- 
oxide. isoPropyl alcohol was removed from the crude product 
by shaking with water, and traces of the iodide were destroyed 
by heating with wet silver oxide. The ether was then carefully 
dried with calcium chloride and sodium and fractionated in an all- 
glass apparatus; b. p. 32-5—32-8°. The decomposition of this 
ether took place between 450° and 520°, and appeared to be more 
complicated, as stated above. If the hydrogen atoms in the methyl 
group were unable to move at all under the influence of the catalyst, 
the ether would give only methane and acetone. The appearance, 
however, of an appreciable amount of carbon monoxide in the 
gaseous products, and the results of the combustion of the saturated 
hydrocarbons showed immediately that another simultaneous 
reaction had taken place. The results can be satisfactorily explained 
by assuming, not only that the hydrogen atom of the isopropyl 
group migrates, but that the methyl group also splits off hydrogen 
atoms: CH,*O-CHMe, —-> CH,O + C,H, —~> H, + CO + C,H, 
simultaneously with CH,-O-CHMe, —-> CH, -+ COMe,. 

If this assumption is correct, the amount of carbon monoxide 
should be equivalent to the amount of propane and hydrogen. It 
is possible thus to account for the results of the combustion of the 
saturated hydrocarbons, as is shown in the following table. The 
amount of acetone was found by a quantitative iodoform test. A 
change in the reaction temperature had only little influence on the 
composition of the products. 


—_— Temp., 504°. 
hydrocarbons. CH,-CO-CH,;. CH,. co. H,. C3H;,. CO). 
38% 30-1% 250% 13:4% 134% 134% 0:9% 
Combustion. 
Gas used : Oxygen used : CO, formed 
EL esac piiiiedigeianiaientoy 1 : 2-17 : 1-24 


Wiwicddecddosscivsijcdcedinds $ 2°25 1°26 
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Temp., 455°. 


Unsat. 
hydrocarbons. CH,°CO-CH,;. CH,. co. H,. C,H,. CQ,. 
32% 34-0% 28-56% 113% 11:3% 113% 04% 
Combustion. 
Gas used : Oxygen used : CO, formed 
BOOMS |. kccctabinescidncerdecsobins 1 $ 2-34 : 1-30 
COR. devencgemcincesndeacnns cqcapinn 1 : 2-33 $ 1-22 





The pressure increase was always 103—105°%; a certain amount 
of the ether disappeared by side reactions, and a slight tarry deposit 
was gradually formed on the wall of the silica vessel. The surface 
reaction was found to be not more than a few units per cent. of the 
homogeneous one. 

The catalytic efficiency of the iodine was proportional to its 
own concentration, as expected from the results with the other 
ethers : 

Temp., 488-,°; ether pressure, about 200mm. 


She (MUMM.)  ...cccccccccccccsoces 10 20 40 
Dig GROEN) © sbsscccvccsoccccessce 206 102 52 


The initial pressure of the ether had no appreciable influence 
on the reaction velocity : 


Temp., 488-,°; iodine pressure, 2()/3 mm. 


Ether pressure (mm.) ......++. 306-5 215 121 
Seq (BOCB.)  crcccccicccccccccsesccces 105 102 108 


The heat of activation was deduced from a series of experiments 
carried out at different temperatures; the same corrections as before 
are made on the results. 


T Abs. toe ; a Kots. X 10%. Kgrapn. X 102. 

725-, od } 256 264 2-62 2-50 
172 

141°, aoe 178°, 180°, 3-84 3-91 
171 
101-6 

761-, 101-5 101-, 100-, 6-93 6-73 
102-0 
75-0) 

715°, 75-6 | 76°, 74:, 9-35 9-61 
79-5] 
49-7 

791°, 52-8 | Bl, 48-8 14-2 14-2 
52-3} 


The results in the last column show that the observed values for 
log k lie satisfactorily on a straight line when plotted against the 
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reciprocal of the absolute temperature. From the slope of this 
line the heat of activation is found to be 30,200 cals., or corrected, 
29,450 cals. 

The statistical calculation of the reaction velocity upon the same 
assumptions as before leads to a value of 13 x 101? for the number 
of molecules decomposed per sec. The observed value is 0-85 x 101”. 
The discrepancy is rather great and just the opposite of that 
usually observed. It may be noted that the existence of two 
simultaneous reactions makes it difficult to give a definite inter- 
pretation to the heat of activation, but the values for both reactions 
must be nearly the same, otherwise the composition of the gaseous 
products could not be practically independent of the temperature. 

Methyl tert.-Butyl Ether—The preparation of a pure sample of 
this ether was more difficult than that of the other ethers. Sodium 
tert.-butoxide was formed by boiling trimethylcearbinol in a round- 
bottomed flask so that the hot alcohol refluxed back over a known 
amount of metallic sodium in an extractor, the metal being slowly 
dissolved and washed into the flask. Then the thoroughly dry 
butoxide was heated in a Carius tube with the necessary amount of 
methyl iodide for 6 days at 60° (Henry, Chem. Zentr., 1904, i, 1065). 
The ether formed was freed from the last traces of iodine compounds 
by heating with diethylamine (see also Bennett and Philip, J., 1928, 
1930), washed with water and dilute acid, dried, and fractionated ; 
b, p. 54—55°. 

The ether was quite stable at 420°, but immediately decomposed 
in the presence of the catalyst. The pressure increase was always 
nearly 100%, and a black tarry deposit was rapidly formed on the 
walls. 

There was no sign of a ketone or an aldehyde in the reaction 
products, and a gas analysis showed that principally unsaturated 
hydrocarbons were formed : 


CO,. Unsaturated hydrocarbons. CO. Saturated hydrocarbons. 
25% 60-6% 12:0% 24-09% 


It is not possible to give any simple explanation of the reactions 
which may have occurred. Nevertheless, the result is interesting 
in so far as a catalytic effect exists at all, and it seemed unnecessary 
to investigate the decomposition of this ether in greater detail. 

In the following table the heats of activation of certain compounds 
are given in calories. It appears that the heat of activation for the 
catalytic decomposition of the ethers is smaller the more complicated 
the molecule; for the uncatalysed decomposition the converse 
obtains. It is obvious that the catalyst attacks the complex mole- 
cule at a specific point. 
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Ether, ete. Catalysed. Uncatalysed. 
BROOD OCROE oes siccccryescccdccscesbones — 65,000 
Methyl ethy! ether .....c...scccsccsceee 38,000 47,000 
ND: sas dvevencccicsecnensasiyes 34,000 53,000 
Methyl isopropylether  ............++ 29,500 — 
SPOUTS DUROE oc ccnpsccursssizegeoesss 28,500 60,500 
BOCRRTMEG ED occ ccccscesccevvccssisscecs 32,500 45,500 


The question arises whether the reaction goes by way of iodine 
atoms or not. The fact that not only iodine but also alkyl halides 
and nydrogen bromide have analogous effects shows, however, that 
the reaction does not necessarily depend on the presence of free 
iodine. Furthermore, the fact that the reaction velocity is propor- 
tional to the iodine pressure and not to its square root demonstrates 
that the iodine molecules and not the atoms are the real catalyst. 

It seems, moreover, to be unnecessary to make specific assump- 
tions about possible intermediate products. It is known that 
hydrogen bromide, for instance, and diethyl ether form an addition 
product at low temperatures. This fact might suggest the idea that 
molecules of the catalyst as they approach the ether are directed, 
even at higher temperatures, to a certain point in the molecule by 
the same forces which operate in the formation of the addition 
product at low temperatures. 


Summary. 

The catalytic effect of iodine on the decomposition of the following 
ethers in the gaseous state has been investigated: Dimethyl, 
methyl ethyl, methyl isopropyl, and methy] ¢ert.-butyl. 

Iodine has no catalytic effect on the decomposition of dimethyl 
ether. 

Methyl ethyl ether is catalytically decomposed between 460° and 
550° according to the following consecutive reactions : 

CH,°0-C,H, —> CH, + CH,°CHO 

and CH,-CHO —> CH, + CO. 
The heat of activation of the first reaction is 38,000 cals. 

Methyl isopropyl ether is decomposed simultaneously between 
450° and 520° in two different ways : 
and CH,°O-CH(CH,),—> CH,O + C,H, —> CO + H, + C,H,, 
the heat of activation being 29,500 cals. for the net reaction. 

Methy] tert.-butyl ether shows a very pronounced reaction in the 
presence of iodine but is not decomposed in a simple manner. 

The results illustrate clearly the fact that the activation of a 
reactant molecule is dependent upon the structure of the whole 
molecule and not upon the presence of a certain group. 
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The catalyst attacks the molecule at a specific point, and the 
observed reactions can in every case be interpreted as the migration 
of a hydrogen atom from a carbon atom, which is also connected 
with an oxygen atom, to a second carbon atom. 


I should like to take the opportunity of expressing my sincere 
thanks to Mr. C. N. Hinshelwood, F.R.S., for constant guidance 
and supervision. 

PHYSICAL CHEMISTRY LABORATORY, 
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CCCXLVITI.—The Structure of Carbohydrates and their 
Optical Rotatory Power. Part I. General Intro- 
duction.* 


By WattTeER Norman HawortH and Epmunp LANGLEY Hirst. 


(1) The Supposed Validity of the “ Principle” of Optical Super- 
position.—C. 8. Hudson has investigated the rotational data of the 
sugars and has found that, for a limited range of nearly related 
substances, the magnitudes are more or less additive. So long as 
these comparisons are confined to compounds which are parallel in 
properties and constitution, as determined by direct chemical 
methods, no sharp differences of opinion may arise from the infer- 
ences to be drawn from this kind of inquiry. It should be recog- 
nised, however, that there is no experimental sanction for the view 
that optical rotation is uniformly an additive property. The earlier 
attempts of Guye and of Walden to establish the “ principle ” of 
optical superposition ended in failure when applied to a wider 
range of compounds, and even the data by which these authors 
supported the suggestion of van ’t Hoff were adversely criticised by 
later workers. Rosanoff (J. Amer. Chem. Soc., 1906, 28, 525; 1907, 
29, 536), whose services to sugar chemistry are widely known, has 
declared that substances of like structure but different stereo- 
chemical form need show no essential relationship between their 
optical rotatory powers. He summarised these views in the dictum, 
repeated with the following emphasis in each of his papers: “ The 
optical rotatory power of an asymmetric carbon atom depends upon 
the composition, constitution, and configuration of each of its four 
groups.” Dissimilarity in configuration is therefore recognised by 


* A résumé of this communication appeared in Nature, Aug. 16th, 1930, 
Pp. 238. 
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Rosanoff as an impediment to the completely additive character of 
the physical values of optical rotatory power. 

Since optical rotations of sugars have usually been recorded for 
one solvent only and for light of one selected wave-length, the need 
for caution in interpreting these data requires no further emphasis. 
Supposed discrepancies in the rotational constants of tetramethyl 
a-methylmannoside disappear entirely when alcohol as solvent is 
substituted for water (see section 6), and in several cases of methy]l- 
ated lactones profound differences of rotation appear when the 
solvent is varied (section 4). The effect of temperature on the 
rotations of many sugars is very marked. Like conditions of states 
such as temperature and concentration may provide one standard 
for comparison of rotational data, but there are no grounds for 
excluding alternative standards such as, for example, like conditions 
of viscosity or refractive index. 

(2) Hudson’s Classification of the Sugars into Structural Categories. 
—C. 8S. Hudson (J. Amer. Chem. Soc., 1930, 52, 1680, 1707) has not 
claimed for the “ principle ” of optical superposition any application 
outside the sugar group, but he has sought the evidence for a 
general and close approximation to it within this group. His pro- 
cedure is to assume that it is approximately true and to explain 
any departure trom it by difference in structure. He finds there 
are two (or three) categories of sugars, (a) those in which the additive 
principle seems to hold on the supposition of one general structure, 
and (b) those in which different additive relationships seem to hold. 
The latter, on his view, are given a different structure. By assuming 
that these two categories are separate and distinct, he contends he 
is able to use the rotation data for the calculation of rotations of 
other sugars in either category. Should the latter predictions be 
realised by the isolation of new compounds having approximately 
the calculated rotations, then he suggests that the validity of the 
additive principle is proved and that the conception of two categories 
of structure for the sugars is also proved. 

This division of the six common aldoses into categories may be 
illustrated by the following : 











‘HO 
CHO CHO -|-OH CHO CHO 
-|-OH | -|-OH CHO -|-OH HO-|- -|-OH 
Pf OH) _-OH) HO-- HO-|- HO-- 
-|-OH } Ho-l HO-|- -|-OH --OH HO-- 
-|-OH _|-OH -|_OH -|-OH -|-OH _|-OH 
CH,OH CH,OH CH,OH CH,-OH CH,-OH  CH,-OH 
Glucose Gulose Xylose Glucoheptose Mannose Galactose 
Category B. Category A. 


Hudson has reported his failure to classify all the normal forms of 
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these six sugars into one category on the basis of rotational mag- 
nitudes and has assigned one common structure to the first four 
(category B), and a different structure to galactose and to one of 
the normal varieties of mannose (category A). His use of the 
term “structure” is the generally recognised one and is not to be 
confused in meaning with configuration. A comparison of the 
formule in category B, however, reveals some kind of restricted 
similarity in the configurations at three of the carbon centres (shown 
by a bracket). This order of grouping does not appear in the two 
sugars in category A. But if one writes any common ring structure, 
say the 1 : 5, for the «- and $-forms of all six sugars, other similarities 
appear, and the categories to some extent overlap. For example, 
some arrangements of groups in $-mannose resemble those in 
a-gulose and in a(«-)glucoheptose, whilst «-galactose resembles 
a-mannose. Also arabinose may be brought into the comparison, 
although for the moment Hudson has suspended judgment on the 
structure of this sugar. 

According to Rosanoff’s dictum (section 1) the above failure to 
classify the six sugars in one category on the basis of rotational 
magnitudes is only to be expected, since Rosanoff has recognised 
that, with substances possessing a common structure, the disparity 
in their configurational relationships alone provides a sufficient 
explanation of their departure from a common additive principle. 
The question at once arises, what experimental justification has 
Hudson for suggesting that structural and not configurational differ- 
ences are responsible for the lack of uniformity in the possible 
application of the principle of optical superposition to all the six 
sugars? We confess that we have found no such sanction for this 
ad hoc suggestion in any of Hudson’s writings. It seems to us to 
be reasonable to test a hypothesis and the deductions made from it 
by comparing them with experimental results, but when additional 
and entirely unproven assumptions are superimposed on the first 
to account for discrepancies which arise between the deductions 
and the observed facts (rotational values), these additional assump- 
tions can have no assurance of validity. This argument appears to 
us to go to the root of Hudson’s methods of reasoning. He has 
found that rotational magnitudes furnish two (or three) categories 
for the sugar group, but we are unable to discover any justification 
for the interpretation that these differences are connected with a 
difference in chemical structure of the substances. 

(3) The Ring Systems selected by Hudson.—The further hypo- 
thesis advanced by Hudson is that, not only are the rotational 
differences discernible in sugars of categories A and B to be cor- 
related with structural differences, but this structural difference has 
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reference to the number of atoms constituting the sugar ring. 
Again we can find in his argument no readily deducible sanction for 
this view beyond the statement that two categories of rotational 
data connote sugars of a different order. In the preceding Sec- 
tion (2) it is seen that on Rosanoff’s view differing systems of 
configuration would account entirely for these distinctions, but it 
may be added that where aggregates of cis-hydroxyl groups occur 
in spatial proximity a mutual interaction not unrelated to co-ordin- 
ation is possible and it is also conceivable that the atoms of the 
sugar ring may be subject to slight strain (compare Haworth and 
Hirst, J., 1928, 1221). We have interpreted the exceptional pro- 
perties of the third varieties of acetylated «-methylrhamnoside and 
a-methylmannoside in this way, since by methylation methods it is 
found that three forms of these substances having identical ring 
structures exist instead of the expected two forms, and the pro- 
perties of each enabled us to show that groups at carbons 1 and 2 
interact (Bott, Haworth, and Hirst, this vol., p. 1395; Freudenberg 
and Scholz, Ber., 1930, 63, 1969; Braun, iid., p. 1972). Still 
another hypothesis of Hudson is that the sugars of category B 
possess the 1:5- or pyranose-ring and those of category A the 
1 : 4- or furanose-ring, with, however, the distinction that 8-mannose 
is placed in category B and «-mannose in category A. These two 
interconvertible, mutarotating forms of mannose are thus assigned 
different ring structures. This hypothesis is, indeed, the primary 
basis of Hudson’s more recent calculations of additive values (see 
section 6). 

(4) Variations of the Initial Rotations of Lactones in Different 
Solvents—The sugars as a group suffer from the disability that 
they are insoluble in most organic media and their rotations are 
only fully recorded for water as solvent. The effect on the rotation 
of varying the solvent cannot therefore be adequately studied for the 
unsubstituted sugars. Again, the fully substituted acetates are 
exceedingly sparingly soluble in water and their rotations are usually 
measured in chloroform. Hudson has utilised the values taken in 
a single solvent in each case for his computations. Methylated 
sugars and their derivatives, on the other hand, dissolve freely in 
most organic solvents and they also remain easily soluble in water, 
so that the effect of different solvents can best be observed with 
these derivatives. We have been engaged during the past four 
years upon an intensive study of the rotatory dispersion of all 
varieties of sugars and their compounds in many solvents and have 
encountered many significant results which will be published when 
the series is complete. 

During this investigation the interesting fact has emerged (Part V ; 
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this vol., p. 2659) that, whereas the methylated lactones of the 
glucose and xylose group change their rotations to a moderate 
extent in different solvents, and those of the galactose and arabinose 
series to a greater extent, yet in the mannose series, comprising also 
lyxose and rhamnose, the variations are astonishingly great, amount- 
ing to as much as 150° with complete reversal of sign. In the 
cases cited, the rotation in water is the initial rotation for 100%, 
lactone, but this value is, of course, changed as hydrolysis proceeds 
to the corresponding acid. In the cases cited for the other solvents, 
the initial rotation remains constant, since owing to the absence of 
water no hydrolysis supervenes and the lactones are quantitatively 
recoverable on evaporation of the solvent. The values for all four 
solvents are therefore comparable. 


Specific Rotations [«], of Completely Methylated Forms of the 
Following Lactones in Different Solutions. 











Solvent : 
Lactones. Water. Chloroform.  LEther. Benzene. 
5-Mannono (d-) ......... + 150° + 59-5° + 35° + 20° 
eg |y-Mannono (d-) ......... + 65 — 10 — 36 — 50 
2% 18-Lyxono (d-) ......... + 35-5 — 60 — 87 —102 
@§ | y-Lyxono (d-) ......... + 82:5 — 28 — 70 — 70 
“~~ 18-Rhamnono (I-) ...... —130 — 68 — 39 — 15 
y-Rhamnono (I-) ...... — 56-5 + 13 + 65 + 87 
8-Glucono (d-) ......... + 98 +103 +123 +121 
8 ie Glucono (d-) ......... + 62 + 42 + 67 + 68 
= %)6-Xylono (d-) ......... 0 + 9 + 12 + 17 
S* |). Xylono (d-) wi... + 88 + 81 + 84 +106 
g _ (8-Galactono (d-) ...... +153 +101 + 96 +128 
£3. y-Galactono (d-) ...... — 34 — 13 — ll — 1) 
ai | > -Arabono (l-) ......... +181 +125 +105 +166 
6 \y-Arabono (/-) ......... — 44 — 9 — 3 + 16 


The effect of solvent upon the rotational data of these sugar deriv- 
atives is so marked as to render perilous the attempt to decipher 
from them any additive rule or principle. To put the facts another 
way, the latitude offered by these figures may provide a basis for a 
wide selection of rules. These effects are attributable to the under- 
lying differences of configuration. They fall definitely into three 
classes: (1) the glucose series, within which variations are minimised ; 
(2) the galactose series, in which they are much more definitely 
marked ; (3) the mannose series, in which the effects are enormous 
and incomprehensible. It is significant that it is in the last series 
that Hudson finds the widest discrepancies in the rotations of the 
simple sugars and the glycosides, and his interpretations demand 
alterations in the ring systems of galactose, mannose, lyxose and 
rhamnose. Yet in the above series of lactones there can be no 
suggestion of interchange of ring structure from solvent to solvent, 











2620 HAWORTH AND HIRST: THE STRUCTURE OF CARBOHYDRATES 


since there are no free hydroxyl positions available for such an 
interchange. We defer for future discussion the many interesting 
inferences which may be drawn from these data, but the point now 
to be emphasised is, to take one case only, that where rotational 
values so remote from one another as + 65° and — 50° are given 
by one simple derivative of mannose any attempt to establish a 
fixed arithmetical or additive relation for the individual asymmetric 
centres of mannose derivatives will have a doubtful validity. For 
this reason we suggest that no special significance attaches to the 
rotation value of Dale’s second calcium chloride compound of 
mannose, and we are not impressed by interpretations which 
emphasise its importance. A point of some importance is that 
even Hudson’s “lactone rule ”’ ceases to be generally applicable to 
a wide range of substances and of solvents. Although it appears 
to hold when the solvent is water, it breaks down for the alternative 
solvent selected as standard by Hudson, namely, chloroform. 

No validity necessarily attaches to any ad hoc hypothesis which 
is intended to explain discrepancies in the additive relationships 
applied to the free sugars or their glycosides. Arguments from 
such statistical data may, as in other fields of statistical inquiry, 
lead to invalid conclusions unless the causes underlying such data 
are known with certainty. 

(5) Nature of the Structural Proofs accepted by Hudson.—We have 
examined the reasons given by Hudson for preferring the 1 : 5-ring 
for normal sugars of the glucose class (3) and although his present 
view of the structure of glucose now coincides with that which we 
established five years ago (Haworth, Nature, 1925, 116, 430) we 
are unable to find in this reconciliation any experimental confirm- 
ation of our constitutional formula. Abandoning as invalid any 
proofs by methylation methods, Hudson has resorted to the experi- 
mental data given by Zemplén on the constitutions of cellobiose, 
maltose, and lactose. It is suggested that groups migrate during 
methylation but not during acetylation. There is abundant evid- 
ence elsewhere, however, that acetyl groups are very prone to 
migrate, whereas methyl groups do not display this instability 
(Ohle, Ber., 1924, 57, 403; Josephson, Annalen, 1929, 472, 217; 
Haworth, Hirst, and Teece, this vol., p. 1405). Hudson has accepted 
Zemplén’s observation that the point of junction of the two hexose 
units in cellobiose, maltose, and lactose is at position 4 in the 
reducing hexose unit (Ber., 1926, 59, 1254; 1927, 60, 1309, 1555). 
We agree this is so because of our independent methylation data 
(J., 1926, 3094; 1927, 544, 2809). Taken alone, the method of 
Zemplén’s proof is, however, negative in character, since it depends 
(1) on the degradation of these three bioses to a hexose-tetrose and 
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(2) on the failure of this hexose-tetrose to give an osazone, the 
inference being that the 4-position, becoming the 2-position in a 
tetrose residue, does not have a hydroxyl group at this position to 
comply with osazone formation. But, as we have previously stated » 
(J., 1927, 545), there may be many tangible reasons other than the 
one selected to account for a negative result such as the non-form- 
ation of an osazone. Indeed, this dubiety was illustrated when 
Zemplén applied the same method to melibiose. Here the derived 
hexose-pentose also failed to yield an osazone, but the difficulty 
was one of experiment and isolation and not of structure; the 
3-position was allotted by Zemplén to the biose junction in melibiose, 
although Haworth, Loach, and Long (J., 1927, 3146) and Helferich 
(Annalen, 1928, 465, 170) proved the junction to be in position 6. 
The latter result and not that of Zemplén is accepted and utilised 
by Hudson in his formula for melibiose. One cannot, however, 
discard the type of negative proof furnished by Zemplén in one 
case without impairing the validity of its application to other cases. 
It follows logically, then, that apart from the proof by methylation 
data which we have provided for the 4-position of the biose link in 
cellobiose, maltose, and lactose, there is no valid chemical experi- 
ment which defines the position of attachment of the biose link at 
any one position. 

Even if it be accepted that Zemplén’s observations on the 
4-position of the linking of the two hexoses in the cases of cellobiose, 
maltose, and lactose are valid, they provide no evidence of ring 
structure whatever, since the ring junctions may occupy any posi- 
tions in the reducing hexose unit except that of 1 and 4. By what 
choice is the 1 : 5-ring selected rather than 1:6 or 1:3 or even 
1:2 (if osazone formation occurs through the aldehyde phase) ? 
There exist no data for any choice other than that provided from 
methylation methods, lactone formation and degradation, which 
we have supplied. It emerges, therefore, that Hudson can provide 
no evidence for the 1: 5-ring in any of the sugars to which he 
assigns it except from the methylation data which he discards. 
The terms he uses for ring structures are deprived of any back- 
ground of proof. The only other chemical experiments quoted by 
Hudson as a foundation for the 1 : 5-ring in normal glucose or its 
derivatives is the isolation (Purves, J. Amer. Chem. Soc., 1929, 59, 
3619, 3631) of a normal 6-thiophenylglucoside from $-thiopheny]- 
cellobioside, -maltoside, and -lactoside by acid hydrolysis, and also 
the isolation (Fischer and Armstrong, Ber., 1901, 34, 2885) of 
8-methylglucoside from $-methylmaltoside by enzyme cleavage. 
These data are considered also in section 12. They furnish, how- 
ever, no evidence that $-thiophenylglucoside or $-methylglucoside 
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possesses a 1; 5-ring structure rather than a 1:2, 1:3, or 1:6 
structure. Since, also, the Zemplén formula for melibiose is rejected 
by Hudson and since the validity of his similar experimental proofs 
for the 4-position of the biose link in the remaining disaccharides is 
thereby invaded, there appears no reason for excluding the 1 : 4-ring 
structure for $-methylglucoside and §-thiophenylglucoside. It 
appears, therefore, that so long as Hudson disallows the proofs by 
methylation data he is confronted with the dilemma that the 1 : 2-, 
1:3-, 1:4-, 1:5-, or 1: 6-ring structure may apply to the latter 
glucosides to which he has arbitrarily allotted a 1: 5-ring. It 
follows logically that no classification of ring structure in any 
definable category can be offered for any of the hexoses, and struc- 
tural questions fall once more into the limbo of speculation from 
which we aver that the intimate and direct chemical methods 
which we have applied had rescued them. Apart from the latter 
experiments there exists no experimental basis for a constitutional 
proof possessing standards similar to those which are accepted for 
all other groups of organic substances. 

(6) The Rotations of «- and $8-Mannose.—A fundamental thesis 
in Hudson’s recent scheme is the denial of structural identity to «- 
and $-mannose and to all their derivatives. The reason offered for 
this view is that the specific rotations (in water) of «- and 8-mannose 
are respectively + 30° and — 17°, whereas for «- and #-glucose the 
corresponding values are + 113° and + 19°: the latter differ by 
94°, whilst the difference for the two mannoses is only 47°. Several 
other sugars show a difference corresponding to that of mannose, 
and these distinctions extend also to the «- and $-methylmannosides, 
their tetra-acetates, and, as we have now shown in a following 
paper (Part IV; Bott, Haworth, and Hirst), to the tetramethyl 
derivatives. Their rotational data being expressed as molecular 
values (specific rotation x mol. wt.), the two mannoses show a 
molecular difference of 47 x 180 = 8460, as compared with a corre- 
sponding difference of about 17,000 for the two glucoses. These 
molecular rotational differences are expressed by Hudson as 2ao, 
values and the deficiency (17,000—8460) shown by comparing 
glucoses with mannoses is of the order of 8500. The same order 
of deficiency (9000) is found on comparing the «- and $-methy]l- 
glucosides (2a ),, values) with the «- and 6-methylmannosides. 
We have supplemented this comparison by taking the cases of the 
tetramethyl derivatives of «- and 6-methylmannosides, which show 
a discrepancy of a similar order of magnitude (11,500). 

Because of these deficiencies in molecular rotation values of «- 
and $-mannose as compared with glucose and some other sugars, 
Hudson makes the hypothesis that «- and $-mannose cannot be 
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merely stereoisomerides of one common structural form. Selecting 
the «-forms as being anomalous, he ascribes to «-mannose and 
x-methylmannoside a different ring form from $-mannose and «- 
and -glucose and their glucosides, and also their tetra-acetates. 
He assumes now that the true structural isomeride of 8-mannose 
(and «- and 8-glucose, etc.) should be an unknown form of «-mannose 
having [«], + 77°, since such a value would bring the molecular 
rotational difference between this «- and the known §-form into 
line with those that are found for the two glucoses. Corresponding 
to the unknown «-mannose he considers there should also be a new 
variety of «-methylmannoside having [«], -+ 125°, and special 
attention is focused on this hypothesis because of the implications 
discussed in section 12. This initial hypothesis enables him to 
straighten out many of the anomalous rotations displayed by many 
of the sugars and it leads him to adopt the classification which 
extends to other known sugars. 

Opposed to this view is the direct chemical evidence on the 
structure of «-methylmannoside. We have found (Goodyear and 
Haworth, J., 1927, 3136; Bott, Haworth, and Hirst, this vol., 
p. 2653) that both «- and 6-methylmannosides yield crystalline tetra- 
methyl derivatives which on hydrolysis give one and the same 
tetramethyl mannose. This is epimerised to tetramethyl glucose 
by alkali by the Lobry de Bruyn and van Ekenstein reaction 
(Wolfrom and Lewis, J. Amer. Chem. Soc., 1928, 50, 837), and 
also gives rise on oxidation to a crystalline tetramethyl d-mannono- 
lactone. The latter is degraded by oxidation to d-trimethoxy- 
glutaric acid, so its ring structure can only be that of a 1: 5- or 
pyranose-form. Hudson agrees that the part of this evidence which 
is concerned with the structure of tetramethyl mannose is conclusive, 
but he claims other parts of the evidence as a decisive proof that 
change of ring has occurred during the methylation of «-methyl- 
mannoside. It is therefore suggested that dilute alkali and methyl 
sulphate (or Purdie’s reagents) do not change the ring in $-methyl- 
mannoside but that they do in «-methylmannoside, and that the 
latter then assumes the same ring form as 6-methylmannoside. The 
tetramethyl derivatives of these mannosides, which are crystalline, 
should then on Hudson’s admission have the same ring forms, since 
they yield the same crystalline tetramethyl sugar on hydrolysis. 
This only leads to a dilemma, since we have found that the tetra- 
methyl «- and $-methylmannosides show about the same order of 
molecular rotational deficiency (11,500) as do the normal forms of 
x- and 8-mannose (8500) or «- and $-methylmannosides (9000) and 
yet it is the latter anomalies which led Hudson to allocate different 
ring forms to the mannosides. It may further be added that all 

472 
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the figures so far discussed represent the rotations taken in water 
at 20°. When we determined the rotations of tetramethyl «- and 
6-methylmannosides in ethyl alcohol, we found that the discrepancy 
of the molecular rotational differences disappeared almost entirely, 
and these two substances fell into line with the water or alcohol 
values for several other methylated glycosides, as will be seen from 
the accompanying table. 


TABLE I. 


Molecular Rotational Differences (2a oy. Values) for Completely 
Methylated «- and 8-Derivatives of the Normal Sugars. 


Sugar. In water. In other solvents. 
GEROTIOD: : cicacvtcconstenasvunsbschpas 41,100 42,800 (EtOH) 
I icc eiinc ni eaenwading 42,000 42,500 _ ,, 
po AE ee 45,000 41,200 (MeOH) 
PUNGD >: iisccadsnedasidesdaaceiieos 40,170 39,300 (CHCI,) 
TED dnccnccupunentionumenainnden 30,600 39,500 (EtOH) 


36,000 (CHCI,) 


Hudson must either explain the persistence of this deficiency of 
11,500 for tetramethyl «- and $-methylmannosides by the same 
hypothesis of difference in ring structure which he suggests for «- 
and $-mannose, or admit that the deficiency is of no consequence 
and cannot be correlated with structural form. 

(7) The Isolation of a New Variety of «-Methylmannoside and its 
Comparison with Normal Forms.—Last year we isolated two new 
crystalline varieties of ethylglucoside, which were designated as 
furanosides or 1 : 4-ring types. These differed from the previously 
known normal or pyranoside forms both in rotation and in the ease 
with which they underwent hydrolysis to glucose. They were 
hydrolysed a hundred times as rapidly as the pyranosides under 
identical conditions (Haworth and Porter, J., 1929,-2796). Recently 
we have also isolated a new crystalline variety of «-methylmannoside, 
and both its mode of formation from mannose dicarbonate and its 
capacity to combine with acetone directly in the presence of 
anhydrous copper sulphate indicated the presence of two pairs of 
cis-hydroxyl groups, which are best accommodated by adopting 
the 1: 4- or furanoside ring. The presence of this ring form was 
confirmed by methylation and oxidation methods, and we designated 
the compound «-methylmannofuranoside, [{«], + 113°. The sub- 
stance is hydrolysed about 100 times as rapidly as the normal 
«-methylmannoside, [«], + 79°, and this clear distinction between 
the rates of hydrolysis of the two forms is preserved in their tetra- 
methyl derivatives. If, as Hudson avers, a change of ring structure 
occurs when the normal form, {«], + 79°, passes into its tetramethyl 
derivative, there is no corresponding change of chemical or physical 
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property to proclaim it, since the rate of hydrolysis is of the same 
order. We have already shown also that the discrepancy in the 
molecular rotational difference between its «- and $-forms, whether 
methylated or unmethylated, remains of the same order. 

Again, the new «a-methylmannoside, [«]) + 113°, gives a quan- 
titative yield of its crystalline tetramethyl derivative, and this 
preserves the characteristic property of its unmethylated form in 
being readily hydrolysed with N/100-acid. On hydrolysis it yields 
a tetramethyl mannose, [«]) ++ 43° (equil.), which gives on oxidation 
the same crystalline tetramethyl y-mannonolactone (five-atom ring 
form) as that obtained from the interconversion of mannose- 
diacetone (Haworth, Hirst, and Webb, this vol., p. 651). 

Both the normal and the new variety of «-methylmannoside are 
unaffected by hot 15% alkali during two hours. There seems, 
therefore, no reason to suspect instability of the ring system of 
either form by methylation with very dilute alkali and methyl 
sulphate or with Purdie’s reagents. 

We have measured the comparative rates of hydrolysis of pure 
specimens of glycosides and their methylated derivatives of the 
two general types of ring structure already established by methods 
which we have published. The following figures (in terms of 
minutes and decimal logarithms) represent the approximate order 
of the reaction velocities determined under similar conditions of 
heating at 95—100° with N/100-hydrochloric acid. 


Pyranosides (1: 5-ring). k x 105. Furanosides (1: 4-ring). k x 10°. 


a-Methylglucoside ............ 25 SUCTORG cocessvccpdccccsoeenaeeoees 5000 
Tetramethy! a-methyl- Octamethyl sucrose ......... 1000 
BICONE c00.cecdsccreccvceess 4 B-Ethylglucoside .............+. 5300 
B-Methylglucoside ............ 30 Tetramethyl f-ethyl- 
Tetramethyl £-methyl- glucoside ......... Shane eee sas 1400 
MERUMUIED sapcsncccesedisvesses 10 a-Methylmannoside ......... 1500 
a-Methylmannoside ......... 10 Tetramethyl a-methy!l- 
Tetramethyl a-methyl- MANNOSIAE seeeeeeeereeeerers 250 
SRRIIRGNIEE  csccescveseevessce 4 
a-Methylgalactoside ......... 23 
Tetramethyl a-methyl- 
Balactoside .........sscceeee. 4 


We derive from these figures the simple rule that, under these 
conditions and for the range of substances selected by Hudson for 
his attack on our structural formule, the glycosides preserve, in 
general, the same order of stability in their methylated forms, and 
that, for glycosides of the same sugar, the furanoside form is much 
more easily hydrolysed than the corresponding pyranoside form. 
Such comparisons have only been rendered possible by the recent 
isolation of the pure homogeneous furanosides of the glucose and 
mannose series. The earlier derivatives of y-sugars described in 
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the literature were not homogeneous but contained varying pro- 
portions of the pyranose isomerides which prevent their being used 
in the above comparisons. 

It may be deduced from the above figures that the reaction 
velocity, 10, for «-methylmannoside precludes its classification 
among the furanosides and that the facts are against its classification 
by Hudson in a category different from that of «-methylglucoside. 
Again, it is seen that the tetramethyl derivative having a reaction 
velocity of 4 cannot possibly belong to a different classification 
from that of the parent form of «-methylmannoside. Hudson 
similarly ascribes to a-methylgalactoside a furanoside structure 
which would place it in the wrong category in the above table. It 
is also evident that sucrose, which contains a fructofuranoside 
residue, has a value similar to that determined for the crystalline 
$-ethylglucofuranoside. Hudson has doubted whether this would 
be found to be the case, and has placed sucrose in a separate struc- 
tural category with a 1 : 3-ring for the fructose residue. His analogy 
between sucrose and the third variety of tetra-acetyl $-methy]l- 
mannoside does not hold inasmuch as the latter is hydrolysed 
instantaneously at 20° with acid so dilute as N/1000. We have 
shown (section 3) that this is a derivative of orthocarbonic ester 
and retains also the pyranose ring (Bott, Haworth, and Hirst, 
loc. cit.). 

(8) Glucose and Mannose Derivatives and “‘ Epimeric Differences.” 
—When we published our work on the isolation of the two ethyl- 
glucofuranosides (1:4) we used the fact of their isolation as an 
argument against Hudson’s opinion that the ordinary glucose pos- 
sessed a | : 4-ring and the known normal methylglucosides had the 
constitution of furanosides. There is no need to continue this 
argument further, inasmuch as Hudson, in the two published papers 
now under discussion, has become reconciled to our original view. 
It is noteworthy, however, that he has claimed this isolation of the 
above new forms as “a striking experimental confirmation of his 
prediction ” and suggests that “they prove at the same time, 
through the epimeric difference, that «-methyl d-mannoside (++ 79°) 
possesses the 1 : 4-ring.”’ It is conceivable that Hudson may also 
claim our isolation'of the new form of «-methylmannoside (1 : 4) 
(+ 113°) as a confirmation of his prediction of the hypothetical 
form (1:5) (+ 125°), since the margin of error is similar to that 
(+ 12°) which we observed for the glucofuranosides. We believe 
Hudson will perceive the danger of this course in that the “ con- 
stancy ’’ of his value for “ epimeric differences ’’ becomes at once 
invalid. Assuming that this course is taken, it is seen below that 
it leads to no constant difference at all. 





ATES 


pro- 
used 


tion 
tion 
tion 
side. 
tion 
tion 
lson 
ture 

It 
side 
line 
uld 
uc- 
ogy 
vyl- 


Ave 


iter 
rst, 


al 





AND THEIR OPTICAL ROTATORY POWER. PART I. 2627 


Stated as originally predicted (with Hudson’s later modification 
of ring), these values of [«]p were : 
a-Methylglucoside (1: 5) +159° a-Methylglucoside (1: 4) +115° 


a-Methylmannoside (1 : 5) +125 (unknown) 
(unknown) a-Methylmanaoside (1 : 4) + 79 
Epimeric diff. ........0...+ 34 36 


Assuming now that our new isolated forms fulfil these predictions, 


and inserting the observed values for the “ unknown forms,”’ we 
have : 


a-Methylglucoside (1: 5) +159° a-Methylglucoside (1: 4) +101° 

a-Methylmannoside (1 : 5) +113 (calc. from the ethylglucoside) 

a-Methylmannoside (1 : 4) + 79 
22 


Epimeric diff. ............+66 46 
The two margins of error of 12° and 13° between observed and 
calculated values are seen to operate in a contrary sense and to 
endanger the use of “‘ epimeric difference ” as a valid factor in the 
classification of the numerous sugars to which Hudson has applied 
it. When the true ring structures as we have determined them 
are compared as follows, constancy of epimeric difference ceases to 
have any rational meaning : 

(a}p- [a]p. 
a-Methylglucoside (1: 5) +159° a-Methylglucoside (1: 4) + 101° 
a-Methylmannoside (1 : 5) + 79 a-Methylmannoside (1 : 4) +113 

Epimerie diff. .............+. 80 — 12 

(9) Hudson’s New Formule for Disaccharides and Polysaccharides. 
—By computations from rotational magnitudes Hudson has reached 
the conclusion that some constitutional formule we have determined 
should be modified. His choice of standards appears to us to be so 
elastic that we have been led to make other calculations which, if 
one were convinced of the validity of his method, would lead to 
different views of structure from those he has adopted. 

The figures for the computation of ring structures in disaccharides 
given in the accompanying table have been calculated upon the 
following assumptions: (a) that the rotational value of the lactonyl 
grouping in the biose linking is the same as that in a-methyl- 
glucoside (18,500); (b) that when the biose linking involves the 6th 
carbon of a sugar the rotational effect of that sugar residue is the 
same as it is in the free sugar; (c) that the ring structures in the 
component hexoses are all 1: 5, as we have shown to be the case 
by methylation methods. Cellobiose is taken as standard [4-- 
glucosido-(1 : 5)-6-glucose (1:5) having [«],» + 16°] and from it 
the value for the substituted glucose residue present in cellobiose is 
calculated by means of (a). In certain cases (marked *) epimeric 
differences have been used and where this has been done the 
observed value 15,400 has been employed for «-glucose (1 : 5) minus 
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«mannose (1:5) differences and the observed value 6,400 for 
8-glucose (1 : 5) minus 6-mannose (1 : 5) differences. 


Sugar. [a]p obs. f[a]p cale. Hudson’s values. 
GHNUED ccc cosivcovssdeedtistbhdiweee 118° 124° 119° 
B-Gentiobiose .......... Diiinnnnte ein —11 —9 Taken as standard 
EE cddunndiucncwokecamsaanecenis 35 34 —_ 
IED hindsbantahesegadeapecdcesenap 90 86 aon 
ENED | cresedesenrswvebeividsises 124 117 137 
O7* 
*4-8-Glucosido-a-mannose ......... 20-5 {i t 52 
*4-8-Glucosido-Bemannose ......... 0 —3* —2 
*4-8-Galactosido-a-mannose ...... 38 45* 70 
*4-B8-Galactosido-8-mannose .,,.... 16 16* 15 
SEED censpebtocdsrnennennateeveheen 197 179 Taken as standard 
NON cc cditinnnschsasucexriececs 16 —- — 


t Calculated from 4-8-galactosido-a-mannose by application of (Ga-G), 
difference between the values for galactose and glucose. 

The agreement between the observed and the calculated values 
here is closer and more comprehensive than is the case when 
Hudson’s method of calculation is used, which involves changing 
the ring form in maltose, lactose, and other bioses. The greatest 
divergence, 18° for trehalose, is very little more than Hudson’s 
divergence of 13° for melibiose. It is seen, then, that better agree- 
ment between calculated and observed values can be attained than 
by altering ring-forms of the hexose components. No particular 
importance as regards structural questions is, in our opinion, to be 
attached to these agreements, but they are recorded in order to 
demonstrate that a scheme of approximately accurate rotation 
values can be calculated upon assumptions which are directly 
opposed in essential features to the structural views of Hudson. 
The elasticity of the methods of ‘“‘ proving ” the ring structure of 
carbohydrates by rotational data is obvious. 

At this point it is convenient to refer to Hudson’s criticism of 
Charlton, Haworth, and Hickinbottom (J., 1927, 1530) for their 
use of the lactonyl rotation value (18,500) in obtaining supple- 
mentary evidence for the presence of an «- or a $-linking in a meli- 
biose. In that paper we made no claim whatever that the ring 
structure of melibiose could be determined arithmetically or even 
supported by such a method. Our tentative use of rotation data 
was purely qualitative and involved only rotation differences which 
could reasonably be supposed to be either very large or very small 
to differentiate an «- from a 8-form. It is immaterial whether the 
above lactonyl constant or the new one now offered by Hudson be 
used for this purpose, since the conclusion we then reached would 
be the same. The lactonyl constant we used, however, is that 
which has given rise to the above table, which, for us, possesses no 
structural meaning. 
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(10) A “ Crucial Test”? applied by Hudson in Support of his 
Structural Scheme.—The stimulation given by Hudson’s theoretical 
views to the preparation of sugars and their derivatives in a con- 
dition of greater purity has led to many notable advances in 
technique, and whilst we are unable to share his interpretations we 
welcome the incitement they have given to the isolation of new 
compounds. Among these are the acetohalogeno-derivatives of 
4-glucosidomannose (Brauns, J. Amer. Chem. Soc., 1926, 48, 2776). 
This biose was first prepared by Bergmann and Schotte (Ber., 1921, 
54, 1564) by the inversion of the 2-hydroxyl group in the reducing 
unit in cellobiose. This is accomplished by treating acetobromo- 
cellobiose with zinc dust; the unsaturated product, cellobial, under- 
goes hydroxylation with aqueous perbenzoic acid to give 4-glucosido- 
a-mannose. A similar transformation of lactose, through lactal, 
gives 4-galactosidomannose (Bergmann, Annalen, 1923, 434, 79). 

Now the cellobiose structure which Hudson adopts and by which 
he explains these transformations happens to be identical with that 
which we had previously established by experiment. This requires 
both glucose units to be pyranose forms and locates the biose 
junction at position 4 of the reducing unit. 


H 7, i fear ot OH ‘7 -OH 
HO |! |H - | H 
Ke" *> - Ke a ie i Ki a 
H 0” Lay | —o% 
CH,°OH H @ oy -OH H 
a-Cellobiose Cellobial 





4-Glucosido-a-mannose 


It is not disputed that during these transformations the biose linking 
remains fixed and therefore that there can be no ring shift in the 
reducing residue from a 1: 5- to a 1: 4-position. The conversion 
of a glucosido-«-glucose (1 : 5) into a glucosido-«-mannose (1 : 5) is 
therefore a genuine configurational or epimeric change, and Hudson 
finds in these two compounds a means of testing, by the use of 
“epimeric differences” (see section 8), his hypothesis that the 
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1 : 5-mannose residue is not that of the ordinary form of «-mannose 
having [«], -+ 30° but is that of the hypothetical «-mannose (cal- 
culated [«]) +- 77°; see section 6). This conception he has en- 
deavoured to put to the “ crucial test ’’ by comparing the rotations 
of the four acetohalogeno-derivatives (fluoro-, chloro-, bromo-, and 
iodo-) of cellobiose (4-glucosidoglucose) with those of the epimeric 
forms from 4-glucosidomannose. Utilising this factor of “ epimeric 
difference” derived from the comparison of the rotation of tetra- 
acetyl «-methylglucoside (-++ 131°) with that of his hypothetical 
tetra-acetyl «-methylmannoside (calculated -+- 102°), he finds that 
the constant difference of 11,300 molecular units applies also in the 
comparison between the acetohalogeno-derivative of cellobiose and 
the acetohalogeno-derivatives of 4-glucosidomannose which were 
isolated by Brauns. For example, the calculated rotation of aceto- 
bromo-4-glucosido-«-mannose on this basis is -+ 80° and that 
observed is + 78°. By this “ crucial test ’’ of rotation data Hudson 
is completely satisfied that the foundation for the whole of his 
revised structural formule in the sugar group is confirmed. If this 
basis for his contention were shown to be insecure (section 11) or if 
the mannose residue in 4-glucosido-a-mannose were found to be 
that of the known a-mannose (-++ 30°) and not the hypothetical 
form (-+ 77°) (section 12), then the primary reason for his selection 
of a 1: 4-ring structure for the known «-mannose (++ 30°), and for 
the known #-mannose (— 17°) of a 1 : 5-ring structure, would become 
invalid. The direct chemical methods we have applied in the 
determination of the structure of normal «-methylmannoside show 
indeed that Hudson’s hypothesis is invalid, but he abandons all 
proofs involving methylations under the belief that ring shifts 
occur during the methylation process. 

(11) Rotational Data of Derivatives of 4-Glucosidomannose and 
4-Galactosidomannose.—In view of this agreement between the cal- 
culated and the observed rotations of acetohalogeno-derivatives of 
4-glucosidomannose, we have investigated other derivatives of the 
biose which are not confined to one type. To these inquiries we 
have added the examination also of the allied biose, 4-galactosido- 
mannose, which on Hudson’s basis should also possess the unknown 
mannose residue (+ 77°). The experimental details of these 
inquiries are in Parts II and III (following papers). The following 
table shows that the rotations of the four acetohalogeno-derivatives 
are in agreement with Hudson’s contention. On the other hand, he 
might have derived from the study of five other substances in this 
series an arithmetical proof of the opposite contention, namely, 
that the a-mannose unit (-+ 30°) and not the hypothetical form 
(+- 77°) occurs in the biose and its derivatives. The calculations 
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based upon this alternative hypothesis are given in the column 
marked (A). 


4-Galactosido-a-mannose [a] A Cale. on Hudson’s 
and its derivatives. obs. (see text). hypothesis. 
Free biose, a-form  .........-000ee -+- 38° + 45° | 70° 
a-Methylbioside _............ Props | + 66 1-71 + 96 
_ gg) Cale. from 
a-Methylbioside hepta-acetate +. 36 1 26 { i ‘a alternative 
r standards 
4-Glucosido-a-mannose and 
its derivatives. 
Free biose, a-form .........s02s00. I. 20 |- 22 1- §2 
MP UOCNVHMOMEC — csscrscccccesscoes + 46 +53 + 78 
a-Methylbioside hepta-acetate + 30 +13 + 40 
Acetofluoro-biose ..............00+- + 13-6 —14 + 13 
Acetochloro-biose ...............00. + §]1 +28 + 54-5 
Acetobromo-biose ...............6+ + 78 +55 +. 80 
Acetoiodo-biose —.......sseeeeeeees + 111+5 +87 + 110-5 


From our own standpoint these agreements or differences furnish 
no grounds for any structural view of any kind, and whilst giving 
the figures in column A for the sake of interest we merely present 
the dilemma that the figures agree partly with Hudson’s contention 
and partly with the directly opposite view against which he is 
contending. They represent the kind of variation we should expect 
to find in the rotations of any structurally similar series of mannose 
derivatives (sections 4 and 6). Comparing the molecular rotational 
differences we have observed for these «- and $-forms of the two 
bioses, we find just about the same “ deficiency ’’ which Hudson 
derives for ordinary «- and $-mannose (section 6). In these two 
compound sugars which, by reason of the presence of the biose 
link at position 4, cannot suffer ring shift from 1:5 to 1:4, the 
discrepancy in molecular rotational difference between «- and $-forms 
is still evident. How, then, can the argument be maintained that 
this discrepancy betokens a | : 4-ring for «-mannose and a 1 : 5-ring 
for @-mannose? The ‘‘ normal” molecular rotational difference for 
glucose and lactose is included in the table for comparison. 

Molecular Rotational Differences (2a, values) between «- and 8-Forms. 


4-Glucosido-c | aa 6,840 


4-Galactosido-a j “MANNOSE ......ssececeeeees 7,500 
a} POET on caccncecegancqesortads seeasaiined 8,500 
B } i MORBOR + cxevovepeesbyrses ae Naaeen oes 2 ener 18,800 
3 } Glucose ......... Sees. A DA BS 17,000 


In addition to the above, the values of the “ epimeric differences ” 
required by Hudson’s scheme are not found in the following import- 
ant instances : penta-acetyl «-mannose and penta-acetyl «-glucose, 
octa-acetyl 4-glucosido-z-mannose and octa-acetyl -cellobiose, 
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4-glucosido-«-mannose and «-cellobiose, 4-galactosido-«-mannose 
and «-lactose, 4-glucosido-«-methylmannoside and «-methylcello- 
bioside, 4-galactosido-«-methylmannoside and «-methyl-lactoside 
(cale. value), hepta-acetyl 4-glucosido-«-methylmannoside and 
hepta-acetyl «-methylcellobioside, hepta-acetyl 4-galactosido-z- 
methylmannoside and hepta-acetyl «-methyl-lactoside (calc. value), 
Agreement between the observed and the calculated values is found 
only amongst the acetylated halogeno-derivatives of cellobiose and 
4-glucosido-mannose (section 10), but even here discrepancies are 
shown amounting to 3000 units of molecular rotation. 

(12) The Ring Structure of the Mannose Residue in 4-Glucosido- 
a-methylmannoside and in 4-Galactosido-«-methylmannoside.—Since 
Hudson disregards the evidence of ring structure derived from 
methylated compounds, we have decided to utilise here only that 
kind of experimental procedure which he approves and has himself 
employed in elaborating his structural scheme. We have done 
this advisedly, because there seems no reason to prolong the argu- 
ment beyond the present series of papers if a genuinely crucial test 
which is satisfactory to Hudson can be devised. This we have 


naturally sought in his own papers and we have chosen the experi- | 


mental method on which he rests his claim to have proved that the 
normal $-methylglucoside occurs as a residue in 8-methylmaltoside 
and therefore in maltose, and that normal §-thiophenylglucoside 
occurs in the thiophenyl derivatives of cellobiose, lactose, and 
maltose. His procedure here is to accept the evidence that 
6-methylmaltoside yields the normal $-methylglucoside by enzyme 
hydrolysis, it having been ascertained that the enzyme is without 
effect on the 6-methylglucoside itself (Fischer and Armstrong, Ber., 
1901, 34, 2885). Again, he utilised the observation of Purves (loc. 
cit.) that the normal 6-thiophenylglucoside, which is itself stable to 
mineral acid of a definite concentration, is formed by the acid 
hydrolysis of each of the thiopheny] derivatives of the above bioses. 

As being the less drastic of the two modes of procedure, we have 
adopted the method of enzyme cleavage, and since both cellobiose, 
and lactose are hydrolysed at the biose junction by emulsin, we 
have used the latter enzyme for the cleavage of our biose derivatives. 

The problem before us may now be stated as follows : 

Leaving aside all previous proofs, by methylation methods, of the 
ring structure of «-methylmannoside or x-mannose, we desire to 
reach a conclusion on the one clear issue which is fundamental to 
Hudson’s statistical scheme : Does the ordinary normal variety of 
a-mannose (-+ 30°) occur as a combined residue in 4-glucosido- 
a-mannose and in 4-galactosido-«-mannose, or is this «-mannose 
residue the hypothetical variety for which Hudson has calculated 
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the rotation to be [«]» + 77°? The fact that «-mannose (+ 30°) 
is obtainable by the action of emulsin on the free bioses may be 
considered inconclusive, since it is arguable that the other form 
(+ 77°) might revert to the + 30° form at the moment of its isol- 
ation. For this reason and on the strict analogy of Hudson’s 
procedure we have operated with the methylbiosides. The known 
a-methylmannoside, [«], + 79°, corresponds to the known «-man- 
nose (+ 30°), whilst Hudson has calculated for the unknown 
a-methylmannoside the rotation value of [«]) + 125° corresponding 
to the unknown «-mannose (+ 77°). 

The preliminary fact having been ascertained that emulsin has 
no action either on the ordinary normal «-methylmannoside (++ 79°) 
or on the new «a-methylmannoside which we have recently dis- 
covered (+ 113°) (section 7), we were venturing on safe ground in 
applying the test in the following manner. 

We prepared the «-methylglycoside of 4-glucosidomannose, 
namely, crystalline 4-glucosido-«-methylmannoside (V), from the 
pure reference compound referred to by Hudson as acetobromo- 
4-glucosidomannose (hepta-acetyl-4-glucosidomannosidyl bromide) 
(III) by condensing the latter with methyl alcohol in the presence 
of (a) silver carbonate and (b) quinoline. Both reagents gave the 
same product, namely, hepta-acetyl 4-glucosido-«-methylmannos- 
ide (IV). By utilising Hudson’s reference compound as prepared 
by Brauns, we were certain that we were dealing with a derivative 
of the same disaccharide as that selected by Hudson for his “ crucial 
test.” We have also prepared the same bioside (V) by a simpler 
process direct from cellobial (I), utilising a method analogous to 
that employed by Bergmann and Schotte (loc. cit.) for the formation 
of the free biose (II) itself. These authors dihydroxylated cello- 
bial (I) by contact with perbenzoic acid in water. We have con- 
ducted the same reaction in methyl alcohol and have obtained 
crystalline 4-glucosido-«-methylmannoside (V), which on acetylation 
passes into the hepta-acetyl derivative (IV) identical with that 
obtained from the acetohalogeno-derivative (III). Furthermore, 
the hepta-acetyl compound (IV) is transformed into (V) on deacetyl- 
ation. The rotations of these products are discussed in section 11. 

Taking now the 4-glucosido-«-methylmannoside (V) prepared by 
any of the above methods, we have sought to find whether enzyme 
cleavage with emulsin would yield the ordinary known variety of 
a-methylmannoside (+ 79°), which is the glycoside of the normal 
mannose (+ 30°), or whether the unknown hypothetical form of 
2-methylmannoside (+ 125°) could be isolated, since this is the 
glycoside of the unknown «-mannose calculated by Hudson to have 
[«]> + 77°. In the latter event Hudson’s contention would receive 
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experimental support; in the former event his theoretical basis 
would be rendered invalid. 








Cellobiose 
H OH CH,-OH H OH CH,-OH 
HO _.. H |_o. sr) aD sak H j—+0. H 
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CH,°OH H CH,°OH H H 
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H ~ CH,-OH H OAc CH,-OAc 
HO ,| 8 H | 0. H AcCO0| |H H| o8 
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H Z\_o— OMe nm dillon ‘conti maaan 
CH, yh "CH, ‘OAc H H 
(V.) > = (II.) 
| Emulsin be 3 
| | \ Z 
CH,-OH “H OAc” — CH,*OAc 
H |_o.H age ae, Se 
Glucose -|- iC # / OAc uN u 
| Big Ho / H Pa Note a0 f) 
| OMe H pO —O— || OMe 
"it H CH,-OAc H H 
a-Methylmannoside (IV.) 


(normal) [a]p + 79°. 

We established by control experiments, using alternative methods 
of isolating «-methylmannoside from a mixture containing also 
glucose and the enzyme, that the maximum yield was about 50%. 
The enzyme cleavage of the 4-glucosido-«-methylmannoside pro- 
ceeded under normal conditions and the essential product of the 
change (yield, 49% of the theoretical) was identified as the normal 
a-methylmannoside by its rotation, [«], + 79°, by m. p. and mixed 
m. p. determinations, and by conversion into the crystalline tetra- 
acetate, which was again identical with the acetyl derivative of the 
ordinary «-methylmannoside (+ 79°). The issue can no longer 
remain in doubt. It is established that 4-glucosido-«-methyl- 
mannoside (V) and therefore the free biose (II) itself and the aceto- 
halogeno-derivative from which the «-methylbioside was derived, 
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contain the same structural residue as that which occurs in ordinary 
a-mannose (-+ 30°) and «-methylmannoside (+ 79°) and the theo- 
retical basis of Hudson’s calculations is deprived of experimental 
support in the very series which he has chosen for his crucial experi- 
mental verification. The objection that a ring shift occurs at the 
moment of the severance of the bioside linking by emulsin may be 
answered by the fact that the rotational data for these biose deriv- 
atives recorded in section 11 equally fail to support Hudson’s 
views. Moreover, if the question of a ring shift is again raised, it 
is clear that the same dubiety arises from the enzyme cleavage of 
8-methylmaltoside and the acid cleavage of thiopheny] cellobioside, 
lactoside and maltoside, upon which reactions Hudson has founded 
his claim to have established the ring structure of glucose. And if 
the latter be rendered insecure, then there remain no criteria from 
which to derive the ‘“epimeric differences”’ between normal 
x-methylglucoside and the hypothetical mannoside (see section 10). 

The above experimental inquiry has also been extended to include 
the analogous case of 4-galactosido-«-mannose and its glycoside, 
4-galactosido-«-methylmannoside, for which the rotational data are 
recorded in section 11. The latter substance suffers enzyme cleavage 
by emulsin at the biose junction and gives rise to galactose and 
x-methylmannoside (+- 79°) identical with the product isolated from 
4-glucosido-«-methylmannoside. The galactoside analogue was pre- 
pared for the first time for the purpose of this investigation and was 
obtained by acting on lactal with perbenzoic acid in methyl alcohol, 
a procedure resembling that originally adopted by Bergmann for 
the synthesis of the free biose. The only interpretation to be 
applied in this case also is that neither from the rotational data of 
these compounds nor from the behaviour of the glycoside on hydro- 
lysis can support be found for the hypothesis that an unknown 
form of «-mannoside (+ 125°) occurs in the bioside, or that a 
corresponding form of «-mannose (-+- 77°) is present as a residue in 
the free biose. 

The conclusion we have reached from our reinvestigation of the 
problem propounded by Hudson is that the interpretation of the 
experimental data on which we based the pyranose (1 : 5) structure 
of «-methylmannoside remains sound and receives further confirm- 
ation from these facts. The experiments now communicated are 
in complete agreement with the sugar formule we have established 
over many years by methylation studies, by lactone formation and 
degradation, by a comparison of the reaction velocities of glucosides 
under hydrolysis, and by other direct chemical methods. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [ Received, October 15th, 1930.]} 
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CCCXLIX.—The Structure of Carbohydrates and their 
Optical Rotatory Power. Part II. 4-Glucosido-a- 
mannose and its Derivatives. 


By WaLtTEeR Norman HawortH, EpmunD LAaNnGLey Hirst, Harvey 
RicHARD LYLE STrReIGHT, Harry A. THomas, and 
JOHN Ivor WEBB. 


In Part I (preceding paper) it is explained that Hudson’s recent views 
on the ring structure of «-mannose and its derivatives require the 
recognition of a hypothetical form of «-mannose (calculated [«], + 
77°) as a constituent unit in the disaccharide 4-glucosido-a- 
mannose. 

During the course of our experiments, which were conducted on a 
considerable scale, several modifications in Bergmann and Schotte’s 
method of preparation of this biose and its derivatives (Ber., 1921, 
54, 1564) were introduced. We have prepared for the first time the 
corresponding bioside, namely, 4-glucosido-«-methylmannoside, and 
its hepta-acetate. The rotational values of these and of the previously 
prepared substances in this series have been carefully studied. But 
the most important feature of this communication is the isolation, 
by the action of emulsin on 4-glucosido-«-methylmannoside, of the 
ordinary normal form of «-methylmannoside ([«], -+- 79°) along with 
glucose. 


4-Glucosido-a-mannose Savtgigtien. -» Octa-acetyl 4-glucosido-a-mannose 
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Not only do the rotational values of these new compounds, and 
also of the biose itself, conflict with the calculated values derived 
from Hudson’s statistical methods, but the recognition of «-methy]l- 
mannoside of the normal variety as the mannosidic residue in the 
bioside is an experimental disproof of his hypothesis regarding the 
type of «-mannose which occurs in 4-glucosidomannose. 

We have obtained the 4-glucosido-«-methylmannoside by two 
independent methods. (1) This method is exactly analogous to that 
described by Bergmann and Schotte (loc. cit.) for the isolation of the 
free biose by acting on cellobial with perbenzoic acid in the presence 
of water. By substituting methyl alcohol for water, the 4-glucosido- 
«-methylmannoside is obtained in excellent yield. (2) The aceto- 
bromo-derivative of 4-glucosido-«-mannose (Brauns, J. Amer. Chem. 
Soc., 1926, 48, 2776), a substance that is prominently involved in the 
argument applied by Hudson in the course of his supposed proofs of 
the structure of sugars, combines with methy] alcohol in the presence of 
either silver carbonate or quinoline to give hepta-acetyl 4-glucosido-«- 
methylmannoside, identical with the acetate we have prepared by the 
direct acetylation of the bioside. Deacetylation of the hepta-acetate 
afforded 4-glucosido-«-methylmannoside, identical in physical 
constants with the compound prepared by method (1). 

By employing Hudson and Yanowsky’s solubility method a cal- 
culation of the rotation of the corresponding 4-glucosido-8-mannose 
has been made. 

The molecular rotational difference of the «- and $-forms of the 
biose is similar to that of the «- and $-forms of mannose itself, 
although it was the supposed anomaly of this difference which led 
Hudson to ascribe different ring structures to the two mannoses. 

It has been shown in Part I that the ordinary form of «-methyl- 
mannoside cannot be a furanoside form (1 : 4) but must, in view of 
the present work, combined with that published in previous papers, 
be «-methylmannopyranoside (1 : 5-ring): this is in full agreement 
with the view which we have consistently held. 


EXPERIMENTAL. 

Preparation of Cellobiose Octa-acetate-—The method of Haworth 
and Hirst (J., 1921, 119, 193) was used with slight modifications which 
facilitated large-scale experiments. Filter-paper (100 g.), with a 
moisture content of 6—7°%, was cut into small pieces, placed in an 
enamelled can immersed in a freezing mixture, and incorporated 
by vigorous stirring with 450 c.c. of an acetolysis mixture prepared 
by the gradual addition of concentrated sulphuric acid (138 c.c.) to 
acetic anhydride (1000 c.c.) cooled in a freezing mixture. The 
mixture was then heated and stirred on a boiling water-bath for 
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about a minute. The stiff pasty mass liquefied and a vigorous 
exothermic reaction commenced, which was allowed to continue 
unaided by external heat until the contents of the can became dark 
mahogany in colour. The mixture was then quickly poured into 
cold water (2 litres) and the precipitated cellobiose octa-acetate was 
isolated and purified (yield, 23 g.) by the method previously described. 
By this method it was easily possible for two workers to carry out the 
acetolysis of 2-5 kilograms of cellulose in one day. 

Preparation of Cellobial.—Cellobiose octa-acetate was transformed 
quantitatively into hepta-acetyl cellobiosidyl bromide, m. p. 187— 
188°, [ «| +- 96° in chloroform (c, 1-1), by Zemplén’s method (Ber., 
1928, 61, 930). Hexa-acetyl cellobial was then prepared by reduc- 
tion of the latter substance with zine and acetic acid (Bergmann 
and Schotte, loc. cit.). The following conditions, which must be 
closely followed, were found to be the most suitable for routine 
working. Hepta-acetyl cellobiosidyl bromide (30 g.), dissolved in 
90°% acetic acid (500 c.c.) containing 5 drops of a 0-5% solution of 
chloroplatinic acid in 50° acetic acid, was stirred for 4 hours with 
zinc dust (200 g.), the temperature being kept at about 12° and never 
allowed to rise above 15°. The liquid was then filtered and poured 
into ten times its volume of ice-water. Crystallisation of hexa- 
acetyl cellobial soon commenced and was complete in 12 hours. 
After recrystallisation from ether the substance had m. p. 137°, 
[a}i** — 20° in chloroform (c, 1-2). Yield, 70° (Found: C, 51-4; 
H, 61. Cale. for C,,H,,0,,: C, 51-4; H, 58%). 

The de-acetylation of hexa-acetyl cellobial (20 g.) was carried out 
by a slight modification of Bergmann and Schotte’s method (Ber., 
1921, 54, 1564), methyl-alcoholic ammonia (250 c.c.) being used. 
After remaining for 12 hours at 15°, the solution was concentrated 
under diminished pressure until crystallisation commenced. The 
material (7-2 g.) which separated was pure cellobial, m. p. 177°. 
On addition of ether to the mother-liquor a further quantity (3-5 g.) 
of cellobial was obtained, m. p. 174°. After one crystallisation from 
methyl alcohol this was pure. 

The cellobial used in the experiments described below had m. p. 
177°, and [a] + 1° in water (c, 1-6) (Found: C, 46-7; H, 6-9. 
Cale. for C,,H,,0, : C, 46-7; H, 65%). 

Hexa-acetyl Deoxycellobiose.—If the temperature rose to 30—35° 
during the reduction of hepta-acetyl cellobiosidyl bromide, hexa- 
acetyl 2-deoxycellobiose was obtained instead of hexa-acetyl cellobial 
when the filtered solution containing the reduction product was 
poured into water. The new substance was recrystallised from 
chloroform-ether, forming long needles, m. p. 196°, [a]f — 15° in 
chloroform (c, 1-5). It reduced boiling Fehling’s solution, contained 
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no bromine, and showed no unsaturation when tested with bromine 
in chloroform (Found : C, 50-0; H, 6-2. C,H ,,0,, requires C, 49°8 ; 
H, 5-9%). 

4-Glucosido-«-methylmannoside.—An_ ethereal solution of per- 
benzoic acid was prepared from benzoyl peroxide by following the 
direction of Tiffeneau (‘‘ Organic Syntheses,” Vol. 8, p. 30), except 
that the amount of sulphuric acid required is, owing to a misprint, 
only one-tenth of that given in the text. When the operations were 
performed quickly with efficient cooling, the yield of perbenzoic acid 
dissolved in ether was almost quantitative. Decomposition of the 
per-acid invariably occurred during evaporation of the ethereal 
solution even under diminished pressure and the concentration of 
per-acid was always re-estimated after the evaporation and subse- 
quent solution in dry ethyl acetate. 

Preliminary experiments showed that perbenzoic acid did not 
react with methyl alcohol dissolved in ethyl acetate, the amount of 
per-acid being unchanged after 15 hours. 

Cellobial (4 g.), which had been dried at 110° for 7 hours in a 
vacuum, was shaken for 2 hours at 15° with dry methyl alcohol 
(40 c.c.) and dry ethyl acetate (25 c.c.) containing perbenzoic acid 
(3 g.). The clear solution was left over-night in a dry atmosphere 
and then evaporated to dryness under diminished pressure. The 
solid which remained was boiled several times with ether to remove 
benzoic acid and perbenzoic acid. The resulting white powder 
(4-2 g.) reduced Fehling’s solution slightly, but free sugar was present 
to the extent of less than 1%. Most of this was removed by extrac- 
tion with boiling ethyl alcohol, and the remaining solid was recrys- 
tallised from methyl alcohol, giving 4-glucosido-«-methylmannoside 
(3-2 g.) as characteristic roof-shaped crystals, m. p. 227—228°; 
[x]; + 46° in water (c, 1-0). Several successive crystallisations 
were carried out from methyl alcohol, from ethyl acetate-ether, and 
also from acetone—water, but no change could be effected in the m. p. 
or rotation. 4-Glucosido-«-methylmannoside was very soluble in 
water, soluble with difficulty in methyl alcohol, and almost insoluble 
in ethyl alcohol (Found: C, 43-7; H, 7-1; OMe, 9-1. C,,H,O,, 
requires C, 43-8; H, 6-8; OMe, 8-7%). 

Hydrolysis of 4-Glucosido-«-methylmannoside.—(a) With emulsin. 
A solution of 4-glucosidomethylmannoside (2-5 g.) in water (5 ¢,c.) 
was mixed with a paste prepared by grinding under water (10 c.c.) 
a commercial sample of emulsin (1-3 g.) supplied by British Drug 
Houses Ltd. The total volume was made up to 25 c.c. by the 
addition of water, a few c.c. of toluene were added to maintain sterile 
conditions, and the mixture was placed in a thermostat at 37°. 
Samples of 1 c.c. were withdrawn at intervals and diluted to 50 c¢.c, 
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The reducing power was then estimated volumetrically by Fehling’s 
solution with methylene-blue as indicator. At the beginning of the 
reaction there was no reduction. The reducing power steadily 
increased until at the end of 10 days it reached a constant value 
which corresponded to the presence of 0-45 g. of glucose per gram 
of 4-glucosido-«-methylmannoside submitted to hydrolysis. In 
another experiment made under similar conditions but with emulsin 
freshly prepared from bitter almonds (see Josephson, Z. physiol. 
Chem., 1925, 147, 14), hydrolysis was complete in less than 48 hours, 

The contents of the flask were then diluted with an equal volume of 
ethyl alcohol. This precipitated some proteins, which were removed 
by centrifuging for 15 minutes at 4000 r.p.m. The solid was washed 
with 50% alcohol and again separated on the centrifuge. The 
combined liquid portions were evaporated to dryness under dimin- 
ished pressure, giving a syrup (A) which was extracted five times for 
30 minutes each with boiling 90% ethyl alcohol (100 c.c.). The 
united alcoholic extracts were concentrated to 35 c.c. and kept at 
15° for several hours; pure «-methylmannoside (0-09 g.), m. p. 
189°, [«]i° + 79° in water (c, 0-6), then crystallised in characteristic 
columns with pointed ends. Further crops of similar material, 
m. p. 189°, were obtained on further concentration to 20 c.c. The 
total yield at this stage was 0-22 g. Renewed concentration gave a 
strongly reducing syrup, and accordingly the solution was evapor- 


ated to dryness, leaving a syrup which was added to the residue from ] 


syrup (A) (above). The combined syrups were dissolved in water 
and fermented with yeast for 15 hours at 37° to destroy the glucose 
present. An equal volume of ethyl alcohol was added, and the 
solid material separated in the centrifuge (4000 r.p.m.). The solid 
was washed with 50% alcohol and again centrifuged. The liquid 
portions were evaporated to dryness and extracted five times with 
boiling ethyl alcohol (100 c.c.). On concentration of the alcoholic 
extracts some protein matter separated. This was allowed to settle 
over-night and removed by filtration. The removal of alcohol by 
evaporation was then continued until the volume of solution was 
35 e.c. At this stage 0-10 g. of «-methylmannoside, m. p. 188°, 
crystallised. Further concentration yielded 0-33 g. of slightly 
impure product, m. p. 170°, from which 0-15 g. of pure «-methyl- 
mannoside, m. p. 189—190°, was obtained by recrystallisation. The 
total yield of «-methylmannoside was therefore 0-47 g. This 
material was non-reducing. It had the characteristic crystalline 
form of authentic «-methylmannoside and its physical constants, 
m. p. 189°, [«}*" + 79° in water (c, 1-3), were in exact agreement with 
the recorded values. A mixed m. p. determination with «-methyl- 
mannoside, m. p. 189—190°, showed no depression (Found: C, 43-4; 
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H, 7:1; OMe, 15-8. Cale. for C;H,,0,: C, 43-3; H, 7:2; OMe, 
15-9%). 

Finally the whole of the material was recrystallised from ethyl 
alcohol in good yield without change in m. p. or rotation. 

Since 6 c.c. of the original hydrolysis mixture had been withdrawn 
for reduction tests, the total amount of 4-glucosido-«-methylmanno- 
side available for transformation into «-methylmannopyranoside 
was 19g. The amount of «-methylmannopyranoside theoretically 
obtainable was therefore 1-03 g., and 0-47 g. of this quantity was 
isolated in a pure condition (yield, 46%). 

Control experiments showed that «-methylmannofuranoside was 
unaffected by emulsin under the conditions prescribed above. 
Details of this work are given in the following paper on 4-galactosido- 
methylmannoside. 

Acetylation of the «-methylmannopyranoside obtained from 4- 
glucosido-«-methylmannoside gave tetra-acetyl «-methylmanno- 
pyranoside. The substance (0-05 g.) was boiled for 2 minutes (see 
Dale, J. Amer. Chem. Soc., 1924, 46, 1046) with acetic anhydride 
(0-8 c.c.) and fused sodium acetate (0-04 g.). The mixture was poured 
into water (6 c.c.), the acid neutralised with sodium bicarbonate, the 
product extracted from the neutral solution by chloroform, the 
chloroform evaporated, and the resulting syrup crystallised from 
40° alcohol, giving tetra-acetyl «-methylmannopyranoside, m. p. 


_ 63°, [«]i7’ + 50° in chloroform (c, 0-5). In admixture with tetra- 


acetyl «-methylmannofuranoside (m. p. 63°), the m. p. was depressed 
by 15—20°. 

(b) Hydrolysis with N/100-hydrochloric acid. The rotation of 4- 
glucosido-«-methylmannoside in N/100-hydrochloric acid ([«],* + 
46°) remained unchanged after 3 hours at 95°. After 5 hours the 
value [«|i$° + 48° was observed and the solution was then slightly 
reducing. A volumetric estimation with Fehling’s solution showed 
that during 5 hours hydrolysis had proceeded to the extent of 5% at 
most. The slight increase in rotation indicated that hydrolysis was 
taking place more at the biose linking than at the methylmannosidic 
group. The rate of hydrolysis was comparable with that of lactose 
and altogether different from that of «-methylmannofuranoside, 
which requires only 2 hours for complete hydrolysis under these 
conditions. 

Hepta-acetyl 4-Glucosido-«-methylmannoside.—A solution of 4- 
glucosido-«-methylmannoside (1 g.) in pyridine (10 c.c.) and acetic 
anhydride (8 c.c.) was kept at 16° for 2 days and then poured into 
ice-water. The colourless crystalline product (1-6 g.) was recrys- 
tallised from hot ethyl alcohol (5 c.c.), giving hepta-acetyl 4-glucosido- 
a-methylmannoside as rectangular plates, m. p. 184°, [«]if° + 30° in 
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chloroform (c, 1-0); + 36° in acetone (c, 1-4); -+ 21-5° in benzene 
(c, 1-5). Successive crystallisations from alcohol, from acetone- 
water, and from ethyl acetate-ether failed to alter either the m. p. 
or the rotation (Found: C, 49-8; H, 6-2; OMe, 5-1. C,,H,,0,, 
requires C, 49-8; H, 5-9; OMe, 4:8%). The hepta-acetate was 
prepared also by heating 4-glucosido-«-methylmannoside with acetic 
anhydride in the presence of sodium acetate (yield, quantitative). 

The hepta-acetate (1-7 g.) was de-acetylated by methyl-alcoholic 
ammonia (25 c.c.). After 15 hours, the ammonia and methyl alcohol 
were removed under diminished pressure and the acetamide was 
eliminated by extraction with boiling ethyl acetate. The remaining 
solid was crystallised from methyl alcohol and also from acetone- 
water, giving 4-glucosido-«-methylmannoside, m. p. 227—228°, 
[a]; + 46° in water (c, 1-2) (yield, quantitative) (Found: C, 43:8; 
H, 7-2; OMe, 85%). 

Rotation of 4-Glucosido-«-mannose.—This substance (compare 
Bergmann and Schotte, loc. cit.; Brauns, loc. cit.) was prepared by 
shaking for 3 hours at 18° a solution of cellobial (5 g.) in water 
(50 c.c.) with a solution of perbenzoic acid (4 g.) in ether (30 c.c.). 
The aqueous layer was extracted with ether and concentrated under 
diminished pressure to a thick syrup. Absolute alcohol was added 
until the solution was faintly turbid and after some days 4-glucosido- 
a-mannose crystallised in rectangular prisms with pyramidal ends 
containing one molecule of water of crystallisation. Further crops 
were obtained from the mother-liquor (yield, 5 g.). Recrystallis- 
ation was easily performed by the addition of a nucleus to a concen- 
trated aqueous solution of the sugar which had been brought almost 
to the point of turbidity by the addition of alcohol. The sugar was 
dried in a desiccator containing soda-lime. More vigorous drying 
agents tended to remove slowly the water of crystallisation. M. p. 
(monohydrate) 139°, with effervescence. M. p. (anhydrous) 175— 
176°. [a] + 20° in water (initial value calculated for anhydrous 
sugar), [a] + 12-5° (equilibrium value) (Found: C, 42-2; H, 6-5. 
Cale. for C,H g.0,,: C, 42:1; H, 64%). An estimation of the 
reducing power by titration with Fehling’s solution showed that 
1-55 g. of sugar were equivalent to 1 g. of glucose. The rate of 
hydrolysis in N-hydrochloric acid at 95° was near to that of lactose 
under similar conditions. 

Particular attention was paid to the mutarotation of 4-glucosido- 
a-mannose in water, a sufficient quantity of the sugar being pre- 
pared to permit of eight successive crystallisations. At each stage 
the mutarotation was studied, but from the second onwards no 
change could be effected in either the initial or the equilibrium value. 
The following figures refer to a typical experiment in which 0-30 g. 
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of substance was dissolved in 15 c.c. of water and observed in a 
2-dm. tube. The rotation values refer to anhydrous sugar. [a] +- 
193° (3 mins. from dissolution), 19-1° (5 mins.), 19-0° (6 mins.), 
18-6° (10 mins.), 17-8° (16 mins.), 16-9° (27 mins.), 15-8° (37 mins.), 
14-8° (60 mins.), 14-0° (76 mins.), 13-4° (106 mins.), 12-9° (150 mins.), 
12-5° (equilibrium value). From these figures the initial value was 
found to be +- 20°. The rate of mutarotation was of the same order 
as that of «-mannose in water, but rather slower. 

Rotation of 4-Glucosido-8-mannose.—The 6-form of the free sugar 
could not bé obtained and only indirect methods were available for 
the determination of its rotation. The solubility method intro- 
duced by Hudson and Yanowsky (J. Amer. Chem. Soc., 1917, 39, 
1035) and used successfully by these authors for «-mannose gave the 
approximate value [«}s’ — 1° for 4-glucosido-8-mannose. In 72% 
aleohol the initial value for 4-glucosido-«-mannose was + 21°, 
and the equilibrium value after mutarotation catalysed by a drop of 
ammonia was + 8°. A saturated solution of the a-form in 72% 
aleohol showed «, + 0-90° and had therefore c = 2-14. The satur- 
ated solution was then shaken with excess of the sugar, in the 
presence of a trace of ammonia, until the constant rotation %p» + 
86° was observed. Since the specific rotation at this stage was 
[a]p + 8°, the concentration was now 5-4, from which it followed 
that at equilibrium the «- and 6-forms were present in the ratio 
2:14: 3-3. Hence the value [«]#° — 1° was calculated for the 
8-form in 72% alcohol. It was shown by Hudson and Yanowsky’s 
method that the rotation in water had approximately the same value. 

The Reaction between Methyl Alcohol and Hepta-acetyl 3-Glucosido- 
a-mannosidyl Bromide.—Octa-acetyl 4-glucosido-«-mannose was 
prepared by the action of pyridine and acetic anhydride on the sugar 
(Bergmann and Schotte, loc. cit.). Its constants, m. p. 202—203°, 
[a], ++ 35° in chloroform, were in agreement with those recorded by 
Brauns (loc. cit.) and could not be altered by continued crystallis- 
ations (Found: C, 49-7; H, 5-8. Calc. for C,gH3,0,,: C, 49°6; 
H, 56%). Attempts to obtain the 6-isomeride have up to the 
present been unsuccessful. 

The «-octa-acetate was next converted into hepta-acetyl 4- 
glucosido-«-mannosidyl bromide by hydrogen bromide in glacial 
acetic acid. The m. p., 169°, and rotation, {«]jf’ + 77° in chloro- 
form, agreed excellently with the constants recorded by Brauns. 

When hepta-acetyl 4-glucosido-«-mannosidyl bromide (1 g.) was 
boiled for 3 hours with dry methyl alcohol (70 c.c.) in the presence 
of freshly prepared silver carbonate (1 g.), the bromine was elimin- 
ated as silver bromide, and on concentration crystalline hepta-acety| 
4-glucosido-«-methylmannoside (0-16 g.) was obtained. After 
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recrystallisation from alcohol this had m. p. 184°, alone or mixed 
with an authentic sample; [«]\* ++ 30° in chloroform (c, 2-5). In 
addition to this crystalline material an intractable, slightly reducing 
syrup was obtained which failed to give a crystalline 6-isomeride, but 
apparently contained some hepta-acety! 4-glucosidomannose, since 
after acetylation it gave a little octa-acetyl 4-glucosido-«-mannose, 
m. p. 202°. 

The reaction between hepta-acetyl 4-glucosido-«-mannosidyl 
bromide (3-5 g.) and dry methyl alcohol (35 c.c.) was also carried 
out in the presence of quinoline (4 g.). After 15 hours at 18° the 
mixture was diluted with chloroform, shaken with very dilute 
sulphuric acid to remove quinoline and again with aqueous sodium 
bicarbonate and water, and dried over magnesium sulphate. After 
evaporation to dryness a brittle amorphous glass was left, which was 
extracted with hot alcohol. When cold, the alcoholic extract 
deposited crystals (0-4 g.) of hepta-acetyl 4-glucosido-«-methyl- 
mannoside, which after recrystallisation from alcohol had m. p. 
184°, alone or in admixture with an authentic sample. [«]i/ + 30° in 
chloroform (c, 1-0). On de-acetylation this material gave quantit- 
atively 4-glucosido-«-methylmannoside, m. p. 227—228°, [«]i7 + 
46° in water (c, 1-5). 


The authors gratefully acknowledge the award to one of them 
(H. R. L. 8.) of an 1851 Exhibition Scholarship. 
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CCCL.—The Structure of Carbohydrates and _ their 
Optical Rotatory Power. Part III. 4-Galactosido- 
a-mannose and its Derivatives. 


By WaLTER Norman Hawortu, Epmunp LANGLEY Hirst, (Miss) 
MitLicent Mary THEOoposIA PLANT, and REGINALD JOHN 
Witu1am REYNOLDs. 


In view of the introduction in Part I it is necessary to mention here 
only the general significance of the present experimental results. 
They furnish a proof of the presence of the ordinary «-mannoside 
residue in derivatives of 4-galactosido-«-mannose and demonstrate 
that the 1 : 4-ring structure cannot apply to the normal «-methyl- 
mannoside ([«], -+- 79°). These results are diametrically opposed 
to the contention of C. 8S. Hudson. 

We have now isolated the «-form of 4-galactosidomannose by the 
adoption of methods similar to those used by Bergmann (Annalen, 
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1923, 434, 79) for the preparation of the corresponding #-isomeride. 
Lactose (I) was converted through its acetobromo-derivative into 
lactal (II), and this by the action of perbenzoic acid in the presence 
of water gave 4-galactosidomannose. The «-form (III) of this 
biose was obtained crystalline and its physical properties and 
behaviour were studied. 

The rotation of the «-form in water is in striking disagreement 
with the value required by Hudson’s scheme of sugar structures. 
In aqueous solution the velocity of mutarotation is similar to that 
of «-mannose and the equilibrium value, + 27°, is slightly lower 
than that (30°) recorded by Bergmann. In this respect we can 
confirm the observations of Hudson and Waters (J. Amer. Chem. 
Soc., 1930, 52, 3472), who consider that the equilibrium value given 
by Bergmann is too high. 
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We have estimated the rotation of 4-galactosido-f-mannose by 
the solubility method of Hudson and Yanowski : the value obtained 
(16°) differs but slightly from that (ca. 21°) given by Bergmann. 

The difference between the molecular rotations of the «- and the 
8-form of 4-galactosidomannose is approximately 7000 units and 
corresponds exactly with those of the two forms of mannose (8000) 
and of 4-glucosidomannose (7000) but is far removed from the value 
(17,000) required by Hudson’s scheme based on the principle of 
optical superposition. Indeed the optical properties of the two 
forms of the biose are closely parallel to those of the two varieties 
of ordinary mannose. The rotational difference (10,000) between 
4-galactosido-«-mannose and 4-galactosido-«-methylmannoside is 
exactly the same as that between «-mannose and «-methylmannoside 
or between a-glucose and «-methylglucoside. Furthermore, the 
rotational difference (6500) between §-cellobiose and {-lactose is 
found also between 4-glucosido-«-mannose and 4-galactosido- 
a-mannose and between 4-glucosido-8-mannose and 4-galactosido- 
6-mannose, 

When lactal was brought into contact with perbenzoic acid in 
methyl alcohol the corresponding «-glycoside of the biose, 4-galacto- 
sido-«-methylmannoside, was isolated in good yield. This crystal- 
line substance showed an optical rotation value differing widely 
from that which was calculated on Hudson’s scheme, wherein the 
mannosido-residue is considered to be that of an unknown «-methyl- 
mannoside having [«]p + 125°. It is evident that, the biose link 
being situated at position 4 of the reducing hexose unit, the 1:4 
ring structure cannot apply to this mannosido-residue. If it should 
be the case, therefore, that enzyme cleavage of 4-galactosido- 
a-methylmannoside gives rise to the normal «-methylmannoside 
([«]> + 79°) and not to the hypothetical variety (calc. [«]) + 125°), 
it should become evident that the known variety [«]p -++ 79° cannot 
possess the 1 : 4-ring structure. 

We have carried out this crucial experiment by submitting 
4-galactosido-«-methylmannoside to the action of emulsin and have 
isolated the ordinary form of «-methylmannoside ([{«], -+ 79°), 
along with galactose, as the hydrolysis products. We had pre- 
viously assured ourselves that this form of «-methylmannoside was 
unaffected by emulsin, and the recently isolated, new variety of 
a-methylmannofuranoside ([«], -+ 113°) (Haworth and Porter, 
this vol., p. 649; Haworth, Hirst, and Webb, ibid., p. 651) was 
similarly shown to undergo no change in the presence of this enzyme. 

The above 4-galactosido-«-methylmannoside exhibits towards 
N/100-hydrochloric acid at 95° a behaviour which is in every way 
similar to that of normal «-methylmannoside and widely different 
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from that of the new «-methylmannofuranoside or of any known 
variety of a y-glycoside. 


EXPERIMENTAL. 

Preparation of Lactal_—(a) Lactose octa-acetate was obtained by 
heating lactose (100 g.) at 100° for 2 hours with acetic anhydride 
(400 c.c.) and fused sodium acetate. The mixture was poured into 
water, and the gummy precipitate washed several times with hot 
water. A white granular mixture of the «- and the §-form of lactose 
octa-acetate was svon obtained. It was used without further 
purification. 

(b) Hepta-acetyl lactosidyl bromide (Fischer and Fischer, Ber., 
1910, 43, 2530; Hudson, J. Amer. Chem. Soc., 1925, 47, 2054) was 
prepared by acting upon dry lactose octa-acetate (40 g.), dissolved 
in acetic acid (50 c.c.), with a saturated solution of hydrogen bromide 
in glacial acetic acid (100 c.c.). After 1? hours at 18° chloroform 
was added (100 c.c.) and the solution was poured into ice-water 
(1200 c.c.). The chloroform layer was washed with water, and then 
with aqueous sodium bicarbonate until neutral, and was dried over 
magnesium sulphate for 2 hours. Crystallisation of hepta-acetyl 
lactosidyl bromide took place after the cautious addition of light 
petroleum (b. p. 40—60°) to the chloroform solution (yield, 75%) ; 
m. p. 137° (decomp.), [«] ++ 108° in chloroform. 

Unless the exact amount of light petroleum was added with great 
caution, the product was usually obtained as a white amorphous 
powder, m. p. about 120°, [«] + 110° in chloroform. This was 
stable and, contrary to the suggestions of Fréschl and Zellner 
(Monatsh., 1930, 55, 32), appeared to be pure hepta-acety! lactosidy] 
bromide ; it gave hexa-acetyl lactal on reduction. 

(c) Hexa-acetyl lactal was obtained from hepta-acetyl lactosidyl 
bromide (100 g.) by a modification of Bergmann’s method (Annalen, 
1923, 434, 86), the reduction being carried out in 50% aqueous acetic 
aid (1000 c.c.) with careful control of temperature (0—5°). The 
mixture of zinc dust (200 g.) and solution was mechanically stirred 


during the 2 hours required for the reduction. After filtration water 


was added until a slight turbidity appeared. Addition of a nucleus 
at this stage led to the rapid crystallisation of hexa-acety] lactal. 
Usually the material obtained was pure and only on rare occasions 
was recrystallisation necessary. M. p. 114°, [«]§° — 18° in chloro- 
form (c, 1-0). This value we regard as more probable than that 
(— 8°) recorded by Bergmann for hexa-acetyl lactal (Found: C, 
16; H, 5-8. Calc. for C,4H3.0,,;: C, 51-4; H, 58%). 
Deacetylation was carried out by ammonia in methyl alcohol. 
A solution of hexa-acetyl lactal in eight times its weight of 
4U 
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methyl aleohol was saturated at 0° with dry ammonia and left at 
room temperature for 12—15 hours. The ammonia and methyl 
alcohol were then evaporated under diminished pressure at 45°, the 
distillation being interrupted from time to time in order that the 
lactal which separated might be removed by filtration. This 
product was washed with methyl alcohol, triturated three times with 
warm ethyl acetate to remove traces of acetamide, and dried at 90° 
(yield, 88%). 

The lactal so obtained was crystalline and had m. p. 191—192°, 
{a}? + 27-5° in water (c, 1-6) in agreement with the constants 
recorded by Bergmann. Addition of bromine took place, corre- 
sponding exactly to the presence of one double bond. All samples 
of lactal used in the following experiments had the above constants, 
A typical specimen was analysed (Found: C, 46-6; H, 6-8. Cale. 
for C,.H)0, : C, 46-7; H, 65%). 

4 - Galactosido - « - methylmannoside.—Preliminary experiments 
showed that methyl alcohol was unaffected by perbenzoic acid in 
ether. Lactal (10 g.) was shaken for 2 hours with dry methyl 
alcohol and a 15% solution of perbenzoic acid (8 g.) in dry ether, 
prepared as described on p. 2639. During the first half-hour most 
of the lactal dissolved and much heat was evolved. Excessive rise 
of temperature was avoided by surrounding the bottle in the shaking. 
machine with ice, and as the reaction proceeded a dense white 
crystalline precipitate was formed. This was filtered off, washed 
with methyl alcohol, extracted three times with boiling ether and 
then with chloroform to remove benzoic acid and perbenzoic acid, 
and dried in the steam-oven. An estimation by Willstitter’s 
hypoiodite method showed that the product (7 g.) had a reducing 
power corresponding to the presence of about 5% of 4-galactosido- 
mannose. 

Almost the whole of the reducing material was removed by 
extraction with boiling ethyl alcohol, and recrystallisation from 
methyl alcohol or from acetone—water then gave pure 4-galactosido- 
a-methylmannoside as short rods, m. p. 207°, [x] + 66° in water 
(c, 0-7). The crystallisation from methyl alcohol was repeated 
several times, but produced no change in m. p. or rotation; crystal- 
lisation from acetone-water was equally without effect (Found: 
C, 43-6; H, 7-1; OMe, 8-0. C,,H,,0,, requires C, 43-8; H, 68; 
OMe, 8-7%). 

4-Galactosido-a-methylmannoside underwent acetylation readily 
when it was heated for a few minutes with acetic anhydride and 
sodium acetate and also when it was kept for 2 days in the cold with 
pyridine and acetic anhydride. In the former case the reaction 
mixture was poured into water, and the product extracted with 
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chloroform. In the latter, chloroform was added at the end of 2 
days, the mixture poured into water, and the pyridine removed 
from the chloroform layer by shaking with dilute sulphuric acid and 
then with water. Evaporation of the dry chloroform solution left 
a syrup (yield, quantitative), from which hepta-acetyl 4-galactosido- 
a-methylmannoside was obtained by the addition of light petroleum 
to a concentrated chloroform solution. The syrup which was 
precipitated was separated from the supernatant liquor and rubbed 
with a glassrod. It gradually hardened and after complete removal 
of the solvent it became a white amorphous friable powder, [«]'§ 
+ 36° in chloroform (c, 15); [«]# + 19° in benzene (c, 1-6). 
Attempts to crystallise the hepta-acetate were unsuccessful (Found : 
CH,CO, 46:0; OMe, 3-7. C,,H3,0,, requires CH,°CO, 46-3; 
OMe, 48%). On de-acetylation with ammonia in methyl alcohol, 
hepta-acetyl 4-galactosido-«-methylmannoside gave quantitatively 
4-galactosido-x-methylmannoside, identical with the material 
described above. 

Control Experiments on the Separation of Galactose and «-Methyl- 
mannopyranoside.—Owing to unfavourable solubilities the separation 
of galactose from «-methylmannopyranoside by fractional crystal- 
lisation was found to be impracticable. The separation of an 
artificial mixture of these substances was readily achieved, however, 
by the following method. Lead acetate (10 g.), dissolved in water 
(30 c.c.) containing a few drops of aqueous ammonia (d 0-880), was 
slowly added to a solution of galactose (1 g.) and «-methylmanno- 
pyranoside (1 g.) in water (25 c.c.) until formation of the dense white 
precipitate ceased. The solution was filtered, the precipitate 
washed with dilute lead acetate solution, and the filtrate tested with 
lead acetate and ammonia. If no precipitation occurred, the lead 
was removed by means of hydrogen sulphide and the clear colour- 
less solution was evaporated to dryness under diminished pressure. 
The syrup which remained was dark in colour owing to the presence 
of colloidal sulphides. It was dissolved in alcohol, treated with 
charcoal, and again evaporated to dryness. The ammonium 
acetate was removed either by repeated extraction with ether or by 
heating in a high vacuum at 100° for several hours. The syrup was 
then dissolved in a little hot ethyl alcohol and, on cooling, «-methyl- 
mannopyranoside, m. p. 189—190°, was obtained in a yield of 
about 30%. 

An exactly similar procedure was employed for the separation 
of galactose and «-methylmannofuranoside. Both methods were 
used for the removal of ammonium acetate. The final crystal- 
lisations in this case were from methyl alcohol containing ether and 
the yields were somewhat higher (40%). The recovered material 
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had m. p. 119°, alone or when mixed with an authentic sample. No 
conversion into «-methylmannopyranoside took place and the 
a-methylmannofuranoside was unaffected by the several hours’ 
heating at 100° during the removal of ammonium acetate. 

Hydrolysis of 4-Galactosido-«-methylmannoside by Emulsin.—The 
following control experiments were made in the first place. 

(a) «-Methylmannopyranoside (1 g.) in 5° aqueous solution was 
kept for 48 hours at 37° under toluene in contact with a freshly 
prepared emulsin preparation (1 g.) (Josephson, Z. physiol. Chem., 
1925, 147, 14). The emulsin was added in the form of a cream 
prepared by grinding the powdered preparation under water. There 
was no development of reducing power and after addition of alcohol, 
followed by separation of the solid material in the centrifugal 
machine, the clear liquid was evaporated to dryness. The residue 
was dissolved in hot absolute alcohol and, on cooling, unchanged 
a-methylmannopyranoside, m. p. 189°, was obtained (yield, 60%). 

(b) «-Methylmannofuranoside was recovered unchanged after 
treatment under similar conditions, m.,p. and mixed m. p. 118°. 
Again there was no development of reducing power. In this case 
the final crystallisation was from methyl alcohol containing ether 
(yield, 70%). A special search was made for «-methylmannopyr- 
anoside, but none was found and therefore no transformation from 
the furanose to the pyranose form had taken place. 

To a solution of 4-galactosido-«-methylmannoside (2-4 g.) in a 
little water, emulsin (1-2 g.), ground to a paste with water, was 
added. The volume was made up to 24c.c. and after the addition 
of a few c.c. of toluene the mixture was placed in a thermostat at 
37°. To serve as a control for the rate of hydrolysis, a similar 10% 
solution of lactose was made up with the same weight of emulsin and 
left in the thermostat. Aliquot portions were taken from this 
solution from time to time and, after dilution, titrated against 
Fehling’s solution. At the end of 7 days the reducing power of both 
solutions corresponded to 60% hydrolysis. The solid material was 
then separated in a centrifuge and washed with a little water and 
the washings were added to the liquid portion. Fresh emulsin 
(1 g.) was then added to each solution. After a further 2 days the 
reducing power of each solution indicated almost complete hydrolysis 
(95%). 

The solid material of the main experiment was then separated in 
the centrifuge and washed as before. The united aqueous portions 
were treated with lead acetate (5 g.) dissolved in water (10 c.c.). 
A precipitation of protein matter occurred immediately and on the 
further addition of 10 drops of aqueous ammonia (d 0-880) a dense 
white precipitate containing galactose was thrown down. After 
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filtration the liquid was tested with lead acetate and ammonia but 
gave no precipitate. The residue on the filter was washed with 
dilute lead acetate solution. The lead was then removed from the 
combined filtrates by precipitation with hydrogen sulphide. The 
aqueous solution was evaporated to dryness under diminished 
pressure, leaving a brown viscid syrup; this was dissolved in alcohol 
and decolorised with charcoal, and the alcohol removed by dis- 
tillation. The syrup which remained was extracted seven times with 
boiling ether to remove ammonium acetate and then dissolved in 
alcohol. The volume of solution was reduced to 3 c.c. by evapor- 
ation and, on cooling, «-methylmannopyranoside (0-11 g.) crystal- 
lised, m. p. 189—190° alone or in admixture with an authentic 
sample, [«]/ -++ 79-2° in water (c, 0-5) (Found: C, 43-2; H, 7-4; 
OMe, 15-3. Cale. for C,H,,0,: C, 43-3; H, 7-3; OMe, 15-95%). 
A further crop (0-13 g.) of nearly pure «-methylmannopyranoside 
(m. p. 176°) was obtained by extraction of the solid residues, and 
0:05 g. of unchanged 4-galactosido-«-methylmannoside, m. p. 
206—207°, was isolated from the mother-liquors. After allowance 
was made for the material used for estimations during the hydrolysis 
and for the 5% which remained unhydrolysed, the amount of 
a-methylmannoside theoretically obtainable was 1-1 g. Since the 
yield of pure «-methylmannopyranoside was 17% of this and the 
method used for the separation of galactose and «-methylmanno- 
pyranoside gave yields of about 30% in control experiments, it was 
clear that the amount of «-methylmannopyranoside formed during 
the hydrolysis must have been considerably more than 17% of the 
theoretical. 

The identity of the «-methylmannopyranoside obtained after 
hydrolysis was confirmed by its transformation into tetra-acetyl 
a-methylmannopyranoside. The substance (0-05 g.) was boiled 
for 3 minutes with acetic anhydride (0-8 c.c.) containing sodium 
acetate (0-04 g.). The solution was poured into water and after 
neutralisation with sodium bicarbonate the product was extracted 
with chloroform. Evaporation of the chloroform solution left a 
syrup which was crystallised from dilute alcohol, giving tetra-acetyl 
a-methylmannopyranoside (0-04 g.), m. p. 63° alone or when mixed 
with an authentic sample, [«]\* -+- 49-5° in chloroform (c, 0-6). In 
admixture with tetra-acetyl «-methylmannofuranoside the m. p. 
was depressed by 15—20°. 

Hydrolysis of 4-Galactosido-«-methylmannoside with N /100-Hydro- 
chloric Acid.—When 4-galactosido-«-methylmannoside was heated 
at 95° in N/100-hydrochloric acid, the rotation remained unchanged 
for 4 hours. After 5 hours the initial value, [«]i' -+ 65°, had 
increased to 66° and the solution was slightly reducing. Estimation 
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by Fehling’s solution showed that hydrolysis had proceeded to the 
extent of 10% at most. The slight increase in rotation indicated 
that hydrolysis had taken place more at the biose linking than at 
the methylmannosidic group. The rate of hydrolysis was very 
similar to that of lactose and of a different order from that of 
a-methylmannofuranoside, which is complete under these conditions 
within 2} hours. 

4.Galactosido-«-mannose.—A 10°%, aqueous solution of lactal was 
shaken for 2 hours (in a bottle surrounded by ice) with an ethereal 
solution of perbenzoic acid, the weight of per-acid being slightly 
greater than that of lactal. The mixture was kept over-night at 
15° and the aqueous layer was extracted three times with 
ether and evaporated under diminished pressure until the weight of 
syrup was three times that of the lactal used. Methyl alcohol 
(3 vols.) was added, and the mixture warmed. By cooling and 
inoculation, 4-galactosido-«-mannose crystallised as stellar aggregates 
of long needles (yield, 70%). The first crystals were obtained by 
the addition of ether to an aqueous methyl-alcoholic solution of the 
sugar. A syrup was precipitated which crystallised slowly when 
rubbed with a glass rod. 

Recrystallisation was effected by dissolving the sugar in its own 
weight of water and adding methyl alcohol (5 vols.). After inocul- 
ation, deposition of the characteristic tufts of needles soon com- 
menced. This material contained one molecule of water of crystal- 
lisation and had an indefinite m. p., about 150—160°, with previous 
softening, [«]}?” + 38° in water (initial value calculated as anhydrous 
sugar); [a]? + 27° (equilibrium value) (Found: C, 40-2; H, 6-9. 
C,,H,.0,,,H,0 requires C, 40-0; H, 6-7%). Titration with 
Fehling’s solution showed that in reducing power 162 parts of 
4-galactosido-«-mannose were equivalent to 100 parts of glucose. 

A special study was made of the mutarotation of 4-galactosido- 
a-mannose. Several successive crystallisations were carried out 
without alteration of m. p., initial and equilibrium rotation values. 
The following observations were made during a typical mutarotation : 
[aif -+- 35° in water, c, 1-5 (5 mins. after dissolution), 33-5° (7-5 
mins.), 33° (10 mins.), 31-5° (15 mins.), 30-5° (20 mins.), 30° (25 mins.), 
29-5° (30 mins.), 28-5° (40 mins.), 28° (50 mins.), 27° (80 mins., 
constant value). The rate of mutarotation was of the same order 
as that of «-mannose. From these figures the initial rotation was, 
by extrapolation, 38°. 

Rotation of 4-Galactosido-8-mannose.—The rotation of the $-form 
of the biose was estimated by Hudson and Yanowsky’s solubility 
method (J. Amer. Chem. Soc., 1917, 39, 1013). In 76% alcohol 
4-galactosido-a-mannose had [a], -+ 39° (initial value), + 30-5° 
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(equilibrium value after mutarotation). A saturated solution of 
the «-form in water showed «, + 2-03° and had therefore c = 5-2. 
The saturated solution was then shaken with excess of the sugar 
until the constant rotation «, -+ 2°52° was observed. Since the 
specific rotation at this stage was + 30-5°, the concentration was 
now 8-27, from which the specific rotation of the $-form of 4-galacto- 
sido-mannose was calculated to be [«], + 16° in 76% alcohol. This 
value, which holds also for water, is slightly lower than that (about 
4+ 21°) recorded by Bergmann for the $-form (compare Waters and 
Hudson, loc. cit.). 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [ Received, October 15th, 1930.] 





CCCLI.—The Structure of Carbohydrates and their 
Optical Rotatory Power. Part IV. Derivatives of 
a- and B-Methylmannopyranoside. 


By Harotp GranamM Bort, WALTER NorMAN HAwoRTH, and 
EpmunpD LANGLEY Hrrst. 


Tue direct methylation of mannose under conditions which are 
herein prescribed leads to the formation of a mixture of the «- and 
the 8-form of tetramethyl methylmannopyranoside containing about 
32% of the @-isomeride. Hydrolysis of this mixture yields tetra- 
methyl mannopyranose, which is identified through the crystalline 
2:3:4:6-tetramethyl 3-mannonolactone and the crystalline 
phenylhydrazide of the corresponding acid to which the lactone gives 
rise (Drew, Goodyear, and Haworth, J., 1927, 1243). The absence of 
mannofuranoside forms (Haworth and Porter, this vol., p. 649; 
Haworth, Hirst, and Webb, ibid., p. 651) is indicated by the rate of 
hydrolysis of the above methylated mannosides in the presence of 
N/100-hydrochloric acid, hydrolysis proceeding only to a negligible 
extent. Whitnah and Milbery (J. Amer. Chem. Soc., 1930, 52, 1627) 
have attempted to estimate the amount of labile or y-forms of 
mannosides by the agency of permanganate, a method we abandoned 
some years ago. «-Methylmannofuranoside and a- and {-ethyl- 
glucofuranosides are, in the pure crystalline condition, unaffected 
for long periods of time by neutral dilute permanganate solution in 
the cold, and their methylated derivatives are quite stable to this 
reagent. 

It has been stated that mannose is an exception to the rule that a 
monosaccharide aldose yields a mixture of its «- and ~-methyl- 
glycosides when heated with acidified methyl alcohol, and that this 
sugar proceeds nearly quantitatively to «-methylmannoside (C. 8. 
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Hudson, J. Amer. Chem. Soc., 1930. 52, 1689). Contrary to this 
statement, we have now shown that mannose undergoes condensation 
by heating with 2% methyl-alcoholic hydrogen chloride with the 
formation of both the «- and the 6-form of methylmannopyranoside, 
the 8-form being identified as its crystalline tetra-acetate, which can 
be obtained in a yield of 37 g. from 100 g. of mannose. The 
8-derivative is also formed when mannose is condensed with methyl- 
alcoholic hydrogen chloride at 20° (Haworth, Hirst, and Webb, loc. 
cit.). It is identical with the compound isolated by Dale by a 
transformation of the condensation product of tetra-acetyl man- 
nosidyl bromide with methyl alcohol (J. Amer. Chem. Soc., 1924, 46, 
1046). This tetra-acetyl $-methylmannopyranoside is converted 
by alkali and methyl! sulphate into crystalline tetramethyl 6-methyl- 
mannopyranoside. The rate of hydrolysis of the latter substance is 
widely different from that of the furanoside form, but is comparable 
with that of the corresponding tetramethyl «-methylmannopyranos- 
ide. Both methylated pyranosides give rise to a mixture of «- and 
8-forms of tetramethyl mannopyranose, identified as the crystalline 
anilide. Them. p.’s of these methylated «- and @-mannopyranosides 
are similar, but their specific rotations are characteristically different. 
It has not been found possible to obtain the unsubstituted 6-methyl- 
mannopyranoside in a crystalline form: the rotation value for the 
substance in aqueous solution is given. The simultaneous de-acetyl- 
ation and methylation of tetra-acetyl «-methylmannopyranoside 
yields the crystalline tetramethyl «-methylmannopyranoside, and 
this substance and the £-isomeride already mentioned have been 
repeatedly crystallised in order to obtain the optimum values of their 
physical constants. A comparison of the two series of substances 
which have identical structures is as follows : 








a-Form. fB-Form. 
- . TT, 
M.p. fal. M.p. fal. 
Tetra-acetyl methyl- 65° 4-49° 161° —46-8° (in chloroform) 
mannopyranoside 
Tetramethyl methyl- 38—40 +443 36—37 —80 (in water) 
mannopyranoside +57 —87 (in chloroform) 
+ 75-5 —82-5 (in ethyl aicohol) 
+77 —72 (in benzene) 
Methylmanno- 190 +79 — —66 (in water) 
pyranoside 
The theoretical implications of these results are discussed in Part I 
(p. 2624). 


The salient point of the present research is that the normal forms 
of «- and 6-methylmannoside give rise on methylation and hydrolysis 
to one and the same tetramethyl mannose and that this yields the 
tetramethyl 3-mannonolactone (crystalline) which has been shown to 
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undergo epimerisation to tetramethyl gluconolactone. We hold, 
therefore, that the two methylmannosides have an identical six- 
atom ring structure, whereas Hudson has contended for a five-atom 
ring structure for the normal «-methylmannoside, and a six-atom 
ring structure for the normal 8-methylmannoside (in the form of its 
acetate). Further, we have shown from the above figures that the 
same discrepancy in optical rotatory relationships which he has 
found to exist between «- and $-mannose and «- and $-methy]l- 
mannoside derivatives corresponding to a deficiency of molecular 
rotation value of 8500 to 9000 as compared with the corresponding 
glucose derivatives, is also shown by the «- and $-forms of tetra- 
methyl methylmannopyranoside described herein. On the ground 
of this deficiency Hudson has ascribed different rings to the mannoses 
and the methylmannosides, whilst he is apparently prepared to admit 
that one and the same structure applies to the «- and $-forms of 
tetramethyl methylmannoside. Although this discrepancy in 
molecular rotation values is shown in water by the latter pair of 
substances, it almost disappears when the rotations are taken in 
ethyl alcohol. 


EXPERIMENTAL. 


Tetra-acetyl $-Methylmannopyranoside.—A solution of mannose 
(10 g.) in 2% methyl-alcoholic hydrogen chloride (95 c.c.) was boiled 
for 1 hour and then kept at — 10° for several hours. After removal 
of the crystalline «-methylmannoside (6-1 g.) the acid was neutralised 
by lead carbonate and the filtered neutral solution was evaporated 
under diminished pressure to a mixture of syrup and crystals. Treat- 
ment with cold absolute alcoho} separated the syrup from the solid 
a-methylmannopyranoside and on removal of the alcohol under 
diminished pressure crude 8-methylmannopyranoside remained as a 
non-reducing uncrystallisable gum (3-5 g.) which still contained much 
of the «-isomeride. The rotation [«]}* of the gum ranged from 
+ 2° to — 25° ( in ethyl alcohol), according to the proportion of the 
a-isomeride present. 

The gum (4°5 g.) was acetylated in a mixture of pyridine (38 c.c.) 
and acetic anhydride (29 c.c.). After being kept for 2 days at 
— 5°, the solution was shaken vigorously with light petroleum 
(150 c.c.; b. p. 80—100°). Separation of crystalline material began 
at once and was complete in a few minutes. The solid was re- 
crystallised from ethyl alcohol, giving tetra-acetyl 6-methylmanno- 
pyranoside as rectangular plates (3-7 g.), m. p. 161°, [a] — 46-8° 
in chloroform (c, 0-8) (Found: C, 50-0; H, 66; OMe, 8-5. Cale. 
for ©,;H,.01): C, 49:7; H, 6-1; OMe, 86%). Dale (loc. cit.) 
recorded m. p. 162° and [«], — 46-8°. 

4u2 
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8-Methylmannopyranoside.—When tetra-acetyl $-methylmanno- 
pyranoside (0-202 g.) was shaken with a slight excess of N /2-aqueous 
sodium hydroxide it dissolved with loss of four acetyl groups. The 
excess of alkali was then neutralised exactly, and the volume of the 
solution made up to l5c.c. From its rotation, «}° — 0-49° (1 = 1), 
the value for @-methylmannopyranoside was approximately [«]j" 
— 68° in water. 

8-Methylmannopyranoside was prepared by the action of an excess 
of dimethylamine in methy] alcohol (75 c.c.) on tetra-acetyl 8-methyl- 
mannopyranoside (4 g.) in a sealed tube at 100° for 4 hours. The 
alcohol and dimethylamine were removed by distillation, and the 
acetodimethylamide by sublimation at 110°/0-1 mm. The product 
(2 g.) was 8-methylmannopyranoside in the form of a yellow glass 
which resisted crystallisation. [«]}° — 66° in water (c, 1-05) in 
agreement with the above value (Found: C, 44-4; H, 7-5; OMe, 
14-5. C,H,,0O, requires C, 44:3; H, 7-2; OMe, 15-9%). 

The rate of hydrolysis of $-methylmannopyranoside in N/100- 
hydrochloric acid at 100° was extremely slow: [«]>° — 64° (initial 
value); 59° (2 hours); 55° (4 hours); 50° (7 hours); 46° (10 hours), 
At this point the strength of acid was increased to N/10, but even 
under these conditions an additional 15 hours were required before 
hydrolysis was complete, [«]}}° + 15° (final constant value). The rate 
of hydrolysis was therefore of an entirely different order from that of 
a-methylmannofuranoside but comparable with that of the known 
methylpyranosides. 

Tetramethyl  6-Methylmannopyranoside.—(a) §-Methylmanno- 
pyranoside (1-65 g.) was dissolved in the minimum amount of water, 
acetone (15 c.c.) added, and methylation with methyl sulphate 
(20 c.c.) and 30% aqueous sodium hydroxide (40 c.c.) carried out at 
50—55° in the usual manner. The product, after a second methyl- 
ation, crystallised before distillation. It was purified by distillation 
under diminished pressure, giving tetramethyl 8-methylmannopyranos- 
ide (1-8 g.), b. p. 110—112°/0-1 mm., nj§° 1-4531 (supercooled liquid). 
This crystallised when cold and was recrystallised from cold light 
petroleum (b. p. 40—60°); it then melted at 36—37° and had 
[«]%" — 80° in water (c, 1-0). A mixed m. p. determination with the 
material described below showed no depression. 

(b) Tetra-acetyl $-methylmannopyranoside (4 g.), dissolved in 
acetone (30 c.c.), was treated at 50° with methyl sulphate (40 c.c.) 
and 30% aqueous sodium hydroxide (100 c.c.), a slightly alkaline 
reaction being maintained throughout. The product (2-4 g.) was 
treated with methyl iodide and silver oxide in the usual manner and 
was then distilled, giving tetramethyl $-methylmannopyranoside 
as a colourless mobile liquid (1-9 g.) which crystallised completely 
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when cold; b. p. about 90°/0-03 mm., nj" 1-4535 (supercooled liquid). 
Recrystallisation from a concentrated solution of the substance in 
light petroleum (b. p. 40—60°) in a freezing mixture gave long 
needles, m. p. 36—37°, [a]? —79° in methyl alcohol (c, 0-52), 
[a«}??" — 80° in water (c, 1-0), [«]#’ — 87° in chloroform (c, 0-46), 
{x}? — 72° in benzene (c, 0-7), [«]#’ — 82° in ethyl alcohol (c, 0-4). The 
equilibrium rotation in 1% methyl-alcoholic hydrogen chloride was 
{x}? + 60°. The above rotation values remained unaltered after 
several successive crystallisations of the substance from light 
petroleum (Found: C, 52:8; H, 90; OMe, 60-5. C,,H,.O, 
requires C, 52-8; H, 8-8; OMe, 62%). 

Hydrolysis. Tetramethyl @-methylmannopyranoside (0-5 g.) was 
hydrolysed by heating it for 6 hours at 80° with 6% hydrochloric 
acid: the specific rotation diminished regularly from the initial 
value [«]*” — 78° to the constant value + 3°. After neutralisation 
with barium carbonate the solution was evaporated to dryness under 
diminished pressure and the solid residue was extracted with chloro- 
form. Removal of the chloroform left tetramethyl mannopyranose 
as a viscid syrup (0-5 g.), the identity of which was proved by the 
preparation of its crystalline anilide. This was effected by boiling 
for 3 hours a solution of the syrup (0-5 g.) in alcohol (5 ¢.c.) contain- 
ing freshly distilled aniline (0-5 c.c.). On removal of the solvent by 
distillation under diminished pressure a thick gum was obtained 
which soon crystallised. Recrystallisation from light petroleum 
(b. p. 80—100°) gave matted needles; these melted at 142—143°, 
alone or when mixed with authentic tetramethyl mannopyranose 
anilide prepared from the tetramethyl mannopyranose obtained by 
the hydrolysis of crystalline tetramethyl «-methylmannopyranoside 
(Irvine and MeNicoll, J., 1910, 97, 1452) (Found: C, 61-8; H, 8-3; 
N, 46; OMe, 39-3. Calc. for C,,H,,O;N: C, 61:7; H, 80; N, 
4:5; OMe, 39-9%). 

Methylation of Mannose by Methyl Sulphate—Mannose (30 g.) was 
treated in the usual way with methyl sulphate (120 c.c.) and 30% 
aqueous sodium hydroxide (300 c.c.), the temperature being kept 
below 35° until reducing properties had disappeared. Methylation 
was completed by the use of silver oxide and methy] iodide, giving a 
mixture of the «- and $-forms of tetramethyl methylmannopyranos- 
ide as a colourless syrup (23 g.), b. p. about 95°/0-14 mm.., [«]>° 4+- 22° 
in methyl alcohol (c, 1-4), [«]#" + 59°, equilibrium value in 5% 
méthyl-alcoholic hydrogen chloride. Since the «- and #-forms of 
tetramethyl methylmannopyranoside have respectively [«]) +- 71° 
(Irvine and Moodie, J., 1905, 87, 1462) and — 79° (see above), the 
methylated product contained about 32% of tetramethyl 6-methyl- 
mannopyranoside (Found : OMe, 59-8%). 
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The absence of furanose derivatives was shown by the negligibie 
rate of hydrolysis in N/100-hydrochloric acid at 90°. Hydrolysis 
was carried out by heating for 7} hours at 95° with 6% hydrochloric 
acid. During this time the rise and fall in rotation characteristic of a 
mixture of «- and @-glycosides was observed, the final value being 
[a]%° + 4°. Tetramethyl mannopyranose was obtained as a viscid 
oil, b. p. about 115°/0-03 mm., n§° 1-4631, [a] + 28° in methyl 
alcohol (c, 1-1) (Found: C, 50-5; H, 8-8; OMe, 51-5%). This was 
transformed by the method of Drew, Goodyear, and Haworth (loc. 
cit.) into 2:3:4:6-tetramethyl 8-mannonolactone, which was 
isolated as crystalline material having properties identical with those 
already recorded. The lactone, dissolved in water, required 120 
hours to attain the equilibrium value [«]!3,, + 70°: this remained 
unchanged for a further 400 hours, and the proportion of y-lactone 
present was therefore negligible. The crystalline phenylhydrazide was 
also identical with that described in the earlier paper. 


(With Rospert Stuart Tripson.) 


Simultaneous Deacetylation and Methylation of Tetra-acetyl «- 
Methylmannopyranoside.—Tetra-acetyl «-methylmannopyranoside, 
m. p. 65°, [«]i? + 49° in chloroform, was prepared by Dale’s method 
(loc. cit.). A solution of it (10 g.) in acetone (30 c.c.), rendered slightly 
alkaline by the addition of dilute sodium hydroxide solution, was 
kept at 55—60° during the gradual simultaneous addition of methyl 
sulphate (26 c.c.) and 30% aqueous sodium hydroxide (62 c.c.), care 
being taken to avoid the development either of acidity or of excessive 
alkalinity at any stage during the reaction. The product was isolated 
in the usual manner and methylation was completed by treatment 
with methyl iodide and silver oxide. This gave a colourless liquid, 
b. p. about 105°/0-02 mm., which crystallised when cold as irregular 
prisms, m. p. 38—40° (after recrystallisation) alone or when mixed 
with authentic tetramethyl «-methylmannopyranoside prepared by 
the direct methylation of «-methylmannopyranoside, [«]}}* + 43° 
in water (c, 0-8). Yield, almost quantitative. 

Methylation of  «-Methylmannopyranoside.—a-Methylmanno- 
pyranoside was twice methylated in the usual way by methyl 
sulphate and sodium hydroxide. The product was a colourless 
liquid, b. p. about 105°/0-02 mm., which crystallised completely when 
cold (yield, 90%). Recrystallisation from cold (— 10°) light petrol- 
eum gave tetramethyl «-methylmannopyranoside, m. p. 38—40°, 
[a] + 42° in water (c, 1-3) (compare Drew, Goodyear, and Haworth, 
loc. cit.; Irvine and Moodie, loc. cit.). After one more crystallisation 
the rotation was + 43° and this value remained unaltered after four 
successive crystallisations. The following rotations were also 
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observed: [«]? -+ 57° in chloroform (c, 1-1), + 77° in benzene 
(c, 0-8). The substance gave on hydrolysis tetramethylmanno- 
pyranose, which was identified in the form of its crystalline anilide. 


The authors are indebted to the Imperial Chemical Industries Ltd. 
for a grant which has been used in aid of this research. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, October 15th, 1930.] 





CCCLIT.—The Structure of Carbohydrates and their 
Optical Rotatory Power. Part V. The Optical 
Rotatory Powers of Methylated Lactones derived 
from the Simple Sugars. 


By Water Norman Hawortu, EpMunp LANGLEY Hirst, 
and JAMES ANDREW BucHAN SMITH. 


THOSE sugars which have cis-hydroxyl groups situated on the 
second and third carbon atoms, namely, mannose, lyxose, and 
rhamnose, display rotational relationships different from those 
observed with glucose, galactose, or xylose. The divergence was 
at first attributed to the effect of configuration on rotation (compare 
Hudson and Dale, J. Amer. Chem. Soc., 1915, 37, 1280), but more 
recently Hudson has reached the view that these rotational 
divergences have their origin in differences in ring structure and are 
not due to configurational effects. The subsequent development of 
this hypothesis has led to a classification of ring structures which 
is in many vital respects at variance with that deduced by the 
usual methods of structural determinations (see Part I of the series). 

It was therefore a matter of considerable importance to obtain 
definite information concerning the presence or absence of a 
configurational effect in cases where both the structure and the 
configuration of the substance under consideration have been 
established beyond doubt. In one such case, namely, the «-form 
of tetramethyl methylmannopyranoside (see Part IV), the anomaly 
in rotation value has been found to disappear when a suitable change 
in solvent is made. Accordingly it was decided to study the effect 
of change of solvent on the rotations of the fully methylated lactones 
derived from the simple sugars. These form a series of substances 
well suited to the proposed enquiry. They can be obtained readily 
in a pure condition, their structures as y- or 8- lactones and their 
configurations are accurately known, and they are easily soluble in 
a wide range of solvents. Each of the lactones was recovered 
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quantitatively from the solvents, so there could be no question here 
of interchange of ring structure. 

We have used water and chloroform as solvents, since these 
have been selected as standard by Hudson, and we have also used 
benzene and ether. Fully methylated y- and 8-lactones derived 
from glucose, galactose, mannose, xylose, arabinose, lyxose, and 
rhamnose were prepared and their rotations measured in all four 
solvents. 

The results were remarkable. It is at once evident from the 
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accompanying diagrams that the lactones can be divided into three 
groups. The first of these comprises those lactones in which cis- 
methoxy-groups are absent, and in Fig. 1 it is seen that for 
such lactones, namely, tetramethyl 8-gluconolactone, tetramethyl 
y-gluconolactone, trimethyl 8-xylonolactone, trimethyl -xylono- 
lactone, and tetramethyl y-galactonolactone, the solvent has 
comparatively little effect on the rotation value. The variations 
shown by trimethyl y-arabonolactone, which also belongs to this 
group, are obviously of the same type as those of tetramethyl 
y-galactonolactone, although numerically somewhat greater. 

The second group consists of trimethyl 3-arabonolactone and 
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here | tetramethyl 8-galactonolactone, which have cis-methoxy-groups 
situated on the carbon atoms 3 and 4. The variations (Fig. 2) are 
these | now of a different kind and extend over a wider range. 
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the variations conform to a definite type which differs markedly 
1 from that encountered in either of the other groups, It is evident, 
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therefore, that cis-methoxy-groups when present in the molecule 
have a profound influence on the optical rotatory powers of 
substances which cannot alter their ring structure under the influence 
of solvents. Now it is precisely those sugars which possess cis- 
hydroxy-groups on carbon atoms 2 and 3 that require a scheme of 
rotational relationships different from that found to hold for glucose 
and other sugars. In view of the evidence now presented, it is 
clearly impossible to say with any degree of security that configur- 
ational effects play no part in the anomalous rotations of «-mannose 
and its derivatives. Hudson’s arbitrary assumption of a different 
ring structure to account for the rotation divergences is seen 
therefore to rest on uncertainties, and no necessary validity can be 
attached to any deductions made from it, more especially when these 
deductions are completely at variance with the observed chemical 
facts. A table of rotation values and further implications drawn 
from the present observations are given in Part I (section 4). 


EXPERIMENTAL. 

d-2:3:4:6-T'etramethyl |Mannonolactone.—This crystalline 
lactone, m. p. 38—40°, was prepared by Drew, Goodyear, and 
Haworth’s method (J., 1927, 1243). [«]%° + 150° in water (c, 1-0), 
-+- 59-5° in chloroform (c, 0-6), -+ 35-0° in ether (c, 0-5), + 20° 
in benzene (c, 0-7). 

d-2:3:5:6-T'etramethyl | Mannonolactone.—The crystalline 
lactone, m. p. 106—107°, was prepared by Levene and Simms’s 
process (J. Biol. Chem., 1925, 65, 46). [«]®” + 65° in water (c, 1-0), 
— 9-7° in chloroform (c, 1-7), — 36-3° in ether (c, 1-5), — 49-2° in 
benzene (c, 1-2). 

d-2:3:4-Trimethyl Lyzxonolactone.—This lactone, which is 4 
liquid, was carefully purified before use (Hirst and Smith, J., 1928, 
3147). [a]® + 35-5° in water (c, 1-2), — 60-4° in chloroform (c, 0-8), 
— 87° in ether (c, 0-7), — 102° in benzene (c, 0-7). 

d-2:3:5-Trimethyl Lyzxonolactone.— The crystalline lactone, 
m.p. 44°, was prepared by Bott, Hirst, and Smith’s method (this vol., 
p- 666). [«]i + 82-5° in water (c, 0-5), — 28° in chloroform (c, 0:3), 
— 70° in ether (c, 0-4), — 70° in benzene (c, 0-2). 

1-2:3:4-Trimethyl Rhamnonolactone—This substance, m. p. 
40—41°, was prepared by Avery and Hirst’s method (J., 1929, 
2467). [«]}° — 130° in water (c, 1-2), — 67-5° in chloroform (c, 0-6), 
— 39-3° in ether (c, 0-5), — 15-0° in benzene (c, 0-6). 

1-2:3:5-Trimethyl Rhamnonolactone.—This was obtained by 
the methylation of y-rhamnonolactone by methyl iodide and silver 
oxide (Haworth and Peat, fortheoming publication). Recrystal- 
lisation from light petroleum gane needles, several em. in length, 
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m. p. 75—76°. [a]? — 57° in water (c, 1-9), +- 13° in chloroform 
(c, 1-86), + 65° in ether (c, 1-57), + 87° in benzene (c, 1-97). 

d-2:3:4:6-Tetramethyl Gluconolactone.—A_ specially purified 
sample of the liquid lactone made by Haworth, Hirst, and Miller’s 
method (J., 1927, 2439) was used. [a]? + 98° in water (c, 0-8), 
+ 103° in chloroform (c, 1-18), + 123° in ether (c, 1-23), + 121° in 
benzene (c, 1-33). 

d-2: 3:5: 6-T'etramethyl Gluconolactone.—This had m. p. 26—27° 
(Drew, Goodyear, and Haworth, loc. cit.). [a«]?’ + 62° in water 
(c, 1-4), +- 42° in chloroform (c, 0-5), ++ 67° in ether (c, 0-5), 4- 68° 
in benzene (c, 0-55). 

d-2:3:4-Trimethyl Xylonolactone.—The crystalline lactone, 
m.p. 56°, was prepared by Drew, Goodyear, and Haworth’s method 
(loc. cit.). [«]® + 0° in water (c, 1-9), +- 9° in chloroform (c, 0-63), 
+ 12° in ether (c, 0-50), + 17° in benzene (c, 0-56). 

d-2:3:5-Trimethyl Xylonolactone—This was prepared from 
2:3: 5-trimethyl xylose by oxidation with bromine water. Since 
the 2 : 3 : 5-trimethyl xylose contained some of the 2 : 3 : 4-isomeride, 
the lactone obtained from it was contaminated slightly with the 
$-variety. [a]? + 88° in water (c, 1-13), + 81° in chloroform 
(c, 1-72), + 84° in ether (c, 2:11), + 106° in benzene (c, 2-27). 

d-2:3:4:6-Tetramethyl Galactonolactone.—This lactone, which 
was prepared from 2: 3:4: 6-tetramethyl galactose, was a liquid. 
Its rotation in water was in good agreement with that of the pure 
sample prepared by Haworth, Hirst, and Jones (J., 1927, 2430). 
[a]®" + 153° in water (c, 0-91), + 101° in chloroform (c, 1-53), 
+ 96° in ether (c, 1-82), + 128° in benzene (c, 1-53). 

d-2:3:5:6-Tetramethyl Galactonolactone.—This liquid lactone 
was prepared by Haworth, Ruell, and Westgarth’s method (J., 1924, 
125, 2468). [a]? — 34° in water (c, 1-5), — 13° in chloroform 
(c, 0-4), — 11° in ether (c, 0-59), — 11° in benzene (c, 1-01). 

1-2:3:4-T'rimethyl Arabonolactone.— The crystalline lactone, 
m. p. 45°, was prepared by Drew and Haworth’s method (J., 1927, 
778). [«]}? + 181° in water (c, 0-7), + 125° in chloroform (c, 1-13), 
+ 105° in ether (c, 1-20), + 166° in benzene (c, 1-21). 

1-2:3:5-Trimethyl Arabonolactone.—This crystalline substance, 
m. p. 33°, was made by Haworth and Nicholson’s process (J., 1926, 
1902). [a]%° — 44° in water (c, 0-52), — 9° in chloroform (c, 1-33), 
— 3° in ether (c, 1-28), + 16° in benzene (c, 1-20). 

All the above rotations were observed with a polarimeter tube of 
length 2 dm. 


UNIVERSITY OF BIRMINGHAM. 
EDGBASTON. [Received, October 15th, 1930.] 
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CCCLIII.—Studies in the Sterol Group. Part X. The 
Relationship of the Fully Saturated Derivatives of 
Ergosterol and Sitosterol. 


By Frank Stuart SPRING. 


THE similarity in physical constants of corresponding derivatives of 
allo-x-ergostanol and sitostanol was first pointed out by Reindel and 
Walter (Annalen, 1928, 460, 212) and more recently shown to be 
specially marked in the case of y-sitostanol and its derivatives 
(Heilbron and Sexton, Nature, 1929, 123, 567). A new ergostanol 
is now described which, as will be shown, strengthens the case 
regarding the identity of the fully saturated derivatives of the 
ergosterol and sitosterol series. The possibility of complete demon- 
stration of identity of corresponding members of these two series is 
remote owing to the capacity of the sitosterol group to retain 
isomeric impurities in admixture (compare Rhyg, Z. physiol. Chem., 


1929, 185, 99). The work of Anderson and his collaborators | 
(J. Amer. Chem. Soc., 1926, 48, 2972, 2976, 2987) has shown that | 


sitosterol as usually isolated is a mixture of isomerides, the only com- 
ponent of constant physical properties being y-sitosterol, although 
in all probability the $-sitosterol described is a nearly pure substance. 

A very intensive fractionation of the sitosterol from cotton-seed 
oil carried out in this laboratory by Dr. A. Thompson (unpublished 
work) showed that this was free from y-sitosterol. After bromin- 
ation of the acetate of the sterol, debromination, and subsequent 
hydrolysis by the method of Windaus and Hauth (Ber., 1907, 40, 
3682), a sitosterol, m. p. 137—137-5° and [«]}° — 38°, was isolated. 

Hydrogenation of ergosterol in ethereal solution gives rise to 
«-ergostenol, which is isomeric with the sitosterols but differs from 
them in having a positive rotation. Further, it gives a positive 
reaction with the Tortelli-Jaffé reagent, to which no sitosterol 
responds (Heilbron and Spring, Biochem. J., 1930, 24, 133). . Simi- 
larly the isomeric #-ergostenol, although failing to give a Tortelli- 
Jaffé reaction, also differs from the sitosterols both in melting point 
and in optical rotation. 

In connexion with work being carried out in these laboratories 
on the oxidation of the ergostenes (unpublished work) it became 
necessary to prepare a large quantity of «-ergostenol. The crude 
product prepared by hydrogenation of ergosterol in the usual 
manner was fractionally crystallised, the first three crops proving 
to be nearly pure «-ergostenol. From the fourth crop, however, a 
new substance, m. p. 129—130°, [a]? + 5-1°, was isolated which 
gave a green colour with the Tortelli—Jaffé reagent; on admixture 
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The with «-ergostenol a depression of over 10° in melting point was 
observed. Analysis of the acetate of the new compound showed 
es of that the latter was isomeric with «-ergostenol and for it the name 
y-ergostenol is proposed. 
Treatment of y-ergostenyl acetate (m. p. 140°) with hydrogen 
x chloride resulted in the formation of iso-y-ergostenyl acetate (m. p. 
ives of 103°). Whereas y-ergostenol, like «-ergostenol, resists further 
lel and | direct hydrogenation, iso-y-ergostenol readily absorbs two atoms of 
' to be hydrogen in ethereal solution at room temperature, giving rise to a 
vatives |substance, isomeric with allo-«-ergostanol, for which the name 
ostanol y-ergostanol is suggested. The purified product, which gave no 
e Case | Liebermann-—Burchard reaction, melted at 137°, had [a]? + 29°, 
of the | and showed no depression on admixture with the sitostanol, m. p. 
lemon. 136°, [«]# -+ 26°, prepared from cotton-seed oil sitosterol. It 
erl€s 18 | would thus appear reasonable to infer that the two substances are 
retain | identical. These results point to the conclusion that the ergosterol 
Chem., | employed was a mixture of isomerides and that the new y-ergostenol 
orators | has not arisen during the hydrogenation process (compare Heilbron, 
n that Johnstone, and Spring, J., 1929, 2248). In support of this view 
y com: | fractionation of the ergosterol and hydrogenation of the less and the 
hough | more soluble fractions showed that a greater yield of y-ergostenol 
tance. | was obtained from the latter source, i.e., the isomeride responsible 
n-seed | for the appearance of y-ergostenol is concentrated in the more soluble 
lished | fractions of yeast ergosterols. 
‘omin- | The following table shows the physical constants of the sitosterols, 


a the isomeric ergostenols, and the saturated alcohols reviewed above. 
| > b 





lated. TABLE I. 
ise to M. p. [a]p. 
f Sitosterol 136—137° —33-9° Ritter, Z. physiol. Chem., 1902, 
| Irom 84, 461. 
sitive | y-Sitosterol 145—146 — 46 Anderson and Shriner, J. Amer. 
sterol Chem. Soc., 1926, 48, 2976. 
B-Sitosterol 139—140 — 36 


Simi- | Sitosterol from cot- 137—1375 —38 Liverpool (unpublished work). 


telli- ton-seed oil 
a-Ergostenol 130—131 +17°8 Reindel, Walter, and Rauch, 


point Annalen, 1927, A52, 34. 

B-Ergostenol 114—118 +15-89 » ” ” 
, y-Ergostenol 129—130 + 5-1 This paper. 

tories : : : 
y-Sitostanol 144—145 +-17-82 Anderson and Shriner, loc. cit, 

came | Sitostanol (cotton- 136 + 26 This paper. 

srud seed sitosterol) 

rude | ,.Ergostanol 137 +29 a 

usual | allo-a-Ergostanol 145 +159  Reindel and Walter, Annalen, 

Vi 1928, 460, 212. 

ing 
er, a EXPERIMENTAL. 








hich Hydrogenation of Ergosterol.—Hydrogenation of ergosterol (m. p. 
cture | 160°; {a}? — 131°, c = 3 in chloroform) was effected in a narrow 
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closed cylindrical steel vessel of about 400 c.c. capacity, provided 
with an efficient high-speed rotary stirrer, and gas inlet and outlet 
tubes, both fitted nearly flush with the lid. Ergosterol (25 g.) was 
suspended in ethyl acetate (250 c.c.) and introduced together with 
palladium-black (4 g.) into the pot. The gas flow was measured by 
means of a water-meter ; after displacement of the air with hydrogen 
the outlet cock was screwed down, the pot being surrounded by a 
water jacket maintained at 40—50°. Absorption of hydrogen 
ceased in about 6 hours (2800 c.c.). 

Fractionation of Tetrahydroergosterol—The product (100 g.) after 
removal of the catalyst was dissolved in industrial alcohol (1000 c.c.) 
and allowed to crystallise. The crystals (65 g.) proved to be «-ergo- 
stenol, m. p. 131°, [«]?° + 15° (ce = 2-5in chloroform). The filtrate 
was concentrated to 500 c.c. and again allowed to cool; needles then 
separated (4-5 g.), m. p. 115°, [a] + 12° (ec = 2 in chloroform). 
This fraction was recrystallised from industrial alcohol, giving 
a-ergostenol, [«]? -+- 15-2° (ec = 1-8 in chloroform), showing no 
depression on melting in admixture with the first crop. The filtrate 
was again concentrated to half bulk, and allowed to crystallise; 
the crop obtained (3-5 g.), m. p. 128°, [a] + 8° (c = 2in chloroform), 
was repeatedly crystallised from ethyl alcohol, giving a homogeneous 
substance, m. p. 129—130°, [a] + 5-1° (¢ = 3-2 in chloroform) (on 
admixture with an authentic sample of «-ergostenol, m. p. 120— 
122°) [Found: (micro) C, 80-0; H, 12-1. C,,H,,0,H,O requires 
C, 80-2; H, 11-9%]. 

Fractionation of Ergosterol—The sterol (100 g.) was dissolved in 
boiling benzene-alcohol (1:2; 2000 c.c.) and after 6 hours the 
separated solid (60 g.) was removed (Fraction A). The filtrate was 
concentrated to half its bulk; a second crop then separated (15 g.). 
The procedure was repeated, and a third crop (10 g.), m. p. 156°, 
[a]# — 125°, obtained (Fraction B). Fractions A and B were 
hydrogenated separately in ethyl acetate solution at 40° in presence 
of palladium-black and gave «-ergostenol and the y-isomeride (yield, 
1 and 5% respectively). 

y-Ergostenyl Acetate.—y-Ergostenol (0-5 g.) was refluxed for 30 
minutes with acetic anhydride (2-5 c.c.), and the product recrystal- 
lised from ethyl alcohol. The acetate crystallised in plates, m. p. 
140° [Found : (micro) C, 81-4; H, 11-2. C,9H,,O, requires C, 81:3; 
H, 11-2%]. 

iso-y-Ergostenyl Acetate.—y-Ergostenyl acetate (0-5 g.) in dry 
chloroform (10 c.c.) was treated with a rapid stream of hydrogen 
chloride for 2 hours. The chloroform was evaporated, and the 
residual oil dissolved in absolute alcohol; large plates slowly 
separated, m. p. 103—104°, [a]? + 4-05° (ce = 3-1 in chloroform) 
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[Found : (micro) C, 81-3; H, 10°8. C,H,,O, requires C, 81-3; 
H, 11-2%]. 

iso-y-Ergostenol.—iso-y-Ergostenyl acetate was refluxed for 2 
hours with 5% alcoholic potash. The product crystallised from 
ethyl alcohol in plates, m. p. 129°, [a]f + 3-7° (c = 1-75 in chloro- 
form). 

Hydrogenation of iso-y-Ergostenol.—iso-y-Ergostenol (1 g.) was 
dissolved in dry ether (150 c.c.) and shaken with hydrogen in 
presence of palladium-black. Absorption proceeded slowly and 
regularly, and ceased after 6 hours (absorption 54 c.c.; calc. for 
the presence of one double bond, 58 c.c.). The product still 
showed a faint blue colour with the Liebermann—Burchard reagent ; 
it was dissolved in 5 c.c. of carbon tetrachloride and acetic anhydride 
(2-5 c.c.) was added, followed by concentrated sulphuric acid 
(2-5 c.c.). The solution was shaken and kept for 5 minutes, water 
added, and the carbon tetrachloride layer run off. The product 
on crystallisation from alcohol now showed a negative Liebermann— 


, Burchard reaction and had m. p. 137° and [a]e + 29-0°. 


The author wishes to express his gratitude to Imperial Chemical 
Industries Ltd. for a grant which has defrayed the cost of this 
investigation, and to Professor I. M. Heilbron, D.S.O., D.Sc., for his 
advice. 

THE UNIVERSITY, LIVERPOOL. [Received, September 27th, 1930.] 





CCCLIV.—Triazole. Compounds. Part III. The 
Alkylation of Nitro-1 : 2 : 3-benztriazoles. 


By Oscar L. Brapy and Cepric V. REYNOLDS. 


THE alkylation of amidines has been studied in detail by Pyman 
and his co-workers (J., 1923, 123, 3359; 1924, 125, 1431; 1925, 
127, 573, etc.). An investigation of the methylation of some 
nitrohydroxybenztriazoles led to results which compelled us to 
study the alkylation of the nitrobenztriazoles themselves: these 
we found to behave similarly to the glyoxalines and the indazoles 
studied by Pyman and by Auwers and Diiesberg (Ber., 1920, 53, 
1179) respectively. 

The benztriazoles containing a substituent in the benzene ring 
are now generally regarded as tautomeric substances, 


5 . aN —> ;>—NH N 
XNA JN x /)\ Js X\ AN/NH 
NH xf 


(Griess) 
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the formula of Griess (Ber., 1882, 15, 1878) failing to account for the 
existence, in some cases, of two isomeric derivatives (Zincke and 
Helmert, J. pr. Chem., 1896, 53, 91). 

Morgan and his co-workers (J., 1910, 97, 1702; 1913, 103, 1391; 
1914, 105, 117) showed that, under favourable conditions, sub- 
stituted benztriazoles on acylation give a mixture of two isomerides 
and in certain cases one of these may be converted into the other 
by treatment with excess of a reagent containing a reactive group, 
preferably the same as that already present in the triazole ring; 
for example, 

PhO,S:N——N N=—=N 


po 
> 


No case was known of two isomerides being produced by the direct 
alkylation of a substituted benztriazole, but Zincke and Helmert 
(loc. cit.) obtained 1- and 3-phenyl-6-ethoxy-1 : 2 : 3-benztriazoles 





by indirect means and we have prepared, similarly, 1:6- and | 


3 : 6-dimethyl-1 : 2 : 3-benztriazoles (J., 1928, 193). 

Zincke and Helmert, by heating 6-nitro-1 ; 2 : 3-benztriazole 
(I) with methyl iodide, obtained a methiodide which gave only 
6-nitro-3-methyl-1 : 2 : 3-benztriazole (III) on being heated. We 
have confirmed this result and have found that the action of methyl 
sulphate on the product gives 6-nitro-1 : 3-dimethylbenztriazolinium 
methyl sulphate (XIV), which, when heated as such or, better, 
after conversion into the chloride (XV), gives only 6-nitro-3-methy]- 
1 : 2: 3-benztriazole (II). 

When, however, alkylation is carried out with methyl sulphate 
in aqueous sodium hydroxide, a mixture of 6-nitro-1-methyl-(IV) 
and a slightly smaller quantity of 6-nitro-3-methyl-benztriazole 
(III) results. The position of the methyl group in 6-nitro-3-methyl- 
1 : 2: 3-benztriazole is fixed by its synthesis from 4-nitro-2-amino- 
methylaniline (V), and it is shown that the methyl group in 6-nitro- 
1-methyl-1 : 2: 3-benztriazole cannot be in the 2-position by its 
conversion into 1-methyl-1 : 2 : 3-benztriazole (VI), which can be 
synthesised from methyl-o-phenylenediamine (VII). 

We suggest that the benztriazoles consist of equilibrium mixtures 
of the two tautomeric forms, the proportion of each tautomeride 
depending on external conditions. Methylation in aqueous alkali 
takes place by the addition of methyl sulphate to the nitrogen atom 
in the triazole ring remote from the imino-group, followed by 
elimination of methyl hydrogen sulphate across the ring (compare 
Pyman, J., 1922, 121, 2619, and Auwers, Ber., 1925, 58, 2081, who 
suggest similar mechanisms for the alkylation of 4-nitro-5-methyl- 
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glyoxaline and the acetylation of indazoles respectively). The 
above reactions may then be represented as follows : 





Me 
N Meso,” _N-MeSO, NMe <— /“ \NHMe 
ys NO, ya —meoso, NO, N NO NE, 
N (V.) 
I. Poy (III.) 
NH Mo at 
NO, ys Natio, NO, q ‘Nu \UN 
| NMe 
ra ‘MeSO, av) 
HNO, = rf 
“ — 
(VII.) i 


The methylation of 7-nitro-5-methyl-1 : 2 : 3- iisieliins "eens 
in aqueous sodium hydroxide gave a mixture of 7-nitro-1 : 5-di- 
methyl-1 : 2 : 3-benztriazole (IX) and 7-nitro-3 : 5-dimethyl-1 : 2 : 3- 
benztriazole (X), the latter preponderating. The orientations of 
these compounds were established by reduction to the amino- 
compounds and replacement of the amino-group by hydrogen to give 
1 : 5-dimethyl- (XII) and 3 : 5-dimethyl-1 : 2 : 3-benztriazole (XIII) 
respectively, these compounds having been synthesised for purposes 
of identification. The reactions may be indicated as follows : 


\NHM: NHM M —N Me 
nO: wa@. a Ove 











(x1ir.) N 
Me 
I - 
M N +Meso, M N-MeSO, M NMe oi. 
\/N > N >. yN vith. 
O.N NH O.N NH O.N N H,N ¥ x 
OF: Me’ ~ NH _weuso, 
N +Me,S0, TVs : 
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O.N N ON UN, 
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M 0, 


HMe 
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The mechanism here adopted seems preferable to simple meta- 
thesis or addition of methyl sulphate at the imino-group. Current 
polarity views would indicate that in the two tautomeric systems 
the nitro-group would favour the existence in alkaline solution of 


the ions xof IX and ney, , yet in the methyl- 
N O, N- 


ations the compounds in which the methyl group is attached to the 
nitrogen atom in the m-position to the nitro-group preponderate. The 
proportions in which the two methyl derivatives are formed are not 
likely to indicate the true relative amounts of the tautomerides at 
equilibrium, since some of the compound formed in smaller yield 
may be produced by metathesis. 

As with 6-nitro-1 : 2 : 3-benztriazole, so 7-nitro-5-methyl-1 : 2 : 3- 
benztriazole (VIII), after heating with methyl sulphate alone and 
decomposition of the methosulphate obtained, gives only 7-nitro- 
1 : 5-dimethyl-1 : 2 : 3-benztriazole (IX). 

The formation of only one methyl derivative under these condi- 
tions is not surprising, since 6-nitro-l-methyl-1 : 2 : 3-benztriazole 
(IV) and 7-nitro-3 : 5-dimethyl-1 : 2 : 3-benztriazole (X) behave in 
a similar way to the acyl derivatives of Morgan and the alkyl 
indazoles of Auwers and Diiesberg (Ber., 1920, 53, 1179) and, when 
heated with methyl sulphate, give methosulphates which yield 
6-nitro-3-methyl-1 : 2: 3-benztriazole and _ 7-nitro-1 : 5-dimethyl- 
1 : 2: 3-benztriazoles, respectively, on being heated. 

In the presence of the excess of methyl sulphate the two methyl 
derivatives first formed are converted into methosulphates, which 
are electromerides and interconvertible and may be regarded as 
6-nitro-1 ; 3-dimethyl-1 : 2 : 3-benztriazolinium methyl sulphate 
(XIV). 

The position of the nitro-group would favour the elimination of 
Me,SO, from the 1-N atom in (XIV) or (XV) and from the 3-N 
atom in (XVI) or, from another point of view, would tend to favour 
the forms (XVII) and (XVIII) respectively; consequently, on 
heating, only (III) and (IX) are produced. 


EXPERIMENTAL. 
6-Nitro-1 : 3-dimethyl-1 : 2 : 3-benztriazolinium Methyl Sulphate 
(XIV).—6-Nitro-3-methyl-1 : 2 : 3-benztriazole (1 g.), prepared by 
the action of nitrous acid upon 4-nitro-2-aminomethylaniline (Brady, 
Day, and Reynolds, J., 1929, 2264; Pinnow and Koch, Ber., 1897, 
30, 2851), and methyl sulphate (5 c.c.) were warmed together on the 
water-bath for an hour. After cooling, the product was poured 
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into excess of ether and the precipitated oil was purified by repeated 
precipitation from absolute alcohol by dry ether and finally crystal- 
lised from a mixture of alcohol and ether; 6-nitro-1 : 3-dimethyl- 
1:2: 3-benztriazolinium methyl sulphate was then obtained in 
colourless prisms, m. p. 110° (decomp.) (Found: N, 18-6; 8, 10-6. 
C,H,,0,N,8 requires N, 18-4; S, 10-5%). 

This compound, when heated, regenerates some 6-nitro-3-methyl- 
1: 2:3-benztriazole, but this is best recovered after conversion 
of the methyl sulphate into the chloride. The methyl sulphate 
was dissolved in boiling 2N-hydrochloric acid, the sulphuric acid 
removed by addition of barium chloride in slight excess, the filtrate 
concentrated under reduced pressure, and the residue made faintly 
acid with hydrochloric acid and dissolved in absolute alcohol. To 
the filtered solution, a large excess of dry ether was added; the 
precipitate obtained gave, after repeated precipitation from alcohol by 
ether, 6-nitro-1 : 3-dimethyl-1 : 2 : 3-benztriazolinium chloride, m. p. 
136° (decomp.) (Found: N, 24-7; Cl, 15-6. C,H,O,N,Cl requires 
N, 24:5; Cl, 155%). The iodide prepared by Zincke and Helmert 
(J. pr. Chem., 1896, 53, 98) was obtained from the methyl sulphate 
in an analogous way. 

Methylation of 6-Nitro-1 : 2 : 3-benztriazole.—When 6-nitro-1 : 2 : 3- 
benztriazole, prepared from 4-nitro-o-phenylenediamine (Zincke, 
Annalen, 1900, 311, 290), was heated with excess of methyl iodide 
for 2 hours in a sealed tube at 100°, 6-nitro-1 : 3-dimethyl-1 : 2 : 3- 
benztriazolinium iodide was formed. Similarly, the triazole (2 g.), 
when heated on the water-bath for 30 minutes with methyl 
sulphate (5c.c.), gave 6-nitro-1 : 3-dimethyl-1 : 2 : 3-benztriazolinium 
methyl sulphate. When, however, the triazole (2 g.) m 2N-sodium 
hydroxide (25 c.c.) was methylated with methyl sulphate (4 c.c.), 
an almost theoretical yield of a solid was obtained which, on frac- 
tional -crystallisation from alcohol and benzene alternately, gave 
6-nitro-1-methyl-1 : 2 : 3-benztriazole as pale yellow needles, m. p. 
187°, from alcohol (Found : N, 31-6. C,H,O,N, requires N, 31-5%), 
and a somewhat smaller quantity of 6-nitro-3-methyl-1 : 2: 3- 
benztriazole. 

6-Nitro-l-methyl-1 : 2 : 3-benztriazole (1 g.) was heated with 
methyl sulphate (5 c.c.) for 30 minutes at 100°, and the product 
poured into dry ether, 6-nitro-1 : 3-dimethyl-1 : 2 : 3-benztriazolin- 
ium methyl sulphate being obtained. The iodide also was prepared 
by means of methy] iodide. 

6-Amino-1-methyl-1 : 2 : 3-benztriazole.—A boiling solution of 6- 
nitro-l-methyl-1 : 2 : 3-benztriazole (2 g.) in alcohol (15 c.c,) was 
treated with small portions of sodium hydrosulphite until reduction 
was complete. The solution was made just alkaline with concen- 
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trated sodium carbonate solution and extracted with chloroform. 
After removal of the solvent the residue was crystallised from a 
small amount of boiling water (animal charcoal) and then from 
benzene-light petroleum ; 6-amino-1-methyl-1 : 2 : 3-benztriazole was 
thus obtained in colourless plates, m. p. 201° (Found: N, 37-7. 
C,H,N, requires N, 37-9%). This compound (0-5 g.) was dissolved 
in a mixture of absolute alcohol (25 c.c.) and fuming sulphuric acid 
(2 c.c.), the solution heated to boiling, and finely powdered dry 
sodium nitrite (2 g.) added in small portions. Most of the alcohol 
was removed and water (10 ¢.c.) and a slight excess of a saturated 
solution of sodium carbonate were added; chloroform then extracted 
l-methyl-1 : 2: 3-benztriazole, identified by comparison with an 
authentic specimen. 

Methylation of 7-Nitro-5-methyl-1 : 2 : 3-benztriazole.—The triazole 
(3 g.), prepared by Lindemann and Krause’s method (J. pr. Chem., 
1927, 115, 270) from 5-nitro-3 : 4-tolylenediamine (Brady, Day, 
and Reynolds, loc. cit.), was dissolved in N/2-sodium hydroxide 
(400 c.c.) and treated with methyl sulphate (10 c.c.). The solid 
which separated, on fractional crystallisation from alcohol and 
benzene alternately, gave 7-nitro-] : 5-dimethyl-1 : 2 : 3-benztri- 
azole, identified with the compound prepared by Pinnow (J. pr. 
Chem., 1901, 63, 360), and a larger amount of 7-nitro-3 : 5-dimethyl- 
1 : 2 : 3-benztriazole, which formed pale brown needles, m. p. 196° 
(Found: N, 29-2. C,H,O,N, requires N, 29-2%). 

7-Amino-3 : 5-dimethyl-1 : 2 : 3-benztriazole, prepared from the 
corresponding nitro-derivative by reduction with sodium hydro- 
sulphite as above, formed colourless plates, m. p. 190° (Found : 
N, 34-6. C,H,,N, requires N, 346%). Removal of the amino- 
group as before gave 3 : 5-dimethyl-1 : 2 : 3-benztriazole. 

Action of Methyl Sulphate on 7-Nitro-5-methyl-1 : 2 : 3-benziri- 
azole and on 7-Nitro-3 : 5-dimethyl-1 : 2 : 3-benztriazole.—7-Nitro - 5 - 
methyl-1 : 2 : 3-benztriazole (2 g.) was heated on the water-bath 
for 10 minutes with methyl sulphate (10 c.c.), and the mixture 
poured into ether. The precipitated methyl sulphate, which could 
not be induced to crystallise, was converted into the chloride 
(compare 6-nitro-1 : 3-dimethyl-1 : 2 : 3-benztriazolinium methyl 
sulphate). The chloride gave only 7-nitro-1 : 5-dimethyl-1 : 2 : 3- 
benztriazole when heated. 17-Nitro-3 : 5-dimethyl-1 : 2 : 3-benztri- 
azole and methyl sulphate also gave an uncrystallisable methyl 
sulphate, which was converted, through the chloride, into 7-nitro- 
1 : 5-dimethyl-1 : 2 : 3-benztriazole. 

Tue RautpH Forster LABORATORIES OF ORGANIC CHEMISTRY, 

Untversity CoLLeGe, LONDON. [ Received, June 3rd, 1930.] 
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CCCLV.—The Optically Active Diphenylhydroxyethyl- 
amines and isoHydrobenzoins. Part IV. Di-p- 
methoxyphenylhydroxyethylamine and Di-3:4- 
methylenedioxy phenylhydroxyethylamine. 


By Joun Reap and IsHBEL GRACE MACNAUGHTON CAMPBELL. 


In continuing an investigation of «$-amino-alcohols of the type 
Ar-CH(OH)-CH(NH,):Ar and certain derived substances (J., 1927, 
910; 1929, 2305; this vol., p. 2377), we have studied two such bases 
obtained by condensing glycine with anisaldehyde and piperonal, 
respectively (compare Erlenmeyer, Annalen, 1899, 307, 70; 1904, 
337, 232). 

The resulting dl-di-p-methoxyphenylhydroxyethylamine and 
dl-di-3 : 4-methylenedioxyphenylhydroxyethylamine were resolved 
into optically active components by fractionally crystallising the 
hydrogen d-tartrates, and in each instance the diastereoisomeride of 
the form dA/B proved to be the less soluble. In the case of di- 
3 : 4-methylenedioxyphenylhydroxyethylamine, the more soluble 
salt, dAdB, was also isolated in a state of purity. 

The following summary affords an interesting comparison of 
the physical properties of bases of the type Ar-CH(OH)-CH(NH,)-Ar 
which we have now investigated; the values of [«]), which were 
observed in absolute alcohol for the free bases and in water for their 
hydrochlorides, indicate a decided enhancement of the rotatory 
power as a result of substitution in the aromatic nuclei : 


M. p. of base : Hydrochloride : 
Ar. dl-. d-orl-. [a]p of base. [a]p. [M]p. 
Cabbg crevecccscaiccceveveones 163° 143 + 10-0° +69°3° +173° 
C,H, (iso-base) ......... 129—130 115 — 133-0 —83:7 —209 
p-MeO-C,H,  «.......... 135-5 111—112 —150-0 —99-0  —307 
(3: 4) CHCO>CoHs 159 164 —196-0 —1310 —442 


From their close structural relationship to the diphenylhydroxy- 
ethylamines, it was anticipated that the two substituted bases would 
yield the hydroanisoins and hydropiperoins, respectively, when 
treated with nitrous acid. Up to the present, the reaction has been 
applied only to J-di-p-methoxyphenylhydroxyethylamine. The 
yield of crystalline material (30°) was in this case about three times 
as great as from the optically active isodiphenylhydroxyethy]- 
amines, and since the substance was optically inactive it was at first 
supposed to be internally compensated hydroanisoin. Analysis, 
however, pointed to the replacement of the amino-group by hydroxy], 
followed by elimination of water, rather than to formation of the 
expected glycol. The properties of the substance (m. p. 142—143°) 





- —_— ap ae Ase Co C2 ace otf Gi en eos Ge. oe 


ethyl- 
Di-p- 
1-3:4. 


BELL, 


1927, 
| bases 
ronal, 

1904, 


and 
solved 
g the 
ide of 
of di- 
yluble 


mn of 
[)Ar 
were 
their 
atory 


de: 
lb. 


173 
209 
307 
42 


OXY- 
ould 
yhen 
een 
The 


mes 
hyl- 
first 
sis, 
xyl, 
the 














DIPHENYLHYDROXYETHYLAMINES, ETC. PART IV. 2675 





were distinct from those of either deoxyanisoin (m. p. 108—109°) or 
di-p-methoxydiphenylacetaldehyde (m. p. 104—105°) (Annalen, 
1869, 151, 40; Ber., 1907, 40, 1803; Bull. Soc. chim., 1923, 33, 
1832); moreover, it showed no ability to form an oxime or a semi- 
carbazone. It appears, therefore, to be a substituted ethylene 
oxide, i.e., either «$-di-p-methoxyphenylethylene oxide or a poly- 
meric form of this substance. The melting point is 101° higher than 
that of cis-«8-diphenylethylene oxide (m. p. 42°; this vol., p. 2381) 
and the substance is unaffected by hot dilute acid or alkali or by 
cold concentrated sulphuric acid (compare Meerwein, Annalen, 1913, 
396, 200). The compound thus showed no tendency to isomerise to 
the aldehyde or ketone, as observed in the case of methylphenyl- 
ethylene oxide by Venus-Danilova (J. Russ. Phys. Chem. Soc., 1929, 
61, 1479; compare Tiffeneau and Lévy, Bull. Soc. chim., 1926, 39, 
763); its stability is even greater than that of the «$-diphenyl- 
ethylene oxides, which resist hydrolysis by dilute acid and resinify 
in contact with cold concentrated sulphuric acid (Béeseken and 
Elsen, Rec. trav. chim., 1928, 47, 694). Although the melting point 
and stability of the supposed oxide pointed to the possibility of 
polymerisation having occurred, the molecular weight in benzene 
was in agreement with the unimolecular formula. Since, further, 
the substance was optically inactive, even when produced by two 
distinct methods from an optically active base (vide infra), we 
regard it as the symmetrical cis-«$-di-p-methoxyphenylethylene 
oxide, 
MeO-C,H, CH, OMe 
ia 

This constitution is supported by the observation that the 
same substance results when dl- or J-di-p-methoxyphenylhydroxy- 
ethyltrimethylammonium iodide is heated with silver oxide and 
water (Ber., 1910, 43, 885; this vol., p. 2381). 

Substituted ethylene oxides have occasionally been obtained by 
the action of mild dehydrating agents, such as mineral acids, on the 
corresponding glycols, but in such cases the oxide generally appears 
to be dimeric (see, for example, Limpricht and Schwanert, Annalen, 
1871, 160, 192; Breuer and Zincke, Annalen, 1879, 198, 155; 
Lévy, Bull. Soc. chim., 1921, 29, 827; McKenzie and Roger, J., 
1924, 125, 2149). The formation of unimolecular oxides by the 
action of perbenzoic acid on the corresponding ethylenic compounds 
in chloroform has been studied by Prilejaieff and by Tiffeneau 
(Compt. rend., 1924, 179, 979). No unimolecular oxides have been 
isolated by Tiffeneau, McKenzie, and their collaborators, either in 
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the dehydration of glycols of the type R’R’C(OH)-CH(OH)R or in 
deaminations of amino-alcohols of the type RRC(OH)-CH(NH,)R 
(t.e., semipinacolinic deaminations) or RRC(OQH)-CH,°NH, (in both 
of which R may vary; see McKenzie and Lesslie, Ber., 1929, 62, 
289). It appears that little attention has been devoted to amino- 
alcohols of the type now under notice, 7.e., RCH(OH)-CH(NH,)R, 
but it is possible that a dimeric oxide is produced in the deamination 
of the diphenylhydroxyethylamines (this vol., p. 2381). The 
possibility of the existence of such oxides as an intermediate phase 
in the dehydration of /-«-l-naphthyl-$8-dibenzylethylene glycol, 
(CH,Ph),C(OH)-CH(OH)-C,,H,, and of d-a«-phenyl-88-dibenzyl- 
ethylene glycol, (CH,Ph),C(OH)-CH(OH)Ph, when optically active 
ketones are formed, has been discussed by McKenzie and Roger 
(Ber., 1929, 62, 272). Further, McKenzie and Lesslie (loc. cit.) 
consider that there is no evidence indicating the intermediate 
formation of an oxide during the deamination of the optically 
active amino-alcohols which they have studied; it has also been 
pointed out by McKenzie and Wills (J., 1925, 127, 284) that Paal 
and Weidenkaff (Ber., 1906, 39, 2062) were unjustified in claiming 
that as-diphenylethylene oxide is formed in the deamination of 
6-amino-««-diphenylethanol. 

The formation of an oxide by the direct action of nitrous acid on 
di-p-methoxyphenylhydroxyethylamine is thus novel and of some 
theoretical significance. It is remarkable that an optically active 
base should furnish an inactive oxide, both in this way and through 
the corresponding quaternary ammonium hydroxide. It is hoped 
to prepare the corresponding trans-oxide from the stereoisomeride of 
the above base which will perhaps be obtained by reducing anisoin- 
oxime with sodium amalgam. 

The oily product which is formed, together with the crystalline 
oxide, in the reaction between di-p-methoxyphenylhydroxyeihy]- 
amine and nitrous acid appears to contain some hydroanisoin, but 
it has not yet been fully examined. 


EXPERIMENTAL. 

Synthesis of Di-p-methoxyphenylhydroxyethylamine.—Aminoacetic 
acid (37 g.) was dissolved in water (200 c.c.) and mixed with anis- 
aldehyde (196 g. or 175 c.c.) and methylated spirit (200 ¢.c.). A 
solution of sodium hydroxide (40 g. in 200 c.c. of water) was added, 
and the mixture kept at 50° for 10 hours. The resulting crystalline 
material (30 g.) was washed several times with cold water and once 
with methylated spirit ; upon recrystallisation from absolute alcohol, 
anisylidene - dl -di-p-methoxyphenylhydroxyethylamine formed fine 
colourless needles, m. p. 116° (Found: C, 73-2; H, 6-4. C,,H,,0,N 
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requires C, 73-6; H, 6.4%). The substance (20 g.) was hydrolysed 
by heating it on the water-bath for several hours with 2N-hydro- 
chloric acid (500 c.c.). Anisaldehyde separated on cooling and was 
removed with ether. The aqueous layer was freed from ether and 
treated with ammonia in excess: the ensuing precipitate of dl- 
di-p-methoxyphenylhydroxyethylamine (10-1 g.; 75% yield) formed 
glistening prisms, m. p. 135-5°, when recrystallised from alcohol. 
The chloroplatinate separated from dilute hydrochloric acid in bright 
yellow leaflets, m. p. 171° (decomp.) [Found : Pt, 20-4. 
(CygHg03N)2,H,PtCl, 

requires Pt, 20-4%]. 

The monoacetyl derivative was prepared by adding acetic anhy- 
dride (0-4 c.c.) to a hot solution of the base (1 g.) in ethyl acetate ; 
long fine needles separated over-night, and after recrystallisation 
from the same solvent melted at 145—147° (Found: C, 68-3; H, 
6-8. C,gH,,0,N requires C, 68-6; H, 6-7%). The diacetyl deriv- 
ative was formed by boiling a solution of the base (1 g.) in acetic 
anhydride (10 c.c.) for 10 minutes; it crystallised from acetone in 
colourless prisms, m. p. 169—171° (Found: C, 67-0; H, 6-5. 
C.,H,,0,N requires C, 67-2; H, 6-5%). The benzylidene derivative, 
prepared by adding a slight excess of benzaldehyde to a solution of 
the base in hot alcohol, separated from absolute alcohol in colourless 
needles, m. p. 125—126° (Found: C, 76-0; H, 6-5. C,,;H,,0,N 
requires C, 76-4; H, 64%). The salicylidene derivative formed 
pale yellow needles, m. p. 134—135°. 

Optical Resolution of dl-Di-p-methoxyphenylhydroxyethylamine.— 
d-«-Bromocamphor-z-sulphonic acid, d-camphor-10-sulphonic acid, 
and d-oxymethylenecamphor all yielded vitreous and very soluble 
products when brought into reaction with the base; also, the 
hydrogen d-tartrate of the base was obtained from absolute alcohol 
as a syrup. Resolution was ultimately achieved through the last- 
named salt in the following way. 

dl-Di-p-methoxyphenylhydroxyethylamine (40 g.), dissolved in 
hot ethyl acetate (300 c.c.), was mixed with a solution of d-tartaric 
acid (22-4 g.; 1 mol.) in hot methylated spirit. The crystalline 
separation which resulted upon cooling had «) — 0-43°, [«], — 21-0° 
(c 1-0250, water) *; after two recrystallisations from moist acetone 
this material yielded pure 1|-di-p-methoxyphenylhydroxyethylamine 
hydrogen d-tartrate (19-9 g.) in plates, m. p. 110—111°, a) — 1-42°, 
[a], — 66-7, [M], — 294° (c 10645, water). The salt crystallised 
with one molecule of water (Found for the air-dried salt : C, 54-3; 
H, 6-1. CgH,,O,N,H,O requires C, 544; H, 62%). U-Di-p 

* All the values of a recorded in this paper were observed in a 2-dem. tube 
at the ordinary temperature (about 15°). 
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methoxyphenyihydroxyethylamine, obtained by adding ammonia 
to an aqueous solution of this salt, crystallised from absolute alcohol 
in needles, m. p. 111—112°, a) — 2-87°, [«]» — 150° (c 0-9520, 
absolute alcohol). Owing to its pronounced solubility, the salt 
dAdB could not be obtained pure, but a fraction from the mother- 
liquors having [«], -+ 35-6° (water) yielded an optically impure 
dextro-base having «, + 1-18°, [«]» + 58-4° (c 1-0110, absolute 
alcohol). 

The hydrochloride, crystallised from ethyl acetate, had m. p. 
188—190°, «, — 1-15°, [x], — 99-0°, [MM], — 307° (c 0-5805, water). 
The monoacetyl derivative separated from ethyl acetate in needles, 
m. p. 128—129°, a) —0-17°, [«]p — 169° (c 0-5025, absolute 
alcohol) (Found: C, 68-3; H, 6-8. C,,H,,0,N requires C, 68-6; 
H, 67%). The diacetyl derivative crystallised in prisms from 
aqueous acetone and had m. p. 160—161°, «, + 1-04°, [«], + 44-6° 
(c 1-1650, absolute alcohol) (Found: C, 67-0; H, 6-5. Cy 9H,,0;N 
requires C, 67-2; H, 6-5%). The benzylidene derivative crystallised 
from alcohol in fine colourless needles, m. p. 136°, «, — 0-89°, 
[a]» — 88-1° (c 0-5050, absolute alcohol) (Found: C, 76-0; H, 6-5. 
Cy3H,,0,N requires C, 76-4; H, 6-4%). The d- and /-camphor- 
10-sulphonates of the /-base proved to be vitreous substances, but 
when kept for 2 months in a desiccator the salt dAIB crystallised ; 
when recrystallised from ethyl acetate, it formed colourless needles, 
m. p. 163°, [«]» — 76-9° (c 1-0, water). This pure salt was used to 
seed the mixture of diastereoisomerides obtained from the dl-base, 
but no crystallisation could be induced. 

Action of Nitrous Acid on 1-Di-p-methoxyphenylhydroxyethyl- 
amine.—A solution of the pure /-base (5 g.) in the calculated quantity 
of N-sulphuric acid (18-3 c.c.) was diluted with water (50 c.c.) and 
cooled in ice. After titration with sodium nitrite (1-26 g. in 50 c.c. 
of water; 1 mol.), the solution was kept in ice for 4 hour; JN- 
sulphuric acid (36-6 c.c.; 2 mols.) was added and the liquid was 
heated on the water-bath for 2 hours and boiled under reflux for 
4 hour. The oily layer was separated and dissolved in ether, and 
the aqueous layer was kept over-night. Crystalline material (0-3 g.) 
separated from the aqueous layer, and the oil (2-7 g.) gave a further 
yield (1 g.) of the same material, m. p. 135—140°, on treatment with 
ether and light petroleum. The combined fractions, when re- 
crystallised from absolute alcohol, yielded colourless needles, m. p. 
142—143°, which exhibited no optical activity when dissolved in 
acetone (c 2:2) (Found: C, 74:3; H, 5-9. C,,H,,0, requires C, 
70-0; H, 6-6. C,,H,,0, requires C, 75:0; H, 63%). This 
substance was regained unchanged when boiled for 3 hours with 
7-5% sulphuric acid or 8% sodium hydroxide solution, and it was 
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even unaffected when left in contact with cold concentrated sulphuric 
acid for 6 hours. 

The dark brown, partly crystalline syrup (10 g.) obtained as a 
by-product in a series of such preparations yielded a further fraction 
(1-5 g.) of the above substance, m. p. 142—143°, when treated with 
acetic anhydride. The filtrate was boiled for 5 minutes and poured 
into water; no crystalline material was formed, but the resulting 
oil appeared to contain about 20% of hydroanisoin in the form of di- 
acetate (Found: CH,-CO, 4-9. Calc. for C,,.H,,0,(CO-CH5), : CH,°CO, 
24-0%]. 

Synthesis of «8-Di-p-methoxyphenylethylene Oxide.—A more drastic 
method of methylation than the treatment described by Rabe and 
Hallensleben (Ber., 1910, 43, 885) for the diphenylhydroxyethyl- 
amines was found to be necessary in preparing the quaternary 
ammonium iodides of di- and [-di-p-methoxyphenylhydroxyethyl- 
amine. Satisfactory results were eventually obtained by applying 
Wallach’s method of methylating bases (Annalen, 1898, 300, 284). 

(1) A solution of the dl-base (20 g.) in dry methyl alcohol (75 c.c.) 
was boiled under reflux for an hour with methyl iodide (6-75 c.c. ; 
1-5 mols.); the mixture was then warmed on the water-bath for 10 
minutes with an atomic proportion of sodium (1-7 g.) dissolved in a 
little dry methyl alcohol. The whole treatment was repeated, and 
finally the mixture was boiled gently for an hour after the addition 
of a third quantity (6-75 c.c.) of methyl iodide. The heavy, dark 
yellow syrup obtained by distilling off the methyl alcohol was 
stirred with a little cold water in order to remove sodium iodide ; 
the residual] material upon treatment with absolute alcohol deposited 
hard glistening prisms of dl-di-p-methoxyphenylhydroxyethyltri- 
methylammonium iodide, m. p. 155° (decomp.) (Found: I, by ti- 
tration, 28-1. Cj, gH,g0,NI requires I, 28-7%). 

The heavy syrup (20 g.) obtained in the last reaction was boiled 
under reflux with water and its own weight of freshly precipitated 
silver oxide for 2 hours. Trimethylamine was evolved. The 
reaction mixture was cooled, acidified, and extracted with ether. 
The semicrystalline mass (5-5 g.) deposited from the ether yielded 
wholly crystalline material (2-5 g.) upon further treatment with 
ether and light petroleum. A solution of this product in absolute 
alcohol deposited glistening leaflets, m. p. 142—143° (Found : 
C, 74-7; H, 6-1. C,,H,,0, requires C, 75-0; H,6-3%). There was 
no depression of melting point on mixing this compound with the 
substance obtained by the action of nitrous acid on the I-base, 
although the two specimens showed distinctive erystalline forms. 
On vecrystallising the needles obtained in the first reaction, and 
seeding the cooling solution with leaflets from the second reaction, 
4x 











2680 READ AND CAMPBELL: THE OPTICALLY ACTIVE 


a crop of leaflets separated. The converse recrystallisation was also 
carried out, so that needles were obtained on seeding a specimen 
resulting from the second reaction. The two preparations were 
thus chemically identical, although dimorphous. 

(2) The J-base (10 g.) was converted into the quaternary ammon- 
ium iodide by the method described above. The crude product 
(14-4 g.) separated from absolute alcohol in well-defined colourless 
prisms, m. p. 145° (decomp.), «) — 1-07°, [«]o — 34-6° (c 1-5475, 
methyl alcohol). When treated with silver oxide and hot water, 
the iodide (10 g.) gave an optically inactive, semi-crystalline syrup 
(2-8 g.), which yielded glistening leaflets (1-0 g.), m. p. 142—143°, 
when recrystallised from absolute alcohol. This substance was 
optically inactive in solution and identical with the substance 
formed by the action of (a) nitrous acid on dl-di-p-methoxypheny]- 
hydroxyethylamine, and (b) silver oxide and hot water on the di- 
quaternary ammonium iodide. 

The oxide was found to be unimolecular in benzene solution 
(Found: M, 257, 245, 258. C,,H,,0, requires M, 256). 

Synthesis of dl-Di-3 : 4-methylenedioxyphenylhydroxyethylamine.— 
A condensation conducted as above, in which piperonal was used in 
place of anisaldehyde and the temperature was kept at 60°, readily 
yielded a crystalline deposit of piperonylidene-dl-di-3 : 4-methylene- 
dioxyphenylhydroxyethylamine ; this substance separated from ethyl 
acetate in pale yellow needles, m. p. 177° (Found : C, 67-8; H, 4:5. 
C,,H,,0,N requires C, 68:1; H, 45%). The hydrolysis was first 
attempted by the same method as before, but a yield of only 70% of 
impure base resulted, and the large excess of acid led to the formation 
of a dark brown oily by-product which was insoluble in ether. On 
reducing the volume of acid to the calculated quantity, a yield of 
85% of a purer base was obtained. A partial hydrolysis was also 
effected by suspending the piperonylidene derivative in warm 
rectified spirit and adding bromine (1 mol.). The alcohol was 
evaporated from the clear colourless solution, and the hydrobromide 
of the base was extracted from the residue with hot water; the 
addition of aqueous ammonia to this solution gave a yield of 60% 
of the base. The brown oily by-product was possibly a brominated 
piperonal. When decolourised in absolute alcohol with animal 
charcoal and recrystallised from ethyl acetate, the base formed 
colourless prisms, m. p. 159°. The chloroplatinate separated from 
dilute hydrochloric acid in deep yellow leaflets, m. p. 184° (decomp.) 
[Found: Pt, 19-4. (C,,H,,0;N),,H,PtCl, requires Pt, 19-3%]. 

Optical Resolution of dl-Di-3 : 4-methylenedioxyphenylhydroxy- 
ethylamine.—Upon mixing molecular proportions of the dl-base and 
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d-tartaric acid, dissolved separately in warm methylated spirit, a 
crystalline separation occurred at once, and further crystalline 
material was obtained upon concentrating the mother-liquor. The 
first three fractions had [a], — 40-0°, + 81-2°, and + 67-0° (c 1-0, 
water), respectively. Five recrystallisations of the first fraction 
from aqueous acetone furnished pure 1-di-3 : 4-methylenedioxy- 
phenylhydroxyethylamine hydrogen d-tartrate in fine silky needles, 
m. p. 208° (decomp.), %» — 2-28°, [a]) — 104-2°, [M], — 470° 
(c 1-0930, water) (Found: C, 53-1; H, 46. C,)H,,0,,N requires 
C, 53-2; H, 4-7%). By recrystallising the combined second and 
third fractions six times from aqueous acetone, pure d-di-3 : 4- 
methylenedioxyphenylhydroxyethylamine hydrogen d-tartrate was 
obtained in minute leaflets, m. p. 145°, «) + 1-80°, [«], + 117-1°, 
[M]p + 549° (c 0-7680, water) (Found: C, 51-4; H, 5-0. 
Cy9H;0,,N,H,0 

requires C, 51-2; H, 4:9%%). The free, optically active bases were 
obtained by decomposing hot aqueous solutions of these diastereo- 
isomeric salts with ammonia: /-di-3 : 4-methylenedioxyphenyl- 
hydroxyethylamine had m. p. 164°, «, — 2-87°, [a], — 196° (c 
0-7320, absolute alcohol); the d-base had m. p. 164°, «, + 1-79°, 
[aJp + 196° (c 0-4575, absolute alcohol). From 20 g. of the dl-base, 
3-9 g. of the /-base and 1-9 g. of the d-base were obtained, correspond- 
ing, respectively, to 39°% and 19% of the calculated yields. The 
diacetyl derivative of the l-base crystallised from ethyl acetate in 
needles, m. p. 222—224° (decomp.), a) — 0-22°, [a]p — 38-5° (c 
02850, absolute alcohol) (Found: C, 62-6; H, 5-0. C,)9H,,0,N 
requires C, 62-3; H,5-0%). The hydrochloride of the /-base formed 
a vitreous mass when obtained from aqueous solution by evapor- 
ation; it gave a, — 3-06°, [a], — 131°, [M], — 442° (ec 1-1690, 
water). 


We have pleasure in expressing our acknowledgments to the 
Carnegie Trust for a Fellowship awarded to one of us (I. G. M. C.), 
and to Imperial Chemical Industries for a grant which has helped to 
defray the cost of this investigation. 
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CCCLVI.—The Optically Actice Diphenylhydroxyethyl- 
amines and isoHydrobenzoins. Part V. B-Hydr- 
oxy-B-phenylethylamine and Some Derivatives. 


By Joun Reap and IsHpeit Grace MacNauGHTon CAMPBELL. 


Ko.3sHorn (Ber., 1904, 37, 2483) showed that $-hydroxy-f-phenyl- 
ethylamine was formed on reducing isonitrosoacetophenone, and 
more recently it has been obtained by Read and Reid (J., 1928, 
1487) in the course of an examination of the action of bromine water 
on styrene. From the work detailed below, it is evident that the 
latter reaction offers a convenient method for the preparation of the 
substance in quantity. Among the crystalline derivatives now 
described are the d-methylenecamphor derivative and the d-camphor- 
10-sulphonate, both of which are well-defined, partly racemic 
compounds. The d-base, obtained from the dl-base by fractionally 
erystallising the normal d-tartrate, reacts with methyl iodide to 
form a characteristic dextrorotatory quaternary ammonium iodide, 
m. p. 223—224°; this, in turn, reacts with silver oxide and water to 
yield a dextrorotatory oil, which appears to consist mainly of 
d-phenylethylene oxide, ae Pi) or a polymeride thereof. The 
molecule of this substance is interesting as an example of a very 
simple cyclic structure containing a formally asymmetric carbon 
atom; the observed rotatory power, [«], -+ 28-9° (alcohol), is less 
than one-tenth that of trans-«8-diphenylethylene oxide (this vol., 
p. 2383). Acetophenone was also formed in this reaction, and 
possibly some phenylethylene glycol; so that the smooth and almost 
quantitative conversion into the substituted ethylene oxide shown 
by the diphenylhydroxyethyltrimethylammonium iodides (loc. cit.) 
does not obtain in this instance. The action of nitrous acid on the 
d-base has not been examined. 


EXPEBIMENTAL. 
dl-8-Hydroxy-p-phenylethylamine.—Styrene (40 g.) freshly pre- 
pared from cinnamic acid (‘‘ Organic Syntheses,” 1928, 8, 84) was 
converted into crude $-hydroxy-8-phenylethyl bromide (78-5 g.) by 
treatment with bromine water at about 90° (Read and Reid, J., 
1928, 1488). When shaken with concentrated aqueous ammonia 
(loc. cit.),* material (200 g.; mii’ 1-5800) obtained in this way 


* From the oily by-product formed in this reaction (Read and Reid, loc. cit.) 
we isolated, by partial distillation under diminished pressure, small amounts of 
crystalline styrene dibromide (m. p. 75°) and an unidentified base. These 
substances occurred in the residue, and the latter crystallised from alcohol in 
pale yellow, iridescent leaflets, m. p. 191—193° (Found: C, 82-2; H, 5:4; 
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yielded a syrupy base (35 g.); after remaining for several days in a 
desiccator, the syrup deposited long transparent needles, m. p. 
44—-45°, which appeared to consist of a mixture of d/-§-hydroxy- 
-phenylethylcarbamate, 
Ph:CH(OH)-CH,-NH-CO-0-NH,°CH,°CH(OH)Ph, 

and the free base [Found: C, 65-5; H, 8-2. C,,H .0,N, requires 
C, 641; H, 7-°0%. ©C,H,,ON requires C, 70-0; H, 81%. 
(CsH,,ON),,H,CO, requires C, 61:1; H, 7:1%]. The crystals 
gradually became opaque when exposed to the air, and after a week 
the melting point had risen to 115°. Carbon dioxide was liberated 
when acid was added to the crystalline preparations, vigorous 
effervescence occurring with specimens which had been left open to 
the air for several days. The hydrochloride (compare Beilstein’s 
“Handbuch der organischen Chemie,” 4th edn., XIII, 629), pre- 
pared from crystalline material of this kind, separated from acetone— 
ethyl acetate in needles, m. p. 213° (decomp.) (Found, by titration : 
Cl, 20-3. Cale. for C,H,,ON,HCl: Cl, 20-4%). The benzoyl 
derivative crystallised from alcohol in glistening leaflets, m. p. 148° 
(compare Ber., 1904, 37, 2483; J., 1928, 1489) (Found: C, 74-2; 
H, 6-2. Cale.: C, 74:6; H, 63%). The benzylidene derivative 
was deposited from alcohol in fine needles, m. p. 111—112° (Found : 
C, 79-5; H, 6-6. C,;H,,ON requires C, 80-0; H, 6-7%). 

dl-8-Hydroxy-8-phenylethylamino-d-methylenecamphor, when pre- 
pared and purified in the usual way, separated from ether-—light 
petroleum ir. colourless needles, m. p. 106—108°, «, -+- 485°, [«], 
-+ 230° (c 1-0550, absolute alcohol) *; the rotatory power remained 
unaltered after six successive recrystallisations of the substance 
(Found: C, 76-0; H, 8-5. OC, ,H,,O,N requires C, 76-3; H, 8:3%). 
When dissolved in rectified spirit and treated with bromine, it 
reacted normally, yielding bromo-oxymethylenecamphor and the 
hydrobromide of the base; the latter was syrupy and optically 
inactive in aqueous solution. 

dl-8-Hydroay-B-phenylethylamine d-camphor-10-sulphonate crystal- 
lised from ethyl acetate in colourless needles, m. p. 125—126°, «, 
+0:29°, [a]p -+- 143°, [MM], + 52°8° (ce 1-:0090, water). The ro- 








N, 11-8. C,H,N requires C, 82-0; H, 6-0; N, 120%). A similar oily by- 
product from a specimen of styrene containing cinnamyl alcohol yielded 
another unidentified basic substance; this was insoluble in ether, and it separ- 
ated from water in small colourless needles, m. p. 192° (Found: C, 59-7; 
H, 6-6; N, 15-2. C,H,,0,N, requires C, 60-0; H, 6-7; N, 15-6%). It may 
be noted here that the specimen of styrene used by Read and Reid, b. p. 
80—83°, was distilled at 70 mm., and not at atmospheric pressure, as might be 
inferred from the footnote on p. 1488 (loc. cit.). 

* In all these observations, /=2,c¢ = grams dissolved in 100 c.c. of solution, 
t = 15°, approximately. 
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tatory power of this salt remained unaltered throughout six fractional 
recrystallisations, and the base regenerated from the final fraction 
was optically inactive; the salt is therefore partly racemic (Found : 
C, 58-4; H, 7-4. C,,H,,0;NS requires C, 58-5; H, 7-4%). 

Optical Resolution of dl-§-Hydroxy-$-phenylethylamine.—The 
hydrogen d-tartrate formed a thick syrup, which could not be in- 
duced to crystallise. Upon mixing hot alcoholic solutions of the 
syrupy dl-base (40 g.; 2 mols.) and d-tartaric acid (21-6 g.), a 
crystalline fraction of the normal d-tartrate (34-5 g.) was readily 
obtained, having [«], -+ 24-6° (c 1-0, water). Four recrystallisations 
of this fraction from aqueous acetone yielded pure d-f-hydroxy- 
B-phenylethylamine d-tartrate in long silky needles, m. p. 210°, a 
+ 0-89°, [«]p + 46-1°, [M]) + 195° (c 0-9650, water) (Found: 
C, 56-6; H, 6-6. C,,H,,0,N, requires C, 56-6; H, 6-7%). 

The d-base was liberated by adding strong aqueous potassium 
hydroxide to a concentrated aqueous solution of the above salt. 
The chloroform extract crystallised slowly after removal of the 
solvent, and the resulting long needles, after drying upon porous 
plate over potassium hydroxide in a vacuum desiccator, had m. p. 
67°, a» + 1-00°, [«], + 28-3° (c 1-7655, absolute alcohol); analysis 
indicated that these crystals, like those of the dl-base (vide supra), 
consisted of carbamate mixed with the free base (Found: C, 65-4; 
H, 83%). The yield of d-base obtained from 120 g. of the syrupy 
dl-base was 12-2 g. 

d-6-Hydroxy-8-phenylethyltrimethylammonium Iodide.—A solution 
of the above d-base (10 g.) in a little dry methyl alcohol was treated 
with methyl iodide and sodium methoxide in the manner described 
in an earlier paper (this vol., p. 2679). The quaternary ammonium 
iodide (80% yield) crystallised from hot water in long colourless 
needles, m. p. 223—224°, a, + 0-15°, [a], + 4:5° (c 16725, methyl 
alcohol) (Found, by titration: I, 41-1. C,,H,,ONI requires I, 
41:3%). When steam-distilled with freshly prepared silver oxide 
(20 g.), the iodide (15 g.) yielded only a small quantity (0-6 g.) of a 
volatile oil; since this had njj* 1-5295 and gave a semicarbazone, 
m. p. 193°, it contained acetophenone (Ber., 1901, 34, 1797; 1907, 
40, 482). The residual non-volatile oil was distilled from a bath at 
200° under a pressure of 0-5—1-0 mm.; the distillate (3 g.) consisted 
of a brownish-yellow oil, with njj* 1-5687 and [a], + 24-9° (c 2-5, 
absolute alcohol). Redistillation under similar conditions yielded a 
pale yellow, limpid oil (2 g.) with nj* 1-5572, a) + 1-61°, [a], 
+ 28-9° (c 27790, absolute alcohol), and «) + 2-32°, [a], + 36-4° 
(c 3-1815, benzene) (Found: C, 77-2; H, 6-9. C,H,O requires C, 
80-0; H, 6-7%. C,H, 0, requires C, 69-5; H,7-3%). The oil had 
a pronounced aromatic odour, and it was practically unaffected by 
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prolonged treatment with a hot concentrated solution of sodium 
bisulphite; thus, it appeared to consist mainly of d-phenylethylene 
oxide, or a polymeric form of this substance, possibly mixed with 
a little phenylethylene glycol (Found: M, by Rast’s method, 182, 
191. C,H,O requires M, 120. C,H, 0, requires M, 138). 


We express our thanks to the Carnegie Trust for a Fellowship 
awarded to one of us (I. G. M. C.) and to Imperial Chemical Industries 
for a grant which has helped to defray the cost of this research. 
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CCCLVII.—The Amino-1-methylbenzoxazoles and their 
Conversion into the Arsinic Acids of o-Aminophenol. 


By MontaGuE ALEXANDRA PHILLIPS. 


5-AMINO-1-METHYLBENZOXAZOLE has been described by Newbery 
and Phillips (J., 1928, 122). The three other possible amino-1- 
methylbenzoxazoles have now been prepared and their conversion 
into the corresponding o-aminophenylarsinic acids has been 
investigated. 

The benzoxazoles in general are very unstable to hydrolytic 
agents and the methods employed for the formation of the benz- 
isooxazine system (Newbery, Phillips and Stickings, J., 1928, 
3051) or for the benziminazole system (Phillips, J., 1928, 172, 2393, 
3134; 1929, 2820) were generally inapplicable. o-Acetamidophenol 
gave a small quantity of 1-methylbenzoxazole on treatment with 
hot dilute alkali or mineral acid but was mainly converted into 
o-aminophenol, and under similar conditions acyl and diacyl nitro- 
o-aminophenols were completely hydrolysed. 

Good yields of the nitro-l-methylbenzoxazoles were, however, 
obtained by distillation under reduced pressure of the nitroacet- 
amido- or, better, of the nitrodiacetamido-phenols (compare F.P. 
575663). In the same way, small yields of 4-acetamido-1-methyl- 
benzoxazole were obtained from 4-amino-2-acetamido- and 2 : 4-di- 
acetamido-phenol. The amino-derivatives are, however, best 
prepared by reduction of the nitro-compounds. 

The nitro-1-methylbenzoxazoles are very unstable to cold mineral 
acids or cold caustic alkalis; the 5- and the 7-nitro-derivative are 
hydrolysed even by hot water. The 4- and the 6-nitro-compound, 
however, can be crystallised from hot water containing a little 
acetic acid. The amino-compounds are more stable to hot water, 
only the 4-amino-derivative being appreciably decomposed. They 
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are all unstable to warm acids and alkalis. The acetamido-deriv- 
atives are more stable to hydrolytic action than are the amino- 
compounds, but are decomposed readily by warm mineral acids. 
In all cases the products of hydrolysis are derivatives of o-amino- 
phenol : 


R-CH;<NSCMe —> R-C,H,(NH,)-OH. 


The diazo-compounds of the amino-l-methylbenzoxazoles couple 
readily with alkaline resorcinol, giving deep red dyes; only from 
3-amino-1-methylbenzoxazole is a similar product obtained by means 
of alkaline 6-naphthol. 

The instability of the benzoxazole system is well instanced by 
the fact that application of the Bart reaction (even in neutral 
solution) to the amino-compounds gave in every case the corre- 
sponding acetamidohydroxyphenylarsinic acid, no trace of the cyclic 
arsinic acid being found : 


NH,C,H;<p)>CMe —> AsO,H,-C,H,(OH)-NHAc. 


The analogous 5(or 6)-amino-2-methylbenziminazole gave, on 
similar treatment, 2-methylbenziminazole-5(or 6)-arsinic acid (Phil- 
lips, J., 1928, 3136). 

The nitration of 1-methylbenzoxazole is known to give a diffi- 
cultly separable mixture of the 4- and the 5-nitro-derivative in the 
proportion of 1: 4 (Hewitt and King, J., 1926, 822; Newbery and 
Phillips, loc. cit.). The sombilities of the corresponding amino- 
compounds have now been examined and it has been shown that 
in the reduction of the crude nitration product as described by 
Newbery and the author (Joc. cit.) only the 5-isomeride separates and 
that the product of the Bart reaction on this compound was a 
single substance, 4-acetamido-3-hydroxyphenylarsinic acid. 

4-Acetamido-3-hydroxyphenylarsinic acid has also been obtained 
by application of the Bart reaction to 5-amino-2-acetamidophenol ; 
the urethane of 4-amino-3-hydroxyphenylarsinic acid was obtained 
similarly from 5-amino-2-carbethoxyaminophenol (compare Carp- 
mael, B.P. 278,789 of 1927, which anticipated this work). 

Although nitrohydroxyphenylarsinic acids are in general best 
obtained from nitroaminophenols by application of the Bart reaction, 
the method fails with 6-nitro-3-aminophenol. The best method for 
preparing 4-nitro (and 4-amino)-3-hydroxyphenylarsinic acid would 
seem to be that of Balaban (J., 1928, 809). 


EXPERIMENTAL. 


1-Methylbenzoxazole was obtained in 15% yield by treatment of 
o-acetamidophenol (5 g.) with 5N-hydrochloric acid (25 c.c.) for 
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40 minutes at 90°. Addition of sodium acetate and ether-extraction 
of the filtrate from the precipitated o-aminophenol gave the cyclic 
compound. It was similarly obtained by the action of 2N-sodium 
hydroxide on the acetamidophenol for 1 hour at 90°. 

1-Methylbenzoxazole hydrochloride was obtained in quantitative 
yield by dissolving the base in 1 part of acetic anhydride and 
adding ethereal hydrogen chloride in excess. It formed white 
prisms, readily hydrolysed by cold water (Found : N, 8-0; Cl, 20-4. 
C,H,ON,HCi requires N, 8-3; Cl, 20-7%). 

The nitro-l1-methylbenzoxazoles were obtained (yields, 60—80% 
of the theoretical) by distillation at 10—20 mm. of the corresponding 
nitro-acetyl- or -diacetyl-aminophenols. 

3-Nitro-1-methylbenzoxazole crystallised from acetic anhydride in 
white or pale yellow prisms, m. p. 125° (Found: N, 15-5. CgH,g03N, 
requires N, 15-7%). 

4-Nitro-1-methylbenzoxazole formed colourless rhombs, m. p. 154°, 
from the same solvent (Found: N, 15-9%). With alcohol and 
ethereal hydrogen chlicride it formed a hydrochloride, readily dis- 
sociated by water (Found: N, 13-0; Cl, 16-8, C,H,0,N,,HCl 
requires N, 13-1; Cl, 16-5%). 

5-Nitro-1-methylbenzoxazole (Found: N, 15-7%) melts at 151° 
and forms plates from acetic acid or anhydride. The melting 
points of mixtures with the 4-ritro-derivative in the proportions 
of 20, 60, and 80% of the latter are 147°, 138°, and 148°, respectively 
(compare Newbery and Phillips, loc. cit.). Its hydrochloride — 
(Found : N, 13-2; Cl, 16-4%) is hydrolysed readily by water. 

6-Nitro-1-methylbenzoxazole is much more soluble in acetic 
anhydride or acetic acid than its isomerides. It was, therefore, 
purified by redistillation under reduced pressure (colourless needles, 
b. p. 240—250°/18 mm., m. p. 112°. Found: N, 15:8%). It is 
not decomposed by 30% acetic acid and can be crystallised from 
this solvent. 

By treatment of the nitro-compounds with dilute mineral acids or 
caustic alkalis for a short time the corresponding nitroaminophenols 
were obtained in good yield; cold sodium carbonate solution gave 
the N-acetyl derivatives. 

The amino-compounds were generally obtained by reduction of 
the nitro-compounds (10 g.) with iron powder (5 g.) in boiling 10% 
acetic acid (50 c.c.) and separated after neutralisation with ammon- 
ium hydroxide solution, filtration, and concentration. The crude 
mixture of 4- and 5-nitro-l-methylbenzoxazoles obtained by 
nitration of 1-methylbenzoxazole (Newbery and Phillips, loc. cit.) 
thus eae filtration and cooling, a 64°% yield of pure 5-amino-1- 

x 
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methylbenzoxazole, m. p. 147°. This on treatment with boiling 
dilute hydrochloric acid gave a 90%, yield of 2 : 5-diaminophenol 
(isolated as the diacetyl derivative, m. p. 250°. Found: N, 13:3; 
cale., 13-4%). The mother-liquor on concentration gave a mixture 
which on hydrolysis yielded about 15% of 2: 4-diaminophenol 
(acetyl derivative, m. p. 220°. Found: N, 13-6%); alternatively, 
addition of acetic anhydride to the mother-liquor from the reduction 
gave a similar yield of 4-acetamido-1-methylbenzoxazole, m. p. 205° 
(see later). 

After the reduction of 4-nitro-1-methylbenzoxazole it was neces- 
sary to extract the filtered solution with ether in order to obtain 
the very soluble base; alternatively, it could be isolated as the 
dihydrochloride by addition of ethereal hydrogen chloride to the 
dried concentrated ethereal solution. In addition, 4-amino-l- 
methylbenzoxazole was obtained in poor yield by distillation at 
10—20 mm. of 4-amino-2-acetamidophenol. 

3-Amino-1-methylbenzoxazole separated in colourless prisms, m. p. 
67°, from water, in which it is sparingly soluble. It is very soluble 
in ether (Found: N, 18-6. C,H,ON, requires N, 18-9%). 

3-Acetamido-1-methylbenzoxazole (white needles, m. p. 218°, from 
water) can be obtained by addition of acetic anhydride to the base 
or to the filtered solution after reduction of the nitro-compound 
(Found: N, 14-7. C, )H,)0,N, requires N, 14-7%). 

4-Amino-1-methylbenzoxazole differs from its isomerides in its 
greater solubility in water and its consequent rapid hydrolysis by 
this solvent. Purified by distillation, it boils at 160—170°/20 mm. 
and forms colourless plates, m. p. 77—78°, very soluble in chloro- 
form, benzene, ether, the alcohols, and ethyl acetate, and insoluble 
in boiling light petroleum (Found : N, 18-8%). The dihydrochloride 
(Found: N, 12-8; Cl, 32-2. C,H,ON,,2HCl requires N, 12-7; 
Cl, 32-1%) is readily soluble in water. 

4-Acetamido-1-methylbenzoxazole formed stout colourless prisms, 
m. p. 205°, from boiling water (solubility, 1 part in 90) (Found: 
N, 14-6%). 

5-Acetamido-1-methylbenzoxazole, obtained by acetylation of the 
amino-derivative (Newbery and Phillips, loc. cit.), formed a dihydrate, 
m. p. 83° (Found: H,O, 16-4. C,)H,,0O,N,,2H,O requires H,0, 
15-9%). The anhydrous compound crystallised from benzene and 
melted at 120° (Found : N, 144%). 

6-Amino-1-methylbenzoxazole crystallised from boiling water 
(solubility, 1 in 100) in long needles, m. p. 106° (Found : N, 18-8%), 
and its acetyl derivative, m. p. 145—146°, from water or alcohol in 
long colourless needles (Found: N, 14-65%). 

4-Amino-2-acetamidophenol (white plates, m. p. 164°) was 
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obtained by a modification of Balaban’s method (this vol., p. 1686) 
which involved acidification of the filtered reduction mixture with 
sulphur dioxide. No unchanged material was observed and the 
yield was 75% (Found: N, 16-7; cale., 16-9%). On treatment of 
the filtered reduction mixture with acetic anhydride, 2 : 4-diacet- 
amidophenol, m. p. 220°, was obtained (yield, 82%) (Found: N, 
13-4%). 

5-Amino-2-acetamidophenol was obtained by reduction of 5-nitro- 
2-acetamidophenol (10 g.) by means of boiling water (50 c.c.), 
acetic acid (2 c.c.), and iron powder (10 g.). On neutralisation with 
ammonia, filtration, concentration, and addition of excess of con- 
centrated hydrochloric acid the hydrochloride separated (Found : 
N, 13-7; Cl, 17-7. CgH,,0,N,,HCl requires N, 13-8; Cl, 17-5%). 
Acetylation of this compound with acetic anhydride gave an 
excellent yield of 2 : 5-diacetamidophenol, m. p. 260° (from water). 

5-Nitro-2-carbethoxyaminophenol (yellow plates, m. p. 170°, from 
alcohoi or benzene) was obtained in 80% yield from 5-nitro-2-amino- 
phenol, ethyl chlorocarbonate, and sodium hydroxide (Found: N, 
12-5. C,H, ,0;N, requires N, 12-4%). 

5-Amino-2-carbethoxyaminophenol was prepared by adding sodium 
hyposulphite (18 g.) to a solution of the nitro-compound (5 g.) in 
2N-sodium hydroxide at 30°, more of the alkali being added as 
required to dissolve the precipitate formed; the amino-compound 
separated on acidification of the filtered solution with acetic acid, 
and crystallised from benzene in colourless rhombs, m. p. 129° 
(yield, 60%) (Found: N, 14-2. C,H,,0,N, requires N, 14-3%). 

5-Acetamido-2-carbethoxyaminophenol, obtained by addition of 
acetic anhydride to the alkaline solution obtained in the reduction, 
as described above, of 5-nitro-2-carbethoxyaminophenol, formed 
colourless prisms, m. p. 233°, from water (Found: N, 11-6. 
C,,H,,0,N, requires N, 11-8%). 

The reduction of 2-nitro-4-acetamidophenol by iron and dilute 
acetic acid, sodium hyposulphite, and other reducing agents failed 
to yield 2-amino-4-acetamidophenol, but 3-nitro-4-acetamidophenol 
on reduction with activated aluminium and 90% alcohol gave a 
30% yield of 3-amino-4-acetamidophenol, isolated as the hydro- 
chloride (Found : N, 14-0; Cl, 17:7%). 

Application of the Bart Reaction to the Four Amino-1-methyl- 
benzoxazoles.—The base (7 g.) in water (100 c.c.) containing concen- 
trated hydrochloric acid (10 c.c.) was diazotised at 0° with 3-3 g. 
of sodium nitrite in water (10 c.c.). The diazo-solution was added 
to the copper arsenite from arsenious oxide (6 g.), sodium hydroxide 
(9 g.), water (8 c.c.), and 2N-copper sulphate solution (2-5 c.c.); 
the mixture was kept neutral to litmus by addition of 4N-sodium 
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hydroxide as required. After remaining for 1 hour at 40°, the 
solution was rendered faintly acid to Congo-red with hydrochloric 
acid, treated with charcoal (1 g.), and filtered. On concentration 
to half volume and cooling, the corresponding acetamidohydroxy- 
phenylarsinic acid separated : it was purified by solution in sodium 
bicarbonate and reprecipitation with dilute mineral acid. 

3-Acetamido-4-hydroxyphenylarsinic acid (yield, 30%) (Found ; 
As, 27:4; calc., 27-3%) forms colourless prisms, m. p. 240° (decomp.). 
The barium salt is microcrystalline and the magnesium salt 
amorphous. 

4-Acetamido-3-hydroxyphenylarsinic acid (yield, 30%) (Found : 
As, 27-5%), consisting of colourless diamond-shaped plates decom- 
posing at 245° and giving an amorphous magnesium salt, was also 
obtained from 5-amino-2-acetamidophenol by the Bart reaction. 
On hydrolysis, 4-amino-3-hydroxyphenylarsinic acid was formed, 
but the green colour reaction with chromic acid observed by New- 
bery and the author (loc. cit., p. 122) could not be reproduced. 
Since the production of this colour may depend upon slight changes 
of conditions, the distinction between this acid and its isomerides 
cannot be considered trustworthy. 

3-Acetamido-2-hydroxyphenylarsinic acid (Found: As, 27-2%) 
and 2-acetamido-3-hydroxyphenylarsinic acid (Found : As, 27-45%) 
were also obtained similarly in yields of 20—25% from 6-amino-1- 
methyl- and 3-amino-1-methyl-benzoxazole respectively ; these have 
been described by Newbery, Phillips, and Stickings (J., 1928, 3054, 
3065). 

4-Carbethoxyamino-3-hydroxyphenylarsinic acid, obtained in 20%, 
yield from 5-amino-2-carbethoxyaminophenol by the Bart reaction, 
consisted of clusters of colourless hexagonal prisms insoluble in 
water or mineral acids (Found: As, 24-3. C,H,,0,NAs requires 
As, 246%). On hydrolysis with mineral acid it gave 4-amino-3- 
hydroxyphenylarsinic acid in 80% yield (Found: As, 32-0; calc., 
322%), 

RESEARCH LABORATORIES, Messrs. May & Baker, LTp., 

Lonvpon, 8.W.18. [ Received, October 17th, 1930.) 





CCCLVITI.—The Formation of Aromatic Thiosulphonic 
Acids from Disulphides. 
By Ernest Witson McCLELLAND and LEonARD ARTHUR 
WARREN. 


2 : 2’-00’-DITHIODIPHENYL-4 : 5-DIHYDROGLYOXALINE (I)  (Mc- 
Clelland and Warren, J., 1929, 2623) on treatment with sulphur 
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dioxide gave a product which is now represented as a thiosulphonic 
acid (II; R = SO,H), since potassium cyanide yielded the thio- 
cyanate (IT; R = CN) (compare Footner and Smiles, J., 1925, 127, 
2888). 
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The formation of the same thiosulphonic acid by the action of 
sulphur dioxide on the perbromide derived from the tricyclic com- 
pound (IIT) (McClelland and Warren, Joc. cit.) and on the hydro- 
bromide of the tricyclic compound suggested that the thiosulphonic 
acid was formed from the disulphide (1) through the tricyclic com- 
pound, which has been shown to be a dismutation product of the 
disulphide (McClelland and Warren, this vol., p. 1097). Contrary 
to expectation, 2-0-thiolphenyl-4 : 5-dihydroglyoxaline (II; R = H) 
also gave this thiosulphonic acid, and the dihydroglyoxaline m- 
and p-disulphides (as I) (McClelland and Warren, loc. cit.) similarly 
gave the corresponding thiosulphonic acids. Here the improbability 
of the intermediate formation of a cyclic compound suggests that 
the disulphides studied are first reduced to the thiols, which then 
react to form the thiosulphonic acids. 

The production of thiosulphonic acids by interaction of di- 
sulphides and sulphur dioxide does not appear to be a general 
reaction, since further experiment has shown that eight repre- 
sentative disulphides do not behave in this manner. According to 
patent literature (B.P. 4792, 1900) certain diamino-disulphides 
yield thiosulphonic acids on treatment with sulphur dioxide. 
Attempts to prepare a thiosulphonic acid from pp’-diaminodiphenyl 
disulphide according to this patent were unsuccessful, the sulphite 
of the base being obtained instead. 

The presence of a strongly basic group in these reactive dihydro- 
glyoxaline disulphides is noteworthy, and the thiols derived from 
them have, unlike most thiols, higher melting points than the 
corresponding disulphides. This anomaly might be accounted for 
in the o-compound by the tendency to dismute, but it cannot be 
ascribed to this cause in the m- and p-compounds, since these do not 
undergo dismutation (McClelland and Warren, loc. cit.). Moreover 
the thiols in question are neutral in reaction, and are sparingly 
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soluble in non-hydroxylic organic solvents; these properties are in 
agreement with the betaine structure (IV) (compare Pfeiffer, Ber., 
1922, 55, 1762). Further the formation of the hydriodides of the 
S-methyl bases (II; R = CH,) by treatment of the thiols with 
methyl iodide is analogous to the formation of quaternary ammonium 
iodides from phenol betaines (Griess, Ber., 1880, 13, 649) and the 
S-methy] bases so obtained as well as the thiocyanates (II; R = CN) 
have normal physical properties. Consideration of these facts 
suggests that the formation of thiosulphonic acids from disulphides 
is dependent on their reduction to thiols capable of assuming a 
betaine structure and is associated with the polar character of the 
compounds, 


EXPERIMENTAL. 


2-Phenyl-4 : 5-dihydroglyoxaline-o-thiosulphonic Acid (II; R= 
SO,H).—A solution of 2-0-thiolphenyl-4 : 5-dihydroglyoxaline (II; 
R = H) (0-5 g.) in boiling ethyl alcohol was saturated with sulphur 
dioxide. After 24 hours the thiosulphonic acid (0-5 g.) had separated. 
It crystallised from water in colourless prisms, m. p. 228° (decomp.) 
(Found: §, 24-9. C,H,,0,N,S, requires 8, 24-8%), unchanged 
by recrystallisation from 2N-hydrochloric acid, and gave no pre- 
cipitate with barium chloride in aqueous solution. It was decom- 
posed by 2N-sodium hydroxide, yielding the disulphide (I). 

2-Phenyl-4 : 5-dihydroglyoxaline o-Thiocyanate (II; R = CN).— 
A strong solution of potassium cyanide was added to a hot aqueous 
solution of 2-phenyl-4 : 5-dihydroglyoxaline-o-thiosulphonic acid, 
and the mixture boiled for a few minutes. The material, which 
separated on cooling, crystallised from water in colourless needles, 
m. p. 180° (Found: C, 58-9; H, 4:3. C,9H,N,S requires C, 59-1; 
H, 4.4%). An identical product was obtained when a hot aqueous 
solution of the hydrobromide of the tricyclic compound (III) was 
mixed with an aqueous solution of potassium cyanide and cooled. 
The thiocyanate is alkaline to litmus and readily soluble in dilute 
hydrochloric acid. 

2-Phenyl-4 : 5-dihydroglyoxaline-m-thiogulphonic acid, obtained 
from 2 : 2’-mm’-dithiodiphenyl-4 : 5-dihydroglyoxaline, crystallised 
from water in pale yellow prisms, m. p. 246° (decomp.) (Found : 
C, 41:8; H, 3-5. C,H, ,0,N,S, requires C, 41-8; H, 3-9%). It 
has similar properties to the o-compound. 

2-Phenyl-4 : 5-dihydroglyoxaline-p-thiosulphonic acid, obtained 
from 2 : 2’-pp’-dithiodiphenyl-4 : 5-dihydroglyoxaline in the usual 
way, crystallised from aqueous acetic acid in colourless prisms, 
m. p. 248° (decomp.) (Found: C, 41-9; H, 4-4%). On treatment 
with potassium cyanide it gave 2-phenyl-4 : 5-dihydroglyoxaline 
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p-thiocyanate, which formed yellow needles, m. p. above 265°, from 
water (Found: S, 16-3. C, 9H,N,S requires S, 15-8%). 

The following disulphides, dissolved or suspended in alcohol, 
were recovered unchanged after prolonged treatment with 
sulphur dioxide: di-p-tolyl disulphide, 3 : 4 : 3’ : 4’-tetramethoxy-, 
5 : 5’-dibromo-3 : 4 : 3’ : 4’-tetramethoxy-, 4 : 4’dinitro-, and 
2: 5:2’: 5’-tetrabromo-diphenyl  disulphides, 2-naphthol-1-di- 
sulphide, and benzyl disulphide. 


Kine’s CoLLEcE, Lonpon. [Received, November 4th, 1930.] 





CCCLIX.—The Photochemical Union of Hydrogen and 
Chlorine. Part I. The Effect of Light Intensity. 


By ARTHUR JOHN ALLMAND and EDWARD BEESLEY. 


THE work described in Parts I and II of this series was carried out 
during the three sessions 1924—1927 inclusive, and a preliminary 
note has already been published (Nature, 1929, 123, 164). The 
experiments recorded below arose out of the work of Baly and 
Barker (J., 1921, 119, 653), according to whom the photochemical 
combination of hydrogen and chlorine proceeds at a rate propor- 
tional to a power of the intensity greater than unity. Only one 
case of a similar relation between velocity and intensity is recorded 
in the literature, viz., the bleaching of aqueous solutions of certain 
fluorescing dyes in light (e.g., Wood, Phil. Mag., 1922, 43, 757), and 
the conclusions of Baly and Barker were not in accord with the 
earlier work of Draper and of Bunsen and Roscoe. The results of 
(Mrs.) M. C. C. Chapman (J., 1924, 125, 1521), which were in agree- 
ment with those of Draper over a range of intensity variation of 
1:6, were published before our work was commenced. We never- 
theless proceeded with our experiments, for reasons given below. 
During their course, papers were published by Marshall (J. Physical 
Chem., 1925, 29, 1453), working at low gas pressures, and using 
unfiltered light from a quartz—mercury lamp, and by Kornfeld and 
Miiller (Z. physikal. Chem., 1925, 117, 242), using unfiltered 
light from metal-filament lamps. These investigators controlled 
their intensities by varying the distance of the light source and by 
the use of perforated metallic screens respectively. The extreme 
intensity ratios used were about 1 : 20 (M.) and 1 : 64 (K. and M.). 
In both cases, proportionality between intensity and velocity was 
found. 

In spite of this further confirmation of the work of Draper, we 
present our results, as they constitute a more elaborate study of 
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the subject than has hitherto been made. Our scheme of work has 
included (i) experiments with monochromatic light; (ii) the 
quantitative measurement of the incident intensities; (iii) the use 
of more than one method of varying the intensity. Padoa and 
Vita (Gazzetta, 1926, 56, 164) state that the velocity of the photo- 
reaction is greater in white light than in the equivalent dispersed 
spectral beam, a type of result in accordance with the statement of 
Baly and Barker (loc. cit.), and one which gives good reasons for 
experiments with monochromatic light.* Further, the relation 
between intensity and velocity has recently been found in some 
cases (Briers and Chapman, J., 1928, 1802; Allmand and Style, 
this vol., p. 606) to be a function of the intensity, which suggests 
that the intensities employed in work of this type should be 
measured. Finally, it seemed possible, if improbable, that the 
results of Baly and Barker, who varied their intensities by means 
of Nicol prisms, were due to their use of polarised light, and further 
experiments appeared desirable. 


EXPERIMENTAL. 


Reaction System.—The technique used was based on that of 
Bunsen and Roscoe, 1.e., we employed electrolytic gas, had a layer 
of water present in the photochemical cell, and followed the rate 
of reaction by observing the movement of a water meniscus in a 
horizontal capillary tube. Having gained much valuable inform- 
ation from extensive preliminary experiments with a glass cell 
(finally destroyed by explosion), we constructed the final apparatus, 
of which the lay-out is shown in Fig. 1. ‘The chlorine cylinder A 
was connected with the rest of the apparatus by a silver-plated 
micrometer pressure-reducing valve B and a steel-glass joint C 
(J. Amer. Chem. Soc., 1924, 46, 287). Access of water vapour to 
B was prevented by the calcium chloride tube D. E, H, and K 
were mercury-sealed taps, lubricated with water. I* was the 
electrolytic-gas generator, G a bubbler originally filled with boiled 
distilled water, and I the water-jacketed fused silica reaction vessel 
with optically flat and parallel ends, connected with the capillary 
tube L by way of K and a mercury-sealed quartz-to-soda-glass 
ground joint J. The liquid reservoir at the far end of L was con- 
nected with the tower M, down which percolated a slow stream of 
concentrated sodium carbonate solution for the absorption of 
chlorine. This solution was pumped up from time to time in the 
way indicated from the lower to the upper container. 


* Their results differ from those of Baly and Barker when using white light 
of varying intensity. 
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Electrolytic-gas Generator. —This.is shown in detail in Fig. 2. It 
was three-quarters filled with pure concentrated aqueous hydro- 
chloric acid, and was operated with a maximum current of 0-75 amp. 
The electrodes were of Le Carbone graphite, the maximum C. D. 
being 0-023—0-024 amp./cm.2._ The pitch seals proved satisfactory, 
provided that the pitch had been extracted several times with 
boiling distilled water. ‘Towards the end of the work, it was found 
that a more sensitive gas mixture could be obtained if the current 
used were very slowly alternated—once every 5 seconds. This is 


Fie. 1. 

















probably due to the oxygen formed during the anodic pulse being 
adsorbed by the electrode and reduced to water during the suc- 
ceeding cathodic pulse. 

Reaction Vessel.—This is shown in detail with dimensions in 
Fig. 3. It will be seen that the electrolytic gas entered through 
the aqueous layer which covered the bottom of the cell, a mercury- 
sealed quartz-to-soda-glass ground joint (not shown in Fig. 1) being 
interposed between the cell and tap H (Fig. 1). The cell itself was 
contained in a copper water-jacket, provided with suitable apertures 
for the two plane ends and for the gas entrance and exit tubes. The 
quartz—metal joints were sealed satisfactorily by means of pitch. 
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Capillary Indicating Tube.—The apparatus set up was provided 
with two such tubes, either of which could be connected with the 
reaction cell by means of a three-way tap. They were respectively 
of internal diameter 0-85 and 2-14 mm. In practice, the former 
(not shown in Fig. 1) was found to give untrustworthy readings 


Fia. 2. 


ELECTROLYSIS VESSEL 








(although the preliminary experiments had not indicated this as 
likely) and only the latter was employed. Its horizontal length was 
65 cm., of which the central 45 cm. were used for the readings, the 
standard procedure being to measure the time required for a move- 
ment of 10cm. The calibration showed a maximum volume error, 
on lengths of 8-5 cm., not exceeding 3%. The liquid level in the 
reservoir supplying the indicating water thread was so arranged as 
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to be about 5 cm. below the capillary tube. This had the effects of 
minimising irregular movements of the meniscus due to capillary 
action and of preventing the inclusion of bubbles of gas in the 
capillary column. The scale was graduated in mm. 


Fia. 3. 
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Optical Train.—The quartz—mercury lamp employed (N, Fig. 1) 
was of the atmospheric pressure type, and was cooled by the electric 
blower O. It was fed by a 110-volt D.C. generator, the voltage of 
which was kept to within + 0-5 volt by means of a Tirrill regulator, 
and burned at a very constant load of 3-5 amps. at 78-5 volts. Im- 
mediately in front of the lamp was placed a thick copper screen P, 
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pierced by a 3 mm.-diameter hole opposite the centre of the arc. 
The light from what was practically a point source fell on to the 
water-cooled shutter Q and, when this was raised, passed through 
the aperture in the water-cooled screen R on to the quartz lens T 
(focal length for 579 wy, 11-5 em.; for 260 uy, 10-6 cm.), which 
converted the divergent ray into a parallel beam of 8 cm. diameter. 
This successively passed the 5 cm. plane-parallel quartz water cell U, 
the filters, and the device for varying the light intensity, supported 
on stands V V’, finally falling on an adjustable iris diaphragm W, 
the aperture diameter of which could be varied between the limits of 
40 and 155 mm. When measuring the incident intensity quanti- 
tatively, a Moll surface thermopile Y was placed on the far side of 
the diaphragm. When a reaction was being carried out, the beam 
leaving W passed through an aperture (provided with a shutter) 
in the partition X, and thus into the reaction cell. T, U, V V’, W 
and Y were mounted on an optical bench. 

Precautions against External Light——The gas generator was 
enclosed in two concentric light-tight boxes, and the electrolytic-gas 
delivery tube was coated successively with insulation tape and with 
black velvet. The reaction system and the optical train from T 
onwards were enclosed in a large “‘ dark box,” of three-ply wood, 
dead-blackened inside, provided with removable panels and shown 
by dotted lines in Fig. 1. Its front R facing the lamp was hollow, 
made of copper, and water-cooled. It was divided into two parts 
by the partition X, as ready access to the filters, etc., was necessary 
during the course of the experiments. The capillary tube L was 
observed through a red glass screen, illumination being provided 
from outside. All glass taps could be operated from without by 
means of “‘ Meccano ” chains and bevelled gears. 

Maintenance of Constant Temperature.—Water was pumped from 
an external thermostat as shown (Fig. 1) through (a) the jacket of 
the reaction cell, (b) about 30 feet of coiled lead tubing Z inside the 
dark box, (c) the dark box front R, (d) the shutter Q, then returning 
to the thermostat. This was done for 4 hours before the start of 
any experiment ; the stream was shut off during the actual readings. 
From H onwards, all glass connexions were made of thick-walled 
tubing in order to minimise the effects of any rapid local temperature 
variations. The temperature of the reaction cell was taken as that 
of the thermometer in its water jacket (Fig. 3). 

Light Filters.—The filters used were as shown below. The front, 
separating and back-end plates of the composite filter cells were of 


optically flat quartz in all cases. ‘The transmissions were measured | 


by a quartz spectrograph, linear thermopile and Paschen galvano- 
meter. 
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436 pu. (a) 5mm. 0-085% Victoria blue; 
(6) 5mm. 4% acid quinine sulphate. 
Passed 48-5% of 436 up; no trace of other lines. 


405 wu. (a) 5 mm. 0-02% Diamant fuchsin ; 
(6) 5 mm. 0-2% quinine sulphate. 
Passed 31-7% of 405 pp; <1% of 436 py. 


365 wu. Corning Glass Filter G. 586 A W, 7:7 mm. thick. 
Passed 11-45% of 365 yz; no trace of other lines. 


313 + 303 yu. (a) 5 mm. 0-00376% p-nitrosodimethylaniline ; 
(b) 5 mm. 0-0486% potassium chromate. 
Passed 22-5% of 313 pu, 44% of 303 py, 805% of 546 uy, and 
86% of 579 uy. 


The figures quoted were measured in each case immediately after 
the comparative measurements of y for their lines recorded in Part II. 
The solutions used in the liquid filters were changed from time to 
time, and the filter transmissions re-determined. The differences 
found were usually very small, except in the case of the 436 uy filter 
(see Part I1—experiments with 546 up filter and chlorine filter). 
Past experience in this laboratory has shown this filter to give very 
variable transmission values. 

Variation of Light Intensity.—For the most important series of 
experiments, four wedges of neutral tint and of continuously varying 
density, made by Ilford, Limited, were employed. These consisted 
of a suspension of colloidal silver particles in gelatin, enclosed between 
optically flat glass plates about 6 inches in length, and made 
possible a measured intensity reduction to about 0-001 of the 
unweakened intensity. For this purpose, they were mounted on 
adjustable slides, and provided with scales so that the light beam 
could at will be passed through the wedge at a point of known 
density. Density-length data for white light were furnished by 
the makers. We recalibrated the wedges for monochromatic 436 yy. 
and 405 uu radiation, using the spectrograph-thermopile-galvano- 
meter combination. The curves obtained for the two wave-lengths 
differed slightly from one another and deviated very appreciably 
from the white light figures. 

In the second method, the intensity variation was effected by 
crossed Nicol prisms. The instrument employed, designed and 
made by Adam Hilger, Limited, is shown in Fig. 4. The lenses were 
of quartz, and the resulting parallel beam of plane-polarised light 
was 3 cm. in diameter. Owing to the relatively low intensitjes 
furnished, the complete radiation of the quartz—mercury lamp was 
worked with. When in use, the instrument was placed outside the 
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dark box, up against Q (Fig. 1), and the lamp with its shield P was 
placed as closely as possible; the lens T was removed, and the 
emergent beam, after passing the water cell U and the diaphragm W, 
fell directly on thermopile or reaction cell. 

Finally, a number of experiments with intermittent mono- 
chromatic light were done, using a rotating disc with two adjustable 
open sectors in opposite quadrants. By this means, of course, a 
variation of the total energy incident over a finite time is effected, 
and not a true intensity variation. In actual use, the total rate of 
energy flux was varied over a range of 100: 1. Measurements were 
also done on the effect of rate of rotation at constant sector aperture, 
using suitable gearing and a resistance-controlled motor. 

Measurement of Light Intensity.—As already indicated, this was 
done by a Moll surface thermopile. The diameter of the circular 
receiving surface was 2cm. The outer cone of the instrument was 
removed, and the small inner cone was stepped down and dead- 
blackened, thus eliminating any uncertain factor bound up with 
reflexions from thé‘latter. The #.M.F. furnished by this thermopile 
when irradiated by a Hefner candle at 1 m. under the usual standard 
conditions was 38 x 10% volt, measured by a Kelvin—Varley 
potentiometer and galvanometer. A comprehensive series of 
measurements showed incident intensity and H.M.F. to be closely 
proportional to one another up to a flux of at least 15 H.K. In 
carrying out an intensity measurement, the thermopile was placed in 
the path of the parallel light ray in front of the reaction cell (Fig. 1), 
and the aperture W adjusted until the circular beam just covered 
the thermopile junctions. The #.M.F. could be determined with 
an accuracy approaching 1 x 10-? volt ~6 x 10° g.-cal./cm.?/sec. 

Experimental Procedure.—The electrolyser was charged with con- 
centrated A.R. hydrochloric acid, and thoroughly boiled distilled 
water at 70° was put into G, I, and L (Fig. 1). A slow stream of 
chlorine was then passed through the reaction system from A, and 
the whole of the apparatus intensely illuminated for 3 days. The 
chlorine stream was then shut off, the reaction system shielded 
from light, and electrolysis commenced. After 24 hours passage 
of gas, the sensitivity of the mixture was tested. In all the definitive 
experiments, it was found to be high at this stage, and the gas 
suitable for experiment. Taking the work as a whole, the sensi- 
tivity of the gas used varied considerably, corresponding to a 
variation in y43, between, perhaps, 1000—250,000 molecules of 
chlorine per absorbed quantum. In all the experiments of which 
we quote the numerical data, y was relatively high; there was no 
trace of induction period, and the Draper effect was marked. 

When beams of large cross section and high intensity were used, 
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with a consequent rapid rate of reaction, the cooling effect of the 
water-jacket on the cell was unable to cope with the heat produced 
by the reaction and that thermally absorbed (an obvious Budde 
effect could be observed when the cell containing cblorine or an 
insensitive mixture was strongly illuminated), and the tendency of 
the actinometer gases to expand thermaily partly counteracted the 
contraction due to reaction, This was, of course, particularly pro- 
nounced with sensitive gas mixtures, and put an upper limit to the 
rate of reaction which could be measured. In addition, however, 
and apart from this effect, it was found that sufficiently reproducible 
results could only be ob- 
Fie. 5. tained with successive 
readings involving an in- 
tensity change (i) if the 
ratio between the velocities 
of the water index in such 
readings did not exceed 
, about 4:1, and (ii) if the 
‘ absolute values of move- 
ment of the index were 
a kept within certain limits. 
a “o In practice these conditions 
L os were satisfied by working 
J as far as possible within the 
. velocity limits of 1 cm./3 
we secs. and 1 cm./12 sees, 
wr In order to cover a large 
“i range of specific intensity 
? I, variation, it was necessary 
from time to time to alter 
the aperture of W (Fig. 1) 
in a sense opposite to that of the changes in intensity, and thus 
to keep the total iight flux falling on the cell, and consequently 
the total rate of reaction, within the same approximate limits. 
Like other workers (e.g., Porter, Bardwell, and Lind, J. Amer. 
Chem. Soc., 1926, 48, 2603), we found it difficult to avoid sudden 
changes in the sensitivity of the gas used. In experiments with 
constant intensity, these changes were relatively small, became less 
important the greater the sensitivity of the gaseous mixture, and 
could usually be traced to the entry of fresh gas from the electrolyser 
into the reagtion cell during the course of an experiment.* During 
* It is recognised that the introduction of fresh gas through the aqueous 
layer in the bottom of the cell represents a fault in design; this has been 
corrected in more recent experiments. 
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the preliminary work, however, when relatively insensitive gas 
mixtures were used, and considerable changes made in intensity 
between successive readings, another effect was encountered, which 
is best explained diagrammatically (Fig. 5). If the gas be insolated 
by an intensity J,, and a velocity measurement taken a little later, a 
value corresponding to point @ is obtained. If the intensity be now 
reduced to J,, and a reading immediately taken, it will correspond 
to b, lying on a straight line drawn from a tothe origin. This velocity, 
however, steadily falls off, and, after a certain time, attains a 
constant value corresponding to c. If now the intensity be altered 
again to J,, and the velocity at once measured, it will correspond to 
d, but will immediately commence to rise, finally becoming constant 
at a value corresponding to a. Similar behaviour is observed if the 
lower intensity be used first—the apparently definitive points on the 
curve area@andc. As the figure indicates, this drift in the readings 
will become less obvious the smaller the ratio of the two iritensities, 
and it was also found to decrease with increased sensitivity of the 
gas mixture. - Thus, with a gas of y,;, = 2500 (molecules of chlorine) 
and an intensity ratio of 10 : 1, there was a noticeable fall in velocity 
at the lower intensity after 30 secs. With a gas of y = 5000, no 
such result could be detected after one minute, but appeared at once 
when the intensity ratio was changed to 100: 1. 

This phenomenon is, we think, capable of a simple explanation. 
Insensitive gases, such as gave the effect, will contain traces of some 
inhibitor, which are gradually destroyed under the action of light. 
The volume of gas actually under insolation in the reaction vessel 
was surrounded by a volume (usually larger) of unilluminated gas. 
During insolation, therefore, there must have been a difference in 
inhibitor concentration between the gas in the light path and the 
gas outside the beam, a constant influx of inKfibitor into the illumin- 
ated volume by diffusion and convection, and the gradual setting 
up of a stationary concentration of inhibitor inside the beam, which 
would be lower the higher the light intensity. The result would be 
a drift in velocity as found experimentally, and a dependence of 
the sensitivity of the gas actually under irradiation on the light 
intensity. We further think that the same phenomenon may 
account for the experimental results of Baly and Barker. Like us, 
they also used a beam which only filled a fraction of the cross- 
section of their cell, and the type of intensity—velocity curve they 
obtained (broken line in Fig. 5) would qualitatively be the logical 
outcome of our observations. Their description of the gradual 
drift in velocity on illumination, and the effect of the length of time 
elapsing between successive insolations is consistent with the view 
put forward here. Their light beam entered vertically through the 
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upper surface of their cell, and they mention that their experiments 
were affected by the liberation of oxygen from the chlorine water 
layer on the bottom of the vessel. 


Results and Discussion. 


In order to obtain the true relation between velocity and intensity 
under our conditions of work, it was necessary, then, (i) to take 
into account small arbitrary sensitivity changes arising from the 
introduction of fresh gas into the cell, (ii) to keep the velocity of 
the water index in the capillary tube within certain limits, (iii) to 
avoid large changes in intensity between successive readings [even 
when simultaneously altering the cross-section of the beam in 
accordance with (ii)], and (iv) to use a sensitive gas mixture. These 
conditions were fulfilled in the following manner. 

(i). When comparing the effects of two intensities A and B, some 
8—12 sets of readings A~B—A’ were taken, the readings of any set 
being made in rapid succession, and fresh gas being introduced into 
the cell when required between successive sets of readings and not 
between the separate readings of any one set. If the difference 
between A and A’ in any given set were negligible, it was assumed 
that the gas sensitivity had remained unchanged and the mean 
value of the velocity ratios A/B found in the different sets of readings 
was taken as characteristic of the intensity ratio. Examples are 
contained in Table I, which gives, first, an average specimen of data, 
followed by readings given by a mixture of particularly constant 
sensitivity and by a mixture in which a quite exceptional change 
in sensitivity took place half-way through the series of observations. 
These data were obtained with monochromatic 436 uy light, the 
intensity being varied by neutral wedges. 


TABLE [. 
Relative Average 
intensities Times (secs.) required for the meniscus to traverse 1 cm. times, 
and their of capillary, and their ratios. and their 
ratios. ratios. 


0-593 423 420 424 423 410 400 421 450 448 4-32 4-25 
0-366 6-45 639 645 642 620 610 638 6-83 6-79 6-53 6-46 


1-62 1-52 152 1-52 152 1-51 1-52 152 152 1-52 1-61 1-52 
0-366 6-53 6653 645 630 642 6-31 636 6-38 6-41 
0-244 9-90 9-96 989 958 981 9-63 975 9-78 9-79 
1-50 152 1-53 1-53 152 1:53 1-53 1-53 1-53 1-53 


0-0425 13-40 13-35 12-58 12:32 8-98 9-62 10-40 10-22 10-43 10-63 11-19 
0-0199 25-80 26-00 24-60 22-82 17-62 19-02 20-50 20-50 21-02 21-16 21-90 
2-14 1-93 1-95 1-96 1-85 1-96 1-98 1-97 2-01 2-02 1-99 1-96 


(ii). In the great majority of the measurements, the velocity of 
the water meniscus was kept between the limits already mentioned, 


viz., 0-33—0-083 cm./sec. When working with very low intensities, 
as in the third example in the above table, this was not always 
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practicable, and it will be seen that, in the case referred to, the 
velocity ratios found for the two intensities were by no means as 
constant as in the first two examples. 

(iii). Except very occasionally, the ratios of the actual intensities 
used in successive readings did not exceed the value 2:1. A ratio 
of 3: 1 was never exceeded. 

(iv). Y43¢ for the gas used was never allowed to fall below the 
order of 10° (molecules of chlorine). 

The results of such pairs of measurements showed a departure from 
proportionality between velocity and intensity never exceeding 10%, 
whatever the values of the intensities used (see successive values of 
ratios in the last lines of Tables IT and ITI). 

It will be clear that the actual velocities observed in any one 
complete series of measurements are not directly comparable with 
one another for two reasons, viz., alterations in the sensitivity of 
the gaseous mixture, and alterations in the cross-section of the 
light-beam. Our results indicate that the relation between velocity 
and intensity is independent of the sensitivity of the gas when, as 
in our case, relatively sensitive mixtures are used. Further, a 
detailed inspection of the experimental data showed that any 
changes in sensitivity during the course of such a complete series of 
measurements were relatively small: the increases and decreases 
observed largely counterbalanced one another. In the matter of 
the beam area, it was usually necessary to increase this three or four 
times during measurements covering a large range of decreasing 
intensities, and we have every reason for thinking that the total 
light flux into the cell was proportional to the cross-section of the 
beam. Intensity and beam area were never altered simultaneously, 
so that there was always a connecting link between successive sets 
of measurements carried out with different beam areas. In these 
circumstances, it is possible to transform the observed relative 
velocities into what they would have been if beam area and gas 
sensitivity had remained constant throughout the whole series of 
measurements, and thus render them comparable with one anotlier. 
Thus, let a, 6, c, d, e, f be a series of decreasing intensities; «, 8, y 
a series of increasing beam areas; V4,, Vi., Vecq mean velocities 
observed with the beam area «, V.g, Vag, Veg with beam area 8, 
and V.,, V;, with beam area y: Then comparable velocities for 
this set of intensities will be as follows : 


Intensity a b ec d e 


: Vea Vea 
Velocity Vaa Via Vea Vag Xx Vea Veg x Veg Vfy Xx Vey x Veg 


Our experimental data have all been recalculated in this manner. 
Unit intensity in each series is arbitrarily defined as the intensity of 
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the unweakened light, i.e., working with zero contact density in the 
neutral wedge experiments, with zero angle between the two prisms 
in the measurements with the crossed Nicols, and with maximum 
aperture in the measurements with intermittent light (in this case 
unit intensity representing the maximum possible average intensity). 
Further, in each series, the velocity for the maximum intensity 
actually used has been arbitrarily given the same figure as this 
intensity, i.e., Va, has been put equal to a. For this intensity 
then, the ratio velocity/intensity is unity. The following tables 
contain the results. 
TaBe II. 


Neutral wedge. 405 uu. Maximum incident intensity 2-42 x 104 
g.-cal./cm.?/sec. y about 200,000 (molecules of chlorine). 


Contact density ...... 0-099* 0-275 0-452 0-629 0-805 0-979* 0-984* 
Relative intensity ... 0-796 0-531 0-353 0-235 0-157 0-105 | 0-104 
Relative velocity ... 0-796 0-499 0-337 0-217 0-143 0-105 0-104 
Velocity/intensity ... 1:00 0-94 0-95 0-92 0-91 1:00 1-00 
Contact density ...... 1-152 1-328 1-503 1-679 1-855* 2-110 2-372 
Relative intensity ... 0-0705 0-0470 0-0314 0-0209 0-0140 0-0078 0-0043 
Relative velocity ... 0-0659 0-0441 0-0280 0-0203 0-0135 0-0074 0-0040 
Velocity/intensity ... 0-93 0-94 089 0-97 096 0-95 0-93 
Tase IIT. 


Neutral wedge. 436 yz. Maximum incident intensity 5-85 x 10% 
g.-cal./em.?/sec. y about 120,000 (molecules of chlorine). 


Contact density ...... 0:052* 0-088* 0-227* 0-436 0-612 0-789 1-113 
Relative intensity ... 0-887 0-817 0-593 0-366 0-244 0-163 0-077] 
Relative velocity ... 0-887 0-827 0-592 0-389 0-255 0-177 0-0827 
Velocity/intensity ... 100 101 100 106 105 109 1-07 
Contact density ...... 1-302 1-635 1-781* 1-991 2-182 2-372 2-702 
Relative intensity ... 0-0499 0-0232 0-0166 0-0102 0-0066 0-0043 0-0020 
Relative velocity ... 0-0577 0-0258 0-0191 0-0115 0-0072 0-0046 0-0023 
Velocity/intensity ... 1:16 11h 28156 113 109 107 1-15 
TaBLeE LV. 


Crossed Nicol combination. Total light of lamp. Maximum 
incident intensity 0-46 x 10 g.-cal./cm.?/sec. Average y for 
absorbed light approximately as in Table ITI. 


Angle of crossed Nicols 0° 20° 30° 40° 50° 60° 

Relative intensity ...... 1-000 0-883 0-750 0-587 0-413 0-250 

Relative velocity ...... 1-000 0-876 0-745 0-583 0-404 0-248 

Velocity /intensity ...... 1-00 0-99 0-99 0-99 0:98 0-99 
TABLE V. 


Rotating sector. 313 yyu-+ 303 yu. Maximum true intensity 
3-7 x 10° g.-cal./cm.?/sec. 
Relative average intensity ...... 1000 0-794 0-501 0-316 0-100 


Relative velocity .........+..s.s+0 1000 0-793 0-508 0-307 0-100 
Velocity /average intensity ...... 1-00 1-00 1-01 0-98 1-00 
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Taste VI. 


Rotating sector. 365 yy. Maximum true intensity 1:1 x 10° g.- 


cal. /cm.?/sec. 
Relative average 


intensity .........++ 1-000 0-794 0-631 0-501 0-316 0-199 0-100 0-010 
Relative velocity ... 1-000 0-790 0-645 0-503 0-318 0-196 0-101 0-010 
Velocity /average 

intensity «..,..-..++. 100 0-99 1:02 1-00 1-01 098 1-01 1-00 

TasLe VII, 


Rotating sector. 405 yu. Maximum true intensity 6:2 x 10-7 
g.-cal. /cm.?/sec. 


Relative average intensity ... 1-000 0-794 0-631 0-316 0-199 0-100 
Relative velocity ......-..ss00++ 1:000 0-789 0-626 0-311 0-199 0-098 
Velocity /average intensity ... 100 0-99 099 098 100 0-98 


TABLE VIII. 


Rotating sector. 436 uu. Maximum true intensity 2-7 x 10“ g.- 


cal. /cm.?/sec. 
Relative average 


intensity ...... 1-000 0-794 0-631 0-501 0-316 0-199 6-100 0-010 
Relative velocity 1-000 0-791 0-628 0-507 0-317 0-196 0-0991 0-0098 
Velocity /average 

intensity ...... 1:00 1:00 1:00 101 100 0-98 0-99 0-98 


The maximum ayerage intensities, in the intermittent light 
experiments, when the opposed sectors were fully open, were half 
of the values quoted in Tables V—VIII. No estimates for quantum 
efficiency can be given for these experiments, as the cross-sections of 
the light beams used were not measured. 

As mentioned earlier, experiments with intermittent light were 
also done in which the sector opening was maintained constant whilst 
the rate of rotation was altered. No variation in velocity could 
be detected as the number of interruptions per minute was pro- 
gressively lowered from 2600 to 75. At this stage the Draper effect 
became appreciable at each separate exposure. The meniscus 
began to move jerkily, and observations at still lower rates of 
rotation proved impracticable. 

We think that the results show conclusively that the velocity of 
the reaction under the experimental conditions is directly propor- 
tional to the intensity of the incident light. It is true that the ratios 
in the last line of Table III exhibit a slight tendency to drift towards 
lower values as the intensity is raised. Some of Mrs. Chapman’s 
figures (loc. cit.) show a similar trend. This is the opposite effect to 
that observed by Baly and Barker, and it has been suggested by 
Chapman (Trans. Faraday Soc., 1926, 21, 551) that such behaviour 
might perhaps be shown by gases completely free from oxygen, in 
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which there would be a greater tendency for the “ catalyst ” molecule 
(chlorine atoms in the Nernst chain) to disappear from the system 
by intercombination. After due consideration, we suggest that the 
drift referred to is due rather to experimental error arising from 
the use of the neutral wedges. Apart from any error in calibration, 
their setting was liable to be least accurate when the light beam 
was passing through them near their ends, i.e., at points of highest 
and lowest optical density. We have denoted by an asterisk in 
Tables II and III the density readings which for this reason are 
possibly open to suspicion. If they are not taken into account, it 
will be seen that the concordance in both tables is far better, and 
that the “ drift ’”’ shown in Table III largely disappears. A further 
argument in favour of some such explanation is the fact that nothing 
of the sort was found with 405 uy. light. 

We have already stated our views as to the probable cause of the 
experimental results of Baly and Barker, and it is further clear that 
the J, rule holds for linearly polarised complex light in the same 
way as for unpolarised monochromatic light. 

The results with intermittent light were as anticipated, and in 
concordance with those found for continuous insolation. 


Summary. 


1. The effect of the light intensity on the rate of photochemical 
combination of hydrogen and chlorine has been investigated, 
quantitatively measured intensities being used. 

2. With monochromatic light of wave-lengths 405 yy and 436 uy, 
the rate was found proportional to the intensity over measured 
intensity ratios of about 180: 1 and 440: 1 respectively. 

3. With plane-polarised complex light, the same relation held 
over a measured intensity ratio of 4: 1. 

4. An explanation is offered of the divergent results obtained 
earlier by Baly and Barker. 

5. Using intermittent monochromatic light of wave-lengths 
313 + 303 wu, 365 uy, 405 uy and 436 yy, and of quantitatively 
measured intensity, the rate of reaction was found proportional to 
the average light intensity, and independent, within the limits 
employed, of the rate of intermission. 


University or Lonpon, 
Kive’s CoLLEeceE. [ Received, October 10th, 1930.] 
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CCCLX.—The Photochemical Union of Hydrogen and 
Chlorine. Part II. The Effect of Wave-length. 
Measurements with Filtered Light. 


By ArtTHuR JOHN ALLMAND and Epwarp BEESLEY. 


THe work recorded in this paper is chiefly concerned with the 
relative quantum sensitivity of the reaction in moist gases as a 
function of wave-length. In view of current theories on the 
mechanism of the reaction, our measurements with the 546 uy 
mercury line have an added interest. We have also incidentally 
made a determination of the relative effect of temperature on the 
quantum sensitivities at certain wave-lengths, and have done com- 
parative experiments on the effect of simultaneous action of two 
different monochromatic rays. 

A summary of our present scanty knowledge of these matters 
must first be given. It has long been known that the union of 
hydrogen and chlorine under ordinary experimental conditions takes 
place with increasing difficulty as the visible spectrum is passed 
through from the violet towards the red, and that it eventually 
stops, or apparently does so. Attempts have been made to deter- 
mine the limiting wave-length at which, in practice, the reaction 
ceases, but these are rendered difficult by the rapid fall in extinction 
coefficient of chlorine with increasing wave-length. Coehn and 
Jung (Z. physikal. Chem., 1924, 110, 705) claimed to have found 
such a threshold frequency at 540 uy, and Taylor (Phil. Mag., 
1925, 49, 1165) at 490 yy, but their respective conclusions were 
contested by Bowen (ibid., 50, 879), who pointed out that, owing to 
the low absorption in this region just referred to, their experimental 
results could be explained in quite a different way. According to 
Weigert and Nicolai (Trans. Faraday Soc., 1926, 21, 581), the 
threshold is about 590 yy, or just at the origin of the violet absorp- 
tion band of chlorine. In a later paper (ibid., 1927, 23, 583), 
Taylor and Elliott interpret their experiments on the assumption 
that light down as far as 550 yy is active, whilst Padoa and Butironi 
(Rend. R. Accad. Lincei, 1916, 25, ii, 215) and Lind and Livingston 
(J. Amer. Chem. Soc., 1930, 52, 593) have published temperature- 
coefficient measurements in the 530—550 uu region. The whole 
subject has acquired renewed interest as a result of the well-known 
views of Franck (Trans. Faraday Soc., 1926, 21, 536), according to 
which the absorption by a chlorine molecule of light of »<4785 A. 
will necessarily cause immediate dissociation of the molecule to 
atoms, whatever the other experimental conditions, this effect 
extending down to 492—493 uy if the gas pressure is sufficiently 
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high. Beyond this limit, only molecules already containing an 
exceptional amount of internal energy will dissociate on absorption 
of a quantum. This conclusion definitely points to an atomic P ! 
chain mechanism for the hydrogen-chlorine reaction, and some | 
authors (e.g., Cathala, J. Chim. physique, 1928, 25, 182) assume as 
a consequence that the reaction must have a threshold at 492— 
493 uy, in agreement with the earlier paper of Taylor. 

Although certain measurements of y for the reaction have been | 1 
reported from time to time, very little experimental work has been /" - 
done on its dependence on wave-length. The results of Taylor and |)! 
Elliott (loc. cit.) in complex visible light are explained by them on 
the two assumptions (i) that the rate of reaction between 350— 
550 uy is proportional to the intensity (with which our own work 
is in agreement) and (ii) that the rate of reaction between the same 
limits is proportional to the absorbed energy, independently of the 
wave-length of the light, which means that y must increase with 
frequency. Weigert and Nicolai (loc. cit., p. 582) and Thon (Fortschr. 
Chem., 1926, 18, Heft 11) have come to the same conclusion. 
Finally, there is the work of Heymer (Diss., Géttingen, 1927), who 
found values of 0-75 x 104 for 436 yu, and for 254—260 uy, under 
otherwise identical conditions, 0-2—0-7 x 10‘, a result in disagree- 
ment with those just mentioned. 

With regard to the temperature coefficient of the reaction, Padoa 
and Butironi (loc. cit.) give the following data : 









Ultra- 
Light. White. Green. Blue. Violet. violet. 
Wave-length, pp...... — 550530 490—470 460—440 400—350 , |. 
Temp. coeff. ......... 1-29 1-50 1-31 1-21 Md | si 


These figures, which show a marked dependence on 4, refer to | 
the effect of temperature on the velocities observed at constant | 
incident intensity, and it has been suggested by Wulf (Proc. Amer. | 
Acad. Sci., 1930, 16, 27), amongst others, that they may to a great | 
extent simply be due to increased absorption at the higher temper- 
atures, and that the temperature coefficient referred to the same 
number of absorbed quanta may be smaller and less dependent on 
2. Lower figures have, in fact, been found by Porter, Bardwell, 
and Lind (J. Amer. Chem. Soc., 1926, 48, 2603) and by Lind and 
Livingston (loc. cit.), the latter authors, when using white and 
green light, obtaining some evidence of the effect of wave-length 
claimed by Padoa and Butironi. 

Finally, in the matter of the effect of complex as compared with 
monochromatic light, there are the experiments of Padoa and Vita | + 
(Gazzetta, 1926, 56, 164), who found the rate of reaction to be jag 
considerably greater in white light than in the equivalent dispersed |'*s 
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spectrum. The quoted ratio between the velocities is 1-56: 1-0. 
his curious result would accord with a dependence of velocity on 
s power of the intensity greater than one. But their results for 
rhite light, like those of most other workers, point to proportionality 
between intensity and velocity. 


EXPERIMENTAL. 
The apparatus and method of work employed have been described 























in Part I. Any essential further details will be mentioned in their 
place. 
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In addition to the filters already described, two others were 


J yrought into use, compounded as follows. 


' (1) 546 uw. Made up of four components : 


(a) Corning glass filter—38 H. Noviol—3-5 mm. thick 
(b) Corning glass filter—G. 555 B E—4:3 mm. thick 
| (c) Zeiss yellow filter—Batch 20707—3 mm. thick 
(d) (i) 5 mm. 0-00376% Ad ip ts aaa in 
(ii) 5 mm. 0-0486% potassium chromate glass 

[Note. (d) is identical with the filter for 313 uu + 303 pp 
described in Part I, except that glass plates are substituted for 
hyuartz. 

The transmissions of the different components * are shown in 
Fig. 1. The compound filter passes 49%, of incident 546 uy light, 
and no detectable trace of other mercury lines. In order, however, 
to make quite certain that the effect observed when using this 


* The data plotted for the 313 yp + 303 pp filter are those obtained using 
aquartz cell. The transmission in the ultra-violet region will be considerably 
less in the present case. 

4y¥ 
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filter was actually due to the 546 uy line, and not to traces of the 
313 yu and the weak 492 uy line, an experiment was done in which 
were superadded two additional Corning glass filters, of which the 
transmission curves are shown by dotted lines. The reaction was 
completely stopped. 

(2) Short ultra-violet (average wave-length about 260 uy). A 
5-cm. plane-paraliel quartz cell containing chlorine at one atmo. 
sphere pressure, with transmission 


248 pp) = 54 yp 265 pp 405 pp 436 pp 546 yp 579 pp 
60% 638% 42% 145% 40% 84% 87:5% 


The general scheme of work adopted for comparing the effects of 
different wave-lengths was similar to that used when comparing 
different intensities (Part I). A succession of some 10—20 velocity 
readings was taken with filter A and filter B alternately placed in 
the parallel light beam, between water cell and iris diaphragm 
(Part I, Fig. 1). When two successive readings with filter A showed 
no appreciable difference from one another, indicating that the 
sensitivity had remained constant over the time required for the 
sequence A~B-—A, the average value for the A readings was compared 
with the reading for B. The mean of a number of such ratios, 
which agreed well amongst themselves, was taken as the final 
figure derived from the series of readings. When the sensitivity 
proved constant over the whole series, an alternative and simpler 
procedure was to compare the arithmetic mean of an equal number 
of A and of B readings. Several such series were done; the results 
were concordant. Having thus obtained an A/B ratio, similar 
measurements were carried out with filters B and C, B and D, 
etc., and thus a set of relative velocities was obtained covering all 
the filters used, comparable with one another on the assumption 
that the relative values of y for different wave-lengths are inde- 
pendent of small changes in the sensitivity of the gas. The relative 
numbers of quanta absorbed by the gas when the different filters 
were in use were calculated from (i) the spectral energy distribution 
in the radiation of the quartz—mercury lamp (J. Physical Chem., 
1925, 29, 713; 1928, 32, 861); (ii) the spectral transmission of the 
filters concerned; (iii) the absorption coefficient data for chlorine 
(von Halban and Siedentopf, Z. physikal. Chem., 1922, 403, 71). 
Corrections were applied for the change with wave-length of the 
reflexion losses at the front face of the cell and at the water filter. 
Comparison between the relative velocities and relative numbers of 
absorbed quanta furnished values of relative quantum efficiencies. 

Simultaneous Effect of Two Monochromatic Rays.—These measure- 
ments are taken first as, besides their intrinsic interest, they have 
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a bearing on experiments carried out with the chlorine gas filter 
and the filter for 313 yy light, both of which reduce mercury arc 
radiation to light which is still far from monochromatic. In this 
work, the reaction cell I (Part I, Fig. 1) was insolated through 
opposite ends by two filtered monochromatic rays, the one (A) 
passing as shown in the figure, and the other (B) coming from a 
second quartz—mercury lamp placed outside the dark box, and 
entering the latter through a special aperture cut in the wall. The 
lens for rendering the light parallel and the filter were, as before, 
inside the dark box, and matters were so arranged that the two 
horizontal beams entered the cell at the same height. A set of 
readings was taken with A, B, and A + B acting in succession. 
The observed velocities in cm./sec. are shown in Table I. The 
variations between the figures quoted for any one ray are partly 
due to fluctuations in gas sensitivity, and partly to changes in 
incident intensity. 





TABLE I. 
(a) 
ES FEE. oe 0-0795 0-077 0-074 0-074 0-169 0-179 0-328 0-285 
RENT OLS 0-060 0-080 0-097 0-093 0-240 0-254 0-235 0-205 
Sum of AandB ... 0:1395 0-157 0-171 0-167 0-409 0-433 0-563 0-490 
(A+B) together...... 0-137 0-152 0-169 0-162 0-408 0-430 0-565 0-505 
(6) (c) (d) 
Or 6-033 0-040 0-370 0-368 0-119 0-167 0-167 06-0406 0-0470 
RIES 0-0405 0-049 0-249 0-244 0-094 0-070 0-074 0-0445 0-0519 


Sum of A and B 0-0735 0-089 0-619 0-612 0-213 0-237 0-241 0-0851 0-0989 
(A+B) together 0-0735 0-088 0-600 0-611 0-213 0-233 0-244 0-0844 0-0980 


A and B were 436 uy and 365 uy, 405 pu and 365 up, 436 uy 
and 405 uu, and 405 uy» and 313 uy respectively in sections (a), (d), 
(c), and (d) of Table I. It will be seen that, within experimental 
error, the simultaneous effect of the two rays is, in every case, 
equal to the sum of their separate effects. The action of light of a 
given wave-length is then neither enhanced nor reduced by the 
simultaneous presence of light of another wave-length. 

It may be objected that, as insolation took place from opposite 
sides of the cell, the effect of the two rays, when acting simul- 
taneously, was bound more or less to be equal to the sum of their 
individual effects, on account of the extinction of the chlorine, 
which will have tended to confine the absorption of each ray to the 
vicinity of the face at which it entered. To what extent this is 
true is shown in Fig. 2, where the intensity of unabsorbed light 
is plotted against the thickness of the cell. Even in the last, most 
unfavourable, case, although the action of the 405 yy line could in 
no circumstances have been much influenced by the 313 py ray, 
the latter was absorbed in an environment where the intensity of 
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the 405 uy line was practically 40% of its incident intensity inside 
the other face. 

Relative Quantum Efficiencies of the Lines 436 up, 405 uy, 365 wy, 
and 313 + 303 pu.—The method of comparison used has been 
described. Table II contains the relevant data. The measurements 
were carried out at 19-7°. The absolute value of y,3, was about 10° 


(molecules of chlorine). 
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The significance of the headings to the different columns is as 
follows : 


A, relative intensities of lines in radiation of lamp (ergs). 

B, percentage transmission of filters. 

C, relative intensities incident on water cell (ergs), 7.e., A x 
B x 10-4. 

D, relative fractional reflexion losses in water cell and reaction 
cell (0-00 for 579 wy). 

E, relative intensities incident inside reaction cell (ergs), 7.e., 
C x (1 — D). 

F, fractions of incident light absorbed. 

G, relative amounts of light absorbed (ergs), 7.e., E x F. 

H, relative numbers of quanta absorbed, 7.e., G x 2 (in p). 

I, relative velocities. 

J, relative values of effective photochemical equivalent (4), 7.¢., 
1/G ($533 = 1). 

K, relative values of quantum efficiency (y), é.e., 1/H (333 = 1). 

Relative Quantum Efficiencies of the Lines 546 uy and 436 pyp.—In 
this experiment, owing to the small effect, if any, to be anticipated 
with the green line on account of its low absorption, beams of very 





side 


D au, 
been 
ents 
5 108 


S 


S S 
"24627 paquosqnun fo abmusosag 


_ 
Oo 


_\_ 
> 


as 


jon 





OF HYDROGEN AND CHLORINE. PART II. 2715 


TABLE II. 

A. B. C. D. 
Gr error 237-0 48-5 1149-0 0-009 
DEE colic loniateeaes 110-8 31-7 351-2 0-012 
SOG Pie 5éids-.dcd. besa 351-1 11-45 402-0 0-018 
313 pu + 303 pp ... 15874445 22-5,4:4  357-2419-5 0-029, 0-032 

E. F. G. H. 
est iahetanbeasinitin 1139-0 0-318 362-1 157-9 
Sp eererre 346-9 0-608 210-9 85-4 
GTS IE 394-8 0-998 394-1 143-8 
313 pu + 303 pp ... 346-84+18-9 1-00, 1-00 346-84+18-9 108-645-7 

| a J. K. 
a ae eT 194-5 1-96 1-41 
ghia 153-9 2-67 2-06 
DOP Me site ee. 136-2 1-26 1-08 
313 pp + 303 pp ... 100 1-00 1-00 


different areas were employed in the two cases. That used with 
436 yy was 0-28 cm.” in area and gave an average velocity of 
0:33 cm./sec.; that with the 546 uy light was 10 cm.? in area, and 
gave an average velocity, which, although small, was unmistakable, 
of 1 cm. in 144 secs. The results are contained in Table III, where 
the lettering has the same meaning as in Table II. The relative 
velocities given under I are corrected for the different beam areas 
used, on the assumption of direct proportionality. 


TABLE IIT. 
A. B. C. a E. F, 
tee peeks 287-5 49 1409 =: 0-001 1408 0-00041 
OOD ee so cdsdsnocese esac 237-0 53:3 1263 0-009 1251 0-318 
G. H. I. Zz: K. 
Bites scceoliiderdie- 0-577 3:15 0-000695 0-79 0-45 
BOG BM awe csccpovaseesss 398 1736 1-19 1-96 1-41 


Experiments with the Chlorine Filter.—In order to gain an idea of 
the relative quantum effect of the group of lines passed by this 
filter in the neighbourhood of 260 yy, it was necessary to allow for 
the action of other lines transmitted. In this connexion, the 405 uy 
and 436 uy lines are of far greater importance than the 546 uy line, 
and experiments were accordingly done in the normal way in which 
the effect of the chlorine-filtered light was compared with the 
effects of the rays passed by the 405 uy and 436 uy filters. The 
transmissions of the latter were remeasured immediately after the 
experiment, and were found to be 31:5% and 535% for their 
respective lines. The results were as follows : 


Average time required 


for 10-cem. movement of Velocity, 
water meniscus. em./sec. 
436 pepe .cccecccccecvcscecees 45-5 secs. 0-22 
68-0 0-147 


He 
Chlorine filter...........0006 42-5 0-236 








2716 ALLMAND AND BEESLEY: THE PHOTOCHEMICAL UNION 


It has been shown (Part I) that the rate of reaction is propor- 
tional to the light intensity, and further, that the simultaneous 
actions of two rays are independent of one another. (A special 
experiment, done in the manner described earlier in this paper, 
showed that the presence of 579 uy light has no influence on the 
rate of reaction brought about by monochromatic rays.) As the 
unfiltered intensity of the mercury lamp was maintained quite 
constant during the experiment, we feel justified, therefore, in 
assuming that the component contributed to the total velocity 
observed with the chlorine filter by the 405 uy light present in the 
beam would bear the same relation to the total velocity obtained 
with the 405 uy filter as the fraction of this ray transmitted by the 
chlorine filter does to the fraction transmitted by the 405 py filter. 
A similar relation would hold for 436 uy light. We therefore have: 

velocity component 14-5 


Vgos —due to 405 wp passed = 0-147 x 315 
by chlorine filter 


= 0-0682 cm./sec. 


velocity component 40-0 
V436 = due to 436 yp passed = 0-22 x —_ = 0-1645 cm./sec. 
4 : 53-5 
by chlorine filter 


The sum of these velocities is 0-233 cm./sec., which falls short of 
the total velocity obtained with the chlorine filter by 0-003 cm./sec., 
which is within the experimental error. It is clear that the effect 
produced by the short wave-length and green light absorbed is 
very small. Knowing the spectral energy distribution in the radi- 
ation from the lamp,* the spectral transmission of the chlorine 
filter, and the extinction coefficient of chlorine for the mercury 
lines concerned, the relative numbers of quanta of different wave- 
lengths absorbed by the reacting gas can be calculated. This has 
been done, incorporating the usual correction for reflexion. The 
results, omitting the intermediate steps, are shown in Table IV. 
No account has been taken of the 579 uy line. 


TABLE IV. 
Relative 

Relative intensity Relative Relative 

intensity Percentage incident inside fraction of number 
A; in radiation transmission reaction incident of quenta 
pp. of lamp. of filter. vessel (ergs.). light absorbed. absorbed. 
546 287-5 84 241-3 0-00049 6-5 
436 237-0 40 93-9 0-322 1319 
405 110-8 14-5 15-9 0-611 393 
265 42-4 42 17 0-252 113 ) 
254 48-8 63 29-2 0-0552 40-9 +171 
248 24-2 60 13-7 0-0500 17-1} 


* Determined after the lamp had been burning for 80 hours. The work 
with the chlorine filter was done about 20 lamp-hours later. Any change in 
energy distribution will have been small. 
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The number of absorbed ultra-violet quanta is seen to be just 
10% of the number of absorbed quanta of blue and violet light. 
Consequently their insignificant effect can only be due to a relatively 
low quantum efficiency in the ultra-violet. If the small residual 
velocity of 0-003 cm./sec. calculated above be assumed to be real, 
and not due to experimental error, a rough estimate can be made 
of this quantum efficiency. It is first necessary to realise the part 
which may be played by the absorbed 546 py quanta. The ratio 
of 436: Ysa¢ has already been shown to be 31:1. The relative 
numbers of absorbed quanta are known (Table IV) and we have 
calculated that, in the chlorine-filter experiment, the velocity com- 
ponent due to the 436 uy line is 0-164 cm./sec. This gives us 
6-5 1 
1319 * 3-1 

This value, less than 10% of the residual velocity, is quite 
negligible, and certainly undetectable under our experimental con- 
ditions. It follows that the residual velocity, in so far as it is real, 
must be ascribed to the ultra-violet light. Calculating on this 
basis, we have 


Us4g = 0-164 x = 0-00026 cm. /sec. 


Yas. 0-003/171 
Vase 0°164/1319 
It has been made clear that this is a figure of little more than 
qualitative value. From a consideration of the experimental data 
and possible errors involved, we conclude, however, that the 
maximum value for this ratio cannot exceed 0-5. On the other 
hand, if the residual velocity is largely or entirely due to experi- 
mental error, as it may be, then the ratio may have any value less 
than 0-14 down to zero. 
The following is a summary of the relative values of ¢ and of y 
found, putting the figures for 313 (303) uy as unity. 


= 0-14. 


TABLE V. 
Wave-length, pp» 546 436 405 365 313 (303) 248—265 
© <annesdocsecepesseces 0-79 1-96 2-67 1-26 1-00 ~- 
 Artheledeesbadanesve 0-45 1-41 2-06 1-08 1-00 0-20 (possible cor- 
rection + 250% to 
— 100%) 


Both ¢ and y are seen to increase with decreasing 4 as far as 
405 up, and then to fall off unmistakably, though irregularly, in the 
ultra-violet. 

Relative Temperature Coefficients for the Lines 436 yy, 405 up, 
365 yu, and 313 + 303 pu.—Comparative velocity measurements 
were made with these lines at 19-7° and 25-0°. The relative 
velocities are shown in lines (i) and (ii) of the following table : 
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436 pp. 405 pp. 365 pp. 313 pp + 303 wy. 


gaint tes rend 194-5 153-9 136-2 100-0 
BAD i licccdelddicd. 203-7 156-1 138-1 100-0 
nt aadinision 208-3 158-7 138-1 100-0 
tinea niaeheteri 1-047 1-014 1-014 1-0 
GOD hotell aceactaces 1-071 1-031 1-014 1-0 


Under our conditions, however, the work being always at atmo. 
spheric pressure, the rise in temperature has the effect of slightly 
diminishing the quantities of light absorbed in cases where such 
absorption is incomplete. On the assumption that the extinction 
coefficients for 405 yy and 436 uy are unaffected by this small rise 
in temperature, we have corrected the figures in line (ii) with the 
results given in line (iii) of the table [the correction is negligible 
both for 365 uu and 313 (363) yyj. Line (iv) contains the relative 
temperature coefficients—for a temperature rise of 5-3°—for the 
observed velocities, calculated from (i) and (ii), the value for 313 uy 
being put as unity. Line (v) contains, calculated from (i) and (iii), 
the corresponding temperature coefficients of the quantum effi- 
ciencies. Although the differences are small, their regular trend 
inclines us to think that they represent a real effect, 7.e., that the 
temperature coefficient of y, as determined experimentally, increases 
with increasing wave-length. 

The actual velocities measured at 25° were considerably greater 
than those at 19-7°. Thus, in the experiment just discussed, the 
velocities obtained with 365 yu were respectively 0-498 and 0-388 
cm./sec., which correspond to a temperature coefficient, for 10°, of 
1-61. This high figure was doubtless chiefly due to the gas becoming 
more sensitive at the higher temperature owing to destruction of 
inhibitors, a view which was confirmed in another experiment by 
finding that the original low-temperature sensitivity of the mixture 
had considerably increased when, after a measurement at 25°, it 
was again examined at room temperature. 


Discussion. 


The above experiments were carried out a few years back. Since 
then, some of the work has been repeated in this laboratory, using 
a rather different technique. The main results have been con- 
firmed, and the new measurements will shortly be published, but 
there are differences in detail, and on that account, a full discussion 
will be reserved. What follows refers only to such points as either 
have not been reinvestigated (temperature coefficient and effect of 
polychromatic light), or have been confirmed by the later work. 

Activity of the Mercury-green Line.—This seems proved. The 
observed velocities were definite, and it is exceedingly improbable 
that, with the precautions taken, the filter combination transmitted 
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any other light which could have caused the reaction. Assuming, 
as we do, the validity of Franck’s conception of the result of quantum 
absorption by chlorine molecules on either side of the continuum 
limit (4785 A.), it seems plausible to conclude that, depending on 
the wave-length of the active light, the mechanism of hydrogen 
chloride formation may involve either chlorine atoms or activated 
chlorine molecules. It is, however, possible that a closer examin- 
ation of the nature of chlorine absorption in the green may lead to 
modification of this view. 

The Dependence of Quantum Efficiency on Wave-length.—A sur- 
prising feature of our results is the fact that although, as frequently 
happens in photochemical work, we find y first to increase with 
decreasing wave-length, yet it later passes through a maximum 
and then falls off rapidly in the ultra-violet. To explain this 
result, if it is assumed not to be due to some cause unconnected 
with the main reaction, will require special assumptions. Experi- 
mentally, it receives some support from the work of Heymer (loc. 
cit.). His results have already been quoted. We find that yoo 
cannot be greater than half of y43,, and indeed may be very much 
smaller. Heymer concludes that they are probably identical, and 
attributes his lowest value for yg) to the presence of inhibitor. 

It was stated earlier that Taylor and Elliott (loc. cit.) interpreted 
the results of their own experiments by assuming that the rate of 
reaction per absorbed g.-cal. (proportional to ¢, the effective photo- 
chemical equivalent) was independent of the wave-length between 
350 uu and 550 wy. On this assumption, their calculated and 
experimental curves coincide with a fair degree of accuracy. If, 
however, their calculations are modified in accordance with the 
relative ¢ values contained in Table V, then the degree of concord- 
ance between calculation and experiment is decidedly improved. 
Fig. 3 contains the logarithms of the K function (data from their 
Table I) and the W function (uncorrected and corrected) of Taylor 
and Elliott, plotted against the logarithm of (c x 10-*° +1), where 
¢ represents, in molecules/cm.?, the optical density of the chlorine 
gas used in their filter. 

The Relative Temperature Coefficients.—When temperature coeffi- 
cients, as here, increase with increase in wave-length, it is frequently 
found that y is also a function of wave-length, increasing with 
increasing frequency. Our experiments, however, show y to fall off 
in the ultra-violet, and the well-known interpretation usually given 
to the simultaneous changes of y and of dy/d7' cannot be applied 
here. We have stated that (in agreement with the results of 
Porter, Bardwell, and Lind, and of Lind and Livingston, locc. cit.) 
we imagine the true temperature coefficients of this reaction, unin- 

4y¥2 
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fluenced by inhibitors, to below. It is natural to attempt to explain 
the variation in temperature coefficient with wave-length on similar 
lines. There are, however, certain difficulties involved in this con- 
ception and more work is required before discussion of the subject 
can be fruitful. 

The Additive Nature of the Effects of Monochromatic Rays.— 
Given the found proportionality between intensity and velocity, 
the results obtained are as anticipated. They are in conflict with 
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those of Padoa and Vita (loc. cit.), who, however, used dispersed 

white light, and not, as we did, two superposed monochromatic 
rays. Allmand and Webb (J., 1929, 1527), in the case of the 
decomposition of aqueous potassium ferrioxalate, found that the 
result of two or three monochromatic beams, acting together, was 
greater than that of their sum, acting singly,* but observed no 
corresponding difference exceeding the experimental error when the 
effect of white light was compared with the effect calculated for its 
spectral components with monochromatic light. A similar effect 


* Unpublished work by Mr. K. W. Young has confirmed this result. 
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in the opposite sense may perhaps account for the difference between 
the results of Padoa and Vita and our own. 


Summary. 


1. The quantum efficiency in the photochemical reaction between 
hydrogen and chlorine has been studied as a function of wave- 
length between the limits of 260 yuz—546 yy. It was found to pass 
through a maximum in the violet, falling off towards the green and 
the ultra-violet. 

2. The threshold of the reaction lies to the long wave-length side 
of 546 uy. 

3. The temperature coefficient of the quantum sensitivity as 
experimentally found increases with increasing wave-length between 
the limits of 313 uu—436 uu. 

4. The sum of the effects of two monochromatic rays acting 
successively is equal to their total effect when acting simultaneously. 

5. The results are briefly discussed. 


We are much indebted to Brunner Mond and Company, Limited, 
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CCCLXI.—The Stability of Magnesium r-Mandelate. 
By ALEXANDER FinpLay and ALAN NEWTON CAMPBELL. 


In continuation of the study of the stability of racemates (J., 1928, 
1768), determinations have been made of the solubility of mag- 
nesium /-mandelate and r-mandelate, as well as of the composition 
of the invariant system with these two salts as solid phases, at tem- 
peratures between 0° and 40°. The solubilities of the single salts 
at 16° had been determined by McKenzie (J., 1899, 75, 964), who 
found the values 4-5 g. and 1-8 y. per 100 g. of water for the active 
and the racemic salt respectively. The solid salts were found by 
him to be anhydrous. 

The magnesium salts used in this investigation were prepared 
by the neutralisation of mandelic acid with magnesium carbonate. 
The magnesium /-mandelate, crystallised from water, had [«];i,, 
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—138°. The solubilities were determined by the method described 
by Campbell (this vol., p. 179), and the following values (g. of 
anhydrous salt per 100 g. of water) were obtained : 


BID ccccessicces 0° 5° 10° 15° = 20° 25° 30° # 35° 40° 
‘ho Me 1-52 1:36 1:15 1:06 1:04 0-95 0-88 1:16 1-33 
PEED , wetnasssenss 160 1:68 1:72 1:77 1:83 197 2-11 2-72 5-07 


The composition of the solution in equilibrium with the active 
and the racemic salt as solid phases was determined polarimetrically, 
and the following values, expressed in terms of the two active salts 
(g. per 100 g. of water), were obtained : 


BI, txinnanienee 0° 5° 10° ce er or wm we we 
GED Fe csiddenitins 1:94 2-12 1-59 2-66 2-23 1-96 2-16 2-40 2-50 
G-Salt ......0000 0-24 0-55 0-32 060 0-39 0-41 049 0-49 0-50 


If the solubility of the magnesium /-mandelate is plotted, a simple 
curve, rapidly ascending at temperatures above about 30°, is 
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obtained. The solid phase was found to be anhydrous salt, in 
agreement with McKenzie. In the case of the r-mandelate, how- 
ever, a three-branched solubility curve is obtained (Fig. 1), indicating 
the existence of hydrated salts. Further investigation showed that 
two hydrates exist, viz., Mg(Ma),,H,O and Mg(Ma),,4H,O, the 
former being stable up to about 12° and the latter between 12° and 
29°. These temperatures are read from the solubility diagram. 
Above 29°, the salt is anhydrous. 

Vapour Pressure of the Hydrates.—In order to determine the 
composition of the hydrates, the following method was pursued. 
A quantity of the moist solid phase was placed in a small bulb, 
which was connected by means of a well-lubricated ground joint 
with a manometer and a Hyvac pump. A small flask was inserted 
in the circuit to serve as an expansion chamber, and the pump was 
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protected from moisture by a drying-tower. The bulb was immersed 
in a bath at constant temperature, and the vapour carefully pumped 
off, the vapour pressure during the process being read on the mano- 
meter. So long as saturated solution was present with the solid, 
the vapour pressure remained constant, but when all the solution 
had been evaporated, the pressure fell sharply to the value for the 
system, two solid phases—vapour. This point was approached with 
great care so as to dehydrate as little as possible any hydrate which 
might be formed; and immediately the pressure fell sharply, the 
bulb was detached, a sample of the solid removed, and the water of 
hydration determined by heating at 110°. The bulb was again 
attached to the manometer and pump, and the process of gradually 
pumping off vapour continued, until another sharp drop in pressure 
was observed. The following results were obtained : 

At 6°, the pressure remained constant at 7-0 mm. (uncorr.) until 
all the water in the solution had evaporated ; it then fell sharply to 
50 mm. On dehydration, 1-066 g. of salt lost 0-0550 g., or 5-16% 
[Cale. for Mg(C,H,O03).,H,O: H,O, 5-23%]. On further dehydra- 
tion at 6-8°, the pressure remained constant until a sudden drop to 
3-0 mm. occurred. On analysis, 1-0390 g. lost 0-0280 g., or 2-7% 
[Cale. for Mg(C,H,O,).,4H,O : H,O, 2-69%]. On further dehydra- 
tion, the pressure remained constant, and then dropped to zero. 

At 21°, similarly, after the saturated solution had been removed, 
there was a sharp drop in pressure to 17-0 mm. On dehydration at 
110°, 0-9550 g. lost 0-0280 g., or 2-93%, showing that the solid was 
the hemihydrate. On further dehydration, the pressure at first 
remained constant, and then dropped to zero. 

At 30°, after removal of the saturated solution, there was a 
sudden drop to zero pressure, and the solid was found to be 
anhydrous. 

As the purpose of this investigation was to study the stability 
relations of magnesium r-mandelate, the composition of the solutions 
in equilibrium with /-mandelate, r-mandelate, and a mixture of 
l. and r-mandelates was plotted in rectangular co-ordinates (Fig. 2). 
The compositions are expressed as before. The experimental 
points are represented by triangles, and as the equilibrium curves 
of the ternary systems were not necessary for our present purpose 
and were not determined by us, the experimental points have been 
connected by straight (broken) lines. Although no determinations 
were made with magnesium d-mandelate, broken lines have been 
drawn so as to give a complete diagram symmetrical about the line 
bisecting the angle of the co-ordinates. 

It is clear from an inspection of Fig. 2 that the magnesium 
r-mandelate exists as stable solid phase throughout the whole 
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range of temperature of our experiments. As compared with other 
systems of a similar character, however, the diagram is complicated 
by the existence of racemate hydrates; and a crossing and re-crossing 
of the curves is indicated, owing to the way in which the solubility 
of these hydrates and of the anhydrous salt rises and falls with 
change of temperature. It becomes, therefore, practically impos- 
sible, from an examination of the change in the position of the 
invariant ternary system, to deduce the temperature of the tran. 
sition point for the active antipodes and the racemate. Owing to 
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the fact that the solubility of the higher hydrate of the racemate 
increases whereas the solubility of the active salt decreases with fall 
of temperature, the presumption is that the transition point lies at 
a fairly low temperature. 

In view of the existence of racemate hydrates, it will be of interest 
to determine the actual position of the curve for ternary solutions 
in equilibrium with solid racemate and racemate hydrates. Such 
determinations, however, have had to be postponed owing to the 
departure of one of the authors. 


UNIVERSITY OF ABERDEEN. [Received, June 4th, 1930.] 
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CCCLXIT.—Aromatic Arsenic Compounds containing 
Sulphur Growps attached to the Nucleus. Part II. 
Thiocyano- and Disulphido-groups. 

By Harry JAMES BARBER. 


In Part I (this vol., p. 2047) the preparation of various sulpho- 
arsinic acids was described; the present paper deals with bivalent 
sulphur substituents. 

The methods involving the coupling of diazo-compounds with 
alkali sulphides, to form thiol or disulphide derivatives, are not 
suitable in the arsenical series on account of the formation of thio- 
arsinites by interaction of the arsinic acid group and the sulphides. 
The application of the xanthate reaction to the preparation of 
sulphonic acids, with the disulphide as a by-product, has already 
been described (King, J., 1926, 1359). 

The introduction of the thiocyano-group has now been found 
practicable in certain instances by the diazo-reaction and potassium 
cuprothiocyanate. 4-T’hiocyano-, 2-thiocyano- (I), and 3-nttro-4- 
thiocyano-phenylarsinic acids (II) have been obtained in this way. 


AsO,H, AsO,H, AsO,H, 
CN ( s0,H, | 
0, O, \s— }, 
SCN Br 
(I.) (II.) (III.) (IV.) 


It is remarkable that 4-bromo-3-nitrophenylarsinic acid (III) 
does not yield the 3-nitro-4-thiocyano-acid with potassium thio- 
cyanate, whereas 2 : 4-dinitrobromobenzene readily reacts to give 
the thiocyano-derivative. 

2-Thiocyanophenylarsinic acid is comparatively unstable and 
readily decomposes into an amorphous substance which on mild 
oxidation gives diphenyl disulphide 2 : 2’-diarsinic acid (IV). 

4-Thiocyanophenylarsinic acid on hydrolysis with sodium hydr- 
oxide passes by similar stages to the diphenyl disulphide 4 : 4’-di- 
arsinic acid described by King (loc. cit.). 

In a similar way the disulphides themselves are partly trans- 
formed into amorphous materials, insoluble in weak alkalis, which 
on mild oxidation regenerate the crystalline disulphide arsinic acids. 
This behaviour is attributed to the interaction of the thiol group, 
formed by hydrolysis of the thiocyano-group, R°SCN + 3NaOH = 
R-SNa + Na,CO, + NH, or disulphido-group (Smiles, J., 1921, 
119, 1794), R-S‘S-R + 2NaOH = R’SNa + R-SONa + H,0, with the 
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arsinic acid group according to the general equation (Barber, J., 
1929, 1020) 


R-AsO,H, + 4R’SH = R-As(SR’), + R’S°S:R’ + 3H,0, 


thus giving a complex intramolecular thioarsinite of the type 
[-S-C,H,-As(S-C,H,As<),], which obviously on oxidation will re- 
generate the disulphide arsinic acid. In fact, any process calculated 
to give a thiol-arsinic acid appears to give products such as the 
above and it seems probable that an arsinic acid containing a free 
thiol group will at any rate be very unstable if the thiol group is 
at all reactive. Krishna and Krishna (J. Indian Chem. Soc., 1929, 
6, 672) state that they have obtained 4-thiolphenylarsinic acid by 
oxidising the corresponding arseno-derivative for several hours at 
100° with alkaline hydrogen peroxide. The thioarsinites and disul- 
phides described here all pass readily under such conditions to the 
sulphonic acids. It is extremely unlikely that any thiol group 
could remain intact under such treatment; the disulphide at least 
would be formed. Moreover, the xanthate process by which Krishna 
and Krishna claim to have prepared 4 : 4’-dithiolarsenobenzene has 
already been shown by King (loc. cit.) to give p-xanthylphenylarsinic 
acid. 

3-Nitro-4-thiocyanophenylarsinic acid on hydrolysis with alkali 
loses the sulphur group, as might be expected by analogy with 
2 : 4-dinitropheny] thiocyanate (Challenger and Collins, J., 1924, 125, 
1381). In the hydrolysis of this substance cold caustic alkali pro- 
duces an intense bluish-violet colour which fades slowly, and the 
same colour is produced in mild alkalis by the action of hydrogen 
peroxide. 

The nitration of 4-thiocyanophenylarsinic acid was attempted 
but was unsuccessful, since mild conditions gave no nitration (com- 
pare nitration of the corresponding halogen compounds; J., 1929, 
233) and more vigorous conditions gave disulphide or sulphonic 
acid. 

2-Sulphinophenylarsenious oxide (Part I, loc. cit.) gives on mild 
reduction, followed by oxidation of the arsinoxide to arsinic acid, 
the disulphide arsinic acid (IV). Stronger reducing agents yield 
an unusual substance to which is given the structure (V 


) 
Cx eK /As=As, 
(V. ) (VI - 
Ys a \g—sv 


It is also formed by reduction of 2-thiocyanophenylarsinic acid 
or the corresponding disulphide. The structure (V) is to be pre- 








oa. = 2. © = Ho oO ss 


~~ ~~, fot hp m rT, 


bh te 


ld 


eld 


id 
re- 





SULPHUR GROUPS ATTACHED TO THE NUCLEUS. PART Il. 2727 


ferred to a normal arseno-structure (VI), since the compound pos- 
sesses few of the normal properties of such substances. For instance, 
arseno-com pounds are generally amorphous substances of high mole- 
cular weight, insoluble in organic solvents and have no definite 
melting points. The few simple arseno-compounds that have been 
obtained crystalline tend to polymerise and on formation they are 
usually accompanied by the polymeric forms (see, e.g., Palmer and 
Scott, J. Amer. Chem. Soc., 1928, 50, 537; Bhede and Smith, ibid., 
1930, 52, 2947). This substance (V) on the contrary is a unimole- 
cular crystalline substance with no obvious tendency to polymerise 
and with a sharply defined melting point (177—-178°). It is relat- 
ively stable towards oxidation, but can be converted into the 
disulphide arsinic acid (IV) and into 2-sulphophenylarsinic acid. 


EXPERIMENTAL. 

4-Thiocyanophenylarsinic Acid.—4-Aminophenylarsinic acid (11 
g.), dissolved in N-hydrochloric acid (140 c.c.), was diazotised with 
sodium nitrite (3-5 g.) in water (20 c.c.), the solution added to a 
solution of cuprous thiocyanate (6 g.) in water (17 c.c.) containing 
potassium thiocyanate (35 g.), and the whole kept for some hours 
at room temperature. The mixture of cuprous thiocyanate and 
arsinic acid was then removed and extracted with sodium bicarbon- 
ate solution, which gave the required acid on acidification. The 
mother-liquor from the cuprous thiocyanate sometimes deposited a 
further crop of acid which only crystallised slowly. Attempts to 
concentrate the filtrate in order to obtain further crops resulted in 
the formation of tarry or amorphous matter. The yield was small 
(30%). The acid formed prisms from hot water or dilute acetic 
acid (Found: As, 28-5; N, 5-35. C,H,O,NSAs requires As, 28-95; 
N, 5-4%). 

Diphenyl Disulphide 4: 4’-Diarsinic Acid.—4-Thiocyanophenyl- 
arsinic acid (1 g.) was boiled with 2N-sodium hydroxide solution 
(10 c.c.) until evolution of ammonia ceased, The amorphous 
material which separated on acidification was collected, suspended 
in excess of sodium bicarbonate solution, and treated with a solution 
of iodine in potassium iodide until solution ensued. After filtration 
(charcoal) and acidification (hot) the required disulphide crystallised 
(Found: As, 31-8. Cale.: As, 32:2%). The disulphide can also 
be obtained directly from the liquor in the preparation of 4-thio- 
cyanophenylarsinic acid by removal of cuprous thiocyanate on 
completion of the reaction, followed by addition of sodium hydroxide 
(30 g.) and hydrolysis as above. Yield, 4—5 g. 

2-Thiocyanophenylarsinic Acid (I),—The reaction was carried out 
exactly as for the 4-isomeride (Found: As, 27-7. C,;H,O,NSAs 
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requires As, 28-95%). Attempts to recrystallise the crude product 
always resulted in the formation of the disulphide. 

Diphenyl Disulphide 2: 2’-Diarsinic Acid (IV).—(1) The crude 
2-thiocyanophenylarsinic acid was hydrolysed wtih 2N-sodium 
hydroxide and treated as for the 4-isomeride (Found: As, 31-5; 
8, 14-1. C,,H,,0,8,As, requires As, 32-2; 8, 13-75%). 

(2) 2-Sulphinophenylarsenious oxide (2 g.), dissolved in alcohol 
(20 c.c.) saturated with sulphur dioxide and containing a trace of 
hydrogen iodide, was boiled for } hour and the remaining sulphur 
dioxide was removed by aeration. The alcohol was removed and 
the residue oxidised in the usual way. The product was purified 
by acidification of a boiling solution in aqueous sodium bicarbonate 
(Found : As, 31-3, 31-4%). 

(3) 2-Sulphinopbenylarsenious oxide (2 g.) in water (200 c.c.) con- 
taining sulphuric acid (25 c.c. of 2N) and hydrogen iodide (2 drops, 
d 1-7) was heated for 2 days at 95°. The product was collected 
and oxidised as above (Found: As, 30-8; 8, 14-2%). 

It is evident that the disulphide was in each case contaminated 
with the disulphoxide, which is almost invariably formed in the 
conversion of a sulphinic acid into disulphide or in the hydrolysis 
of a disulphide by alkali. The disulphide as obtained by any of 
the above methods appeared to be homogeneous and formed small 
prisms on acidification of a hot, very dilute sodium bicarbonate 
solution. It was extremely sparingly soluble in water, glacial acetic 
acid, or alcohol. 

The following experiment illustrates the hydrolysis by alkali. The 
disulphide (0-2 g.) was heated for } hour at 95° in N-sodium hydroxide 
(10 c.c.), 2N-hydrochloric acid (6 c.c.) was added, and the resulting 
suspension of amorphous thioarsinite was titrated with N/10-iodine : 
the 4-5 c.c. required indicated 52% hydrolysis to thiol or thioarsinite. 
The disulphide does not absorb iodine in aqueous suspension. 

3-Nitro-4-thiocyanophenylarsinic Acid (II).—3-Nitro-4-amino- 
phenylarsinic acid (13 g.) was diazotised by solution in N’/2-sodium 
hydroxide solution (50 c.c.) containing sodium nitrite (3-5 g.) and 
addition to a solution of hydrochloric acid (14 c.c.; d 1-16) in 
water (50 c.c.) at 20°. The diazo-solution was treated as for the 
2- and 4-thiocyano-acids. The arsinic acid (yield, 50%) formed 
yellow leaflets from hot water (Found: As, 25-0; N, 94. 
C,H,;0;N,SAs requires As, 24:7; N, 9:2%). 

After boiling with 2N-sodium hydroxide solution until evolution 
of ammonia ceased, the solution was acidified with dilute hydro- 
chloric acid. Sulphur dioxide was liberated and a brown tarry 
material precipitated. This material did not yield 3-nitro-4- 
hydroxyphenylarsinic acid as anticipated. 
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Substance (V).—A solution of 2-sulphinophenylarsenious oxide 
(4-6 g.) in hot glacial acetic acid (40 c.c.) and hypophosphorous acid 
(20 c.c.; d 1-14) to which potassium iodide (3-2 g.) had been added 
was boiled for 5 minutes. A slight odour of thiophenol was noticed, 
suggesting elimination of arsenic. The crystalline product was 
washed with a little alkali to remove any unchanged sulphinic 
acid; yield, 3-5 g. (95%). It formed lemon-yellow prisms, m. p. 
177—178°, from glacial acetic acid, benzene, or alcohol, in all of 
which it was somewhat difficultly soluble (Found: As, 40-9; S, 
17-8; C, 39-3; H, 2-2; M, in camphor, 330, 380, 357. C,,H,S,As, 
requires As, 41-0; S, 17-5; C, 39-3; H, 2-2%; M, 366). 

The same product was obtained on reduction of the sulphinic 
acid with sodium hyposulphite or zinc and hydrochloric acid or by 
reduction of the 2: 2’-disulphide or 2-thiocyanophenylarsinic acid 
with sodium hyposulphite or hypophosphorous acid. 

The substance was unaffected by boiling alkali but dissolved in 
concentrated sulphuric acid with a yellow-orange colour. It was 
slowly oxidised by iodine in bicarbonate suspension, giving the 
disulphide arsinic acid. Concentrated nitric acid rapidly oxidised 
it to 2-sulphophenylarsinic acid. Heating at about 300° produced 
a complex decomposition and no product of distillation could be 
identified. Similarly, heating with copper bronze (Naturkupfer C) 
did not yield thianthren as might be expected on simple removal of 
the arsenic. 


RESEARCH LABORATORIES, Messrs. May & Baker, LTD., 
Lonpon, S8.W. 18. [ Received, October 6th, 1930.] 





CCCLXIII.—Syntheses of Glucosides. Part VI. The 
Preparaiion of B-Glucosides of Phenols, 


By ALEXANDER RoBERTSON and Roy Basi. WATERS. 


THE most general method hitherto available for the preparation of 
8-glucosides of phenolic compounds depends on the interaction of 
an alkali salt of the phenol and O-tetra-acetyl-«-glucosidyl bromide. 
The procedure is somewhat tedious and the yields, which vary with 
the nature of the phenol, are generally poor. Moreover, the method 
is frequently inapplicable to partly acylated derivatives of poly- 
hydric phenols. By the interaction of O-tetra-acetyl-«-glucosidyl 
bromide and hydroxyanthraquinones in the presence of silver oxide 
and quinoline, Takahashi (J. Pharm. Soc. Japan, 1925, 525, 4) 
obtained the corresponding glucosidoxyanthraquinones. A modi- 
fication of this method has been extended to other members of this 
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series by Zemplén and Miiller (Ber., 1929, 62, 2107) and by Miiller 
(ibid., p. 2793) (compare Jones and Robertson, this vol., p. 1708). 
This reaction has now been applied to the preparation of phenyl. 
glucosides and appears to be a general one. In view of the economy 
both in time and in materials it seems to us that this procedure is 
superior to those described by previous authors (for references, see 
Armstrong, ‘ The Simple Carbohydrates and Glucosides,”’ 1924, 
pp. 282 and 283). 

Fischer’s method (Ber., 1916, 49, 2813) which depends on the use 
of quinoline gives rise to both «- and 8-glucosides and can be applied 
to the preparation of the glucosides of alcohols and phenols. The 
present method, however, gives only the 8-form (compare Robert- 
son, this vol., p. 1136). Careful search has failed to reveal even 
traces of the «-forms in our products. Attempts to apply the reac. 
tion to the preparation of glucosides of alcohols (e.g., methyl, benzyl, 
etc.) were wholly unsuccessful. It has been found in general that 
when pyridine is substituted for quinoline in the mixture the 
reaction is much more vigorous and the product, although identical, 
is highly contaminated with dark-coloured impurities. 

In carrying out the reaction it is essential that the materials 
should be pure and dry, otherwise the product is difficult to purify. 
For the same reason, where the temperature of the mixture rises 
above 50—60° the reaction should be moderated by cooling in tap- 
water. The use of acetic acid in working up the products has 
proved convenient and the somewhat tedious process of extracting 
the reaction mixture with chloroform and subsequently removing 
the quinoline from the extract by means of mineral acid is thus 
avoided (compare Takahashi; Zemplén and Miiller; Miiller, locc. 
cit.). From the fact that resorcinol yields only a diglucoside by 
this method (compare Miiller; Robertson and Jones, locc. cit.), 
it seems desirable, in order to obtain the monoglucoside of a poly- 
hydric phenol, to protect one (or more) of the hydroxyl groups by 
partial acylation, as is exemplified in the new synthesis of arbutin 
described below. 

Experiments on the preparation of «-glucosides by this method 
by means of Brigl’s 8-glucosidyl chlorides (Z. physiol. Chem., 1921, 
116, 1) are in progress. 


EXPERIMENTAL. 
8-Phenylglucoside.—Dry “active” silver oxide (5 g.) was added 
with stirring to a paste of phenol (1 g.), O-tetra-acetyl-«-glucosidy] 
bromide (9 g.), and quinoline (10 c.c.). The mixture, which became 
warm and at first less viscous, was agitated for 15 minutes and the 
resulting stiff paste was kept in a desiccator for 1 hour. A solution 
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of the product in acetic acid (40 c.c.) was filtered to remove undis- 
solved silver salts and poured into ice-water (200 c.c.). The tetra- 
acetyl compound thus precipitated, on crystallisation from alcohol, 
formed colourless needles (3-5 g.), m. p. 128°, [«]#’ — 28-7° (in 
acetone) (Found: C, 56-7; H, 5-8. Cale. for C.95H,,0j): C, 56-6; 
H, 5-7°%) (Fischer and Mechel, Ber., 1916, 49, 2813, give m. p. 128° 
and [a]? — 28-9°). 

A solution of the tetra-acetate (2 g.) in methyl alcohol (40 c.c.) 
cooled to 0° was saturated with dry ammonia and then kept in the 
ice-chest for 16 hours. After removal of the ammonia and methyl 
alcohol in a vacuum, the residue was dissolved in warm water; on 
cooling, the solution deposited $-phenylglucoside as a hydrate in 
colourless needles (0-7 g.), m. p. 176°, [a] — 72-0° (in water) 
(Found: C, 49:3; H, 7-0. Cale. for C,,H,,04,2H,O: C, 49:3; 
H, 6-9%) (Fischer and Mechel, loc. cit., give m. p. 176—177° and 
[aj — 71-7°). The glucoside is hydrolysed by emulsin to glucose 
and phenol. 

§-2-Naphthylglucoside—The vigorous interaction between $-naph- 
thol (4 g.) and O-tetra-acetyl-«-glucosidyl bromide (10 g.) in the 
presence of silver oxide (5 g.) and quinoline (10 c.c.) was moderated 
by cooling the containing vessel in tap-water for 10 minutes. The 
mixture, having been kept in a desiccator for $ hour, was extracted 
with acetic acid, and the filtered extract poured into ice-water 
(400 c.c.). The light brown, crystalline tetra-acetate, on recrystal- 
lisation from methyl alcohol (charcoal) and then ligroin, formed 
colourless prisms (13 g.), m. p. 135°, [a] — 12-67° (in acetone) 
(Found : C, 60-8; H, 5-4. Calc. for C,,H,,0,,: C, 60-8; H, 5-5%) 
(Fischer and Armstrong, Ber., 1901, 34, 2900, give m. p. 135° 
but do not record the rotation). 

Deacetylation of the tetra-acetate by means of methyl-alcoholic 
ammonia gave an almost theoretical yield of 8-2-naphthylglucoside, 
which crystallised from water as a monohydrate in elongated colour- 
less prisms, m. p. 188°, [«]# — 26-7° (in 95% acetone) (Found : 
C, 59-3; H, 6-0. Cale. for C,,H,,0,,H,0: C, 59-3; H, 62%) 
(Ryan, J., 1899, '75, 1055, gives m. p. 184—186° but does not 
record the rotation). The glucoside on hydrolysis by emulsin gave 
glucose and 8-naphthol. 

0-Octa-acetyl B-m-Phenylenediglucoside.—When resorcinol (1 g.), 
0-tetra-acetyl-«-glucosidyl bromide (9 g.), quinoline (10 ¢.c.), and 
silver oxide (5 g.) were mixed, a mild reaction took place. After 
15 minutes, the product was dissolved in warm acetic acid, and the 


' filtered solution poured into ice-water (250 c.c.). The solid octa- 


acetate crystallised from alcohol in plates (4 g.), m. p. 203°, [a]f” 
— 83-1° (in acetone) (Found: C, 53-0; H, 5-4. Cy5,H 0.) requires 
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C, 53-0; H, 55%). The compound is moderately easily soluble 
in hot alcohol, readily soluble in chloroform, and insoluble in 
ether. 

O-Monobenzoylquinol—Into a solution of quinol (15 g.) in 2% 
aqueous potassium hydroxide (280 c.c.) cooled to — 5° in an atmo- 
sphere of hydrogen, benzoyl chloride (14 g.) was introduced in 
twelve portions, vigorous shaking being maintained until the odour 
of the chloride had disappeared. The mixture was poured into 
saturated aqueous sodium bicarbonate solution (300 c.c.) and after 
4 hour the solid was collected and washed with water. Crystallised 
from 70% alcohol, the monobenzoate formed colourless, slender 
needles (15 g.), m. p. 161° (Found: C, 73-1; H, 5-0. C,,H,,0, 
requires C, 72-9; H, 4:7%). 

Arbutin.—A mixture of O-monobenzoylquinol (2-5 g.), O-tetra- 
acetyl-«-glucosidyl bromide (5 g.), silver oxide (3 g.), and quinoline 
(10 c.c.) gave rise to the tetra-acetyl glucoside of quinol monobenzoate 
(6 g.). The compound (isolated by the aid of acetic acid) separated 
from warm alcohol in colourless leaflets, m. p. 154—155°, [a]? 
— 63-97° (in acetone) (Found : C, 59-7; H, 5-2. C,,H,,0,, requires 
C, 59:7; H, 5:1%). 

Removal of the benzoyl] and acetyl groups was effected by means 
of methyl-alcoholic ammonia. The glucoside (yield, 70% of the 
theoretical) on crystallisation from water and then from moist 
ethyl acetate, formed colourless elongated prisms containing 1H,0, 
m. p. 199°, after sintering at 163—164°, alone or mixed with a 
specimen of the natural glucoside, [«]?° — 60-3° (in water) (Found : 
C, 49-9; H, 6-1. Calc. for C,,H,,0,,H,O0: C, 49:7; H, 6-2%) 
(Mannich, Arch. Pharm., 1912, 250, 547, gives [a]ij* — 60-34°). 
Acetylation of the synthetic glucoside by means of acetic anhydride 
and sodium acetate during } hour at 160° (oil-bath) gave the penta- 
acetate, which crystallised from alcohol in slender needles, m. p. 
145—146°, alone or mixed with a specimen prepared from the 
natural glucoside (Mannich, loc. cit.), [«]%° — 28-18° (in acetone) 
(Found : C, 54-8; H, 5-5. Cale. for C,.H,,0,.: C, 54-8; H, 5-4%). 
Synthetic arbutin is hydrolysed by emulsin to glucose and quinol. 

Attempts to prepare the tetra-acetyl glucoside directly from 
quinol were unsuccessful. 

Helicin.—The solid mixture obtained from salicylaldehyde (3 g.), 
O-tetra-acetyl-«-glucosidyl bromide (22 g.), silver oxide (12 g.), and 
quinoline (20 c.c.) was extracted with cold 25% acetic acid (400 c.c.), 
and the extract rejected. The solid was then dissolved in hot 


alcohol, and the solution filtered to remove silver salts. On cooling, - 


tetra-acetyl helicin crystallised in thick needles (10-5 g.), m. p. 142°, 
[x]? — 37-0° (in acetone) (Found: C, 55-8; H, 5-3. Cale. for 
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C,,H.40,,: C, 55-8; H, 5-3%) (Fischer and Slimmer, Sitzungsber. 
K. Akad. Wiss. Berlin, 1902, p. 597, give m. p. 142° and [«]?’ —37-2°). 

Deacetylation of the tetra-acetate and purification of the glucoside 
by Fischer and Slimmer’s procedure (loc. cit.) gave synthetic helicin, 
which formed fine needles, m. p. 175°, [«]#° — 60-1° (in water) 
(Found in a specimen dried in a vacuum at 100°: C, 55-0; H, 5-8. 
Cale. for C,,H,,0,: C, 54-9; H, 5-7%) (Fischer and Slimmer give 
[«]i’ — 60-4°). Hydrolysis of the compound was readily effected 
by emulsin at 35—37° with the formation of salicylaldehyde and 
glucose. 

O-Tetra-acetyl-8-glucovanillin.—The interaction of vanillin (5 g.) 
and O-tetra-acetyl-«-glucosidyl bromide (12-2 g.) in the presence 
of silver oxide (7 g.) and quinoline (10 c.c.) gave a solid which partly 
dissolved in acetic acid (50 c.c.). Water (300 c.c.) was then added 
and the solid was collected, washed, and extracted with hot alcohol. 
On cooling, the filtered extract deposited the tetra-acetyl glucoside 
in colourless prisms (14 g.), m. p. 143—144°, [a]#" — 50-68° (in 
acetone) (Found: C, 54-8; H, 5-4. Cale. for C,,.H,,0,.: C, 54:8; 
H, 5-4%) (Fischer and Raske, Ber., 1909, 42, 1465, give m. p. 143°). 


The authors wish to express their thanks to the Department of 
Scientific and Industrial Research for a maintenance grant, which 
enabled one of them (R. B. W.) to take part in the investigation, 
and to the Chemical Society for grants which have partly defrayed 
the cost of the materials. 


East Lonpon COLLEGE, 
University or LonpDon. [Received, November 5th, 1930.] 





CCCLXIV.—The Vapour Pressure of Chlorine 
Monoxide. 


By CHARLES FREDERICK GOODEVE. 


Durinc the photochemical and spectroscopic investigations of 
chlorine monoxide in these laboratories (Goodeve and Stein, T'rans. 
Faraday Soc., 1929, 25, 738; Goodeve and Wallace, ibid., 1930, 26, 
254), it was necessary to obtain accurate data as to vapour pressure 
over a wide range of temperatures which would serve as a guide to 
the purity of the gas and facilitate the filling of absorption and 
reaction vessels to a desired pressure. Apparently the only in- 
formation on record is that by Goldschmidt (Ber., 1919, 52, 753), 
who found the b. p. to be 3-8°/766 mm. 














2734 GOODEVE: 


EXPERIMENTAL. 


Chlorine monoxide was prepared by a slight modification of the 
method used by Bodenstein and Kistiakowsky (Z. physikal. Chem., 
1925, 116, 371). Chlorine, from a gas holder in which it was stored 
over saturated sodium chloride solution, was mixed with air and 
passed through bulbs containing mercuric oxide (previously heated 
to 250°). The chlorine monoxide was condensed in a trap cooled 
with solid carbon dioxide-alcohol, at a pressure below the vapour 
pressure of chlorine, so that most of the latter was carried on with 
the air stream. The monoxide was further purified by passage 
over phosphoric oxide to remove water and by fractionation to 


remove chlorine. 
Fia. 1. 
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Figure Ia. U 
UY 
The experimental results, from which the accompanying data 
have been derived, were obtained over a period of several years and 
by means of several slightly varied arrangements of apparatus. In 
general, however, the chlorine monoxide was distilled into a vessel 
of small volume, which was maintained at the desired temperature 
by a jacket of carbon dioxide-alcohol or ice—salt mixtures, liquid 
ammonia, or alcohol-ether cooled by the addition of liquid air. 
The temperatures were read on an N.P.L. standard pentane ther- 
mometer, placed either in the cooling agent or in the chlorine 
monoxide itself. To this vessel was attached (see Fig. la) a U-tube 
filled with metaphosphoric acid, which, in turn, was connected to 
the mercury manometer system by a tube filled with air. Chlorine 
monoxide dissolves very slowly in metaphosphoric acid, owing to 
its low solubility and the high viscosity of the liquid. 
The vapour pressure of chlorine monoxide was measured by 
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adjusting the air pressure in the manometer system, until the levels 
of the liquid in the two arms of the U-tube were nearly the same. 
Corrections for the difference of level were then applied from the 
density of the liquid. Coarse adjustment of the air pressure was 
obtained by adding dried air through tap A or withdrawing it 
through tap V, and fine adjustment by changing the volume in the 
reservoir Rf. 

The mercury manometer was made by spraying carefully purified 
mercury through an exceedingly fine jet into a highly evacuated 
and previously baked-out U-tube. Manometers made by this 
“cold process ’’ have shown no signs of adhesion of the mercury on 
the walls of the tube even after several years. Stray chlorine was 
effectively prevented from coming in contact with the mercury 
surfaces by a tube of freshly reduced copper oxide wire. 

In each determination, successive quantities of the gas were 
fractionated away until there was no further change in the vapour 
pressure of the liquid. Readings were taken with the temperature 
slowly increasing and decreasing, and consistent values obtained. 
At temperatures below —10° decomposition of the liquid monoxide 
was negligible except over long periods, but near the boiling point 
decomposition was rapid and accurate values could not be obtained. 
Moderately consistent results were obtained, however, in the 
following manner. Part of the gas in contact with the liquid was 
withdrawn as rapidly as possible through tap B, thus removing 
most of the products of decomposition. The tap was then closed 
and the gas and liquid were allowed to approach equilibrium. 
At the same time, the temperature was caused to decrease slowly, 
with the result that the pressure rose to a maximum and then 
decreased. The temperature and pressure were read at the moment 
this maximum occurred, which was generally less than 4 minute 
from the time of turning off the tap. A true equilibrium point 
was thus reached before the concentration of the decomposition 
products seriously affected the results. 

The Vapour Pressure and Boiling Point.—The values found for 
the vapour pressure of chlorine monoxide are indicated in Fig. 2a. 
A straight line is obtained when the logarithms of the vapour 
pressures (in mm.) are plotted against the reciprocals of the absolute 
temperatures. The corresponding equation is 


logig p = — 1373/T + 7-87. 


The values, obtained from this line, for every 5° of temperature 
are tabulated below. The data for the vapour pressure of chlorine 
obtained by Harteck (Z. physikal. Chem., 1928, 134, 21) and of 
chlorine dioxide obtained by King and Partington (J., 1926, 925), 
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have been calculated in the same manner and plotted for purposes 
of comparison in Fig. 2a. As seen from the figure, chlorine may be 
removed readily from chlorine monoxide by fractionation, whereas 
the dioxide can be removed only with difficulty. 


Vapour pressure of chlorine monoxide. 
T, Abs. p,mm. T, Abs. p, mm. T, Abs. p,mm. TZ, Abs. p, mm. 


288° 1227 258° 356 228° 71 198° 8-7 
283 1052 253 280 223 52 193 5-7 
278 860 248 217 218 37-6 188 3°7 
275 760 243 167 213 26-7 183 2-4 
273 699 238 127 208 18-7 178 1-44 
268 563 233 96 203 12-8 173 0-86 
263 450 
Fie. 2. 
3-0 


logio P- 


1-0 


figure Vapour Pressures 


0 


or 
a 


0 
0-35 0-40 0-45 0-50 0: 
100/T. 


The vapour pressures given in the figure and shown on a larger 
scale in Fig. 26 indicate that the b. p. 2-0°/760 mm. is more correct 
than Goldschmidt’s value, 3-8°. The higher value may have been 
due to superheating of the liquid, a phenomenon often observed with 
pure chlorine monoxide. 

From the slope of the line, the latent heat of evaporation has been 
found to be 6200 cals. per g.-mol. The latent heat for chlorine, 
as calculated from Harteck’s values of the vapour pressure, is 
5300 cals., and for chlorine dioxide 6520 cals. The value of Trouton’s 
coefficient, L,/T'p, », = 22-5, indicates very little, if any, association 
of chlorine monoxide in the liquid state. 

The Melting Point.—The International Critical Tables and other 
tables give the m. p. of chlorine monoxide as — 20°, but the source 
of this value is not recorded. Preliminary investigation showed 
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this point to be below — 100°, and a determination was therefore 
made in the apparatus shown in Fig. 1b. The outer jacket was 
surrounded by liquid air, and chlorine monoxide was distilled into 
the inner chamber until the bulb of the standard pentane ther- 
mometer was completely covered by the liquid. The outer jacket 
was evacuated in order to reduce the rate of cooling. Temperatures 
were read at regular intervals until the liquid had completely 
solidified, and the readings were plotted. The curve showed the 
usual short break at the m. p. due to the latent heat of fusion. The 
curve of increasing temperature was obtained simply by removing 
the liquid air and allowing the outer jacket to warm, and again a 


break was found which commenced at the same temperature as © 


in the cooling curve. The curves were repeated with successive 
fractionations of chlorine monoxide, and concordant results were 
obtained which indicated that the m. p. of chlorine monoxide is 
— 116° + 1°. 

Owing to the inaccessibility of this temperature, the m. p. is not 
convenient as a test of purity. It is of interest that, although the 
vapour-pressure curve of chlorine monoxide is intermediate between 
those of chlorine and the dioxide, its m. p. is below that of chlorine 
(viz., — 101°), and some distance from that of chlorine dioxide 
(t.e., — 59°). 


In conclusion, the author wishes to thank Professor F. G. Donnan 
for suggesting the research on chlorine monoxide. He is also 
indebted to the Royal Commission for the Exhibition of 1851 for a 
Scholarship held while the work was carried out. 

Tue Srr Witt1aAM Ramsay LABORATORIES OF PHYSICAL 


AND INORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, Lonpon. [Received, October 22nd, 1930.] 





CCCLXV.—The Action of Halogens on Ethyldi-iodo- 
stibine. Antimony Bromodi-iodide. 


By Ropert Epwarp Davin CLARK. 


As is well known, antimony pentaiodide is either non-existent or 
exceedingly unstable. It was therefore thought probable that an 
analogous compound, containing one iodine atom replaced by an 
alkyl group, would readily decompose. Such decomposition might 
take two courses : either (a) iodine and ethyldi-iodostibine might be 
produced, in which case these reactants would not be expected to 
combine readily; or (6) ethyl iodide and antimony tri-iodide might 
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be formed, according to the equation SbEtl, = EtI + SbI;. Owing 
to the instability of the alkyl-antimony bond, it was expected that 
the latter course, involving elimination of the alkyl group, would be 
preferred. 

When ethyldi-iodostibine (Auger and Billy, Compt. rend., 1904, 
139, 599) was treated with iodine, a deep red, quaternary compound 
was formed. This was too unstable for isolation, but on decom. 
position, antimony tri-iodide was the only isolable product, elimin. 
ation of the alkyl group therefore having occurred according to 
scheme (bd). 

The interaction of ethyldi-iodostibine and bromine produced a 
transitory quaternary compound, which decomposed to give 
antimony bromodi-iodide : this is the first mixed halide of tervalent 
antimony to be described. 

Numerous attempts to prepare antimony chlorodi-iodide in the 
same manner were unsuccessful, and no conclusive evidence of the 
intermediate formation of a quaternary compound was obtained. 

Incidentally, the previously unrecorded observation that ethyldi- 
iodostibine is photosensitive has been made. Antimony tri-iodide 
results, but no other indication as to the course of the reaction has 
been obtained. 


EXPERIMENTAL. 


Action of Iodine on Ethyldi-vodostibine.—A solution of 1-2 g. of 
the stibine in chloroform (10 c.c.) was added dropwise to 0-75 g. of 
iodine dissolved in the minimum quantity of chloroform. The 
deep red colour produced was largely discharged when the mixture 
was refluxed for a few minutes and allowed to cool. Red needles 
(1-2 g.) of antimony tri-iodide separated which, alone or mixed with 
an authentic specimen (m. p. 170-5°), melted at 168—170-5°. 

Action of Bromine.—A solution of 12-0 g. of ethyldi-iodostibine 
in the minimum quantity of chloroform (ca. 15 c.c.) was cooled in a 
freezing mixture, and bromine (1-6 c.c., dissolved in 5 c.c. of chloro- 
form) was added drop by drop. A vigorous reaction took place on 
each addition, and a red oil (presumably the quaternary compound), 
which showed no tendency to crystallise, separated. When the 
liquid was refluxed for a few minutes, much of the colour was dis- 
charged. After being cooled to 0°, the chloroform was decanted 
from a mixture of antimony bromodi-iodide and iodine. This 
mixture was washed with small quantities of xylene until it was free 
from iodine. The residue, recrystallised from chloroform or light 
petroleum (b. p. 80—100°), gave long yellow needles (2-9 g.) moder- 
ately stable in air. Repeated crystallisation did not alter the melt- 
ing point, 88° (Found: Sb, 26-8. SbBrI, requires Sb, 26-6%). 
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On hydrolysis with sodium hydroxide, sodium iodide and bromide 
were formed. 

Action of Chlorine.—Preliminary quantitative experiments showed 
that (a) chlorine was only slowly absorbed by solutions of ethyldi- 
iodostibine, unless the temperature was above ca. 25°: at lower 
temperatures, as at higher ones, a red colour was observed, but 
this was apparently due to the formation of antimony tri-iodide ; 
(b) if the quantity of chlorine employed was equal to or greater than 
the theoretical weight, iodine was liberated in large amount; (c) 
under all conditions, hydrogen halide was evolved, although com- 
paratively little was formed until the theoretical weight of chlorine 
had reacted; (d) under all conditions, antimony tri-iodide was 
produced. 

Based on this experience, the following (typical) experiment was 
conducted. Into a solution of 10-0 g. of ethyldi-iodostibine in warm 
chloroform (10—15 c.c.), chlorine (530 c.c. in all; calc., 600 c.c.) was 
passed at the maximum rate (in this case, 35 c.c. per minute) at 
which complete absorption resulted for the temperature employed 
(25—30°). Antimony tri-iodide began to be precipitated at once. 
Finally the liquid was boiled, filtered, and allowed to cool. It 
deposited red antimony tri-iodide and the metastable yellow 
modification, but no other substance was detected. Fractional 
crystallisation of the residue from xylene gave no indication of the 
presence of a substance with the expected properties. 


The author desires to express his indebtedness to the Department 
of Scientific and Industrial Research for a maintenance grant, to 
St. John’s College for a Slater Studentship, and to Dr. W. H. Mills, 
F.R.S., for permission to publish these results. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE, [Received, November 3rd, 1930.] 





OCCLX VI.—w-Cyano-w-arylideneacetanilides and the 
Conversion of their o-Nitro-derivatives into Quinol- 
ine Derivatives. ‘ 

By Monammap IsHaQ and JNANENDRA Natu Ray. 

It seemed to the authors that naphthinoline (I), a tetrahydro- 

derivative of which was prepared by Reissert by the reduction of 

di-o-nitrobenzylacetic acid (Ber., 1894, 27, 2244), might be obtained 


from «w-cyano-w-o-nitrobenzylideneacetanilide (II). This substance, 
however, gave 2-anilino-3-cyanoquinoline (IIT) on reduction and could 
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not be converted into a naphthinoline derivative under any of the 
conditions tried. 


N WN N 
NO, CO-NHPh HPh 
Linetiiei tbe! IN 
CH—C-CN 
(I.) (II.) (IIT.) 


A number of 2-arylamino-3-cyanoquinolines are described below. 

Attempts to convert w-cyanoacetanilide into 2: 4-diketo. 
1: 2:3: 4-tetrahydroquinoline failed (compare Clemo and Perkin, 
J., 1924, 125, 1608). 


EXPERIMENTAL. 


w-Cyanoacetanilide.—w-Chloroacetanilide (5-6 g.), dissolved in 
alcohol (25 c.c.), was treated at 70—80° with an aqueous solution of 
potassium cyanide (3 g. in 5 c.c.) for 2 hours. When the product 
was poured into water (100 c.c.), #-cyanoacetanilide was precipitated 
in quantitative yield; m. p. 195° after crystallisation from alcohol. 
It could not be hydrolysed to give either an ester or an acid. 

w-Cyano-w-arylideneacetanilides.—These substances are produced 
in quantitative yield under the conditions exemplified below. 

A solution of w-cyanoacetanilide (1-6 g.) and piperonal (1-5 g.) in 
the minimum quantity of pyridine was treated with a drop or two 
of piperidine and heated at 60—70° for 1} hours. After 12 hours, 
the w-cyano-w-piperonylideneacetanilide, which either crystallised 
from the mixture or was precipitated by addition of water, was 
collected and recrystallised from alcohol; m. p. 182° (Found: N, 
9-6. C,,H,,0,N, requires N, 9-6%). 

w-Cyano-w-m-methoxybenzylideneacetanilide, m. p. 141° (Found: 
N, 10-2. C,,H,,0,N, requires N, 10-1%), w-cyano-w-3 : 4-dimethoxy- 
benzylideneacetanilide, m. p. 168° (Found: N, 9-1. C,,H,,0,N, 
requires N, 9-1%), «w-cyano-w-o-nitrobenzylideneacetanilide, yellow 
silky needles, m. p. 206° (Found: N, 14:3. C,,H,,0O,N, requires 
N, 143%), «w-cyano-w-6-nitro-3 : 4-methylenedioxybenzylideneacet- 
anilide (from 6-nitropiperonal), m. p. 227° (Found: N, 12°6. 
C,,H,,0;N, requires N, 12-5%), and w-cyano-w-6-nitro-3 : 4-di- 
methoxybenzylideneacetanilide, m. p. 169° (Found: N, 124. 
C,,H,,0,N, requires N, 1f-9%), were prepared. 

From -cyanoaceto-p-toluidide (obtained in the same way as the 
anilide and having m. p. 180° after crystallisation from alcohol), 
the following derivatives were prepared : «w-cyano-w-3 : 4-dimethozy- 
benzylideneaceto-p-toluidide, m. p. 198° (Found: N, 8-7. C,,H,,03N; 
requires N, 8-7%), w-cyano-w-piperonylideneaceto-p-toluidide, m. p. 
183°, w-cyano-w-m-methorybenzylideneaceto-p-toluidide, m. p. 144° 
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(Found: N, 9-9. C,,H,,O,.N, requires N, 9-6%), «-cyano-w-o- 
nitrobenzylideneaceto-p-toluidide, m. p. 182° (Found: N, 13-7. 
C,,H,,;0,N, requires N, 13-7%), w-cyano-w-6-nitro-3 : 4-methylene- 
dioxybenzylideneaceto-p-toluidide, m. p. 216° (Found: N, 12:3. 
C,gH,,0;N,; requires N, 120%), and w-cyano-w-6-nitro-3 : 4-di- 
methoxybenzylideneaceto-p-toluidide, m. p. 174° (Found: N, 11-5. 
C9H,,0;N, requires N, 11-4%). 

Preparation of  2-Arylamino-3-cyanoquinolines.—w-Cyano-w-o- 
nitrobenzylideneacetanilide (2 g.) was added to hot glacial acetic 
acid containing zinc dust (5 g.). The liquid was boiled vigorously 
for 5 minutes, filtered, and diluted with water to twice its volume ; 
it was then made strongly alkaline, care being taken that it did not 
get too warm. The voluminous precipitate of 2-anilino-3-cyano- 
quinoline (III) crystallised from dilute alcohol in pale yellow needles, 
m. p. 208° (Found: N, 17-1. C,gH,,N; requires N, 17-1%). The 
substance easily forms a picrate. 

The following compounds were prepared by a similar procedure : 
2-anilino-3-cyano-6 : 7-methylenedioxyquinoline, pale yellow scales, 
m. p. 287° (Found: N, 14:5. C,,H,,0,N, requires N, 14-5%), 
2-anilino-3-cyano-6 : 7-dimethoxyquinoline, m. p. 237° (Found: N, 
13-9. C,,H,,O,N, requires N, 13-8%), 2-p-toluidino-3-cyano- 
quinoline, m. p. 221—222° (Found: N, 16-3. C,,H,,N, requires 
N, 162%), and 2-p-toluidino-3-cyano-6 : 7-dimethoxyquinoline, m. p. 
253° (Found: N, 13-2. C,,H,,0,N, requires N, 13-2%). 

UNIVERSITY OF THE PUNJAB, 

LAHORE, INDIA. [Received, November 13th, 1930.] 





CCCLXVII.—The Hydrolysis of Acetamide. 
By Tuomas Weston Jouns TAYLor. 


WHEN in extension of earlier work (Taylor, J., 1928, 1099, 1897; 
Taylor and Price, J., 1929, 2052) the reaction between nitrous 
acid and acetamide was investigated, it was found that, with the 
two reactants at 0-05N concentration, the rate of reaction at 25° 
did not become appreciable until the concentration of sulphuric 
acid in the solution was raised to 4N. No measurements have 
been recorded giving the rate of hydrolysis of acetamide at 25° 
by acids of this or greater concentration. Hence the velocity of 
this reaction in the presence of hydrochloric, hydrobromic and 
sulphuric acids has been measured together with the salt effect on 
the velocity with the first two acids. Further the salt effect on 
the rate of hydrolysis by 1-0N-sodium and potassium hydroxides 
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has been investigated. The somewhat unexpected results obtained 
appear to indicate that acetamide can form complexes with certain 
neutral salts and with hydrogen chloride and bromide, which are 
stable in solution and unable to undergo hydrolysis. 

Materials—Acetamide was recrystallised four times from dry 
acetone and kept over sulphuric acid. All solutions of acids and 
bases were referred to an approximately decinormal solution of 
sulphuric acid which had been standardised by three separate 
and concordant methods. Potassium chloride and iodide were 
recrystallised three times from water; and potassium bromide 
three times from pure aqueous alcohol. The sodium chloride and 
bromide were commercial A.R. samples. Sodium iodide was 
purified by recrystallising its compound with acetone three times 
from acetone. Solutions of the iodides were made up when required 
and used at once, since they tended to contain small traces of 
iodine after standing. Solutions of lithium chloride and bromide 
were obtained by dissolving known amounts of the carefully purified 
carbonate in the required amount of the accurately standardised 
acid and boiling gently to remove carbon dioxide. The thermostats 
were gas-heated; that at 25° was constant to within 0-05°, and 
those at the higher temperatures to within 0-2°. 

Analytical Methods.—The velocity of hydrolysis was followed 
by estimating the ammonia formed. Two methods were used. 
The first was the oxidation of the ammonia by sodium hypobromite 
(compare Riipp and Réssler, Arch. Pharm., 1905, 243, 104; Euler 
and Olander, Z. physikal. Chem., 1928, 131, 107); the sample was 
pipetted from the reaction vessel into the quantity of acid or base 
necessary for its exact neutralisation, mixed with pure crushed 
ice; excess of a standard sodium hypobromite solution over that 
equivalent to the total amide and ammonia present was added and 
the flask was at once stoppered and left for 8 minutes; finally the 
solution was acidified, and the hypobromite estimated iodometric- 
ally. A correction must be applied, since the acetamide is hydro- 
lysed to a small extent during the oxidation; this was effected by 
plotting the titres of hypobromite against time, extrapolating to 
zero time, and subtracting the value so found from all the titres. 
The correction is of the order of 0-1—0-2 c.c., and the procedure is 
sufficiently exact, since the reaction was studied only in its initial 
stages, so that the concentration of acetamide was approximately 
the same in all the estimations. 

The second method was a modification of that used by Reid 
(Amer. Chem. J., 1899, 21, 285); the sample was neutralised as 
before, a large excess of pure magnesium sulphate added and then 
pure aqueous sodium hydroxide in amount less than the equivalent 
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of the magnesium. The free ammonia thus formed was distilled 
in steam, generated from dilute potassium hydrogen sulphate in a 
vessel with an efficient steam-trap, into a known amount of standard 
acid, which was finally back-titrated with baryta. Great care had 
to be taken to avoid the absence of volatile bases from all the 
reagents used. 

The two methods gave identical results and were used indis- 
criminately, except with solutions containing an iodide, for which 
only the second is available. 

Procedure.—In all experiments the concentration of acetamide 
was 0-05N. Reaction mixtures were made up in the thermostat 
from solutions of known strength, and samples extracted at known 
times and analysed until the concentration of acetamide had fallen 
to 80—85% of its initial value. These concentrations were plotted 
against time and the best smooth curve was drawn; from the 
values read from this curve for intervals of 30 minutes, unimolecular 
velocity coefficients were calculated and their mean value taken. 
The use of unimolecular coefficients is justified, since the reaction 
is only followed in its initial stages. The average divergence of 


TABLE I. 
Velocity Coefficients. 


Temperature 25°. 





Catalyst. k (min.-!; log.) x 104. 
IN Soccaeiedeswauraticanbnrses (5-85, 6-05) 5-95 
i 66° ‘Wossthipbacseenatoreebeseue 6-58 
fag MELT TE TS TT Ee 6-03 
EE Gah) gitedincbdemuuneedaantinnas 5-14 
TUK, sc: while neaenieeaiceemnamsnelan (3-57, 3-66) 3°61 
4N-HCl + IN-LiCl ............006 5-11 

pa ce! Ss o eee 5-89 
9s | |. Ree (5-87, 5-76) 5-81 
DEE ssncuceunccevankhiccerisensaas 4-03 
Cin |< Lbecchdtteptebitdesicbtateake 3°27 
4N-HBr + 1N-LiBr ............. 3-59 
me + 1N-NaBr ............ 4-01 
os hk BP BENE vhs ces diedabess 4°58 

SET TREE. ‘shad centerennthnccadtocsens (23-6, 24-0) 23-8 

eS +- 2N-NaCl  ....2.00 25-8 

am + 2-5N-NaCl .. ...... 26-6 

al +- 2N-NaBr ......... 23-0 

i + 3N-NaBr ......... 22-7 

99 + 2N-Nal ........é.0- 22-3 

POPP RRIOED + | wchsitddosdghtsnsdaisnse des (24-2, 23-8) 24-0 

aa - . = 2 eee (25-5, 26-2) 25-8 

o + SN-BBE . ...scccsccee 26-3 

Re EEE ie ilsk i saveai 26-7 

Temperature 40°. 
MMREO hvcsccbictidichheeoddbideesth 27:3 
Temperature 41°. 
SEA) 23.2455. dudlebditwe.. tei 21-9 
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the individual values from the mean was under 2°%,; if it exceeded 
5°, the results were rejected. Several of the reactions were 
measured more than once and the mean velocity coefficient agreed 
well, the maximum divergence being 3%. 

The Hydrolysis by Acids.—The velocity coefficients at 25° are 
plotted against the normality of the acid catalyst in Fig. 1. Two 
results of Peskoff and Meyer (Z. physikal. Chem., 1913, 82, 129) 
for this temperature are included, recalculated on the basis used 
here. 

The results for hydrochloric acid at 25° together with those at 
40° or 41° give the temperature coefficient of the reaction velocity. 
For the 4N-acid it is 3-12 and for the 5N-acid 3-11, values which 


Fig. 1. 





36> Vf 


; ast | ‘ HBT | Aisa, 

















Normality of acid. 





























0 


kx 104. 
© Peskoff and Meyer, loc. cit. x This paper. 


agree with that of Crocker (J., 1907, 91, 593), 3-14 for the LN-acid, 
and that of Sulo Kilpi (Z. physikal. Chem., 1912, 80, 165), 3-11 for 
the 1N- and the 0-5N-acid. For the hydrolysis of benzamide by 
hydrochloric acid Bolin (Z. anorg. Chem., 1925, 143, 210) found 
the value 3-1. 

Velocity coefficients at 50° calculated by means of this tem- 
perature coefficient are plotted in Fig. 2, together with the results 
at that temperature of Euler and Olander (loc. cit.). The agree 
ment between their value for the 3N-acid and that found here is 
within the experimental error. 

The most striking feature of the two curves is that with hydro- 
chloric acid there is an optimum concentration of acid (about 31) 
where the velocity of hydrolysis is the greatest. With hydro- 
bromic acid a similar maximum rate must exist, but in the casé 
of sulphuric acid there is no sign of any bending back of the curve 
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with concentrations up to 5N. There are three possible 
explanations for this phenomenon. 

(i) As the acid concentration increases, the total ionic strength 
of the solution is increased, and the reaction is of the type which 
has a strong negative “primary” salt effect, in the sense in 
which Brénsted uses the term. This explanation can, however, be 
ruled out, since the reaction mechanism is either CH,-CO-NH, -+- 
H,0*——> CH,°CO-OH -+ NH,*, or, if Euler’s hypothesis is accepted, 
CH,°CO-NH,* + H,O —> CH,°CO-OH + NH,*, and these mechan- 
isms, which are indistinguishable (Bronsted, Trans. Faraday Soc., 
1928, 24, 631), will not have a primary salt effect of the required 
type. This is fully confirmed by the results obtained here for the 
salt effect which are discussed below. In all cases the salt effect 
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is quite small and in the normal cases (see below) it is an accelerating 
and not an inhibiting effect. 

(ii) In solutions of high acid concentration the reaction may 
be quite different in mechanism from what it is in more dilute 
solutions, new kinds of molecular and ionic species being the actual 
reactants, so that it is unfair to compare the strong and the weak 
solutions. This explanation is very unlikely, because even with 
the solution strongest in acid the reaction shows the same abnormally 
large temperature coefficient as it does in the more dilute solutions. 

(iii) If the three acids investigated are compared at 4N- and 
5N-concentration, the widely different velocities indicate that 
some specific property of the acid itself is the cause. If the acid 
can unite with the amide to form in solution a complex which is 
unable to undergo hydrolysis, then it is possible that with high 
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concentrations of acid a large proportion of the amide is so com- 
bined and thus the apparent rate of hydrolysis is diminished. 

The nature of the possible complex can be discovered by the 
following approximate treatment. In dilute solution the velocity 
coefficient is directly proportional to the normality of the acid; 
let it be assumed that this is true in all the solutions, and that, in 
addition, the velocity coefficient, k, is proportional to the fraction, 
f, of the amide which is free and not present as an unhydrolysable 
complex. Then we have k = k,Nf, where N is the normality of 
the acid and k, is a constant which can be obtained from the results 
of Euler and Olander in dilute solution, where f can be taken as 
unity. From this equation, values of f at 50° for a series of values 
of N can be obtained from the experimentally determined values 
of k which are shown in Fig. 1. They are given in Table II. 


TaBeE II, 
Temperature 50°. 
N. ; 4 St Su- Sim: Pp (mm. Hg x 10°). 
] 0-917 0-822 0-951 0-931 0-3 
2 0-698 _— — — 2-5 
3 0-514 0-606 0-470 0-496 8-3 
4 0-350 0-536 0-194 0-336 24-0 
5 0-196 0-480 0-072 0-207 74-5 


If we assume the complex to be such that its concentration is 
governed by an equation of the type [amide ][acid]/[complex] = K, 
from the experimental value of f at one concentration the value of 
K can be obtained, and from this the values of f at the other acid 
concentrations can be calculated; these are given in the Table as 
fi, the value of f when WN is 2 having been used to evaluate K. It 
will be seen that f, does not fall off nearly fast enough with increas- 
ing values of N. This divergence cannot be due to the omission 
of activity coefficients in the equilibrium equation, since if the 
term [acid] refers to an ion, the activity factors will cancel out to 
a first approximation. 

The widely different results with hydrochloric and hydrobromic 
acids suggest that the complex formation may be concerned with 
undissociated molecules of the acids, the concentration of which 
can be measured by the partial pressure of the acid above the 
solution. For hydrochloric acid, values of the partial pressure at 
50° are given by Zeisburg (Chem. Metallurg. Eng., 1925, 32, 326) 
and by Tannakis (Compt. rend., 1923, 177, 174) ; the partial pressures 
obtained graphically from their results are given in Table II in the 
column p. 

If the concentration of the complex is given by an equation of 
the form [amide]p/[complex] = K (in which activity coefficients 
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can be neglected, since no ionic speciés are involved), from the 
observed value of f at one concentration the values at other con- 
centrations can be calculated; they are given in Table II as fy. 
The agreement is much better, but they fall off much too fast at 
high concentrations of acid. 

If we take the concentration of the complex to be given by an 
equation of the type [amide]*p/[complex] = K, calculated values 
of f can be obtained in a similar way; these are given as fin. The 
agreement with the observed values is extremely good for all 
concentrations. 

Now acetamide forms two solid compounds with hydrogen 
chloride, 2CH,*CO-NH,,HCl and CH,*CO-NH,,HCI (Strecker, Anna- 
len, 1857, 103, 322; Pinner and Klein, Ber., 1877, 10, 1896), of 
which the first is the more easily obtained and is the more stable. 
The second loses hydrogen chloride on standing over caustic soda, 
giving the first, and this gives up no more hydrogen chloride to 
the soda. The above approximate treatment indicates that this 
stable complex exists also in solution, since its concentration would 
be governed by an equilibrium equation of the third of the types 
discussed above. 

From the measurements of Zeisburg (loc. cit.) and of Bates and 
Kirschman (J. Amer. Chem. Soc., 1919, 41, 1997) the partial pressures 
of hydrogen chloride over its solutions at 25° can be obtained, and 
the calculations repeated with the velocity coefficients measured 
at that temperature. The results are in Table III. 


Tasxe III. 
N. a; Sur eale. p (mm. Hg x 10%). 
3 0-543 ~~ 7-8 
4 0-349 0-325 27-7 
5 0-195 0-203 96-5 


The assumption that the complex 2CH,*CO-NH,,HCl exists in 
solution again leads to satisfactory results; for low values of acid 
concentration the values of velocity coefficient and partial pressure 
are too uncertain to be relied on, though, if the most probable 
values are taken, the concordance is as good as with the higher 
concentrations. 

Werner (Ber., 1903, 36, 154) obtained a compound of similar 
composition from hydrogen bromide and acetamide, so the results 
obtained with this acid can be explained in the same way; no 
compound of acetamide and sulphuric acid has been described 
and my attempts to prepare one failed; this may be the reason 
for the absence of any bending back of the curve when this acid is 
the catalyst in the hydrolysis. 
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The Salt Effect on the Hydrolysis by Acids.—On Brénsted’s theory 
the effect to be expected is a small and accelerating one. With 
4N-hydrochloric acid as catalyst, this is found to be the case with 
both sodium and potassium chlorides, the velocity increasing by 
the factor 1-14 when the salt concentration is 1N. Lithium chlor- 
ide, however, fails to accelerate the reaction at all. With hydro- 
bromic acid, potassium bromide gives the expected effect with a 
factor of increase of 1-13 for 1N salt; but sodium bromide has no 
apparent effect and lithium bromide represses the reaction. The 
same effects have been found qualitatively by Acree and Nodling 
(Amer. Chem. J., 1907, 38, 495), who describe sodium and potassium 
chlorides as positive catalysts and lithium chloride as a weak 
negative catalyst. The results with changing acid concentration 
suggest that this surprising difference between the salts may be 
due to a specific interaction between certain of the salts and the 
amide. If this is true, the behaviour of the various salts should 
be independent of the mechanism of the hydrolysis. 

The Salt Effect on the Hydrolysis by Alkalis.—With alkalis, the 
mechanism of the reaction is probably different from that in the 
presence of acids, the temperature coefficient of the reaction velocity 
being 2-2 (Crocker and Lowe, J., 1907, 91, 952). The results in 
Table I show, however, that the difference between the effects of 
the various salts still persists. Here the iodides can be investig- 
ated; potassium iodide gives a normal effect and sodium iodide 
has a markedly repressing action. 

Now it is impossible to attribute the repressing effect to the 
individual ions, for it is not found with the sodium ion in sodium 
chloride, nor with the bromide ion in potassium bromide; but it 
occurs when the sodium and bromide ions co-exist in sodium brom- 
ide. It is a property of associated ions or undissociated molecules. 
Acetamide is known to form solid complexes with sodium bromide 
and sodium iodide and is known not to form them with sodium 
chloride and with the halides of potassium (Titherley, J., 1901, 
79, 413; Menschutkin, J. Russ. Phys. Chem. Soc., 1909, 40, 1415). 
The lithium salts have not been investigated, but the formation of 
complexes with acetamide and the formation of solid hydrates are 
so closely parallel (Menschutkin, loc. cit.) that there is little doubt 
that complexes exist here too. If these complexes exist in solution 
and, when so combined, the acetamide is unable to undergo hydro- 
lysis, the results obtained receive some explanation. 

The possibility remains, however, that the phenomenon under 
discussion has nothing to do with an interaction of the abnormal 
salts with the acetamide, but with the water. If the vapour 
pressure of salt solutions is taken as a measure of the active mass 
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of the water, there is little support for this view, for the ratios of 
the vapour pressure of aqueous solutions of sodium chloride and 
sodium bromide to that of pure water only differ at 3N-concen- 
tration by 0-76%, and at 4N-concentration by 1-49% (data from 
Gmelin’s “‘ Handbuch,” 8th Edn., “ Natrium,” 1928). 

There is evidence from another source that amide-salt com- 
plexes exist in solution. Braun (J. Amer. Chem. Soc., 1918, 40, 
1186) measured the velocity of crystallisation of supercooled form- 
amide in the presence of the alkali halides. With the salt at 0-1N- 
concentration, the velocity is decreased by a factor which lies 
between 2-12 and 2-05 for all the potassium halides, and which is 
2:33 for sodium bromide, 2-35 for sodium iodide, and 2-45 for 
lithium chloride and bromide. Here the various salts differ in 
their effect and, as with the hydrolysis discussed here, the lithium 
salts are the most abnormal. 

In conclusion it may be pointed out that the condition for com- 
plex formation between an alkali halide and acetamide seems to 
be the possibility of considerable ionic “‘ deformation,” in Fajans’ 
sense of the phrase, the deformation being greater the smaller the 
kation and the larger the anion. According to Fajans the sulphate 
ion cannot easily be deformed, so that the absence of any indication 
of complex formation with sulphuric acid is in agreement with 
this view. 


Summary. 


1. Measurements have been made of the velocity of hydrolysis 
of acetamide at 25° by 3, 4, and 5N-hydrochloric acid, and by 4 
and 5N-hydrobromic and sulphuric acids, at 40° by 4N-hydro- 
chloric acid and at 41° by 5N-hydrochloric acid. 

2. The effect on the velocity of hydrolysis by 4N-hydrochloric 
and hydrobromic acids of the alkali salts of these acids has been 
investigated. 

3. The salt effect on the velocity of hydrolysis by 1N-sodium 
and potassium hydroxides of the presence of the alkali halides has 
been measured. 

4. With hydrochloric and hydrobromic acids, but not with 
sulphuric acid, at one concentration of acid (about 3N) the velocity 
of hydrolysis is a maximum; causes for this phenomenon are dis- 
cussed; quantitative evidence is given for the view that the first 
two acids form complexes with the amide which are unable to 
undergo hydrolysis. 

5. The effect of any salt is the same whether the hydrolysis is 
by acid or by alkali. The differences between the behaviour of 
the individual salts suggest that acetamide can form with certain 
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salts complexes which are stable in solution and unable to undergo 
hydrolysis. 

6. The abnormal salt effect must be due to associated ions and 
is favoured by the possibility of great ionic deformation. 


My thanks are due to Mr. E. J. Bowen for helpful discussion and 
to Imperial Chemical Industries, Ltd., for their generosity in 
making a grant which has facilitated this work. 
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CCCLXVIII.—WNitrogen Tri-todide. 


By HerBert WILLIAM CREMER and DoNALD RUSSELL 
DUNCAN. 


Ever since Courtois in 1813 obtained the black explosive com. 
pound commonly known as nitrogen iodide, the composition of this 
material has been a subject of controversy. It is usually prepared 
by the action of ammonia on iodine dissolved in a suitable solvent. 
In the reaction ammonium iodide is formed ; consequently, solvents 
in which ammonium iodide is soluble have been employed, ¢.z., 
water, alcohols, and aqueous potassium iodide. Nitrogen iodide is 
also precipitated when ammonia is added to a solution of a poly- 
halide such as potassium dibromoiodide (KIBr,) or of a hypoiodite. 
The disadvantages of these methods are (1) the difficulty of re- 
moving the solvent from the extremely unstable nitrogen iodide 
without decomposing the latter; (2) the fact that nitrogen iodide 
reacts slowly with an excess of almost any of the reagents employed, 
and also with the solvents; (3) the possibility, suggested by many 
of the investigators, that the nitrogen iodide is not formed by the 
direct substitution reaction 31, + NH, = NI, + 3HI (which would 
not occur readily, since free iodine is not a strong iodinating agent), 
but generally by the iodinating action of hypoiodous acid, thus : 


NH, + HOI = H,0 + NH,I, 

NH,I + HOI — H,0 + NHI,, 

NHI, + HOI — H,0 + NI,. 
From this point of view it seems unlikely that the ammonia would be 
completely iodinated unless there were present a high concentration 
of hypoiodous acid; but the latter is unstable and not capable of 
existing in concentrated solution; hence the conditions appear 
unfavourable to the production of pure nitrogen tri-iodide of the 
formula NI. 
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Owing, perhaps, partly to these causes and partly to the diffi- 
culties of analysing a highly explosive compound, the published 
analytical figures vary considerably. Gay-Lussac and Davy 
assumed, from analogy with nitrogen trichloride, that the material 
had the formula NI, but analyses by later workers have led to other 
suggestions, such as NHI,, NH,I, N;H;Iy, NgHyl,;, N Hols, 
N;Hglj., N,HI;, and NH,I,. All except the last, proposed by 
Chattaway (J., 1896, 69, 1572), may be regarded as ammonia in 
which the hydrogen has been partly replaced by iodine, or as 
additive compounds of nitrogen tri-iodide with ammonia. The 
formule most favoured are NH,I and N,H,I,. The former may be 
regarded as the amide of hypoiodous acid, and the latter as NI,,NHs. 
It is, however, quite possible that the investigators have not iso- 
lated pure compounds at all, and, even if they have done so, this 
does not preclude the possibility of preparing the compound NI, 
by more suitable methods. A full bibliography of the subject is 
given by Mellor (“Comprehensive Treatise on Inorganic and 


- Theoretical Chemistry,”’ 1922, Vol. II, p. 611). 


In the course of experiments on the preparation and properties 
of the polyhalides, the authors have encountered another type of 
reaction in which nitrogen iodide is formed, and in this case it appears 
that the product has the formula NI,. The iodinating agent is 
iodine monobromide, the reaction being essentially 4NH, + 31Br = 
NI, + 3NH,Br, which occurs in the vapour phase at room temper- 
ature in the absence of a solvent, the nitrogen tri-iodide being 
obtained as a black solid mixed with ammonium bromide. 

Iodine monobromide vapour, however, is not conveniently 
obtained from the solid substance, since this gives off a vapour rich 
in bromine and leaves a solid containing an excess of iodine. On 
the other hand, the dibromoiodides provide a convenient method 
of supplying a known quantity of iodine monobromide vapour at a 
definite concentration. This type of polyhalide dissociates according 
to equations such as 

KIBr, == KBr + IBr. 


solid solid vapour 


Dissociation continues until the partial pressure of iodine mono- 
bromide vapour reaches an equilibrium value, which represents the 
dissociation pressure of the polyhalide at the given temperature. 
This value varies considerably for different dibromoiodides. For 
example, according to determinations made by the authors and not 
yet published, the value for the potassium salt is approximately 
1000 times greater than that for the tetramethylammonium deriv- 


ative at room temperature. It is evident that, when iodine mono- 
472 












2752 CREMER AND DUNCAN: NITROGEN TRI-IODIDE. 


bromide is removed in any reaction, the dissociation of the poly- 
halide may proceed to completion, but, during the reaction, the 
partial pressure of iodine monobromide vapour will not exceed the 
dissociation pressure of the compound. 

The more stable dibromoiodides, viz., those of very low dissoci- 
ation pressure, such as the tetramethylammonium and trimethyl- 
sulphonium salts, do not react with ammonia to form nitrogen iodide 
but form instead additive compounds with 2 mols. of ammonia, 
e.g., (CH,),NIBr,(NHs),. This fact was discovered by Dobbin and 
Masson (J., 1886, 49, 848; J. pr. Chem., 1885, 31, 37), and has been 
confirmed by the authors. It is necessary to use dry ammonia, 
since the additive products are decomposed by water with formation 
of nitrogen iodide. Since, according to investigations of the authors 
(compare Reade, J., 1929, 853), aqueous’solutions of dibromoiodides 
contain hypoiodous acid, it is probable that the nitrogen iodide is in 
this case formed at least partly by the action of hypoiodous acid on 
ammonia, and this method, for reasons already given, is not recom- 
mended for the preparation. 

The less stable dibromoiodides, on the other hand (e.g., those of 
cesium, potassium, and pyridinium), react with ammonia, even 
when thoroughly dried, producing nitrogen tri-iodide, ammonium 
bromide, and the bromide of the metal or base : 4NH, + 3RIBr, = 
3RBr + NI, + 3NH,Br. If R=C;H;NH, a further reaction 
occurs more slowly, viz., C;H;NHBr + NH, = C;H;N + NH,Br, 
so that the complete change may be written as follows : 


7NH, + 3C;H,;NHIBr, = 3C;H,N + NI, + 6NH,Br. 


EXPERIMENTAL. 


The ammonia for these experiments was prepared by heating 
aqueous ammonia and dried by passage through towers containing 
soda-lime and quicklime. The polyhalides were dried in a vacuum 
desiccator over phosphoric oxide for several days before use. They 
were weighed out into a boat which was placed in a special weighing 
bottle during the weighing, so that the materials were exposed to 
the air as little as possible. The ammonia was passed over the 
boat containing the materials at room temperature, the boat being 
weighed at intervals and the passage of ammonia being continued 
until the mass of the product became constant. The time required 
was approximately one hour. 

Tetramethylammonium dibromoiodide absorbed 9-16% of its 
mass of ammonia [Cale. for (CH,),NIBr,(NH,),: 9-41%], the 
observed increase in mass corresponding to 1-95 mols. of ammonia. 
The properties of this compound were as described by Dobbin and 
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Masson (loc. cit.). It was colourless, but when heated in a sealed 
tube it became orange and melted sharply at 149°, the same value 
being obtained on different samples. The original dibromoiodide 
melts at 190°. 

In the case of the alkali dibromoiodides, on the other hand, the 
increase in mass corresponded to only 14 mols. of ammonia per 
mol. of salt taken. For the potassium salt, KIBr,, the increase in 
mass was 6-96° (mean of three concordant determinations) (Calc. : 
696%). With the cesium salt, the gain was 5-52°%, (equivalent to 
1:36 mols.), the theoretical gain being 5-42%. In all the experi- 
ments with the alkali derivatives, the final mass was within 0-0002 g. 
of the theoretical. 

These data suggest that 3 mols. of dibromoiodide react with 
4 mols, of ammonia, as shown in the equation on p. 2752. The 
products consisted of a mixture of a black explosive compound 
with colourless substances. In preliminary experiments, the latter, 
removed quickly by water, were found to consist of a mixture of 
potassium and ammonium bromides and to be free from all but 
traces of iodine in any form. Quantitative estimation of the total 
bromide was therefore made by titration with standard silver 
nitrate solution. This was found to agree as well as could be 
expected with theory as expressed by the above equation; the 
value found was 2-07 equivs. of bromide formed per mol. of dibromo- 
iodide taken, theory requiring 2-00 equivs. Moreover, the residue 
after being washed with water was found to contain nitrogen and 
iodine in the required atomic ratio : 

Found. Calculated values. 
Atomic ratio, N:I... 1: 3:04 1: 3 1: 2 2: 3 £22 
Ratio by mass, N:I 1:27:54 1:27:18 1:1812 1:13-59 1:9-06 

It may be observed that a slightly high value for the iodine is to 
be expected, since nitrogen iodide decomposes very slowly in contact 
with water, liberating iodine. 

The iodine was determined by dissolving the nitrogen tri-iodide 
in acidified potassium iodide solution and titrating the liberated 
iodine by means of sodium thiosulphate solution: NI, + 4HI = 
NH,I + 31,. The ammonia was determined in the resultant 
solution by the micro-Kjeldahl method. 

When ammonia was passed over the pyridine derivative, 
C;H;NHIBr,, the mass increased at first and then decreased until 
the total loss of the completed reaction was 10-0%, theory requiring 
4 loss of 10-7%. ‘The evolution of pyridine vapour was demon- 
strated experimentally. 

From preliminary experiments it seems that nitrogen tri-iodide 
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can be sublimed in a vacuum at room temperature, the sublimate 
being condensed by means of liquid air. 


Summary. 

Nitrogen tri-iodide, NI,, is formed when dry ammonia acts on 
the less stable dibromoiodides, e.g., 3KIBr, + 4NH, = 3KBr + 
3NH,Br + NI). 

The mechanism of the reaction is probably as follows : 

3KIBr, == 3KBr + 31Br, 
3I1Br + NH, = 3HBr + NI,, 
3HBr + 3NH, = 3NH,Br. 

In the case of dibromoiodides of very low dissociation pressure, 
this reaction does not occur, and additive compounds with two 
molecules of ammonia are formed, e. g., (CH,),NIBr, + 2NH, = 
(CH ),NIBr,(NHs5)o. 


UNIVERSITY OF LONDON, 
Krna’s CoLiEce. [Received, November 20th, 1930.] 





CCCLXIX.—The Synthesis of Diisopropylmalonic Acid 
and Some Related Compounds, with Observations 
on the Polar Character of the isoPropyl Radical. 


By Freperick C. B. MaRsHALL. 


Rey (this vol., p. 1642) has studied the effect of alkylation on the 
stability of the dimalonatocupriate ion, and it was of interest to 
examine the diisopropyl compound with the view of determining 
whether it would exhibit the lesser degree of stability characteristic 
of the dialkylated complexes or whether the stabilising effect pro- 
duced by one isopropyl radical would be intensified by the intro- 
duction of a second. 

The first step was the preparation of diisopropylmalonic acid (VII), 
which is now described together with a number of new compounds 
produced during its synthesis. The stability, or rather instability, 
curves of disodium diisopropylmalonatocupriate and other “ iso ”- 
alkylated complexes will form the subject of a future communication 
with Dr. Riley. 

The preparation of ethyl diisopropylmalonate was first attempted 
by treating ethyl isopropylmalonate with a molecular amount of 
sodium or potassium, either ‘‘ molecularised ” in ether or as ethoxide 
in alcohol, and isopropyl iodide, but the original ester was recovered 
in all cases, although n-propyl and many other iodides reacted 
normally. 
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Ethyl cyanoacetate, however, is readily alkylated (Hessler, J. 
Amer. Chem. Soc., 1913, 35, 990) under the conditions of Henry 
(Jahresber., 1889, 637), and by modifying Hessler’s conditions 
ethyl ditsopropyleyanoacetate was obtained in large quantity. 
This ester could be converted almost quantitatively into the cyano- 
acid, but further hydrolysis to the malonamic or malonic acid could 
not be effected with alkali of any strength. Fusion of the cyano- 
acid with potassium hydroxide gave diisopropylacetonitrile (III) in 
excellent yield, together with a small amount of diisopropylacet- 
amide (IV). The production of the latter is interesting, since pro- 
longed boiling of the acetonitrile (from which it is presumably 
formed in the fusion) with caustic alkali solution or with constant- 
boiling hydrochloric acid failed to effect hydrolysis, and even the 
more drastic treatment with alkaline hydrogen peroxide at 50° 
(Radziszewsky, Ber., 1885, 18, 355) resulted only in slow amide 
formation. 

The reverse process, loss of water from diisopropylacetamide, 
however, takes place with such readiness that some nitrile is formed 
even on sublimation. Hydrolysis of diisopropylacetamide to the 


_ corresponding acetic acid could be effected only by means of nitrous 


acid. 

Ditsopropylacetonitrile was also produced in small amounts when 
the cyano-acid was distilled alone, with much charring when the 
potassium salt was heated, and together with a solid, m. p. 72°, 
when ditsopropyleyanoacetic acid was distilled with phosphoric 
oxide. 

The action of concentrated sulphuric acid and alcohol (Harding, 
Haworth, and Perkin, J., 1908, 93, 1947) on ditsopropyleyanoacetic 
acid produced only a small quantity of the cyano-ester. Twenty- 
four hours’ treatment with cold concentrated sulphuric acid left 
the cyano-acid unattacked, but the malonamic acid (II) was pro- 
duced at 100° after 20 hours (compare Fischer and Flateau, Ber., 


| 1909, 42, 2983; Curtius, J. pr. Chem., 1930, 125, 211): this was 


not further hydrolysed by caustic alkali (compare Robinson, J., 
1924, 125, 226). 

The hydrolysis of diisopropylmalonamic acid was ultimately 
achieved by means of nitrous acid in cold concentrated sulphuric 
acid (compare Bouveault, Bull. Soc. chim., 1893, 9, 370; Tafel 
and Thompson, Ber., 1907, 40, 4493), but it was never complete 
and the malonic acid (VII) could not be economically isolated. 

Diisopropylmalonamic acid was esterified neither by alcohol and 
hydrogen chloride after 50 hours nor by alcohol and sulphuric acid ; 
the sole product after 4 days’ treatment in the latter case was 


| ditsopropylacetamide in 8% yield. The methyl ester (V) was, 
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however, prepared in good yield by means of diazomethane or methyl 
sulphate or by the action of methyl iodide on the silver salt. 

The hydrolysis of methyl diisopropylmalonamate to methyl hydrogen 
diisopropylmalonate (V1) was best performed by Fischer’s method 
(Fischer and Flateau, loc. cit.; Fischer and Brauns, Ber., 1914, 47, 
3181) of passing nitrous fumes into an ethereal solution of the ester. 
The yield was good and separation from unreacted material facile. 
The methyl hydrogen ester was further hydrolysed by prolonged 
boiling with concentrated aqueous potassium hydroxide. 

The inability to introduce a second isopropy! radical into iso 
propylmalonic ester under the usual conditions, a fact already 
observed by Thorpe (private communication), may be due to steric 
hindrance depending on the bulk of the groups about the central 
carbon atom C (1X) or to the polar * effect of the isopropyl group. 
Probably both factors are contributory to the inhibition, but that 
the “steric”’ factor is not alone responsible is demonstrable in 
several ways. First, the second isopropyl radical enters tsopropy]l- 
cyanoacetic ester almost as readily as the second methyl group 
enters methyleyanoacetic ester, for Hessler (loc. cit.) showed the 
reaction products to contain 10% and 12% of ditsopropyl- and 
dimethyl-cyanoacetic ester respectively. Secondly, the point may 
be tested experimentally by endeavouring to introduce into iso- 
propylmalonic ester a group whose “ steric ’’ effect is as great as or 
greater than that of the isopropyl group but which differs from 
it in polar nature. Such a combination is found in the group 
(CH,°CH,),CH-, where the electron sources (the methyl groups) are 
farther removed from the atom C (IX and X). 


CH.>,, CH,->CH ’ 

cH;> £0, Et CH,>CH,>“H CO, Et 
(IX.) acy bass yo (X.) 

CH;> CH CO,Et CH;> GH CO, Et 

CH,* CH,;> 


Experiment showed that this group could be introduced—with 
some difficulty, it is true—into tsopropylmalonic ester by the usual 
method. Further, the same ester could be prepared in the same 
yield by treating «y-dimethylisopropylmalonic ester with isopropy! 
iodide and sodium ethoxide. 

It appears fairly evident, therefore, that (1) the inability to 
introduce a second isopropyl group into isopropylmalonic ester does 
not depend entirely on the size of this group, since an even larger 
one has been introduced, and (2) since, of the internally and the 

* “ Polar”’ effect is intended to include all electronic disturbance—pre- 


sumably due to the methyl groups—whether internally propagated through 
the valency linkings, or externally—‘“ direct ’’ effect. 
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externally transmitted effect of the methyl groups, it is the former 
which probably varies the more (from J to approx. 0) in the iso- 
propyl and «y-dimethylisopropyl radicals, being almost negligible 
(Gane and Ingold, J., 1928, 1594) after transmission through more 
than two saturated bonds, the dominating factor controlling the 
introduction of the second isopropyl group is the polar effect of the 
methyl groups propagated through the valency linkings. 

The complete series of reactions involved in the preparative 
portion of this paper is tabulated below. 


CH,(CN):CO,Et 


¥ 





Pr®CH(CN)-CO,Et 


Pr8,C(CN)-CO,Et <— 





i 





Pr®,CH-CN (IIT.) 


u 


Pr®,CH:CO-NH, (IV.) 


{ 


(I.) Pr8,C(CN)-CO,H 


“NH. 
(II.) Pr’.C<60,H 2 


- 








(V.) Pré,C<o, cate Pré,CH-CO,H (vIII.) 
(vI.) Pré °<Co'Me > PCO H. (VIL) 


EXPERIMENTAL. 


Ethyl Diisopropylcyanoacetate.—The mixture of 90% of mono- 
and 10% of di-isopropylcyanoacetic ester produced by Hessler’s 
method (loc. cit.) was treated with more sodium and isopropyl 
iodide (1 mol. of each) in the minimum quantity of alcohol. After 
a few hours, the alcohol was slowly distilled off on the steam-bath 
until the mixture had been concentrated to about one quarter of its 
original bulk; the product was then poured into water and the 
mixture of esters—now containing about 95%, of ditsopropylcyano- 
acetic ester—was extracted with ether and worked up in the usual 
way, unchanged monoisopropyleyano-ester being removed by 
shaking with cold 10% sodium hydroxide solution. The ester had 
b. p. 238—241° and was equal in weight to the original cyanoacetic 
ester. 

By treating ethyl cyanoacetate with two equivalents of sodium 
ethoxide and isopropyl iodide in one operation the mixture of esters 
obtained contained 40°% of the dialkylated ester. By using potass- 
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ium ethoxide it is possible to keep the reactants more concentrated, 
so that reaction commences immediately on addition of the alkyl 
halide and is complete in a short time on the water-bath. The 
yield is identical with that above. 

Diisopropylcyanoacetic Acid.—The ester was gently refluxed with 
35°, potassium hydroxide solution (3 vols.) and a little alcohol for 
16 hours. On acidification, diisopropylcyanoacetic acid was obtained, 
m. p. 97-5° after recrystallisation from petroleum (b. p. 60—80°), in 
which it was sparingly soluble. The acid is easily soluble in alcohol, 
ether, and the usual organic solvents, but very sparingly soluble in 
water (Found: C, 63-8; H, 9-15; equiv., by titration 170. 
C,H, ,0,N requires C, 63-9; H, 8-9°/,; equiv., 169). The silver salt 
is insoluble in water, alcohol, and ammonia solution (Found: Ag, 
39-1. C,H,,O,NAg requires Ag, 39-1%). 

Potash fusion. An intimate mixture of ditsopropyleyanoacetic 
acid (5 g.) and molten potassium hydroxide (10 g.) on distillation 
gave two layers of distillate. The upper one, conteining mainly 
diisopropylacetonitrile (III), was separated, washed with water, 
dried, and distilled; b. p. 170—171°. On evaporation the liquid 
deposited a few crystals of ditsopropylacetamide, which could not be 
removed by distillation alone owing to their volatility in the vapour 
of the nitrile. The analytical specimen was obtained by distilling 
the nitrile over a little phosphoric oxide and retaining only the first 
two-thirds of the distillate (Found: C, 76-7; H, 12-1. C,H,,N 
requires C, 76-8; H, 12-0%). It had b. p. 170°, d*® 0-8105, ni" 
1-4158, [R,]p 38-8 (cale., 38-9). It was insoluble in water and had 
a camphoraceous odour resembling that of pinacolin. 

Diisoproapylmalonamie Acid.—Diisopropyleyanoacetic acid (20 g.) 
was heated with concentrated sulphuric acid (200 g.) at 100° for 
20 hours. The brownish liquor obtained was cooled and poured 
on ice (500 g.), and the precipitated acid was washed with water, 
and dried at 100° (yield, 95% of the theoretical). It was a white 
powder, fairly easily soluble in ether, soluble in cold and very 
soluble in hot alcohol, and very sparingly soluble in cold water. 
Recrystallised from dilute sulphuric acid or from formic acid, 
washed with water, and dried in a vacuum, it formed large long 
prisms, m. p. 168° with evolution of carbon dioxide and formation of 
ditsopropylacetamide (Found: C, 57-5; H, 9:3; CO, on melting, 
23°8; equiv., by titration, 186-5. C,H,,0,N requires C, 57-75; 
H, 9:1; CO,, 23-55%; equiv., 187). 

The silver salt is slightly soluble in water and easily in aqueous 
ammonia (Found: Ag, 36:5. C,H,,0,NAg requires Ag, 36-7%). 
The ammonium salt is very soluble in water and crystallises in flat 
plates. 





s-+ sas & 2; F&F SBS eS 


Ss S& 


The 


atic 
ion 


ter, 
uid 


our 
ling 
irst 
isN 
Ny 


had 


for 
red 
ter, 


ery 
ter. 
cid, 
ong 
a of 


ing, 
75; 


ous 


%)- 
flat 





AND SOME RELATED COMPOUNDS, ETC. 2759 


Diisopropylacetamide (IV).—The crude amide obtained by fusion 
of ditsopropylmalonamic acid (above) was sublimed through filter- 
paper, care being taken to avoid dehydration. The pure amide 
formed long, white, prismatic needles, m. p. 149°, very soluble in 
alcohol, fairly easily soluble in ether, slightly soluble in hot water, 
and almost insoluble in cold (Found: C, 67-1; H, 12-0. C,H,,ON 
requires C, 67-1; H, 11-9%). 

Methyl Diisopropylmalonamate.—(a) By means of diazomethane. 
Diazomethane from 6 g. of nitroso-N-methylurea * was distilled 
with ether during 2 hours into 5 g. of diisopropylmalonamic acid in 
a mixture of 200 c.c. of methyl acetate and 100 c.c. of ether cooled to 
— 15°. The mixture was kept for an hour and then freed from 
solvent by spontaneous evaporation. The residue was freed from 
acid by means of sodium carbonate solution and recrystallised from 
warm ether, from which the methyl ester separated in fine 
tetragonal prisms, m. p. 105°. 

(b) From the silver salt. The dry silver salt reacted at once with 
methyl iodide (a slight excess in 3 vols. of ether) and after a few 
minutes the methyl ester was extracted with ether in almost 
theoretical yield. 

(c) By means of methyl sulphate. A solution of 10 g. of the acid 
in more than twice the theoretical amount of 15% aqueous sodium 
hydroxide was shaken with an excess of methyl sulphate, with 
external cooling when necessary. The solid ester soon separated. 
Unchanged acid was recovered in the usual way and treated again 
with methyl sulphate. This method gives the purest product, but 
the yield is variable. 

- The methyl diisopropylmalonamate obtained by evaporation of the 
dried ethereal extract had m. p. 105°, unchanged by three recrystal- 
lisations. It was insoluble in water, easily soluble in alcohol, fairly 
easily soluble in ether, and sparingly soluble in petroleum (b. p. 
60—80°) (Found: C, 59-6; H, 9:5; N, 6-6, 67. Cj, 9H,O,N 
requires C, 59-7; H, 9-45; N, 7-0%). 

Methyl Hydrogen Diisopropylmalonate (V1).—Methy] diisopropyl- 
malonamate (5 g.), suspended in a mixture of 60 c.c. of ether and 
5 c.c. of water cooled in ice-water, was treated with nitrous fumes 
until a deep bluish-green solution was obtained. After some hours, 
more nitrous fumes were passed in and the process was repeated at 
intervals until the green colour was permanent. Ether was.then 
removed under reduced pressure and the neutral ester was separated 


* Prepared by hypobromite oxidation of acetamide to acetylmethylurea, 
hydrolysis of this with boiling nitric acid, and treatment of the methylurea 
nitrate with ice-cold sodium nitrite solution by a modification of the details 
of Thorpe and Whiteley (‘‘ Manual of Organic Chemical Analysis,”’ p. 136), 
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from the acid ester by cold dilute sodium carbonate solution and 
ether-extraction. The crude acid ester was precipitated in a fine 
state of division by excess of dilute sulphuric acid, traces of nitrous 
acid were removed by urea, and the methyl hydrogen diisopropyl- 
malonate was extracted with ether and crystallised from petroleum 
(b. p. 60—80°); it separated from the hot solution in long slender 
prisms, m. p. 110°, and by slow evaporation in large cubical prisms 
(Found: C, 59:3; H, 9-1. C,9H,,0, requires C, 59-4; H, 8-9%). 

Diisopropylmalonic Acid (VII).—The methyl hydrogen ester 
was boiled with 45% potassium hydroxide solution (3 mols.) for 
36 hours, and any remaining unhydrolysed was separated by 
boiling petroleum (three extractions) from the acid obtained on 
acidification. Recrystallised from benzene-acetone or petroleum- 
acetone, diisopropylmalonic acid was obtained as a microcrystalline 
powder, m. p. 197° (decomp.), almost insoluble in light petroleum, 
benzene, or chloroform, easily soluble in alcohol and ether. The 
crystals from acetone—-benzene contain benzene which is _ lost 
spontaneously on exposure to air (Found: C, 57-7; H, 8-5. C,H,,0, 
requires C, 57-45; H, 8-5%). 

The silver salt is fairly readily soluble in water, aqueous alcohol, 
and ammonia solution (Found: Ag, 53°6. C,H,,0,Ag, requires Ag, 
53-75%). The copper salt, prepared by boiling the acid with copper 
oxide or carbonate and recrystallised from a large volume of water, is 
deep blue (compare Riley, loc. cit.). The sodium salt is soluble in 
water and aqueous alcohol; it is precipitated from aqueous solution 
by acetone. 

Diisopropylacetic acid (VIII), obtained by heating ditsopropyl- 
malonic acid, was washed with water, dried, and distilled. It was 
a viscous liquid, very sparingly soluble in water, easily soluble in 
alcohol and ether ; b. p. 214°/760 mm., d*” 0-9106, n=” 1-429 (Found : 
C, 66-6; H, 11-1; equiv., by titration, 142. C,H,,0, requires C, 
66-7; H, 11:1%; equiv., 144). The silver salt is insoluble in 
ammonia solution (Found: Ag, 43-25. C,H,,0,Ag requires Ag, 
43-0%). 

Ethyl isoPropyl-«y-dimethylisopropylmalonate (X).—This ester was 
obtained in 10% yield by either method mentioned on p. 2756, 
sodium ethoxide being used. When potassium ethoxide was used 
with isopropylmalonic ester and «y-dimethylisopropyl iodide, the 
main reaction was between the ethoxide and the iodide, a con- 
siderable amount of A®-pentene distilling with the alcohol during 
concentration of the mixture. 

The fraction, b. p. 256—260°, was refluxed for 12 hours with 
dilute aqueous potassium hydroxide to remove traces of the mono- 
alkylated ester. The pure compound has b. p. 258—259°/760 mm..; 
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d*” 0-9594, nB 1-4380, [RP] 74°51 (cale., 74-54) (Found: C, 66-2; 
H, 10-4. C,,;H,,O0, requires C, 66-2; H, 10-3%). 

Hydrolysis to the corresponding acid could not be effected, but 
the ester was further characterised by hydrolysis to the ethyl 
hydrogen ester, which was a viscous liquid, b. p. 152—158°/20 mm., 
d'* 1-015, nif’ 1-455, [R;]p 65-2 (cale., 65-3) (Found: C, 63-8; H, 
10-1. C,,3H,,O, requires C, 64-0; H, 9-8%). 


My thanks are due to Professor J. F. Thorpe, C.B.E., F.R.S., for 
his kind interest in the work and to Dr. A. Kandiah for many 
valuable suggestions. I am also indebted to the Salters’ Institute 
of Industrial Chemistry and the Chemical Society for grants in aid 
of the work. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonvon, S.W. 7. [Received, October 4th, 1930.] 


CCCLXX.—Researches in the Menthone Series. Part 
VIII. Further Characterisation of the Optically 
Active Menthylamines. 


By Jonn Reap and RatpH ALEXANDER STOREY. 


THE relative molecular configurations (I to IV) which have been 
assigned to the stereoisomeric menthylamines were derived originally 
from a study of the interaction of these bases with nitrous acid 
(J., 1927, 2168; Chemical Reviews, 1930, 7, 27) : 


i Tatts rors ae fond ried 
3 NT T | | 
H—+ Pré H—— Pr’ pre H Pré——— 
l(or d)- d(or 1)-neo- d(or 1)-iso- d(or l)-neoiso- 
Menthylamine. Menthylamine. Menthylamine. Menthylamine. 


(I.) (LI.) (LL1.) (LV.) 


In interpreting the reactions concerned, the assumption was made 
that the main product in each case was formed through a direct 
replacement of NH, by OH, while the subsidiary product was 
regarded as the outcome of a Walden inversion. The molecular 
configurations deduced in this way appear to us to be sustained 
by the new physical and chemical evidence which we advance in 
this communication. 

The cis-configuration has been allocated to isomenthone by Zeit- 
schel and Schmidt (Ber., 1926, 59, 2298) in conformity with the 
Auwers-Skita rule that density and refractive index are higher 
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for the cis- than for the trans-isomeride ; this conclusion is supported 
by the more recent observations of Hiraidzumi (Chikashige Anniv. 
Vol., Kyoto, 1930, 87). It is thus noteworthy that these constants 
(Table I) are markedly higher for d-tso- and d-neoiso-menthylamine, 
derived according to the above scheme from isomenthone, than for 
1. and d-neo-menthylamine, derived from menthone. It is also of 
interest that the values for the d-neo- or d-neoiso-base are in all 
instances slightly higher than for the /- or d-iso-base, respectively. 

The optical rotatory powers of the free homogeneous bases lie 
between [a]i}) — 44:53° (l-) and + 28-96° (d-iso-). Some striking 
alterations in these numerical values occur when the bases are 
dissolved in chloroform: decreases of 14% and 42% are shown 
by the /- and the d-neo-base, respectively; while in the iso-series 
there are increases of 1-6°%, and 360% for the d-iso- and the d-neoiso- 
base, respectively. 

A study of the optical rotatory powers of these four bases and a 
comprehensive series of their derivatives (Table II) has disclosed 
inter alia the following general relationships: (i) the four sets of 
values are generically related; (ii) the four bases fall into two 
well-defined families, depending upon their derivation from menthone 
or isomenthone; (iii) dextrorotatory neoisomenthylamine belongs 
configurationally to the /-series, which is characterised by the 
configurational unit H|NH,; (iv) apart from the anomalous sense 
of rotation of the d-neoiso-base and its hydrochloride, and of 
8-naphthalenesulphonyl-d-isomenthylamine, the sign of the optical 
rotation is changed by reversing asymmetric centre (3), but not by 
reversing either of the remaining asymmetric centres, (1) or (4); 
(v) the lowest rotatory powers, considered numerically, are shown 
by substances of the iso- and neoiso-series, that is, by configurations 
having the most symmetrical distribution of like (H) or similar 
(Me and Pr’) groups about a plane passing through the characteristic 
group (3) at right angles to the plane of the ring, the sequence 
being usually />l-neo>l-iso>d-neoiso. The remarkable numerical 
relationships which are displayed by the optical rotatory powers of 
these four series of stereoisomeric substances, together with the 
bearing of the data upon the so-called principle of optical super- 
position, have been fully discussed elsewhere (Chemical Reviews, 
1930, 7, 31; Trans. Faraday Soc., 1930, 26, 446). 

From Table II it is seen that the melting points of derivatives of 
the d-neo- and l-bases (menthone series) are usually higher than 
those of the corresponding derivatives of the d-neoiso- and d-iso-base 
(isomenthone series). Further, in each of the series the neo-deriv- 
atives have the higher melting point, the general sequence being 
d-neo>|>d-neoiso>d-iso. Hence, in general, configurations having 
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the most symmetrical distribution of like or similar groups, as 
indicated above, possess the lowest melting points. 

An inspection of configurations (II) and (I) suggests that the 
amino-group of d-neomenthylamine should react with greater ease 
than that of J-menthylamine, since this group is situated in the 
cis-position to a hydrogen atom and an isopropyl group, respectively. 
Similarly, d-neoisomenthylamine (IV) should react more readily 
than d-isomenthylamine (III). Chemical evidence bearing upon 
the relative molecular configurations of these stereoisomerides was 
therefore sought by allowing equimolecular mixtures of pairs of 
these bases to react competitively in solution with insufficient 
quantities of various acid anhydrides, acid chlorides, and aldehydes. 
Distinct evidence was obtained in this way of the following com- 
parative rates of reaction : d-neomenthylamine>l-menthylamine ; 
d-iso>1; d-neoiso>1l; d-neo>d-iso; d-neoiso>d-iso. These results 
are in accordance with the relative molecular configurations, (I) 
to (IV), which have been assigned to the four series of stereo- 
isomerides. 

As an extension of these experiments, some preliminary observ- 
ations have been made on the comparative rates of reaction of the 
d- and l-forms of menthylamine, neomenthylamine, and isomenthy]- 
amine with d- or l-camphor-10-sulphonyl chloride. In all three 
instances the reaction was distinctly more rapid between a dextro- 
rotatory molecule of one reagent and a levorotatory molecule of 
the other than between a dextrorotatory or a levorotatory molecule 
of each kind. From a series of similar observations made in these 
laboratories, it appears that, in general, when an optically active 
molecule has equal opportunities of reacting with either of two 
antimeric molecules there is usually a preference in favour of 
reaction occurring with the form of the second molecule which 
displays the opposite sense of rotation. A detailed treatment of 
this interesting theme is reserved for later publication. It may be 
added that some of the pairs of diastereoisomeric camphor-10- 
sulphonylmenthylamines prepared in the course of this work appear 
to form partial racemates. 


EXPERIMENTAL. 


Physical Properties of Optically Active Menthylamines.—The 
l-menthylamine was prepared by reducing /-menthoneoxime 
(Annalen, 1893, 276, 360; J., 1926, 2221); it was liberated from 
a specimen of the hydrochloride having [«]#° — 36-1° (c 2-0 water). 
All four of the stereoisomeric bases were dried over solid potassium 
hydroxide before being distilled under diminished pressure in an 
atmosphere free from carbon dioxide. d-neoMenthylamine was 
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obtained from a carefully purified specimen of the hydrochloride 
(J., 1926, 2218) having [«]* + 20-9° (c 2-0, water); and d-iso- 
menthylamine (J., 1926, 2221) and d-neoisomenthylamine (J., 1927, 
2172) from recrystallised hydrochlorides having, respectively, 
[JR + 23-2° and + 20-3° (c, 2-0, water). The four stereoisomeric 
bases are closely similar in appearance, odour, and physical pro- 
perties ; chemically, they are all strong bases, which absorb carbon 
dioxide eagerly from the air, forming solid crystalline deposits. 


TABLE I. 
Physical Constants of Optically Active Menthylamines. 
I, d-neo-. d-iso-. d-neoiso-. 

BB Pie vo sdhindiscdets 81—82°/12 mm. 84°/13mm. 87°/13-5mm. 89°/14-5 mm. 
Ce CQOGR iD: i discus 0-8525 0-8551 0-8632 0-8636 
ME arececoveenasos 1-4600 1-4614 1-4659 1-4670 
) * Qiao 49-86 49-83 49-82 49-89 
a homogeneous —37-97° + 12-93° -+-25-00° + 2-00° 
[ap “d —44-53° +15-12° +-28-96° + 2-32° 
a “ —44-80° + 14-90° +29-40° + 280° 
[aR os —53-21° +17-42° + 34-06° + 2-66° 
[ape in CHC], ... —38-2% “4 + 8-7° + 29-4° + 10-7° 
[aR 4, 453° +10-0° +34-6° + 12-4° 


The densities of the bases are reduced to vacuum standard. The 
calculated value for [,]p is 49-53. The values of « for the homo- 
geneous bases were observed in a l-dem. tube; the chloroform 
solutions contained about ‘4 g.) of the base in 100 c.c. Some of the 
values of «» are higher than the maxima which have been recorded 
hitherto. The most marked difference is in the case of d-neoiso- 
menthylamine, which has now been prepared in quantity for the 
first time; the recorded values for derivatives of this base remain 
unaltered (compare Annalen, 1893, 276, 323; Chemical Reviews, 
1930, 7, 31; Trans. Faraday Soc., 1930, 26, 450). 

Physical Properties of Acyl Derivatives of Optically Active Menthyl- 
amines.—The formyl, acetyl, benzoyl, and $-naphthalenesulphonyl 
derivatives have already been described (J., 1926, 2225; 1927, 
2168). Each of the remaining derivatives included in Table II 
was prepared by warming a mixture of the appropriate free base 
(1 mol.) and acid chloride (1 mol.) in dry benzene; the product was 
shaken with dilute aqueous sodium hydroxide, added gradually, 
until the attainment of a permanent alkaline reaction. The deriv- 
ative was isolated in the usual way, after the benzene solution had 
been washed thoroughly with dilute hydrochloric acid, followed by 
water. In making the propionyl derivatives, propionic anhydride 
was used in place of propionyl chloride. The solvents used in 
recrystallising the derivatives were aqueous alcohol, aqueous acetone, 
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ethyl acetate, or light petroleum. All the crystalline derivatives 
formed colourless needles or prisms. The n-butyryl, n-hexoyl, and 
n-octoyl derivatives of the iso-base were obtained as viscid syrups ; 
n-butyryl-d-isomenthylamine was originally isolated in a similar 
form, but it crystallised to a low-melting solid when kept in a sealed 
tube. The following representative derivatives were analysed : 
bromoacetyl-1-menthylamine (Found: C, 52-2; H, 8-1. C,,.H,,ONBr 
requires C, 52:2; H, 8-0%); isovaleryl-l-menthylamine (Found: C, 
753; H, 11-8. C,;H,gON requires C, 75-3; H, 122%); chloro- 
acetyl-d-neomenthylamine (Found: C, 62:1; H, 9-6. C,,H,ONCI 
requires C, 62:2; H, 9-6%); n-hexoyl-d-neomenthylamine. (Found : 
C, 75-4; H, 12-4. C,,H,,ON requires C, 75:8; H, 12°3%); iso- 
butyryl-d-isomenthylamine (Found: C, 74:1; H, 12-0. C,,H,,ON 
requires C, 74-6; H, 12-1%); n-hexoyl-d-isomenthylamine (Found : 
C, 75-8; H, 12-3. C,,H,,ON requires C, 75-8; H, 12°3%); n-octoyl- 
d-isomenthylamine (Found: C, 76-9; H, 12-4. C,.H,,ON requires 
C, 76:8; H, 12-5%); phenylacetyl-d-isomenthylamine (Found: C, 
78:7; H, 9-8. C,,H,,ON requires C, 79-1; H, 100%); propionyl- 
d-neoisomenthylamine (Found: C, 73-6; H, 12-0. C,,;H,;ON 
requires C, 73:9; H, 11:9%); n-butyryl-d-neoisomenthylamine 
(Found : C, 74-7; H, 12-1. C,,H,,ON requires C, 74-6; H, 12-1%). 

The optical rotatory powers recorded in Table II were observed 
in chloroform solution at 25° (c = 1-0 approximately; / = 2). 

Competitive Reaction of Binary Mixtures of Optically Active 
Menthylamines with Various Symmetric Reagents.—The hydro- 
chlorides of the optically active menthylamines used in these 
experiments were prepared in the usual way and possessed optical 
rotatory powers sensibly identical with those which have been 
recorded for the purified substances (J., 1927, 2169). In each 
experiment equal weights of the two bases were allowed to compete 
in solution for an insufficient weight of an acid anhydride, acid 
chloride, or aldehyde. The reagents used were acetic and propionic 
anhydrides, benzoyl chloride, benzaldehyde, and salicylaldehyde. 
In each instance the composition of the mixed product was cal- 
culated from its optical rotatory power in chloroform solution 
(compare Table II above; also T'rans. Faraday Soc., 1930, 26, 444), 
and the result was checked by a further determination of the 
rotatory power, in aqueous solution, of the hydrochloride prepared 
from the recovered mixture of unchanged bases. 

(1) Mixture of 1-menthylamine and d-neomenthylamine. To a dry 
benzene solution containing equal weights of the two bases was 
added 60% of the calculated amount of the reagent, dissolved in a 
standard quantity of benzene. The solution was heated to incipient 
boiling on the water-bath, and dilute sodium hydroxide solution 
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TaBLe II. 
Physical Constants of Acyl Derivatives of Optically Active Menthyl- 
amines. 
Derivative. M.p.  [a}?’. [ape M. p. [a}. [aPs. 
1-Menthylamine. d-neoMenthylamine. 
Rem) .id.0054005. 102—103° — 83-8° —- 117—118° + 53-8° — 
ee 145 81-7 — 169—170 53-0 _- 
Propiony]......... 88 76-6 —89-6° 149 48:3 +656-6° 
n-Butyryl ...... 73 70-9 79-4 104 46-8 53-5 
isoButyryl ...... 128 66-5 75-0 160—161 47-5 54-7 
isoValeryl ...... 110 64-7 76-7 132 42-8 51-3 
n-Hexoy]l ......... 60 60-0 71-2 65 40-0 45-0 
n-Octoyl ......... 57 53-2 63-8 78 36-7 42-4 
Chloroacetyl ... 76 71-9 86-6 150 50-7 57-7 
Bromoacety! ... 103 61-6 73-1 160 40-9 46-2 
Benzoyl ......... 157 62-8 _- 121-5 22-7 — 
Phenylacetyl ... 106 60-4 72-1 120 34-5 41-0 
B-Naphthalene- 
sulphony] ...... 135 53,3 — 208 43-7 — 
Anisoyl ............ 183 57-7 69-0 130 21-1 240 
d-isoMenthylamine. d-neoisoMenthylamine. 
BUGIAGE 000} 0000600 45—46 +31°3 — —_ — 39 _ 
Acetyl .........0.- 77—79 30-7 _ 99—100 2-6 oe 
Propionyl......... 83 27-7 +32-1 103 0 — 10 
n-Butyryl ...... —_ 23-9 27-7 —- 1-0 2-0 
isoButyryl ...... 116 22-8 25-9 128 3°7 5-4 
isoValeryl ...... 82 27-0 29-1 99 4-1 6-5 
n-Hexoyl ......... —— 24-9 27-5 50 0 1-7 
n-Octoyl ......... --- 23-3 26-0 55 1-2 2-9 
Chloroacetyl ... 82 30-0 35-0 80 9-8 13-0 
Bromoacetyl ... 80 30:3 37:1 100 75 10-3 
Benzoyl. ; ..4..-00. 97—98 18-3 _ 151 10-4 —_- 
Phenylacetyl ... 103 33-3 38-4 109 3-4 5-1 
B-Naphthalene- 
sulphony] ...... 80—8l1 — 2:8 -- 120 10-7 — 
MINS op sicccaners 121 25:3 30-7 156 9-5 11-8 


was added gradually until the mixture remained faintly alkaline 
after repeated shaking. The cold solution was washed twice with 
water, then with sufficient dilute hydrochloric acid to render the 
mixture faintly acid, and finally again with water. The mixed 
derivative was recovered from the washed and dried benzene, and 
the mixed hydrochlorides of the unchanged bases from the hydro- 
chloric acid washing. In the reactions with aldehydes no sodium 
hydroxide was added. 

In the reaction with acetic anhydride, the crude dry mixture of 
acetyl derivatives (2:2 g.) had a) — 0-27°, [a]) — 6-6° (c 2-0455), 
and thus consisted of about 56% of acetyl-d-neo- and 44% of acetyl- 
l-menthylamine ; the recovered hydrochloride (3-3 g.) had «, — 0-29°, 
[«]» — 9-6° (c 1-5105), and contained about 46°% and 54% of d-neo- 
and /-menthylamine hydrochloride, respectively. 

The mixed propionyl derivatives (3-5 g.) had a) — 014°, [a]p 
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— 4-0° (c 1-7525), corresponding to 58% of propionyl-d-neo- and 
42% of propionyl-/-menthylamine; the recovered hydrochloride 
(2-1 g.) had a, — 0-41°, [a], — 15-6° (c 1-3140), thus containing 
36% and 64% of d-neo- and /-menthylamine hydrochloride, 
respectively. 

The mixed benzoyl derivatives had a, — 0-44°, [a], — 148° 
(c 1-4845), and therefore contained 56% of benzoyl-d-neomenthyl- 
amine and 44% of benzoyl-/-menthylamine. 

The mixed benzylidene derivatives had «, — 0-83°, [a]) — 19-7° 
(¢ 2-1040), corresponding to about 58% of the d-neo-derivative. 
The mixed salicylidene derivatives had «, — 1-03°, [a]) — 20-9° 
(c 2-4640), corresponding to 66% of the d-neo-derivative. In all 
three cases the recovered hydrochloride contained an excess of 
l-menthylamine hydrochloride. 

(2) Mizxture of |-menthylamine and d-isomenthylamine. In a series 
of experiments conducted in a precisely similar way, the mixture 
of acetyl derivatives had [«], — 11-1°, corresponding to 63°% of the 
d-iso-derivative ; the analogous data for the propionyl and salicyl- 
idene derivatives were [«]» — 13-4° (61% d-tso-), and [«], — 15-1° 
(53% d-iso-). In all three instances the hydrochloride of the residual 
bases contained an excess of l-menthylamine hydrochloride. In the 
experiment with benzaldehyde, no appreciable difference in reaction 
velocity could be established between /-menthylamine and d-iso- 
menthylamine. 

(3) Mixture of 1- middie and d-neoisomenthylamine. In each 
of the four cases investigated, d-neoisomenthylamine reacted more 
rapidly than /-menthylamine. The observed rotatory powers of 
the mixed derivatives and the derived percentage of the d-neoiso- 
derivative were as follows: acetyl, [«], — 37-9°, 55%; propionyl, 
[a]p — 33-3°, 57%; benzoyl, [«], — 31-1°, 61%; benzylidene, [«], 
— 77:2°, 56%. The residual base contained an excess of l-menthyl- 
amine in each instance. 

(4) Mixture of d-neomenthylamine and d-isomenthylamine. The 
mixture of acetyl derivatives had [«]) + 42-0° and thus consisted 
of practically equal amounts of each, The product yielded by 
interaction with benzoyl chloride had [«], + 21-7° and contained a 
preponderance of benzoyl-d-neomenthylamine; in this case, how- 
ever, the values of [«], for the two derivatives (++ 22-7° and + 18-3°) 
do not admit of a satisfactory calculation being made. The mixture 
of benzylidene derivatives had [«], + 74-0°, corresponding to 58% 
of benzylidene-d-neomenthylamine, and the hydrochloride of the 
recovered bases contained an excess of d-isomenthylamine hydro- 
chloride. 

(5) Mixture of d-isomenthylamine and d-neoisomenthylamine. The 
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mixture of propionyl derivatives had [«], + 10-6°, and hence con. 
tained 61%, of propionyl-d-neoisomenthylamine ; the corresponding 
values for the benzylidene derivatives were [«], + 16-8°, 59%. In 
both cases the unchanged base contained an excess of d-isomenthyl- 
amine. The mixture of benzoyl derivatives had [«], + 4-3°, and 
hence contained approximately equal amounts of the two con- 
stituents. 

Condensation of Menthylamines -with d-, 1-, and dl-Camphor-10- 
sulphonyl Chloride.—The acid chlorides were prepared by heating 
the corresponding acids with thionyl chloride. The d-compound 
had m. p. 70°, [«], -++ 32-3° (c 3-3, chloroform); the l-compound 
had m. p. 70°, [a], — 32-0°; the dl-compound melted at 85° (com- 
pare J., 1907, 91, 522; 1912, 101, 754). 

(1) Menthylamines. In all cases the condensation was brought 
about by mixing the acid chloride with the pure base (slightly more 
than 1 mol.) in dry benzene. After remaining over-night, the 
mixture was made slightly alkaline with dilute aqueous sodium 
hydroxide and shaken until no further reaction occurred. The 
benzene solution was washed with water and shaken with a slight 
excess of dilute hydrochloric acid in order to recover the unchanged 
base. The derivative, when isolated from the dried benzene, was 
usually purified by recrystallisation from absolute alcohol, although 
light petroleum was employed for the derivatives of neomenthyl- 
amine. All the stereoisomerides under notice crystallised in colour- 
less needles or small prisms. The recorded values of [«], were 
observed in benzene solution (c about 1-5 g. in 100 c.c.; 1 = 2; 
t = about 16°). 

d-Camphor-10-sulphonyl-l-menthylamine had m. p. 139°, [a]p» 
— 28-0° (Found: C, 65-0; H, 9-3. C,,H;,0,NS requires C, 65-0; 
H, 96%). /-Camphor-10-sulphonyl-l-menthylamine had m. p. 143°, 
[x], — 60-9°. The product obtained by the interaction of /-menthy]l- 
amine and dl-camphor-10-sulphonyl chloride had m. p. 136—137°, 
[«]» — 26-6°, after one recrystallisation. The interaction of dl- 
menthylamine and d-camphor-10-sulphony! chloride yielded a crude 
product having [«], -++- 8-3°, and one recrystallisation gave material 
with m. p. 138°, [x], + 16-0°. ‘he hydrochloride of the residual 
base had a, + 0-51°, [a], + 10-7° (c 23910, water), and thus con- 
tained about 35% of l- and 65% of d-menthylamine. Closely 
corresponding results attended the condensation of dl-menthylamine 
and l-camphor-10-sulphonyl chloride, the hydrochloride of the 
recovered base having [«], — 10-0°, corresponding to about 36% 
of d- and 64% of l-menthylamine. 

(2) neoMenthylamines. d-Camphor-10-sulphonyl-d-neomenthyl- 
amine had m. p. 113°, [«]) ++ 33:1° (Found: C, 64:6; H, 9-7%). 
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|-Camphor-10-sulphonyl-d-neomenthylamine had m. p. 115°, [«]p 
+7:3° (Found: C, 65-0; H, 95%). dl-Camphor-10-sulphony! 
chloride reacted similarly with d-neomenthylamine to yield a crude 
product which had m. p. 115°, ap + 0-71°, [a], + 21-3° (c 1-6625). 
These values remained practically unaltered after two recrystallis- 
ations, the substance thus appearing to consist of dl-camphor-10- 
sulphonyl-d-neomenthylamine (Found : C, 64-8; H, 97%). A sub- 
stance with identical properties was obtained by evaporating to 
dryness an alcoholic solution of equal weights of d-camphor-10- 
sulphonyl-d-neomenthylamine and J[-camphor-10-sulphonyl-d-neo- 
menthylamine. The reaction between J/-camphor-10-sulphonyl 
chloride and dl-neomenthylamine gave a crude product having m. p. 
151°, a» — 0-18°, [«]» — 55° (c 1-6555); these values remained 
practically unaltered after the product had been twice crystallised 
from absolute alcohol (Found : C, 64-7; H, 9-7%). The unaltered 
neomenthylamine, recovered as hydrochloride, weighed 1-5 g. and 
had a, —0-07°, [«]p — 3-1° (c 1-1060, water); it thus contained 
about 57% of the l-base and 43% of the d-base. A similar result 
attended reaction between d-camphor-10-sulphonyl chloride and 
dl-neomenthylamine, the residual base having « + 0-09°, [«]p 
+ 3-6° (c 1-2460, water). 

(3) isoMenthylamines. d-Camphor-10-sulphonyl-d-isomenthyl - 
amine had m. p. 169°, [«], + 29-7°; and J-camphor-10-sulphony]l- 
d-isomenthylamine had m. p. 140°, [«]) — 15:8°. d-Camphor-10- 
sulphonyl chloride reacted with dl-isomenthylamine to yield a crude 
product with [«]p -+- 25-2°; after recrystallisation it had m. p. 170°, 
[«],p + 25-0° (Found: C, 64:9; H, 96%). The hydrochloride of 
the recovered base had «, + 0-17°, [a], + 5-1° (c 1-6520, water), 
and hence contained about 61% of d-isomenthylamine and 39% of 
l-isomenthylamine. The product obtained in a similar experiment 
with /-camphor-10-sulphonyl chloride gave [«], — 20-8° originally 
and [a], — 22-5°, m. p. 170°, after recrystallisation; the recovered 
hydrochloride had [«], — 6-0°. 


We express our thanks to Imperial Chemical Industries for a 
grant which has helped to defray the cost of this investigation. 


UnitTEp CoLLEGE or St. SALVATOR AND St. LEONARD, 
UnIverRsiTy oF St. ANDREWS. [ Received, October 15th, 1930.] 
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CCCLXXI.—Piperitone. Part XI. Syntheses of 
Optically Inactive and Active Piperitylamines, 
Piperitols, and a-Phellandrenes. 


By Joun Reap and RaLtpw ALEXANDER STOREY. 


PrPERITOL, or A!-menthen-3-ol (I), the «$-unsaturated secondary 
alcohol corresponding to piperitone, was originally discovered by 
H. G. Smith in the essential oils of several members of the so-called 
“peppermint ” group of eucalypts; it occurs in these oils in a 
levorotatory form, together with /-piperitone and [-«-phellandrene 
(Baker and Smith, ‘‘ A Research on the Eucalypts,” 2nd edn, 
Sydney, 1920, p. 373). More recently, a dextrorotatory form of the 
same alcohol has been found by Simonsen (Indian Forest Records, 
1924, 10, part viii) in the essential oil of a new species of Andropogon 
growing in the United Provinces; in this instance the oil contained 
d-A‘-carene and certain other constituents, but piperitone was 
absent. 

Following unsuccessful attempts to reduce piperitone directly to 
piperitol (compare Gibson and Simonsen, Chemistry and Industry, 
1930, 49, 540), repeated endeavours have been made to attain the 
same end through the corresponding primary amine, piperitylamine 
(II) : 


CMe CMe 
YN \ 
(I.) H,¢” ‘CH HG’ S (1I.) 
H,C\. /CH-OH H,C\. /CH:NH, 
CH-CHMe, CH-CHMe, 


Hitherto, however, such methods as the reduction of piperitone- 
oxime (Read, Cook, and Shannon, J., 1926, 2226) and the treatment 
of piperitone with ammonium formate have not proved suitable for 
the preparation of this base, owing to the simultaneous production 
of menthylamines. . 

We now show that the viscid oil obtained by the interaction, under 
proper conditions, of /-piperitone and hydrazine may be readily re- 
duced to optically inactive piperitylamine, which therefore becomes 
available in quantity. The constitution of the viscid oil remains in 
doubt. The analysis corresponds to a hydrated azine (III), and this 
structure affords an explanation of the curious fact that when heated 
to 95° under diminished pressure the substance loses water and 
undergoes a striking diminution in optical rotation, e.g., from [«]p 
+ 201-1° to + 48-3°. This change would be conditioned by the loss 
of asymmetry of the carbon atom marked with an asterisk : 
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CMe CMe Bag 
H,’ SCH Hc” \CH, ee, ICH, 
H,C\ /AUN-NH-(HO)CX AM: —" FCN CNN: C\ CH, 
CH-CHMe, (H-CHMe, ‘H-CHMe, CH-CHMe, 
(III.) (IV.) 


The specimens of piperitylamine obtained by reducing the above 
viscid product with zine and glacial acetic acid displayed only 
a feeble optical activity, and readily furnished characteristic, 
optically inactive acetyl, benzoyl, and anisoyl derivatives, in addition 
to a well-defined hydrochloride. The structure of the base (II) 
follows from its conversion into piperitol and piperitone. 

When fractionally crystallised with a molecular proportion of 
d-tartaric acid, this base yielded a highly distinctive hydrogen 
tartrate of the form dAIB. The physical constants of the corre- 
sponding /-piperitylamine are compared below with those of the 
optically inactive base and of l-menthylamine (this vol., p. 2764) : 


Piperitylamines and |-Menthylamine. 


B. p. a3" (vac.). ne". [Pz]. [a}e". 
dl-Piperitylamine 97-5—98-5°/16mm. 0-8801 1-4769 49-20 — 
l-Piperitylamine 98-2°/16 mm. 0-8789 1:4770 49:27 —80-35° 


l-Menthylamine 81—82°/12 mm. 0-8525 1-4600 49:86 —44-53 


The calculated values of [Rz]p for piperitylamine and menthylamine 
are 49-14 and 49-53, respectively. 


The constants are thus markedly higher for the piperitylamines 
than for the menthylamines. 

A detailed study, now in hand, of the optical resolution of inactive 
piperitylamine indicates that this base may possibly consist of a 
mixture of dl-piperitylamine and dl-neopiperitylamine. There is at 
present no evidence to indicate whether the above levorotatory 
piperitylamine corresponds configurationally to d-piperitol or to 
d-neopiperitol (vide infra), that is, whether it possesses the cis- or the 
trans-configuration. For the time being, it is called /-piperityl- 
amine. 

When treated with nitrous acid, these bases yield piperitols; in 
practice, however, the most satisfactory results have been attained 
by steam-distilling mixtures of the piperityltrimethylammonium 
iodides (VII) and silver oxide. In this way, both the dl- and the 
l-eompound yield a mixture of two stereoisomeric piperitols, the 
physical constants of which are summarised below, together with the 
corresponding values recorded by Smith and by Simonsen (loc. cit.) 
for naturally occurring I- and d-piperitol, respectively : 
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Piperitols. 
B. p. a”. ny. [Rilp. af,(1-dem,), 
Smith, 1- 95—96°/ 0-92302 1-476022° 47:04 —34-1° 
10 mm. 
Simonsen, d- 165—170°/ 0-911 1-47430° 47-5 + 41-990" 
200 mm. 
Read and Storey, 94—96°/ — 1-474019"° — — 
dl-neo- 15-5 mm. 
Read and Storey, 100—106°/ — 1-4769!*° — — 
dl. 19-5 mm. 
Read and Storey, 96-5—98-5°/ 0-9119%° 1-4729%° 47-40 +21-221° 
d-neo 15-5 mm. 
Read and Storey, 101—104°/ 0-92002° 1-4770'*° — + 40-221 
d- 16 mm. 


The calculated value of [Rz]p, irrespective of exaltation, is 47-16. 


A complete separation of the two stereoisomeric dl- or d-piper- 
itols is not claimed at this stage of the investigation, but from an 
examination of the foregoing data it is evident that the natural 
alcohols isolated by Smith and Simonsen correspond to the higher- 
rather than to the lower-boiling synthetic substances. That the two 
dextrorotatory piperitols derived from [-piperitylamine differ only 
in the asymmetry of carbon atom (3) is shown by the fact that upon 
oxidation with chromic acid they both furnish practically pure 
d-piperitone. Thus, the reversal of asymmetric carbon atom (3) in 
the piperitols does not affect the sign of the optical rotation of the 
molecule. 

Since the higher-boiling substances possess also the higher density 
and refractive index, these stereoisomerides may provisionally be 
assigned the cis-configuration (V), in accordance with the Auwers- 
Skita rule (compare Chemical Reviews, 1930, '7, 4); further, in order 
to conform to the nomenclature adopted for the menthols and 
menthylamines (loc. cit., p. 37), the trans-isomerides should be 
distinguished by the prefix neo-. The following relative molecular 
configurations are thus reached for the piperitols : 


H——*—-OH HO——?—_H 





H——‘——Pr’ 
(VI.) d(or l)-neoPiperitol. 


H——'*—_Pr 
(V.) d(or Z)-Piperitol. 
According to this representation it is interesting that the 
cis-isomeride displays the higher optical rotation, as with the 
menthones. 

The piperitols may be hydrogenated catalytically to menthols, and 
this process is being studied in detail, particularly as it may furnish, 
inter alia, the hitherto unknown ncoisomenthols (compare J'rans. 
Faraday Soc., 1930, 26,450). As «8-unsaturated secondary alcohols, 
the piperitols undergo dehydration so readily (compare Simonsen, 
loc. cit.) that attempts to prepare crystalline esters, etc., have not yet 
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been successful. It will be of interest to ascertain whether one of 
the stereoisomerides can be dehydrated with greater ease than the 
other. It is suggestive that, according to the observations now 
recorded, natural piperitol appears to consist of the cis-form (V), 
which presumably should be less amenable to dehydration than the 
trans-form (VI). Moreover, as Simonsen (loc. cit.) has pointed out, 
cis-piperitol bears a close configurational relationship to A*-carene 
(IX), which accompanies d-piperitol and d-piperitone in Andropogon 
oils. 

In treating dl- and I[-piperityltrimethylammonium iodide with 
silver oxide and water, the possible formation of A*-carene (IX) or 
a-terpinene (X) was anticipated, either immediately from the 
quaternary hydroxide (VIII) or through the derived piperitol (I) : 


CMe CMe CMe 
Nou HY” \QH Ho \ gH 
: ¢ \, AENMesl Hy i tt NMe;OH H,C\_/(H 
CH-CHMe, CHMe, HC—CMe, 
(VII) (VIII.) (IX.) 
CMe CMe 
NN 
(X.) HO \ vie HC \cH (XI.) 
H,C\_ CH . H 
C-CHMe, CH-CHMe, 


Very remarkably, however, the terpene which is formed with the 
piperitols in this reaction appears to consist wholly of «-phellandrene 
(XI). When Opipelityaanaing ane iodide was used, the 
resulting terpene had «j° + 86-4°, and a comparison of its physical 
constants with those of d- -a-phellandrene, a-terpinene, and d-A‘- 
carene indicates that little, if any, of the last two substances could 
have been formed (compare J., 1923, 123, 1660; 1922, 121, 2295). 
Besides affording a direct passage from a A!- to a A*:®-derivative, 
this reaction is important as establishing a chemical and stereo- 
chemical connexion between d-piperitol, d-piperitone, and d-«-phell- 
andrene. New light is thus thrown upon the association of l-a- 
phellandrene with /-piperitone in eucalyptus oils (compare Read and 
Smith, J., 1921, 119, 781). 

In attempting to dehydrate d-piperitol from Andropogon oil with 
magnesium methyl iodide, Simonsen (loc. cit.) obtained a hydro- 
earbon which yielded an oxidation product characteristic of «-ter- 
pinene; as, however, the hydrocarbon had [«]}}’ + 20-2°, while 
a-terpinene is optically inactive, it now appears possible that d-«- 
phellandrene was also present in this hydrocarbon. A mixture of 
a-terpinene and d-«-phellandrene is indeed formed upon heating 
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l-piperityltrimethylammonium iodide to about 88°; it then breaks 
down quantitatively in the following way: C,)H,,,-NMe,l —> 
Ci9H1¢ + NMe,,HI. 

Since «-phellandrene is formed by heating the above quaternary 
iodide (VII) in the absence of water, the important possibility is here 
indicated of a direct passage from an ethylenic system to a conjugated 
system, a result which appears to be conditioned by the doubly- 
exerted activating effect (at positions 3 and 6) of the double bond. 
Reactions of this type may conceivably play an important part in 
biochemical processes: as a simple example, it now becomes 
unnecessary to postulate an intermediate hydration in the supposed 
natural formation of «-phellandrene from piperitol (Read, Chemical 
Reviews, 1930,'7, 44). It may also be recalled that dl-«-phellandrene 
is produced to some extent in the reduction of dl-piperitone with 
sodium and alcohol (Read and Cook, J., 1925, 127, 2784) : it is now 
seen that piperitol is probably an intermediate substance in this 
process. 

It appears that the new synthesis of dl- and d-«-phellandrene from 
piperityltrimethylammonium hydroxide furnishes the purest speci- 
mens of these substances which have yet been prepared by artificial 
means. d-a-Phellandrene obtained by treating d-A?-isopropyl- 
hexenone with magnesium methyl iodide (Wallach, Annalen, 1908, 
359, 283) had «, + 4° 7’ (1-dem.) ; while the specimen resulting from 
the reduction of monochlorophellandrene from d-A*®-menthen-2-one 
(Harries and Johnson, Ber., 1905, 38, 1832) had «?° + 45° (1-dem.): 
neither of these synthetic products was chemically homogeneous 
(Gildemeister and Hoffmann, ‘‘ Die Aetherischen Oele,’ 3rd edn, 
1928, 1,338). d-«-Phellandrene from /-piperityltrimethylammonium 
hydroxide had [R,]) 45-46, «if + 86-4°, as compared with [R,]p 
45-51, «#” — 95-00° (1-dem.) for the purest specimen of /-«-phell- 
andrene isolated by Smith, Hurst, and Read from the essential oil of 
Eucalyptus dives (J., 1923, 123, 1660). The identity of the substance 
was established by tracing the characteristic mutarotation, in chloro- 
form solution, of its highly levorotatory «-nitrosite (Smith, Hurst, 
and Read, loc. cit., p. 1665). The presence of «-terpinene in the 
a-phellandrene derived by heating the quaternary ammonium 
iodide was readily determined by utilising the solubility of «-ter- 
pinene nitrosite in cold ether. 

As a further consequence of this work, it has become possible 
to proceed from I-piperitone of Zucalyptus oils to d-piperitol 
and d-piperitone of Andropogon species (compare Simonsen, loc. cit. ; 
also J., 1921, 119, 1644): J-piperitone —-> dl-piperitylamine —> 
l-piperitylamine ——-> d-«-phellandrene -+- d-piperitols —--> d-piper- 
itone. Syntheses of the antimeric substances are in progress. 
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EXPERIMENTAL. 
Piperitylamines. 
Conversion of Piperitone into Piperitylamines.—Powdered hydr- 


-azine sulphate (162 g.; 1-25 mols.) was gradually stirred into a cold 


solution of sodium hydroxide (100 g.; 2-5 mols.) in water (100 c.c.), 
with constant cooling and shaking. Methylated spirit (400 c.c.) was 
added, and the liquid heated on a briskly boiling water-bath for 
10 minutes. Piperitone (152 g.; 1 mol.; [«]i* —50-0°) was then 
introduced gradually, and the heating continued for 6—8 hours under 
reflux. After being kept over-night, the liquid was filtered, and the 
solid deposit of sodium sulphate washed with methylated spirit. 
When the filtrate was steam-distilled, the alcohol fraction was 
followed by a small quantity of oil consisting mainly of the unchanged 
ketone. The residual yellow mobile syrup (140 g.), when recovered 
from an ethereal solution which had been dried over sodium sulphate, 
had a, -+ 9-42°, [«]p + 161-6° (c 2-9145, alcohol).* This material, 
heated to about 95° under diminished pressure, lost water and 
became darker, and 2 days’ further drying in ethereal solution over 
calcium chloride furnished a dark red, viscid liquid, with a) + 1-81°, 
[a], + 35-9° (c 2-5240, alcohol) [Found : C, 74-6; H, 10-7; N, 10-5; 
O (diff.), 4-2. Cale. for CypH,,ON,: C, 75-4; H, 10-7; N, 8-8; O, 
50%. Calc. for C,yH,.N,: C, 80-0; H, 10-8; N, 9-3%]. Another 
preparation had [«], + 201-1° and + 48-3° before and after drying, 
respectively. Upon reducing the quantity of hydrazine to one 
molecular proportion, much of the piperitone was recovered un- 
changed, even after the mixture had been heated for 6 hours at 
120° in a sealed tube. 

The syrupy prodifct was not sensibly affected when treated with 
zinc powder in presence of hot alcoholic potassium hydroxide (com- 
pare Meyer and Jacobson, ‘‘ Lehrbuch der organischen Chemie,” 
1907, I, i, 763), but it was readily reduced when treated in the 
following manner. A solution of the syrupy material (70 g.) in 
glacial acetic acid (300 c.c.) was placed in a flask (2 litre), the vessel 
being immersed in cold water and provided with a mechanical 
stirring apparatus (mercury seal) and reflux condenser. Zinc 
powder (75 g.) was added, and the mixture vigorously stirred, a 
further charge of zinc powder (25 g.) and glacial acetic acid (50 c.c.) 
being introduced at the end of } hour. After 24 hours the water-bath 
was heated very gradually to boiling, at which point it was kept for 
about an hour. Hot water (500 c.c.) was then added, and the reaction 
mixture was rapidly filtered, any residual zinc being washed with a 


* Unless otherwise stated, all the determinations of optical rotatory power 
recorded in this paper were observed in a 2-dem. tube at about 16°. 
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little hot water. The filtrate, when basified with a concentrated 
solution of sodium hydroxide and steam-distilled, yielded an oily 
layer, together with an aqueous liquid containing ammonia. The 
distillate was acidified and extracted with light petroleum to remove 
the neutral oil, which contained piperitone and menthones. The 
base was recovered from the acid solution in the usual way, the 
ethereal extract being washed with water and dried over solid 
potassium hydroxide. When distilled in a dry atmosphere free from 
carbon dioxide, about 90° of the crude base passed over at 97-5— 
98-5°/16 mm.; 100 g. of the original syrup furnished about 72 g. of 
base. 

Specimens of piperitylamine thus prepared showed values of a) 
ranging from + 0-5° to + 3-7° (/= 1). The product was a clear 
colourless liquid, resembling the menthylamines closely in its 
physical properties and odour. It absorbed carbon dioxide avidly 
from the air, forming a highly crystalline deposit. The following 
additional physical constants were observed: nj 1-4802, nf 
1-4769; dz (vac.) 0-8801; [Rz]p 49-20 (calc. for C,~H,,NH, fF, 
49-14). 

Acetyl-dl-piperitylamine separated from light petroleum in 
colourless needles, m. p. 108° (Found : C, 73-6; H, 10-6. C,,H,,ON 
requires C, 73-8; H, 10-8%). Benzoyl-dl-piperitylamine crystallised 
from aqueous alcohol in small colourless needles, m. p. 130°; a 
mixture of this substance with benzoyl-d-isomenthylamine (m. p. 
128°) melted at about 102° (Found: C, 79-3; H, 8-8; N, 5-7. 
C,,H,,ON requires C, 79-3; H, 9-0; N,5-5%). Anisoyl-dl-piperityl- 
amine was deposited from aqueous alcohol in small needles, m. p. 
161° (Found: C, 74:8; H, 8-8. C,gH,;0,N requires C, 75-2; H, 
88%). The melting points of these derivatives remained unaltered 
after recrystallisation. None of the substances showed any appreci- 
able optical rotation when dissolved in chloroform (c 1-7, 1 2). The 
base gave rise to a hydrochloride which formed fine colourless needles, 
m. p. 191°. 

Preparation of 1-Piperitylamine.—The crystalline residue obtained 
when an alcoholic solution of equimolecular amounts of dl-piperity!- 
amine and d-tartaric acid was evaporated to dryness had [<], 
+ 12-6°, [M), + 39-4° (c 1-5, water). After two recrystallisations 
from hot methylated spirit, the salt gave the constant value [<]» 
— 43-0°. Larger quantities of the base were resolved as follows. 

Powdered d-tartaric acid (150 g.; 1 mol.) was dissolved in a hot 
mixture of methylated spirit (1000 c.c.) and water (500 c.c.). To 
this solution was added a hot solution of dl-piperitylamine (153 g.; 
1 mol.) in methylated spirit (300 c.c.), the vessel containing the basic 
solution being then washed out with warm spirit (200 c.c.), which was 
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added to the main solution. When allowed to cool over-night, the 
solution deposited a mass of colourless prisms. Two recrystallis- 
ations from boiling water furnished pure 1-piperitylamine hydrogen 
d-tartrate in stout prisms, attaining several centimetres in length, 
m. p. 217°, ap — 0-93°, [a]p — 43-0°, [M]p — 130° (c 1-0800, water) 
(Found: C, 55-5; H, 8-3. C,,H,,;O,N requires C, 55-4; H, 8-3%). 

The salt obtained by evaporating the mother-liquors from this: 
optical resolution was very readily soluble in most of the usual 
solvents. The yield of pure /-piperitylamine hydrogen d-tartrate 
was about 22% of the total weight of salt prepared. 

l-Piperitylamine was isolated from the hydrogen d-tartrate in the 
usual way. It resembled the above di-base in its ordinary pro- 
perties, and had b. p. 101—102°/19 mm., 98-2°/16 mm.; d? (vac.) 
0-8789; ni§° 1-4800, nj} 1-4770; [Rz]p 49-27 (calc., 49-14). 

The rotatory power of the homogeneous base was observed 
(l= 1): al —71-31°; «2%, — 84-37°; aB — 70-62°, [a] — 80-35°; 
az, — 83-61°, [«]%, —95-15°. In chloroform solution (/ = 2): 
ap — 5-38°, [x] — 70-0°; a2, — 6-37°, [a 35, — 82-8° (c 3°8455). 

1-Piperitylamine hydrochloride separated from water, ethyl acetate, 
or absolute alcohol-light petroleum in small transparent needles, 
m. p. 213° (decomp.), «jf — 1-98°, [a] — 83-5°, LM] — 158° 
(c 1-1855, water) (Found: C, 63-0; H, 10-7. C, 9H, ,N,HCl requires 
C, 63-3; H, 10-6%). 

Acetyl-|-piperitylamine crystallised from aqueous alcohol in large 
flat prisms, m. p. 102—103°, «%° — 3-74°, [a]? — 153°; a3: — 4-48°, 
[a}%;, — 183° (c 1-2225, chloroform) (Found: C, 73-4; H, 11-1. 
C,,H,,ON requires C, 73-8; H, 10-8%). 

Benzoyl-\-piperitylamine separated from aqueous alcohol in long 
colourless needles, m. p. 102—103°, af — 4-13°, [«]$° — 173°; «3%, 
— 4:99°, [«]%, — 208° (c 1-1975, chloroform) (Found: C, 79-1; H, 
8-9. C,,H,,ON requires C, 79-3; H, 9-0%). 

Anisoyl-|-piperitylamine, was deposited from aqueous alcohol in 
clusters of fine needles, m. p. 142—143°, «7° — 3-75°, [a]? — 175°; 
an — 4°55°, [x], — 212° (c 1-0725, chloroform) (Found: C, 74-9; 
H, 8-7. C,,H,,0,N requires C, 75-2; H, 8-8%). 

Phenylacetyl-|-piperitylamine separated from aqueous alcohol in 
magnificent prisms, showing an unusually perfect development, m. p. 
89—90°, ai” — 3-13°, [«}%" — 130-5° (c 1-1990, chloroform) (Found : 
C,79-4; H, 9-3. C,,H,,ON requires C, 79-7; H, 9-3%). 

Methylation of Piperitylamine.—(1) In a preliminary experiment, a 
solution of dl-piperitylamine (25 g.; 1 mol.) and methyl iodide 
(46-5 g.; 2 mols.) in dry methyl alcohol (100 c.c.) was boiled under 
reflux for an hour. Sodium (3-75 g.; 1 at.), dissolved in dry methyl 
alcohol, was added and the heating was continued for 10 minutes. 
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The whole treatment with methyl iodide and sodium was then re- 
peated. Finally, a third addition of methyl iodide (46-5 g.) was 
made and the mixture was boiled for an hour. 

After removal of some of the solvent by distillation, the crystalline 
separation (38 g.) was collected and fractionally crystallised from 
hot methyl alcohol containing a little water : the solution deposited 
successive fractions consisting essentially of tetramethylammonium 
iodide (4-5 g.), trimethylamine hydriodide (2 g.), and sodium iodide 
(30 g.), respectively. 

The filtrate containing the residual portion of the original reaction 
product was concentrated under diminished pressure and then taken 
to dryness on the water-bath. The resulting hard brown mass, when 
fractionally crystallised from methyl alcohol, and eventually from 
chloroform, was shown to consist of a mixture of trimethylamine 
hydriodide and sodium iodide. The final chloroform washings 
yielded only a trace of a mobile brown oil, with a terpene-like odour. 
Hence the quaternary iodide had decomposed, and the resulting 
terpene had been lost during the distillation and evaporation of the 
different solutions. 

(2) A solution of dl-piperitylamine (30-6 g.; 1 mol.) and methyl 
iodide (42-6 g.; 1-5 mols.) in dry methyl alcohol (90 c.c.) was boiled 
gently under reflux for } hour. A solution of sodium (4-6 g.; 1 at.) 
in dry methyl alcohol was added, and the boiling renewed for 10 
minutes. Further quantities of methyl iodide (42-6 g.), sodium 
(4-6 g.) dissolved in methyl alcohol, and methyl iodide (28-4 g.) were 
introduced separately, the mixture being boiled for 10 minutes after 
each of the first two of these additions and finally for an hour. The 
liquid was then removed by distillation under diminished pressure 
below 75°. The crystalline residue was extracted for a few minutes 
with boiling chloroform (150 c.c.). The mixture was then cooled, and 
the undissolved solid, consisting of sodium iodide, was filtered off and 
washed with a little chloroform. The chloroform was removed by 
distillation under the conditions noted above, leaving a yield (65 g.) 
of crude dl-piperityltrimethylammonium iodide equal to the calculated 
amount. Some of the product was washed with ether and dissolved 
in cold acetone, a small quantity of insoluble material (trimethyl- 
amine hydriodide) being removed by filtration. When the solvent 
was allowed to evaporate at the ordinary temperature, the pure 
quaternary iodide separated in pale yellow prisms (Found : I, 39-5. 
C,3H.,NI requires I, 39-3%). The substance is very soluble in 
acetone, alcohol, or water, readily soluble in warm chloroform, 
slightly soluble in ethyl acetate, and practically insoluble in ether. 
It melts and decomposes at 88°, forming trimethylamine hydriodide 
and a mixture of dl-«-phellandrene and «-terpinene (vide infra); it 
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breaks down in a similar way when submitted to continued treatment 
with hot solvents. 
Piperitols. 

Optically Inactive Piperitols—(1) Well-washed silver oxide, 
freshly prepared by treating silver nitrate (100 g.; 1-5 mols.) with 
barium hydroxide, was covered with water; a solution of dl- 
piperityltrimethylammonium iodide (126 g.; 1 mol.) in cold water 
(700 c.c.) was added and the mixture was thoroughly shaken and 
heated on the water-bath under reflux for 2 hours, trimethylamine 
being evolved. An ethereal extract of the cooled product yielded 
an oil (22-5 g.). The extracted aqueous liquid, when steam-distilled 
for 2 hours in contact with the silver oxide and silver iodide, gave 
more oil (11-5 g.); and the filtered liquid yielded a third oily fraction 
(8 g.) when distilled. The washed and dried oil (42 g.), when 
fractionally distilled twice under diminished pressure, yielded the 
following main fractions: (I) b. p. 683—65°/15-5 mm., ni8* 1-4772 
(7-2 g.); (II) b. p. 94—96°/15-5 mm., n¥* 1-4740 (9-7 g.); (IID) b. p. 
100—106°/19-5 mm., nif 1-4769 (4-8 g.). 

Fraction (II) appeared to consist of dl-neopiperitol (Found: C, 
78-1; H, 11-5. Cy9H,,O requires C, 77-9; H, 11-8%). It was a 
colourless, somewhat viscid liquid with an agreeable and character- 
istic odour; immiscible with water, but readily soluble in organic 
solvents. When oxidised with Beckmann’s reagent, it yielded an oil 
having the characteristic odour of piperitone. Fraction (III) was 
regarded (vide supra) as dl-piperitol; it was rather more viscid than 
Fraction (II), which it resembled closely (Found: C, 77-4; H, 
116%). Treatment of these fractions with various reagents gave 
results similar to those obtained with the corresponding dextro- 
rotatory preparations. 

(2) A solution of dl-piperitylamine (20 g.) in dilute hydrochloric 
acid (3 mols.; 500 c.c.) was titrated in the cold with an aqueous 
solution of sodium nitrite (1 mol.). After remaining in the freezing 
mixture for 15 minutes, the turbid solution was warmed on the water- 
bath until effervescence had ceased. The resulting reddish oil, when 
purified by steam distillation, followed by distillation under 
diminished pressure, passed over almost completely at 103—105°/15 
mm., and had n}$ 1-4779 (3 g.). This product appeared to consist 
largely of piperitol (Found: C, 73-5; H, 10-6%). When it was 
oxidised with Beckmann’s reagent the mixture developed heat, and 
the resulting oil had the characteristic odour of piperitone. Further, 
when condensed with anisaldehyde (J., 1926, 2073) it yielded pale 
yellow prisms, which melted, alone or mixed with anisylidene-dl- 
piperitone, at 98°. 

No appreciable terpene fraction was obtained in several experi- 
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ments of thiskind. Tarry matter was formed, and a good deal of the 
base was recovered unchanged by basifying and steam-distilling the 
residual aqueous liquid. 

Dextrorotatory Piperitols.—The quaternary iodide (186 g.) obtained 
by methylating /-piperitylamine with methyl iodide and sodium 
methoxide, according to method (2) described above for the dl- base, 
was a crystalline solid resembling the optically inactive quaternary 
iodide in its general properties. It was treated with silver oxide 
and water in the manner noted under (1) above, except that the 
mixture was steam-distilled without any preliminary heating under 
reflux. Trimethylamine was evolved, and the colourless oil (58 g.) 
collecting in the receiver was washed and dried. When submitted to 
two successive fractional distillations under diminished pressure, the 
oil yielded the following main fractions: (I) b. p. 66—68°/16 mm., 
n\" 1-4827, n?° 1-4777, d3 (vac.) 0-8463, «i* + 86-4° in a 1-dem. tube 
_ 5 g.); (II) b. ls 96-5—98-5°/15-5 mm., nj 1-4769, nF 1-4729, dz 
(vac.) 0-9119, al® + 21-22° (13-2 g.); (III) b. p. 101—104°/16 mm., 
ni 1-4770, d= ives. ) 0-9200, a} + 40-22° (3-0 g.). 

Fraction (II) appeared to consist of d-neopiperitol (Found: (, 
77-6; H, 11-7. Cy >H,,O0 requires C, 77-9; H, 11-8%); in odour and 
appearance it resembled closely the corresponding fraction furnished 
by the optically inactive quaternary iodide. ‘The observed value of 
[Rr]p at 25° was 47-40 (calc. for C,,H,,OH 47-16). When a 
portion of this fraction (2-3 g.) was oxidised with Beckmann’: 
chromic acid mixture (20 c.c.) the temperature rose to 65° and a ¢: 
oil was formed; this was extracted with ether and washed suc 
ively with water, very dilute sodium hydroxide solution, and again 
with water. The oil (1-7 g.) recovered from the dried ethereal 
solution had aij® + 2-75°, [a]if + 61-5° (c 2-2345, benzene), and 
possessed the characteristics of piperitone; from the rotatory power 
it appeared to consist of the optically pure dextrorotatory ketone 
(compare J., 1923, 123, 2269). 

Fraction (III) was closely similar in appearance to Fraction (II), 
except that possibly it possessed a slightly higher viscosity. As 
indicated above, it appeared to consist of d-piperitol (Found: (, 
77-4; H, 116%); upon oxidation with Beckmann’s reagent it 
yielded d-piperitone having «jf + 2-96°, [«]i + 53-3° (c 1-6666, 
benzene). 

It was not found possible to isolate any crystalline derivative of 
piperitol by treatment with phenyleagbimide under various con- 
ditions. When a mixture of the two substances was slowly heated, 
reaction occurred suddenly with liberation of carbon dioxide and 
formation of carbanilide and a terpene-like oil. Apparently the 
piperitol underwent dehydration in this reaction, as also when 
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warmed in anhydrous pyridine solution with p-nitrobenzoyl chloride 
or 3 : 5-dinitrobenzoyl chloride ; in these last instances there was no 
evidence of reaction at the ordinary temperature. Most of these 
experiments were carried out with the first piperitol fraction; a 
detailed physical and chemical examination of each fraction will be 
undertaken when larger quantities become available. 


a-Phellandrenes and «-Terpinene. 


(1) dl-«-Phellandrene.—When heated with silver oxide and water, 
dl-piperityltrimethylammonium iodide yielded a mixture of dl- 
piperitols, together with a fraction of a colourless mobile oil distilling 
at 63—65°/15-5 mm. and having n\%* 1-4772 (vide supra) (Found : 
C, 85-9; H,11-5. C,9H,, requires C, 88-2; H,11-8%). Part of this 
fraction, which possessed the characteristic odour of phellandrene, 
was dissolved in light petroleum and treated with nitrous acid in the 
manner adopted by Smith, Hurst, and Read (J., 1923, 123, 1663). 
The petroleum layer soon became filled with a copious crystalline 
deposit, which was collected after} hour. The filtrate deposited only 
a small quantity of oily material when kept for several hours longer 
in the freezing mixture. The somewhat sticky solid was washed 
successively with water, light petroleum, and ether. The residual 
hard white solid was allowed to dry in the air; its solution in a little 
warm chloroform was filtered, concentrated in a current of cold air, 
and diluted, after warming, with an equal bulk of methyl alcohol. 
Clusters of fine colourless needles, m. p. 113°, separated rapidly as 
the liquid cooled (Found : C, 56-5; H, 7-5. Cale. for Cj9H,,¢,N,0, : 
C, 56-6; H,7-6%). The filtrate yielded a further quantity of similar 
crystals, m. p. 109°. The crystals resembled those of dl-«-phell- 
andrene «-nitrosite prepared by Carter (Diss., St. Andrews, 1926), 
who has shown that the «- and the @-nitrosite of dl-«-phellandrene 
have melting points almost identical with those of the respective 
nitrosites derived from the optically active forms of «-phellandrene. 
It thus appears that the above crystalline substance was dl-a- 
phellandrene «-nitrosite (compare J., 1923, 123, 1664). 

The above ether washings, which should have contained any 
«-terpinene nitrosite present, were shaken with water, dried, and 
allowed to evaporate at the ordinary temperature. A small quantity 
of a yellowish oil remained, and this could not be induced to crystal- 
lise when treated with various solvents and seeded with crystalline 
«-terpinene nitrosite. In consideration of the ready detection of 
«-terpinene in this way (vide infra), its absence from the fraction of 
oil here concerned is thus indicated. 

(2) d-«-Phellandrene—The most readily volatile fraction of the 
oil formed in the treatment of /-piperityltrimethylammonium iodide 
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with silver oxide and hot water (vide supra) had b. p. 66—68°/16 mm., 
ni’ 1-4827, n° 1-4777, d2" (vac.) 0-8463, [R,]p 45-46, als + 86-4° 
(1-dem. tube). This fraction appeared to consist of almost pure 
d-«-phellandrene (Found: C, 87-8; H, 11-5%); it possessed the 
characteristic phellandrene odour and readily yielded a highly levo- 
rotatory nitrosite, identical with the derivative described under 
(4) below. «-Terpinene was not detected in this fraction. 

(3) dl-«-Phellandrene and «-Terpinene.—Crude dl-piperityltri- 
methylammonium iodide (30 g.) was dry-distilled, at a pressure of 
about 30 mm., from an oil-bath maintained at 150—200°. The oily 
distillate was washed in ethereal solution successively with water, 
dilute hydrochloric acid, and water. After being recovered from the 
dried ethereal solution, the oil (8-5 g.) distilled completely at 66-5— 
68-5°/19-5 mm. and had njj* 1-4799. When part of the fraction was 
treated with nitrous acid, as described under (1) above, a crystalline 
deposit ensued. This was collected after an hour, and a further 
quantity of crystalline material was obtained from the filtrate over- 
night. Part of the crystalline product was insoluble in cold ether, 
and melted at 104°; when recrystallised from warm chloroform- 
methyl alcohol, it separated rapidly in fine needles, m. p. 112°, 
identical with dl-«-phellandrene «-nitrosite described under (1) above. 
When allowed to evaporate, the ethereal extract of the crude 
crystalline nitrosite yielded fine colourless needles, m. p. 147—150°; 
this material separated slowly from cold chloroform—methy] alcohol 
in long square-ended prisms, m. p. 155°, and a mixture of this 
product with authentic «-terpinene nitrosite (m. p. 155°) melted at the 
same temperature. The oil thus contained dl-«-phellandrene and 
a-terpinene. 

The crystalline non-volatile product of the original dry distillation 
separated from hot methyl alcohol in lustrous plates, and gave 
reactions characteristic of trimethylamine hydriodide (Found: (, 
19-5; H, 5-3; N, 7-7; I, 67-8. Cale.: C, 19-3; H, 5-4; N, 7-5; 
I, 67-9%). 

(4) d-«-Phellandrene and «-Terpinene.—Crude I|-piperityltrimethy]- 
ammonium iodide (30 g.), when dry-distilled in the above manner, 
gave an oil (9-7 g.) distilling completely at 70—71°/19-5 mm. and 
having n° 1-4798, n#° 1-4780, d (vac.) 0-8467, [R,]p 45-47, of 
-+- 29-03° (1-dem. tube) (Found : C, 87-6; H, 11-7%). 

The oil was a mobile colourless liquid with the odour of phellan- 
drene. The crystalline nitrosite, obtained as described under (3) 
above, was only partly soluble in cold ether. The insoluble portion 
melted at 105°, and upon recrystallisation from warm chloroform- 
methyl alcohol separated rapidly in fine needles, m. p. 110°; one 
further recrystallisation raised the melting point to 115°. A solution 
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of this substance in chloroform (c 0-2570) at 17-5° gave the following 
readings at the intervals stated (1 = 2): 10 mins., «» — 0-71°, [a]p 
— 138-1°; 29 mins., ep — 0-69°, [«]p — 134-2°; 49 mins., «) — 0-67°, 
[a]p — 130-3°; 2 hours, «» — 0-62°, [«]) — 120-6°. The substance 
was therefore d-«-phellandrene «-nitrosite (Found : C, 56-4; H, 7-5. 
Cale.: C, 56-6; H, 7-6°%) (compare J., 1923, 123, 1664—5). The 
éthereal extract of the original crystalline nitrosite deposited long, 
lustrous, square-ended prisms when kept over-night ; these melted at 
155°, and showed no alteration of melting point when mixed with 
authentic «-terpinene nitrosite (m. p. 155°). A chloroform solution 
(¢ 0-5, 1 = 2) of this substance showed no appreciable optical activity 
in mercury-green light at 16°. The oil thus contained d-«-phellan- 
drene and «-terpinene. 

The crystalline residue obtained in the original dry distillation 
consisted of trimethylamine hydriodide. 


We are indebted to Mr. James Walker, B.Sc., for effecting valuable 
improvements in the original method of reduction used in the 
preparation of piperitylamine. We express our thanks to Imperial 
Chemical Industries for a grant in aid of this investigation, which is 
being continued. 


UNITED COLLEGE OF St. SALVATOR AND St. LEONARD, 
UNIVERSITY OF St. ANDREWS. [ Received, October 31st, 1930.] 





NOTES. 


The Latent Heats of Evaporation of Nitromethane and Benzonitrile. 
By James CHARLES Partie and SipNEY CHARLES WATERTON. 


In the literature there are notable discrepancies between the experi- 
mental and the theoretical values of the boiling point elevation 
constants K of nitromethane and benzonitrile. This is clear from 
the following figures (Landolt and Bornstein) : 


Kexp. . Ktneor. ° 
Witwomnethhane i icc cccces sss deleeseecck 1-95° 2-44° 
NR ee ROLE Tee Ree 3°65 4-88 


Using carefully purified material, we have made a quantitative 
study of the effect of p-nitrophenetole and benzil on the boiling 
point of nitromethane, and of diphenylamine on the boiling point of 
benzonitrile, and have obtained for the constant the respective 
values 1-86° and 3-87°, in moderately good agreement with the 
above figures for K.xp, . 

It seemed probable, therefore, that the values 114-75 cal./g. 
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(Berthelot) and 87-7 cal./g. (Luginin, Kahlenberg) for the latent 
heats of nitromethane and benzonitrile respectively—values on 
which the foregoing figures for Ktieor, were based—are in error. A 
redetermination of the latent heat of evaporation was accordingly 
made for each liquid by Campbell Brown’s method (J., 1903, 83, 
987), with one or two minor modifications. The accuracy of the 
procedure followed was checked by determining the latent heat of 
evaporation of benzene, for which the value 94-4 cal./g. was obtained, 
in close agreement with the best recorded figures. 

The results for the latent heat of evaporation of nitromethane 
and benzonitrile were 135-4 cal./g. and 106-5 cal./g. With these 
figures the van ’t Hoff formula gives for Ktneor, the values 2-05° and 
4-01° respectively, only slightly higher than the figures for K,.x.,. 
After these measurements had been completed it was found that 
Mathews, Ramsdell, and Thompson (J. Amer. Chem. Soc., 1926, 48, 
562) had redetermined the latent heat of evaporation of nitro- 
methane, obtaining the value 134-9 cal./g., with which our result 
for that liquid is in excellent agreement.—ImMPERIAL COLLEGE, 
Lonpon, 8.W.7. [Received, September 29th, 1930.] 





The Decomposition of Benzenediazonium Sulphate by Aliphatic 
Alcohols. By Herspert Henry Hopegson and ARNOLD 
KERSHAW. 


BENZENEDIAZONIUM sulphate is decomposed by the aliphatic 
alcohols named in the table, giving either an ether or benzene and 
an aldehyde, ether formation greatly preponderating. Since every 
molecule of benzene produced is accompanied by one of aldehyde, 
the estimation of the former was made by means of the p-nitro- 
phenylhydrazone of the latter. The data in the table show de- 
creasing formation of benzene from benzyl alcohol to n-butyl, methyl 
alcohol being an exception. 

Determination of Aldehyde Formation.—Dry benzenediazonium 
sulphate (10 g.) was warmed with 100 c.c. of the alcohol (excess of 
which has no appreciable effect on the result) and distillation was 
maintained until only 20 c.c. remained. The vapours passed 
through a fractionating column (rod and 10 discs) and a double- 
surface condenser into two absorption flasks in series containing a 
solution of p-nitrophenylhydrazine hydrochloride (3 g.) in ethyl 
alcohol (30 c.c.). The p-nitrophenylhydrazone formed was weighed. 
With the higher alcohols there was a tendency towards violent 
decomposition of the benzenediazonium sulphate, which necessitated 
very gradual heating of the reaction mixture. Owing to the sparing 
solubility of benzenediazonium sulphate in the higher alcohols, the 
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‘effect of adding water (30 c.c.) was examined in the case of isopropyl! 


alcohol: a lower yield of p-nitrophenylhydrazone (3-6% instead of 
5%) was obtained. The decomposition with benzyl alcohol was 
carried out under reflux and the benzaldehyde formed was removed 
by steam distillation. 


Results, expressed as mol. % aldehyde on mol. amount of 
benzenediazonium sulphate taken. 


Alcohol. Experiment 1. Experiment 2. 
TE NN isso ors nysdadannavsnkiggevubunae 19-7 19-3 
RES SUD nessa ccnisoascsucsehssneranartesvans Unweighable Unweighable 
CPTI? hbo dd dschiicsccscieevctbbbevdsstiees 9-5 9-3 
REE MEROINGD + sdcdvorndshecnsdinceepsepaceblogs 4:7 4:7 
SE rrr rere 4:8 5-1 
isoPropyl alcohol and water .............0006- 3-6 3:7 
ORR SAPD oecnccnsesenssesosnnndossseswedessys 1-3 1-2 


—TECHNICAL COLLEGE, HUDDERSFIELD. [Received, August 2nd, 
1930. } 





A New Complex Hydrocarbon of the Probable Formula C,,H,,. By 
CHARLES STANLEY GIBSON and JoHN DoBNEY ANDREW 
JOHNSON. 


DuRING experiments on the synthesis of heterocyclic organic arsenical 
compounds from £§’-dichlorodivinylchloroarsine, (CHCI:CH),AsCIl, 
a complex hydrocarbon was isolated in the following manner. 

88’-Dichlorodivinylchloroarsine (23°3 g.; 1 mol.), benzene (50 c.c.), 
and anhydrous aluminium chloride (14-7 g.; 1-1 mols.) were heated 
together under reflux on the water-bath. A vigorous reaction 
ensued, hydrogen chloride was freely evolved, and a deep brown 
liquid remained. After 14 hours, the product was cooled and ice 
was added, followed by hydrochloric acid and benzene. After 
thorough agitation, the liquid was filtered and the benzene layer 
was separated, dried with calcium chloride, and evaporated on the 
water-bath. The residue, distilled under reduced pressure, gave no 
unchanged £@’-dichlorodivinylchloroarsine. The fraction boiling 
between 145° and 230°/9 mm. was reddish-brown and readily 
solidified. It was readily soluble in alcohol when crude, but be- 
came sparingly soluble when pure. After two crystallisations the 
compound was obtained in pale yellow plates (about 1 g.), m. p. 
179—180°, unchanged by further crystallisation. Its dilute 
alcoholic solution was pale yellow and exhibited a strong blue- 
violet fluorescence (Found: C, 92-8, 92-8; H, 7-0, 6-75; M, in 
benzene, 193, 198. C,,H,, requires C, 93-2; H, 6:3%; M, 206. 
C,,H,, requires C, 92-75; H, 7:25%; M, 194). Only oils could be 
obtained from the alcoholic mother-liquors. 
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The hydrocarbon is stable to boiling alkaline permanganate ; it is 
moderately easily soluble in benzene and carbon tetrachloride 
when hot but is sparingly soluble in the cold solvents. 

On bromination of the hydrocarbon in carbon tetrachloride 
solution, hydrogen bromide was evolved and a microcrystalline 
yellowish-brown solid was precipitated. This was recrystallised 
from glacial acetic acid, im which it was sparingly soluble, and 
obtained in golden-yellow needles, darkening at 210° but remaining 
unmelted at 310°. The compound is almost insoluble in alcohol, 
acetone and carbon tetrachloride. It is a dibromo-derivative of the 
hydrocarbon, the bromine content pointing strongly to the formula 
C,,H,, for the hydrocarbon itself (Found: Br, 44-45. C,,H,,Br, 
requires Br, 43-99%. C,,;H,.Br, requires Br, 45-4%). 

The C,,H,, formula for the hydrocarbon is much more probable 
than the C,,H,, formula, since the molecule of each of the initial 
organic materials contains an even number of carbon atoms. It is 
difficult to see how a substance containing an odd number of carbon 
atoms in its molecule could appear as the final product. 

No attempt has been made to determine the constitution of the 
hydrocarbon, the amount available being very small. 

Attempts to prepare heterocyclic organic arsenicals by the action 
of ethyl sodiomalonate on £§’-dichlorodivinylchloroarsine without 
and with prior treatment with sodium ethoxide were not successful, 
acetylene being liberated in all the reactions —Guy’s Hospitan 
MepicaL ScHoot (Untverstry oF Lonpon), Lonpon, §8.E.1. 
[ Received, October 13th, 1930.) 





Preparation of Anhydrous Stannous Chloride. By HENRY STEPHEN. 


A SIMPLER method than that previously described (J., 1925, 127, 
1874) for the preparation of anhydrous stannous chloride is the 
treatment of stannous chloride (SnCl,,2H,O; 1 mol.) with acetic 
anhydride (2 mols.). The dehydration is almost instantaneous, 
much heat is evolved, and the anhydrous salt separates. After 
being washed free from acetic acid with dry ether, it can be pre- 
served indefinitely in a desiccator. It crystallises in long needles 
from acetic acid containing a little acetic anhydride (Found: Sn, 
61-9; Cl, 36-9. Cale. for SnCl,: Sn, 62-6; Cl, 37-4%). The 
anhydrous compound does not appear to be hygroscopic, and it is 
readily soluble in acetone and amyl alcohol, insoluble in benzene, 
toluene, xylene, and chloroform. It dissolves readily in absolute 
methyl and ethyl alcohols, but a trace of water causes immediate 
hydrolysis with the formation of an opalescent precipitate, which is 
presumably stannous oxychloride. On one occasion a sample of the 
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anhydrous salt which had not been entirely freed from acetic acid 
was kept bottled for about 6 weeks. A pronounced odour of ethyl 
acetate had then developed, indicating reduction by the stannous 
chloride of a portion of the acetic acid to alcohol, followed by 
esterification.—THE UNIVERSITY OF THE WITWATERSRAND, 
JOHANNESBURG, SoutH Arrica. [ Received, November 17th, 1930.] 





A Labile Compound of Benzeneazo-B-naphthol and 8-Naphthol. By 
HERBERT HENRY HopGson and WoLr ROSENBERG. 


THE product obtained by coupling diazotised aniline with 8-naphthol 
in an aqueous solution of sodium hydroxide (1 equiv.) and sodium 
carbonate (excess), on crystallisation from benzene, frequently 
yields a substance, m. p. 62—64°, containing benzene of crystallis- 
ation. This effloresces, leaving a crystalline residue, m. p. 79— 
80°, which crystallises unchanged from chloroform in brick-red 
feathery needles but again with benzene of crystallisation from 
benzene. Crystallisation of the benzene-free product from glacial 
acetic acid, pyridine, or alcohol gives benzeneazo-$-naphthol, 
which separates from benzene in stout, dark red, hexagonal prisms 
of almost metallic lustre, m. p. 133—134° (Rowe and Levin, J. 
Soc. Dyers and Col., 1924, 40, 2220, give m. p. 131°). When the 
coupling is carried out in aqueous sodium hydroxide, bicarbonate, 
acetate, or borate, only benzeneazo-$-naphthol results. The new 
product gives analytical data corresponding to an equimolecular 
proportion of benzeneazo-$-naphthol and $-naphthol (Found: N, 
7:3. C,gH,,ON,,C,j9H,O requires N, 7:15%. Aqueous sodium 
hydroxide removes 36-8°% of 6-naphthol; calc., 36-7%). 

When benzenediazonium sulphate reacts with aqueous sodium 
§-naphthoxide in equimolecular proportion, the double compound 
is formed exclusively, leaving an equivalent amount of unchanged 
diazonium salt in the solution, whereas excess of sodium #$-naphth- 
oxide affords a quantitative yield. When the reaction with equi- 
molecular quantities is carried out in wet benzene suspension, the 
unchanged diazonium salt can be removed by means of water. Two 
specimens of the double compound containing benzene of crystallis- 
ation, m. p. 62—64°, gave a loss in a vacuum of 13-4% and 14:8% 
respectively (calc. for 1 mol. of benzene, 16-6%). 

It is noteworthy that neither @-naphthol (Kuriloff, Z. physikal. 
Chem., 1897, 23, 673) nor benzeneazo-$-naphthol forms a compound 
with benzene.—TECHNICAL COLLEGE, HUDDERSFIELD. [ Received, 
October 3rd, 1930.] 
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The Preparation of Benzamide. By C. H. Kao and SHao-yuan Ma. 


Noyes and Gorse (J. Amer. Chem. Soc., 1922, 44, 2286) have 
shown that in the preparation of acetamide by the distillation of 
ammonium acetate the presence of an excess of acetic acid greatly 
accelerates the dehydration. It seemed probable that the same 
device might be useful for the dehydration of ammonium benzoate. 
Distillation of mixtures of ammonium benzoate and 95% acetic 
acid, however, gave no benzamide, and if the mixtures were heated 
under reflux for several hours before distillation the yields of 
benzamide obtained were small. 

After many experiments with various quantities of the reagents 
the following method was found to give the best result. A mixture 
of 200 g. of benzoic acid, 180 g. of ammonium carbonate, and 
300 c.c. of 95% acetic acid (the two solids do not mix well with 
glacial acetic acid even when hot) was placed in a 2-litre flask fitted 
with a glass tube, 160 cm. long and 2 cm. wide, which served as a 
fractionating column and was connected with a water-condenser. 
The mixture was heated gradually to boiling and was then distilled, 
so that not rhore than 100 c.c. passed over in one hour, until the 
temperature at the head of the column was 150°. Almost the 
whole of the acetic acid was thus removed. The residue in the 
flask was poured into twice its volume of cold water, neutralised 
with ammonium hydroxide, boiled with a little animal charcoal, 
and filtered. Benzamide separated in colourless plates on cooling. 
It was twice recrystallised from twice its weight of water, and dried 
at 110° (yield 96—98 g.). About half the benzoic acid was recovered 
from the combined filtrates—NationaL Tstxnc Hua UNIVERSITY, 
Perpmne, Cutna. [Received, September 11th, 1930.] 





3-Chloro-o-toluic Acid and its Conversion into 3-Chloro-«-hydroxy- 
phthalide. By LEopoLD FERDINAND LEvy and HENRY STEPHEN. 


THE only remaining unknown chloro-o-toluic acid, 3-chloro-o-toluic 
acid, has now been obtained from 3-amino-o-toluic acid (Gabriel 
and Thieme, Ber., 1919, 52, 1080) by the Sandmeyer reaction. It 
crystallises from hot water in colourless needles, m. p. 91-5° (Found : 
Cl, 20:7; equiv., 169-8. C,H,O,Cl requires Cl, 20-8%; equiv., 
170-5). When the molten acid is treated with bromine, hydrogen 
bromide is evolved: the product, on being warmed with dilute 
sodium hydroxide solution, yields 3-chloro-«-hydroxyphthalide (com- 
pare Racine, Annalen, 1887, 239, 76). This forms colourless 
plates, m. p. 138°, from dilute alcohol (Found : Cl, 18-9. C,H,0,( 
requires Cl, 19-2%).—THE UNIVERSITY OF THE WITWATERSRAND, 
JOHANNESBURG, SoutH Arrica. [Received, November 17th, 1930.] 
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OBITUARY NOTICE. 


JOSEPH ACHILLE LE BEL.* 
Born JANUARY 21st, 1847; Drep Aveust 6TH, 1930. 


THE death of Joseph Achille Le Bel, which occurred in Paris on 
Aug. 6, removes a veteran who had been closely associated with the 
rapid development of organic chemistry during the latter part of 
the last century. Le Bel was born at Pechelbronn, Alsace, on Jan. 
21, 1847, and was a nephew of Boussingault, the agricultural chemist. 
He was a student at the Ecole Polytechnique from 1865 to 1867 and 
became successively assistant to Balard, the discoverer of bromine, 
at the Collége de France, and to Wiirtz, at the Ecole de Médecine, 
in Paris. For some time he was in charge of the petroleum workings 
at Pechelbronn, in which his uncle was interested; he became and 
remained an ardent partisan of Mendeléeff’s view that the petroleum 
deposits result from the action of steam on metallic carbides at 
volcanic temperatures. 

Le Bel holds an honoured position in the history of science as one 
of those eminent French natural philosophers who discovered and 
worked out the earlier consequences of optical rotatory power. 
Arago observed in 1811 that the plane of polarisation of a beam of 
polarised light is deflected by passage through a plate of quartz cut 
perpendicular to the optic axis; in 1815 Biot found that certain 
organic liquids, such as turpentine, are also optically active in the 
same sense. In the ’fifties and ’sixties, Pasteur concluded from his 
classical investigation of the tartaric acids that the optical rotatory 
power of aqueous solutions of these organic compounds arises from 
asymmetry of their molecular configurations. No progress was 
made, however, in the problem of ascertaining the definite arrange- 
ment in three-dimensional space of the atomic components of 
optically active molecules, called for by Pasteur’s fundamental 
conclusion, until the doctrine of the asymmetric carbon atom was 
enunciated. 

The theory of the asymmetric carbon atom was put forward 
independently and practically simultaneously by van ’t Hoff and Le 
Bel in 1874; after a brief period of discussion, accompanied by a 
certain amount of lively ridicule, the theory became universally 
accepted and to-day forms the foundation of the vast subject of the 


* Reprinted by permission from Nature. 
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stereochemistry of carbon compounds. The theory was evolved in 
a somewhat different fashion by its two authors. Van ’t Hoff 
proceeded from the assumption that, in such a molecule as that of 
methane, CH,, the four valency directions of the carbon atcm are 
directed from a centre, representing the carbon atom, towards the 
apices of a regular circumscribing tetrahedron, the four hydrogen 
atoms being centred at those apices. In the substitution derivatives 
of methane of the types, CX,Y, CX, YZ, X, Y and Z being univalent 
radicles, no isomerism should exist if the four radicles lie at the 
apices of the tetrahedron as foreshadowed by the theory; when all 
four radicles attached to the central carbon are different, as in the 
type CWXYZ, two isomerides should exist, the space configuration 
of one being the mirror image of that of the other. A carbon atom 
so attached to four different radicles is termed asymmetric, and, in 
accordance with the conclusion of van ’t Hoff and Le Bel, all sub. 
stances which contain one asymmetric carbon atom in the molecule 
have been found to exist in two mirror image, or enantiomorphously 
related, configurations, of arithmetically equal but algebraically 
opposite rotatory powers. 

Le Bel arrived at the theory in a somewhat different manner. He 
discussed the mode in which the four univalent radicles attached to 
a quadrivalent carbon should arrange themselves as a pure question 
of equilibrium, and hence arrived at the tetrahedral environment of 
the central carbon atom with the same consequences, as regards 
asymmetry, as those of van ’t Hoff. It is not yet settled whether 
van ’t Hoff’s view, that the carbon atom carries four valency 
directions directed towards the four apices of a circumscribed regular 
tetrahedron, is preferable to that of Le Bel, but the tendency of 
modern organic chemistry is certainly towards the Le Bel implication 
that the four carbon valency directions are not so fixed. Probably, 
however, both men were making in 1874 an incomplete statement of 
the same thing; although more than half a century has elapsed, it 
is not yet possible to state the theory of the asymmetric carbon 
atom in more definite and explicit terms than was done at that date. 

Le Bel was the first to separate an optically active component 
from the synthetic mixture of the two mirror image components of a 
compound containing an asymmetric carbon atom; he did this in 
most cases by taking advantage of the selective destructive action 
of lower organisms on the laevo- and dextro-isomerides. He was 
also the first to show that when the asymmetric carbon atom of an 
optically active substance of the type, CWX YZ, becomes symmetric 
by conversion into the allied compound, CX, YZ, the optical activity 
disappears. 

Later, Le Bel extended his stereochemical conceptions to quil- 
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quevalent nitrogen compounds and announced in 1891 that he had 
been able to obtain optically active methylethylpropylisobuty]l- 
ammonium salts; this observation could not be confirmed by others 
and is no doubt mistaken. The laboratory technique for dealing 
with such complex substances had not then been sufficiently worked 
out, and it was not until 1899 that the first optically active sub- 
stituted ammonium salts containing an asymmetric quinquevalent 
nitrogen atom, but no asymmetric carbon atom, were first prepared. 

Le Bei did not publish a great amount of experimental work, 
probably because he held no academic post and so found few 
collaborators; his writings cover, however, a wide range of subjects 
and are permeated by a quite uncommon philosophic spirit. He 
was an individualist and mixed little with his scientific colleagues ; 
he was intolerant of officialdom in any of its aspects, and was wont 
to express his contempt of bureaucracy with some vigour. His 
originality of thought, his outspokenness, and his unconventionality, 
indeed bohemianism, made him somewhat difficult of access, but in 
congenial society he was a delightful companion, full of knowledge 
of the world and sparkling with anecdote and caustic wit. He 
maintained his interest in science to the end, and, so late as April 
last, offered a money prize for the rediscovery of a microscopic green 
alga, found and lost by him, which had the power of converting 
atmospheric nitrogen into ammonia. 

Le Bel was president of the French Chemical Society in 1892; he 
was a Commander of the Legion of Honour and a member of the 
Paris Academy of Sciences. He was elected an honorary fellow of 
the Chemical Society in 1908 and a foreign member of the Royal 
Society in 1911; in 1893 both he and van ’t Hoff became Davy 
medallists of the Royal Society. 

W. J. Pope. 
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(GrBson and SIMONSEN), 558. 

Batyl alcohol, structure of (DaviEs, 
HEILBRON, and OwEns), 2542. 

Benz-p-acety1-3:5-dibromo-p-tolylhydr- 
azide, and m- and p-nitro- (CHATTA- 
way and ADAMson), 161, 
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Benz-8-acetylchloro-p-tolylhydrazides, 
nitro- (OHATTAWAY and ADAMSON), 
846. 

Benzaldehyde, inhibition by sulphur of 
atmospheric oxidation of (BAILEY), 
104. 

and nitro-, p-tolylhydrazones, action 
of bromine on (CHATTAWAY and 
ADAMSON), 157. 

N-chloro-8:5-dibromo-p-tolylhydr- 
azone, w-bromo-m-nitro- (CHATTA- 
way and ADAMson), 849. 

Benzaldehydes, w-chloronitro-, chloro-p- 
tolylhydrazones (CHATTAWAY and 
Apamson), 845. 

polyhydroxy-, and their methyl ethers, 
mercuration of (HENRY and SHARP), 
2279. 

Benzamide, preparation of (Kao and 
Ma), 2788. 

Benzamide-m- and -p-arsenious oxides 
(GoueH and KING), 681, 685. 

Benzamide-m- and -p-arsinie acids 
(GouGcH and KING), 682, 685. 

Benzamide-7-dichloroarsine 
and Kine), 685. 

Benzamidethioarsinous acid, di(carboxy- 
methyl) ester (GoucH and KuINe), 
681. 

Benzisoamylamide-p-arsenious oxide 
(GoueH and Kine), 683. 

Benzisoamylamide-m- and -p-arsinic 
acids (GouGH and Kine), 683, 686. 

Benzanilide, 2-hydroxy-, a-naphthoyl 
derivative (BELL), 1987. 

1:2-Benzanthracene, derivatives of 
(CooxK), 1087. 

Benzanthragallol, and its derivatives 
(Cross and Perkin), 301. 

1:2-Benzanthranil esters (Cook), 1093. 

1:2-Benz-10-anthrone, preparation of 
(Cook), 1093. 

m-Benzarsinous acid (GouGH and KIN@), 
685. 

a-Benzbisiminazole (PHILLIPs), 1415. 

2:3-Benz-y-carboline, derivatives of 
(KeRMACK and SMITH), 1999. 

Benzene nucleus, orientation rule for 
substitution in (HAmMick and 
ILLINGWORTH), 2358. 

adsorption of mixtures of n-butyl 
alcohol and, by silica gel (JonEs 
and OuTRIDGE), 1574. 

Benzene, 1:4-dichloro-2-bromo- (Fox and 

TURNER), 1859. 

nitro-, partition of hydrochloric acid 
between water and (WyYNNE-JONEs), 
1066. 

5-nitro-1:2:4-triamino-, triacetyl deriv- 
ative (PHILLIPS), 1413. 

6-Benzeneazo-5-hydroxyhydrindene, 6-p- 
chloro- (MILLS and Nrxon), 2521. 
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Benzeneazo-8-naphthol, compound of 
B-naphthel with (Hopeson and 
ROSENBERG), 2787. 

Benzenediazonium chloride, action of, 

on £-nitroethyl alcohol and _ its 
derivatives (JoNES and KENNER), 
919. 

sulphate, decomposition of, by aliphatic 
alcohols (HopGson and KERSHAW), 
2784. 

Benzenesulphonamide-p-arsenious oxide 
(GoueH and Kine), 693. 

Benzenesulphonamide-p-arsinic 
(Goven and Kine), 698. 

Benzenesulphonamide-p-dichloroarsine 
(GoucH and Kine), 693. 

Benzenesulphonamidodipheny]l, 
derivatives of (Bri), 1074. 

Benzenesulphon-p’-nitroacetanilide, m- 
nitro- (BELL), 1077. 

Benzenesulphon-7.’-nitroanilide, m- 
nitro- (BELL), 1077. 

Benzenesulphon-p’-nitro-o’-toluidide, m- 
nitro- (BELL), 1077. 

Benzenesulphon-p-toluenesulphon-m’- 
nitroanilide, m-nitro- (Bret), 1077. 

Benzenesulphonyl chloride p-arsenious 
oxide (GovuGH and Kine), 693. 

Benzenesulphonyl chloride p-dichloro- 
arsine (GouGcH and Krino), 693. 

Benzethylamide-p-arsinic acid (GoucH 
and KING), 682. 

Benzethylamide-p-arsinous acid (GoucH 
and Kine), 682. 

Benzhydryldimethylamine, and its 
hydrobromide (STEVENS), 2114. 

4-Benzidino-6-methoxy-2-methylquin- 
cline, and its acetyl derivative 
(SLATER), 1213. 

Benzil monoximes, configurations of 

(TAYLoR and Marks), 2302. 
oximes, methvlation of (Brapy and 
MueErs), 216. 

a- and 8-Benzil dioximes, cobalt com- 
plexes of (Brapy and Mugrs), 1603. 
Benzil, 2:2’-dichloro- (Hopcson and 

RosENBERG), 16. 

Benziminazole 2-disulphide, and its 

hydrochloride (EVERETT), 2407. 


acid 


nitro- 


Benziminazole-5-arsinic acid, and 2- 
thiol-, derivatives of (Everett), 
2402, 2405. 


Benziminazole-2-sulphonic acid (Ever- 
ETT), 2408. 

Benzodiethylamide-p-arsinic 
(Gouven and Kine), 683. 

Benzodiethylamide-p-dichloroarsine 
(Goueu and KING), 683. 

Benzodimethylamide-p-arsinic acid 
(GoucH and Kine), 682. 

Benzodimethylamide-p-dichloroarsine 
(Goven and Kine), 682. 


acid 
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Benzo-8-hydroxyethylamide-p-arsenious 
oxide ({GoucH and Kine), 683. 
Benzo-8-hydroxyethylamide-p-arsinic 
acid (GoueH and KING), 683. 
Benzoic acid, alkyl esters, halogeno- 
derivatives (ZAKI), 2269. 
2:4-dibromopheny) ester, nitration of 
(HENLEY and Seaxen, 928. 


Benzoic acid, 2-chloro-3:5-dinitro., 
l-menthyl ester (LESSLIE and 
TURNER), 1761. 
8:5-dinitro-2-amino-, acetyl deriv- 


ative, esters (ASHLEY, PERKIN, and 
Rosrnson), 390. 

Benzoic acids, nitro-, cupric, ammino- 
cupric and _ pyridinocupric salts 
(KiNG), 2313. 

Benzoic acid m-dichloroarsine (GouGH 
and Kine), 685. 

Benzoic anhydride, o-nitro-, preparation 
of (BAKER), 265. 

Benzoic-p-arsinic acid, B-diethylamino- 
ethyl ester (GoucH and KING), 684. 
Benzoin, 2:2’-dichloro- (HopGson and 

ROSENBERG), 16. 

Benzoin reaction, influence of sub- 
stituents on (Hopson and Rosen- 
BERG), 14. 


Benzomethylamide-m-arsenious acid 
(GoucH and KING), 685. 
Benzomethylamide-m- and -p-arsinic 


acids (GoucH and KING), 682, 686. 
Benzomethylamide-p-arsinous acid 
(GoueH and Kine), 682. 
Benzonitrile, latent heat of evaporation 
of (Puittp and WATERTON), 2783. 
Benzophenone, reduction of, by Grig- 
nard reagents (Davigs, Drxon, and 
JonEs), 1916. 
Benzopiperidide-p-arsinic acid (GoucH 
and KING), 683. 
Benzopiperidide-p-dichloroarsine 
(GoucH and Krne), 683. 
Benzo-n-propylamide-p-arsenious oxide 
(GoueH and Kine), 683. 
Benzo-7-propylamide-p-arsinic 
(GoucH and Kine), 683. 
p-Benzoquinone, 3-fluoro-2:6-dibromo-, 
-2:6-dichloro-, and -2:6-diiodo- (HopG- 
son and Nixon), 1871. ; 
p-Benzoquinones, substituted, reduction 
of, by sulphur dioxide (Dopason), 
2498, 
Benzoquinone-4-oxime, 3-bromo-, and its 
methyl] ether (Hopason and KER- 
SHAW), 968. 
3-iodo-, and its derivatives (Hopason 
and KersHaw), 1970. 
1:4-Benzisooxazine-6-stibinic acid, 3- 
hydroxy- (BALABAN), 1687. 
2-Benzoylbenzoic acid, 2:3’-chloro-4’- 
hydroxy- (HayYAsHI), 1522. 


acid 
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Benzoyl chloride m-dichloroarsine 
(GoucH and Kine), 685. 

Benzoylglycine-ethylamide-p-arsinic 
acid (GoucH and Kine), 684. 

Benzoyliglycine-n-propylamide-p- 
arsenious oxide (GoueH and KrNe), 
684. 

N-Benzoyl-O-methylbenzamidoxime 
(Brapy and MuErs), 225. 

0-Benzoylquinol, and its tetra-acetyl 
glucoside (ROBERTSON and WATERS), 
2732. 

Benzoyltoluic acids, and halogeno- 
hydroxy-, and dihydroxy-, isomeric 
(HAyYAsHI), 1513, 1520, 1524. 

Benzthiazole, and l-amino-, 3:4:5:6- 
tetrabromo-,.5-bromo-1-hydroxy-, and 
1-thiol-, and their derivatives (Hun- 
TER), 131. 

Benzthiazole, 5-nitro-l-amino-, and its 
acetyl derivative (HUNTER and JONFs), 
2203. 

Benzthiazoles, amino-, effect of sub- 
stituents on mobility of (HUNTER and 
JONES), 2190. 

1:2:3-Benztriazoles, nitro-, alkylation 
of (BrApy and REYNoLDs), 2667. 

4-(Benztriazolyl-3’)-6-methoxy-2:3-di- 
methylquinoline (KERMACK and 
SmiTH), 2006. 

4-(Benztriazolyl-3’)-6-methoxy-2- 
methylquinoline, and its hydro- 
chloride (KERMACK and Sm1rTH), 2004. 

4-(Benztriazolyl-3’)-2-methylquinoline, 
and its hydrochloride (KERMACK and 
Smith), 2003. 

Benzyl alcohol, action of, on methoxy- 
methylpyridinium chloride (CockER, 
LAPworTH, and WALTON), 451. 

Benzyl ethyl sulphide, p-cyano- (MANN), 

1751. 
1-B-octyl] ether (RuLE and Barn), 
1900. 
a - -~ tuceaaneee eae oenens (Cook), 
5. 


10-Benzyl-9-anthrone, 1:4-dichloro- 
(BarneTr and Goopway), 1351. 
A > igpahinatmmeacracees (Cook), 
4, 
9-Benzyl-10-benzhydrylanthracene, 1:8- 
gage (BaRNETT and Goopway), 
51. 
Benzyl-p-bromobenzylmethylamine 
(STEVENS, SNEDDEN, STILLER, and 
THoMson), 2124. 
8-Benzylbutyl bromide, preparation of 
(BREWIN and TuRNER), 502, 
8-Benzylbutyldimethylarsine (BREWIN 
and TURNER), 502. 
a-Benzyleinnamic acids, p-bromo-, p- 
chloro-, and p-iodo-, and their ethyl 
esters, isomeric (SHOPPEE), 976. 





2-Benzyleoumaranone, 6-hydroxy-, and 
3:6-dihydroxy-, acetyl derivative 
(Baker), 1020. 
Benzyldiethylsulphonium picrates, and 
nitro-(PoLLARD and Rosinson), 1765. 
10-Benzyl]-9:10-dihydro-1:2-benzanthra- 
cene, 10-hydroxy- (Cook), 1093. 
Benzyldimethylamine, m-bromo-, and 
its picrate (STEVENS), 2111. 
p-bromo-, and its salts (STEVENS, 
S\EDDEN, STILLER, and ‘T'Homson), 
2122. 

Benzyldimethylselenonium picrate, and 
nitro- (BAKER and MoFrFitTt), 1728. 
Benzyldimethylsulphonium picrate, and 
nitro- (BAKER and MorritTt), 1727. 
O-Benzyldiosmetin (LovEcy, Robinson, 

and Sueasawa), 819. 
Benzylethylsulphine-p-toluenesulph- 
onylimine, y-cyano- (MANN), 1751. 
w-Benzylideneacetanilide, w-cyano-w-0- 
nitro- (IsHaQ and RAy), 2740. 
w-Benzylideneaceto-p-toluidide, w- 
cyano-w-o-nitro- (IsHaq and RAy), 
2741. 
Benzylideneaniline-pp’-bistrimethyl- 
ammonium perchlorate (ZAK1), 1083, 
10-Benzylidene-9:10-dihydroanthra- 
cene, 1:4-dichloro- (BARNETT and 
Goopway), 1352. 
Benzylidene-m-nitroaniline, nitration 
of, and its salts (BAKER and INGOLD), 
431. 
Benzylidene-o-nitrophenylsulphamine, 
m-nitro- (BRADY and PEAKIN), 229. 
a-Benzyl-p-methyleinnamic acid, and its 
ethyl ester (SHOPPEE), 975. 
Benzyl methyl ketoxime (Hey), 19. 
Benzyloxide, thallous (SIDawick and 
Surton), 1463. 
4-Benzyloxybenzaldehyde, 2:6-dihydr- 
oxy-, 2-benzoyl derivative (BRADLEY, 
RosBinson, andScHWARZENBACB), 805, 
Benzylisopropenylaniline, and its hydro- 
chloride (SHoRT and Watt), 2296. 
O-Benzylvanillic acids, and their de- 
rivatives (Lovecy, Roginson, and 
Sueasawa), 819, 820. 
O-Benzylisovanillin (Lovecy, Ronin- 
son, and Sucasawa), 818. 
Bis-(p-carboxybenzyl ethyl sulphide) 
platinum, dichloro- (MANN), 1751. 
Bisdibenzylthiolethanenickel thiocyan- 
ate (BENNETT, MossEs, and STA- 
THAM), 1674. 
Bis-aa’-dipyridylargentic salts (MoRGAN 
and BURSTALL), 2596. 
Bis-aa’-dipyridylargentous nitrate 
(MorGAN and BURSTALL), 2596. 
Bisapomethyldihydrobrucine (ACHMA- 
Towicz, Fawcett, PERKIN, and 
Rostnson), 1771. 
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Bis(methylethy] sulphide)platinum, di- 
chloro- (MANN), 1750. 
Bis-p-phenetyl telluride, and its deriv- 
atives (MorGAN and BurRsrALL), 2599. 
Bis-(1:4-thiazan)platinum dihydrate, 
dichloro-(MANN), 1752. 
d-Bornyl triphenylmethy] ether (RULE 
and Barn), 1899. 
Boron, linking of carbon with (AINLEY 
and CHALLENGER), 2171. 
hydrides (STEELE and MILLs), 74. 
Bromine, potential of, in ethyl and 
methyl alcohols (Kocn), 1551. 
action of, with aliphatic acids 
(HvueuHEs and Warson), 1733. 
addition of, to unsaturated acids and 
esters (HANSON and WILLIAMS), 
1059. 
Bromine chloride (TAyLoR and Fors- 
CEY), 2272, 
Brucine (ASHLEY, PERKIN, and Rosin- 
son), 882; (MENON, PERKIN, and 


Rogsinson), 830; (ACHMATOWICZ, 
FAWCETT, PERKIN, and Rosinson), 
1769. 


Butadiene acids, bimolecular reduction 
products of (CawLry, Evans, and 
FARMER), 522. 

Butadiene compounds, ester addition to 
(FARMER and MenrTa), 1610. 

Butaldehyde, dichlorodibromo- 
pentachloro-, phenylhydrazones 
(CHATTAWAY and IRvING), 90. 

Butane-**[11:?-cyclobutane-3:4-dimalonic 
acid, ethyl ester (CAWLEY, Evans, 
and FARMER), 526. 

Butane-y-sulphonic acid, §-hydroxy-, 
salts of (Pope and Kippina), 2593. 

Butan-A-ol, a-nitro-, and its derivatives 

(JonEs and KENNER), 926. 
y-nitro-, derivatives of (JONES and 
KENNER), 928. 

B-isoButenylglutaric acid, a-cyano-, 
ethyl ester (FARMER and Menta), 
1615. 

n-Butyl alcohol, adsorption of mixtures 
of benzene and, by silica gel (JONES 
and OuTRIDGE), 1574. 

a-Butyl glyceryl ether, and its dipheny]- 
urethane (DAvigs, HEILBRON, and 
Owens), 2545. 

isoButylaniline, preparation of, and its 
p-toluenesulphony! derivative (H1ck- 
INBOTTOM), 994. 

Butylbenzene, y-bromo- (BREWIN and 
TURNER), 508. 

isoButylbenzene, p-amino-, and 
derivatives ‘(HICKINBOTTOM 
Preston), 1570. 

lert.-Butylbenzene, p-amino-, and its 
derivatives (HIcKINBOTTOM and 
PRESTON), 1568. 
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Butylchloral hydrate, action of, with 
2:4-dihalogenophenylhydrazines 
(CHATTAWAY and IRVING), 87. 

p-isoButyldiphenylthiocarbamide (Hick- 
INBOTTOM and PRESTON), 1570. 

p-tert.-Butyldiphenylthiocarbamide 
(HickKiNBoTTOM and PREsToN), 1560. 

Butylene, uniform movement of flame 
in mixtures of air and (GEORGESON 
and HARTWELL), 738. 

Butylenes, thermal decomposition of 
(WHEELER and Woop), 1824. 

Butylideneacetones, isomeric, and their 
derivatives (Eccorr and LinsTEAp), 
905. 

sec.-Butyltoluenesulphonic acids, anil- 
ides and chlorides of (SaoKsMITH and 
McGEcHEN), 2236. 

Butylvinylearbinol, and 
benzoate (BuRToN), 250. 

Butyric acid, electrical conductivity of 
aqueous mixtures of (GRINDLEY and 
Bury), 1665. 

Butyric acid, a-amino-8-hydroxy-, and 
its salts (BurcH), 311. 

n-Butyrophenones, amino-, bromo-, 
chlorobromo-, and nitro-, and their 
derivatives (Etson, Gisson, and 
JOHNSON), 1134. 

n-Butyryleresols, and their derivatives 
(COULTHARD, MARSHALL, and Py- 
MAN), 286. 

n-Butyrylguaiacols, and their deriv- 
atives (COULTHARD, MARSHALL, and 
PyMAN), 289. 

Butyryl-d-isomenthylamines (READ and 
STorEy), 2765. 

n-Butyrylphenols, and their derivatives 
(COULTHARD, MARSHALL, and Py- 
MAN), 286. 


its p-nitro- 


Cc. 


Camphoranilic acids, hydroxy- (M. and 
R. Sine), 1302. 

Camphoric acid, and bromo-, esters and 
acid esters of (QupRAtT-I-KuUDA), 
206. 

Camphoric anhydride, action of substi- 
tuted aromatic amines on (M. and R. 
Sineu), 1301. 

Camphoroethoxyphenylimides (M. and 
R. Sineu), 1303. 

Camphoromethoxyphenylimides (M. and 
R. SrneH), 1302, 

Camphor-10-sulphonyimenthylamines 
(READ and SToreEy), 2768. 

Cannabinolactone, amino-, hydroxy-, 
and its acetyl derivative, and nitro- 
(CAHN), 988. 

Cannabis indica, resin from (CAHN), 
986. 
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m-Carbamidophenylstibiniec acid, and its 
sodium salt (MoRGAN and Cook), 739. 
2-Carbamylmethylthiolbenziminazole-5- 
arsinic acid (EVERETT), 2406. 
4-Carbamy]1-5:6:7:4’-tetramethoxy- 
flavylium chloride (Roprnson and 
SCHWARZENBACR), 828. 
4(5)-Carbethoxyaminoglyoxaline, and its 
salts, and 5(4)-nitro- (BALABAN), 271. 
4-Carbethoxyamino-3-hydroxyphenyl- 
arsinic acid (Pminirrs), 2690. 
2-Carbethoxyaminophenol, 5-amino-, 
and its acety! derivative, and 5-nitro- 
(PHILLIPS), 2689. 
4-Carbethoxyflavylium chloride, /7- 
hydroxy- (RoBINsON and ScHWARz- 
ENBACR), 825. 
Carbethoxymethylbenzyldimethyl- 
ammonium salts (STEVENS, SNEDDEN, 
STILLER, and THomson), 2121. 
p-B-Carbethoxy-y-phenylallylphenyl- 
dimethylethylammonium picrate 
(SHOPPEE), 984. 
Carbocyanines, thio- (FisHER and 
HAMER), 2502. 

Carbohydrates, structure and optical 
rotation of (HAworTH and Hirst), 
2615 ; (HaworrTH, HIrst, 
StreicutT, THomas, and WEBB), 
2636 ; (HAwortTH, Hirst, PLANT, 
and Reynoups), 2644; (Bort, 
HawortnH, and Hrrst), 2658; 
(HawortH, Hirst, and Sirs), 
2659. 

degradation of (DEULOFEU), 2602. 
4(5)-Carbomethoxyaminoglyoxaline, 
and its picrate (BALABAN), 272. 
1-Carbomethoxyanthranylpyridinium 
salts (CouLson), 1935. 

Carbon, bivalency of (KNyY-JoNES and 

Warp), 535; (WaRD), 2143. 

linking of boron with (AINLEY and 
CHALLENGER), 2171. 

atoms, 4-co-ordinated, replacement of 
hydrogen attached to (CockEr, 
LAPWORTH, and WALTon), 440. 

chains, alternating effect in (BAKER 
and Incoup), 431; (BAKER and 
Morritt), 1722. 

compounds, bivalent, structure of 
(Hammick, New, Sipewick, and 
Sutton), 1876. 

Carbon monoxide, dielectric strengths of 
explosive mixtures of gases con- 
taining (BRADFoRD and FINncBH), 
1540. 

catalytic action of hydrogen on 
flames of (GARNER and HALL), 
2037. 

influence of hydrogen and of water 
vapour on ignition of (SMITHELLS, 
WHITAKER, and HoLmgs), 185. 





Carbon disulphide, reaction of amino- 
pheny] arsinic acids with (EVERETT), 
1691. 

Carbonic acid, effect of, on corrosion 
of iron (Evans), 488. 

Carbonium salts, tercovalent, optical 
instability of (KENyon and PHILLIPS), 
1676. 

Carbonyl compounds, thermodynamic 
stability of cyanohydrins of (Lap- 
WORTH and MANSKE), 1976. 

en ethyl sulphide (MANN), 
1751. 


4-Carboxyflavylium chloride, 7-hydroxy- 
(Ropinson and ScHWARZENBACH), 
825. 

2-Carboxymethylthiolbenziminazole-5- 
arsinic acid (EVERETT), 2406. 

o-Carboxyphenylbenzylsulphone (ConEN 
and SmIEs), 410. 

Carbylamines, structure of (HAMMICK, 
New, SripewIck, and Sutton), 1876. 

A-Carthamidin pentamethyl ether 
(Kuropa), 765. 

n- and iso-Carthamidins, and their acetyl 
derivatives (KuRoDA), 760. 

Carthamin, constitution of (KuRopA), 
752, 765. 

isoCarthamin, preparation of (KuropA), 
7 


a-Caryophyllene alcohol (BELL and 
HENDERSON), 1971. 

Caryophyllene series (BELL and HeEn- 
DERSON), 1971. 

Catalysis, acid and salt effects in 
(Dawson and Smiru), 79; (DAwson 
and SprvgEy), 2180. 

Catalytic decomposition of gaseous 

ethers (CLusius), 2607. 

hydrogenation of unsaturated com- 
pounds (LEBEDFV and PLATONOVY), 
321. 

Cedrene, action of mercuric acetate on 
(BELL), 1908. 

Cellobial, and its hexa-acetyl deriv- 
ative (HAworTH, Hirst, STREIGHT, 
THOMAS, and WEBB), 2638. 

Cetyl allyl and glyceryl ethers (DAvIEs, 
HEILBRON, and Owens), 2545. 

Chimyl alcohol, structure of (DAVIEs, 
HEILBRON, and OwEns), 2542. 

Chlorine, potential of, in ethyl and methyl 

alcohols (Koon), 1551. 

photochemical union of hydrogen and 
(ALLMAND and BEESLEY), 2693, 
2709. 

Chlorine monoxide, vapour pressure of 

(GooDEVE), 2733. 

dioxide, parachor of (CHERSMAN), 35. 

Hydrochloric acid, behaviour of, in 
various solvents (WYNNE-JONES), 
1064. 
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Chlorine :— 
Hydrochloric acid, photochemical re- 
action of oxygen with (ALLMAND 
and FRANKLIN), 2073. 


Perchlorate ions, mobility of, in 
methyl alcohol (CopLey and Hart- 
LEY), 2488, 

Chromium :— 


Chromic acid, action of, on iron 
(Evans), 479. 

Cinchonidine, dissociation constant of 
(Pripsaux and WINFIELD), 1587. 

Cinchonine, dissociation constant of 

(PrRrIpEAUX and WINFIELD), 1587. 
tetrachloroiodide (CHATTAWAY and 
PARKES), 1003. 

Clovene alcohol (BELL and HENDERSON), 
1971. 

Cobalt chloride, colour changes of 
solutions of, and its solid solutions 
with metallic chlorides (BASSETT and 
CROUCHER), 1784, 

Cocaine ‘fetrachloroiodide (CHATTAWAY 
and PARKEs), 1004. 

Compounds, conjugated, properties of 
(FARMER, LAWRENCE, and Scott), 
510; (CAWLEY, Evans, and FaAkMER), 
522; (FARMER and Menta), 1610. 

Conductivity water. See under Water. 

Constitution, chemical, and the para- 

chor (BuRsTALL and Svu@pEn), 
229; (CAVELL and SvuGpDEN), 
2572. 

and trypanocidal action (GoueH and 
KiNG), 669 ; (EVERETT), 2402, 

Co-ordination and residual affinity 
(Monegan and BursTA.t), 2594. 

Copper, interference method for measure- 

ment of surface area of (WILKINS), 
1304. 
Cuprammine salts (Kinc), 2307. 
Cupric chloride, action of, with 
hydrazine sulphate (IREDALE and 
MALLEN), 395. 
sulphate pentahydrate, dehydration 
of (GARNER and TANNER), 47. 
— influence of acids in (EvANs), 
478. 
influence of soluble 
(CHAPMAN), 1546. 

Creatine, synthesis of (KinG@), 2374. 

p-Cresol, 3:5-dinitro-, preparation of 
(Hopeson and SmitH), 2035. 

Crotonaldehyde, af-dichloro-, phenyl- 
hydrazones of (CHATTAWAY and 
IRVING), 90. 

Crotylidenecyanoacetic acid, ethyl ester 
(OawLry, Evans, and FARMER), 
530. 

l-Cryptal, constitution of, and its de- 
rivatives (PENFOLD and SIMONSEN), 
403. 


fluorides on 
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isoCyanides. See Oarbylamines. 
Cyanine dyes (HAmMER), 995. 
Cyanine dyes, tliio-, preparation of 
(FisHER and Hamer), 2502. 
Cyanogen :— 
Hydrocyanic acid, action of halogen 
hydrides on (HINKEL and Duny), 
1834. 
complex cadmium, mercury, and 
zinc salts, potential and titration- 
curves for solutions of (GLas- 
STONE), 1237. 
Cyanohydrins, dissociation constants of 
(LAPWoRTH and MANSKE), 1976. 
a-Cupritartaric acid, salts (EK. E. and 
I. W. Wark), 2474. 
Cyclic compounds, synthesis of (Voc. 
and OoMMEN), 768, 2148. 


D. 


trans-Decahydronaphthalene nucleus, 
effect of, on the carbon tetrahedral 
angle (Rao), 1162. 

trans-Decahydronaphthalene-2-acetic 
acid, 2-hydroxy-, and its ethyl ester 
(Rao), 1182. 

trans-Decahydronaphthalene-2:2-di- 
acetic acid, and a-hydroxy-, esters 
and lactones of, and their derivatives 
(Rao), 1173. 

trans-Decahydronaphthalene-2:2-di- 
bromoacetic acid (Rao), 1178. 

cis- and trans-Decahydronaphthalene-A- 
spiro-cis- and -trans-1-methoxycyclo- 
propane-1:2-dicarboxylic acids (Ro), 
1181. 

cis- and trans-Decahydronaphthalene-f- 
spirocyclopropane-cis- and -trans-1:2- 
dicarboxylic acids, and their deriv- 
atives (Rao), 1176. 

trans-Decahydronaphthylidene-2-acetic 
acid, and dibromo- (Rao), 1183. 

Decalin. See Decahydronaphthalene. 

+y-4*-Decenylbutyrolactone (RoBINsSON), 
750 


-n-Decylbutyrolactone (Rosinson), 
748. 


Dehydroangustione, and its copper de- 
rivative, and amino- (GrBson, PEN- 
FOLD, and SIMONSEN), 1198. 

Dehydro-8-naphthol 1-sulphides 
(STEVENSON and SMILEs), 1740, 1744. 

Dehydro-8-naphtholsulphone (WARREN 
and SmiLEs), 1327. 

Delphinidin chloride and its 3’-methyl 
ether (BRADLEY, Rosinson, and 
ScHWARZENBACH), 793. 

Deoxybenzoin, chlorobromo- (TAYLOR 
and Forscey), 2276. 





on of 
alogen 
JUNN), 
r, and 
ration- 
'GLAs- 
nts of 
and 


J OGEL 


cleus, 
edral 


tic 


ester 


sters 
tives 


16-B- 
yclo- 
.AO), 
ie -B- 
eriv- 
atic 


e, 
ON), 


ON), 


de- 
'EN- 


ides 
REN 


hyl 
and 


LOR 





INDEX OF SUBJECTS, 


2-Deoxycellobiose, hexa-acety! deriv- 
ative (HAworTH, HrrsT, STREIGHT, 
THoMAS, and Wess), 2638. 

Deoxytetrahydrosantonin (CLEMO and 
Hawokts), 2581. 

$:5-Diacetoxymercuri-2:4-dihydroxy- 
benzaldehyde (HENRY and SHARP), 
2283. 

x, meme (CovLson), 
1935. 


Diacetyl-o-diamines, hydrolysis of 
(PHILLIPS), 1409. 
Di-p-anisyl telluride and _ telluridi- 


chloride, parachors of (BURSTALL and 
SUGDEN), 232. 

Diaryl ethers, and their derivatives, 
scission of, by means of piperidine 
(HENLEY and TURNER), 928; 
(Fox and TurNER), 1115, 1853. 

substituted (REILLY and Drumm), 
455. 

s-Diarylthiocarbamides, effect of sub- 
stituents on bromination of (HUNTER 
and JONEs), 2190. 

Diazoamino-p-toluene, pyrolysis of 
(MorGAN and WALLs), 1502. 

Diazobenzene-p-sulphonic acid, sodium 
salt, colour reactions of, with thiol- 
glyoxalines (HUNTER), 2343. 

Diazo-compounds, action of mixtures of 
bromine and chlorine on (TAYLOR and 
Forscry), 2272. 

w-Diazo-4:5-diacetoxy-3-methoxyaceto- 
phenone (BRADLEY, RoBinson, and 
SCHWARZENBACB), 814. 

w-Diazo-3-methoxy-4:5-diphenylmethyl- 
enediox yacetophenone (BRADLEY, 
RoBINsoN, and SCHWARZENBACH), 
813. 

w-Diazo-3:4:5-triacetoxyacetophenone 
(BRADLEY, Roprnson, and ScHWAR- 
ZENBACH), 797. 

Dibenzenesulphon-m’-nitroanilide, i- 
m-nitro- (BELL), 1077. 

Dibenzenesulphonnitrotoluidides, di-m- 
nitro- (BELL), 1077. 

Dibenzoic acid, 3:3’- and 4:4’-dithio-, 
amides and nitriles of (McCLELLAND 
and WARREN), 1101. 

s-Dibenzoylhydrazine (AGGARWAL and 
Ray), 493. 

Dibenzoylsulphuric acid, di-o- and 
a (DEVERALL and Wess), 

23 


10:10-Dibenzylanthrones, 2- and 3- 
chloro- (BARNETT and Goopway), 
1350. 

Dibenzyl-n-butylsulphonium mercuritri- 
iodide (CAVELL and SuGDEN), 2578. 

9:10-Dibenzyl-9:10-dihydroanthranol, 
1:4-dichloro- (BARNETT and Goop- 
WAY), 1352. 
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Dibenzyldimethylammonium picrate, di- 
p-bromo- (STEVENS, SNEDDEN, STIL- 
LER, and THomson), 2122, 

Dibenzyl-n-propylsulphonium mercuri- 
triiodide (CAVELL and SuGDEN), 2577. 

Dibenzyldithiolethane, metallic com- 
pounds of (BENNETT, Mossxs, and 
STATHAM), 1673. 

Di-n-butyl telluride, and its parachor 
(BURSTALL and SUGDEN), 233. 

Dicarbethoxy-2:3:4-trihydroxy-9- 
anthranol (Cross and PerkIn), 304. 

Di-p-chlorodiphenylphenylbenzenyl- 
amidines (CHAPMAN and PERROTT), 
2466. 

Dielectric constants of organic liquids 
(BAuL), 370. 

Diethyl ether, 88’-dichloro-, syntheses 

with (G1Bson and JoHNSON), 2525, 
BA’-diiodo- (GiBson and JOHNSON), 
2526. 
sulphide, diamino-, 
(Mann), 1755. 
4’-Diethylamino-9:9-diphenyl-2:7-di- 
methylxanthen (REILLY and Drumm), 
457. 
a-Diethylaminopropionitrile, and _ its 
icrate (CockER, LAPWoRTH, and 
ALToN), 453. 

2:3-Diethylcarbonato-9-anthranol, _1- 
hydroxy- (Cross and Perkin), 304, 

2:2’-Diethyl-5:6:5’:6’-dibenzthiocyanine 
halides (FisHER and Hamgr), 2508. 

Diethylgold acetylacetone, bromide and 
iodide (GrBson and Simonsen), 2531. 

Diethylmalonic acid, 7/-menthyl esters 
(RuLE and HARROWER), 2325. 

(88’-Diethylsulphide)platinum, mono-, 
di-, tri, and tetra-chloro-Bf’-diaminc-, 
salts of (MANN), 1752. 

2:2’-Diethylthiocyanine 
(Fisner and Hamer), 2507. 

Diethylthiolethane, metallic compounds 
of (BenNeEtT, MossEs, and SraTHaAM), 
1670. 

Digitalis, new glucoside from (SMITH), 
508. 

Digitoxose (Smiri), 510. 

Digoxigenin, and its diacetyl derivative 
(Smitu), 508, 2479. 

isoDigoxigenin, and its diacetyl deriv- 
ative (SMITH), 2481. 

isoDigoxigeninic acid (SmirH), 2481. 

Digoxin (SmitH), 508. 

Dihydrobrucidine, and its dimetho- 
sulphate (ACHMATOWICZ, FAWCETT, 
PERKIN, and Rogpinson), 1771. 

Dihydrobrucine, and its derivatives 
(ACHMATOWICZ, FAWCETT, PERKIN, 
and Ropinson), 1769. 

Dihydrodigoxigenin, and its diacetyl 
derivative (SmiTH), 2480. 


chloroplatinate 


halides 
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5:10-Dihydrophenarsazine, 14-chloro-, 
and its derivatives (Gipson and 
JOHNSON), 1124 ; (Gipson, Hiscocks, 
JOHNSON, and Jones), 1622. 
2:5-Diketo-3:6-di-m-acetoxybenzyl- 
piperazine (Dickinson and MARsH- 
ALL), 2292. 
2:5-Diketo-3:6-di-(3’:5’-dibromoacetoxy- 
benzylidene)piperazines (DICKINSON 
and MARSHALL), 2291. 
2:5-Diketo-3:6-di-(3’:5’-dibromo-2’- 
acetoxybenzyl)piperazine (DicKIN- 
son and MARSHALL), 2291. 
2:2’-Diketodicyc/ohexy] (PLANT), 1597. 
2:2’-Diketodicyclohexyl-1-carboxylic 
acid, ethy] ester (PLANT), 1598. 
= acid (Ropinson), 
51. 
Dilaurins (FAtRBoURNE), 380. 
Dimalonatocupriate ions, effect of alkyl 
substitution on stability of (RILEY), 
1642. 
2:4-Dimethoxybenzaldehyde, 3:5-di- 
bromo- (Henry and SHARP), 2283. 
3:4-Dimethoxybenzaldehyde, 2-bromo- 
(Henry and SHarp), 2285. 
4:5-Dimethoxybenzaldehyde, 2-hydroxy- 
(HEAD and RopErtson), 2440. 
3:3’-Dimethoxybenzil, 2:2’-dichloro- 
(Honeson and RosEnBERS), 17. 
3:3’-Dimethoxybenzilic acid, 2:2’-di- 
chloro- (Hopcson and RosENBERG), 
17. 
3:3’-Dimethoxybenzoin, and 2:2’-di- 
chloro-, and its p-nitrophenylhydr- 
azone (Hopcson and RosEnBERG), 17. 
Di-p-methoxybenzylacetone (GOODALL 
and Haworth), 2485. 
w-3:4-Dimethoxybenzylideneacet- 
anilide, w-cyano-, and w-cyano-w-6- 
nitro- (IsHAQ and RAy), 2740. 
w-3:4-Dimethoxybenzylideneaceto-p- 
toluidide, w-cyano- and w-cyano-w-6- 
nitro- (IsHAQ and RAy), 2740. 
6:7-Dimethoxy-1-benzylphthalazine 
(AccARWAL, KHeERA, and RAy), 2355. 
3:6-Dimethoxydiphenylamine, 2:4-di- 
nitro-2’-hydroxy- (Brapy and WAL- 
LER), 1220. 
Dimethoxyethoxybenzaldehydes (HEAD 
and RoBERTSON), 2438, 2443. 
Dimethoxyethoxybenzoic acids (HEAD 
and Ropertson), 2439, 2444. 
2.4-Dimethoxy-5-ethoxycinnamic acid, 
and its methyl ester (HEAD and 
RoBERTSON), 2439. 
2:5-Dimethoxy-4-ethoxycinnamic 
(HgAp and Ropertson), 2444. 
5:6-Dimethoxyhydrindene (MILLS and 
Nrxon), 2522. 
12:13-Dimethoxyiscindenoquinoline 
(CLEMO and JoHNson), 2137. 


acid 
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pp’-Di-6’-methoxy-2’-methyl-4’- 
quinolyld/aminodiphenylmethane 
(SLATER), 1215. 

1:4-Di-6’-methoxy-2’-methyl-4’- 
quinolylpiperazine (KERMACK and 
SmitsH), 1360. 

3:4-Dimethoxyphenol, and its hydrate 
(HEAD and RoBEertTson), 2440. 

1:4-Dimethoxyphenoxazine, 
(Brapy and WALLER), 1221. 

3:4-Dimethoxyphenylacetylhydrazine 
(AGGARWAL, KuHERA, and RAy), 
2356. 

«8-Di-p-methoxyphenylethylene 
(READ and CAMPBELL), 2679. 

Di- p-methoxyphenylhydroxyethyl- 
amine, and its derivatives (READ and 
CAMPBELL), 2674. 

dl-Di-p-methoxyphenylhydroxyethy]- 
trimethylammonium iodide (Krap 
and CAMPBELL), 2679. 

Dimethyl ether. See Methyl ether. 

3:4-Dimethylacetophenone-2-carboxylic 
acid (HEILBRON and WILKINSON), 
2553. 

Dimethylaminoacetic acid, /-menthyl 
ester, and its derivatives (Ruz, 
THOMPSON, aud ROBERTSON), 1892. 

p-Dimethylaminobenzeneazophenyltri- 
methylammonium yerchlorate (ZAK1), 
1080. 

w-Dimethylamino-w-benzhydrylaceto- 
phenone (STEVENS), 2115. 

a-Dimethylamino-a-benzylacetone, and 
its picrate (STEVENS, SNEDDEN, 
SritiER, and THomson), 2121. 

w Dimethylamino-w-benzylacetophen- 
one, p-bromo- (STEVENS), 2116. 

Dimethylaminobenzylcinnamic 
and their ethyl esters, 
(Snorrge), 982. 

2-p-Dimethylaminobenzylideneamino- 
phenyl p-toluenesulphonate (BEL1), 
1985. 

p-Dimethylaminobenzylidene-p-amino- 
phenyltrimethyl ammonium  /rr- 
chlorate (ZAKI), 1080. 
w-Dimethylamino-w-1n-bromobenzyl- 
acetophenone (STEVENS), 2112. 
w-Dimethylamino-w-p-bromobenzyl- 
acetophenone (STEVENS, SNEDDEN, 
STILLER, and THomson), 2122. 
w-Dimethylamino-w-fluorenylacetophen- 
one (STEVENS), 2115. 
w-Dimethylamino-w-p-methoxybenzyl- 
acetophenone (STEVENS), 2112. 
w-Dimethylamino-w-p-nitrobenzylaceto- 
phenone (STEVENS,SNEDDEN, STILLER, 
and T'Homson), 2123. 
w-Dimethylamino-w-a-phenylethylaceto- 
phenones, and their picrates 
(STEVENS), 2113. 
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Dimethylaniline, and 2- and 3-nitro-, 
and their picrates (Hopason and 
KERSHAW), 280. 

Dimetbylanilines, 0-amino-, 3-halogeno- 
6-amino- and -6-nitro- and o-nitro-, 
and their salts (HopGson and 
KERSHAW), 497. 

1:2-Dimethylanthraquinone, 4-hydroxy-, 
acetyl derivative (FAIRBOURNE and 
FostER), 1275. 

3:4’-Dimethylazobenzene, 
(MorGAN and WALLS), 1506, 

Dimethy1-2:3-benz-y-carbolines, and 
their derivatives (KermMack and 
SmirTH), 2008. 

1:1’-Dimethyl-2:3(or 2’:3’)-benzésocyan- 
ine iodide (HAMER), 1002. 

00-Dimethyl-y-benzildioxime 
and MuERs), 224. 

3:5-Dimethy1-1:2:3-benztriazole, 7- 
amino- and 7-nitro- (Brapy and 
REYNOLDS), 2673. 

1:3-Dimethyl-1:2:3-benztriazolinium 
salts, 6-nitro- (BRADby and REYNOLDs), 
2671. 

Dimethylbutadienes, addition of bromine 
to(FARMER, LAWRENCF, and Scott), 
510. 

Ay-Dimethylbutane, a3-dibromo-By-di- 
hydroxy- (Farmer, LAWRENCE, and 
Scott), 521. 

aBy5-tctrabromo-(Porsr and Kirrine), 
2592. 

By-Dimethylbutylenedisulphonic acid, 
and its derivatives (Porpz and Kip- 
PING), 2592. 

2:6-Dimethylearbazole (Morcan and 
WaALts), 1507. 

2:4-Dimethylcarbonato-3:6-dimethyl- 
benzaldehyde (Robertson and 
STEPHENSON), 316. 

2:4-Dimethylcinnamic acid, ethyl ester 
(HEILBRON and WILKINSON), 2538. 

2:4-Dimethylcinnamyl alcohol, and its 
phenylurethane (BuRTON), 252. 

2:2’-Dimethy1-5:6:5’:6’-dibenzthio- 
cyanine halides (Fisher and HAMER), 
2509. 

2:5-Dimethy]-1:2-dihydrobenzthiazole, 
l-imino-, acetyl derivative and hydr- 
iodide of (HUNTER and JONEs), 2198. 

1:3-Dimethy1-3:4-dihydrodsoquinoline 
picrate (Hy), 20. 

Dimethyldiphenyls (ditoly/s), amino-, 
and their derivatives (MORGAN and 
WALILs), 1507. 

2’-4’-Dimethyldiphenyl ethers, bromo- 
mono- and -di-nitro-, chloro-mono-, 
-di- and -tri-nitro-, and di- and tetra- 
nitro- (Fox and TuRNER), 1865. 

Dimethyldiphenylamines, dinitro- 
hydroxy- (Brapy and WALLER), 1220. 


6-amino- 


(Brapy 
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dl-Di-3:4-methylenedioxyphenyl- 
hydroxyethylamine, synthesis and 
resolution of, and its derivatives (READ 
and CAMPBELL), 2680. 
:4(a)-Dimethyl-7-ethyldecahydro- 
naphthalene (OLEMO and-HAworTH), 
2581. 
1:2-Dimethylcyc/ohexane -4:5-dibromodi- 
malonic acid, ethyl ester (CAWLEY, 
Evans, and FARMER), 529. 
1:2-Dimethylcyclohexane-4:5-diacetic 
acid, ethyl ester (CAwLty, Evans, 
and FARMER), 529. 
1:2-Dimethyldicyclohexane-4:5-di- 
malonic acid, ethyl ester (CAWLEY, 
Evans, and FARMER), 526. 
:2-Dimethylcyclohexane-4:5-dimalonic 
acid, ethyl ester (CAWLEY, Evans, 
and FARMER), 527. 
:2-Dimethyl-A°-cyclohexene-4:5-di- 
malonic acid, and its bromo-deriv- 
atives (CAWLEY, Evans, and Far- 
MER), 528. 
Dimethylmalonic acid, /-menthy] esters 
(RuLE and HARROWER), 2324. 
Dimethylmalonic acid, dihydroxy-, ethyl 
ester, and its derivatives (WELCH), 258. 
1:6-Dimethylnaphthalene, 5:8-dzhydr- 
oxy-, diacetyl derivative (HE&ILBRON 
and WILKINSON), 2552. 
1:6-Dimethyl-a-naphthaquinone, and its 
 — a sar 7 (HEILBRON and 
WILKINSON), 2552. 
NN-Dimethylnicotine distetrachloro- 
iodide (CHATTAWAY and PaRKgs), 
1005. 
By-Dimethyl-Ay-pentene-ae-dicarboxylic 
acid, a-cyano-, ethyl ester (FARMER 
and Menta), 1615. 


_ 


—s 


= 


3:9-Dimethylphenoxazine, 1-nitro- 
(Brapy and WALLER), 1221. 
y-(2:4-Dimethylphenyl)butyl alcohol, 


and its bromide (HEILBRON and 
WILKINSON), 2540. 
8-(2:4-Dimethylphenyl)butyric acid, 
and B-hydroxy-, and their ethy] esters 
(HeILBRON and WILKINSON), 2540. 
-(2:4-Dimethylpheny]) butyric acid, 
(HEILBRON and WILKINSON), 2539. 
B-(2:4-Dimethylphenyl)crotonic acid, 
ethyl ester (HEILBRON and WILKIN- 
SON), 2540. 
-(2:4-Dimethylphenyl)propyl alcohol, 
and its derivatives (HEILBRON and 
WILKINSON), 2538. 
y-(2:4-Dimethylphenyl)valeric acid, 
and its amide (HEILBRON and WIL- 
KINSON), 2541, 
ea-Dimethylphthalide, 3:5-dibromo-4- 
hydroxy- and 4-hydroxy- (CAHN), 990. 
1:2-Dimethylpyridine ¢e¢rachloroiodide 
(CHATTAWAY and PARKES), 1005. 
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Dimethylquinolines, aminohydroxy-, 
chloronitro-, nitrohydroxy-, and their 
salts (BALABAN), 2351. 

Dimethylquinoline-6-arsinic acids, 2- 
hydroxy- (BALABAN), 2352. 

1:4-Di-2’-methy]-4’-quinolylpiperazine 
(KERMACK and SmITH), 1360. 

Dimethylquinoxaline, tetrabromo- (BEN- 
NETT and WILLIs), 1709. 

O-Dimethylrubiadin (Jonrs and RoBEert- 
son), 1703. 

Dimethylsulphonium 9-fluorenylidide 
(INGOLD and JEssop), 716. 

2:4-Dimethy]-1:2:3:4-tetrahydroquino- 
lines, and their derivatives (PLANT 
and RossER), 2453. 

Dimethylthallium ethoxide (MENzIEs), 
1571. 

2:4-Dimethylthiazole ethiodide and 
methiodide (FisHzER and HAMmER), 
2509. 

2:2-Dimethylthiocyanine 
(Fisher and HAMER), 2508. 

3:5-Dimethylthiolbenzoic acid, and its 
dioxides and salts (Bett and BEN- 
NETT), 4, 

Dimethyl-p-toluidine, and 2- and 3- 
nitro-, and their derivatives (Hope- 
son and KrrsHaw), 278. 

1:2’-Dinaphthyl ether, 2-hydroxy- 
(WARREN and Smiizs), 961, 1330. 

Di-l-naphthyl sulphide, 6-bromo-2:2’- 
dihydroxy- (STEVENSON and SMILEs), 


halides 


Diosmetin, synthesis of, and its deriv- 
atives (Lovecy, Rosinson, and Suca- 
SAWA), 817. 

Dipalmitins (FAIRBOURNE), 381. 

Diphenetyl telluride, and dichloro-, 
parachors of (BURSTALL and SuGDEN), 
232. 

Diphenyl, and its derivatives, absorp- 
tion spectra of (ADAM and Rvss£ xt), 
202. 

Diphenyl, 3:5-dichloro-3’-amino-, and 
its acetyl derivative and 3:5-di- 
chloro-3’-nitro-, and trichloro-3’- 
nitro- (HINKEL and Dippy), 1389. 

4:4’-difluoro-, and 4:4’-difluoro-2- 
nitro- (LE Fkvre and Turner), 
1160. 
o-iodo- (Cook), 1090. 
3:5:4’-trinitro-4-amino- (BELL), 1074. 
Diphenyl ethers, preparation of (HEN- 
LEY), 1222. 
amino-, mono-, di-, tri- and tetra- 
bromo-amino- and -nitro-, and 


their derivatives (McComsiz, 
MACMILLAN, and ScARBOROUGR), 
1202. 


2:4-dibromo-2’:4’-dinitro-, nitration 
of (HENLEY and TuRNER), 928. 





INDEX OF SUBJECTS. 


Dipheny] ethers, 2:4-dibromo-5:2’:4’-t7i. 
nitro- (HENLEY and TURNER), 
934. 
tribromo-di- and -tri-nitro-, chloro. 
bromo-, chlorobromo-di- and -tri- 
nitro-, chlorodibromo-di- and -tri- 
nitro-, dichlorobromodinitro- and 
trichloro-di- and -tri-nitro- (Fox 
and TURNER), 1857. 


5-chloro-2-amino- § (CULLIHANR), 
2269. 

halogenonitro- (Fox and TuRNEnR), 
1119. 

selenide, pp’-dinitro- (BAKER and 


MorFFitt), 1726. 
disulphide diarsinic acids (BARzER), 
2727. 
sulphides, nitroamino- (HoDGSON and 
OSENBERG), 180. 
telluridichloride, parachor of (Bur- 
STALL and SuGDEN), 232. 
Diphenyl series (BELL), 1071; (Le 
Fyre and TuRNER), 1158. 
Diphenylacetic acid, d-8-octyl ester 
(Ruz and Bary), 1900. 
s-Diphenylacetylhydrazine, preparation 
of (AGGARWAL and Ray), 492. 
By-Diphenyladipic acids, stereoisomeric, 
and their derivatives (OOMMEN and 
VocEL), 2148. 
1:2-Diphenyl-5-benzy1-1:3:4-triazole 
(BraacatT and Réy), 2358. 
Diphenyl-6-carboxylic acid, 2:4-dinitro-, 
and. its ethy] ester (LEssiiz and 
TuRNER), 1761. 
Diphenyl-y-chlorophenylbenzenylamid- 
ines (CHAPMAN and PErrotrT), 2466. 
2:2’-Dipheny]-4:5-dihydroglyoxalines, 
dithio- (McCLELLAND and WARREN), 
1099, 1101. 
Diphenylene oxide, 2-amino- and 2- 
chloro- (CULLIHANE), 2268. 
2:5-Diphenyl-1-p-ethoxypheny]l-1:3:4- 
triazole {BHAGAT and R&y), 2358. 
Diphenylethylene oxides, optically active 
(Reap and CAMPBELL), 2377. 
Diphenylformamidine (HINKEL and 
UNN), 1838. 
Diphenylhydroxyethylamines, optically 
active (READ and CAMPBELL), 2377, 
2674, 2682, 
2:5-Dipheny]-1-p-methoxypheny]-1:3:4- 
triazole (BHAGAT and RAy), 2358. 
Diphenylmethyl /-8-octyl ether (RULE 
and Barn), 1900. 
3:4-Diphenylmethylenedioxybenzoic 
acid, 5-hydroxy-, methyl ester 
(BRADLEY, RoBinson, and ScHWwAR- 
ZENBACH), 812. 
1;2-Dipheny]-4-methylcyclohexane-3:5- 
dione (MaTTAR, Hastinos, and 
WALKER), 2458, 
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1:4-Diphenylpiperazine, 1:4-di-2’- and 
-4’-nitro- (LE Fitvre), 149. 

ey-Diphenylpropyl bromide (BREWIN 
and TURNER), 503. 

s-Diphenylthiocarbamide, s-p-bromo-p’- 
nitro-, and s-p-chloro-p’-bromo- and 
p-nitro- (HUNTER and JoNnEs), 2206. 

1:4-Diphenylthiolbutane (BENNETT and 
MossEs), 2368. 

Diphenylthiolethane, palladous chloride 
compound of (BENNETT, Mosszs, and 
STATHAM), 1671. 

Diphenylthiolethane-mm’-dicarboxylic 
acid, and its dimethyl ester and 
dioxides (BELL and BennzTT7T), 2. 

1:3-Diphenylthionaphthapyrazole 
5:5-dioxide (COHEN and SMILEs), 410. 

2:5-Diphenyl-1-tolyl-1:3:4-triazoles 
(BHAGAT and RAy), 2358. 

4:4’-Diphenylylbisdiazonium boro- 
fluoride, 2-nitro- (LE Fivre and 
TuRNER), 1161. 

1:5-Dicsopropenylanthracene (CoULsON), 
1935. 


Ditsopropylacetic acid, and its deriv- 
atives (MARSHALL), 2760. 
Diisopropyleyanoacetic acid, and its 
derivatives (MARSHALL), 2758. 
Diisopropylmalonamic acid, and _ its 
silver salt and methyl ester (MaR- 
SHALL), 2758. 
Diisopropylmalonic acid, synthesis of, 
and its derivatives (MARSHALL), 2754. 
1:5-Diisopropylolanthracene (CouULsoN), 
1934. 
aa’-Dipyridyl, mercurihalides of (Mor- 
GAN and BuRSTALL), 2598. 
Di-p-tolylphenylbenzenylamidines 
(CHAPMAN and Perrott), 2466. 
Dissociation constants of cyanohydrins 
(LAPWORTH and MANSKE), 1976. 
Dissociation pressure of salt hydrates 
(PARTINGTON and WINTERTON), 635. 
Distearins (FAIRBOURNE), 382. 
Distillation, vacuum, receiver for (Kon), 
182, 

Disulphides, organic, dismutation of 
(McCLELLAND and WARREN), 1095. 
8:5-Disulphidobenzoic acid (BELL and 

BENNETT), 4. 
3:6-Disulphonaphthalene-4’-arsinic acid, 
l-amino-, benzoyl derivative (GoucH 
and Kine), 679. 
3:6-Disulphonaphthalene-4’-arsinous 
acid, l-amino-, benzoyl derivative 
(Gouen and Kine), 679. 
3:6-Disulpho-8-naphtholarsinie acids, 
mono- and di-amino-, benzoyl deriv- 
atives (GovucH and Kine), 680, 
3:6-Disulpho-8-naphtholarsinous acid, 
mono- and di-amino-, benzoyl deriv- 
atives (GoveH and Kine), 680. 
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3:6-Disulpho-8-naphthol-7-azobenzene- 
4’-arsinic acid, l1-amino- (GovuGH and 
Kina), 679. 

Disulphoxides, and their derivatives, 
stereoisomerism of (BELU and BEn- 
NETT), 1; (BENNETT, MossEs, and 
STATHAM), 1668. 

1:8-Dithian (GiBson), 13. 

1:3-Dithiolan, and its derivatives (Grs- 
s0N), 12. 

Di-p-toluenesulphonanilide, and its m- 
nitro-derivative (BELL), 1077. 

Ditolyl. See Dimethyldiphenyl. 

Di-o-tolyl ketone (Coox), 1091. 

s-Di-p-tolylthiocarbamide,s-di-m-bromo- 
(HunTER and JonEs), 2200. 

Di-p-tolylthiolethane, metallic com- 
pounds of (BeNNETT, Mossgs, and 
STATHAM), 1671. 

Dixanthhydryl ether, preparation of, 
and its reactions (KNy-JoNEs and 
Warp), 588. 

Drying of gases (BrIRcUMSHAW), 2213. 


Earths, rare, solubilities of octahydrates 
of sulphates of (JAcKsON and RIEN- 
ACKER), 1687. 

Electrical conductivity of solutions in 
phenol (DoLsy and Rosertson), 1711. 

Electrodes, iridi-iridochloride, potential 

of (TerREY and BAKER), 2583. 
iron, effect of py on potential of 
(McAvu.ay and Ware), 194, 

Electrolytic polarisation. See under 
Polarisation. 

Elements, directive power of, with con- 
secutive atomic numbers (LE Fkvre 
and MaTHurR), 2236. 

Equilibrium constants of complex ions, 
electrochemical determinations of 
(Koon), 2053. 

Ergostenols, and 
SPRING), 2666. 

Ergosterol, hydrogenation and fraction- 
ation of (Sprina), 2665. 

Ergot alkaloids (Smitn and TimMtis), 
1390. 

Ergotamine (SmirH and Timmis), 1394. 

Ergotaminine (SMITH and TIMMIs), 
1394. 

Ergotinine (SmirH and TimMis), 1393. 

Ergotoxine (Smira and TimMis), 1393. 

Erythrose, triacetyl derivative, imine 
and diacetamide of (DEULOFEU), 2604. 

Esters, regeneration of, from their sodium 

derivatives (HuGH and Kon), 775. 
carboxylic, mechanism of hydrolysis 

of (INGoLp), 1032; (Groocock, 

INGoLD, and JACKSON), 1039. 


their derivatives 
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Ethane, s-tetra-bromo- and -chloro-, dis- 
placement of halogen from (WARD), 
2148, 

Ethers, gaseous, catalytic decomposition 
of (CLusivs), 2607. 

Ethoxide, thallium (Sipewick and 

Sutton), 1462, 
thallium and 
(Mgnzigs), 1571. 
4’-Ethoxy-1-anilinobenzthiazole (HuUNT- 
ER and JONEs), 2206. 
1-Ethoxybensthiazole, 5-bromo- (Hunt- 
Ek), 137. 

5-Ethoxybenzthiazole, l-amino-, acetyl 
derivative (HUNTER and JoNEs), 2201. 

Ethoxycamphoranilic acids (M. and R. 
SINGH), 1303, 

p-Ethoxy-s-diphenylthiocarbamide 
(HuNTER and JongEs), 2205. 

s-p’-Ethoxydiphenylthiocarbamide, s-p- 
bromo- (HuNTER and JongEs), 2208, 

5-Ethoxy-2-methyl1-1:2-dihydrobenz- 


dimethylthallium 


thiazole, 1l-imino- (HunTER and 
JONEs), 2201. 
1-Ethoxy-a-naphthathiazole (HUNTER 


and JONES), 944, 
8-p-Ethoxyphenylmethylthiocarbamide 

(HuNTER and Jongs), 2201. 
3-p-Ethoxyphenyl-p-tolylthiocarbamide 

(HUNTER and JonEs), 2207. 

Ethyl alcohol, conductivity of uni-uni- 
valent salts in, and its purification 
(CopLey, Murray-Rust, and Hart- 
LEY), 2492. 

Ethyl alcohol, 8-nitro-, and its deriv- 
atives, action of benzenediazonium 
chloride on (JonES and KENNER), 
919. 

Ethyl-o-aminophenylketazine 
Gipson, and Jonnson), 1135, 

4-Ethylaminophenylstibinic acid, 3- 
nitro-, and its chloride (MorGAN and 
Cook), 742. 

Ethylbenzenes, p-amino-, nitro-, nitro- 
amino-, and dinitronitroso- (Day), 
252. 

8-Ethyleinnamie acid, a-cyano-, ethyl 
ester (HucH and Kon), 780. 

2-Ethyl-1:2-dihydrobenzthiazole, 5- 
bromo-l-imino-, 5-bromo-3-nitro-1- 
imino-, 5-bromo-l-nitrosoimino-, 1- 
imino-, 65-nitro-l-imino-, dinitro- 
imino-, §-nitro-1-nitrosoimino-, 
l-nitrosoimino-, 1-thiol, and their 
derivatives (HUNTER), 141. 

Ethylene, thermal decomposition of 

(WHEELER and Woop), 1823. 
uniform movement of flame in mix- 
tures of air and (GEORGESON and 
HARTWELL), 733. 
ay-dichloro- and _ -diiodo-hydrins, 
esters of (FAIRBOURNE), 379. 


(ELSON, 
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Ethylene, ¢ri-bromo- and _ -chloro., 
halogen displacements from (Warp) 
2143 

Ethylenediaminodiethylgold bromide 
and iodide (GrBson and SIMONsEn) 
2535. 

Ethylenedi-o-carboxyphenylsulphone, 
and its ethyl 
SMILEs), 412. 

Ethylenedi-p-methoxyphenyldiamine, 
and its derivatives (BENNETT, Mos. 
ses, and STATHAM), 1674. 

Ethylenediphenyldiamine, metallic 
compounds of (BENNETT, Mosszs, 
and STATHAM), 1675. 

Ethylenediphenyldimethyldiamine, pal. 
ladous chloride compound of (Bev. 
NETT, Mosses, and STATHAM), 1676, 

Ethylenic compounds, cis-trans trans. 

formation of (CLEMO and GRAHAM), 
213. 
cyclic, hydrogenation of, and of their 


mixtures (LEBEDEV and PLATONOY), 
321. 
Beaoipenatine, 4(5)-B-amino-. See 
Histamine. 


Ethyldiiodostibine, action of halogens 
on (CLARK), 2737. 
O-Ethyldinitrostrycholcarbohydrazide 
(MENON, PERKIN, and RKosinsoy), 
837. 
9-Ethy]l-1:2:3:4:5:6:7:8-octahydrocarb- 
azole (PLANT), 1599. 
p-Ethylphenyldi-n-amylphosphine, and 
its mercurichloride (J AcKSON, DAVIES, 
and JONES), 2300. 
p-Ethylphenyldi-n-butylphosphine, and 
its dibromide (JACKSON, DAviEs, and 
JONES), 2300. 
p-Ethylphenyldi-x-propylphosphine, 
and its dibromide (Jackson, Davizs, 
and Jonzs), 2300. 
p-Ethylphenylmethyldi-7x-amy] phos- 
phonium chloroplatinate (J AcKsON, 
Davis, and JongEs), 2300. 
p-Ethylphenylmethyldi-n-propylphos- 
phonium hydroxide, and its chloro 


platinate (Jackson, Davies, and 
JONES), 2300. 
O-Ethylstrycholearboxylic cid, di- 


nitro-, ethyl ester (MENON, PERKIN, 
and Rosinson), 837. 

Ethyl-p-toluenesalphonimidosulphine- 
p-toluenesulphonylimine, and ib 
oxidation product (CLARKE, KENYON, 
and PHILLIPS), 1227. 

Ethyl-y-toluenesulphonylsulphinamide 
(CLARKE, Kenyon, and PsILLIPs), 
1229. 

Ethyltri-n-propylstibonium hydroxide, 
and its salts (Dyke and JoNgs), 
1925. 





ester (COHEN and} 
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-chloro., 
(Warp) F. Glucosides. See also Asculin, Arbutin, 


Digoxin, Helicin, Phloridzin, and 

Rubiadin glucoside. 
B-Glucosides, formation of, from B- 
glucosyl chlorides (HiIcKINBOTTOM), 





bromid erric salts. See under Iron. 
Dh. mide elasmobranch, unsaponifiable 
SEN), matter from oils of (Davigs, HEIL- 


BRON, and OWwENs), 2542; (HEIL- 
phone, | zon and WILKINSON), 2546. 1338. . 
HEN norenylacetophenone, bromo- (S1E- 4-Glucosido-a-mannose, and its deriv- 
’ vENs), 2116. 4 atives (HAworTH, Hirst, STREIGHT, 
mine, yFluorenyldimethylamine, and __ its THomas, and Wess), 2636. ’ 
rT, Mos. hydrobromide (STEVENS), 2115. 2-y-Glucosidoxyanthraquinone, and its 
metallic |!uorenyl-9-dimethylsulphonium salts tetra-acetyl derivative (RoBERTsoN), 
Moss 1) (Ixcotp and Jessop), 715. 1138. 
SSE, Irigorenylideneacetophenone (Stevens), | 28-Glucosidoxy-1-hydroxyanthraquin- 
L 1, | 2116. (ne and npc e derivative 
ine, pal- j, re 3 OBERTSON), fs 
f (Bex. ies jeneck = eae 2-8-Glucosidoxy-1-methoxyanthraquin- 
), 1676. Haorine :— : one, and its tetra-acetyl derivative 
: Hydrofluoric acid, action of aqueous (RoBerrson), 1139. 
RAHAM), solutions of, on silica (PALMER), | @lutaconic acid, preparation of (Burcn), 
F 10 


1656. —_ , , 
of Oe Fogs, production of, in neutralisation of Glutaramic acid, dihydroxy-, and its 
ammonium salt (Burcn), 311. 


TONOY) “get : 

Talk ' 

See ey Pastas, om ag ea ae Glutarie acid, a-chloro-8-hydroxy-, 

Formaldehyde, reactions of, with barium salt (BuRcH), 310. ; 

malonic esters (WELCH), 257. Glyceric acid, esters, hydrolysis of 

Formaldehyde, nitro-, pheny!hydrazone — Ixcotp, and Jackson), 
: (Jones and KENNER), 925. a “ 

— Form-p-anisidide, thio- (Hammrce, | B-Glycerides, true (Farrsourn), 369. 

INSON), | "New, SipewicK, and Surron), 1877. | Glyceryl esters (Davizs, HEILBRoN, 
F . 1 and OWENs), 2512. 


ard; | ale seid, smminocupric and pyrt- Glycollaldehyde, w-nitro-, phenylhydr- 


alogens 





dinocupric salts (Kine), 2311. j 4 Sen 924 
e, and |. Tuthenium salts (Monp), 1249. el Poe —— eed oe mall 
VAvigs, | Fructose dicarbonate (HaworTH and yom, = c a on iF permly 
, Porter), 151. meng ty HATTAWAY an ARIN- 
> . 
ae, and @ Glyoxalines, 4(5)-amino-, formation of 
Es, and ; (BALABAN), 268. 
? Galactose dicarbonate (HAworTH and thiol-, colour reactions of, with sodium 
ine, Porter), 151. diazobenzene-p-sulphonate (Hun- 
AVIES, | 4-Galactosido-a-mannose, and its deriv- TER), 2343. 
atives (HAworts, Hirst, PLANT, | Glyoxaline-4(5)-carboxyazide, and its 
\08- and ReyNoups), 2644. r picrate (BALABAN), 271. 
/KSON, | Gas, coal, occurrence of iron penta- | Glyoxaline-4(5)-carboxyhydrazide, and 
carbonyl in, stored under pressure its salts (BALABAN), 271. 
hos- (Friznp and VALLANCE), 718. Gold organic compounds (Ginson and 
‘hloro- detonating, dielectric strength of SIMONSEN), 2531. 
, and (BrapForp and Finca), 1540. Grignard reagents, veducing action of 
_ | Gases, drying of streams of (Brrcvm- (Burton), 2400. 
, di SHAW), 2213. action of, on antimony trichloride 
RELY, explosive mixed, containing carbon (Dyker, Davies, and JONES), 463. 
. monoxide, dielectric strengths of reaction between keto-anils and (SHORT 
ne- (BrapForp and Fincn), 1540. and Watt), 2293. 
it | Germanium sulphides (PucH), 2369. aliphatic, reaction of arsenic tri- 
NYON, | Glucose dicarbonate (HaworrH and chloride with (Dyke and Jones), 
: Porrer), 151. 2426. 
mide | Glucosides (HickINBOTTOM), 1338. 
LIPS), synthesis of (ROBERTSON), 1136; 
, (Jones and Rosertson), 1699; H. 
xide, (RoBERTSON and WATERS), 2729. 
NES), digitalis (Smirn), 2478. Halogens, effect of gas pressure on colour 
natural (JOHNSON and RoBERTSON), of vapours of (SHEARER and WricH7), 
21; (HEAD and RopeErison), 2434. 1201. 
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Halogen hydrides, production of fog in 
neutralivation of alkali with (ALDISs 
and Paiip), 1103. 

Helicin, synthesis of (RoBERTSON and 
WarTERs), 2732. 

y-4°-Heptadecenylbutyrolactone (Rox- 
rnsoNn), 750. 

45-Hepten-B-one, and its semicarbazone 
(Eccorr and LiInsTEap), 914. 

Heptoic acid, heat of association of 
(FENTON aud GARNER), 694 ; (DoHSE 
and DuNKEL), 2409. 

4-n-Heptoyl-m-cresol (CoULTHARD, 
MARSHALL, and PyMAN), 288. 

n-Heptoylphenols (CouLTHARD, Mak- 
SHALL, and PyMAnN), 284. 
Heterocyclic compounds, unsaturation 
and tautomerism of (HUNTER), 125; 
(HunTERr and Jongs), 941, 2190. 


phenyl-substituted, nitration of 
(Forsyta and Pymavy), 397. 
Hexahydrobrucine (AcHMATOWICZ, 


FawcE1T, PERKIN, and RosBInson), 
1772. 

Hexamethyltriaminotripheny] methane 
(HINKEL and Dunn’, 1838. 

Hexamethylenetetramine  (e/rachloro- 
iodide (CHATTAWAY and PARKgs), 
1004. 

Hexane, action of fuming sulphuric acid 
on, and its derivatives (BURKHARDT), 
2387. 

cycloHexane, critical solution tempera- 

ture uf mixtures of methyl alcohol 
and (JongEs aud AMSTELL), 1316. 

action of fuming sulphuric acid on, 
and its derivatives (BURKHARDT), 
2387. 

evcloHexane series, effect of methyl 
groups on tautomerism of acids and 
ketones of (Kon and THaxkur), 
2217. 

Hexane-75-diol, Se-dibromo- (FARMER, 
LAWRENCE, and Scort), 516. 

Hexan-§-ols, a- and y-nitro-, and their 
derivatives (JoNES and KENNER), 
927. 

cycloHexanol, equilibrium of water and 

(Sipewrek and Surron), 1323. 
action of, on methoxymethylpyridin- 
ium chloride (CockER, LAPWORTH, 
and WALTON), 452. 
cycloHexanyloxide, thallium (S1ipawick 
and SuTron), 1462. 

Hexapyridinocupic iodide (KiNG), 2314. 

Ay-Hexene, fe-dibromo- (FARMER, 
LAWRENCE, and Scott), 515. 

Hexenoic acids, tautomerism of, near 
their boiling points (LINSTEAD), 
1605. 

a-4}-cycloHexenylpropionie acid, deriv- 
atives of (Kon and THAKUR), 2221. 
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Hexoyleresols, and their derivative 
(COULTHARD, MARSHALL, and Py. 
MAN), 287. 


4-n-Hexoylguaiacol benzoate (Cour. 
HARD, MARSHALL, and PyMAN), 289, 

n-Hexoylmenthylamines (READ and 
STOREY), 2765. 

m-Hexoylphenols (CouLrTHARD, Mar. 
SHALL, and PyMAN), 284. 

a-n-Hexylallyl alcohol, and its p-nitro 
benzoate (BuRTON), 251. 

cycloHexylideneacetic acid, a-cyano-, 
ethyl ester (HuGH and Kon), 777. 

a-cycloHexylidenepropionic acid, deriy- 
atives of (Kon and THAKUR), 2220, 

cycloHexylsilicon trichloride (VPAtmER 
and Kippine), 1024, 

cycloHexylsiliconic acid (PALMER and 
Kiprine), 1025. 

Hippuryl chloride, p-dichloroarsine 
(GoueH and Kine), 684. 

Hirsutidin chloride, synthesis of (Brap- 
LEY, RosBINsoN, and ScCHWARZEN- 
BACB), 793. 

Histamine, 2-thiol-, and its hydro 
chloride (PyMAn), 98. 

l-Histidine, 2-thiol-, and its salts 
(AsHLEY and HARINGTON), 2586. 

Homoepicamphor, and its semicarbazone 
(QupRatT-I-KHUDA), 206. 

3-Homoveratrylquinoline, 4-chloro-, 
4-chloro-3-6’-bromo-, 4-hydroxy-, and 
4-hydroxy-3-6’-bromo- (CLEMO and 
JOHNSON), 2135. 

3-Homoveratry)quinoline-6’-sulphonic 
acid, 4-hydroxy- (CLemMo and Jony- 
SUN), 2136. 

Humulene nitrosite, photochemical de- 
composition of, by circularly polarised 
light (MIrcHeL1), 1829. 

Hydrazine sulphate, action of with 
cupric chloride (IREDALE and MAt- 
LEN), 395. 

Hydrazinodeoxystrychol, dinitro-, and 
its derivatives (MENON, PERKIN, and 
Rosinson), 841. 

Hydrazinoethylbenzenes, 
(Day), 255. 

Hydrindene, 6-bromo-5-hydroxy-, and 
5:6 dihydroxy- (Mitts and Nrxoy), 
2522. 

Hydroaromatic compounds, conversion 
of, into aromatic compounds (HINKEL 
and Dippy), 1387. 

isoHydrobenzoins, optically active (ReaD 
and CAMPBELL), 2377, 2674, 2682. 

Hydrocarbon, G,,H,,4, aud its oxidation 

products, from syualewe (HEILBRUN 
aud WILKINSON), 2546. 

CygH,,, and its dibromo-derivative, 
from  dichlorodivinylchloroarsiue 
(Ginson and Jomunson), 2785. 


dinitro- 
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Hydrocarbons, ignition of (Lewis), 58, 
41. 


aromatic polycyclic (Cook), 1087. 
olefine, thermal decomposition of 
(WHEELER and Woop), 1819. 
Hydrocarbostyril, 6:8-dinitro- (MENON, 
PERKIN, and Ropinson), 840. 
Hydrochloric acid. See under Chlorine. 
Hydroferrocyanic acid, methyl esters, 
isomeric (GLASSTONE), 321. 
Hydrogen, heat of adsorption of, by 
platinum (MAXTED), 20938. 
co-ordinated, parachor of, in o-sub- 
stituted phenols (Sipewick and 
BAYLIss), 2027. 
photochemical union of chlorine and 
(ALLMAND and BEESLEY), 2693, 
2799. 
catalytic action of, on carbon mon- 
oxide flames (GARNER and HALL), 
2037. 
Hydrogen halides. 
drides. 
peroxide, photolysis of aqueous solu- 
tions of (ALLMAND and Srvy.z), 
596, 606. 
Hydrogen ions, determination of, with 
glass electrodes (HARRISON), 1528. 
Hydrolysis of carboxylic esters (INGOLD), 
1032, 13875 ; (Groocock, INGOoLD, and 
JAcKson), 1039. 
Hydroxy-acids, metallic complexes of 
(E. E. and I. W. Wark), 2474. 
Hydroxyamino-acids (Burcu), 310. 
Hydroxyl groups, aromatic, reactivity 
of (BASSETT), 1313. 


See Halogen hy- 


I. 


Ignition of hydrocarbons (LEwIs), 58, 
2241. 
isolndenoquinolines, synthesis of (CLEMO 
and JOHNSON), 2133. 
Indole series (KeRMACK and SMITH), 
1999. 
Iodine, potentials of, in ethyl and 
methyl alcohols (Kocn), 1551. 
catalysis of the reaction of acetone 
with (Dawson and SpivgEy), 2180. 
Iodine monochloride, stability of hydro- 
chloric acid solutions of (PHILBaICk), 
2254. 
Tons, apparent hydration of (INGHAM), 
542, 
complex, determination of constitution 
and equilibrium constant of, in 
solution (Kocn), 2053. 
Iridium electrodes. See under Elec- 
trodes. 
Iron, effect of pp on electrode potential 
of (McAULAY and WHITE), 194. 
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Iron, corrosion of, in presence of acids 
(Evans), 479. 
in presence of soluble fluorides 
(CHAPMAN), 1546. 
action of chromic acid on (Evans), 479. 
Iron alloys, potential-time curves of 
(BANNISTER and Evans), 1361. 

Ferric chloride, action of, on tolu- 
idines (PATTERSON), 2401. 

Iron pentacarbonyl, occurrence of, in 
coal gas stored under pressure 
(FRIEND and VALLANCE), 718. 

Iron electrodes. See under Electrodes, 
Isatin, 5:7-dinitro- (MENON, PERKIN, 

and Rosinson), 839. 

Isomerism, dynamic (CHAPMAN), 2458 ; 

(CHAPMAN and PErRort), 2462. 


K. 


4-Keto-1-acetyl-3-homoveratry1-1:2:3:4- 
tetrahydroquinoline, and its oxime 
(CLEMO and JoHNSON), 2137, 

4-Keto-1l-acetyl-1:2:3:4-tetrahydroquin- 
oline (CLEMO and JoHNsoN), 2135. 

Keto-acids, synthesis of (Robinson), 
745. 

3-Keto-2-p-aminophenyl-2:3-dihydro- 
thionaphthen 1:1l-dioxide, and its 
acetyl derivative (COHEN and SMILEs), 
412, 

Keto-anils, tautomerism of, and their 
reaction with Grignard reagents 
(SuortT and Watt), 2293. 

8-Keto-1:2-endo-3’-mono- and -3’:5’-di- 
bromo-p tolylimino - 2 : 3 -dihydro-1:2- 
benzisodiazoles, and their oxides 
(CHATTAWaY and ADAMSON), 162. 

a-Ketobutaldehyde, 8-chloro-, phenyl- 
hydrazones of (Cuatraway and Irvy- 
ING), 92. 

8-Ketobutane, a3-diamino-, 
chloride (PyMAN), 99. 

8-Keto-1:2-endo-3’-mono- and -3’:5’-di- 
chloro-p-tolylimino -2: 3 - dihydro-1:2- 
benziscdiazoles, and their. oxides 
(CHATTAWAY and ADAMSON), 850. 

a Keto-trans-decahydronaphthalene-2:2- 
diacetic acid, and its derivatives 
(Rao), 1179. 

3-Keto-2:3-dihydrothionaphthen 1:1-di- 
oxide, derivatives of, and 2-bromo- 
(CoHEN and SMILEs), 406. 

5-Keto-1:3-dimethyl-5:6:7:8-tetrahydro- 
naphthalene, and its semicarbazone 
(HEILBRON and WILKINSON), 2539. 

1-Keto-5:8-dimethyl-1:2:3:4-tetrahydro- 
naphthyl-2-propionic acid, a-7-hydr- 
oxy- (CLEmo, HAworTH, and WAL- 
TON), 1114. 

2-Keto-3:4-dimethyl-1:2:3:4-tetrahydro- 
quinolines (PLANT and RossER), 2452. 


dihydro- 
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a-Keto-8-ethoxybutaldehyde, osazones 
of (CHaTTAWAY and IRVING), 93. 
1-Keto-2-ethyl-1:2-dihydrobenzthiazole, 
and 5-bromo- and 5-nitro-, and their 
derivatives (HUNTER), 145. 
6-Keto-13-ethyloctahydromorphenol 
methyl ether, and its semicarbazone 
(CAHN), 704. 
6-Keto-13-ethyloctahydromorphol 3- 
methyl ether (CAHN), 705. 
trans-4-Keto-A!*-heneicosenoic 
(Rospinson), 750. 
a-Keto-8-methoxybutaldehyde, osazones 
of (CuaTraway and Irvine), 92. 
1-Keto-2-methyl-1:2-dihydrobenzthi- 
azule, bromides of, and 5-bromo- 
(HuNTER), 140, 
1-Keto-2-methyl-1:2-dihydro-a-naphtha- 
thiazole (HUNTER and JoNEs), 948. 
5-Keto-1-methyl-7-ethy1-5:6:7:8-tetra- 
hydronaphthalene (Harvey, HEIL- 
BRON, avd WILKINSON), 427. 
5-Keto-1-methy1-5:6:7:8-tetrahydro- 
naphthalene (HAkvrEY, HEILBRON, 
and WILKINSON), 429. 
4-Ketomyristic acid (Robinson), 747. 
Ketones, sensitive, purification of (Kon), 
1616. 
3-Keto-2-nitrophenyl-2:3-dihydrothio- 
naphthen 1:1-dioxides, and 2-bromo- 
(CoHEN and SmILEs), 412. 
Ketopalmitic acids (RoBINsON), 748. 
3-Keto-2-pheny1-2:3-dihydrothionaphth- 
en 1:1-dioxide, and 2-bromo- (COHEN 
and SMILEs), 410. 
3-Keto-2-p-quino-2:3-dihydrothio- 
naphthen 1:1-dioxide hydroxide, and 
its salts (CoHEN and SMILEs), 414. 
4-Keto-A'*-tetradecenoic acid (RoxBin- 
SON), 749. 
$-Keto-6:3’:6’-triacetoxy-2:2’-di-p- 
methoxypheny]-2:3’-dicoumaranyl 
(BAKER), 1019. 
10-Ketotridecoic acid (Robinson), 750. 
5-Keto-1:3:8-trimethy1-5:6:7:8-tetra- 
hydronaphthalene, and its semicarb- 
azone (HEILBRON and WILKINSON), 
2541. 
y-Ketovaleric acid, ad-diamino-, di- 
hydrochloride (ASHLEY and HarInc- 
TON), 2588. 
4-Keto-3-veratrylidene-1:2:3:4-tetra- 
hydroquinoline, and its l-acety] de- 
rivative (CLEMO and JoHNsON), 2136. 
6-Keto-13-vinylhexahydromorphenol 
methyl ether (CAHN), 704. 


acid 


L. 


Lactal, preparation of, and its hexa- 
acetyl derivative (HAworTH, Hirst, 
PLANT, and REYNOLDs), 2647. 
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Lactones from sugars, comparative rates 
of hydrolysis of (CarTER, Hawortu, 
and Rosinson), 2125. 

a- and 8-Laurins, and their diphenyl- 
urethane (FAIRBOURNE), 380. 

Lead nitrate, photomicrography of mix- 
tures of silver nitrate and (Mapery), 
459. 

Lectures delivered before the Chemical 
Society (FREUNDLICH), 164; (Hanrt- 
LEY), 1937. 

Lenses, floating, angles of (I.yons), 623, 

Lichen acids (KoBERTSON and STEPHEN- 
son), 313. 

Liquids, angles of contact at boundaries 

of (Lyons), 623. 

organic, measurement of dielectric 
constants of (BALL), 570. 

three, distribution apparatus for 
(PHILBRICK), 2256, 

Liversidge Lecture (FREUNDLICH), 164. 

Luteolin 3’-methyl ether, synthesis of 
(Lovecy, Ropinson, and Sucasawa), 
817. 

Lyxofuranose, derivatives of 
Hirst, and Smirn), 658. 


(Bott, 


Magnesium chloride, equilibrium of 
cobalt chloride, water, and (BASsEIT 
and CROUCHER), 1787. 
neodymium nitrate, solubility of, in 
water, nitric acid, and magnesium 
nitrate solutions (FRIEND), 1903. 
Magnesium organic compounds :— 
Magnesium amy! halides, syntheses 
with (Davies, Dixon, and 
JonEs), 468, 1916. 
benzyl chloride, action of chloro- 
dimethyl ether on (BoTTOMLEY, 
LAPWORTH, and WALTon), 2215. 

Magnesium determination :— 

determination of, by the pyrophosphate 
method (MrHoui6), 200. 

Maleic acid, methyl ester, conversion of, 
into methyl fumarate (CLEMO and 
GRAHAM), 215. 

Maleio anhydride, 
(Mason), 700. 

Malonic acid, esters, reactions of form- 
aldehyde with (WELCH), 257. 

r-Mandelic acid, magnesium salt, 
stability of (FINDLAY and CAMPBELL), 
2721. 

l-Mandelic acid, ethyl ester, action of, 
with thionyl chloride in presence of 
pyridine (KENyon, Lirscoms, and 
PHILLIPs), 415. 

Mandeloisonitrile, supposed, true nature 
of (BAKER and New), 1274. 


preparation of 
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Mannononitrile, penta-acetyl derivative 

(DEULOFEU), 2606. 

Mannose dicarbonate (HAWORTH and 

PorTFR), 151. 

Memorial Lecture, Richards (HARTLEY), 

1937. 

|-Menthol, phenyl-substituted esters and 

ethers of (RULE and Barn), 1894. 

Menthone series (READ and STEELE), 

2430 ; (Reap and Srorey), 2761. 

l-Menthyl diphenylmethy] ether (RuLE 

and BAIN), 1899. 

d-ncoMenthylamine hydrobromide(READ 

and STEELE), 2432. 

Menthylamines, optically active (READ 

and SrorEy), 2761. 

condensation of, with oxymethylene 
camphors (READ and STEELE), 
2430. 

neoMenthylaminomethylenecamphors 

(Reap and STEELE), 2432. 

Mercury :— 

Mercurie chloride, equilibrium of 

cobalt chloride, water, and (Bas- 
SETT and CrovucHER), 1787. 

sulphonic iodides, constitution of 
(BALFE, KENYON, and PHILLIPs), 
2554, ’ 

Mercury organic compounds :— 

8 -Mercuri-2-hydroxy-s-methoxybenz- 
aldehyde, 3-chloro- (HENRY and 
Saarp), 2287. 

Mercuriresorcylaldehyde, 3:5-di- 
chloro- (Henry and SHARP), 2283. 

Mercuriisovanillin, bromo- and 
chloro- (HENRY and SHARP), 2284. 

Metals, passivity of (Evans), 478 ; 

(BANNISTER and Evans), 1361; 
(BRITTON and Evans), 1773. 

action of nitric acid on (HEpGEs), 
561. 

Metallic salts, solubilities and equilibria 
of, in acetone (BELL, Rowanp, 
BAMFORD, THOMAS, and JONES), 
1927. 

photomicrography of binary mix- 
tures of (Mapa@IN), 458, 

complex (RILEY), 1642; (MANnN), 
1745. 

uni-univalent, conductivity of, in 
ethyl alcohol (Coptey, doazay- 
Rust, and HarTLEy), 2492. 

Methane, extinction of flames of, by 

_ vapour(COWARD andGLEADALL), 

43, 


Methane, nitro-, latent heat, of evapor- 
— of (Paitie and WATERTON), 
783. 

Methanesulphinic acid, silver salt (IN- 
GOLD and Jessop), 713. 

Methoxide, thallium (Sipcwick and 
Sutton), 1462. 
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3-Methoxyacetophenone, w-4:5-trie 
hydroxy-, triacety] derivative (Brap- 
LEY, Ropinson, and ScHWARZEN- 
BACH), 814. 
2-Methoxybenzaldehyde, 4:6-dihydroxy-, 
diacety! derivative (BRADLEY, RoBIN- 
son, and SCHWARZENBACB), 806. 
4-Methoxybenzaldehyde, 8-bromo-2- 
hydroxy- (Henry and Snarp), 
2286. 
2:5-dihydroxy- (HEAD and RoBeErt- 
sON), 2441. 
2:6-dihydroxy-, 2-benzoyl derivative 
(BRADLEY, RoBINson, and SCHWAR- 
ZENBACH), 804. 
3-Methoxybenzoic acid, disulphide and 
methyl sulphone of, and 4-thiol- 
(Suan), 1298. 
8-Methoxybenzoic acid, 2-chloro- 
(Hoveson and RosENBERG), 17. 
2-Methoxybenzoyl chloride, 3:5-dinitro- 
(ASHLEY, PERKIN, and Rosinson), 
390. 
3-Methoxybenzoyl chloride, 4:5-di- 
hydroxy-, diacetyl derivative (BRAD- 
LEY, Rospinson, and ScHWARZEN- 
BACH), 1814. 
2-4’-Methoxybenzoylbenzoic acid, 2-3’- 
chloro- (HAYASHI), 1523. 
4-Methoxybenzoylpyruvic acid, 2-nitro-, 
and its potassium salt (ASHLEY, 
PERKIN, and Rosrnson), 393. 
p-Methoxybenzylacetoacetic acid, ethyl 
ester (GoopALL and HaworTB), 
2485. 
p-Methoxybenzylacetone, and its deriv- 
atives (GooDALL and Haworrts), 
2485. 
p-Methoxybenzyldimethylamine, and 
its picrate (STEVENS), 2112. 
a-p-Methoxybenzylethyl methyl ketone, 
and fts derivatives (GooDALL and 
HAwortTh), 2485. 
w-m-Methoxybenzylideneacetanilide, w- 
eyano- (IsHAQ and RAy), 2740. 
w-m-Methoxybenzylideneaceto-p-tolu- 
idide, w-cyano- (IsHaq and RAy), 
2740. 
p-Methoxybenzylmethylacetoacetic 
acid, ethyl ester (GoopALL and 
HaworryH), 2485. 
p-Methoxybenzyl methyl ketone, and 
its semicarbazone (GoopaLL and 
HAWORTH), 2486. 
7-Methoxy-1-benzylphthalazine, and its 
pivrate (AGGARWAL, KuHERA, and 
RAy), 2356. 
a-Methoxyisobutyric acid, /-menthyl 
ester (RuLE and HARROWER), 2325. 
Methoxycamphoranilic acids (M. and R. 
SrnGu), 1302. 
Methoxycannabinolactone (CAN), 989. 
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6-Methoxy-o-cresol (Jongs and RoBErRtT- 
son), 1704. 

6-Methoxy-3:5-dimethylbenzaldehyde, 
2-hydroxy- (Boyce, RANKINE, and 
RoBeERTsON), 1217. 

5-4-Methoxy-2:5-dimethylbenzoyl- 
butane-S8y-dicarboxylic acid, an- 
hydride and methyl ester (CLEMO, 
Haworth, and Watron), 1113. 

8-4-Methoxy-2:5-dimethylbenzoylpro- 
pionic acid, and f-bromo-, esters 
(CLEMO, HawonkTH, and WALTON), 
1112. 

a-(8-4-Methoxy-2:5-dimethylphenyl 
ethyl)-«’-methylsuccinic acid (CLEMO, 
Haworrn, and Watton), 1113. 

4-Methoxydimethylphthalide (CAHN), 
991 


6-Methoxy-2:3-dimethylquinoline, 4- 
chloro- and 4-hydroxy-, and its 
hydrate (KerMAck and SMITH), 
2005. 

2-Methoxy-1:2’-dinaphthyl 
(WarREN and SMILEs), 962. 

4-Methoxydiphenyl, bromo-derivatives 
(Bett), 1075. 

3-Methoxy-4:5-diphenylmethylenedi- 
oxybenzoic acid, and its derivatives 
(BraDLky, Rosrnson, and ScHWARZ- 
ENRACH), 813. 

Methoxyethoxybenzaldehydes, 2- 
hydroxy- (Heap and RoBERTSON), 
2188, 2443. 

7-Methoxy-6-ethoxycoumarin 
and RoBERTSON), 2437. 

3-Methoxy-4-ethoxyphenol (HEAD and 
ROBERTSON), 2438. 

4-Methoxy-3-ethoxyphenol, and _ its 
hydrare (Heap and Roperrsoy), 
2443. 

a-Methoxy-a-ethylbutyric acid, /- 
menthy! ester (RULE and HARROWER), 
2326, 

3’-Methoxyflavone, 5:7:4-¢rihydroxy-, 
and its derivatives (Lovecy, RoBin- 
son, and SvGasawa), 821. 

7-Methoxykynurenic acid, 3(or 8)-mono- 
and 3:6:8-tri-nitro- (ASHLEY, Psr- 
KIN, and Rosrnson), 394. 

Methoxymethyl ethers (Cockrer, Lap- 
WorTH, and WALTON), 452. 

15-Methoxy-5-methyl-2:3-benz-y-carb- 
oline (Kermack and SmitTH), 2005. 

4-Methoxy-3-methylbenzophenone-2’- 
carboxylic acid, 2-hydroxy- (JonEs 
and Ropextson), 1704. 

2-Methoxy-4-methylcarbonato-3:6-di- 
methylbenzaldehyde (RoBERTSON and 
STEPHENSON), 319. 

2’-Methoxy--methyldiphenylamine, 
2:4-dinitro- (BRapyY and WALLER), 
1222. 


ether 


(Heap 
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Methoxymethylpyridiniom chloride, 
action of, on hydroxy-compounds 
(Cocker, LApwortH, and WALTon), 
451. 

4’-6’’-Methoxy-2”’-methyl-4’’-quinolyl.- 
aminodiphenylylarsinic acid (SLATER), 
1214. 

6’-Methoxy-2’-methyl-4’-quinolylamino- 
phenylarsinic acids (SLATER), 1211. 

Methoxy-o-nitrobenzaldehyde (AsnLey, 
PeRKIN, and Rosrnson), 395. 

10-Methoxyphenanthraxanthone 
(BAKER), 266 

p-Methoxypheny] isocyanide (HAMMIoK, 
New, Si1p¢wick, and Sutton), 1877. 

p-Methoxyphenylacetonitrile, and its 
acetyl and benzylidene derivatives 
(GoopALL and Haworrn), 2486. 

4-Methoxy-2-phenylacetylbenzaldehyde 
diphenylhy drazone (AGGARWAL, 
KueEra, and RAy), 2356. 

7-Methoxy-3-phenyl-2-(6-amino-3:4-di- 
methoxyphenyl)benzo-y-pyrone, and 
its salts (BAKER), 264. 

7-Methoxy-3-pheny]l-2-0-aminophenyl- 
benzo-y-pyrone (BAKER), 266. 

2-Methoxyphenylarsinic acid, 5-amino., 
avd its derivatives, and 65-nitro- 
(Puiturps), 1915. 

a-4-Methoxyphenyl-n-butyric acid, a-3- 
bromo- (GoopDALL and Hawokrrts), 
2487. 

2-p-Methoxyphenylcoumaranone, 6- 
hydroxy-, acetyl derivative, 4:6-di- 
hydroxy-, and  3:4:4-trihydroxy-, 
acetyl derivative (BAKER), 1018. 

p-Methoxyphenyldi-n-amylphosphine, 
and its salts (JACKSON, DAViEs, and 
JONEs), 2301. 

p-Methoxyphenyldi-n-butylphosphine, 
and itsmethiodide (Jackson, Daviss, 
and JONES), 2301 
p-Methoxyphenyldi-n-propylphosphine, 
and its salts (JACKSON, Davigs, and 
JONEs), 2300. 
a-p-Methoxyphenyl-A--hezxylene 
(Davies, Drxon, and  Jonss), 
470. 
p-Methoxyphenylmethyldi-n-amyl- 
phosphonium chloroplatinate (JAck- 
son, Davies, and JonEs), 2301. 
p-Methoxyphenylmethyldi-n- butyl 
phosphonium chloroplatinate (JAckK- 
son, Davies, and Jons&s), 2301. 
p-Methoxyphenylmethyldi-n-propyl- 
phosphonium iodide(Jackson, DAVIES, 
and JoNEs), 2301. 
7-Methoxy-3-phenyl-2-(6-nitro-3:4-di- 
methoxyphenyl)benzo-y-pyrone 
(BAKER), 263. 
7-Methoxy-2-phenyl-3-o-nitrophenyl- 
benzo-y-pyrone (BAKER), 268, 
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1-Methoxy-3- phenyl-2-o-nitrophenyl- 
benzo-y-pyrone (BAKER), 266. 

p-4-Methoxyphenylpropionitrile (JoHn- 
son and RoBEeRTsvun), 25. 

a-p-Methoxyphenyl-n-propyl methyl 
ketone, and its derivatives (GooDALL 
and HAWoRTs), 2485. 

7-Methoxyquinoline-2-carboxylic acid, 
4-hydroxy- (ASHLEY, PERKIN, and 
Rosinson), 393. 


$-Methoxytoluene, 4-thiol-, and its 
derivatives (SHAH and Bnatt), 
1300. 


6-Methoxytoluene, 2-nitro- (JonEs and 
R BERKSON), 1703. 

6-Methoxy -13-vinyltetrahydromorph- 
enol meth) i ether (CAHN), 704. 

6-Methoxy-m-4-xylenol (Boycz, Ran- 
KInf, and RowErtTson), 1216. 

6-Methoxy-m-4-xylidine, and its acety] 
derivative (Boyce, RANKINE, and 
ROBERTSON), 1216. 

Methyl] alcohol, critical solution temper- 
ature of mixtures of cyclohexane and 
(JoNEs and AMSTELL), 1316, 

conductivity of perchlorates in 
(CopLey and HARTLEY), 2488. 

detection and determination of 
water in (JONES and AMSTELL), 
1316. 

Methyl ether, monochloro-, action of, 
with magnesium benzyl chloride 
(BorromLEy, LapworTH, and 
WALTON), 2215. 

ethyl and isoprepy] ethers, catalytic 
decomposition of (CLusius), 2608. 
iodide, compound from action of 
sodioacetophenone with (RussELL), 
820. 
sulphate, methylation of phenols by 
(Hopeson and Nrxon), 2166. 
2-Methylacenaphthpyridine, preparation 
of cyanine dyes from, and its meth- 
iodide (HaMER), 995. 
Methylacetophenone-2-carboxylic acids, 
aud their methyl esters, and their 
semicarbazones (HEILBRON and WIL- 
KINSON), 2552. 
5-Methylacridine, preparation of cyanine 
dyes from, and its methiodide 
(Hamer), 995. 
> gaa ms acid, a-iodo- (WELCH), 
59 


1-0-Methylesculin, and its dihydrate 
(Heap and Rogertson), 2436. 

l-Methylaminobenzthiazole, 5-chloro-, 
and 5-nitro-, and their acetyl deriv- 
atives (HUNTER and JONES), 2203. 

2-Methylaminodiphenyl, 2-nitroso- 
(BELL), 1077. 

1-Methylamino-5-ethoxybenzthiazole 
(HunTER and JonFs), 2201. 
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Methylaminoethylbenzenes,  dinitro- 
(Day), 255. 

a-Methylamino-a-hydroxyacetamide 
(BALABAN), 273. 

1-Methylamino-5-methylbenzthiazole, 
and its hydrotetrabromide, and 3- 
bromo- (HUNTER and JONEs), 2199. 

3-Methylaminophenylarsinic acid, 4- 
nitro- (PHILLIPS), 2401. 

4-Methylaminophenylstibinic chloride, 
8-nitre- (MORGAN and Cook), 743. 

Methylamy]! alcohol, 8-nitro-8-hydroxy- 
(JoNES and KENNER), 926. 

Methyl-n-amyl-”-nonylearbinol 
(Davies, Dixon, and Jongs), 470. 

Methylaniline, 4-nitro-2-amino-, acetyl 
derivative (PHILLIPS), 1415. 

l(or 4)-Methylanthraquinone, 6-chloro- 
8-hydroxy- (HaYAsuHI), 1527, 

2-Methylanthraquinone, aud 8-chloro-5- 
hydroxy- (Hayasui), 1517. 

2-Methylanthraquinone, 1:3-dichloro- 
(Jonks and RosEertson), 1702. 

1-Methylanthraquinoues, synthesis of 
(FArRBOURNE and Foster), 1275. 

$-Methyl-1:2-benzanthracene (Ooox), 
1098. 

a-2-Methylbenzbisiminazole (Pu1.uirs), 
1415. 

5-Methyl-2:3-benz-y-carboline, and its 
methosu! phate (KERMACK and SmitTn), 
2003. 

Methylbenzildioximes, and their deriv- 
atives (BRapy and MugErs), 220, 1601. 


O-Methyl-a-benzilmonoxime (BRrapy 
and MUERs), 219. 
2-Methylbenziminazole, 5:6-diamino-, 


dihydrochloride and acetyl derivatives 
(PHILLIPs), 1413. 

2 Methylbenziminazolearsinic acid, 
5(or 6)-amino-, and its acetyl deriv- 
ative and 5(or 6)-nitro- (PHILLIPs), 
1414. 

3-Methylbenzophenone-2’-carboxylic 


acid, 2:4-dichloro- (JoNES and 

RosBERTSON), 1702. 
1-Methylbenzoxazole hydrochloride 

-( PHILLIPS), 2587. 
1-Methylbenzoxazoles, amino- and 


nitro-, aud their derivatives (ParL- 
LPs). 2685. 
Methylbenzoxazolones, 
BAN), 2351. 
5-Methylbenzthiazole, 1-amino-, and its 
acetyl derivative (HUNTER and 
JONES), 2197. 
1-chloroe (HUNTER and JonEs), 2206. 
s-5-Methyibenzthiazolylphenylcarb- 
amide (HUNTER and JONEs), 2200. 
1-Methyl-1:2:3-benztriazole, 6-amino- 
and 6-nitro- (Brapy and REYNOLDS), 
2672. 


nitro- (BALA- 
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a-p-Methylbenzylcinnamic acid, and 
its ethyl ester (SHOPPEE), 974. 

Methylbenzyldimethylammonium salts, 
cyano- (STEVENS, SNEDDEN, STILLER, 
and THomson), 2121. 

S-Methy1-s-p-bromodiphenylthiocarb- 
amide (HUNTER and JONES), 2210. 

a-Methylbutyric acid, a-amino-f- 
hydroxy-, and its salts (Burcn), 
$12. 

Methyleampholide (QupRAT-I-KuvUDA), 
212. 


4-Methylcarbonato-3:6-dimethylbenz- 


aldehyde, 2-hydroxy- (KoBERTsON 
and STEPHENSON), 319. 
o-Methyleinnamic acid, ethyl ester 


(Harvey, HEILBRON, and WILKIN- 
80N), 428. 
$’-O-Methyldelphinidin chloride, and 
its 5-O-benzoyl derivative (BRADLEY, 
RoBINsoN, and ScCHWARZENBACB), 
814. 
2-Methyl-1:2-dihydrobenzthiazole, _5- 
bromo-1-nitro-oimino-, 1-imino- and 


1-thiol-, and their derivatives 
(HunTER), 139. 
5-chloro-l-imino-, and  5-nitro-1- 


imino-, and their acetyl derivatives 
(HunTER and JonEs), 2203. 
2-Methyl-1:2-dihydro-a-naphthathi- 
azole, l-imino- and 1-nitrosoimino- 
(HunTER and JonEs), 946. 

Methyl-s-di-8-naphthylthiocarbamide 
(HuNTER and Jongs), 947. 

4’.Methyldiphenyl ethers, bromonitro-, 

4-bromo-2:2’:3’-trinitro-, and 
mono-, di-, trie and tetra-nitro-, 
and their derivatives (Fox and 
TURNER), 1864. 

4-chloro-2- and -2’-nitro- and -2:2’- 
dinitro- and 2-nitro-, 4-sulphonic 
acid (Fox and TurRNER), 1122. 

Methyldiphenylamines, chloronitro- 
hydroxy-, dinitrohydroxy-, and 
trinitrohydroxy- (Brapy and WaAL- 
LER), 1219. 

4-Methyldiphenylarsinic acid, 2’-bromo- 
2-amino- and -2-nitro- (GrBson and 
JOHNSON), 1126. 

6-Methyldiphenylarsinie acid, 2’-bromo- 
2-nitro- (GIBSON and JOHNSON), 
1128, 

2’- and 3’-Methyldipheny1-6-carboxylic 
acids, 2:4-dinitro-, and their ethyl 
esters (LEssLiz and TuRNER), 1758, 
1764. 

w-3:4-Methylenedioxy benzylideneacet- 
anilide, w-cyano-w-6-nitro- ([sHaQ and 
RAy), 2740. 

w-3:4-Methylenedioxybenzylideneaceto- 
p-tolaidide, w-cyano-w-6-nitro- (IsHAQ 
and Ray), 2741. 
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6:7-Methylenedioxy-1-benzylphthal- 


azine, and its diphepyihydrazone 
(AccARWAL, KuERA, and Rfy), 
2355. 


Methyleneformamidine, chloro-(Hinxz, 
and Donn), 1837. 
Methylenecyc/ohexane 

1608. 
apn ne iggy ennen and its semi- 
carbazone (LINSTEAD and Many), 
2069. 
Methylethyl-n-amylearbinol 
Dixon, and Jones), 470. 
y-Methyl-y-ethylaticonic acid, prepar- 
ation of (LINSTEAD and Many), 
2066. 
Methylethylbenz’sccyanine iodide 
(HAmMER), 1002. 
o-Methyl-a-ethylcinnamic acid, ethy| 
ester (HARVEY, HEILBRON, and Wu- 
KINSON), 426. 
1-Methyl-s-ethyl-7:8-dihydronaphth- 
alene (HAkvey, HEILBRON, and 
WILKINSON), 429. 
y-Methyl-y-ethylitaconic acid, prepar- 
ation of (LINSTEAD and Mann), 2066. 
Methylethylmalonic acid, hydroxy., 
ethyl ester, and its phenylcarbamate 
(WELcH), 260. 
Methylethyl-(8-methylbutyl)carbinol 
(Davigs, Dixon, and Jonzgs), 472. 
1-Methyl-7-ethylnaphthalene (CLEMO 
and HawortTa), 2582. 
1-Methylethylnaphthalenes (HaARvEy, 
HEILBRON, and WILKINSON), 428. 
y-Methyl-y-ethylparaconic acids (Lix- 
STEAD and Mann), 2068. 
Methylfurfuraldehyde oxide, formation 
of, in preparation of hydroxymethyl- 
furfuraldehyde (CHANDRASENA), 2035, 
3-O-Methylgallaldehyde, and its 2:4- 
divitropheny] hydrazone (BRADLEY, 
Rospinson, and ScHWARZENBACH), 
811. 
3-O-Methylgallic acid, and its diacetyl 
derivative (BRADLEY, Roprnson, and 
ScHWARZENBACH), 813. 
1-Methylglyoxaline, 4-nitro-5-amino- 
(BALABAN), 272. 
Methylcyc/ohexanespirocyclohexane-3:5- 
diones (Kon and THAKUR), 2228. 
2-Methylcyclohexanespirocyclohexane- 
$:6-dione-6-carboxylic acid, thy! 
ester (Kon and Tuakur), 2227. 
Methylcyclohexanones (VocEL and 
OomMEN), 768. f 
y-Methylhexenoic acids, and _ their 
derivatives (LINSTEAD and Mann), 
2071. 
e-Methyl-A*-hexen-8-one, and its seml- 
carbazone (Ecco1T and LinstTEAD), 
918. 


(LinsTEap), 


(DAvizs, 
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Methyl-A'-cyclohexenylacetic acids, de- 
rivatives of (Kon and Tuakur), 2222. 

4-Methylcyclohexyl iodide (VocrL and 
OomMEN), 771. 

r-Methylcyclohexyl-1-cyanoacetic acids, 
ethyl esters (VOGEL and OOMMEN), 
770. 

Methylcyclohexylideneacetic acids, de- 
rivatives of (Kon and THAKUR), 2222. 


Methylcyclohexylideneacetones, and 
their semicarbazones (Kon and 
THAKUR), 2227. 

Methylcyc/ohexy1-1-malonic acids 


(VooEL and Oommen), 770. 

a-Methylimino-8-anisoylpropionitrile 
(RopINsON and ScHWARZENBACH), 
827. 

1-Methylimino-2-ethyl-1:2-dihydro- 
benzthiazole, 5-amino-, 5-bromo-, and 
§-nitro- (HuNTER), 143. 

a-Methylmannofuranoside, crystalline, 
and its derivatives (HAWORTH and 
Porter), 649; (Haworrn, Hrrst, 
and Wess), 651. 

a- and 8-Methylmannopyranosides, and 
their derivatives (Botr, HaworrTs, 
aud Hirst), 2653. 

y Methylmannoside. See a-Methyl- 
mannofuranoside. 

Methyl 8-methylbutyl ketone semicarb- 
azone (DAvigs, Dixon, and Jonxs), 
471. 

Methyl-(8-methylbutyl)-2-nonylcarb- 
inol (Davies, Dixon, and JONEs), 
472. 

1-Methyl-8-naphthylamino-a-naphtha- 
thiazole (HUNTER and JoNEs), 947. 

9-Methy]-1:2:3:4:5:6:7:8-octahydrocarb- 
azole (PLANT), 1598. 

Methylphenoxazines, mono- and di- 
nitro- (Brapy and WALLER), 1221. 

O Methylphenylglyoxylanilideoximes 
(Brapy and MuERs), 225. 

S-Methyl-s-phenylmethyl-p-bromo- 
phenylthiocarbamide (HuNTER and 
JONEs), 2210. 

4-Methylphthalic anhydride, preparation 
of (HAYASHI), 1515. 

$-Methyl-5-pyrazolone, preparation of 
(AGGARWAL and Ray), 493. 

1-Methylpyridine tetrachloroiodide 
(CHATTAWAY and PARKEs), 1004. 
1-Methylquinoline, and 6-bromo- and 
6-chlora-, tetrachloroiodides (CHATT- 
Away and ParkEs), 1005. 
4-Methylquinoline, 6-amino-2-hydroxy-, 
2-chloro-6-nitro-, and 6-nitro-2-hydr- 
oxy- (BALABAN), 2349. 
4-Methylquinoline-6-arsinic 
hydroxy- (BALABAN), 2350. 

O-Methylrubiadins (Jonzs and Rosert- 

80N), 1705.- 
5 D2 


acid, 2- 
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N-Methylstrychnine efrachloroiodide 
(CHATTAWAY and ParKgs), 1008. 
2-Methylstyryl ethyl ketone, aud its 
semicarbazone (HARVEY, HEILBRON, 
and WILKINSON), 429. 
Methylsulphonyiphenylarsinic 
‘BARBER), 2050. 
4-Methylthiol-3-methoxytoluene (SHAH 
and BuatTr), 1301. 
2-in-Methylthiolpheny]-4:5-dihydrogly- 
oxaline, and its hydriodide (McCLEL- 
LAND and WARREN), 1101. 
Methyltri-x-amylstibonium hydroxide, 
and its salts (DyKE and JoNEs), 1926. 
Methyltri-n-butylstibonium hydroxide, 
and its salts (DyKE and Jongs), 1926. 
Methyltri-n-propylstibonium hydroxide, 
and its salts (Dyke and Jongs), 1924. 
Molybdenum pentachloride, reactions of, 
with organic solvents (WARDLAW 
and Wess), 2100. 

Molybdic acid, physical chemistry of 
(BritTon and GERMAN), 2154. 
Morphine /etrachloroiodide (CHATTAWAY 

and ParKgs), 1004. 
— group, degradation of (Cann), 
02. 


acids 


a-Myristin (FAIRBOURNE), 380. 


2-Naphthaldehyde, 3-chloro- 
SMITH and MAOKIE), 1586. 

Naphthalene derivatives, reactivity of 
halogens in (SHOESMITH and 
MAckIg), 1584. 

alkyl derivatives, synthesis of (HARV- - 
EY, HEILBRON, and WILKINSON), 
423. 
Naphthalene series (GoKuLh 
Mason), 1757. 
p-Naphthaleneazophenyltrimethylam- 
monium chloride, p-a-amino- (ZAKI), 
1080. 
Naphthanilides, 2-hydroxy-, and their 
erivatives (BELL), 1984. 
a-Naphthathiazole, l-amino-, 1-chloro-, 
and l-hydroxy-, and their derivatives 
(HuNTER aud JONES), 942. 
88-Naphthathiazole, 3-bromo-l-amino-, 
and its acetyl derivative (HUNTER 
and JoNnEs), 948. 
B-Naphtha-l-thioquinone (STEVENSON 
and SMILEs), 1740. 

B-Naphthol, compound of benzeneazo- 
B-naphthol with (Hopeson and 
ROSENBERG), 2787. 

1-disulphide and 1-ethylthiocarbonate 
(STEVENSON and SMILEs), 1742, 
8-Naphthol, 1-bromothiol-, and 1-thiol- 
(STEVENSON and SMILEs), 1743. 


(SHOE- 


and 
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iso-B-Naphtho] sulphide (WARREN and 
SMILEs), 1830; (STEVENSON and 
SMILEs), 1745. 
and its derivatives (WARREN and 
SmILEs), 956. 
p-Naphtholazophenyltrimethylammon- 
ium perchlorates (ZAKI), 1080. 

iso-2 Naphtholsulphone dimethyl ether 
(WARREN and SmILks), 1329. 

a-Naphthylamine, methylation of 
(GoKHLE and Mason), 17457. 

1-8-Naphthylaminobenzthiazole (Hun- 
TER and JongEs), 944. 

Naphthylearbinols, chloro- (SHoESMITH 
and MACKIE), 1586. 

8-Naphthylene 1-thiolcarbonate (Srev- 
ENSON and SMILES), 1743. 

B-2-Naphthylglucoside, preparation of 
(RopertTson and WarsErs), 2731. 

1-8. Naphthylimino-2-methy]-1:2-dihy- 
dro-a-naphthathiazole (HUNTER and 
JONES), 947. 

Naphthylmethyl bromides,  chloro- 
(SHORSMITH and MAckKIe), 1585. 

8-Naphthylmethyltbiocarbamides 
(HUNTER and Jongs), 946. 


8-Naphthylthiocarbamide, 1-bromo- 
(HuNTER and Jongs), 948. 
f-Naphthylthiocarbimide, 1-bromo- 


(Hunrer and Jongs), 948. 
Neodymium sulphate, solubility of, in 
water and in sulphuric acid solutions 
(FRIEND), 1633. 
Nickel organic compounds :— 
Nickel carbonyl, vapour pressure of 
(ANDERSON), 1653. 
Nitrates. See under Nitrogen. 
Nitric acid. See under Nitrogen. 
n-Nitriles, fatty, anomalous fifth carbon 
atom in (FULTON and Ler), 1057. 
Nitrites. See under Nitrogen. 
Nitrogen, active (WILLEY), 336, 1146. 
Nitrogen triiodide (CrEmMER and 
Duncan), 2750. 
Nitric acid, action of, on metals 
(HeEpcEs), 561. 
Nitrates, formation of complexes by 
(Battey), 1534. 
Nitrous acid as a nitrating agent 
(Hopcson ard KERSHAW), 277, 
Nitrites, pe ysical constants of solu- 
tions of azides, thiocyanates, and 
(GUNTHER and PerscHKe), 100. 
Nitroso-groups, orientation of (HAMMICK 
and ILLINGWORTH), 2358. 
Nitrosylsulphurie acid, reaction of acid 
chlorides with (DEVERALLand WEss), 
720. 

Nitrous acid. See under Nitrogen. 
Norbarbaloin, ¢ribromo-, and its deriv- 
atives(Ginson and SImonsEn), 560. 

Norephedrines (Hry), 1232. 
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Obituary notices :— 
Frederick William Dootson, 888, 
Henry John Horstman Fenton, 
889. 
Henry Wilson Hake, 894, 
Joseph Achille Le Bel, 2789. 
William Walker James Nicol, 896, 
Samuel Rideal, 898. 
Samuel Barnett Schryver, 901. 
1:3-0-Octa-acetyl-8-diglucosidoxy-2- 


methylanthraquinone (JONES and 
RoBERTSON), 1708. 
Octadecyl allyl and glyceryl ethers 


(Davies, Heitpron, and Owens), 
2546. 

Octahydrocarbazoles, structure of 
(PLANT), 1595. 

Octahydroheptaquinolines, and _ their 
salts and derivatives (PLANT and 
Rosser), 1842. 

A2(or 1)-¢rans-Octahydronaphthalene-2- 
acetic acid, and dibromo- (Kao), 
1180. 

Octammines (Cooper and WarpDLaw), 
1141, 

d-B-Octanol, action of, with thionyl 
chloride, in presence of potassium 
carbonate (KENYON, Lipscoms, and 
PHILLIPs), 423. 

m-Octoic acid, potassium salt, partial 
specific volume of, in aqueous solution 
(Davies and Bury), 2263. 

n-Octoyl-d-isomenthylamine (READ and 
SrorEy), 2765. 

B-Octyl alcohol, pheny]-substituted 
esters and ethers of (RULE and Baty), 
1894. 

sec.-B-Octyl alcohol, action of, on 
methoxymethylpyridinium chloride 
(Cocker, Lapwortu, and WALTON), 
452. 

Olefines, thermal decomposition of 
(WHEELER and Woop), 1819. 

Optical activity, and polarity of sub- 

stituent groups (RULF, THOMPSON, 
and RoBEeRTSON), 1887 ; (RuLE and 
Barn), 1894; (Rute and Har- 
ROWER), 2319. 

inversion, Walden’s (RérpamM), 2017. 

B-Orcinol, derivatives of (RoBERTSON 
and STEPHENSON), 313. 

B-Oreinolearboxylic acid. and its ethyl 
ester (RopeRTSON and STEPHEN£ON), 
317. 

B-Orcylaldehyde (RoBERTSON and STE- 
PHENSON), 316. 

Orientation, rule for (HAMMicK and 
ILLINGWORTH), 2358. 

Oxalic acid, anhydrous, preparation of 
(Jonxson and PARTINGTON), 1510. 
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Oxalic acid, potassium hydrogen salt, 
catalysis of acetone-iodine reaction by 
(Dawson and Smirn), 79. 

Oxidation, low-temperature 
58, 2241. 

Oximes, isomerism of (BRADY and PgA- 

KIN), 226. 
co-ordination compounds of (BRADY 
and Muers), 1599. 

Oxycannabin, constitution of (CAHN), 

986. 


(LEwIs), 


Oxygen, photochemical reaction of, with 
acetaldehyde (BowEN and TiETz2), 
234. 

photochemical reaction of hydrochloric 
acid with (ALLMAND and FRANK- 
LIN), 2073. 
d- and /-Oxymethylenecamphor, 
densation of menthylamines 
(Reap and STEELE), 2430. 


con- 
with 


P. 


Parachor and chemical constitution 
(BuRSTALL and SUGDEN), 229; (Cav- 
ELL and SUGDEN), 2572. 

Paraffins, yolybromo-, action of am- 
monium sulphite with (Pore and 
KippInG), 2591. 

Passivity of metals (EVANs), 
(BANNISTER and Evans), 
(Brirron and Evans), 1773. 

Pellitorine from -Anacyclus pyrethrum 
(GULLAND and Hopton), 6. 

Pentakis-aa’-dipyridyldiargentic per- 
sulphate (MorGAN and BuRSTALL), 
2596. 

cycloPentane series, effect of methyl 
groups on tautomerism of acids aid 
ketones of (Kon and THAKUR), 2217. 

cycloPentanespiro-2-methylcyclvhexane- 
3:5-dione (Kon and THAKUR), 2231. 

Pentan-8-ol, a-chloro-a-nitro-, and a- 
and y-nitro-, and their derivatives 
(Jones and KENNER), 927. 

A}-cycloPentenylmalonic acid, ethy] and 
methyl ethyl esters (HuGh and Kon), 
779. 

Perchlorate ions. Sce under Chlorine. 

a-Phellandrenes, synthesis of (READ 
and Storey), 2770. 

Phenacylbenzyldimethylammonium 
bromide, p-bromo- (STEVENS), 2116. 

Phenacylbenzylmethylamine, and its 
picrate (STEvENs, SNEDDEN, STIL- 
LER, and THomson), 2124. 

Phenacylbenzylpiperidiniam biomide 
(Stevens), 2117. 

Phenacyl-m-bromobenzyldimethyl- 
ammonium bromide (STEVENS), 2113. 


478; 
1361 ; 
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Phenacyl-p- bromobenzyldimethyl- 
ammonium bromide (SrEvENS, SNED- 
DEN, STILLER, and THomson), 2122. 

Phenacyl-o-carbophenacylphenyl- 
suiphone (COHEN and SmiLus), 409. 

Phenacyl-p-methoxybenzyldimethyl- 
ammonium salts (StEVENs), 2112, 

Phenacylmethylethylsulphonium 
bromocamphorsul phonate, cadini- 
iodides, and mercuri-chlorides and. 
iodides (BALFE, Kenyon, and Puit- 
Lips), 2585, 

1-Phenacylmethylethylsulphonium 
iodide, optically active cadmium and 
mercuric iodide compounds of (BALFE, 

KENYON, and PHILLIPS), 2554. 

Phenacyl-p-nitrobenzyldimethyl- 
ammonium bromide (STEVENS, SNFD- 
DEN, STILLER, and Thomson), 2123. 

Phenacyl-a-phenylethyldimethyl- 
ammonium bromide (STEVENS), 2113. 

Phenanthraxanthone, 10-monc- and 
6:7:10-tvi-hydroxy- (BAKER), 265. 

Phenetole, chloronitro- and nitroamino- 
derivatives (Hopeson and Cray), 966. 

Phenol, equilibrium of silver nitrate, 
water, and (BAILEY), 1534. 

Phenol, p-amino-, arsivic acids of (PHIL- 

Lips), 1910. 

3:4- and 5:2-diamino-, 4- and 2-acety! 
derivatives, and their hydrochiorides 
(PHILLIPS), 2689. 

m-bromo-, nitrosation of (Hopcson 
and KERSHAW), 967. 

2:4-dibromo-5-nitro- (HENLEY and 
TURNER), 932. 

3-chloro-, sulphonation of (HopGson 
and KERsHAW), 1419. 

3-chloro- and 3-chloronitro-, sulphon- 
ation and nitration of (HopGson 
and KERSHAW), 2169, 

2:3:4-trichloro-,  3-chloro-2-bromo-, 
8-chloro-2-bromo-4- and -6-nitro-, 
3-chloro-2:4-dibromo-6-nitro-, —3- 
chloro-2-mono- and 2:4-di-icdo- and 
2:3-dichloro-4:6-dibromo- (HODGSON 
and KersHAw), 1421. 

4-fluoro-2:6-dibromo- (HopGson and 
Nixon), 1086. 

8-fluoro-2:4:6-tribromo-, -2:4:6-tri- 
chloro-, -2:4:6-triiodo- and -2:4-di- 
iodo-6-nitro- (Hopason and Nix- 
ON), 1870. 

4-fluoro-2:6-dichloro-, and -2:6-dii. do- 
(Hopeson and Nixon), 1868, 

8-iodo-4-nitroso-, preparation of 
(Hopeson and KexsHaw), 1970. 

m-nitro-, bromination and chlorin- 
ation of (HENLEY and TURNER), 
928. 

2-nitro-5-amino-, and its acetyl deriv- 

atives (PHILLIPs), 1913. 
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Phenols, electrical conductivity of solu- 
tions in (Dotpy and RoBERTSON), 
1711. 

phenol coefficients in homologous 
series of (COULTHARD, MARSHALL, 
and PyMAN), 280. 

reaction of acetyl bromide with, in 
ethyl acetate (BAssETT), 1314. 

methylation of, by methyl s»lphate 
(Hopeson and Nixon), 2166. 

nitrosation of (HopGson and Cray), 
963; (Hopcson and KeErsHAw), 
967, 1969. 

preparation of £glucosides of 
(Robertson and Warsrs), 2729. 

o-substituted, parachor of co-ordinated 
hydrogen in (StipGwicK and Bay- 
Liss), 2027. 

Phenols, o-amino-, migration of acyl 

groups in (BELL), 1981. 

dibromo-, bromoamino-, bromonitro-, 
and chloronitro-, and their p- 
toluenesulphonates (HENLEY and 
TURNER), 937 

chlorobromo-, chlorodibromo-, 
chlorobromonitro-, chlorodibromo- 
nitro-, dichloro-mono- and -di- 
bromo-, dichlorobromonitro-, and 
trichlorobromo-, and their deriv- 
atives (Fox and TuRNER), 1858. 

4-halogeno-2:6-dibromo-, action of 
fuming nitric acid on (Hopcson 
and Nrxon), 1085. 

nitro-, solubilities of, in aqueous ethyl 
alcohol (Durr and Brtus), 1331. 

Phenol-4:6-disulphonic acid, 3-mono- and 
2:3-di-chloro-, 3-chloro-2-bromo-, and 
3-chloro-2-iodo-, barium salts (Hop6G- 
sON and KersHAw), 1423. 

Phenolphthalein, constitution of, and its 
fading in alkaline solution (Lunp), 
1844. 

Phenol-6-sulphonic acid, 3-chloro-, 
2:3:4-trichloro- 8-chloro-2:4-dibromo- 
and -diiodo- and their salts (Hopason 
and KersHaw), 1420. 

Phenolsulphonic acids, chloronitro- and 
chlorodinitro-, potassium salts (Hope- 
son and KersHaw), 2170. 

Phenoxazines, formation of (BRADY and 
WALLER), 1218. 

Phenoxides, colloidal (BAKER), 261. 

Phenoxtellurine, parachor of (BURSTALL 
and SuGpEN), 233. 

Phenyl methyl selenides, m- and p- 

nitro- (BAKER and MorrFitt), 1727. 

thiocyanates, bromo-, chloro-, and 
iodo-, and their nitro-derivatives 
(CHALLENGER, HIGGINBOTTOM, and 
HUNTINGTON), 28. 

Phenylacetamidine, and p-nitro-, 
nitrates (ForsYTH and PyMAN), 399. 
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Phenylacetic acid, /-8-octyl ester (Rutz 
and Barn), 1900. 

Phenylacetonitrile, o-nitro-, preparation 
of (BAKER), 267. 

a-Phenylacetyl-8-benzylhydrazine (Ac. 
GARWAL, KHERA, and RAy), 2356. 

a-Phenylacetyl-8-benzylidenehydrazine 
(AGGARWAL, KueEra, and Ray), 
2356. 

Phenylacetylearbinol, and its derivatives 
(HEy), 1233. 

a-Phenylacetyl-8-4:5-dimethoxybenzyl- 
hydrazine (AGGARWAL, KHERA, and 
RAy), 2355. 

Phenylacetyl-d-isomenthylamine 
(READ and Srorey), 2765. 

@-Phenylacetyl-8-methoxybenzylhydr- 
azines (AGGARWAL, KHERA, and 
Riy), 2356. 

a-Phenylacetyl-8-methoxybenzylidene- 
hydrazines (AGGARWAL, KHERA, and 
Ray), 2356. 

1-Phenylacetyl-3-methyl-5-pyrazolone 
(AGGARWAL and RAy), 493. 

a-Phenylacetyl-8-piperonylidenehydr- 
azine (AGGARWAL, KunERA, and Ry), 
2355. 

a-Phenylacetyl-8-veratrylidenehydr- 
azine (AGGARWAL, KHerA, and RAy), 
2355. 

Phenylalanines, bromohydroxy-, mono- 
hydroxy-, and diiodohydroxy- (Dtck- 
INSON and MARSHALL), 2289, 2291. 

4-Phenyiamino-6-methoxy-2:3-dimethyl- 
quinoline, 4-0-amino-, and its hydro- 
chlorides (KeERMACK and Smith), 
2006. 

4-Phenylamino-6-methoxy-2-methyl- 
quinoline, 4-o-amino-, and its hydro- 
chloride (KermMAcK and Smit), 
2004. 

4-Phenylamino-2-methylquinoline, 4-0- 
amino-, and its hydrochloride (KEr- 
MACK and SMITH), 2003. 

Phenyl-n-amylearbinol( Davies, Dixox, 
and JONES), 470. 

1-Pheny1-4-n-amylcyclohexane-3.5-dione 
(MatTrar, HASTINGS, and WALKER), 
2457. 

1- and 2-Phenylanthracenes (Cook), 
1087. 


Phenylarsenious oxide, 2-chloro- 
sulphonyl derivative (BARBER), 
2051. 


Phenylarsinic acid, 2-amino-, and 2- 
chloro-, sulphony] derivatives (BaR- 
BER), 2052. 

2-iodo-5-amino-, and its acetyl deriv- 
ative (BARBER), 2051. 
Phenylarsinic acids, amino-, reaction of 
carbon disulphide with (EVERETT), 
1691. 
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Phenylarsinic acids, diamino-, nitro- 
amino-, nitrohydroxy-, and their 
acetyl derivatives (PHILLIPS), 1911. 

4- and 6-hydroxy-3-nitro-, preparation 
of (BALABAN), 183. 
nitrothiocyano- and thiocyano- (BaR- 
BER), 2727. 
6-Pheny1l-1:2-benzanthracene 
1092. 
N-Phenylbenzimino-p-chlorophenyl 
ether, N-p-chloro- (CHAPMAN), 2462. 
1-Phenylbenzoxazole, bromo- (HuNTER), 
139. 
1-p-Phenylbenzoy1-2-methylnaphthal- 
ene (Cook), 1092. 
1-Phenylbenzselenazole 
(HUNTER), 139. 
1-Phenylbenzthiazole ¢c(ra- and hexa- 
bromides (HUNTER), 138. 
1-Phenyl-4-benzylcyclohexane-3:5 dione 
(Mattar, Hastincs, and WALKER), 
2458. 
1-Pheny]-4-benzylcyc/ohexane-3:5-dione- 
2-carboxylic acid, ethyl ester (MAT- 
TAR, HAsTINGS, and WALKER), 
2458, 

Phenylboric acid, oxidation and nitration 
of (AINLEY and CHALLENGER), 2171. 
Phenylboric acid, m-nitro- (AINLEY and 

CHALLENGER), 2177. 
Phenyl m-bromostyry] ketone (STEVENS), 
2112. 
1-Phenylcarbamy]-3:4-dimethyl-1:2:3:4- 
tetrahydroquinoline (PLANT and Ros- 
SER), 2449. 
Phenylchloroarsine, 2-chlorosulphonyl 
derivative (BARBER), 2051. 
Phenylchlorohydroxyarsine, 2-chloro- 
sulphony] derivative (Barber), 2051. 
y-Phenyl-a-m-chlorophenylpropyl alco- 
hol, and its bromide (BREWIN and 
TURNER), 503. 
Phenyldiethylsulphonium mercuri-iod- 
ides (BALFE, KENYON, and PHILLIPs), 
2564. 
2-Phenyl-4:5-dihydroglyoxaline _thio- 
cyanates(McCLELLANDand WARREN), 
2692. 
2-Phenyl-4:5-dihydroglyoxalines, 2-m- 
and -p-thiol- (McCLELLAND and 
WARREN), 1101. 
2-Pheny1-4:5-dihydroglyoxalinethio- 
sulphonic acids (MoCLELLAND and 
WARREN), 2692. 
Phenyldihydroresorcinols, nitro- (HINK- 
EL and Dippy), 1387. 
N-Phenyl-aa-dimethylphthalimidine, 4- 
hydroxy-, and its acetyl derivative 
(Cann), 991. 
Phenyldimethylselenonium picrate, and 
es and p-nitro- (BAKER and MorFit7), 
1725. 


(Cook), 


tetrabromide 
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Phenyldimethylsulphonium picrate, and 
m- and p-nitro- (BAKER and Morrir'), 
1725. 

9-Phenyl-2:7-dimethylxanthhydrol, and 
its salts (REILLY and Drumm), 456. 

8-m-Phenylenediglucoside 0-octa-acetyl 
derivative (ROBERTSON and WATERs), 
2731. 

a-Phenylethyl alcohol, 8-nitro-, pheny]- 
hydrazone (JONES and KENNER), 
927. 

w-a-Phenylethylacetophenone, w-bromo- 
(STEVENS), 2114. 

B-Phenylethylamine, 8-hydroxy-, and its 
derivatives (READ and CAMPBELL), 
2682. 

di-B-Phenylethylamino-d-methylene- 
camphor, A-hydroxy- (READ and 
CAMPBELL), 2683. 

a-Phenylethyldimethylamine, and _ its 
picrate (STEVENS), 2113, 

1-Phenyl-4-ethylcyclohexane-3:5-dione 
(MatTAR, HASTINGS, and WALKER), 
2456. 

B-Phenyl-a-ethyl-Af-pentenoic acid, a- 
cyano-, ethyl ester (HuGH and Kon), 
780. 

B-Phenyl-a-ethyl-A-pentenonitrile 
(HuGH and Kon), 781. 

d-B8-Phenylethyltrimethylammonium 
iodide, B-bydroxy- (READ and Camp- 
BELL), 2684. 

9-Pheny1-9-fluorenyl-p-tolylsulphone 
(INGOLD and Jessop), 711. 

B-Phenylglucoside, preparation of 
(ROBERTSON and WATERS), 2730. 

N-Phenylg!ycineamide-m-stibinic acid, 
and its sodium salt (MorGAN and 
Cook), 740. 

N-Phenylglycinemethylamide-m-stib- 
inic acid, sodium salt (MorGAN and 
Cook), 744. 

1-Phenylglyoxaline, and 1-p-nitro-, and 
their salts (ForsyrH and PyMay), 
402. 

1-Phenyl-A**-cyclohexadienes, 3:5-di- 
chloro-1-nitro- (HINKEL and Dippy), 
1389. 

1-Phenylcyclohexane-3:5-dione, 1-alkyl 
derivatives of (MatrEeR, HASTINGS, 
and WALKER), 2455. 

Phenyl isohexy!] ketone (LAPWORTH and 
MANSKE), 1976. 

1-Phenylimino-2-methyl-1:2-dihydro- 
benzthiazole picrate (HUNTER and 
JONES), 2204. 

2-Pheny]-1-p-methoxyphenyl-5-benzyl- 
1:3:4-triazole (BHAGAT and RAy), 
2358. 

1-Phenylmethylaminobenzthiazole, and 
4’-bromo-, and their picrates (HUNTER 
and JoNEs), 2205. 
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Phenylmethyl-x-amylearbinol (DAvikgs, 
Drxon, and Jongs), 471. 

s-Phenylmethyl-p-bromophenylthio- 
carbamide (HUNTER and Jongs), 2211. 


y-Phenyl-8-methyl-Ac-butenoic acid, 
a-cyano-, ethyl ester (HucH and 
Kon), 781. 

Phenyl-(8-methylbutyl)carbinol (Da- 


vies, Drxon, and JoNngEs), 472. 

Phenyl §-methylbutyl ketone, and its 
semicarbazone (DAviEs, Dixon, and 
JONES), 472. 

Phenylmethylearbinols, optically active, 
preparation of (Houssa and KENnyon), 
22460. 

y-Pheny1-8-methyl-a-ethyl-A4-butenoic 
acid, a-cyano-, ethyl ester (HuGH and 
Kow), 781, 

7-Phenyl-8-methyl-a-ethyl-Ac-buteno- 
nitrile (HuGH and Kon), 781. 

2-Pheny1-1-methylglyoxaline 
(Forsyru and PyMAN), 398. 

1-Pheny]-4-methylcyclohexane-3:5-dione 
(Marrar, HAsiINGs, and WALKER), 
2456. 

1-Phenyl-4-methylcyc/ohexane-3:5-di- 
one-2-carboxylic acid, ethyl ester 
(Matrar, Hastines, and WALKER), 
2456. 

8-Phenyl-3-methyl-A8-hexylene (Da- 
vies, Dixon, and Jongs), 473. 

4-(8-Phenyl-8-methylhydrazino)-2- 
methylquinoline (KERMACK 
SMITH), 2007. 

Phenylmethyl-(8-methylbutyl)carbinol 
(Davies, Dixon, and JonEs), 473. 

y Phenyl-a-methylpropyldimethylars- 
ine, and its methiodide (BREWIN and 
TURNER), 503. 

s-Phenylmethylthiocarbamide, 8-p- 
chloro- (HUNTER and JONEs), 2203. 

1-Pheny1-3-methylthionaphthapyrazole 
5:5-dioxide (COHEN and SMILEs), 411. 

Phenylnitroamine, 2:4:6-trinitro-(JONES 
and WILLSON), 2277. 

Phenyl-o-nitrobenzyl ketone, 
hydroxv- (BAKER), 267. 

2-Phenyl-3-0-nitrophenylbenzo-y:pyr- 
one, 7-hydroxy- (BAKER), 267. 

3-Pheny]-2-0-nitrophenylbenzo-y- 
pyrone, 7-hydroxy- (BAKER), 265. 

\-Phenylphthalimide, p-bromo- (HEN- 
LEY and TURNER), 936. 

4-Phenylpiperidine, and _ nitro-deriv- 
atives, salts of (foRSYTH and PyMAN), 
401. 

1-Phenylpiperidines, 2’- and 4’-nitro-, 
nitration of, and their ferrichlorides 
(Le Fivre), 147. 

8-Phenylpropionic acid, 8-p-amino-, 
acetyl derivative, hydrate of (Suor- 
PEE), 985. 


nitrate 


and 


2:4-di- 


INDEX OF 
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dl.8-Phenylisopropylamine, and its 
derivatives (Hey), 18. 

1-Phenyl]-4-n-propylcyc/ohexane-3:5- 
dione (Marrar, HAsrINGs, 
WALKER), 2457. 

2-Phenylquinoline, and its methosalts, 
and 2-nitro-derivatives (LE Fiver 
and MATHUR), 2236. 

Phenylstibinic acid, 3-amino-4-hydr. 
oxy-, 3-acetyl derivative (BALABAN), 
1685. 

Phenyltetramethylenesulphonium 
bromoaurate (BENNETT and Mossgs), 
2369. 

Phenylthiolurethane, y-bromo- (Hunr- 
ER), 137. 

Pheny|-p-toluenesulphonimidosulphine- 
p-toluenesulphonylimine, and its 
derivatives (CLARKE, KENYON, and 
PHILLIPS), 1225. 

2-Phenyl-1-m-tolyl-5-benzyl-1:3:4-tri- 
azole (BHAGAT and RAy), 2358. 

s-Phenyl-p-tolylthiocarbamide, 8-p- 
bromo- and s-p-nitro- (HUNTER and 
JONES), 2208. 

Phenyltrimethylammonium mercurifri- 

iodide (CAVELL and SuGcpDEN), 2578. 

methosulphate, and p-amino- and p- 
nitro-, and their derivatives (ZAx1), 
1078. 

Phloridzin, constitution of (JoHNson 
and RoBertson), 21, 

Phosphorus organic compounds :— 
Phosphoric acid, trialkyl esters 

(Evans, Davies, and JONgs), 
1310. 

Photomicrography of two-component 
salt mixtures (MADGIN), 458. 

isoPhthalamic acid 6-arsinic acid, and 
its acid ammonium salt (GoucH and 
Krne), 690. 

isoPhthalamide, 4-chloro- (Govan and 
Kine), 690. 

Phthalazines (AGGARWAL, KuHERA, and 
RAy), 2354. 

isoPhthalic acid 4-arsine tetrachloride, 
‘methyl! ester (GoucH and Kine), 692. 

isoPhthalic acid-4-arsinic acid, prepar- 
ation of, and its methyl ester (GouGH 
and Kine), 689. 

isoPhthalic acid-4-arsinous acid, methy] 
ester (GoucH and KING), 691. 

Phthalide, 3-chloro-a-hydroxy- (LEVY 
and STEPHEN), 2788. 

Picric acid, decamminotricupric salt 
(Kino), 2312. 

4-Piperazino-6-methoxy-2-methyl- 
quinoline, and its acetyl derivative 
(KERMACK and Smirn), 1359. 

4-Piperazino-2-methylquinoline, and 
its acetyl derivative (KERMACK and 
SMITH), 1358. 


and 
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Piperidine, scission of diary] ethers by 
means of (HENLEY and TURNER), 
928 ; (Fox and TuRNER), 1115, 1853. 

w-Piperidino-w-benzylacetophenone 
(STEVENS), 2117. 

4’-Piperidinodiphenyl, 4-fluoro-2:3’-di- 
nitro- (LE Fivre and TuRNER), 
1162. 

4-Piperidino-6-methoxy-2-methylquino- 
line, and its salts (KermMACK and 
SmiruH), 1358. 

4-Piperidino-2-methylquinoline, and its 
salts (KERMACK and STs), 1357. 

4-Piperidinophenylstibinic acid, 3- 
amino- and 3-nitro-, and their salts 
(MorGAN and Cook), 741. 

Piperitols, synthesis of (Reap and 
SrorEy), 2770. 

Piperitone (Reap and Storey), 2770. 

Piperitylamines, synthesis of, and their 
derivatives (READ and Storey), 2770. 

dl-Piperityltrimethylammonium iodide 
(Reap and Srorey), 2778. 


w-Piperonylideneacetanilide, w-cyano- 
(IsHAQ and Ray), 2740. 
Piperonylideneangustione (GIBSON, 


PENFOLD, and SIMONSEN), 1193. 

Piperonylidenehydroangustione (GIB- 
son, PENFOLD, and SIMONSEN), 1199. 

Platinum, heat of adsorption of hydro- 

gen by. and their isotherms (Max- 
TED), 2093. 
colloidal (PENNYcUICK), 1447. 

Platinum compounds, co-ordination, 
isomerism of (ANGELL, Drew, and 
WARDLAW), 319. 

Platinum organic compounds :— 
Platinumbisdiethyisulphonium hydr- 

oxide, and its salts (ANGELL, Drew, 
and WARDLAW), 360. 

Polarisation, electrolytic (GLASsTONE), 
1237, 

Polarity and optical activity of substitu- 
ent groups (RULE, THOMPSON, and 
RoBERTSON), 1887 ; (RULE and Barn), 
1894: (Rue and HARROWER), 2319. 

Polymorphism (Dippy and Hart- 
SHORN«), 725. 

Pro-knock reagents (LEWwIs), 2250. 

Propan-A-ol, rvvvy-trichloro-a-nitro-, 
phenylhydrazone (JonEs and KEN- 
NER), 927. 


4-Propionyl-m-cresol oxime (CouLT- 
HARD, MARSHALL, and PyMAy), 
2838. 


Propionylguaiacols, and their deriv- 
atives (COULTHARD, MARSHALL, and 
Pyman), 290. 

Propionyl-d-neoisomenthylamine (READ 
aud StorEy), 2765. 

Propiophenone, oximino-, complex com- 
pounds of (HEy), 20. 
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Propiophenones, amino-, bromo-, di- 
bromo-, and their derivatives. (ELSON, 
Gipson, and Jonnson), 1132. 

isoPropyl alcohol, nitro-, derivatives of 
(JonEs and KENNER), 926. 

a-Propyl glyceryl ether, and its di- 
phenylurethane (DAvizs, HEILBRON, 
and Owens). 2544, 

n-Propyl-o-aminophenyl ketazine (EL- 
son, Gipson, and JOHNSON), 1135. 


n-Propylbenzene, p-amino-, and its 
derivatives (HICKINBOTTOM and 
Walne), 1563. 

5-n-Propyldihydroresorcinol (EccoTr 


and LINsTEAD), 915. 
isoPropyl-ay-dimethylisopropylmalonic 
acid, ethy] esters (MARSHALL), 2760. 
p-n-Propyldiphenylthiocarbamide 
(HicktnpottTom and WaINg), 1563. 
Propylene, thermal decomposition of 
(WHEELER and Woop), 1823. 
uniform movement of flame in mix- 
tures of air and (GroRG#soN and 
HARTWELL), 733. 
isoPulegone, purification of (Kon), 
7. 


Pyridine, compounds of arsenic tri- 
chloride with (Gibson, JoHNsoN, 
and VINING), 1710. 

compound of stannic iodide with 
(CoopER and WARDLAW), 1144. 

Pyridine series, reactivity of halogen 
atoms in compounds of (BLoop and 
Suaw), 504. 

Pyridinodiethylgold bromide (GiBson 
aud SIMONSEN), 2535. 

Pyroterebyl anilide (Eccotr and Lin- 
STEAD), 918. 

Pyrylium salts, synthesis of (BRADLEY, 
Rosinson, and ScHWARZENBACH), 
793. 


Q. 


Quinine, dissociation constant of (Pri- 
DEAUX and WINFIELD), 1587. 
tetrachloroiodide (CHATTAWAY and 
PARKES) 1003. 
Quinoline, arsenic compounds of 
(SLATER), 1209. 
compound of stannic iodide with 
(Cooper and WARDLAW), 1145. 

Quinoline, 2:4-dihydroxy-, dinitrodi- 
hydroxy- and 3:6:8-trinitro-2:4-di- 
hydroxy-, and their derivatives 
(AsHLEY, PeRKIN, and Rosinson), 
388. 

Quinolsulphonic acids, mono- and di- 
chloro-, barium salts (DopGson), 
2501. 

Quinolylstibinic acids, and their salts 
(Morcan and Cook), 744. 
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R. 


Reactions, elimination, influence of 
poles and polar linkings on (FENTON 
and INGcoLp), 705; (INGOLD and 
Jessop), 708, 713. 

chemical inhibition of 
104, 

Reactivity of adjacent atoms or groups, 
iafluence of sulphur atom on (BEN- 
NETT and MossEs), 2364. 

Resorcinol monoethy] ether, nitrosation 

of (HopGson and Cuay), 963. 
diethyl ether, action of nitrous acid 
on (Hopeson and Cuay), 1872. 


(BAILEY), 


Resorcylaldehyde, 3:5-dibromo-, and 
8:5-diiodo- (HENRY and SHARP), 
2283. 


Bhizonaldehyde, and its acetyl derivative 
(RoBERTSON and STEPHENSON), 318. 
Richards Memorial Lecture (HARTLEY), 
1937. 

Rings, strainless (Rao), 1162. 

Rubiadin, and its glucoside, syntheses 
of, and their derivatives (JonEs and 
ROBERTSON), 1699. 


Salicylaldehyde, 6-nitro- (ASHLEY, 
PERKIN, and Rosinson), 394. 

Salicylic acid, 5-nitro-, preparation of, 
(Gove and Kine), 686. 

Salicylic acid-5-arsinic acid, and its 
methyl ester (Goven and Kine), 
686. 

Salicylic acid-5-arsinous acid (GoucH 
and KING), 687. 

Salicylic acid-5-dichloroarsine, and its 
methyl ester and amide (Goven and 
Kino), 687. 

Salts. See Metallic salts. 

Salt hydrates, dissociation pressures of 
(PARTINGTON and WIN1ERTON), 635. 

Santonin, constitution of (ULEMo, 
HaworTH, and WALTON), 1110; 
(CLEMO and HAworTH), 2579. 

desmotropoSantonins (CLEMO, Ha- 
WORTH, and WALTon), 1115. 

Scutellarein tetramethy! ether, synthesis 
of (ROBINSON and SCHWARZENBACH), 
822. 

Selacyl alcohol, structure of (DAvizs, 
HEILBRON, and Owens), 2542. 

Selenium organic compounds, hetero- 
cyclic (MorGAN and BuRsTALtL), 
1497. 

Selenonium salts, nitration of (BAKER 
and Morrirr), 1722. 

cycloSelenipropane 1:l-diiodide (Mor- 
GAN and BursTALL), 1499. 
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cycloSelenopropane, and its derivatives 
(MorGAN and BurstTA.t), 1497. 

Silica gel, adsorption by (JoNEs and 
OvuTKIDGE), 1574. 

Silicon dioxide, action of aqueous 
hydrofluoric acid on (PaLmen), 
1656. 

Silicon organic compounds (PALME 
and KrppiInGc), 1020; (KipPPIne and 
SHort), 1029. 

Silver halides, solubility of, in ethyl 
and methyl alcohols (Kocw), 1551, 

iodide, solubility of, in acetone 
solutions of alkali iodides (Kocn), 
2385. 

nitrate, density and viscosity of satur- 

ated solutions of, in nitric acid 
(INGHAM), 542. 
equilibrium of phenol, water, and 
(BAILEY), 1534. 
photomicrography of mixtures of 
lead nitrate and (Manern), 458. 
vanadates (BRITTON and RosInsoy), 
2328. 

Silver organic compounds, complex 
(MorGAN and BursTALL), 2594. 

Silver ions, complex, determination of 
constitution and equilibrium constant 
of (Koc), 2053. 

Sinactine, constitution of (Goro and 
KITASATO), 1234. 

Sinomenium acutum, sinactine from 
(Goro and KirasaTo), 1234. 

Sodamide, action of, with alkyl iodides 
and acetophenone (RussELL), 320. 

Sodium :— 

Disodium hydrogen arsenate and 
phosphate hydrates, dissociation 
pressures of (PARTINGTON and WIy- 
TERTON), 636. 

Sodium nitrate, equilibrium of ammon- 
ium nitrate, urea, and (HOWELLs), 
2010. 

polysulphides (PEARSON and Rosin- 
son), 1473. 

Solubility, apparatus for determination 
of (CAMPBELL), 179. 

Squalene, .naphthalene hydrocarbon 
from (HEILBRON and WILKINSON), 
2546. 

— and Stannous salts. See under 
in. 

Stereoisomerism in polycyclic systems 

(PLANT and Rosser), 1840. 

Sterol group (SPRING), 2664. 

Stibinic acids, aromatic, containing 
phenyland quinoly] radicals (MoRGAN 
and Cook), 737. 

Stilbazole, bromo- and chloro- (BLooD 
and SHAw), 505. 

2-Stilbazole halides (BLoop and SHaw), 
505. 
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Strychnine (ASHLEY, PERKIN, and Ros- 
InsoN), 832; (MENON, PERKIN, 
and Rosinson), 830; (AcHMA- 
ToWIcz, FAWCETT, PERKIN, and 
Rosrnson), 1769. 

tetrachloroiodide (CHATTAWAY and 
PaRKEs), 1004. 

Strychol, di- and éri-nitro-, and their 
isomerides (ASHLEY, PERKIN, and 
RoBINnson), 382. 

Strycholearboxylic acid,  dinitro-, 
degradation of, and its constitution 
(MENON, PERKIN, and RosBrnson), 830. 

Strychylurethane, dinitro- (MENON, 
PERKIN, and Rosrnson), 838. 

Substance, C,H,.03, from dehydro- 
angustione and potassium hypo- 
bromite (Gipson, PENFOLD, and 
SimonsEnN), 1200. 

C,,H,S,A8,, from 2-sulphinophenyl- 
arsenious oxide, hypophosphorous 
acid, acetic acid, and potassium 
iodide (BARBER), 2729. 

CogH 3.0, from 1:1:3-trimethyl-A?- 
cyclohexene-4:6-dione and piperonal 
(Gipson, PENFOLD, and SiMONSEN), 
1194. 

CygH5.9,, from 1:1:3-trimethyleyclo- 
hexane-4:6-dione and _ piperonal 
(GiBsON, PENFOLD, and SIMONSEN), 
1196. 

Substitution, aromatic, studies in (Honc- 

son and Nrxon), 1868, 1870. 
directive influence of y-basic systems 

in (BAKER and INGoLD), 431. 
influence of stereochemistry on 

(Mitts and Nrxon), 2510. 

Succinie acid, bromination of (HUGHES 
and Watson), 1733. 

Sugars, stereoisomerism in (Bort, 

HawortH, and Hirst), 1395. 

degradation of (DEULOFEU), 2602. 

carbonates of (HAWORTH and PoRTER), 
151 

optical rotation of methylated lactones 
from (Hawortu, Hirst, and 
SMITH), 2659. 

comparative rates of hydrolysis of 
lactones from (CARTER, HAWORTH, 
and Ropirnson), 2125. 

2-Sulphinophenylarsenious oxide, and 

its silver salt (BARBER), 2052. 

Sulphoacetic acid, /-menthyl ester, 
sodium derivative (RULE, THOMPSON, 
and RoBerTson), 1892. 

2-Sulpho-5-aminophenylarsinic acid 

(BarsrR), 2051. 

2-8ulphoanilidophenylarsenious 

(BARBER), 2052. 

2-Sulphoanilidophenylthioarsenious 
acid, di(carbamidomethyl) ester 

(BarBER), 2052. 


oxide 
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2-Sulphobenziminazole-5-arsinic acid 
(EVERETT), 2405. 
4-Sulpho-3-hydroxybenzoic acid, and its 
salts (SHAH), 1293. 
Sulphohydroxyphenylarsinic 
(BARBER), 2050. 
4-Sulpho-3-methoxybenzoic acid, and its 
salts (SHAN), 1296, 
Sulphonamides, experiments 
(BELL), 1071. 
2-Sulphonanilidophenylarsinic acid 
(BARBER), 2052. 
2-Sulphonanilidophenyldiiodoarsine 
(BARBER), 2052. 
Sulphones, degradation of (FENTON and 
me 705; (INcoLp and JzEssop), 
08. 

Sulphonium mercuri-iodides, constitu- 
tion of (CAVELL and SvGpEn), 
2572. 

salts, aromatic, nitration of (BAKER 
and Morritt), 1722. 
4-Sulphonyl-3-methoxybenzoic acid, 4- 
amino- and 4-chloro-, and their de:iv- 
atives (SHAH), 1297. 
Sulphophenylarsinic acids (BARBER), 
2049. 


acids 


with 


p-Sulphophenylarsinous acid (GovcH 
and Kine), 693. 
Sulphur, inner equilibrium in (HaAm- 
MICK and ZVEGINTZOV), 273. 
atoms, influence of, on reactivity of 
adjacent atoms on grouys (BENNETT 
and MossEs), 2364. 
inhibition of atmospheric oxidation of 
benzaldehyde by (BAILEY), 104. 
Sulphur chlorides, properties of (Lowry 
and JEssop), 1005. 
dielectric constants of (Lowry and 
JESSOP), 782. 

Thionyl chloride, replacement of 
hydroxyl by chlorine by means of 
(Kenyon, Lipscoms, and P#ILLips), 
415, 

Sulphur dioxide, reduction of substituted 

p-benzoquinones by (DonGson), 2498. 

Surface reactions, chemical equilibrium 

in (FREUNDLICA), 164. 

Systems, polycyclic, stereoisomerism in 

(PLANT and Rosser), 1840. 


T. 


Tantalum, a‘omic weight of (Krisu- 
NASWAMI), 1277. 
Tautomerism, chemistry of (HuGH and 
Kon), 775. 
keto-lactol (QuDRAT-I-KHUDA), 206. 
mobile-anion (BuRTON), 248. 
three-carbon (Kon and THAKUR), 
2217. 
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Tautomerism, three-carbon, effect of 
y-alkyl groups on (LINSTEAD and 
Many), 2064. 

prototropic (SHOPPER), 968. 
spontaneous, of olefinic acids near the 
boiling point (LINSTEAD), 1603. 

Tellurium, and its compounds, parachors 
of (BuRSTALL and SuGpEN), 229. 

w:3:4:5-Tetra-acetoxyacetophenone 
(BraDLeEy, Ropinson, and ScHWARz- 
ENBACH), 797. 

1:2:3:4-Tetra-acetyl 8-d-glucose, con- 
version of, into 2:3:4:6-tetra-acety] B- 
methylglucoside (HAwortH, Hrrst, 
and TEEcE), 1405. 

2:3:4.6-Tetra-acetyl S-methylglucoside, 
formation of, from 1:2:3:4-tetra-acety] 
B-d-glucose (HAworTH, Hirst, and 
TEEcE), 1405. 

Tetra-acetyl methylrhamnoside, new 
form of (Bort, Haworrs, and Hirst), 
1395. 

Tetraethylammonium iodide, electrical 
conductivity of solutions of, in benzo- 
nitrile (MARTIN), 530. 

1-Tetrahydrocpiberberine. See 
actine 

7:8:9:10-Tetrahydroheptaquinoline, re- 
duction of (PLanr and Rosser), 
1840. 

Tetrahydropellitorine (GULLAND and 
Hopton), 11. 

Tetrahydropyran, 4-cyano- (Grsson and 
JOHNSON), 2529. 

Tetrahydropyran-4-carboxylic acid, 
and 4-cyano-, and their derivatives 
(Gipson and Jounson), 2527. 

1:2:3:4-Tetrahydroquinolines, = substi- 
tuted, stereoisomerism in (PLANT and 
RossEr), 2444. 

Tetrahydrosantonin (CLEMo and Haw- 
oRTH), 25>0. 

2:3:4:6-Tetramethoxyacetophenone, 
oxime of (Kuropa), 767. 

6:7:3’:4’-Tetramethoxy-1-benzy!phthal- 
azine, and its picrate (AGGARWAL, 
KueEra, and RAy), 2356. 

5:6:7:4’-Tetramethoxy-4-carboxy- 
flavylium derivatives (RoBiNson and 
ScHWARZENBACB), 826. 

3:7-3':4’-Tetramethoxy-5:8-dimethyl- 
flavylium ferrichloride (ROBERTSON 
and STEPHENSON), 318. 

NODS ere a picrate, 
4-amino- (ROBINSON and SCHWARZEN- 
BACH), 829. 

Tetramethyl mannofaranose (HAWORTH, 
Hirst, and Wess), 657. 

Tetramethyl a-methylmannofuranoside 
(Haworts, Hirst, aud Wess), 656. 

Tetramethyl 8-methylmannopyranoside 

(Bott, HawortnH, and Hirst), 2656. 


Sin- 
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1:2:4:6-Tetramethylpyridine tet achloro. 
iodide (CHaTTAWAYand PARKES),1005, 

Tetraphenylsilicane, preparation of 
(Krpprne and SHorrt), 1029. 

Tetrapyridinocupric iodide (Kine), 2314, 

Thallium :— 

Thallous chloride, activity coefficient 

of (BLAYDEN and Daviess), 949. 
iodide, calculation of activity co- 
efficient from solubility of 
(Daviess), 2410. 
Thallium organic compounds 
ZIgSs), 1571. 

constitution of (SipewicK and Sut- 
TON), 1461. 

Thermostat, electrically-controlled 
(CRANSTON), 1458. 

Thiocyanates, physical constants of 
solutions of azides, nitrites, and 
(GUNTHER and PERSCHKE), 100. 

Thiocyanic acid, ammonium salt, de- 

velopment of colour by photo- 
chemical change in solutions of 
(SHARMA), 308. 

sodium salt, solubility of, in alcohol 
(PARTINGTON), 181. 

aromatic esters, nitration of (CHAL- 
LENGER, HIGGINBOTTOM, and Hun- 
TINGTON), 26. 

Thionaphthindole dioxide (ConEN and 
SMILEs), 412. 

Thioayl chloride. See under Sulphur. 

Thiosulphonic acids, aromatic, formation 
of, from disulphides (McCLELLAND 
and WARREN), 2690. 

Tin bases (tin ammines) (CoorEer and 

WaRDLAW), 1141. 

Stannic iodide, compounds of, with 
organic bases (COupER and Warp- 
LAW), 1144. 

Stannous chloride, anhydrous, pre- 
paration of (STEPHEN), 2786. 

Toluene nucleus, m-substitution in 
(SuoxsMITH and McGEcHEN), 2231. 

Toluene, 3-bromo-4:6-dinitro (Brapy 

and WALLER), 1221. 

2:3-dinitro-, action of precipitated 
mercuric oxide on suspensious of, 
in sodium hydroxide (HopGson and 
Sm1tH), 2035. 

6-p-Tolueneazo-5-hydroxyhydrindene 

(Mints and Nixon), 2520 

p-Tolueneazo-m-nitrophenylchloro- 
bromomethane, 3:5-dibromo- (CHATT- 

AWAY and Anamson), 849. 

p-Tolueneazonitrophenyldichloro- 
methanes, 3:5-dichloro- (CHaATTAWAY 

and ApAMson), 847. 

di-p-Toluenesulphinie acid, /-phenyl- 
methylearbinyl ester, conversion of, 
into dl-p-tolyl-a-phenylethylsul phone 

(KENYON and PHILLIPS), 1676. 


(Men- 
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INDEX OF 
g- and 4-p-Toluenesulphonamidodi- 
phenyl, bromo-derivatives (BELL), 
1076. 


p-Toluenesulphonanilide, 2-hydroxy.-, 
derivatives of (BELL), 1986. 
p-Toluenesulphondimethylamide 
(CLARKE, Kenyon, and PHILLIPS), 
1229. 
p-Toluenesulphonic acid, 3-aminopheny]l, 
chloro-2-aminophenyl, and 3-nitro- 
phenyl esters, and their derivatives 
(BELL), 1983. 
substituted phenyl esters and o0- 
amino-, 2:4-dibromo-5-aminophenyl 
ester, o-bromo-, tribromophenyl 
ester and o-nitro-, 2:4-dibromo-5- 
nitrophenyl ester (HENLEY and 
TuRNER), 932. 
p-Toluenesulphon-7’-nitroacetanilide 
(BELL), 1077. 
p-Toluenesulphonylisobutylamide (GuL- 
LAND and Hopton), 10. 
2-p-Toluenesulphonyl-1-dimethylamino- 
phenyldihydrobenzoxazole (BELL), 
1985. 
2-p-Toluenesul phonyl-1-phenyldihydro- 
benzoxazole (BELL), 1984. 
o-Toluic acid, 3-chloro-, and its conver- 
sion into 3-chloro-a-hydroxyphthalide 
(Levy and STEPHEN), 2788. 
p-Toluidine, 3:5-dibromo-, perbromide 
(CHATTAWAY and ADAmsoN), 162. 
Toluidines, action of ferric chloride on 
(PaTTERsoN), 2401. 
2-p-Toluidino-3-cyano-6:7-dimethoxy- 
quinoline (IsuaQ and kAy), 2741. 
2-p-Toluidino-8-cyanoquinoline (IsHAQ 
and RAy), 2741. 
1-p-Toluidino 5-methylbenzthiazole, 
bromides of (HUNTER), 134. 
2-0-Toluoylbenzoic acid (FAIRBOURNE 
and Foster), 1276. 
2.0-Toluoyldiphenyl (Cook), 1091. 
Toluquinolsulphonic acid, barium salt 
(Dopeson), 2501. 
y-0-Tolylbutyric acid (Harvey, HEIL- 
BRON, aud WILKINSON), 428. 
8-0-Tolyldiethyl ketone, and its semi- 
carbazoune (HARVEY, HEILBRON, and 
WILKINSON), 430. 
7-0-Tolyl-a- and -f-ethylbutyric acids 
(Harvey, HemLpron, and WILKIN- 
SON), 427, 430. 
B8-o-Tolyl-a-ethylpropionic acid. and B- 
hydroxy-, ethy: ester (Harvey, HEIL- 
BRON, and WILKINSON), 426. 
y-0-Tolylethylpropy] alcohols, and their 
bromides (HARVEY. HEILBRON, and 
Wiixrnson), 427, 480. 
p-Tolylhydrazones, tetrachloro-, isomeric, 
intramolecular rearrangements in 





(Cuatraway and ADAMsoN), 843. 
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s-p-Tolylmethylthiocarbamide, 8-m- 
bromo- (HUNTER and JonxEs), 2200. 
p-Tolylmethylthiocarbami~»s (HUNTER 

and JonEs), 2199. 
p-Toiyl-m- and -p-nitrobenzenylhydr- 
azidines, 3-mono- and 3:5-di-bromo- 
(CHATTAWAY and ApAmson), 161. 
p-Tolyl-p-nitrobenzenylhydrazidines, 
mono- and di-chloro- (CHATTAWAY and 
Apamson), 848. 

d- and dl-p-Tolyl-a-phenylethylsulph- 
ones (KENYON and PuILurps), 1682. 
y-0-Tolylpropyl alcohol, and its deriv- 

atives (HArvky, HeEILBRON, and 
WILKINSON), 428. 
p-Tolylthiocarbimide, m-bromo- (HunT- 
ER and JONES), 2200. 
3:4:6-Triacetyl 8-methylglucoside, prep- 
aration of (HIcKINBOTToM), 1842. 
Tri-n-amyl phosphate (Evans, DAvizs, 
and JONES), 1310. 
Triamylarsines (Dyke and Jongs), 2429. 


Tri-n- and -iso-amylstibines (Dyker, 
Daviss, and Jongs), 467. 
Tri-n-amylstibinic halides, metanti- 


monite and oxide (DYKE and JoNgEs), 
1926. 

Triarylbenzenzylamidines, isomeric 
(CHAPMAN and PErRorr), 2462. 


Triazoles (Brapy and REYNOLDs), 
2667. 
1:2:3-Triazoles (BHAGAT and RiAy), 
2357. 


Tri-n-butyl phosphate (EVANS, DAviEs, 
and JoNgs), 1310. 

Triisobutylarsine (DyKkE and JONES), 
2429. 

Tri-n- and -iso-butylstibines (Dyke, 
Daviss, and JonEs), 466. 

Tri-n-butylstibinic halides and oxide 
(DykE and JonEs), 1925. 

Triethylcarbonatoanthragallol 
and PeRKIN), 303. 


(Cross 


Triethylsulphonium mercuri-iodides 
(BALFE, Kenyon, and PHILLIPS), 
2561. 


Tritsohexylarsine (Dyke and JoNEs), 
2430. 

Tri-n-hexylstibine (Dyxz, DAvigs, and 
JONES), 467. 

5:7:4’-Trimethoxy-3-benzy]-2-methyl- 
1:4-benzopyrone (JOHNSON and 
Roperrson), 24. 

§:7:4’-Trimethoxy-4-carboxy flavylium 
derivatives, 6-hydroxy- (ROBINSON 
aud SCHWARZENBACH), 826. 

6:7:10-Trimethoxy phenanthraxanthone 
(Baker), 264. 

2:4:4’-Trimethory-S-phenylpropiophen- 
one, 6-hydroxy-, aud its acetyl deriv- 
ative (JOHNSON and ROBERTSON), 
23. 
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ag gg Aaa = agent 
an 


one, 4-lhydroxy- (JOHNSON 

RoBERTSON), 26. 
Tri-d/-8-methylbutylstibine (DYKE, 

Davies, and Jongs), 467. 
Trimethyldelphinidin chlorides, and 


their derivatives (BRADLEY, RoBIN- 
son, and ScHwARZENBACH), 809. 
1:3:5-Trimethyl-7:8-dihydronaphthalene 
(HEILBRON and WILKINSON), 2540. 
Trimethylenediselenious acid dinitrate 
(MorGAn and Bursratt), 1501. 
Trimethylenediselenodiiodide (MORGAN 
and BursTALL), 1501. 
l-aay-Trimethylglutaric acid (GIBSON, 
PENFOLD, and SIMONSEN), 1200. 
1:1:3-Trimethylcyclohexane-4:6-dione 
(Gipson, PeENFOLD, and SIMONSEN), 
1196. 
1:1:3-Trimethyl-A?-cyclohexene-4:6- 
dione, and 5-bromo- (GrBson, PEN- 
FOLD, and StmonsEn), 1194. 
Trimethyl lyxofuranose (Borr, Hrrst, 
and SMITH), 665. 
Trimethy] lyxofuranoside (Bott, Hirst, 
and SMItTu), 664. 
Trimethyl +y-lyxonolactone 
Hirst, and Smira), 666. 
d-3:4:6-Trimethyf a-mannopyranose 
(Borr, Haworrn, and  Hrrsr), 
1403. 
Trimethylnaphthalenes, and their salts 
(HEILBRON and WILKINSON), 2540. 
1:2:5-Trimethyl-8-naphthaquinone 
(HEILBRON and WILKINSON), 2551. 
1:8:8-Trimethylbicyclo[ 1:2:3]-octane-2:4- 
dione (QUDRAT-I-KuuDA), 213. 
Trimethy]phloridzin, and its hydrate 
(JOHNSON and ROBERTSON), 24. 
1:3:8-Trimethy]-5:6:7:8-tetrahydro- 
naphthalene (HEILBRON and WILKIN- 
SON), 2541. 
Triphenylacetic acid, d-8-octyl ester 
(RuLE and Barn), 1901. 
Triphenylbenzenylamidine, and ¢ri-p- 
chloro- (CHAPMAN), 2461. 
Triphenylbromomethane, action of, with 
acetone, and its compounds with 
metallic bromides (THomas, BowpDEN, 
and JONES), 477. 
Triphenylhalogenomethanes, reduction 
of (THomAs, BowDEN, and Jongs), 
473. 
Triphenylmethyl /-8-octyl ether (RuLE 
and Bary), 1899. 
Triphenylsilicane, preparation of (Krp- 
PING and SHort), 1029. 
Tri-n-propylstibine (Dykez, 
and JONEs), 466. 

Tri-n-propylstibinic halides, meta-anti- 
monites and oxide (DyKE and Jonxs), 
1923. 


(Bort, 


DAVIEs, 


INDEX OF 





SUBJECTS. 


Tris-aa’-dipyridylargentic salis (Mor. 
GAN and BuRSTALL), 2597. 

Trithioacetaldehydes, space configur. 
ation of, and their derivatives 
(CHATTAWAY and KELLETT), 1352. 

Tri-p-tolylbenzenylamidine (CHApmay), 
2461. 

Trypanocidal action and _ chemical 
covstitution (GouGH and Kine), 669; 
(Everett), 2402. 

Tungsten :— 

Tungstic acid, physical chemistry of 
(Brirron and GERMAN), 1249. 

Tungstic acids, structure of (MorLEy), 
1987 


Uv. 
5-Undecylvalerolactone (RoBINsoy), 
748. 

Unsaturated compounds, catalytic hydro- 
genation of (LeBEDEV and Ptar- 
ONOV), 321. 

simple or conjugated, orienting in- 
fluence of free and bound ionic 
charges on~(PoLUARD and Rostn- 
son), 1765. 
Urea, equilibrium of ammonium nitrate, 
sodium nitrate, and (HowELLs), 2010. 


V. 
Valeryleresols, and their derivatives 
(CoULTHARD, MARSHALL, and Py- 
MAN), 286. 


4-n-Valerylguaiacol, benzoate (Cov1t- 
HARD, MARSHALL, and PyMAn), 289. 

isoValeryl-/-menthylamine (Rrap and 
Storey), 2765. 

p-n-Valerylphenol (CovuLTHARD, Mar- 
SHALL, and PyMAN), 284. 

Vanadium :— 

Vanadic acid, bp se: chemistry of 
(Britton and Roprnson), 1261. 
o-Vanillin, thallous compound of (Sipe- 

WIckK and Sutron), 1463. 
isoVanillin, 6-bromo- (HENRY 
SHARP), 2285. 


and 


w. 


Walden inversion (R6rDAmM), 2017. 
Water vapour, extinction of methane 
flames by (Cowarp and GLEADALL), 
243. 
conductivity, preparation of (STUART 
and WoRMWELL), 85. 
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x. 


Xanthhydrol, reactions of, with sodium 
hydroxide and alcoholic hydrogen 
chloride (KnNy-JonEs and WaArpD), 
539. 

Xanthhydrols, substituted, synthesis of 
(Rertty and Drumm), 455. 

Xanthhydryl chloride, preparation of, 
and its reactions (KNy-JonEs and 
Warp), 538. 

o-Xylene, 4:5-dibromo-, and 5-bromo-4- 
amino-, and its acetyl derivative 
(Mitts and Nrxon), 2524. 

p-2-Xylenol, 6-amino- (ROBERTSON and 
STEPHENSON), 316. 

m-4-Xylenols, 5-nitro- and 5:6-dinitro-, 
and their derivatives (Fox and Tur- 
NER), 1866. 

p-Xyloquinolsulphonic acid, barium salt 
(Dopeson), 2501. 
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m-Xylorcinolcarboxylic acid (Boyce, 
RANKINE, and ROBERTSON), 1216. 

2-Xyloylbenzoic acid, o-hydroxy-, di- 
acetate of (FAIRBOURNE and FosTER), 
1275. 

a-m-4-Xylyiallyl alcohol, and its phenyl- 
urethane (BuRTON), 252. 

m-Xylyl-4-arsinic acid, preparation of 
(GoueH and Kine), 689. 


Z. 


Zine chloride, equilibrium of cobalt 
chloride, water, and (BAssETT and 
CROUCHER), 1787. 

equilibrium of zine oxide, water, and 
(HouLianp), 643. 
Zirconium ‘ctrachloride, vapour density 
of (Frrenp, CoLLEy, and HAygs), 
494, 








FORMULA INDEX. 


Tue following index of organic compounds of known empirical formula is arranged 
according to Richter’s system (see Lexikon der Kohlenstoff-Verbindungen). 

The elements are given in the order C, H, O, N, Cl, Br, I, F, 8, P, and the 
remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, 
C, group, etc.). 

Secondly, according to the number of other elements besides carbon contained in 
the molecule (thus 5 LV indicates that the molecule contains five carbon atoms and 
four other elements), 

Thirdly, according to the nature of the elements present in the molecule (given in 
the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) 
present in the molecule. 


Salts are placed with the compounds from which they are derived. The chlorides, 
bromides, iodides, and cyanides of quaternary ammonium bases, however, are registered 
as group-substances, 


C, Group. 

CH, Mcthane, extinction of flames of, by water vapour (Coward and GLEADALL), 
243. 

CO Carbon monoxide, dielectric strengths of explosive gas mixtures containing 
(BraprorD and Fincn), 1540; catalytic action of hydrogen on flames of 
(GARNER and HALL), 2037 ; influence of hydrogen and of water vapour on 
ignition of (SMITHELLS, WHITAKER, and Houmgs), 185. 

CS, Carbon disulphide, reaction of aminophenylarsinic acids with (EVERETT), 


1691. 
1 Il 

CHN Hydrocyanic acid, action of halogen hydrides on (Hinken and Duny), 
1834; complex salts, potential and titration curves for solutions of (GLAsSSTON®), 
1237. 

CH,O Formaldehyde, reactions of, with malonic esters (WELCH), 257. 

CH,0, Formic acid, cuprammine salts of (Kine), 2311 ; ruthenium salts (Monp), 
1249. 

CH,0, Carbonic acid, effect of, on corrosion of iron (EvANs), 488. 

CH,O Methyl alcohol, critical solution temperature of mixtures of cyclohexane and 
(Jones and AMSTELL), 1316; conductivity of perchlorates in (CopLEy and 
HArtLey), 2488; detection and determination of water in (Jonzs and 
AMSTELL), 1316. 

1 Ill 


CHNS Thiocyanic acid, ammonium salt, development of colour by photochemical 
change in solutions of (SHARMA), 308; sodium salt, solubility of, in alcohol 
(PaRTINGTON), 181. 

CH,0,N Nitromethane, latent heat of evaporation of (PHILIP and WATERTON), 
2783. 


CH,ON, Carbamide, equilibrium of ammonium nitrate, sodium nitrate, and 
(HowELLs), 2010. 


CH,0,S Methanesulphinic acid, silver salt (INcoLD and Jessop), 713. 


C, Group. 


C,H, Ethylene, thermal decomposition of (WHEELER and Woop), 1823; movement 
of flame in mixtures of air and (GzoRGESON and HARTWELL), 733. 
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FORMULA INDEX, 2 1I—41 


2 Il 

C,HCl, Trichloroethylene, halogen displacement of (Warp), 2143. 

C,HBr, Tribromoethylene, halogen displacement from (Warp), 2143. 

C,H,0, Oxalic acid, anhydrous, preparation of (JoHNsoN and PaRTINGTON), 
1510; potassium hydrogen salt, catalysis of acetone-iodine reaction by 
(Dawson and SmiTH), 79. 

C,H,Cl, s-Tetravhloroethane, displacement of halogen from (Warp), 2143. 

C,H,Br, s-Tetrabromoethane, displacement of halogen from (Warp), 2143. 

C,H,O Acetaldehyde, photochemical reaction of, with oxygen (BOWEN and TiETz), 
234. 

C,H,O, Acetic acid, heat of association of (FENTON and GARNER), 694; (DonsE 
and DUNHILL), 2409 ; cuprammine salts of (KiNG), 2311 ; mercuric salt, action 
of, on cedrene (BELL), 1908 ; ruthenium salts (Monp), 1247. 

C,H,O Ethyl! aleohol, conductivity of uni-univalent ions in, and its purification 
(CurpLey, Murray-Rust, and HARTLEY), 2492. 

2 Ill 

C,HO.C], Trichloroacetic acid, cuprammine salts (KiNG), 2316. 

C,H,OBr Acetyl bromide, action of phenols with, in ethyl acetate (Bassrrr), 
1314, 

C,H,;NCl Chloromethyleneformamidine (HINKEL and Dunn), 1837. 

C,H;N.Br, Hydrocyanic acid sesquibromide (HINKEL and Dunn), 18389. 

C,H,ON Acetamide, hydrolysis of (TayLor), 2741. 

C.H;N.I, Hydrocyanic acid sesqui-iodide (H1INKEL and Duny), 1839. 

C.H,I,Sb Ethyldi-iodostibine, action of halogens on (CLARK), 2737. 

C,H,0,S Methyl sulphate, methylation of phenols by (Hopgson and Nixon), 
2166, 

C; Group. 

C;H, Propylene, thermal decomposition of (WHEELER and Woop), 1823; move- 

ment of flame in mixtures of air and (GzoxcEson and HARTWELL), 733. 
; 3 Il 

C;H,O Acetone, solubilities and equilibria of salts in (BELL, RowLANDS. BAMForD, 
Tuomas, and. JONES), 1927 ; catalysis of the reaction of iodine with (DAwson 
and Spivey), 2180. 

C;H,S,. 1:3-Dithiolan (Gipson), 12. 

C;H,Se cycloSelenopropane, and its mercurichloride (MorGAN and BurstA.t), 
1499, 


C;H,O0 Methyl ethyl ether, catalytic decomposition of (CLUsiUs), 2608. 

3 Ill 
C;H,ON, Cyanoacetamide, condensations with (BARDHAN), 1509. 
C,;H,OS, 1:3-Dithiolan monoxide (Gipson), 13. 
C;H,0,S, 1:3-Dithiolan dioxide (Grsson), 13. 
C3H,I,Se cycloSelenipropane 1:1-di-iodide (MoRGAN and BursTALL), 1499. 
C;H,1I,Se, Trimethylenediselenodi-iodide (MoRGAN and BursrA.L), 1501. 
C;H,0,N, «-Methylamino-a-hydroxyacetamide (BALABAN), 273. 

3 IV 
C;H,ONCI Allylhydroxylamine hydrochlorides (BRADY and PEAKIN), 228. 
C;H,,0,.N,Se, Trimethylenediselenious acid dinitrate (MORGAN and BuRSTALL), 
1501. 


C, Group. 
C,H, Butylene, movement of flame in mixtures of oil and (GkorGESON and Hart- 
WELL), 733. 
Butylenes, thermal decomposition of (WHEELER and Woop), 1824. 
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4 1I—5 Il FORMULA INDEX. 


4 II 
C,H.0, Maleic auhydride, preparation of (Mason), 700. 
C,H,0, Succinic acid, bromivation of (HucHEs and Watson), 1733. 
C,H,O, Tartaric acid, complex cupric alkali salts (E. E. and I. W. Wark), 2474, 
C,H,S, 1:3-Dithian (Grsson), 13. 
C,H,,.O x-Buty] alcohol, adsorption of mixtures of benzene and, by silica gel 
(JoNEs and OUTRIDGE), 1574. 

Methyl isopropyl ether, catalytic decomposition of (CLusius), 2611. 

C,0,Ni Nickel carbonyl, vapour pressure of (ANDERSON), 1653. 


4 Ill 
C,H,ON, Glyoxaline-4(5)-carboxyazide, and its picrate (BALABAN), 271. 
C,H,;0Cl, Butyl chloral, action of, with 2:4-dichlorophenylhydrazines (Cuatr- 
AWAY and Irvine), 87. 
C,H;0,I a-Iodomethylacrylic acid (WELCH), 259. 
C,H,ON, Glyoxaline-4(5)-carboxyhydrazide, and its salts (BALABAN), 270. 
C,H,O,.N, 4-Nitro-5-amino-1-methylglyoxaline (BALABAN), 272. 
C,H,OCl, §8’-Dichlorodiethyl ether, syntheses with (Gipson and Jounsoy), 
2525. 
C,H,OI, 88’-Di-iododiethyl ether (Ginson and Jonnson), 2526. 
C,H,0,N, Alacreatine, synthesis of (Kine), 2376. 
Creatine, synthesis of (KING), 2374. 
C,H,O,N a-Amino-8-hydroxybutyric acid, and its salts (BurcH), 311. 
a-Nitrobutan-8-ol, and its sodium salt (Jonzs and KENNER), 926. 
C,H,,ON, «3-Diamino-8-ketobutane, and its salts (PymAN), 99. 
C,H,,.0,S 8-Hydroxybutane-y-sulphonic acid, salts of (Porz and Krippine), 2593. 
C,H,BrAu Diethylgold bromide (Ginson and Simonsen), 2531. 
C,H,[Au Diethylgold iodide (Ginson and Simonsen), 2536. 
C,H,,0T1 Dimethylthallium ethoxide (Menzies), 1573. 
C,H,.N,S Diaminodiethyl sulphide, chloroplatinate of (MANN), 1755. 


4I1V 
C,H,OIS, 1:3-Dithiolan methiodide (Grsson), 13. 


4V 
C,H,.N.C],SPt Chloro(diaminodiethyl sulphide)platinous chloride (MANN), 1754. 
Dichloro-(88’-diaminodiethy] sulphide)platinum, salts of (MANN), 1752. 
C,H,.N.Cl,SPt Tetrachloro(diaminodiethyl sulphide) platinum, salts of (MAN»), 
1754. 


Trichloro(diaminodiethyl sulphide) platinic chloride (MANN), 1756. 
4 VI 
C,H,;0N,C1,SPt Trichloro(diaminodiethy] sulphide) platinic hydroxide (MANN), 
1756. 


C; Group. 
C;H,N Pyridine, compounds of arsenic trichloride with (Ginson, Jonson, and 
VINING), 1710; action of stannic iodide with (CoopER and WaRDLAW), 1144. 
C;H,,0, Butyric acid, electrical conductivity of aqueous mixtures of (GRINDLEY 
aud Bury), 16665. . 
C;H,,N Piperidine, scission of diary] ethers by means of (HENLEY and TURNER), 
928; (Fox and TurNER), 1115, 1853. 
C,0,Fe Iron pentacarbonyl, occurrence of, in stored coal gas (Frimnp and 
VALLANCE), 718. 
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FORMULA INDEX. 5 II-6 Ill 


5 Ill 
C;H,ON Ethyl cyanoacetate, condensations with (BARDHAN), 1509. 
C;H,0,N; 4(5)-Carbomethoxyaminoglyoxaline, and its picrate (BALABAN), 272. 
C,H,0,Cl a-Chloro-8-hydroxyglutaric acid, barium salt (BURCH), 310. 
C;H,0O;N Dihydroxyglutaramic acid, and its ammonium salt (Burcu), 311. 
C;H,N;S 2-Thiolhistamine, and its hydrochloride (Pyman), 98. 
C;H,,.0;N, «3 Diamino-y-ketovaleric acid, and its dihydrochloride (AsHLEY and 
HARINGTON), 2588. 
C;H,,0;N a-Amino-8-hydroxy-a-methylbutyric acid, and its salts (BurcH), 312. 
B-Nitroamy] alcohol, and its sodium salt (Jonzs and KENNER), 926. 
a-Nitropentan-8-ol, and its sodium salt (JonEs and KENNER), 927. 


5 IV 
C;H,.0;NCl a-Chloro-a-nitropentan-B-ol (Jonzs and KENNER), 927. 


C, Group. 
C,H, Benzene, adsorption of mixtures of n-butyl alcohol and, by silica gel (JonEs 
and OUTRIDGE), 1574. 
C,H,. Diphenyl, absorption spectra of (ADAM and RussELL), 202. 
C.H,, cycloHexane, critical solution temperature of mixtures of methyl alcohol and 
(JONES and AMSTELL), 1316. 
C,H,, Hexane, action of fuming sulphuric acid on (BuRKHARDT), 2387. 


6 II 

C,H,O Phenol, equilibrium of silver nitrate, water, and (BAILEY), 1534. 
C,H,N Aniline, action of stannic iodide with (CoopeR and WaRDLAW), 1145. 
C,H,O, Methyl maleate, conversion of, into methyl fumarate (CLEMo and GRAHAM), 

215. 
C,H,;.Br, 8¢-Dibromo-Ay-hexene (FARMER, LAWRENCE, and Scott), 515. 
C,H,,.Br, «S73-Tetrabromo-fy-dimethylbutane (Porz and Kippine), 2592. 
C,H20 cycloHexanol, equilibrium of water and (Sipcwick and Sutton), 1323. 
C,H,.0, Digitoxose (Smirn), 510. 
C,H,,0, «-Propyl glyceryl ether (Davies, HEILBRON, and OwEns), 2544. 


6 Ill 
C,H;,0CI, 2:3:4-Trichlorophenol (HopGson and KersHaw), 1421, 
C,H,OBr, 2:4:5-Tribromophenol (HENLEY and TuRNER), 933. 
C.H,0,N; Picric acid, cuprammine salts (KiNG), 2312. 
C,H,OBr, Dibromophenols (HENLEY and TuRNER), 938. 
C,H,OC1 m-Chlorophenol, sulphonation of (Hopeson and KzersHaw), 1419. 
C,H,OBr m-Bromophenol, nitrosation of (Hopcson and KErsuaw), 967. 
C,H;OB Phenylboric acid, oxidation and nitration of (AINLEY and CHALLENGER), 


C,H;0,N Nitrobenzene, partition of hydrochloric acid between water and (WYNNE- 
JONES), 1066. 

C,H,O,N, 0-Nitroaniline, polymorphism of (Dirry and HartsHorne), 725. 
Nitroanilines, ionisation constants of (WILLIAMS and Soper), 2469. 

C,H,NCl Chloroanilines, ionisation constants of (WILLIAMS and SorEr), 2469. 

C,H,O,N, 5(4)-Nitro-4(5)-carbethoxyaminoglyoxaline (BALABAN), 272. 

C,H,ON 4-Cyanotetrahydropyran (Gipson and JoHnson), 2529. 

C,H,O.N, 4(5)-Carbethoxyaminoglyoxaline, and its salts (BALABAN), 271. 

C,H,O,Cl Tetrahydropyran-4-carboxylic chloride (G1nson and Jonnson), 2527. 

C.H,,0,N Tetrahydropyran-4-carboxyamide (Gisson and JoHNnson), 2528. 
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6 III—6 IV FORMULA INDEX. 


C,H,,C1,Si cyc/oHexylsilicon trichloride (PALMER and Kipprne), 1024. 
C,.H,,0S, Trithioacetaldehyde sulphoxides (CHaTTAway and KELLETT), 1354. 
C,H,,0,Br, «3-Dibromo-8y-dihydroxy-By-dimethylbutane (Farmer, LAwRenceg, 
and Scott), 521. 
Be-Dibromohexane-7y5-diol (FARMER, LAWRENCE, and Scorr), 516. 
C,H,,0,S, Trithioacetaldehyde sulphones (CHarraway and KELuETT), 1354, 
C,H,,0,Si cycloHexylsiliconic acid (PALMER and Kipptne), 1024. 


C,H,,0,S, Ay-Dimethylbutylenedisulphonic acid, and its salts (Porpz and Kip. 


PING), 2592. 

C,H,,0N, Methylethylacetaldehyde semicarbazone (LINsTEAD and Mann), 2070. 

C,H,;0,N a- and y-Nitrohexan-8-ols, and their sodium salts (JonEs and KENNER), 
927. 

C,H,,;0,N 8-Nitro-8-hydroxymethylamy] alcohol (Jones and Kenner), 926. 

C,H,,Cl,Pd Diethylthiolethanepalladous chloride (BENNETT, Mossxs, and Sra- 
THAM), 1671. 

C,H,,I,Hg Diethylthiolethanemercuric iodide (BENNETT, Mosszs, and SraTHaw), 
1671. 


6I1V 
C,HO,.C1,F 3-Fluoro-2:6-dichloro-p-benzoquinone (HopGson and Nrxoyn), 1871. 
C,HO,Br,F 3-Fluoro-2:6-dibromo-p-benzoquinone (HopGson and Nrxon), 1871. 
C,HO,I,F 3-Fluoro-2:6-di-iodo-p-benzoquinone (Hopcson and Nixon), 1871. 
C,H,OCI],Br, 2:5- Dichloro-4:6-dibromopheno! (Fox and Turner), 1860. 
C,H,0OCI,Br_ Trichloro-6-bromophenols (Fox and TuRNER), 1863. 
C,H,0CI1,F 3-Fluoro-2:4:6-trichlorophenol (Hopeson and Nixon), 1870. 
C,H,OBr,F 3-Fluoro-2:4:6-tribromophenol (Hopcson and Nixon), 1871. 
C,H,OI,F 3-Fluoro-2:4:6-tri-iodophenol (Hopason and Nixon), 1871. 
C,H,OCIBr, .4-Chloro-2:6-dibromophenol (Fox and TurNgR), 1861. 
C,H,OCI1,F 4-Fluoro-2:6-dichlorophenol (Hopeson and Nixon), 1868. 
C,H,OBr,F 4-Fluoro-2:6-dibromophenol (Hopeson and Nrxon), 1036. 
C,H,OI,F 4-Fluoro-2:6-di-iodophenol (HopGson and Nixon), 1869. 
C,H,0,NBr, 2:4-Dibromo-5-nitrophenol (HENLEY and TuRNER), 933, 
C,H;0,Cl,S 2:3:4-Trichlorophenol-6-sulphonic acid, barium salt (Hopason and 
KERSHAW), 1421. 
C,H,0;NBr 2-Bromo-5-nitrophenol (HENLEY and TuRNER), 938. 
C,H,0,C1,S Dich!oroquinolsulphonic acids, barium salts (Dopeson), 2501. 
C,H,0,Cl,S, 2:3-Dichlorophenol-4:6-disulphonic acid, barium salt (HopcGson and 
KerksHAw), 1423. 
C,H,NCI,B 2:5-Dichloro-4-bromoaniline (Fox and Turner), 1859. 
C,H;0;SAs 2 Sulphinophenylarsenious oxide, and its silver salt (BARBER), 2052. 
C,H,0,N,S_ Benzenediazonium sulphate, decomposition of, by aliphatic alcohols 
(Hopneson and KErRsHAW), 2784. 


C,H,0,CIS 3-Chlorophenol-6-sulphonic acid, and its salts (Dopcson and Ker- 
SHAW), 1420. 


C,H,;0;CIS Chloroquinolsulphonic acid, barium salt (Dope@son), 2501. 


C,H,0,C1S, 3-Chlorophenol-4:6-disulphonie acid, barium salt (Hopcson and 
KErsHaw), 1423, 


C,H,0;N,S Diazobenzene-p-sulphonic acid, sodium salt, colour rections of, with 
thiolglyoxalines (HUNTER), 2343, 


C,H,O,NB m-Nitrophenylboric acid (AINLEY and CHALLENGER), 2177. 
C,H,O,NAs 2-Nitro-5-hydroxyphenylarsinic acid (PHILLIPs), 1915. 
C,H,0,SAs Sulphophenylarsinic acids (BARBER), 2049. 

C,H,0,SAs 3-Sulpho-4-hydroxyphenylarsinic acid (BARBER), 2050. 
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FORMULA INDEX. 6 IV—7I 


(,H,0.SAs 5-Sulpho-2:4-dihydroxyphenylarsinic acid (BARBER), 2050. 

C,H,NCLI 1-Methylpyridine tetrachloroiodide (CHATTAWAY and ParKgs), 1004. 

C,H,0.N;S 1-2-Thiolhistidine, and its salts (ASHLEY and HARINGTON), 2588. 

C,H 0.Cl,S, 8y-Dimethylbutylene disulphonyl chloride (Porz and Krppine), 
2592. 


C,H,,0,SNa Sodium cyclohexyl sulphate (BURKHARDT), 2398. 

C,HisN,Cl,l | Hexamethylenetetramine tetrachloroiodide (CHArTAWwAY and 
PARKEs), 1004. 

C,HisIs8SHg Triethylsulphonium mercuri-iodide (Batre, Kenyon, and PHai.itrs), 
2561. 


C,H,,1;,SHg, Triethylsulphonium dimercuripentaiodide (BALFE, Kxnyon, and 
PHILLIPS), 2562. 

C,H,,Cl,S,Pt Dichlorobis(methyl ethyl sulphide)platinum (Mann), 1750. 

C,Hi.N.BrAu Ethylenediaminodiethylgold bromide (GiBson and SrmonsEy), 
2535, 


C,H,.N,[Au Ethylenediaminodiethylgold iodide (G1nson and Stmonsen), 2536. 


6V 
C,H,O,NCI,Br 1:4-Dichloro-2-bromo-5-nitrobenzene (Fox and TURNER), 1859. 
C,H,O,NCIBr, 4-Chloro-2:6-dibromo-3-nitrophenol (Fox and TurNEn), 1861. 
C,H,0O,NCI,Br 2:4-Dich!oro-6-bromonitrophenols (Fox and TurRNER), 1862. 
C,H,0,NI,F 3-Fluoro-2:4-di-iodo-6-nitrophenol (HopGson and Nixon), 1872. 
C,H,O,NCIBr 2-Chloro-4-bromo-5-nitrophenol (Fox and TURNER), 1860. 
C,H,0,CIBr.S 3-Chloro-2:4-dibromo-6-sulphonic acid, salts (HopGson and KeEn- 
SHAW), 1421. 
C,H;,0,CII,S 3-Chloro-2:4-di-iodophenol-6-sulphonic acid, and its barium salt 
(HupGson and KERsHAW), 1422. 
C,H,0,N,CIS 3-Chloro-2:4- and -2:6-dinitrophenol-4-sulphonic acids, potassium 
salts (HopGsoN and KERSHAW), 2170. 
C,H,0,C1,SAs Benzenesulphonyl chloride p-dichloroarsine (GovecH and KING), 
693. 


C,H,0,CISAs Benzenesulphonyl chloride p-arsenious oxide (GoucH and KING), 
693. 


2-Chlorosulphony] phenylarsenious oxide (BARBER), 2051. 
C,H,O,NCIS 3-Chloro-2- and -6-nitrophenol-4-sulphonic acids, potassium salts 
(HovGson and KErsHAW), 2172. 
C.H,0,CIBrS, 3-Chloro-2-bromophenol-4:6-disulphonic acid, barium salt (Hope- 
SUN and KERSHAW), 1424. 
C,H,O,CIS, 3-Chloro-2-iodophenol-4:6-disulphonic acid (Hopcson and Kerr- 
SHAW), 1424. 
C.H,0,C1],SAs 2-Chlorosulphonylphenylchlorohydroxyarsine (BARBER), 2051. 
C,H,O,NSAs Benzenesulphonamide-p-arsenious oxide (GoucH and Kine), 693. 
C,H,O,CISAs 2-Chlorosulphonylphenylarsinic acid (BARBER), 2052. 
C,H,O,NIAs 2-lodo-5-aminophenylarsinic acid (BARBER), 2051. 
C,H.,O;NSAs Benzenesulphonamide-p-arsinic acid (GoucH and KING), 694. 
2 Sulphonamidophenylarsinic acid (BARBER), 2052. 
C,H,O,NSAs 2-Sa)pho-5-aminophenylarsinic acid (BARBER), 2051. 


6 VI 
C,H,O,NCI,SAs Benzenesulphonamide-p-dichloroarsine (Goven and KiNG), 693. 


C, Group. 
C,H,, Methylenecyclohexene (LINsTEAD), 1608. 
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71-7 1V FORMULA INDEX. 


7 
C,H,O Benzaldehyde, inhibition by sulphur of oxidation of (BaitEy), 104. 
C,H,O, Arabinose dicarbonate (HAWorTH and PoRTER), 156. 
C,H,N, 6-Amino-1-methyl-1:2:3-benztriazole (BRADY and ReyNo.ps), 2673. 


C,H,,0, Butylideneacetones (Eccorr and LinsTEAD), 905. 
Methylhexenoic acids (LINsTEAD and Many), 2071. 
C,H,,0, Methyl tetrahydropyran-4-carboxylate (G1sson and Jonnson), 2527. 
C,H,,I 4-Methyleyclohexyl iodide (VocEL and Oommen), 771. 
C,H,,0, Heptoic acid, heat of association of (FENTON and GARNER), 694; (Donsg 
and DuNKEL), 2409. 
C,H,,0, «a-Methylmannofuranoside (HAworTH and PorTER), 649; (Hawortn, 
Hirst, and WEss), 651. 
B-Methylmannopyranoside (Bott, HAworTH, and Hirst), 2656. 
C,H,.N, «-Diethylaminopropionitrile, and its picrate (Cocker, Lapworth, and 
WALTON), 453. 
C,H,,0, «-Butyl glyceryl ether (Davies, HEmLBron, and Owens), 2545. 


7 Ill 
C,H,0.N, Nitroformaldehyde phenylhydrazone (Jonzs and Kenner), 925. 
C,H,0.S, 3:5-Disulphidobenzoic acid (BELL and BENNeErt7), 4. 
C,H,0,Br, 3:5-Dibromoresorcylaldehyde (HENRY and SHarp), 2283. 
C,H,0,I, 2:5-Di-iodoresorcylaldehyde (HENRY and SHarp), 2283. 
C,;H,;,OCl, 2:3:4-Trichloroanisole (Hopgson and KersHaw), 1421. 
C,H,0,N Nitrobenzoic acids, cupric and cuprammine salts of (K1xG), 2312, 
6-Nitrosalicylaldehyde (ASHLEY, PERKIN, and Ropinson), 394. 
7H,O,N, 6-Nitro-1-methyl-1:2:3-benztriazole (BRADY and ReyNoups), 2672. 


C 
C,H,0,N, 2:3-Dinitrotoluene, action of precipitated mercuric oxide on sodium 
hydroxide suspensions of (HopGson and SmirTn), 2035. 


C,H,0,;N, 3:5-Dinitro-p-cresol, preparation of (Hopcson and Smitnr), 2035. 

C,H,0,S 4-Sulpho-3-hydroxybenzoic acid (+ H,0), and its salts (Suan), 1293, 

C,H,ON Benzamide, preparation of (KAo and Ma), 2788. 

C,H,OT1 Thallous benzyloxide (Stpcwick and Sutron), 1463. 

C,H,0,As m-Benzarsinous acid (GovueH and Krve), 685. 

C,H,0,As Salicylic acid 5-arsinous acid (GoveH and Kine), 687. 

C,H,0,As Salicylic acid 5-arsinic acid (GoucH and Kine), 686. 

C,H,0,;S Toluquinolsulphonic acid, barium salt (Dopason), 2501. 

C,H,NBr, 3:5-Dibromo-p-toluidine perbromide (CuaTTaway and ADAMsoN), 162. 

C,H,0,N 4-Cyanotetrahydropyran-4-carboxylic acid (Gipson and JoHnson), 2528. 

C,H,.0.N, 4-Cyanotetrahydropyran-4-carboxyamide (GiBsoN and JOHNSON), 
2529. 


71V 
©,HNBr,S 3:4:5:6-Tetrabromobenzthiazole (HUNTER), 132. 
C,H,0;N.Br, 2:4:6-Tribromo-3:5-dinitroanisole (Hopason and Nrxon), 1087. 
C,H,0C1],F 3-Fluoro-2:4:6-trichloroanisole (HopGson and Nrxon), 1870. 
C,H,OCI,As Benzoyl chloride m-dichloroarsine (Goven and Kine), 685. 
C,H,OBr,F 3-Fluoro-2:4:6-tribromoanisole (Honason and Nixon), 1871. 
C,H,OI,F 3-Fluoro-2:4:6-tri-iodoanisole (HopGson and Nixon), 1871, 
C,H,0,Cl,Hg, 3:5-Dichloromercuriresorcylaldehyde (HENRY and SHarp), 2283. 
C,H,0,N;F 3-Fluoro-2:4:6-tiinitroanisole (Hopa@son and Nixon), 1871. 


C,H,NCIS Chlorophenyl thiocyanates (CHALLENGER, HicGINBOTTOM, and 
HUNTINGTON), 28, 
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FORMULA INDEX. 71V—7V 


H,NBrS 0-Bromophenyl thiocyanate (CHALLENGER, HiceINsorrom, and 
HuNTINGTON), 30. 
CrH.NIS a thiocyanate (CHALLENGER, HIGGINBOTTOM, and HuNTING- 
TON), 32, 
C,H;0CI1,F 4-Fluoro-2:6-dichloroanisole (HopGson and Nixon), 1868. 
C,H,OBr,F 4-Fluoro-2:6-dibromoanisole (Hopason and Nixon), 1086. 
C,H,01,F 4-Fluoro-2:6-di-iodoanisole (HopGson and Nrxon), 1869. 
C,H,0,N;S 5-Nitro-1-aminobenzthiazole (HuNTER and Jonzs), 2203. 
C,H,0,C],As Benzoic acid m-dichloroarsine (GoucH and Kine), 635. 
C,H,0,Cl,As Salicylic acid 5-dichloroarsine (Gove and Kine), 687. 
C,H;,0,N,Br 3-Bromo-4:6-dinitrotoluene (BRADY and WALLER), 1221. 
C,H;NBr.S Benzthiazole dibromide (HUNTER), 131. 
C,H;NBr,S Benzthiazole tetrabromide (HUNTER), 132. 
C,H,;NBr,S, 1-Thiolbenzthiazole tetrabromide (HUNTER), 138. 
C;,H,O,NBr 3-Bromubenzoquinone-4-oxime methyl ether (HopGson and Kerr- 
SHAW), 968. 
3-Bromo 4-nitrosoanisole (HopGson and KrersHaw), 968. 
C;H,O,NI 3-lodobenzoquinone-4-oxime methyl ether (Hopcson and KrERsHAW), 
1970. 
3-Iodo-4-nitrosoanisole (HopGsoNn and KERSHAW), 1970. 
C,H,O,NAs Benzamide-m- and -p-arsenious oxides (GovcH and KING), 681, 685. 
C;H,0,N.S Benziminazole-2-sulphonic acid (EVERETT), 2408. 
C,H,N.Br,S 1-Aminobenzthiazole dibromide (HUNTER), 133. 
C,H,N.Br,S 1-Aminobenzthiazole tetrabromide (HUNTER), 133. 
C,H,0,NSe Nitrophenyl methyl selenide (BAkER and Morrirr), 1727. 
C:H,0,N,Sb m-Carbamidophenylstibinic acid, and its sodium salt (MorcaANn and 
Cook), 739. 
C,H,N.Br.S 1-Aminobenzthiazole hydrodibromide (HunTER), 133. 
C,H,O,NAs Benzamide-m- and -p-arsinic acids (GoucH and KING), 682, 685. 
C,H,0O,NAs Salicylamide-5-arsinic acid (GoucH and KING), 689. 
C,H,O,NAs 5-Nitro-2-methoxyphenylarsinic acid (PHILLIPs), 19)5. 
C,H,0,N.As 4-Nitro-3-methylaminophenylarsinic acid (PHILLIPs), 2401. 
C,H,O;SAs Methylsulphonylphenylarsinic acids (BArBEk), 2050. 
C,H,,0,NAS 5-Amino-2-methoxyphenylarsinic acid (PHILLIPs), 1916. 
C,H,,NCl,I 1:2-Dimethylpyridine tetrachloroiodide (CHarTAway and Panrkgs), 
1005. 


C,H,,NIS 2:4-Dimethylthiazole ethiodide (FisuzR and Hamer), 2509. 


7V 
C,H,0,N,CIS Chloronitrophenyl thiocyanates (CHALLENGER, Hiceinsorrom, and 
HUNTINGTON), 28. 
C,H,0,.N.BrS Bromonitrophenyl thiocyanates (CHALLENGER, HIGGINBOTTOM, 
and HUNTINGTON), 30. 
C,H,0,NBr,F 3-Fluoro-2:4:6-tribromo-5-nitroanisole (Hopason and Nixon), 1872. 
C,H,ONBrS 5-Bromo-1l-hydroxybenzthiazole (HUNTER), 136. 
C,H,0O,;NI,F 3-Fluoro-2:4-di-iodo-6-nitroanisole (Hopcson and Nixon), 1872. 
C,H,NCI,IS p-Dichloroiodophenyl thiocyanate (CHALLENGER, HiGGINBOTTOM, 
. and HUNTINGTON), 32. 
C,H,O,NIF 4-Fluoro-6-iodo-2-nitroanisole (HopGson and Nixon), 1869. 
C,H,0,N,SAs 3-Nitro-4-thiocyanophenylarsinic acid (BARBER), 2728. 
C,H,ONCI,AS Benzamide-m-dichloroarsine (GoucH and Kine), 685. 
C,H,O,NSAs Thiocyanophenylarsinic acids (BARBER), 2727. 
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C;H,0,N,CI,Sb 3-Nitro-4-methylaminophenylstibinic chloride (MORGAN and 
Cuok), 743. 
C,H,0,N.SAs 2-Sulphobenziminazole-5-arsinic acid (EVERETT), 2406. 


C, Group. 


C,H,N, a-Benzbisiminazole (Pu1uutps), 1415. 
C;H,0; 7-Maundelic acid, magnesium salt, stability of (FinpLAy and Campseti), 
2721. 

C.H,0, 2:5-Dibydroxy-4-methoxybenzaldehyde (HEAD and RoBERTsoN), 2441. 
3-O-Methylgallaldehyde (BRADLEY, RoBInson, and SCHWARZENBACB), 811. 

C,H,0, 3-0-Methylgallic acid (BrapLEY, Ropinson, aud ScHWARZENBACR), 813, 

C,H,0O, Fructose dicarbonate (HAWORTH and PorTER), 155. 

Galactose dicarbonate (HAwortTH and PorrtEr), 154. 
Glucose dicarbonate (HAWORTH and PorTER), 154. 
Mannose dicarbonate (HAWoRTH and Porter), 154. 

C,H,,0, 6-Methoxy-o-cresol (Jonzs and RoBErtTson), 1704. 
Resorcinol ethyl ether, nitrosation of (Hopeson and CLAy), 963. 

C,H,.0, 3:4-Dimethoxyphenol (Heap and Rospertson), 2440. 

Substance, from dehydroangustione and potassium hypobromite (Gipson, Pex. 
FOLD, and SIMONSEN), 1200. 

C,H,.N, 7-Amino-3:5-dimethyl-1:2:3-benztriazole (BRADY and ReYNoLpDs), 2673, 
5:6-Diamino-2-methylbenziminazole, and its dihydrochloride (PH1Luips), 1414. 

C,H,,N Dimethylaniline, picrate of (Honcson and Kersnaw), 280. 

C,H,,.0, y-Methyl-y-ethylaticonic acid (LINsTEAD and Mann), 2067. 
y-Methyl-y-ethylitaconic acid (LINsTEAD and Many), 2067. 
+-Methyl-y-ethy!paraconic acid (LiINsTEAD and Many), 2068. 

C,H,,N, 0-Aminodimethylaniline, and its salts (HopGson and Krrsnaw), 501. 

C,H,,0, -Octoie acid, potassium salt, partial specific volume of, in aqueous 

solution (DAVIEs and Bury). 2263. 

C,H,,0, Ethyl tetrahydropyran-4-carboxylate (Gisson and JoHnson), 2527. 

C,H,,0, /-aay-Trimethylglutaric acid (G1nson, Penroip, and Simonsen), 1200. 

C,H,,0, Trimethy] y-lyxonolactone (Bott, Hirst, and Smit), 666. 

C,H,;N Diisopropylacetonitrile (MARSHALL), 2758, 

C,H,,0 «-isoAmylallyl alcohol (BurToN), 251. 

C,H,,0, Diisopropylacetic acid, and its silver salt (MARSHALL), 2760. 

C,H,,0;, Trimethyl lyxofuranose (Bo1t, Hirst, and Smirn), 665. 

C.H,;Te Di-n-butyl telluride (BuRsTALL and SucpEn), 233. 


8 Ill 
C,H,0,N; 5:7-Dinitroisatin (MENON, Perkin, and Rogpinson), 839. 
C,H;,ON Benzonitrile, latent heat of evaporation of (I’HILrp and WATERTON), 
2783. 
C,H,0,Cl 3-Chloro-a-hydroxyphthalide (Levy and Srernen), 2788. 
C,H,ON, Nitro-1-methy]benzoxazoles (PHILLIPs), 2687. 
C,H,OBr, 3:#-Dibromoacetophenone (ELson, Gibson, and Jonnson), 1132. 
C,H,O,Hg 2:5-Anhydro-5-hydroxymercuri-2-hydroxy-3-methoxybenzaldehyde 
(HENkyY and SHARP), 2288, 
C,H,O,N, Nitromethylbenzoxazolones (BALABAN), 2351. 
as p-Methoxypheny] isocyanide (Hammick, New, Sipewick, and SutToy), 
1877. 
1-Methylbenzoxazole, and its hydrochloride (PHILLIPs), 2687. 
C,H,OBr Bromoacetophenones (ELson, Gipson, and Jonnson), 1131. 
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(,H,0,Cl 3-Chloro-o-toluic acid (Levy and SreruEn), 2788. 

C,H,0,Cl 2-Chloro-3-methoxybenzoic acid (HopGsON and RosENBERG), 17. 

C,H,0,Br 3-Bromo-2-hydroxy-4-methoxybenzaldehyde (HeNny and Swarr), 
22386. 

6-Bromozsovanillin (HENry and SHarp), 2285. 

(,H,0;T1 Thallous o-vanillin (S1pcwicK and SurTon), 1463. 

C,H,O,N 6-Nitrosalicylaldehyde methyl ether (ASHLEY, PERKIN, and Rosinson), 
395. 


C,H,0;N; Dinitronitrosoethylbenzenes (Day), 255. 
C,H,0,N, Trinitroethylbenzenes (Day), 254. 
C,H,ON, Amino-1-methy!benzoxazoles (PHILLIPS), 2688, 
C,H,O.N, Nitroamino-2-methylbenziminazole, and its hydrochloride (PHILLIPS), 
1413. 
7-Nitro-3:5-dimethyl-1:2:3-benztriazole (BRADY and REYNOLDs), 2673, 
C,H,0,;S 4-Thiol-3-methoxybenzoic acid (Suan), 1298. 
C,H,0,N 2-Nitro-5-acetamidophenol (PaI.ures), 1913. 
C,H,0;N, Dinitro-m-4-xylenols (Fox and Turner), 1866. 
C,H,0,S 4-Sulpho-3-methoxybenzoic acid, (+ 2H,0) and its salts (Suan), 1296. 
C,H,0O.N, -Nitroacetaldehyde phenylhydrazone (Jones and KENNER), 924. 
p-Nitrophenylacetamidine, salts of (ForsyrH and PyMAN), 400. 
C,H,O,N 2-Nitro-6-methoxytoluene (Jones and Ropertson), 1703. 
C,H,O,N, Nitro-2-aminoacetanilides (PaiLuirs), 1412. 
w-Nitroglycollaldehyde phenylhydrazones (JonEs and KENNER), 924. 
C,H,0,As Methyl salicylate-5-arsinic acid (GoucH and KING), 687. 
C,H,,OS 4-Thiol-3-methoxytoluene (Suan and Buarr), 1300. 
C,H,,0,.N, Aminoacetamidophenols, and their hydrochlorides (Paituies), 2689. 
Nitrodimethylanilines, and their picrates (HopGson and KErsHaAw), 280, 500. 
C,H,,0,N, Dinitrohydrazinoethylbenzenes (Day), 255. 
C,H,,0,S p-Xyloquinolsulphonic acid, barium salt (Dopeson), 2501. 
C,H,,NBr 5-Bromo-4-amino-o-xylene (MILLS and Nixon), 2524. 
C.H,,ON 6-Amino-p-2-xylenol (RoBpERTSON and SrePHENSON), 316. 
8-Hydroxyphenylethylamine, and its salts (READ and CAMPBELL), 2683. 
C,H,,0S Phefiyldimethylsulphonium hydroxide, picrate of (BakER and Morrit7), 
1725. 
C,H,,0OSe Phenyldimethylselenonium hydroxide, picrate of (BAkéR and Morritr), 
1725. 


C,H,,N.Cl 3-Chloro-6-aminodimethylaniline, and its salts (Hopcson and Ker- 
SHAW), 501. 

C.H,,N.Br 3-Bromo-6-aminodimethylaniline, and its picrate (Hopeson and 
Kersuaw), 501. 

C.H,,N.I 3-Iodo-6-aminodimethylaniline, and its salts (Hopeson and KrrsHaw), 
501. 


C.H,,ON, Butylideneacetone semicarbazones (Eccorr and LINsTEAD), 912. 
4é-Hepten-8-one semicarbazone (Eccotr and LInsTEaD), 914. 
¢-Methyl-A5-hexen-8-one semicarbazone (Eccotr and LinsTEAD), 918. 

C,H,,0,N d-Erythroseimine (DEULoFEU), 2604. 

C.H,,0;N, d-Erythrose diacetamide (DEULOFEV), 2603. 

C,H,,ON Diisopropylacetamide (MARSHALL), 2759. 

C,H,,ON, Methyl 8-methylbutyl ketone semicarbazone (Davizs, Dixon, and 

JONES), 471. 
C,H,,NI ‘etraethylammonium iodide, electrical conductivity of solutions of, in 
benzonitrile (MARTIN), 530. 
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81V 

C,H,0,Br,S 2:2-Dibromo-3-keto-2:3-dihydrothionaphthen 1:1-dioxide (COHEN and 
SMILEs), 413, 

C,H,0,BrS 2-Bromo-3-keto-2:3-dihydrothionaphthen 1:1-dioxide (Comen and 
SMILEs), 413. 

C,H,0,N,Cl 3:&-Dinitro-2-methoxybenzoyl chloride (AsHLEY, PERKIN, and 
Robinson), 380, 

C,H,O,NBr 5-Bromo-2-nitroacetophenone (ELson, Gipson, and JoHNson), 1132, 

C,H,O,NCl 3-Nitroanisy] chloride (AsHLEY, PERKIN, and Ropinson), 393. 

C,H,0,C1,S 4-Chlorosulphonyl-3-methoxybenzoy] chloride (SHaH)}, 1297. 

C,H,NCIS 1-Chloro-5-methylbenzthiazole (HUNTER and Jonzs), 2207. 

C,H,NBrS m-Bromo-p-tolylthiocarbamide (HUNTER and JonEs), 2200. 

C,H,0,N,Cl 4-Chloroisophthalamide (GovcH and Kine), 690. 

C,H,0,N,S 5-Nitro-l-imino-2-methyl-1:2-dihydrobenzthiazole (HuNTER and 
JONES), 2204. 

5-Nitro-1-methylaminobenzthiazole (HUNTER and Jongs), 2204, 

C,H,0,ClHg 3-Chloromercuri-2-hydroxy-5-methoxybenzaldehyde (HENRY and 

SHARP), 2287. 
Chloromercuritsovanillin (HENRY and SHARP), 2284, 
C,H,0,C],As Methyl-5-dichloroarsine (Goven and Kine), 688. 
C,H,0,BrHg Bromomercuriisovanillin (HENRY and SHARP), 2284. 


C,H,0,CIS 4-Chlorosulphonyl-3-methoxybenzoic acid (Suan), 1297. 

C,H;NBr,S, 1-Thiol-2-methyl-1:2-dihydrobenzthiazole tetrabromide (HUNTER), 
141. 

C,H,N.CIS 5-Chloro-1-methylaminobenzthiazole (HUNTER and JonEs), 2203. 

C.H,N.BrS 5-Bromo-l-imino-2-methyl-1:2-dihydrobenzthiazole (HUNTER), 140. 

C,H,ONCI] N-Chloroacetanilide, conversion of, into p-chloroacetanilide (BELTON), 
116. 

C,H,0,NCl 3-Chloronitrophenetoles (Hopason and Cray), 966. 


C,H,O,NSb 3-Acetylamino-4-hydroxyphenylstibinic acid (MorGan and Cook), 
743. 


C,H,O,NSb 3-Hydroxy-1:4-benzisooxazine-6-stibinic acid (BALABAN), 1687. 

C,H,0,;N,As Nitro-2-methylbenziminazolearsinic acid (PHILLIPS), 1414. 

C,H,0,NAS isoPhthalamic acid 6-arsinic acid, and its ammonium salt (GoucH and 
Kino), 690. 

C,H,N,.Br.S 5-Bromo-1-imino-2-methyl-1:2-dihydrobenzthiazole hydrobromide 
(HuNTER), 140. 

C,H,.N.Br,S 5-Bromo-1-imino-2-methyl-1:2-dihydrobenzthiazole hydrotribromide 
(HunTER), 140. 

C,H,ONS Thioform-p-anisidide (HaAmmick, New, Stpcwick, and Sutton), 1877. 

C,H,O,N,Cl 3-Chloro-6-nitrodimethylaniline, and its picrate (Hopcson and Krr- 
SHAW), 500. 

C,H,O.N,Br 3-Bromo-6-nitrodimethylaniline, and its picrate (HopGson and KER- 
SHAW), 500. 

C,H,0,N,I 3-IoJo-6-nitrodimethylaniline, and its picrate (Hopcson and KER- 
SHAW), 500. 

C,H,0,N,Cl 6-Nitro-1:3-dimethyl-1:2:3-benztriazolinium chloride (Brapy and 
REYNOLDs), 2672, 

C,H,0,N.Sb N-Phenylglycineamide-m-stibinic acid, and its sodium salt (MorGAN 
and Cook), 740. 

C.H,0,N,Sb 3-Nitro-4-ethylaminophenylstibinic acid (MorGAN and Cook), 743. 

C,H,O,NS 4-Sulphonamido-3-methoxybenzoic acid (SHAH), 1298. 

C,H,O,N.As 2-Nitro-5-acetamidophenylarsinic acid (Pu1Luips), 1914. 
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C,H,N,CIS s-p-Chlorophenylmethylthiocarbamide (HUNTER and JongEs), 2203. 
C,H,N.BrS 1-Imino-2-methyl-1:2-dihydrobenzthiazole hydrobromide (HUNTER), 
139. 


es 1-Imino-2-methy]-1:2-dihydrobenzthiazole hydrodibromide (Hun- 

TEK), 139 

C,H,N,Br,S _ 1-Imino-2-methyl-1:2-dihydrobenzthiazole hydropentabromide 
(HunTER), 139. 

C,H,,O;NS Nitrophenyldimethylsulphonium hydroxides, picrates of (BAKER and 
MoFFITT), 1725. 

C,H,,0;NAsS Benzomethylamide-m- and -p-arsinous acids (GovcH and Kune), 
82, 685. 

C,H,,0;NSe Nitrophenyldimethylselenonium hydroxides, picrates of (BAKER and 
MoFFI1T), 1727. 

C,H,.0;N,AS Amino-2-methylbenziminazolearsinic acid (PH1LLips), 1414. 

C,H,»O,NAs Benzomethylamide-m- and -p-arsinic acids (GoucH and KiNG), 682, 
686. 


C,H,,.0,N,S 4-Sulphonamido-3-methoxybenzamide (SHAH), 1298, 

C,H,,.0;NSb 3-Acetamido-4-hydroxyphenylstibinic acid (BALABAN), 1685. 

C,H,,0,N,AS Aminoacetamidophenylarsinic acid (PHILLIPS), 1911. 

C,H.,0.S,Pt Platinumbisdiethylsulphonium hydroxide, and its salts (ANGELL, 
Drew, and WARDLAW), 360. 


C,H,ONBrS 5-Bromo-1-keto-2-methyl-1:2-dihydrobenzthiazole (HuNTER), 140. 

C,H,ON,BrS 5-Bromo-1-nitrosoimino-2-methyl-1:2-dihydrobenzthiazole (Hun- 
TER), 140. 

C,H,ON;Br,S _1-Nitrosoimino-2-methyl-1:2-dihydrobenzthiazole tetrabromide 
(HunTER), 141. 

C,H,0,N,C1,Sb 3-Nitro-4-ethylaminophenylstibinic chloride (MorGAN and Cook), 
743. 


C,H,O,NIAs 2-Iodo-5-acetamidophenylarsinic acid (BARBER), 2051. 


8 VI 
C.H..0,N,C1,S,Pt Dichlorobis-(1:4-thiazan)platiuum dihydrate (MANN), 1752. 


‘ C, Group. 

C,H;N Quinoline, action of stannic iodide with (Cooper and WarpLaw), 1145, 

C,H,N, 1-Phenylglyoxaline, and its nitrate (ForsyTH and Pyman), 402. 

C,H,N, a-2-Methylbenzbisiminazole (PuiLurps), 1415. 

C,H,,0, 5:6-Dihydroxyhydrindene (Minus and Nixon), 2522, 
Phenylacetylcarbinol (Hey), 1233. 

C,H,,0, 8-Orcylaldehyde (RopERTSON and STePHENSON), 316. 

C,H,,0, 2-Hydroxy-4:5-dimethoxybenzaldehyde (HEAD and Rosertson), 2440. 
B-Orcinolearboxylic acid (RoBERTSON and STEPHENSON), 317. 
m-Xyloicinolearboxylic acid (Boycr, RANKINE, and RoBERTSON), 1216, 

C,H,,0, Methylmannofuranoside dicarbonate (HAworTH and PorTER), 650, 

C,H,,0, Methoxymethyl benzyl ether (Cocker, LAPwortH, and Watton), 452, 
6-Methoxy-m-4-xylenol (Boycgk, RANKINE, and RoBERTSON), 1217. 
1:1:8-Trimethyl-A?-cyclohexene-4:6-dione (GiBsoN, PENFOLD, and SIMONSEN), 

1194 


C,H,.0, 3-Methoxy-4-ethoxyphenol (HEAD and RoBERTson), 2438, 
4-Methoxy-3-ethoxyphenol (HEAD and RoBERTSON), 2443. 

C,H,,N p-Amino-n-propylbenzene, and its salts (Hi1ckinBoTTom and WAINg), 1562. 
Dimethyl-p-toluidine, and its salts (HopGson and KersHaw), 278. 
dl-8-Phenylisopropylamine, and its salts (HEY), 18. 
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C,H,,0, 5-n-Propyldihydroresorcinol (Eccotr and Linsrg£av), 915. 
1:1:3-Trimethylcyclohexane-4:6-dione (G1BsoN, PENFOLD, and SIMONSEN), 1196, 

C,H,,N Phenyltrimethylamine, salts of (Zax1), 1084. 

C,H,,N, p-Aminophenyltrimethylamine, methosulphate of (Zak1), 1079. 

C,H,,0, Ditsopropylmalonic acid, and its silver salt (MARSHALL), 2760. 

C,H,,0, Ethyl di(hydroxymethyl)malonate (WxtcH), 258. 

C,H,,0, Acetyl y-methylmannoside (Botr, Haworrn, and Hirst), 1401. 

C,H,,0 a-n-Hexylallyl alcohol (Burton), 251. 

C,H,,0, Trimethyl methyl-lyxofuranoside (Bort, Hirst, and SmirH), 664. 

C,H,,0, Trimethyl a-mannosepyranose (Botr, Haworrn, and Hirst), 1403. 

C,H,,0 Methylethyl-(8-methylbutyl)carbinol (Davizs, Dixon, and Jongs), 472. 

C,H,,Sb Tri-n-propylstibine (Dyke, Davizs, and Jonxs), 466. 


d 9 Ill 
C,H,0,N, 3:6:8-Trinitro-2:4-dihydroxyquinoline (ASHLEY, PERKIN, and Rosty. 
son), 389. 
C,H;0,N, Dinitrodihydroxyquinolines (AsmLey, Perkin, and RosBinson), 388, 
C,H,0,.N, 1-p-Nitrophenylglyoxaline, and its hydrochloride (ForsyTH and Py. 
MAN), 403 

C,H,0,N, 6:8-Dinitrohydrocarbostyril (MzNon, Perkin, and Rosinson), 840. 

C,H,0O,N, Dinitrohydrazinodeoxystrychol (MENON, PeRKIN, and Roxztnson), 841, 

C,H,OBr, o0:a-Dibromopropiophenone (Etson, Gipson, and JouNnson), 1133. 

meme 3:5-Dibromo-2:4-dimethoxybenzaldehyde (HzeNRy and SHarp), 2283, 

Hg, Hydroxymercuriacetoxymercuri-3:4-dihydroxybenzaldehyde (HEnry 
on SHARP), 2284. 

C,H,OBr 6-Bromo-5-hydroxyhydrindene (Mitts and Nrxon), 2523. 
Bromopropiophenones (ELson, GiBson, and JOHNSON), 1133. 

C,H,0O,Br 2-Bromo-3:4-dimethoxybenzaldehyde (HENRY and SHarp), 2285. 

C,H,NS, 1-Thiol-2-ethyl-1:2-dihydrobenzthiazole (HunTER), 145. 

C,H,,0,S, 3:5-Dimethylthiolbenzoic acid, and its salts (BELL and BENNETT), 4. 

C,H,,0,;S 4-Methylthiol-3-methoxybenzoic acid (SHAH), 1299. 

C,H,,0,S, 3:5-Dimethylthiolbenzoic acid dioxides (BELL and BENNeETT?), 4. 

C,H,,0;N, 5-Nitro-2-carbethoxyaminophenol (PuILLIPs), 2689. 

C,H,,0;S 3-Methoxybenzoic acid 4-methylsulphone (SHan), 1299. 

C,H,,.N.S 1-Methylamino-5-methylbenzthiazole (HoNTER and Jongs), 2199. 
2-Thiol pheny1-4:5-dihydroglyoxalines (MCCLELLAND and WARREN), 1101. 

C,H,,0N Aminopropiophenones (Etson, Grsson, and Jounson), 1132. 

Benzyl methyl ketoxime (Hey), 19. 

C,H,,0,N Ethyl crotylidenecyanoacetate (CAwLEY, Evans, and FARMER), 530. 
4-Methylphthalic anhydride, preparation of (Havasu), 1515. 
Phenylacetylcarbinol oxime (HEy), 1233. 

C,H,,0,Br 5-Bromo-1:1:3-trimethyl-A*?-cyclohexene-4:6-dione (G1BsON, PsnFOLD, 

and SIMONSEN), 1194. 

C,H,,0;N, 4-Nitro-2-acetamidomethylaniline (PHILLips), 1415. 

C,H,,0,N, Dinitromethylaminoethylbenzenes (Day), 256. 

CoHNsS 5-Amino-l-methylimino-2-ethyl-1:2-dihydrobenzthiazole (HUNTER), 

CoH.,0N, Aminoacetophenone semicarbazones (ELson, Gipson, and JoHNsoN), 

1 


C,H,,0S 4-Methylthiol-3-methoxytoluene (Suan and Buatt), 1301. 
C,H,,0,N, Nitrodimethyl-p-toluidines, and their picrates (Hopcson and Kegp- 


SHAW), 279. 
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FORMULA INDEX. 9 III—9 IV 


(,H,,0;N, 5-Amino-2-carbethoxyaminophenol (PHiuuirs), 2689. 

C,H,:N.S p-Tolylmethylthiocarbamides (HUNTER and Jonzs), 2199. 

C,H,,0N Norephedrines (HEY), 1232. 

GH,08 Benzyldimethylsulphonium hydroxide, picrate of (BAKER and Morrirt), 
1727. 


C,H,,0Se Benzyldimethylselenonium hydroxide, picrate of (BAKER and MorFiTr), 
1728. 


C,H,,0,N, m-Nitrophenyltrimethylamine, salts of (Zaxkr), 1084. 
C,H,;0,N Ethyl 4-cyanotetrahydropyran-4-carboxy late (GrBson and JoHNson), 
2528. 


C,H,0,S Ethyl di(hydroxymethyl)malonate sulphite (WELon), 259. 

(,H,,NBr m-Bromobenzyldimethylamine, and its picrate (STEVENS), 2111. 

C,H,ON Mcthyl-A1-cyclohexenylacetamides (Kon and THAkuR), 2222. 
Methylcyclohexylideneacetamides (Kon and THAkuR), 2222. 

C,H,;0,N Ditsopropyleyanoacetic acid, and its silver salt (MARSHALL), 2758, 

C,H,,0,Au Diethylgold acetylacetone (GiBson and SIMONSEN), 2535. 

C,H,,0,N Ditsopropylmalonamic acid, and its silver salt (MARSHALL), 2758, 

C,H,,0Sb Tri-n-propylstibinic oxide (Dyke and Jongs), 1923. 

C,H,,0,Sb, Tri-n-propylstibinic metantimonite (DyKE and Jonzs), 1923, 

C,H.,C1,Sb Tri-n-propylstibinic chloride (DykE and Jonzs), 1924. 

C,H,,Br,Sb Tri-n-propylstibinic bromide (DyKke and Jongs), 1924. 

C,H,,I,Sb Tri-n-propyistibinic iodide (Dyke and Jonzs), 1924. 

C,H,,SSb Tri-n-propylstibinic sulphide (Dyxz and Jonzs), 1924. 

C,H.,S,Sb, Tri-n-propylstibinic metathioantimonite (DyKE and Jongs), 1924. 


9 IV 


C,H,0,N,S 5-Nitro-1-acetamidobenzthiazole ([(1unTER and JongEs), 2203. 

(,H,NCI,Sb Quinolylstibinic chloride hydrochlorides (MorGAN and Cook), 744. 

C,H,0,NSb Quinolylstibinic acids, and their salts (MorGan and Cook), 744. 

C,H,0,N.S 5-Nitro-1-keto-2-ethyl-1:2-dihydrobenzthiazole (HUNTER), 145. 

C,H,0,N;,Cl, yvy-Trichloro-a-nitropropan-8-ol phenylhydrazone (JonEs and 
KENNER), 927. 

C,H,0,N,S 5-Nitro-1-nitrosoimino-2-ethyl-1:2-dihydrobenzthiazole (HuNTER), 
145. 


C,H,0,N,S Dinitroiminoethyldihydrobenzthiazole (HuNnTER), 144. 

C,H,ONS 1-Keto-2-ethyl-1:2-dihydrobenzthiazole (HuNTER), 145. 

C,H,ON,Br, 3:w-Dibromoacetophenone semicarbazone (Exson, GiBson, and 

JOHNsON), 1132. 

C,H,ON,S 1-Nitrosoimino-2-ethyl-1:2-dibydrobenzthiazole (HuNTER), 145. 

C,H,O,.N,S 5-Nitro-1-imino-2-ethyl-1:2-dihydrobenzthiazole (HUNTER), 143. 

C,H,0,NI, Di-iodohydroxyphenylalanines (Dickinson and MaRsHALL), 2292, 

C,H,0,NCu Copper oximinopropiophenone (Hey), 21. 

C,H,N,BrS 5-Bromo-1-imino-2-ethy]-1:2-dihydrobenzthiazole (HUNTER), 142. 
3-Bromo-1-methy lamino-5-methylbenzthiazole (HUNTER and Jongs), 2200, 

C,H,,ONCI] Acetochlorobenzylamides (WILLIAMS), 44. 

GH, ON,Br Bromoacetophenone semicarbazones (ELson, GiBson, and JoHNson), 


C,H,,ON,Be Bromohydroxyphenylalanines (Dickinson and MARSHALL), 2291, 
CrHwO.NAS Benzo-8-hydroxyethylamide-p-arsenious oxide (GovcH and KING), 
683. 


C,H,,0,N,S, 2-Phenyl-4:5-dihydroglyoxalinethiosul phonic acids (McOLELLAND and 
WARREN), 2692, 
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9IV—9 V FORMULA INDEX. 


CoH MEPS pape gape aha. :2-dihydrobenzthiazole hydrobromide 
ae ee hydrotribromide 
C,H,,N.BrS s-m-Bromo-p-tolylmethylthiocarbamide (HUNTER and JonEs), 2200, 

1-Imino-2-ethyl-1:2-dihydrobenzthiazole hydrobromide (HUNTER), 141. 

CoHiN, Bras 1-Imino-2-ethyl-1:2-dihydrobenzthiazole hydrotribromide (Hvy. 
TER), 141. 
C,H,,N,Br,$ 1-Methylamino-5-methylbenzthiazole hydrotetrabromide (HunTEE 
and JONES), 2199. 
C,H,,.0;NS Nitrobenzyldimethylsulphonium hydroxides, picrates of (BAKER and 
MorFrFitt), 1728. 
C,H,,0,NAs Benzethylamide-p-arsinous acid (GoveH and Kine), 682. 
C,H,,0,;NSe Nitrobenzyldimethylselenonium hydroxides, picrates of (BAKER and 
MorFitt), 1728. 
C,H,,0,NAs Benzethylamide-p-arsinic acid (GovcH and Kine), 682. 

Benzodimethy lamide-p-arsinic acid (GoucH and Kine), 682, 

ta nae aor a acid, and its sodium salt (Putt. 
LIPs), . 

Benzo-8-hydroxyethylamide-p-arsinic acid (GovucH and Kina), 683. 
C,H,,0,NAs 4-Carbethoxyamino-3-hydroxyphenylarsinic acid (PHILLIPS), 2690. 
C,H,,0,N,S 6-Nitro-1:3-dimethyl-1:2:3-benztriazolinium methyl sulphate (Brapr 

and REYNOLDs), 2672. 
CoH1:0,NS p-Toluenesulphondimethylamide (CLARKE, Kenyon, and PHILLIPs), 


C,H,,0;NS, Ethyl-p-toluenesulphonylsulphinamide (CLARKE, Kenyon, ani 
Pui.urps), 1229. 

C,H,,;0,N,Sb N-Phenylglycinemethylamide-m-stibinic acid, sodium salt (Moreax 
and Cook), 741. 

C,H,,NCIBr p-Bromobenzyldimethylamine hydrochloride (StEVENS, SNEDDES, 
STILLER, and THomsoN), 2122. 

C,H,,NCI,I 1:2:4:6-Tetramethylpyridine tetrachloroiodide (CHaTraway ani 
PaRKEs), 1005. 

C,H, NI Hg Phenyltrimethylammonium mercuritri-iodide (CAVELL and Suepszy), 
2578. 


C,H,,NBrAu Pyridinodiethylgold bromide (Gisson and Simonsen), 2535. 


9V 
C,H,0,NCI,As Hippuryl chloride p-dichloroarsine (Gover and Krna), 684, 
C,H,ONBrS 5-Bromo-1-ethoxybenzthiazole (HUNTER), 137. 
5-Bromo-1-keto-2-ethyl-1:2-dihydrobenzthiazole (HUNTER), 145. 
OH OR Bre 5-Bromo-1-nitrosoimino-2-ethyl-1:2-dihydrobenzthiazole (HUNTER), 
45. 


a 5-Bromo-3-nitro-1-imino-2-ethyl-1:2-dihydrobenzthiazole (Huy 

TER), 147. 

C,H,ONBr,S 1-Keto-2-ethyl-1:2-dihydrobenzthiazole tetrabromide (HUNTER), 14 

C,H,ON,CIS Acetyl-p-chlorophenylthiocarbamides (HUNTER and JonEs), 2202, 

C,H,ON,BrS Acetyl-p-bromophenylthiocarbamides (HUNTER and Jones), 2202. 

C,H,0,N,SAS 2-Carboxymethylthiolbenziminazole-5-arsinic acid (EVERET) 
2405. 


C,H,,ONCI,As Benzodimethylamide-p-dichloroarsine (GoucH and Kine), 682. 
C,H,,.ONBrS p-Bromophenylthiourethane (HuNrER), 137. 
C,H,,0,N;SAS 2-Carbamylmethylthiolbenziminazole-5-arsinic acid (EVERET); 


2406. 
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FORMULA INDEX. 10 I—10 III 


C,, Group. 
CyH,, «-Phellandrenes (Reap and Storey), 2781. 
10 II 


CyHsN, «a-Dipyridyl, determination of, as mercuri-iodide (Morgan and Bur- 
STALL), 2598. 
CyH,N a-Naphthylamine, methylation of (GokHLE and Mason), 1757. 
CioH,0; 4-Hydroxy-aa-dimethylphthalide (Cann), 990. 
Methylacetophenone-2-carboxylic acids (HEILBRON and WILKINSON), 2552. 
CHiN, 2-Phenyl-1-methylglyoxaline, nitrate of (ForsyTH and Pyman), 398. 
C,.H,,0, -Butyrylphenols (CouLTHARD, MARSHALL, and Pyman), 286. 
p-Methoxybenzyl methyl ketone (GoopaLL and Hawortn), 2487. 
CyH,,0,; Acid, from oxidation of 8-caryophyllene alcohol (BELL and HENDERSON), 
1975. 


2-Hydroxy-6-methoxy-3:5-dimethylbenzaldehyde (Boycz, RANKINE, and RoBErt- 
son), 1217. 
5-Propionylguaiacol (COULTHARD, MARSHALL, and PymAn), 290. 
Rhizonaldehyde (RoBERTSON and STEPHENSON), 318. 
CioH,,0, 2-Hydroxy-4-methoxy-5-ethoxybenzaldehyde (HEAD and RoBERTSON), 
2438. 


2-Hydroxy-5-methoxy-4-ethoxybenzaldehyde (Heap and Robertson), 2443. 
C,H,;3Br y-Bromobutylbenzene (BREWIN and TuRNER), 503. 
y-0-Tolylpropyl bromide (HARVEY, HEILBRON, and WILKINSON), 428. 
C,.H,,0, Camphoric anhydride, action of substituted aromatic amines on (M. 
and R. SrncH), 1301. 
C,,H,,0, Triacetyl erythrose (DEULOFED), 2604, 
CrollsN p-Aminoisobutylbenzene, and its salts (HicKINBoTTOM and Preston), 
1570. 


C,.H,,0 Piperitone (Reap and Storey), 2770. 

CioH,,0, MethyleycZohexyl-1-malonic acids (VocEL and Oommen), 770. 

C,.H,,0 Piperitols (Reap and Srorgy), 2779. 

CyoH,,0, «-isoAmylallyl acetate (BuRTON), 252. 

CioH,,0, Methyl hydrogen ditsopropylmalonate (MARSHALL), 2760. 

C,oH,.0, Ethyl(hydroxymethy]) ethylmalonate (Ws.tcw), 260. 

C,,H,,N Piperitylamines, and their salts (Reap and Storey), 2770. 

C,.H..0, Tetramethyl mannofuranose (HAworTH, Hirst, and WEBB), 657. 

CioH,,N d-neoMenthylamine, hydrobromide of (READ and STEELE), 2432. 

CroHa20. Methoxymethy] sec.-octyl ether (Cocker, LaPworTH, and WALToN), 
452. 


10 Ill 

CioH,N,Cl, aaffw-Pentachlorobutaldehyde 2:4:6-trichlorophenylhydrazone(CHATT- 
away and Irvine), 91. 

C,.H,N,Br, Tetrabromodimethylquinoxaline (BENNETT and WILLIS), 1709. 

C,H,OS 1-Thiol-2-naphthol (SrEvENsoNn and SmILEs), 1743. 

Ci.oH,0,N, 6-Nitro-2-hydroxy-4-methylquinoline (BALABAN), 2349. 

C,H,0,Br, 3:5-Dibromo-1-hydroxy-aa-dimethylphthalide (Cann), 992. 

C,oH,0,S 3-Keto-2-acetyl-2:3-dihydrothionaphthen 1:l-dioxide (Conen and 
SmILEs), 411. 

CioH.N,Cl, a8-Dichlorocrotonaldehy de 2:4-dichlorophenylhydrazone (CHATTAWAY 
and IRvING), 90. 


CwH.OBr, o’-a’-a-Tribromo-n-butyrophenone (Etson, Greson, and JoHnson), 
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10 I1I—10 IV FORMULA INDEX. 


C1,H,0,N 5-Anisylisooxazole (RoBinson and ScHWARZENBACH), 827. 
Methyl 4-cyano-m-toluate (HAYASHI), 1516. 
C,.H,O,N, Methyl 3:5-dinitro-2-acetamidobenzoate (ASHLEY, PERKIN, ani 
Kosrnson), 390. 
C,,H,N;S 2-Phenyl-4:5-dihydroglyoxaline thiocyanates (MCCLELLAND and Wap. 
REN), 2692. 
CioH,,ON, 6-Amino-2-hydroxy-4-methylquinoline, and its hydrochloride (Bata- 
BAN), 2350. 
C1oH190,N, Acetamido-1-methylbenzoxazoles (PHILLIPS), 2688. 
C,,H,,OBr, 0-a-Dibromo-n-butyrophenone (Euson, Greson, and Jonnson), 1134, 
C.oH,.0,;N, Allyl-p-nitrobenzaldoximes (Brapy and Peaxktn), 226. 
C.oH1.0,;N, Nitroacetamido-2-methylbenziminazole (PHitiips), 1413. 
C.,H,.0;N, 2-Nitro-5-diacetamidophenol (PHiL.1ps), 1913. 
C,,H,,.0;Hg 3-Acetoxymercuri-2-hydroxy-4-methoxybenzaldehyde (HENRY ani 
SHARP), 2286. 
2-Acetoxymercuritsovanillin (HENRY and SHarp), 2284. 
C,.H;,0N £-4-Methoxyphenylpropionitrile (Jounson and Ropertson), 25. 
C1oH,,OBr Bromo-n-butyrophenones (Etson, Grason, and Jonnson), 1134, 
CioH,,0,N 0-Allylbenzhydroxamic acid (Brapy and Pzak1n), 228. 
C,,H,;,0,N Anisoylacetaldoxime (RoBinson and ScHWARZENBACH), 827. 
C,,H,,0,N Ethyl 3-nitroanisate (AsHLEY, PERKIN, and Rosinson), 392. 
C,,H,,0,As Methyl csophthalate-4-arsinous acid (GoveH and Krn@), 691. 
C,.H,,0,As Methyl isophthalate-4-arsinic acid (Govcn and Kine), 691. 
CioH;;NS p-Cyanobenzylethyl sulphide (Mann), 1751. 
C,.H:,0N, Aminoaceiamido-2-methylbenziminazole, and its dihydrochloride 
(PHILLIPs), 1413. 
C,.H,,0,S p-Carboxybenzyl ethyl sulphide (Mann), 1751. 
C,oH,,0;N, p-Nitrophenylacetiminoethyl ether, hydrochloride of (ForsyTH and 
Pyman), 400. 
C,.H;,N,S 2-m-Methylthiolphenyl-4:5-dihydroglyoxaline, and its hydriodide 
(MCULELLAND and WARREN), 1101. 
C,,.H,,0N 0-Amino-n-butyrophenone (ELson, Gisson, and Jonnson), 1134. 
C,9H,,0,N Acetyl-6-methoxy-o-toluidine (Jonzs and Ropertson), 1704. 
4-Propionyl-m-cresol oxime (COULTHARD, MARSHALL, and PyMAN), 288. 
C,9H,;0,N, 8-Nitroamy] alcohol phenylhydrazone (Jones and KENNER), 926. 
C,oH,,0,N 4-Nitrosoresorcinol diethyl ether (Hopcson and Cray), 1875. 
CioH,;0;N, «-Nitrobutan-8-ol phenylhydrazone (JonEs and KENNER), 927. 
C,.H,,ON p-Aldehydophenyltrimethylamine, salts of (Zaxr), 1083. 
CioHsON, o-Aminopropiophenone semicarbazone (ELson, Gipson, and Jounsoy), 
1133. 


C,oH,,0S Phenyltetramethylenesulphonium hydroxide, bromoaurate of (BENNETT 
and Mossgs), 2369. 

C,.H,,0,N, 3:4-Dimethoxyphenylacetylhydrazine (AGGARWAL, KuEra, and Riy), 
2356. 


C,.H,;ON p-Methoxybenzyldimethylamine, and its picrate (STEVENS), 2112. 

C,oH,,ON /-Cryptaloxime (PzNFoLD and SimonszEn), 405. 

C,,H,,0,;N Methyl dicsopropylmalonamate (MARSHALL), 2758. 

C,.H,,ISb Methyltri-n-propyl stibonium iodide (DyKz and Jongs), 1924. 

Ci.H.;0Sb Methyltri-n-propylstibonium hydroxide, and its salts (Dyke and 
JONES), 1924. 10 IV 


C,.H,OBrS 1-Bromothiol-2-naphthol (SrzvENson and Sm1ues), 1744. 
C,,.H,0,N,Cl 2-Chloro-6-nitro-4-methylquinoline (BALABAN), 2349, 
2862 





IN, and 
nd War- 


2 (Baa- 


N), 1184, 


chloride 


YTH and 
driodide 


4. 


126, 


HNSON), 
JENNETI 


d RAy), 


cE and 





FORMULA INDEX. 10 IV—10 V 


CyH.N.CI],Br, 8-Dichlorocrotonaldehyde 2:4-dibromophenylhydrazone (CHatT- 
away and IRVING), 93. 

CyHsN,C1,Br, 8-Dichloro-a8-dibromobutaldehyde 2:4-dibromophenylhydrazone 
(CuaTTawAy and IRvING), 93. 

CyH.N.Cl,Br «8-Dichlorocrotonaldehyde 2-chloro-4-bromophenylhydrazone 
(CHATTAWAY and IRvING), 94. 

CyHsN.Cl,Br, 8-Dichloro-a8-dibromobutaldehyde 2:4-dichlorophenylhydrazone 
(CHATTAWAY and Irvine), 90. 

C.H,ON,Cl, 8-Chloro-a-ketobutaldehyde 2:4-dichlorophenylhydrazone (CHatt- 
Away and IRVING), 92. 

CyH,O,N;S 5-Nitro-1-acetimido-2-methyl-1:2-dihydrobenzthiazole (HuNTER and 
JONES), 2204, 

CyH,O,N;S 5-Nitro-1-methylacetamidobenzthiazole (HUNTER and JonEs), 2204. 

CioH,0,C]1,AS Methyl csophthalate 4-arsinetetrachloride (Goven and KrN@), 692. 

CyH,NCI,I 6-Chloro-1-methylquinoline tetrachloroiodide (Cuatraway and 
PaRKEs), 1005. 

CH, ON,S 1-Acetimido-2-methyl]-1:2-dihydrobenzthiazole (HUNTER), 140. 
1-Imino-2-acetyl-5-methyl-1:2-dihydrobenzthiazole (HUNTER and Jongs), 2197. 
CoH, OCIBr p-Chloro-a-bromo-n-butyrophenone (ELson, Grason, and JoHNSON), 

1135. 


CyH»O,NAS 2-Hydroxy-4-methylquinoline-6-arsinic acid (BALABAN), 2350, 

CioH,90,N,AS Acetamido-2-methylbenziminazolearsinic acid (PHILLIPS), 1414. 

CioH;,0.N,;S 5-Nitro-1-methylimino-2-ethyl-1:2-dihydrobenzthiazole (HuNTER), 
143. 


CioHi:N,BrS 5-Bromo-1-methylimino-2-ethyl-1:2-dihydrobenzthiazole (HUNTER), 
144. 


C.H,,ONBr 5-Bromo-4-acetamido-o-xylene (M1LLs and Nixon), 2524. 

CiH,;,0N,S 1-Imino-5-ethoxy-2-methyl-1:2-dihydrobenzthiazole (HuNTER and 
JONES), 2201. 

1-Methylamino-5-ethoxybenzthiazole (HUNTER and JonEs), 2201. 

CoH: ON Br. Bromopropiophenone semicarbazones (ELson, Gipson, and JoHN- 
sON), 1133. 

C1oH,.0,NAS Benzo-p-propylamide-p-arsenious oxide (GovcH and Kine), 683, 

C.oH,;0;N,AS 2:5-Diacetamidophenylarsinic acid (PHILLIPS), 1915. 

C,.H,,ON,S s-p-Ethoxyphenylmethylthiocarbamide (HunTER and JonEs), 2201. 

C,oH,,0,NAs Benzo-n-propylamide-p-arsinic acid (GoveH and Krxe), 683. 

C,.H,,0,N,S, 1-Amino-5-methylbenzthiazole methosulphate (HUNTER and JoNnEs), 
2198. 


CioH,51,SHg Phenyldiethylsulphonium mercuritri-iodide (BAL¥FE, KENYON, and 
PHILLIPS), 2563. 
10 V 


CyH,ON,CIBr, 8-Chloro-a-ketobutaldehyde 2:4-dibromophenylhydrazone (CuatTr- 
AWAY and IRVING), 94. 

C,.H,ON.CIS 5-Chloro-1-acetimido-2-methyl-1:2-dihydrobenzthiazole (HuNTER 
and JONEs), 2203, 

5-Chloro-1-methylacetamidobenzthiazole (HUNTER and JoNEs), 2203. 

C,oH,ON,CI,Br 8-Chloro-a-ketobutaldehyde  2-chloro-4-bromophenylhydrazone 
(CHATTAWAY and IRVING), 94. 

CH,ON.BrS 5-Bromo-1-acetimido-2-methyl-1:2-dihydrobenzthiazole (HUNTER), 

40. 


CyH,NCLBrI 6-Bromo-l-methylquinoline tetrachloroiodide (CHATTAWAY and 
ParKgs), 1005. 
CioH,,0N,SBr, 1-Imino-2-acetyl-5-methyl-1:2-dihydrobenzthiazole hydrotribrom- 
ide (HUNTER and Jonzs), 2197. 
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11 11—t1 Ill FORMULA INDEX. 


C,, Group. 
C,,H,.0; Anisoylpyruvic acid (RoBINsoN and ScHWARZENBACH), 825, 
C,,H,,0 5-Keto-1-methyl-5:6:7:8-tetrahydronaphthalene (Harvey, HEkIienoy, 


and WILKINSON), 429. 
C,,H,,0, Hydroxycannabinolactone (Cann), 989. 
4-Methoxydimethylphthalide (Cann), 991. 
Methyl methylacetophenone-2-carboxylates (HEILBRON and WILKINSON), 2558. 
C,,N,,0, 2-Hydroxy-4-methylcarbonato-3:6-dimethylbenzaldehyde (ROBERTSON 
and STEPHENSON), 319. 
C,,H,;N 1:3-Dimethyl-3:4-dihydroisoquinoline, picrate of (HEY), 20. 
C,,H,,0 2:4-Dimethylcinnamy]! alcohol (Burton), 252. 
a-m-4-Xylylallyl alcohol (Burton), 252. 
C,,H,,0, -Butyryleresols (CouLTHARD, MARSHALL, and PyMAN), 286, 
5:6-Dimethoxyhydrindene (MiLis and Nixon), 2522. 
p-Methoxybenzylacetone (GooDALL and HaworTH), 2485. 
y-o-Tolylbutyric acid (HakvEy, HeILBRoN, and WILKINSON), 428. 
p-n-Valery)phenol (CoULTHARD, MARSHALL, and PyMAN), 284. 
C,,H,,0, 5-n-Butyrylguaiacol (CovLTHARD, MARSHALL, and Pyman), 290. 
Dehydroangustione (G1Bson, PENFOLD, and SIMONSEN), 1198. 
C,,H,,0, Dimethoxyethoxybenzaldehydes (HEAD and RopErtson), 2438, 2443. 
Ethyl 8-orcinolearboxylate (RoBERTSON and STEPHENSON), 317. 
C,,H,,0,; Dimethoxyethoxybenzoic acids (HEAD and Roperrson), 2439, 2444, 
C,,H,;N 2:4-Dimethyl-1:2:3:4-tetrahydroquinolines, and their hydrochlorides 
(PLANT and Rosser), 2153. 
4-Pheny]piperidine, nitrate of (ForsyrH and Pyman), 401. 
C,,H,;Br 8-Benzylbutyl bromide (Brewin and Turner), 502. 
-(2:4-Dimethylpheny!)propyl bromide (HEILBRON and WILKINSON), 2539. 
CHO y-(2:4-Dimethylphenyl)propyl alcohol (HEILBRON and WILKINSON), 
2538. 


C,,H,,0, cycloPentanespiro-2-methyleyclohexane-3:5-dione (Kon and Taaxvr), 
2231. 


1:8:8-Trimethy]bicyclo[1:2:3 Joctane-2:4-dione (QuDRAT-I-KuuDA), 213. 
C,,H,,0, Angustione (G1sson, PENFOLD, and SIMoNsEN), 1191. 
C,,H,,0, Methyl ethyl cyclopentenylmalonate (HuGH and Kon), 779. 
C,,H,,0, Methyleampholide (QupRat-1-Knupa), 212. 
C,,H,,0, 5-Acetyl-1:1:2-trimethyleyclopentane-2-carboxylic acid (QupRAT-F 
KuupA), 211. 
C,,H,,;0, Tetramethyl a-mannofuranoside (Haworrs, Hirst, and Wess), 656. 
Tetramethyl 8-methylmaunopyranoside (Bort, HawortH, and Hirst), 2656. 


11 III 
C,,H,O,S 2-Naphthylene 1-thiolcarbonate (STEVENSON and SMILEs), 1743. 
C,,H,0,N, Trinitrodihydroxyacetoxyquinoline (ASHLEY, P&RKIN, and Rosrnsoy), 
389. 


C,,H,0,.N, 3:6:8-Trinitro-7-methoxykynurenic acid (AsHLEY, PERKIN, and 


RosBinson), 394. 
































C,,H,OCIl 3-Chloro-2-naphthaldehyde (SHorsmirH and MAcKIE), 1586. 

C,,H,0,N, 3:6-Dinitrohydroxyacetoxyquinoline (AsHLEY, PERKIN, and Rosiy- 
SON), 389. : 

CuHO.N, 3-Nitrohydroxyacetoxyquinoline (ASHLEY, PERKIN, and Rosinsoy) 
88. 


CuHs0.Ns Nitro-7-methoxykynurenic acid (AsHLEY, PERKIN, and Rosinsoy), : 
94, 
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FORMULA INDEX. 11 LWI—t IV 


C,,H,.N,S 1-Amiuo-a-naphthathiazole (HUNTER and Jongs), 943. 
C,,H,OCI Chloronaphthylcarbinols (SHogsmiITH and Mackrkr), 1586, 
C,,H,O,N Hydroxyacetoxyquinoline (ASHLEY, Perry, and Rostnson), 888. 


C,,H,O,N 4-Hydroxy-7-methoxyquinoline-2-carboxylic acid (AsHLEY, PERKIN, 


and Ropinson), 393. 
CuHsO.Ns Acetyldinitrohydrazinodeoxystrychol (MENON, PERKIN, and Rosin- 
sON), 84 
CuHi.OsN Ps areriaant hati emetaine acid (ASHLEY, PERKIN, and Rosrn- 
SON), 
C,,H»0;N, Nitrohydroxydimethylquinolines (BALABAN), 2350. 
C,,H,.0,Hg, 3:5-Diacetoxymercuri-2:4-dihydroxybenzaldehyde (HENRY and 
SHARP), 2283. 
C,,H,,CIBr Chloronaphthylmethyl bromides (SHorsmirH and Macxik), 1585, 
C,,Hi,;0,N Acetyl-p-methoxyphenylacetonitrile (GoopaLL and Hawortn), 2486. 
4-Keto-l-acetyl-1:2:3:4-tetrahydroquinoline (CLEMo and JoHNsoN), 2135. 
C,,H,,0,N Anisoylpyruvamide (RoBinson and ScHWARZENBACH), 828. 
Oxyeannabin, constitution of (CAHN), 986. 
C.,H,,0,N; Ethyl 3:5-dinitro-2-acetamidobenzoate (ASHLEY, PERKIN, and Ros- 
INsON), 390. 
C,,H L20Ns Aminohydroxydimethylquinolines, and their hydrochlorides (BALABAN), 


C,,H,,0N 2-Keto-3:4-dimethyl-1:2:3:4-tetrahydroquinolines (PLANT and Rosser), 
2452. 


C,,H,;0.N Anhydrodehydroangustione oxime (G1BsoN, PENFOLD, and SIMONSEN), 

C,,H,;0,N,; Methylacetophenone-2-carboxylic acid semicarbazones (HEILBRON 
and WILKINSON), 2552. 

C,,H,,0,Br «-3-Bromo-4-methoxyphenyl-n-butyric acid (GoopALL and Haworts), 
2487. 


C,,H,,0,.N, 4-Nitrophenylpiperidines, salts of (ForsyrH and Pyman), 402. 
C,,H,,0,N, amet iene semicarbazone (ELSON, GiBson, and JOHN- 
SUN), 1134. 

C,,H,,0,N, 5-Acetamido-2-carbethoxyaminophenol (PaILurps), 2689. 

C,,H,,0,.N Aminodehydroangustione (Ginson, PenFo.p, and Simonsen), 1198. 
Anhydroangustione oxime (GiBson, PENFOLD, and Simonsen), 1193. 
6-Methoxy-m-4-acetylxylidine (Boycx, RANKINE, and RoperRtson), 1216, 
p-Methoxybenzylacetoxime (GooDALL and Haworth), 2485. 

C,,H,,0,N, p-Methoxybenzyl methyl ketone semicarbazone (GoopALL and Haw- 

oRTH), 2487. 
Cul, ,O5Ns a-Chloro-a-nitropentan-8-ol phenylhydrazone (Jongs and KENN&k), 
27. 


C,,H,,ON, p-Acetamidophenyltrimethylamine, methosulphate of (Zak), 1079, 

C,,H,,0S Benzyldiethylsulphonium hydroxide, picrate of (PoLLARD and Rosrn- 
SON), 1766, 

C,:H,,0,.N Aminoangustione (G1sson, PeNFOLD, and S1imonsEN), 1192. 

C,,;H,,ON, Methyleyclohexylideneacetone semicarbazones (Kon and TH#axkur), 
2227. 


C,,H,,ISb Ethyltri-n-propylstibonium iodide (Dyke and Jones), 1925. 
C,,H,,0Sb Ethyltri-n-propylstibonium hydroxide, salts of (Dyk and Jonxs), 
1925. 


111V 


C,,H,NCIS 1-Chloro-a-naphthathiazole (HUNTER and Jongs), 942. 
C,,H,NBrS 1-Bromo-8-naphthylthiocarbimide (HUNTER and Jonxs), 948. 
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12 LI—12 1V FORMULA INDEX. 


C,,H,,0;N, %soPropylidenedinitrohydrazinodeoxystrychol (MENON, PERKIN, 
and Rosinson), 842, 
C,.H:,0,C1 4:5-Diacetoxy-3-methoxybenzoyl chloride (BRADLEY, RoBINsoN, and 
SCHWARZENBACH), 814. 
CrsH10,Ny 0-Ethyldinitrostrychol carbohydrazide (MENON, PERKIN, and Rosty. 
SON), 8 
C:.H:,0,N, 6-Acetamido-2-hydroxy-4-methylquinoline (BALABAN), 2350, 
a-Methylimino-8-anisoy] propionitrile (RoBINSON and SCHWARZENBACB), 827. 
1-Phenylacetyl-3-methyl-5-pyrazolone (AGGARWAL and Ray), 493, 
C.,H:.N.S 8-Naphthylmethylthiocarbamides (HUNTER and JonEs), 946, 
CraHi,0.N 4-Hydroxy-6-methoxy-2:3-dimethylquinoline (KermacK and Smita), 
2005. 


C,.H,,0;N, 5-Nitro-1:2:4-triacetamidobenzene (PHILLIPs), 1413. 

C:.H,;ON Pyroterebyl anilide (Eccorr and Linsrgap), 918. 

C,.H,:,0,.N Tetrahydropyran-4-carboxyanilide (Gisson and JoHNson), 2528. 

C,.H,;0,.N,; Anhydrodehydroangustione semicarbazone (Gipson, PENFOLD, and 
SIMONSEN), 1199. 

C,.H,;0,N,; Methyl methylacetophenone-2-carboxylate semicarbazones (HEILBRON 
and WILKINSON), 2553. 

C,.H,,ON a-Dimethylamino-a-benzylacetone, and its picrate (StevENs, SNEDDRY, 
STILLER, and THomson), 2121. 

¥ (2:4-Dimethylphenyl)butyramide (HeILBRON and WILKINSON), 2539, 

C,.H,,0,N a-p-Methoxyphenyl-n-propyl methyl ketoxime (Goopaui and 
HAWORTH), 2485. 

C,,H,,0,.N, Anhydroangustione semicarbazone (Gipson, PENFOLD, and Simoy- 
SEN), 1192. 

p-Methoxybenzylacetone semicarbazone (GooDALL and HawortH), 2485. 

C,.H,,0;N,; a-Nitrohexan-8-ol phenylhydrazone (Jonzs and KENNER), 927. 

C,.H,,0,N 2:3:4:6-Tetramethoxyacetophenone oxime (KuropA), 767. 

C,,H,,0,Br, Dibromodecahydronaphthylidene-2-acetic acid (Rao), 1183. 

C,,H,,0,Br Methyl bromocamphorate (QupRAT-I-KHuDA), 210, 

C,,H.,ON Acetylpiperitylamines (Reap and Storey), 2776. 

C,,H,,0N; Homoepicamphor semicarbazone (QupRaAtT-I-Kuupa), 213. 

C,.H,,0,N, 5-Acetyl-1:1:2-trimethylcyclopentane-2-carboxylic acid semicarbazone 
(QUDRAT-I-KHUDA), 211. 

C,,.H..0,S /-Menthyl sulphoacetate, sodium salt (RULE, THompson, and Rosert- 
SON), 1893 

C,.H,,Cl],Si Dicyclohexylsilicon dichloride (PALMER and Kippr1ne), 1025. 

C,,H,,OSb Tri-n-butylstibinic oxide (Dyk and Jonzs), 1925. 

C,.H.,0,P Tri-n-butyl orthophosphate (Evans, Davizs, and Jongs), 1310. 

C,.H,,Cl],Sb Tri-n-butylstibinic chloride (Dyke and Jonxs), 1925. 

C,.H,,Br,Sb_ Tri-n-butylstibinic bromide (Dyke and Jonxs), 1925. 

C;,H,,I,Sb Tri-n-butylstibinic iodide (DyKz and Jonxs), 1926. 


12 IV 
C,,H,0;N,Cl, 2:4:6-Trichloro-3:2’:4’-trinitrodiphenyl ether (Fox and TuRrNER), 
1860. 


C,,.H,O,N,Br, 2:4:6-Tribromo-3:2’:4’-trinitrodiphenyl ether (Fox and TuRNes), 
1861. 
C,,H,O,NBr, 2:4:4’:5’-Tetrabromo-2’-nitrcdiphenyl ether (McCompre, MAcmIl- 


LAN, and SCARBOROUGH), 1205. 
C,,H;0,N,Cl, 2:4:6-Trichloro-2’:4’-dinitrodiphenyl ether (Fox and TuRrnek), 
1860. 
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FORMULA INDEX. 121V 
C,,H,0,N;Br, 2:4-Dibromo-5:2’:4’-trinitrodiphenyl ether (HENLEY and TURNER), 
934. 


(,,H,0,.NCI], Trichloro-3’-nitrodiphenyl (HinkEt and Dirpy), 1390. 

C,,H,O;NBr, 2:4:4’-'Tribromo-2’-nitrodiphenyl ether (McCompiz, MAcMILLAN, 
and ScARBOROUGH), 1205. 

C,,H,0,N;Cl 2-Chloro-4:2’:4’-trinitrodiphenyl ether (Fox and TurNER), 1121. 

C,,H,0,N,Br 2-Bromo-4:2’:4’-trinitrodiphenyl ether (Fox and TurNER), 1122. 

C,,H,O,NCl, 3:5-Dichloro-3’-nitrodiphenyl (HinKxEt and Dippy), 1389. 

C,,.H,O,;NBr, Dibromonitrodiphenyl ethers (McComBrz, MAcmILLaAN, and Scar- 
BOKOUGH), 1205. 

C,,xH,O;N,Cl 2-Chlorodinitrodipheny] ethers (Fox and Turner), 1121. 

C,,H,0;N,Br Bromodinitrodiphenyl ethers (Fox and Turner), 1122. 

C,,H,ONBr, Tribromoaminodiphenyl ethers (McCompre, Macminian, and 
ScARBORKOUGB), 1207. 

C,,H,ON,Cl, «aafPw-Pentachlorobutaldehyde N-acetyl-2:4:6-trichlorophenylhydr- 
azone (CHATTAWAY and IRVING), 91. 

C,,H,OCIBr 2-Chloro-2’-bromodiphenyl ether (Fox and TurnER), 1857. 

C,,H,0,NBr Bromonitrodiphenyl ethers (Fox and Turner), 1121; (McComnir, 
MAcMILLAN, and ScArsorouGR), 1204. 

C,,H,0,N.Se pp’-Dinitrodiphenyl selenide (BAKER and Morrirr), 1726. 

C,,H,ONBr, Dibromoaminodiphenyl ethers (McComBiz, MacMILLAN, and 
SCARBOKOUGB), 1207. 

C,,H,ONS 1-Keto-2-methy]-1:2-dihydro-a-naphthathiazole (HUNTER and Jongs), 
948. 


C,,H,ON,S 1-Nitrosoimino-2-methyl-1:2-dihydro-a-naphthathiazole (HUNTER and 
JonEs), 948. 

C,,H,O,NCl, 3:5-Dichloro-1-nitrophenyl-A*cyclohexadienes (HINKEL and Dippy), 
1389. 


C,,H,O,N,S m-Nitrobenzenesulphon-m’-nitroanilide (BELL), 1077. 

C,,H,NCIAs 10-Chloro-5:10-dihydrophenarsazine (G1Bson and JoHnson), 1124; 
(Gipson, Hiscocks, JOHNSON, and JONEs), 1622. 

C,,H,,ONCI1 5-Chloro-2-aminodiphenyl ether (CULLINANE), 2268. 

C,.H;,ONCI, aaff-Tetrachlorobutaldehyde N-acetyl-2:4-dichlorophenylhydrazone 
(CHATTAWAY and IRvING), 92. 

C,,H;,ONBr Bromoaminodiphenyl ethers (McComBre, MACMILLAN, and Scar- 
BOROUGH), 1206. 

C,,H,.ON.Cl, f-Dichlorocrotonaldehyde N-acetyl-2:4-dichlorophenylhydrazone 
(CHATTAWAY and IRVING), 91. 

C,,H,,0,N,S Nitroaminodiphenyl sulphides (Hopcson and RosEnseErc), 180. 

CoH ,ONCI 4-Chloro-6-methoxy-2:3-dimethylquinoline (KermMacK and Smiru), 
2006. 

C,,H;,0,S,As, Diphenyl disulphide diarsinic acids (BARBER), 2727. 

C,,H,,0,N,AS Benzoylglycine-n-propylamide-p-arsenious oxide (Goven and 
KING), 684. 

Cull ,O.NS 5-Anisylisooxazole methosulphate (RoBINSON and ScHWARZENBACH), 

27. 


C,,H,,0,NAs Benzisoamylamide-p-arsenious oxide (GovcH and Kine), 683. 
C,,H,,0,NAS Benzopiperidide-p-arsiuic acid (GoveH and Kine), 688. 
C:,H,,ONCI Acetonylbenzyldimethylammonium chloride (STEVENS, SNEDDEN, 
SrILLER, and THomson), 2120. 
CioHl,.0.NAS Beuzisoamylamide-m- and -p-arsinic acids (GoucH and Kine), 683, 
86. 


C,,H..N,Cl,I, NN-Dimethylnicotine bistetrachloroiodide (CHATTAWAY and 
ParKEs), 1005. 
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12 IV—13 II FORMULA INDEX. 


C,,H,,0NC1 Chloroacetyl-d-neomenthylamine (READ and Storey), 2765. 

C,;H.,ONBr Bromoacetyl-/-menthylamine (READ and Storey), 2765. 

C,.H,,0,SBa Barium cyclohexyl sulphate (BURKHARDT), 2398, 

Ci.HyI,S,Hg Triethylsulphonium mercuritetraiodide (BaALFE, KENYON, and 
PHILLIPS), 2562. ae 


C,,H,0,N,CIBr, 4-Chloro-2:6-dibromo-3:2’:4’-trinitrodiphenyl ether (Fox and 
TURNER), 13861. 

C,,H,;0;N,CIBr, 4-Chloro-2:6-dibromo-2’:4’-dinitrodiphenyl ether (Fox and 
TURNER), 1861. 

C,,H;0;N.Cl,Br 2:4-Dichloro-6-bromo-2’:4’-dinitrodiphenyl ether (Fox and 
TURNER), 1862. 

C,,H;,0,N;,CIBr 2-Chloro-4-bromo-5’:2:’4’-trinitrodiphenyl ether (Fox and 
TURNER), 1859. 

C,,H,O;N,CIBr Chlorobromodinitrodiphenyl ethers (Fox and Turner), 1120, 
1838. 


C,,H,0O,N;F,B, 2-Nitro-4:4’-diphenylylbisdiazonium borofluoride (Lt Fkvre and 
TURNER), 1161. 

C,.H,.ON,C1,Br, «8-Dichlorocrotonaldehyde N-acetyl-2:4-dibromophenylhydraz- 
one (CHATTAWAY and IrvING), 93. 

C,,H,.ON,CI,Br f-Dichlorocrotonaldehyde N-acetyl-2-chloro-4-bromophenyl- 
hydrazone (CHATTAWAY and IRVING), 94. 

C,,H,.0;NSAs 2-Sulphonanilidophenylarsenious oxide (BARBER), 2052. 

C,,H,,0;NSAs 2-Sulphonanilidophenylarsinic acid (BARBER), 2052. 

C,,H,,ONCI,As Benzopiperidide-p-dichloroarsine (GoucH and Kine), 683. 


12 VI 
C,,H:,0,NI,SAs 2-Sulphonanilidophenyldi-iodoarsine (BARBER), 2052. 


C,; Group. 


C.sHi, 1-Methylethylnaphthalenes (Harvey, HetLeron, and WILKINSON), 428. 
1:3:5-Trimethylnaphthalenes (HEILBRON and WILKINSON), 2540. 
Substance, from squalene (HEILBRON and WILKINSON), 2546. 

C,;Hi, 4-Phenyl-3-methyl-As-hexylene (Davis, Dixon, and JonEs), 473. 


13 II 
C,;H,,0 Benzophenone, reduction of, by Grignard reagents (DAviEs, Drxon, and 
JoNES), 1916. 
C,;H1.0, 0-Benzoylquinol (Roperrson and WarERs), 2732. 
C,,H,,0, 1:2:5-Trimethyl-8-naphthaquinone (HEILBRON and WILKINSON), 2551. 
C,;H,.N, Diphenylformamidioe (HINKEL and Dunn), 1838. 
C,;H,,;N; Diazoamino-p-toluene, pyrolysis of (MorGAN and WALLS), 1502. 
1sH,,0, 1-Phenyl-4-methyleyclohexane-3:5-diono (MATTAR, Hastines, and 
WALKER), 2456. 
C.3H,,0, Acetoxycannabinolactone (CAHN), 989. 
C,;H,,0; Ethyl! anisoylpyruvate (Ropinson and ScHWARZENBACH), 825. 
C,;H,,O, 2:4-Dimethylcarbonato-3:6-dimethylbenzaldehyde (ROBERTSON and 
STEPHENSON), 316, 
C,;H,;N 8-Phenyl-a-ethyl-Ae-pentenonitrile (Huon and Kon), 781. 
y-Phenyl-6-methyl-a-ethy1l-4+-butenonitrile (HucH and Kon), 781. 
C,,;H,.0 5-Keto-l-methyl-6- and -7-ethyl-5:6:7:8-tetrahydronaphthalenes (HaAx- 
vey, Herieron, and WILKINSON), 427. 
5-Keto-1:3:8-trimethy]-5:6:7:8-tetrahydronaphthalene (HEILBRON and WILKIN- 


sON), 2541. 
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FORMULA INDEX. 13 II—18 III 


C,3H1s0, Ethyl &4-dimethylcinnamate (HzILBRON and WILKINSON), 2538. 
C,;3H..0; Dimethoxyethoxycinnamic acids (Hrap and. Rosertson), 2439, 
4. 


C,;H:s0 «-p-Methoxyphenyl-As-hexylene (Davirs, Dixon, and Jonzgs), 470. 
Pheny! isohexyl ketone (LApworTH and MANsKE), 1976, 
CisHis0, ‘y-(2:4-Dimethylphenyl) valeric acid (HEILBRON and WILKINsoN), 2541. 
n-Heptoylphenols (CoULTHARD, MARSHALL, and PyMAn), 284. 
Hexoylcresols (COULTHARD, MARSHALL, and PyMAn), 287. 
coin and -8-ethylbutyric acids (HARvEY, HerLBron, and WILKINSON), 
427, 430. 
C,;H..0 Phenylmethyl-n-amylcarbinol (Davigs, Dixon, and Jongs), 471. 
Phenylmethyl-(8-methylbuty])carbinol (Davis, Drxox, and Jonzgs), 473. 
C,3H..0, 3:4:6-Triacetyl 8-methylglucoside (HIcKINBOTTOM), 1342. 
C,;H.,0, 10-Ketotridecoic acid (RoBrnson), 750. 
CrsHH sO Ethyl hydrogen isopropyl-ay-dimethylisopropylmalonate (MARSHALL), 
2761. 
Ci3H..40;, 4-Galactosido-a-methylmannoside (HAwortH, Hirst, PLant, and 
KEYNOLDS), 2648. 
4-Glucosido-a-methylmannoside (HAworTH, Hirst, STREIGHT, THomas, and 
Wess), 2639. 


13 Il 
C,,H,0,N, 2:4-Dinitrodiphenyl-6-carboxylic acid (LEsst1z and Turner), 1761. 
C,;H,O,N, 2:4:2’:3’-Tetranitro-4’-methyldiphenyl ether (Fox and Turner), 
1865. 


C,;H,0,N, 1:3-Dinitro-9-methylphenoxazine (Brapy and_WALLER), 1221. 

C,;H,0,N, 2:4:2’-Trinitro-4’-methyldiphenyl ether (Fox and TuRNER), 1865. 

C,,H,N,S 1-Anilinobenzthiazole, picrate of (HuNTER and JonEs), 2204. 

C,;H,,OBr, Dibromo-4-methoxydiphenyls (BELL), 1075. 

C,;H:,0.N, Benzylidene-m-nitroaniline, and its salts (BAKER and INcoLD), 
436. 


C,;H,,0,N, Nitromethylphenoxazines (BRADY and WALLER), 1221. 

C,;H,,0;N, 2:4-Dinitro-4’-methyldiphenyl ether (Fox and TurRNER), 1865. 

C,;H,.0,N, 2:4:6-Trinitro-2’-hydroxy-6’-methyldiphenylamine (Brapy and 
WALLER), 1220. 

C,;H,.NCl Chlorostilbazole (BLoop and SHaw), 507. 

C,,H,,NBr Bromostilbazole (BLoop and Suaw), 505. 

C,,H,,0Br Bromo-4-methoxydiphenyls (BELL), 1075. 

C,;H,,0;N, Dinitromethyl-2’-hydroxydiphenylamines (BRADY and WALLER), 
1219. 


C,,H,,NCl, 2-Stilbazole dichloride (BLoop and Suaw), 505. 

C,,;H,,NCl, 2-Stilbazole tetrachloride (BLoop and Suaw), 505. 

C,;H,,0N, 2-Nitrosomethylaminodiphenyl (Bexu), 1077. 

C,;H;,0,S 2-Naphthol 1-ethylthiolcarbonate (STEVENSON and SmILEs), 1743, 

C,,H:,0,N, -Diazo-4:5-diacetoxy-3-methoxyacetophenone (BRADLEY, RoBInson, 
and SCHWARZENBACB), 814. 

C,;H,,NBr 2-Stilbazole hydrobromide (BLoop and Suaw), 507. 

C,;H,,0,N, Acetamidohydroxydimethylquinolines (BALABAN), 2351, 

C,;H,,ON 1-Acetyl-2:4-dimethyl-1:2:3:4-tetrahydroquinolines (PLANT and Ros- 
SER), 2453. 

Methylhexenoanilides (LINsTEAD and Mann), 2072. 

C,;H,,ON, 5-Keto-1:3-dimethy]-5:6:7:8-tetrahydronaphthalene (HEILBRON and 

WILKINSON), 2539. 
2871 

















13 III—13 IV FORMULA INDEX. 


C,;H,,0ON, 2-Methylstyryl ethyl ketone semicarbazone (HARVEY, HEILBRON, and 
WILKINSON), 429. 
C,;H,,0,N Tetra-acetyl arabononitrile(DEULOFEU), 2603. 
C,;H;,ON -(2:4-Dimethylphenylvaleramide (HEILBRON and WILKINSON), 2541, 
C,;H,,0N, Phenyl f-methylbutyl ketone semicarbazone (Davixs, Dixon, and 
JONES), 472. 
B-o-Tolyldiethyl ketone semicarbazone (HARVEY, HEILBRON, and WILKINSON), 
430. 
C,;H,,0Br, 3:5:4’-Tribromo-4-methoxydipheny] (BELL), 1075. 
C,;H,,0,N, «-p-Methoxybenzylethyl methyl ketone semicarbazone (GooODALL and 
HaworTB), 2486. 
a-p-Methoxyphenyl-n-propyl methyl ketone semicarbazone (GOODALL and 
Haworth), 2485, 
C.sH0P p-Methoxypheny] di-n-propylphosphine (Jackson, DAViEs, and JonEs), 
2300. 


C,;H,,0,N Carbethoxymethylbenzyldimethylamine, picrate of (STEVENS, SNxEp- 
DEN, STILLER, and THOMsoN), 2121. 

C,;H.,IAS +-Phenyl-a-methylpropyldimethylarsine methiodide (BREWIN and 
TURNER), 503. 

C,;H.,0;N, Methyl 5-acetyl-1:1:2-trimethylcyclopentane-2-carboxylate semicarb- 
azoue (QUDRAT-I-KHUDA), 211. 

C,;H,,ON Propionyl-d-neoisomenthylamine (REAp and Storey), 2765. 

C,,;H,,.NI d/-Piperityltrimethylammonium iodide (READ and Storey), 2778. 

C,;H,ISb Methyltri-n-butylstibonium iodide (DyKE and Jones), 1926. 

C,;H,,0Sb Methyltri-n-butylstibonium hydroxide, and its salts (DyKE and Jonxs), 


1926, 
13 IV 


C,,H,ONBr Bromo-l-phenylbenzoxazole (HUNTER), 139. 
C,;H,O,NBr 3-Bromobenzoquinone-4-oxime benzoate (Hopcson and KERsHAw), 


C,;H,O,NI 3-Iodobenzoquinone-4-oxime benzoate (Hopcson and KERsHaAw), 


C,,H,0,Br,S 2:4:5-Tribromophenyl o-bromo-p-toluenesulphonate (HENLEY and 
TURNER), 933. 

C,;H,O,N,Br 4-Bromo-2:2’:3’-trinitro-4’-methyldipheny] ether (Fox and TurvEr), 
1864. 


C,,H,ONBr, Bromo-1-phenyloxazole hydrotribromide (HuNTER), 139. 
C,;H,ONBr, 1-Phenylbenzoxazole hexabromide (HuNTER), 138. 
C1sH,O.N,S m-Nitrobenzylidene-o-nitrophenylsulphamine (Brapy and PEAKIN), 


0.4H,0,N.0 4-Chloro-2:2’-dinitro-4’-methyldiphenyl ether (Fox and Turner), 


C,,H,NBr,S 1-Phenylbenzthiazole tetrabromide (HUNTER), 138. 

C,,H,NBr,Se 1-Pheuylbenzselenazole tetrabromide (HUNTER), 139. 

C,;H,NBr,S 1-Phenyibenzthiazole hexabromide (HuNTER), 138. 

C,;H,,ON,S 1-Acetamide-a-naphthathiazole (HuNTER and Jongs), 943. 

C,3Hi90;NCl 4-Chloro-2- and -2’-nitro-4’-methyldiphenyl ethers (Fox and 
TURNER), 1122. 

C,;H,,0,;NBr 4-Bromonitro-4’-methyldiphenyl ethers (Fox and Turner), 1864. 

CisH00,Br,8 2:4-Dibromophenyl! p-toluenesulphonate (HENLEY and TURNER), 


var — gee s-p-Chloro-p’-bromodiphenylthiocarbamide (HUNTER and JONES), 
2209. 


C:;3H,,ONS 1-Ethoxy-a-naphthathiazole (HUNTER and JongEs), 944. 
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FORMULA INDEX. 13 IV—13 V 


(,;H:,0.N,S 4’-Nitro-1-anilinobenzthiazole (HUNTER and JonEs), 2206. 
p-Nitro-s-diphenylthiocarbamide (HUNTER and JONES), 2206. 
C,;H::0,;N,Cl 2-Chloro-6-nitro-2’-hydroxy-3-methyldiphenylamine (Brapy and 
WALLER), 1220. 


C::;H:,0;NS m-Nitrophenyl p-toluenesulphonate (HENLEY and TurnxR), 935 ; 
(BELL), 1984. 


C,;H,:,0,NS 2-Nitro-4’-methyldipheny] ether 4-sulphonic acid (Fox and TurNER), 
1123. 


C,;H:,0,.N;S m-Nitrobenzenesulphon-p’-nitro-o’-toluidide (BELL), 1077. 

C,;Hi:N.Br,S 1-Anilinobenzthiazole hydrotribromide (HUNTER), 184. 

C,;H:,0;NS 3-Aminopheny] p-tcluenesulphonate (BELL), 1984. 

C,;H,;;0,NS 2’-Nitro-4’-methyldipheny] ether (Fox and TuRNEn), 1865. 

C,;H:;N.Br,S 1-p-Toluidino-5-methylbenzthiazole hydrotetrabromide (HUNTER), 
134. 


C,;H,,N.IS, Thiocarbocyanine from 2:4-dimethylthiazole methiodide (FisHER and 
HAMER), 2509. 

C,;H2.0,.NC1 Carbethoxymethylbenzyldimethylammonium chloride (STEvENs, 
SNEDDEN, STILLER, and THomson), 2121. 

C,,H..0;NAs £-Diethylaminoethylbenzoate-p-arsinic acid (GoveH and Krxe), 
684. 


C,,H,,0Br,.P y-Methoxyphenyl di-n-propylphosphine dibromide (Jackson, 
Davies, and JonEs), 2300. 


13 V 

C,;H,0,N,BrS 5-Bromo-4’-nitro-l-anilinobenzthiazole (HUNTER and JonEs), 
2210. 

C,;H.0O;NBr,S 2:4:6-Tribromo-3-nitrophenyl p-toluenesulphonate (HENLEY and 
TURNER), 936. 

C,,H,O,N,Br,S 2:4-Dibromo-5-nitropheny] o-nitro-p-toluenesulphonate (HENLEY 
and TURNER), 932. 

C,;H,N.CIBrS 4’-Chloro-5-bromo-l-anilinobenzthiazole (HUNTER and Jongs), 
2210. 


C,,H,ON,BrS 3-Bromo-l-acetylamino-8f-naphthathiazole (HUNTER and Jongs), 
949. 


C,,H,0,CIBr,S 4-Chloro-2:6-dibromophenyl p-toluenesulphonate (Fox and 
TURNER), 1861. 

C,,H,0,C],BrS 2:4-Dichloro-6-bromophenyl p-toluenesulphonate (Fox and 
‘1URNER), 1863. 

C,;H,,.0.N,BrS_ s-p-Bromo-p’-nitrodiphenylthiocarbamide (HUNTER and Jongs), 
2210. 

C,;H,,0,;NBr,S 2:4:6-Tribromo-3-aminopheny] p-toluenesulphonate (IIENLEY and 
TURNER), 936. 

CaHl0,CIBrs 2-Chloro-4-bromophenyl p-toluenesulphonate (Fox and TuRNER), 

58. 


C,:H;,.0;NBrS Bromonitropheny! y-toluenesulphonates (HENLEY and TURNER), 
937. 


C,;H,,0,NBrAs 2’-Bromo-2-nitro-4- and -6-methyldiphenylarsinic acids (Gipson 
and JouNsoN), 1126. 

C,;H,,0,NCIS Chloro-2-aminopheny] p-toluenesulphonate (BELL), 1983. 

C,;H,,0,NBrS Bromoaminopheny] p-toluenesulphonates (HENLEY and TURNER), 
937. 

C,;H,,0,N,Br,S 2:4-Dibromo-5-aminopheny! o-amino-p-toluenesulphonate (HEN- 
Ley and TURNER), 933. 

C,;H;,0.NBrAs 2’-Bromo-2-amino 4-methyldiphenylarsinic acid (Gipson and 
JOHNSON), 1127. 
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13 VI—14 III FORMULA INDEX. 


13 VI 

C,;H,O,N,C],BrS 2:4-Dichloro-6-bromonitrophenyl o-nitro-p-toluenesulphonates 
(Fox and TURNER), 1863. 

C,;H,0,N,CIBrS 2-Chloro-4-bromo-5-nitrophenyl —_0-nitro-p-toluenesulphonate 
(Fox and TurRNER), 1858. 


Cy, Group. 


C,,H., 1:4(a)-Dimethyl-7-ethyldecahydronaphthalene (CLEMo and Haworrtn), 
2581. 


14 Il 
C..H,.0, 4-Hydroxy-9-anthranol (Cross and Perx1n), 306. 
C14H,,0; 4:5-Dihydroxy-9-anthranol (Cross and Perkin), 306. 
C,,H,,0 Diphenylethylene oxides (READ and CAMPBELL), 2377. 
C,,H,;N 2:3-Dimethylcarbazole (MoRGAN and WALLs), 1508. 
C,,H,;N Aminodimethyldiphenyls (MorcaN and Watts), 1507. 
C,,H,;N,; Aminoazotoluene, and its hydrochloride (MorGan and WALLs), 1506. 
C,,H;,0, 1-Phenyl-4-ethyleyclohexane-3:5-dione (MatTTar, HAasTiINnes, and 
WALKER), 2456. 
C..H,,N, 4-Piperazino-2-methylquinoline (KermMAcK and Smita), 1358. 
C,,H,,0, Ethyl f-(2:4-dimethylphenyl)crotonate (He1LBron and WILkrNsoy), 
2540. 


Ethyl 8-hydroxy-8-(2:4-dimethylphenyl)butyrate (HEILBRON and WILKINson), 
2540. 


C,,H,,0, Ethyl p-methoxybenzylacetoacetate (GoopALL and Haworth), 24865. 
Methyl -4-methoxy-2:5-dimethylbenzoylpropionate (CLEmMo, HAwortTs, and 
WALTON), 1112. 
C,,.H;,0, Methyl 2:4-dimethoxy-5-ethoxycinnamate (HeAD and Rosertsoy), 
2439. 


C,,H;,0, 1:2-Dimethy]-A5-cyclohexene-4:5-dimalonic acid (CAWLEY, Evans, and 
FARMER), 528. 

C,,H,,N Octahydroheptaquinolines (PLANT and RossEr), 1848. 

C,,H.,.0, Ethyl 8-(2:4-dimethylphenyl)butyrate (HEILBRON and WILKINsoy), 
2541. 


4-n-Heptoyl-m-cresol (CouULTHARD, MARSHALL, and PymAn), 288. 
C,,H,,.0, Ethyl 8-hydroxy-f-o-tolyl-a-ethylpropionate (HARVEY, HEILBRON, and 
WILKINSON), 426. 
C.,4H»O, Decalin-8-spirocyclopropane-1:2-dicarboxylic acids (RAo), 1176. 
a-Hydroxy-trans-decalin-2:2-diacetic lactones (RAO), 1174. 
C,.H.0, a-Keto-trans-decalin-2:2-diacetic acid (Rao), 1179. 
C,,H.;P p-Ethylphenyldi-n-propylphosphine (Jackson, Davies, and Jongs), 
2300. 


C,,H,,0, -4*-Decenylbutyrolactone (Rospinson), 750. 

C,,H,,0, Ethyl 2-hydroxy-trans-decalin-2-acetate (Rao), 1182. 
4-Keto-41-tetradecenoic acid (RoBINsON), 749. 

C,,H,,0, y-n-Decylbutyrolactone (RoBrnson), 748. 

C,,H,,0, 4-Ketomyristic acid (Ropinson), 747. 


14 III 
C,,H,N,Cl, «w’-Dichloroglyoxal di-2:4:6-trichlorophenylosazone (CHATTAWAY and 
FARINHOLT), 98. 
C,,H,.N,Br, ’-Dibromoglyoxal di-2:4:6-tribromophenylosazone (CHATTAWAY 
and FaRINHOLT), 98. 
C,,H,O,Cl 2-Chloro-3-hydroxyanthraquinone (HAYASHI), 1523. 
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FORMULA INDEX. 14 III 


CyH,0.Cl, 2:2’-Dichlorobenzil (Hopson and RosENBERG), 16, 

CyH,0,S 3-Keto-2-p-quino-2:3-dihydrothionaphthen-1;1-dioxide hydroxide, and 
its salts (COHEN and SmILEs), 414. 

C,,HsN.S, Dithiobenzonitriles (McCLELLAND and WARREN), 1101. 

C,,H,N,Cl, «w’-Dichloroglyoxal 2:4-dichlorophenylosazone (CHATTAWAY and 
FARINHOLT), 97. 

Glyoxal di-2:4:6-trichlorophenylosazone (CHATTAWAY and FARINHOLT), 97. 
CyH.N.Br, ww’-Dibromoglyoxal di-2:4-dibromophenylosazone (CHATTAWAY and 

FARINHOLT), 98. 

Glyoxal di-2:4:6-tribromophenylosazone (CHATTAWAY and FARINHOLT), 97. 
C,,H,0,Cl 2-(3’-Chloro-4’-hydroxybenzoyl)benzoic acid (HavAsHI), 1522. 
C,4H1.0,C], 2:2’-Dichlorobenzoin (HopGson and RosEnBERG), 16. 

C4Hi00,S 3-Keto-2-phenyl-2:3-dihydrothionaphthen 1:1-dioxide (ComgN and 
SMILEs), 410. ’ 

C,4H190,.N, 2:4-Dinitromethyldiphenyl-6-carboxylic acids (LessL1z and TURNER), 
1762. 


C,,H10,N, 2:4:3’:5’-Tetranitro-2’:4’-dimethyldiphenyl ether (Fox and Turner), 
1866. 

CyHioN,Cl, Glyoxal di-2:4-dichlorophenylosazone (CHATTAWAY and FARINHOLT), 
96. 

CyuHioN,Br, Glyoxal di-2:4-dibromophenylosazone (CHATTAWAY and FARINHOL1), 
97. 


CyuHioN,S, Benziminazole 2-disulphide (Everett), 2407. 

Cy4H:,0,.N Benzil monoximes, configurations of (TAyLor and Marks), 2802. 

C44H1,0;N 2:4-Dihydroxypheny] o-nitrobenzyl ketone (BAKER), 267. 

C.,.H::N.Br, -Bromobenzaldehyde 3:5-dibromo-p-tolylhydrazone (CHATTAWAY 
aud ApaMson), 161. 

CyuHyN.S 1-Phenylimino-2-methyl-1:2-dihydrobenzthiazole, picrate of (HUNTER 
and JONES), 2204. 

1-Phenylmethylaminobenzthiazole, and its picrate (HUNTER and Jonzs), 2205. 

C.4H;,0,N, s-Dibenzoylhydrazine (AGGARWAL and Ray), 493, 

C,.H,,0,N, 1-Nitro-3:9-dimethylphenoxazine (BRADY and WALLER), 1221. 

C,,H,.0,S 0-Carboxyphenylbenzylsulphone (ConEN and SmILEs), 410. 

C,,H,,.0,N, 2:4-Dinitro-2’:4’-dimethyldipheny] ether (Fox and TuRNER), 1865. 

3-Nitro-1:4-dimethoxyphenoxazine (BrRapy and WALLER), 1221. 

C..H;,0,N, -Diazo-3:4:5-triacetoxyacetophenone (BRADLEY, RoBINsoN, and 
ScHWARZENBACR), 797. 

C.H,,0,N, 3-0-Methylgallaldehyde  2:4-dinitrophenylhydrazone (BRADLEY, 
Kosinson, and SCHWARZENBACB), 811. 

C,,H,,.N.Br, «-Bromobenzaldehyde p-tolylhydrazone (CHATTAWAY and ADAM- 
SON), 160. 

C,,H,,.N.S 1-Anilinomethylbenzthiazoles, and their picrates (HuNTER and Jonzs), 
2207. 7 

C:,H,.N,Cl, Glyoxal di-p-chlorophenylosazone (CHATTAWAY and FARINHOLT), 96. 

C,,H,.N,Br, Glyoxal di-p-bromophenylosazone (CHATTAWAY and FARINHOLT), 
97. 


C,,H,,0,N, -Nitro-a-phenylethyl alcohol phenylhydrazone (JonEs and KErNER), 
927. 


C,,H,,0;N, Dinitro-2’-hydroxydimethyldiphenylamines (Brapy and WALLER), 
1220. 
2:4-Dinitro-2’-methoxy-N-methyldiphenylamine (BRADY and WALLER), 1222. 
C,,H,,0,N Mannose dicarbonate anilide (HAWoRTH and PorTER), 155. 
C,,H,,0,N, 2:4-Dinitro-2’-hydroxy-3:6-dimethoxydiphenylamine (Brapy and 
WALuer), 1220. 
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14 IlI—14 IV FORMULA INDEX. 


C,,.H,,0,N, Ethyl dinitro-O-ethylstrycholcarboxylate (MENON, PERKIN, and 
Rosinson), 837. 
C,,H,,0.N, Dinitrostrychylurethane (MENON, PERKIN, and Rosrnson), 838. 
C,,H,,0,N Ethyl a-cyano--ethylcinnamate (HucH and Kon), 780. 
Ethy] a-cyano-y-phenyl-£-methyl-Aa-butenoate (HUGH and Kon), 781. 
C,,H,,0,N Butylvinylcarbinol p-nitrobenzoate (BuRTON), 250. 
C,,H,,0,Br Methyl p-bromo-8-4-methoxy-2:5-dimethy]benzoy] propionate (CLEmo, 
HawortTH, and WALTON), 1112. 
C,,H,,ON 7-Methyl-A4«-hexenoic-p-toluidide (LINSTEAD and Mann), 2072. 
C,,H,,ON, 5-Keto-1:3:8-trimethy]-5:6:7:8-tetrahydronaphthalene semicarbazone 
(HEILBRON and WILKINSON), 2541. 
C,,H,,.NCl Octahydroheptaquinoline hydrochloride (PLANT and RossEr), 1842. 
C,,H.,0,N Ethyl a-cyano-f-isobutenylglutarate (FARMER and Menta), 1615, 
Ethyl a-cyano-By-dimethyl-Ay-pentene-ae-dicarboxylate (FARMER and Mearta), 
1615. 
C,,H.,Br,P p-Ethylphenyldi-nx-propylphosphine dibromide (Jackson, Daviss, 
and JONES), 2300. 
C,,H.;ON Pellitorine (GuLLAND and Horton), 6. 
Tetrahydropellitorine (G@ULLAND and Horton), 11. 
C,.H,,ON Butyrylmenthylamines (READ and Storey), 2765. 
C,,H,,0,.N /-Menthyl dimethylaminoacetate (RULE, THompson, and Rosertson), 
1892. 


14 1V 


C,,H,N,.CI,Br, w’-Dibromoglyoxal di-2:4:6-trichlorophenylosazone (CHATTAWAY 
and FARINHOLT), 98. 

C,,H,O,NBr N-p-Bromophenylphthalimide (HENLEY and TuRNER), 936. 

C,,H,0,,.N.S Dinitrobenzoylsulphuric acids (DEVERALL and Wess), 722. 

C,,H,N,ClLBr, w’-Dibromoglyoxal di-2:4-dichlorophenylosazone (CHATTAWAY 
and FARINHOLT), 98. 

C,,H,N,.Br,Cl, ww’-Dichloroglyoxal di-2:4:6-tribromophenylosazone (CHATTAWAY 
and FARINHOLT), 98. 

C,,H,ON,Cl, 3-Keto-1:2-endo-3’:5’-dichloro-p-tolylimino-2:3-dihydro-1 :2-benziso- 
diazole (CHATTAWAY and ADAMsoy), 850. 

C,,H,O.NBr, 2:4:4’:5’-Tetrabromo-2’-acetamidodipheny] ether (McComsBiz, Mac 
MILLAN, and SCARBOROUGH), 1208, 

C,,H,O,.NS Thionaphthindole dioxide (ConEN and Smiz#s), 412. 

C,,H,O,N,Cl, w-Chloronitrobenzaldehyde 3:5:N-trichloro-p-tolylhydrazones 
(CHATTAWAY and ADAmson), 846. 

3:5-Dichloro-p-tolueneazonitrophenyldichloromethanes (CHATTAWAY and ADAM- 

son), 847. 

C,,H,O.N,Br, 3-Keto-1:2-endo-3’:5’-dibromo-p-tolylimino-2:3-dihydrobenzisodi- 
azole 1-oxide (CHATTAWAY and ADAMsoN), 163. 

C:.H,O,BrS 2-Bromo-3-keto-2-phenyl-2:3-dihydrothionaphthen 1:1-dioxide 
(COHEN and SMILEs), 413. 

C,sH,O;NS 3-Keto-2-0-nitrophenyl-2:3-dihydrothionaphthen 1:1-dioxide (CoHEN 
and SMILEs), 412. 

C,.H,,ON;Cl 3-Keto-1:2-endo-3’-chloro-p-tolylimino-2:3-dihydro-1:2-benzisodiazole 
(CHATTAWAY and ApAmMson), 850. 

C,,H,,.ON,Br 3-Keto-1:2-endo-3’-bromo-p-tolylimino-2:3-dihydro-1:2- benzisodiazole 
(CHATTAWAY and ADAmson), 162, 

C,,H,,OCIBr Chlorobromodeoxybenzoin (TayLor and Forscey), 2276. 

C,.H,.0O,NBr, Tribromoacetamidodiphenyl ethers (McComBiz, MACMILLAN, and 
ScaRBoROUGH), 1208. 
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FORMULA INDEX. 14 1V 


C,4Hi00.N,Cl 3-Keto-1:2-endo-3’-chloro-p-tolylimino-2:3-dihydro-1:2-benzisodi- 
azole 1-oxide (CHATTAWAY and ADAMson), 850. 

C,4H10.N,Cl, -Chloronitrobenzaldehyde 3:5-dichloro-p-tolylhydrazones (CHATT- 
AWAY aud ADAMSON), 846. 

Cy4H10.N;Br 3-Keto-1:2-endo-3’-bromo-p-tolylimino-2:3-dihydro-1:2-benzisodi- 
azole 1-oxide (CHATTAWAY and ADAMSON), 162. 

C.,H,00,N,;Br, -Bromonitrobenzaldehyde 3:5-dibromo-p-tolylhydrazones (CuattT- 
AWAY and ADAMson), 160, 

C,<H1p02N,Cl 4-Chloro-2;3’:5’-trinitro-2’:4’-dimethyldiphenyl ether (Fox and 
TURNER), 1867. 

C.4H,,ONCI, 3:5-Dichloro-3’-acetamidodiphenyl (HinkEt and Dippy), 1389. 

C.H,,0,NBr, Dibromoacetamidodiphenyl ethers (McCompiz, MACMILLAN, and 
SCARBOROUGH), 1207. 

C,,H1,0,N,Cl, -Chloronitrobenzaldehyde 3-chloro-p-tolylhydrazones (CHATT- 
AWAY and ADAMSON), 848. 

C4H:,0.N,Br, w-Bromonitrobenzaldehyde p-tolylhydrazones (CuHaTTAWAyY and 
ApDAmson), 160. 

CyuH1,0,N,S 4’-Nitro-l-anilino-5-methylbenzthiazole (HuNrerR and JonEs), 
2208. 


CuH,,0;N.Cl 4-Chloro-2:5’-dinitro-2’:4’-dimethyldiphenyl ether (Fox and 
TURNER), 1866. 

C,4H,,0,N,S m-Nitrobenzenesulphon-p’-nitroacetanilide (BELL), 1077. 

C.uH,:N.BrS 4’-Bromo-1-anilino-5-methylbenzthiazole, and its picrate (HUNTER 
aud JONES), 2208. 

4’-Bromo-1-phenylmethylaminobenzthiazole, and its picrate (HUNTER and Jonxs), 

2205. 

C..H:,.0.NBr 5-Bromoacetamidodiphenyl ethers (McCompiz, MACMILLAN, and 
SCARBOROUGH), 1206. 

C..H;.0.N.S, Dithiobenzamides (McCLELLAND and WARREN), 1101. 

C.,H,,0.N,Cl, 3:5-Dichloro-p-toly]-p-nitrobenzenylhydrazidine (CuaTraway and 
AbaMsoN), 848. 

C,.H,,0.N,Br, 3:5-Dibromo-p-tolylnitrobenzenylhydrazidines (CHATTAWAY and 
ADAMSON), 162. 

CisH,,.0,;NCl 4-Chloro-2-nitro-2’:4’-dimethyldiphenyl ether (Fox and TuRNER), 
1866. 


C.uH;,0,NBr 4-Bromo-2-nitro-2’:4’-dimethyldiphenyl ether (Fox and Turner), 
1867. 


C.H,,0,N,S s-p-Nitrophenyl-p-tolylthiocarbamide (HunTER and Jonzs), 2208. 

Cs4H,,0.N,Cl 3-Chloro-p-tolyl-p-nitrobenzenylhydrazidine (CHATTAWAY and 
ADAMSson), 848. 

C..H,,0.N.Br 3-Bromo-p-tolylnitrobenzenylhydrazidines (CHaTTAWAY and 
ADAMSON), 162. 
C..H,,;N.BrS s-p-Bromopkenyl]-p-tolylthiocarbamide (HuNTER and JonEs), 2208. 
S-Methyl-s-p-bromodiphenylthiocarbamide (HUNTER and JonEs), 2210. 
s-Phenylmethyl-p-bromopheny]thiocarbamide (HUNTER and JonEs), 2211. 
C,,H,,C1,8,Pd Diphenylthiolethanepalladous chloride (BENNETT, MosszEs, and 
STATHAM), 1671. 

C..H,,N.Cl,Pd Ethylenediphenyldiaminepalladous chloride (BENNETT, MossEs, 
and SraTHAM), 1675. 

C,,H,,N.Cl,Pt Ethylenediphenyldiamineplatinous chloride (BENNETT, MossEs, 
and STATHAM), 1675. 

C:4H,,0,NS p-Toluenesulphonamido-n-propylbenzene (HicKINBOTTOM and 
Walne), 1563. 

C.H,,OIP p-Methoxyphenylmethyldi-n-propylphosphonium iodide (Jacksoy, 
Davigs, and JonEs), 2301. 
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14 V—15 II FORMULA INDEX. 


14 V 

C,.H,O;NBrS 2-Bromo-3-keto-2-p-nitrophenyl-2:3-dihydrothionaphthen —_1:1-di- 
oxide (COHEN and SMILzs), 413. 

C,,H,O,.N,CIBr, -Bromo-m-nitrobenzaldehyde N-chloro-3:5-dibromo-p tolyl- 
hydrazone (CHATTAWAY and ADAMSON), 849. 

3:5-Dibromo-p-tolueneazo-m-nitrophenylchlorobromomethane (CHATTAWAY and 

ApaAmson), 849. 

C,.4H,,0,N,S,As, 5:5’-Arseno-(benziminazole-2-sulphonic acid) (EVERETT), 2407. 

C,,H,,.0,N,8,As, Benziminazole-5-arsinic acid 2-disulphide (EVERETT), 2405. 


C,; Group. 


C,;H,, Cedrene, action of mercuric acetate on (BELL), 1908. 


15 Il 


C,;H,.0, 2-Methylanthraquinone (Hayasui), 1519. 
C,;H,,0, Rubiadin (Jonzs and Rosgertson), 1705. 
C,;H,,0, Benzoyltoluic acids (Hayasui), 1518. 
6-Hydroxy-2-benzylcoumaranone (BAKER), 1020. 
2-0-Toluoylbenzoic acid (FAIRBOURNE and Foster), 1276. 
C,;H,,0, 2-(2’:5’-Dihydroxybenzoyl)toluic acid (HAyAsHI), 1527. 
4:6-Dihydroxy-2-p-methoxyphenvlcoumaranone (BAKER), 1018. 
C,;H,;,0, - and iso-Carthamidins (Kuropa), 760. 
C,;H,,0 Di-o-tolyl ketone (Cook), 1091. 
C,;H,,0, 0-Benzylisovanillin (Lovecy, Rosinson, and Sucasawa), 818. 
C,;H,,0, 0-Benzylisovanillic acid (Lovecy, Ropinson, and Sucasawa), 819. 
C,;H,,8 Dimethylsulphonium 9-fluorenylidide (INcoLp and Jessop), 716. 
C.;sH,,N 9-Fluorenyldimethylamine (Stevens), 2115. 
C.;sH,;Br «y-Diphenylpropyl bromide (Brewin and TurNER), 503. 
C,;H,,0, a-7-Hydroxy-1-keto-5:8-dimethyl]-1:2:3:4-tetrahydronaphthyl-2-propionic 
lactone (CLEMO, HAworTH, and WALTON), 1118. 
C,;H,,0, :4:5-Triacetoxy-3-methoxyacetophenone (BRADLEY Robinson, and 
ScHWARZENBACB), 814. 
C,;H,,0, sculin, constitution of (HEAD and Roprrtson), 2434. 
C,;Hi,N Benzhydryldimethylamine, and its salts (STEVENS), 2114. 
C,;H,,0, 1-Phenyl-4-n-propyleyclohexane-3:5-dione (MATTAR, HasTinGs, and 
WALKER), 2457. 
Santonin, constitution of (CLemo, Haworrn, and WaALrton), 1110; (CieMmo and 
HawortTsH), 2579. 
desmotropoSantonins (CLEMO, Haworts, and Wa.tTon), 1114. 
C,,;H,.0, a-7-Hydroxy-1-keto-5:8-dimethyl-1:2:3:4-tetrahydronaphthy1-2-propionic 
acid (CLEMo, HawortH, and Watton), 1114. 
CrsHsNs 4-Piperidino-2-methylquinoline, and its salts (KerMAcK and SmirH), 


CisH 00. Ethyl p-methoxybenzylmethylacetoacetate (GoopALL and Hawokt#), 
2485. 


Ethyl 8-4-methoxy-2:5-dimethylbenzoylpropionate (Chemo HawortTa, and 
PERKIN), 1112. 


C,,H,,0, Tetrahydrosantonin (CL—Emo and Hawortn), 2580. 
C,,;H,,0, Ethyl 2-methylcyclohexanespirocyclohexane-3:5-dione-6-carboxylate (KON 
and THAKUR), 2227, 
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FORMULA INDEX. 15 1I—15 I 
C,;H..0, Decalin-8-spiro-1-methoxycyclopropane-1:2-dicarboxylic acids (Rao), 
1181. 


CysH22019 Tetra-acetyl 8-methylglucoside, formation of, from 1:2:3:4-tetra-acetyl 
B-d-glucose (HaAworTH, Hirst, and TrEcr), 1405. 
Tetra-acety] a-methylmannofuranoside (HAworTH, Hirst, and Wess), 656, 
Tetra-acetyl 8-methylmannopyranoside (Bott, HAworTH, and Hirst), 2655. 
C:sH..0 Benzyl octyl ether (RuLE and Barn), 1900. 
C,;H.,0, Deoxytetrahydrosantonin (CLEMo and Haworts), 2581. 
CrsHaiOe Methyl hydrogen trans-decalin-2:2-diacetate, and its silver salt (Rao), 
1173. 


C,;H2.0 Alcohol, from cedrene and mercuric oxide (BELL), 1909. 

Clovene alcohol (BELL and HeNDERsoN), 1973. 
C,;H2.0, ?-Menthyl hydrogen dimethylmalonate (RuLE and HarRoweERr), 2324. 
C,;H,,0, /-Menthyl a-methoxyisobutyrate (RuLE and HARRowER), 2326. 
C,;H.,0, Ethyl csopropyl-ay-dimethylisopropylmalonate (MARSHALL), 2760. 
C,;H,;AS Triamylarsines (Dyke and JongEs), 2429. 
C,;H;;Sb Triamylstibines (Dyke, Davies, and Jonzs), 467. 


15 Ill 


C,;H,0,Cl], 1:3-Dichloro-2-methylanthraquinone (Jones and Ropinson), 1703. 

C,;H,0,Cl Chlorohydroxymethylanthraquinones (HAYASHI), 1518, 1527. 

C,sH,,0,.N, 2-Nitrophenylquinolines (Lz Ftvre and Maruur), 2239. 

C,;H;.0;Cl, 2:4-Dichloro-3-methylbenzophenone-2’-carboxylic acid (JoNES and 
KoBEKTSON), 1702. 

CisHi90,S 3-Keto-2-benzoy]-2:3-dihydrothionaphthen 1:1-dioxide (CoHEN and 
SMILEs), 409. 

C,sH,,0Br Phenyl m-bromostyryl ketone (STEVENS), 2112. 

C,sHi,0,Cl Chlorohydroxybenzoyltoluic acids (HAYASHI), 1516, 1521, 1526. 

2-(3’-Chloro-4’-methoxybenzoyl)benzoic acid (Havasu), 1523. 
CisH10,C1 Delphinidin chloride (BRADLEY, Ropinson, and ScHWARZENBACH), 


C:sH:,0,N, Ethyl 2:4-dinitrodiphenyl-6-carboxylate (Lesstiz and TURNER), 
1760, 


C,;H,,0,N, V-Benzoyl-O-methylbenzamidoxime (Brapy and Mugrs), 225. 
Methylbenzildioximes (Brapy and Mugrs), 220. 
0-Methylphenylglyoxylanilideoximes (BRapy and Mugrs), 226. 

C\5H,,0,N, Phenylacetylcarbinol 2:4-dinitrophenylhydrazone (HEY), 1233. 

OsH..ClBr y-Phenyl-a-m-chlorophenylpropyl bromide (BREWIN and TURNER), 


C,;H,,0N Benzylidene-g-hydroxyphenylethylamine (READ and CAMPBELL), 2683. 
O:sH,,0C1 y-Phenyl-a-m-chlorophenylpropyl alcohol (Brewin and TURNER), 
03. 


C,sH,;BrS Fluorenyl-9-dimethylsulphonium bromide (INcoLD and Jessop), 715. 

C,;H,,0,N, isoAcetovanillone phenylhydrazone (COULTHARD, MARSHALL, and 
PymAN), 290. 

C,;H,,0,S /-Phenylmethylcarbiny] d/-p-toluenesulphinate (KENYON and PHILLIPS), 
1682, 


p-Tolyl-a-phenylethylsulphones (KENYON and PHILLIPs), 1682. 
C,;H:,0,Te p-Anisyl-p-phenetyl telluride (MorGAN and BursTAL1), 2601. 
C,;sH,.NBr Benzyl-p-bromobenzylmethylamine (STEVENS, SNEDDEN, STILLER, 
and THomson), 2124, 
C,sH,,ON a-A?-cycloHexenylpropionanilide (Kon and THakuR), 2221, 
a-cycloHexylidenepropionaunilide (Kon and THakur), 2220. 
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15 I1I—15 V FORMULA INDEX. 


C,;H,ON Methyl-A!-cyclohexenylacetanilides (Kon aud THakur), 2222. 
Methyleyclohexylideneacetanilides (Kon and THAKUR), 2222. 
C,;H,,ON, 4-Piperazino-6-methoxy-2-methylquinoline (KegmMacK and Smrtn), 
1359. 


C,;H,,0,Br Ethyl “8-bromo-8-4-methoxy-2:5-dimethylbenzoylpropionate (CLEMo, 
Haworth, and WALTon), 1112. 

C1sH,0P p Methoxyphenyldi-n-butylphosphine (Jackson, Davigs, and Jongs), 
2301. 

C,;H,,0,I, Ethylene ay-di-iodohydrin 8-laurate (FAIRBOURNE), 379. 

C,;H,,ON isoValeryl-J-menthylamine (READ and Storey), 2765. 

C,;H,;,;0Sb Tri-n-amylstibinic oxide (DYKE and Jonzs), 1926. 

C,;H;,;0,P Tri-n-amyl orthophosphate (Evans, Davies, and Jones), 1310. 

C,;H,,0,Sb, Tri-n-amylstibinic metantimonite (Dykz and Jongs), 1926. 

C,;H;;C1,Sb Tri-n-amylstibinic chloride (Dyk and Jonzs), 1926. 

C,;H,;Br,Sb Tri-n-amylstibinic bromide (DyKg and Jongs), 1926. 


15 1V 
C,;H,0,.BrS 2-Bromo-3-keto-2-benzoyl-2:3-dihydrothionaphthen 1:1-dioxide 
(CoHEN and SMILgs), 413. 
C,;H,,;0N,Cl 6-p-Chlorobenzeneazo-5-hydroxyhydrindene (MILLs and N1xoy), 
2521, 


C,;H,,0N,S s-5-Methylbenzthiazolylphenylcarbamide (HuNTER and Jonxs), 
2200. 


C,;H,,0,N,S 4’-Nitro-l-acetanilidobenzthiazole (HuNTER and JonxEs), 2206. 
C,;H,,0,N,S 5:6-Dinitro-m-4-xyly] o-nitro-p-toluenesulphonate (Fox and TURNER), 
1866. 


C,;H,,ON,S 4’-Ethoxy-1-anilinobenzthiazole (HUNTER and JonEs), 2206, 

C,;H,,0;N,S p-Toluenesulphon-m’-nitroacetanilide (BELL), 1077. 

C,;H,,0,N.S  2:6-Dinitro-m-4-xylyl p-toluenesulphonate (Fox and TuRnezR), 
1866. 


C,;sH.N.Br,S s-Di-m-bromo-p-tolylthiocarbamide (HUNTER and JonzEs), 2200. 
C,sH,,0;NS Toluenesulphonamidoacetophenones (ELson, GiBson, and JoHNson), 
1131. 


C,;H,,0,NS 2-Acetoxy-p-tolucnesulphonanilide (BeLL), 1986. 
C,;H,,0,;NS 5-Nitro-m-4-xylyl p-toluenesulphonate (Fox and TURNER), 1866. 
C,;sH,;N.BrS S-Methyl-s-phenylmethyl-p-bromophenylthiocarbamide (HUNTER 
and Jongs), 2211. 
CisH,sN.BrS 1-p-Toluidino-5-methylbenzthiazole hydrotribromide (Hunts), 
35. 


C,;H,,ON,S p-Ethoxy-s-diphenylthiocarbamide (HuNTER and Jonxs), 2205. 
C,;H,,0,Cl,Te p-Anisyl-p-phenetyl telluridichloride (MorGAN and BuRstALt), 
2601. 


C,;H.,N,IS, Thiocarbocyanine from 2:4-dimethylthiazole ethiodide (Fisuer and 
Hamer), 2510. 

C,;H3,0,NI 7-Menthyl dimethylaminoacetate methiodide (RULE, THOMPSON, aud 
KOBERTSON), 1892. 


15 V 
C,;H,,0N,Br,S  3:4’-Dibromo-1-anilino-5-ethoxybenzthiazole (HunTER and 
JONES), 2209. 
C,;H,,0N,BrS Bromo-1-anilinoethoxybenzthiazoles (HUNTER and JongEs), 2209. 
C,;H,,0,NCIS Chloro-2-acetamidophenyl p-toluenesulphonate (BELL), 1983. 
C Hy, frre s-p-Bromo-p’-ethoxydipheny lthiocarbamide (HUNTER and JoNzES), 
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FORMULA INDEX. 16 I-16 Ill 


C,. Group. 


CyHis Substance, from dichlorodivinylchloroarsine and aluminium chloride 
(G1BsON and JoHNSON), 2785. 
16 I 


C,sH 1.0, Anthracene-1:5-dicarboxylic acid (CouLson), 1933. 

CyHiNs 2-Anilino-3-cyanoquinoline (Is#ag and R&y), 2741. 

C,,H:.0. Methyl anthracene-1-carboxylate (CouLson), 1933. 

C,,H,.0, 3-0-Methylrubiadin (Jones and Ropertson), 1705. 

C,,H,.0, Diosmetin (Lovecy, Rostnson, and Sucasawa), 820. 

5:7:4’-Trihydroxy-3’-methoxyflavone (Lovecy, Ropinson, and SuGasawa), 822. 

C,,Hi,N, 5-Methyl-2:3-benz-y-carboline (KERMACK and Smita), 20038, 

C,,H,.N, 4-(Benztriazolyl-3’)-2-methylquinoline, and its hydrochloride (KEnMAcK 
aud SMITH), 2003. 

C,,H,,0, 5-Acetyl-o-tolyl benzoate (CouULTHARD, MARSHALL, and PymAn), 286, 

C,,H..0, isoAcetovanillone benzoate (CouLTHARD, MARSHALL, and PyMan), 
290. 


Methyl O-benzylisovauillate (Lovecy, Ropinson, and Sucasawa), 819. 
C,,H,,0; 2-Hydroxy-4-methoxy-3-methylbenzophenone-2’-carboxylic acid (JONES 
and RoBERTsON), 1704. 
C,sH,;N,; 4-0-Aminophenylamino-2-methylquinoline, and its dihydrochloride 
(KERMACK and SmirH), 2003. 
C,.H,,0; 8-Di-p-methoxyphenylethylene oxide (READ and CAMPBELL), 2679. 
C,,H,,0, 5:8-Diacetoxy-1:6-dimethyloaphthalene (HEILBRON and WILKINSO)), 
2552. 
3:3’-Dimethoxybenzoin (HopGsoNn and RosENBERG), 17. 
C,,H,,0, -3:4:5-Tetra-acetoxyacetophenone (BRADLEY, Rosinson, and Scuwar- 
ZENBACH), 797. 
C,.H,,N Benzylisopropenylaniline, and its hydrochloride (SHorT and Warr), 
2296. 


C,<H,.0, -csoHydrobenzoin ethyl ether (READ and CAMPBELL), 2383. 

C,,H,,0, Ethyl 1-phenyl-4-methylcyclohexane-3:5-dione-2-carboxylate (MatTrTar, 
Hastines, and WALKER), 2456. 

C,,H,,0; 3-4-Methoxy-2:5-dimethylbenzoylbutane-Sy-dicarboxylic anhydride 
(CLEMO, HAWorTH, and WALTON), 1112. 

C,-H,,0, 7-O0-Methylesculin (HEAD and Rospertson), 2436. 

C,.H:,S, 1:4-Diphenylthiolbutane (BENNETT and Mossgs), 2368. 

C,,.H.,0, /-8-Octyl phenylacetate (RULE and Barn), 1900. 

C,,H,,0, Methyl a-keto-trans-decalin-2:2-diacetate (RAO), 1180. 

Croll P p-Ethylphenyldi-n-butylphosphine (Jackson, Davies, and JonEs), 
300. 


C,.H2,0, 4:18-Diketopalmitic acid (Roptnson), 751. 
Ethyl 1:2-dimethyleyclohexane-4:5-diacetate (CAWLEY, Evans, and FARMER), 529, 
C,,H,,0, 5-Undecylvalerolactone (RoBINSON), 748. 
C,sH,,0, Ketopilmitic acids (RopiNson), 748. 
C,,H,,0 Methyl-n-amyl-n-nonylcarbinol (Davies, Drxon, and Jongs), 470. 
Methyl-(8-methylbutyl)-n-nonylcarbinol (Davies, Dixon, and Jongs), 472. 


16 III 
C,.H,,0,.Br Methyl bromoanthracene-1-carboxylate (CouLson), 1935. 
C,,H,,0,N, w-Cyano-w-o-nitrobenzylideneacetanilide (IsHaq and RA&y), 2740. 
C,,H,,0,Cl 7-Hydroxy-4-carboxyflavylium chloride (RoBINsON and ScHWARZEN- 
BACH), 825. 
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16 III FORMULA INDEX. 


C,.H,;,0,N, Hydroxy-p-nitrobenzyloxyquinoline (ASHLEY, PERKIN, and Rost. 


son), 388. 

C,.H;,0,N, 4-Propionylguaiacol p-nitrophenylhydrazone(CouLTHARD, MARSHALL, 
and PymaANn), 289. 

C,,H,,0,Cl], 2:2’-Dichloro-3:3’-dimethoxybenzil (Hopcson and RosENnBERG), 17, 

CieH.,0N Benzylidene-p-methoxyphenylacetonitrile (GoopaLt and Haworra), 
2486. 


C,,H,,0,Cl a-p-Chlorobenzylcinnamic acid (SHorpsEs), 977. 

C,.H,,0,Br a-p-Bromobenzylcinnamic acid (SuHorPEe), 978. 

C,,H,;9,I «-p-Iodobenzylcinnamic acid (SHorrEs), 979. 

C,,H,,0,Cl 3’-O-Methyldelphinidin chloride (BrapLey, Rosinson, and Scuwar. 
ZENBACH), 815. 

CrsH 40.Cl, 2:2’-Dichloro-3:3’-dimethoxybenzoin (Hopcson and RosEnzeRs), 
17. 


C,eH,,0,S, Diphenylthiol-mm’-dicarboxylic acid (BELL and BENNETT), 2. 

C,,.H,,0,;Cl, 2:2-Dichloro-3:3’-dimethoxybenzilic acid (HopGson and Nrxoy), 17. 

C,,.H,,0,N, Ethyl 2:4-dinitromethyldiphenyl-6-carboxylates (LEssiiz and 
TURNER), 1762. 

C,,H,,0,S, 3-Methoxybenzoic acid 4-disulphide (Suan), 1298. 

C,,H,,0,S, Ethylenedi-o-carboxyphenylsulphone (CoHEN and SmiuEs), 412. 

C,.H,,0Br «-Bromo-w-a-phenylethylacetophenone (STEVENS), 2114. 

C,.H,,0,N 4-Hydroxy-N-phenyl-aa-dimethylphthalimidine (Cann), 991. 

C,.H,,0,N Di-3:4-methylenedioxyphenylhydroxyethylamine, synthesis and 
resolution of, and its salts (READ and CAMPBELL), 2680. 

C,.H,;0,Br, Tribromonorbarbaloin (G1Bson and Simonsen), 560. 

CisH,,ON, 6-p-Tolueneazo-5-hydroxyhydrindene (M1LLs and Nixon), 2520. 

C,.H,,0,N, 00-Dimethyl-y-benzildioxime (Brapy and Mugrs), 224. 

s-Dipheny lacetylhydrazine, preparation of (AGGARWAL and Ray), 492. 
C,.H,,0,N, 1:4-Di(nitrophenyl)piperazines (Lz Fivre), 149. 
C,sH,,ON Acetamidodimethyldiphenyls (MorcaNn and WALLs), 1507. 
Phenacylbenzylmethylamine, and its picrate (STEVENS, SNEDDEN, STILLER, and 

THomson), 2124. 

C,.H,,NBr, Di-p-bromobenzyldimethylamine, picrate of (Stevens, SNEDDEN, 
STILLER, and THomson), 2122. 

C,sH,,0N, 0-n-Butyrylphenol phenylhydrazone (CovLTHARD, MARSHALL, and 
Pyman), 286. 

C,.H,,0,Te Bis-p-phenety! telluride (MorGAN and BurstTAtt), 2600. 

C,.H,,0;Te Bis-p-phenety] telluroxide (MorGAN and BursTALt), 2601. 

C,.H,,N.S p-n-Propyldiphenylthiocarbamide (HickINBorTom and WAINEe), 1563. 

CicH ON Ethyl a-cyano-8-phenyl-a-ethyl-A48-pentenoate (HucH and Kon), 


Ethyl a-cyano-y-phenyl-8-methyl-a-ethy]-As-butenoate (HuGH and Kon), 781. 
C,,H,,0,N d/-Di-p-methoxyphenylhydroxyethylamine, and its salts (Reap and 
CAMPBELL), 2677. 

CisH.»ON, 4-Piperidino-6-methoxy-2-methylquinoline and its salts (KeRMACK 
and SMITH), 1358. 

C,icsH»0,N, Ethylenedi-p-methoxyphenyldiamine, and its dihydrochloride (Bgy- 
NETT, Mosses, and SraTHAm), 1674, 

C,,H:,0N a-A'-cycloHexenylpropion-p-toluidide (Kon and THakur), 2221. 
a-cycloHexylidenepropion-p-toluidide (Kon and THAKUR), 2220. 
4-Methyl-A!-cyclohexenyla*et-p-toluidide (Kon and THAKUR), 2225. 
Methyleyclohexylideneacet-p-toluidides (Kon and THaKuR), 2223. 

C,.H,,0,N, /-Cryptal p-nitrophenylhydrazone (PENFOLD and S1monsEN), 405 
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FORMULA INDEX, 16 ITI—16 V 






C,,H,,0,N a-n-Hexylallyl p-nitrobenzoate (BuRToN), 251. 
Hydroxycamphoranilic acids (M. and R. SineH), 1302. 

C,,H210;.N Penta-acetyl mannononitrile (DEvLoFEv), 2606. 

C,,H.:Br.P »-Ethylphenyldi-n-butylphosphine dibromide (Jackson, Daviss, and 

), 17. JONES), 2300. 

RTH), C,sH3,0N -Hexoylmenthylamines (Reap and Storey), 2765. 

C,,H;,.ISb Methyltri-n-amylstibonium iodide (DyKz and Jongs), 1926, 


16 IV | 


OBIN- 


































HALL, 


C,,H,;,0,N.S 1-Phenyl-3-methylthionaphthapyrazole 5:5-dioxide (Conzn and 

[WAR- SmILEes), 411. | 
C,.H,3;0,.N,Cl 2-m-Nitrophenyiquinoline methochloride (Lz Fitvre and Matuur), 

2239. | 

ERG), | 


C:eH:;0,NS 3-Keto-2-p-acetylaminophenyl-2:3-dihydrothionaphthen 1:1-dioxide 
(COHEN and SMILEs), 412. 

:), 17. C,.H,;0,N,Cl, Nitrobenz-8-acetyl-3:5-dichloro-p-tolylhydrazides (CHATTAWAY and 

| Apamson), 846. 

C,,H,;0,N,Br, Nitrobenz-8-acetyl-3:5-dibromo-p-tolylhydrazides (CHATTAWAY 
and Apamson), 161. 

C,.H,,0,;NBr 2-Bromo-2’-diacetamidodiphenyl ether (McCompiz, MACMILLAN, 
and SCARBOROUGH), 1206. 

C,.H,,0,N.S 3-Keto-2-acetyl-2:3-dihydrothionaphthen 1:1-dioxide phenylhydr- : 
azone (COHEN and SMILEs), 411. b 

and C,,H,,0,N,Cl p-Nitrobenz-8-acetyl-3-chloro-p-tolylhydrazide (CHATTAWAY and : 
ApAmson), 848. ) 

C,,H,,0,N,Br p-Nitrobenz-8-acetyl-3-bromo-p-tolylhydrazide (CHATTAWAY and 
ADAMSON), 161. ; 

C:.H,,ON,S  1-Anilino-4’-ethoxy-5-methylbenzthiazole (HuNTER and Jongs), 
2208. 


. and 


C,;H,,0,;NS Toluenesulphonamidopropiophenones (ELson, Gipson, and JoHNsON), 
1132. 

2, and C,,H,;;ON,S s-p-Ethoxyphenyl-p-tolylthiocarbamide (HUNTER and JonEs), 2207. 

C,,H,,0.Br,Te Bis-p-phenetyl telluridibromide (MorcaN and Bvursratt), 
2601. 


DDEN, 
C,,H,,0,I,Te Bis-p-phenetyl telluridi-iodide (MorGcAN and BurstAtt), 2601. 


» and C,,H,.C],S,Pd Dibenzyldithiolethanepalladous chloride (BENNETT, Mossxs, and 
STATHAM), 1673. 
Di-p-tolylthiolethanepalladous chloride (BENNETT, MossEs, and STATHAM), 


1671. 

1563. C,.H,,Cl,S,Pt Dibenzyldithiolethaneplatinous chloride (BENNETT, MossEs, and f 
Kon), STATHAM), 1675. i 

C,.H,.1,S,Hg Dibenzyldithiolethanemercuric iodide (BENNETT, MossEs, and 
81. STATHAM), 1673. 
> al Di-p-tolylthiolethanemercuric iodide (BENNETT, MossEs, and STATHAM), 1673. 

C,sH,,O,NS p-Toluenesulphonylamino-n-propylbenzene (HIcKINBOTTOM and 
-MACK WalIne), 1563. 


C,,H.,0O,N,S, Ethyl-p-toluenesul phonimidosulphine-p-toluenesulphonylimine 

(Bry: (CLAKKE, KENYON, and PaILLIrs), 1227. 

C,,H.N,C],Pd Ethylenediphenyldimethyldiaminepalladous chloride (BENNETT, 
Mossgs, and SratHaM), 1676. 

C,,H,,OIP p-Methoxyphenyldi-n-butylphosphine methiodide (Jackson, Davigs, 
and Jongs), 2301. 


re em, 


16 V 
5 C,,H,;0,N,S,H, Substance, from oxidation of ethyl-p-toluenesulphonimido- 
sulphine-p-toluenesulphonylimine (CLARKE, KENYON, and PHILLIPS), 1228. 
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16 V—17 Ill FORMULA INDEX, 


C,,H,,0,.N,8,AS 1-Amino-3:6-disulpho-8-naphthol-7-azobenzene-4’-arsinic acid 
(GouGH and KINe), 679. 

C,.H,,ON.BrS 3-Bromo-l-anilino-4’-ethoxy-5-methylbenzthiazole (HUNTER and 
JONES), 2208, 

wee Di(carbamidomethyl) 2-sulphonanilidophenylthioarsinite (Bar. 
BER), 2052. 

C,.H2.0.N,Cl,.Pd Ethylenediphenyldimethyldiaminepalladous chloride (Benner, 
Mossks, and STATHAM), 1676. 


C,, Group. 

C,,H,,.0, Benzanthragallol (Cross and Perxry), 301. 

Triacety] benzanthragallol (Cross and Perkry), 301. 
C,,H;,0, 3-0-Acetylrubiadin (Jones and RopErtson), 1706. 
C,,H,,N, 2-p-Toluidino-3-cyanoquinoline (IsHaq and RAy), 2741. 
C,,H,,0O, O-Dimethylrubiadin (Jongs and Ropertson), 1703. 
C,,H,,0, 6-Acetoxy-2-p-methoxyphenylcoumaranone (BAKER), 1019. 
C,,H,,N, Dimethyl-2:3-benz-y-carbolines (KERMACK and SmiTH), 2008. 
C,,H,,0, «-p-Methylbenzylcinnamic acid (SHoprEe), 975. 
C,,H,,0, p-Butyrylphenyl benzoate (CouLTHARD, MARSHALL, and PyMAn), 286. 
Ci7H, 604 Propionylguaiacyl benzoates (COULTHARD, MARSHALL, and PyMan), 

289. 


C,,H,,N; 4-(8-Phenyl-8-methylhydrazino)-2-methylquinoline (KeRMACK and 
SmitrH), 2007. 

C,,H,.0, 6-Keto-13-ethyloctahydromorphenol methyl ether (CAHN), 704. 

C,,H,.0, 1-Pheny]-4-n-amyleyclohexane-3:5-dione (MATTraAR, HAsTINGs, and 
WALKER), 2457. 

C,,H.,N, p-Dimethylaminobenzeneazophenyltrimethylamine, perchlorate of 
(ZAk1), 1080. 

C,7H,,0, 72-Menthyl hydrogen diethylmalonate (RuLE and Harrower), 2325. 

C,,H;,0, /-Menthyl a-methoxy-a-ethylbutyrate (RULE and Harrower’, 2326. 

C,,H;,0, «-Myristin (FArrBouRNE), 380. 


17 Ill 
C,,H,,0,N, 2-Anilino-3-cyano-6:7-methylenedioxyquinoline (IsHaq and Ray), 
2741. 


C.7H,;,N.S 1-Anilino-a-naphthathiazole (HuNTER and Jongs), 944. 
1-8-Naphthylaminobenzthiazole (HUNTER and Jongs), 944. 
C,,H,,;0,N 2-Hydroxynaphthanilid+s (BELL), 1984. 
C,7H,,0;N, -Cyano-w-o-nitrobenzylideneaceto-p-toluidide (IsHaq and RAy), 
2741. 


C.,H,,ON, 15-Methoxy-5-methyl-2:3-benz-y-carboline (KERMACK and Swmira), 
2005. 


C,,H,,ON, 4-(Benztriazolyl-3’)-6-methoxy-2-methylquinoline, and its hydro- 
chloride (KeRMACK and Samira), 2004. 
C,,H,,0,N, -Cyano-w-m-methoxybenzylideneacetanilide (IsHaq and RAy), 2740. 
Substance, from diketohydrindene and nitrosodimethylaniline (ZaK1), 1083. 
Ci7Hy,0.N, 6:7-Dimethoxy-1-benzylphthalazine (AGGARWAL, Knera, and RAy), 


C,,H,,0,N, Acetylmethylbenzildioximes (Brapy and Muers), 220. 

C.-H,,.NI 2-Methylacenaphthpyridine methiodide (Hamer), 999. 

C,,H,,ON, 4-Aminoanilino-6-methoxy-2-methylquinolines (SLATER), 1210. 
4-0-Aminophenylamino-6-methoxy-2-methylquinoline (KeRMack and Switm), 


2004, 
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FORMULA INDEX. 17 I1I—171V 


C;7H1s0;N, «-Dimethylimino-w-p-nitrobenzylacetophenone (STEVENS, SNEDDEN, 
STILLER, and THomson), 2123. 
a-Phenylacetyl-f-veratrylidenehydrazine (AGGARWAL, Kuera, and RAy), 2355. 
C,;H,sON, 0-Acetamidoacetophenone phenylmethylhydrazone (Kermack and 
SmITH), 2007. 
C,7H1,0.N y-0-Tolylpropyl alcohol urethane (HARVEY, HEILBRON, and WILKIN- 
SON), 
C,,H»ON, Anhydroangustione phenylhydrazone (Ginson, PENFOLD, and SImMon- 
N); 
Batyrylereso) phenylhydrazones (COULTHARD, MARSHALL, and PyMAN), 286, 
C,;H..0,N, 4-n-Butyrylguaiacol phenylhydrazone (CoULTHARD, MARSHALL, and 
PyMAN), 289. 
C,,H..O,N, o-Phenylacetyl-8-4:5-dimethoxybenzylhydrazine (AGGARWAL, KHERA, 
and RAy), 2355. 
C,,H..N.S p-tert.-Butyldiphenylthiocarbamide (HickINBoTTOM and PReEsToN), 
1569. 
C,,H,,0,N Camphoromethoxyphenylimides (M. and R. Sincu), 1302. 
C,,H..N.S p-isoButyldiphenylthiocarbamide (HickinBoTrom and Preston), 
1570. 


C,,H,,ON Benzoylpiperitylamines (READ and Srorgy), 2776. 

C,,H,,;0,N Methoxycamphoranilic acids (M. and R. Sinen), 1302, 

C,;H,,0,;N Ethyl (hydroxymethy])ethylmalonatephenylcarbamate (WELCH), 260. 

C,,;H,,OP p-Methoxyphenyldi-n-amylphosphine (Jackson, Davigs, and Jonxs), 
2301. 


17 IV 
C,;H,,N.BrS 1-p-Bromoanilino-a-naphthathiazole (HUNTER and Jongs), 946. 
C,,H;;0,N.Cl, 8-Chloro-a-ketobutaldehyde N-benzoyl-2:4-dichlorophenylhydr- 
azone (CHATTAWAY and IRVING), 92. 
C,,H,;N,CIS, 2:2’-Dimethylthiocyanine chloride (Fisuzr and HAMER), 2508, 
C,,H,;N,BrS, 2:2’-Dimethylthiocyanine bromide (Fisher and Hamer), 2508. 
C,,H,,N,IS, 2:2’-Dimethylthiocyanine iodide (Fisher and Hamer), 2508. 
C,,H,,ON,Cl, a-Keto-8-methoxybutaldehyde 2:4-dichlorophenylosazone (Cuatr- 
AWAY and IRVING), 92. 
C,,H,,ON,Br, a-Keto-8-methoxybutaldehyde 2:4-dibromophenylosazone (CHatt- 
away ani [RVING), 94. 
C,,H,,0,N,F 4-Fluoro-2:3’-dinitro-4’-piperidinodiphenyl (LE Fkvre and Turner), 
1162. 


C,,H,,ON,Br Anhydrodehydroangustione p-bromophenylhydrazone (GrBson, 
PENFOLD, and SIMONSEN), 1199. 
C,,H,,0,NS 2-Phenylquinoline methosulphate (Le Fivre and Maruur), 2238. 
C,,H,,0,N,As 6’-Methoxy-2’-methyl-4’-quinolylaminophenylarsinic acids 
(SLATER), 1211. 
C,,H,,ONBr p-Bromo-w-dimethylamino-w-benzylacetophenone (STEVENS), 2116. 
w-Dimethylamino-w-m-bromobenzylacetophenone (STEVENS), 2112, 


w-Dimethylamino-w-p-bromobenzylacetophenone (STEVENS, SNEDDEN, STILLER, 
and Tuomson), 2122. 


Cit ,O.NS, p-Cyanobenzylethylsulphine-p-tolu: nesulphonylimine (MANN), 
l. 
CsH,ONBr, p-Bromophenacylbenzyldimethylammonium bromide (STEVENS) 
2116. 
Phenacyl-m-bromobenzyldimethylammonium bromide (STEVENS), 2112. 


Phenacyl-p-bromobenzyldimethylammonium bromide (STEVENS, BSNEDDEN, 
SriLtEr, and THomson), 2122, 
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17 IV—18 II FORMULA INDEX. 


C,,H;,ON.Br Anhydroangustione p-bromophenylhydrazone (GiBson, PENFoLp, 
and SIMONSEN), 1193. 

C,,H,,0,NS_ Toluenesulphonamido-n-butyrophenone (ELson, Gipson, and Jonny. 
sON), 1134. 

C,,H,,0,N,Br Phenacyl-p-nitrobenzyldimethylammonium bromide (STEVEnxs, 
SNEDDEN, STILLER, and THomson), 2123. 

C,,H2,0,NS _ sec-Butyltoluenesulphonanilid«s (SHorsmMITH and McGECcHEN), 2236. 
p-Toluenesulphonamidoisobutylbenzene (HicKINBOTTOM and PresTon), 1570. 
p-Toluenesulphonamido-te? ¢. -butylbenzene (HICKINBOTTOM and PRESTON), 1569. 
p-Toluenesulphonylisobutylaniline (HICKINBOTTOM), 994. 

C,,H.,0,N,Cl 7-Menthyl 2-chloro-3:5-divitrobenzoate (LEsstiz and Turner), 

1761. 


C,,H.:SI,Hg Dibenzyl-n-propylsulphonium mercuritri-iodide (CavELL and 
SucpEN), 2577. 

C,,H,,0Br,P p-Methoxyphenyldi-n-amy]phosphine dibromide (Jackson, Davis, 
and JoNEs), 2301. 


17 V 
C,,H:,0,NS,As 1-Benzamido-3:6-disulphonaphthalenc-4’-arsinous acid, and its 
sodium salt (GoucH and KINe), 679. 
C,,H;,0,.N.CIBr, 8-Chloro-a-ketobutaldehyde § N-benzoyl-2:4-dibromophenyl- 
hydrazone (CHATTAWAY and IRVING), 94. 
C,,H.0;,NS,AS 1-Benzamido-3:6-disulphonaphthalene-4’-arsinic acid (GoveH 
and King), 679. 
1-Benzamido-3:6-disulpho-8-naphthol-4’-arsinous acid (GoucH and Kine), 680. 
C,,H,,0,,:NS,As 1-Benzamido-3:6-disulpho-8-naphthol-4’-arsinic acid (GouGH and 
KiNG), 680. 
C,,H,.0;NC1,I Morphine tetrachloroiodide (CHaTTAway and PAkKks), 1004. 
C,,H..0,NC1,I Cocaine tetrachloroiodide (CHATTAWAY and ParxEs), 1004. 


C,, Group. 


CisH;,0, 1:5-Diacetylanthraquinone (CouLson), 1935. 
CisH,,0, 4-Acetoxy-1:2-dimethylanthraquinone (FAIRBOURNE and _ FosTERr), 
1275. 


Acetyl-4-hydroxy-9-anthranol (Cross and Perkin), 306. 
CisH,,0, Acetyl-O-methylrubiadin (Jonxs and RoperTson), 1705. 
CisH,,Si Triphenylsilicane, preparation of (KipPinc and SHort), 1029. 
CisH,,0, 6-Methoxy-13-vinyltetrahydromorphenol methyl ether (Caun), 704. 
CioHH 120. 4-n-Butyrylguaiacyl benzoate (COULTHARD, MARSHALL, and PyMay), 


8y-Diphenyladipic acids, stereoisomeric (OOMMEN and VocEL), 2148. 

C:sH,.0; Hydroxytrimethoxy-8-phenylpropiophenones (JouNson and Rosert- 
SON), 23, 26, 

C,sH..N, Ethyl-o-aminophenylketazine (ELson, Gisson, and JoHNson), 1135. 

CisH.,0, Methyl § 45-4-methoxy-2:5-dimethylbenzoylbutane-@y-dicarboxylate 
(CLEMO, HawortH, and WALTON), 1113. 

C:sHN, »-Dimethylaminobenzylidene-p-aminophenyltrimethylamine, perchlorate 
of (ZAKI), 1080, 

CHF p-Ethylphenyldi-n-amylphosphine (Jackson, Davizs, and Jones), 
2300. 


CisH,As Tritsohexylarsine (DyxE and Jonzs), 2430, 
CisH,Sb Tri-n-hexylstibine (Dyk, Davizs, and Jonzs), 467. 
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FORMULA INDEX. 18 III 


18 Ill 

CisH130;N «-Cvano-w-6-nitro-3:4-methylenedioxybenzylideneaceto-p-toluidide 
(IsHag and Ri&y), 2741. 

C:sH,;0,N 12:13-Dimethoxy/soindenoquinoline (CLEMo and JonNson), 2137. 

CisH1;0,N, 2-Anilino-3-cyano-6:7-dimethoxyquinoline (IsHaQ and RAy), 2741. 

CysH1s0,C1 7-Hydroxy-4-carbethoxyflavylium chloride (RosiNson and Scuwar- 
ZENBACB), 825, 

CisH,,0N, 1:6-Dimethyl-a-naphthaquinone phenylhydrazone (HEILBRON and 
WILKINSON), 2552. 

C\sH,,0N, 4-(Benztriazolyl-3’)-6-methoxy-2:3-dimethylquinoline (KERMACK and 
Smit), 2006. 

CisH100.Na w-Oyano-w-m-methoxybenzylideneaceto-p-toluidide (IsHaQ and RAy), 
2740. 


CisH1,0,C], meso-8y-Diphenyladipyl chloride (OommEN and VoGEL), 2151. 
CisH:,0;N. w-Cyano-w-3:4-dimethoxybenzylideneacetanilide (IsHaq and RAy), 
2740. 


C,sH,,0,C1 Ethyl a-p-chlorobenzylcinnamate (SHorreEe), 977. 

C,,H,,0,Br Ethyl a-p-bromobenzylcinnamate (SHorPEE), 978. 

C,sH,,0,1 Ethyl p-iodo-a-benzylcinnamate and  a-p-iodobenzylcinnamate 

(SuorrEk), 980. 
CisH,,0,N 4-Acetoxy-N-phenyl-aa-dimethyiphthalimidine (Cann), 992. 
4-Hydroxy-3-homoveratrylquinoline (CLEMo and Jounson), 2135. 
4-Keto-3-veratrylidene-1:2:3;4-tetrahydroquinoline (CLEMO and JoHNsoN), 2136. 
C\sH,,0,Cl Trimethyldelphinidin chlorides (BRApLEY, Ropinson, and Scuwar- 
ZENBACH), 808, , 

CisH1s0.8s | Dimethyl diphenylthiolethane-mm’-dicarboxylate (BELL and BgEn- 
NETT), 2. 

C:sH,,0,S, Dimethyl diphenylthiolethanedicarboxylate dioxides (BELL and 
BENNETT), 3. 

oy! 1 ee (McCLELLAND and War- 
REN), 1 ° 

CisH;,ON, 4-0-Aminophenylamino-6-methoxy-2:3-dimethylquinoline, and its 
hydrochlorides (KERMACK and SmirTu), 2006. 

CisH,,0.N Dimethylaminobenzylcinnamic acids (Suorrze), 983. 
2:4-Dimethylcinnamy] phenylurethane (BuRTON), 252. 
a-m-4-Xylylallyl phenylurethane (BuRTON), 252. 

CisH,ON, 1-Phenylcarbamyl-3:4-dimethyl-1:2:3:4-tetrahydroquinoline (PLANT 

and RossER), 2449. 

CisH,,0N w-Dimethylamino-w-a-phenylethylacetophenones (STEVENS), 2113. 

CisH,,0,N w-Dimethylamino-w-p-methoxybenzylacetophenone (STEVENS), 2112. 
7-(2:4-Dimethylphenyl)propy! urethane (HEILBRON and WILKINSON), 2539. 

Cul 0.N Acetyldi-p-methoxyphenylhydroxyethylamine (READ and CAMPBELL), 


CuHlON, Valerylcresol phenylhydrazones (CouULTHARD, MARSHALL, and Pymay), 


CisH,;9,N Phenacyl-p-methoxybenzyldimethylamine, picrate of (STEVENS), 2112. 

CisH,,0,N, 6-Keto-13-ethyloctahydromorphenol methyl ether semicarbazone 
(Cann), 705. 

CisH,;0N Phenylacetyl-l-piperitylamine (READ and Storey), 2777. 

CisH,,0,N Anisoylpiperitylamines (READ and Storgy), 2776. 

CisH,,0,N Camphoroethoxyphenylimides (M. and R. Sincu), 1303. 

CisH,,0,N Ethoxycamphoranilic acids (M. and R. Snax), 1303, 

C,,H,.ON, Azoxybenzene-pp’-bistrimethylamine, salts of (Zax1), 1081. 
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18 III—19 I FORMULA INDEX. 


C,,H.,ON Phenylacetyl-d-isomenthylamine (READ and Storey), 2765. 
C,,H,,0,Br, trans-Decalin-2:2-dibromoacetic acid (Rao), 1178. 
C,,H;,;ON x-Octoyl-d-isomenthylamine (READ and Storey), 2765. 


18 1V 

C,;H,,0,.N;S Tetranitrobenzenesulphonamidodiphenyls (Bru), 1074. 

C,.H;,0,N,Cl, Diacetylglyoxal di-2:4:6-trichlorophenylosazone (CHATTAWAY and 
FARINHOLT), 97. 

C,.H,,0,N,Br, Diacetylglyoxal di-2:4:6-tribromophenylosazone (CHATTAWAY ani 
FARINHOLT), 97. 

C,,H,,0,N,S 3:5-Dinitro-2-m-nitrobenzenesulphonamidodipheny] (Bett), 1074, 

C,;H,,0,,.N,8, Di-m-nitrobenzenesulphon-m’-nitroanilide (BLL), 1077. 

C,,H,,0,N;S Dinitrobenzenesulphonamidodiphenyls (Bex), 1074. 

C,,H,,0,N,Cl, Diacetylglyoxal di-2:4-dichlorophenylosazone (CHATTAWAY and 
FARINHOLT), 97. 

C,.H,,0.N,Br, Diacetylglyoxal di-2:4-dibromophenylosazone (CHATTAWAY and 
FARINHOL?), 97. 

C,.H,,0,N,S Nitrobenzenesulphonamidodiphenyls (Bru), 1074. 

CisH;,0,NCl 4-Chloro-3-homoveratrylquinoline (CLEMo and JoHNsoN), 2136. 

C.1sH:,0,N,Cl, Diacetylglyoxal di-p-chlorophenylosazone (CHATTAWAY and 
FY ARINHOLT), 97. 

CisH,,0,.N,Br Diacetylglyoxal di-p-bromophenylosazone (CHATTAWAY and 
FARINHOLT), 97. 

C,,H,,O;NBr 4-Hydroxy-3-(6’-bromohomoveratry]l)quinoline (CLEMO and Jouy- 
son), 2135. ' 

C,sH,,O,NS 4-Hydroxy-3-homoveratrylquinoline-6’-sulphonic acid (CLEMO and 
JOHNSON), 2136. 

C.sH,,ON,Cl, a-Keto-8-ethoxybutaldehyde-2:4-dichlorophenylhydrazone (Cuatr- 
AWAY and IrvING), 93. 

C,,H,,ON,Br, «-Keto-8-ethoxybutaldehyde 2:4-dibromophenylhydrazone (Cuatr- 
AWAY and IrvING), 94. 

C,sH,,0,N.S 5-Methyl-2:3-benz-y-carboline methosulphate (Kermack and 
SMITH), 2008, 

C,sH,,ONBr Phenacyl-a-phenylethyldimethylammonium bromide (SrTEvENs), 
2113. 


C,.H..0,NBr Phenacyl-p-methoxybenzyldimethylammonium bromide (SrevzEy%s), 
2112, 


C,sH,,0;NS 2-d-Camphorsulphonoxyacetanilide (Bex), 1987. 
C.sH.»SI,Hg Dibenzyl-n-butylsulphonium wmercuritri-iodide (CAvELL and 
SUGDEN), 2578. 
C,;H,,0IP p-Methoxyphenyldi-n-amylphosphine methiodide (Jackson, Davin, 
aud JoNEs), 2301. 
18 V 


C,,H,,0,N,S,As, 5:5’-Arseno-(2-carboxymethylthiolbenziminazule) (EvsR&T"), 
2407, 


C,.H;,0,NCIBr 4-Chloro-3-(6’-bromohomoveretry]l)quinoline (CLEMO and JoBY- 
SON), 2136. 

C,sH,,0.N,S,AS, 5:5’-Arseno-(2-carbamylmethylthiolbenziminazole) (EvERETT), 
2407. 


C,, Group. 


C,oH,, 3-Methy]-1:2-benzanthracene (Cook), 1093. 
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FORMULA INDEX. 19 II—19 IV 


19 II 

C1pH1:0. Anhydro-5-hydroxy-7-acetoxy-4-a-hydroxy-p-methoxybenzylecoumarin 
(BAKER), 1018. 

C,,H.;Br Triphenylbromomethane, additive compounds of metallic bromides with 
(THomAS, BOWDEN, and JonEs), 477. 

CHi.05 3:6-Diacetoxy-2-benzylcoumarone (BAKER), 1020. 

CiyH1.0, 6-Hydroxy-5:7:4’-trimethoxy-4-carboxyflavylium betaine (RoBINson and 
ScHWARZENBACB), 826, 

CyH,,0, 1:2-Diphenyi-4-methylcyclohexane-3:5-dione (MaTTAR, HAstTINGs, and 
WALKER), 2458. 

1-Phenyl-4-benzyleyclohexane-3:5-dione (MaTTAR, Hastincs, and WALKER), 

2458. 

C,,H;,0,; Piperonylidenedehydroangustione (Gipson, PENFOLD, and SIMONSEN), 
1199. 


C,,H,,0, Scutellarein tetramethyl ether (Roprnson and SCHWARZENBACH), 829, 

CisH.0, Ethyl a-p-methylbenzylcinnamate (SHoPPEE), 975. 

CpH.0, 4-2-Valerylguaiacyl beuzoate (CoULTHARD, MARSHALL, and Pyman), 
289. 


C:sH..0,; Piperonylideneangustione (G1Bson, PENFOLD, and SIMONSEN), 1194. 
CisH..0, Di-p-methoxybenzylacetone (GoopALL and Hawonrn), 2485. 

CisH.,N, Benzylideneaniline-pp’-bistrimethylamine, perchlorate of (ZAKI), 1083. 
CH,0 Cetyl allyl ether (Davies, HEILBRON, and OwEns), 2545. 

Ci9H,.0, Cetyl glyceryl ether (Davies, Her~Bron, and Owens), 2545. 


19 III 
C:,H,;;0,N 2-Acetoxy-a-naphthanilide (Ber1), 1986. 
C,H,,0,.N, 2-p-Toluidino-3-cyano-6:7-dimethoxyquinoline (IsHag and RAy), 
2741. 


C,,H:,0;N, -Cyano-w-6-nitro-3:4-dimethoxybenzylideneaceto-p-toluidide (IsHaq 
and RAy), 2741. 

C,,H,;,.0,N, w-Cyano-w-3:4-dimethoxybenzylideneaceto-p-toluidide (IsHaq and 
KAy), 2740. 

C,,H,,0,N, 4-Acetylamidoanilino-6-methoxy-2-methylquinolines (SLATER), 1211. 

C,;,H,.ON, p-a-Naphtholazophenyltrimethylamine, perchlorate of (ZAKI), 1080. 

CisHO,N, 6:7:3':4’-Tetramethoxy-l-benzylphthalazine, and its picrate (AGGAR- 
WAL, KuERA, and RAy), 2356. 

C:,H.,N,Cl p-a-Aminonaphthaleneazophenyltrimethylammonium chloride (Zaxkr), 
1080. 


C.sH,.0ON, Cinchonidine, dissociation constant of (PrrpEAUx and WINFIELD), 
1587. 


Cinchonine, dissociation constant of (PrrpEAUXx and WINFIELD), 1587. 


CisH.,0,N, a-Ethyl glyceryl ether diphenylurethane (Davies, HEILBRON, and 
Owens), 2544. 


C,,H,,0,N  dl-8-Hydroxy-8-phenylethylamino-d-methylenecamphor (READ and 
CAMPBELL), 2683. 


19 IV 
C,,H,,ONCI, N-p-Chlorophenylbenzimino-p-chlorophenyl ether (CHAPMAN), 2462, 
Ci5H,,0,,N,S, Di-m-nitrobenzenesulphonnitrotoluidides (BELL), 1077. 
CisH.,0.N,S, m-Nitrobenzenesulphon-p-toluenesulphon-m’-nitroanilide (BELL) 
1077. 


C,,H.,N,CIS, 2:2’-Diethylthiocyanine chloride (Fisner and HAmER), 2507. 
CisHiyN.BrS, 2:2’-Diethylthiocyanine bromide (Fisner and Hamer), 2507. 
C,,H;,N,IS, 2:2’-Diethylthiocyanine iodide (Fisazr and Hamer), 2507. 
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19 IV—20 III FORMULA INDEX. 
C,,H.0,N,S Dimethyl-2:3-benzcarboline methosulphates (KermAcK and Smt), 
2009. 


C,;H.,.O,NCI 4-Carbamyl-5:6:7:4’-tetramethoxyflavylium chloride (RoBiNson and 
ScHWARZENBACH), 828. 
C,,H.,.0;NI dl-Di-p-methoxyphenylhydroxyethyltrimethylammonium _ iodide 
(KEAD and CAMPBELL), 2679, 
19 V 
C,,H,,0,NBr,S 3:4’-Dibromo-4-p-toluenesulphonamidodipheny] (Br.1), 1076. 
C,,H,,0,NBrS 5-Bromo-2-p-toluenesulphonamidodiphenyl (Brx1), 1076. 
C,,H,,0,NCII 4-Chloro-3-homoveratrylquinoline methiodide (CLEMo and Jouy. 
sON), 2136. 
C,,H,,ON,CI,!, Cinchonine tetrachloroiodide (CHarraway and Parxgs), 1003. 


Coo Group. 


C.oH:, Acenaphthanthracene (Cook), 1095. 
Phenylanthracenes (Cook), 1091. 
C.oH,, 1:5-Ditsopropenylanthracene (CouLson), 1935. 


20 Il 
C.oH:,0, Phenolphthalein, constitution of, and its fading in alkaline solution 
(Lunp), 1844. 
C.oH,40, 1:2-Benzanthranyl 10-acetate (Cook), 1093. 
CooHi,0 2-0-Toluoyldipheny] (Coox), 1091. 
C.oH1,0, Benzanthragallol trimethyl ether (Cross and Perx1n), 302. 
CyoH,,0, Acetyl-4:5-dihydroxy-9-anthranol (Cross and Pzrx1n), 307. 
1:2-Diacetoxy-9-anthranyl acetate (Cross and Perkin), 305. 
Ethyl anthraquinone-1:5-dicarboxylate (CouLson), 1934. 
C.oHi.0, Ethyl anthracene-1:5-dicarboxylate (CovLson), 1933. 
Cools. o-Hydroxy-2-xyloylbenzoic acid diacetate (FAIRBOURNE and Fosrsn), 
1275. 


C.oH,,0, 2:4-Diacetoxy-O-acetylbenzoin (BAKER), 1019. 

5:6:7:4’-Tetramethoxy-4-carboxyflavylium betaine (RopINson and ScuHwanrzex- 
BACH), 826. 
C.o.H,,0, Dicarbethoxy-2:3:4-trihydroxy-9-anthranol (Cross and PERKIN), 304. 
2-8-Glucosidoxyanthraquinone (ROBERTSON), 1138. 
1-Hydroxy-2:3-diethylcarbonato-9-anthranol (Cross and PERKIN), 304. 
CooH2,.0, 5:7:4’-Trimethoxy-3-benzyl-2-methyl-1:4-benzopyrone (JoHNsON and 
KOBERTSON), 24. 

C..H,,0, 1:5-Ditsopropylolarthracene (CouLson), 1934. 

CoH 204 4-n-Hexoylguaiacyl benzoate (CouLTHARD, MARSHALL, and Pymay), 
289. 


CooH2.0, 6-Acetoxy-2:4:4’-trimethoxy-8-phenylpropiophenone (JoHNsoN and 
ROBERTSON), 23. 
B-Carthamidin pentamethyl ether (KuropA), 766. 
CooH.,0, tsoAnethole, structure of (GoopaALL and Haworth), 2482. 
C..Hz.N, -Propyl-o-aminophenylketazine (ELson, Gisson, and Jounson), 1135. 


20 III 
C..H;,0,8, Dehydro-2-naphthol 1-disulphide (StzEVENsON and SmILEs), 1745. 
C,.H:,;0,Br, Tribromobarbaloin (Ginson and Simonsen), 558. 
C..H;,0,8 9-Fluorenyl-p-tolylsulphone (INGoLD and JEssop), 710. 
C.oH:,0,Br Ethyl 9-bromoanthracene-1:5-dicarboxylate (CouLson), 1936. 
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FORMULA INDEX. 20 III—21 II 


CoH190,N 4-Keto-1-acetyl-3-veratrylidene-1:2:3:4-tetrahydroquinoline (CLEMO 
and JOHNSON), 2137. 

C»H1,0,N /-Diacetyldi-3:4-methylenedioxyphenylhydroxyethylamine (REApn and 
CAMPBELL), 2681. - 

CxpH2,0,N 4-Keto-1-acetyl-3-homoveratryl-1:2:3:4-tetrahydroquinoline (CLEMO 
and JOHNSON), 2137. 

Sinactine, constitution of (Goro and KirasaTo), 1236. 

CpH220,N, 4-Keto-l-acetyl-3-homoveratryl-1:2:3:4-tetrahydroquinoline oxime 
(CLEMO and JOHNSON), 2137. 

C.H.,0N -Piperidino-w-benzylacetophenone (StzvEns), 2117. 

C»H.;0,N Ethyl dimethylaminobenzylcinnamates (SHopPEE), 983. 

CopH230;N Diacetyldi-p-methoxyphenylhydroxyethylamine (READ and CAMPBELL), 
2677. 

C»H.0.N. Quinine, dissociation constant of (PRIDEAUX and WINFIELD), 1587. 

C»H2,0,N, Diacetyl derivative of ethylenedi-p-methoxydiamine (BENNETT, Mos- 
ses, and STATHAM), 1674. 

CyH»O;N, a-Propyl glyceryl ether diphenylmethane (Davies, HztLpron, and 
OwENs), 2545. 

20 IV 


C.H;;0.BrS 6-Bromo-2:2’-dihydroxydi-l-naphthyl sulphide (SrEvENsoN and 
SMILEs), 1744. 

CH;,0;N;Ag Bis-aa’-dipyridylargentous nitrate (MorGAN and BursTALL), 2596. 

C»H;,0;NS Benzylideneaminopheny] p-toluenesulphonates (BELL), 1984. 

2-p-Toluenesulphonyl-1-phenyldihydrobenzoxazole (BELL), 1984. 

CyHi,0;.N,AS, Tris-ca’-dipyridylargentosoargentic nitrate (MoRGAN and Bur- 
STALL), 2597. 

C.oH:,0,.N.S, Di-p-toluenesulphon-m’-nitroanilide (BELL), 1077. 

CxoH,,0,NS, Di-p-toluenesulphonanilide (BELL), 1077. 

CH,,0;NS, 2-p-Toluenesulphonoxy-p-toluenesulphonanilide (BELL), 1986. 

C.oH..0,N.S;5 Phenyl-p-toluenesulphonimidosul phine-p-toluenesulphonylimine 
(CLARKE, KENYON, and PHILLIPs), 1229, 

C»H.N,I,Cu Tetrapyridinocupric iodide (Kine), 2314. 

C»H,,0,NS Substance, from p-aldehydophenyltrimethyl ammonium methosulphate 
and diketohydrindene (ZAKI), 1083. 

CyH.,ONBr Phenacylbenzylpiperidinium bromide (Strvens), 2117. 

CxoH3.1,4S,Hg Phenyldiethylsulphonium mercuritetraiodide (BALFE, Kenyon, 
and PHILLIPS), 2564. 

C»H.1.S,Hg,; Phenyldiethylsulphonium trimercurioctaiodide (BALFR, Kenyon, 
and PHILLIPS), 2564. : 

20 V 


C»H,,0,.N,S,Ag Bis-aa’-dipyridylargentic persulphate (MorGAN and BurRsTALL), 
2596. 

C»H,,0,N,S.Ag  Bis-aa’-dipyridylargentic hydrogen sulphate (MorGAN and Bur- 
STALL), 2598. 

C.H,,0,C1,8,Pt Dichlorobis-(p-carboxybenzyl ethy] sulphide) platinum (MANN), 
1751. 


C»H,,0.N.Cl,I, Quinine tetrachloroiodide (CHaTrAWAY and ParkKEs), 1003. 


Cz, Group. 
CuH,,0, 10-Hydroxyphenanthraxanthone (BAKER), 267. 
C.H,,0, 6:7:10-Trihydroxyphenanthraxanthone (BAKER), 265. 


C.,H,,0 Fluorenylideneacetophenonc (STEVENS), 2116. 
CH,,0, Benzoyl-1:2:3-trihydroxyanthrone (Cross and Perky), 303. 


C,,H,,0, 2-Methoxy-1:2’-dinaphthyl ether (WArREN and Sites), 962. 
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21 II—-21 IV FORMULA INDEX. 


C.:H,;,0, 6-Hydroxy 2-benzoyloxy-4-benzyloxybenzaldechyde (BRADLEY, Rosty. 
son, and SCHWARZENBACH), 806. 
3-Methoxy-4:5-diphenylmethylenedioxybenzoic acid (BRADLEY, RoBInson, and 
ScHWARZENBACR), 813. 
Methyl 5-hydroxy-3:4-diphenylmethylenedioxybenzoate (BRADLEY, Rostnsoy, 
and SCHWARZENBACH#), 812. 
C.:H,,N, 1:2-Diphenyl-5-benzyl-1:3:4-triazole (Buacart and R&y), 2358. 
2:5-Dipheny]-1-tolyl-1:3:4-triazoles (BHAGAT and RAy), 2358, 
C,,H,,0, 3:4:6-Triacetoxy-2-p-methoxyphenylcoumarone (BAKER), 1018. 
C,,H,,0, 2-8-Glucosidoxy-1-methoxyanthraquinone (RoBERTSON), 1140. 
Rubiadin glucoside (JoNEs and RoBERTsoN), 1707. 
C.,H.,.0;, Carthamin, constitution of (KuropA), 752, 765. 
C.1H..0,, Phloridzin (+ 2H,0), constitution of (Jonson and RoBeErtson), 21. 
C.,H,,0 Diphenylmethy] /-8-octyl ether (RULE and Barn), 1900. 
C.,H;,0, y-A*-Heptadecenylbutyrolactone (RoBInson), 750. 
C,,H;,0, ‘rans-4-Keto-A-heneicosenoic acid (RoBINson), 750. 
C,,H..0 Octadecyl allyl ether (DAvigs, HEILBRON, and OwENns), 2546. 
C.,Hi,0, a-Octadecyl glyceryl ether (Davies, HEILBron, and Owens), 2546. 


21 III 
C.,H,,;0;N 7-Hydroxy-2-phenyl-3-o-nitrophenylbenzo-y-pyrone (BAKER), 267. 
7-Methoxy-3-phenyl-2-0-nitrophenylbenzo-y-pyrone (BAKER), 266. 

C.,H,,0Cl, 1:4-Dichloro-10-benzyl-9-anthrone (BARNerr and Goopway), 1351. 

C.,H,;0Br Bromofluorenylacetophenone (Stevens), 2116. 

C.1H,,;0,Cl 3-Methoxy-4:5-diphenylmethylenedioxybenzoyl chloride (Brapzgy, 
Kosrinson, and ScHWARZENBACH), 813. 

C,,H,,.0,;S 3-Hydroxy-2-phenylthionaphthen 1:1-dioxide benzyl ether (Uonzy 
and SMILES), 411. 

C.:H;,0,S iso-8-Naphthol s-methylsulphone (WARREN and SmIxzs), 961. 

CuH.ONs 2:5-Diphenyl-1-p-methoxyphenyl-1:3:4-triazole (BHAGAT and RAy), 
2358. 

C,,H,,0C1 9-Pheny]-2:7-dimethylxanthhydrol chloride (REILLY and Drumm), 457. 

CH1,0Brs 9-Phenyl-2:7-dimethylxanthhydrol tribromide (RzILLy and Drum), 


CuO, N, Strychnine (AsHizy, Perxry, and Rosrnson), 382; (ACHMATOWICY, 
FAWCETT, PERKIN, and Rosinson), 1769, 

C.:H,,0N 5-Benzoyloctahydroheptayuinoline (PLANT and RossEr), 1843. 

C.,H,,0N, 5-Phenylcarbamyloctahydroheptaquinolines (PLANr and RosskR), 
1843. 


C.i1H..0,N, Bisapomethyldihydrobrucine (AcHMATowicz, Fawcett, PERKIN, and 
Kosinson), 1771. 

C.,,H,;0,Br, Tribromonorbarbaloin pentamethyl ether (Gipson and S1monsBy), 
560. 


C.,:H,,0;N, «-Butyl glyceryl ether diphenylurethane (Davirs, HEILBron, and 
OWEnS), 2545. 
C.:1H;;0N xeoMenthylamino-d-methylenecamphors (READ and STEELE), 2432. 


21 1V 
C,,H,,0,N,S 1:3-Diphenylthionaphthapyrazole 5:5-dioxide (COHEN and SMILES), 
410. 


C,,H,,0,NBr 1- -Carbomethoxyanthranylpyridinium bromide (Coutson), 1935. 
Cy:H.,0,Cl,Fe 3:7:3’:4’-Tetramethoxy-5:8-dimethylflavylium ferrichloride 
(Ropertson and STePHENSON), 318. 
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FORMULA INDEX. 21 V—22 IV 


21 V 
Cy:H.30.N,Cl,I Strychnine tetrachloroiodide (CHaTTaway and Parxgs), 1004. 


C.. Group. 


C,,H,,0; 10-Methoxyphenanthraxanthone (BAKER), 266. 

C,:H:¢0, Acenaphthanthranyl acetate (Cook), 1095. 

C.,H;,0, 5:7:4’-Triacetoxy-3’-methoxyflavone (Lovecy, Ropinson, and Suca- 
sAWA), 822 

C.3H1s0; Methyl 3-methoxy-4:5-diphenylmethylenedioxybenzoate (BRADLEY, 
Rosinson, and SCHWARZENBACH), 813. 

C.,H;s0, 2:3:4-Triacetoxy-9-anthranyl acetate (Cross and PERKIN), 300. 

C,,H;,N3 2-Phenyl-1-m-tolyl-5-benzyl-1:3:4-triazole (BHAGAT and RAy), 2358. 

C.2H..0, Ethyl 1-phenyl-4-benzyleyc/ohexane-3:5-dione-2-carboxylate (MATTAR, 
HASTINGS, and WALKER), 2458. 

C.,H,,0, Ethyl meso-8y-diphenyladipate (OomMEN and VoGEL), 2152. 

C.,H..0, d-8-Octyl diphenylacetate (RuLE and Baty), 1900. 

C..H3,0, Ethyl 1:2-dimethyldicyclohexane-4:5-dimalonate (CAWLEY, Evans, and 
FARMER), 526. oA 

C..H,,0, Ethvl 1:2-dimethyleyclohexane-4:5-dimalonate (CAWLEY, Evans, and 
FARMER), 527. 


22 Ill 


C..H;,0;N 7-Methoxy-2-phenyl-3-0-nitrophenylbenzo-y-pyrone (BAKER), 268. 

C.2.H,;0,01 Benzoyldelphinidin chloride (BRADLEY, Ropinson, and ScHWARZEN- 
BACH), 801. 

C..H,,0,.N, -Diazo-3-methoxy-4:5-diphenylmethylenedioxyacetophenone (BRAD- 
LEY, RoBINSON, and SCHWARZENBACH), 813. 

C,,H,.N,S 1-Methyl-8 naphthylamino-a-naphthathiazole (HUNTER and JonEs), 
947. 


1-8-Naphthylimino-2-methyl-1:2-dihydro-a-naphthathiazole (Hunrer and 
Jones), 947. 
C..H,,0,;N 7-Methoxy-3-phenyl-2-0-aminophenylbenzo-y-pyrone (BAKER), 266. 
C.2H,,0,S iso-8-Naphthol sulphide dimethyl ether (WARREN and SMI.Es), 961. 
C.,H,,0,N, Benzoylmethylbenzildioximes (BRADY and Mvurrs), 220. 
Cx2H,,0,S so-2-Naphtholsulphone dimethyl ether (WARREN and SMILEs), 1329. 
C..H:sN,S Methyl-s-di-8-naphthylthiocarbamide (HUNTER and JonEs), 947. 
Cull, ON, 2:5-Diphenyl-1-p-ethoxyphenyl-1:3:4-triazole (Buacat and RiAy), 
2358. 


2-Pheny]-1-p-methoxypheny]-5-benzyl-1:3:4-triazole (BHAGAT and Riy), 2358. 

C.sH..0,N, 2:5-Diketo-3:6-di-m-acetoxybenzylpiperazine (DickINsON and Mar- 
SHALL), 2292. 

C.:H,,0,Cu Copper dehydroangustione (Ginson, Penrop, and Simonsen), 1198. 

C.2H,.0,Cu Copper angustione (Grsson, Penroup, and SimonsEN), 1192. 

C..H,,0,Br, Ethyl 1:2-dimethyleyclohexane-4:5-dibromodimalonate (CAWLEY, 
Evans, and Farmer), 529. 

22 IV 

Cx,H,,0,N.Br,  2:5-Diketo-3:6-di-(3’:5’-dibromoacetoxy benzylidene) piperazines 
(Dickinson and MARSHALL), 2291. 

C,.H,,0,N.Br, 2:5-Diketo-3:6-di-(3’:5’-dibromo-2’-acetoxybenzy]) piperazine 
(DIcKINsON and MARSHALL), 2291. 

C12H1,0;N,Cl, _2:2’-Dichloro-3:3’-dimethoxybenzoin —_p-nitrophenylhydrazone 
(Hopcson and RosENBERG), 17. 
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22 IV—24 II FORMULA INDEX. 


C.,H.,0,N,S 2-p-Dimethylaminobenzylideneaminophenyl p-toluenesulphonay 
(BELL), 1985. 
2-p-Toluenesu! phony]l-1-dimethylaminophenyldihydrobenzoxazole (BELL), 1985, 


22 V 
C..H.,;0.N,Cl,I N-Methylstrychnine tetrachloroiodide (CHaTTaway and Parkes) 
1005. 
C..H3,0,1,8,Cd Phenacylmethylethylsulphonium cadmitetraiodides (Batry, 
KENYON, and PHILLIPs), 2571. 
C,.H;,0,1.S,Hg Phenacylmethylethylsulphonium mercuritetraiodides (Baur, 
Kenyon, and PHILLIPs), 2568. 


C.; Group. 
C.3H,,0, 0-Benzyldiosmetin (Lovecy, Roprnson, and Sucasawa), 819. 
§:7-Dihydroxy-4’-benzyloxy-3’-methoxyflavone (Lovecy, Robinson, and Sucay 
AWA), 821. 
C.3H..0,, Acetylearthamidins (KuropaA), 761. 
, CysH,,0,, Triethylearbonatoanthragallol (Cross and Perxrn), 308. 
C,;H;,,0 /-Menthyl diphenylmethyl ether (RULE and Bain), 1899. 


C,;H;,0, Anhydrodigoxigenin (Smiru), 2479. 
C.;H,.0; Digoxigenin (SmirH), 509, 2478. 
C.;H;,0; isoDigoxigenin (Smirn), 2481. 


C.;H,,0, isoDigoxigeninic acid (Sm1TH), 2481. 
C.;H;,0; Dihydrodigoxigenin (SmirH), 2480. 


23 Ill 
C,;H,,0,C] 5-0-Benzoyl-3’-O-methyldelphinidin chloride (BRADLEY, Ronrnsoy, 
aud SCHWARZENBACH), 814. 
C.3;H,,0,.N, Di-(a-cyanobenzyloxyphenylmethane (BAKER and New), 1275. 
C.;H,,0,S Phenacyl-o-carbophenacylphenylsulphone (CoHEN and SMILEs), 409. 
C.;H,,0N w-Dimethylamino-w-fluorenylacetophenone (STEVENS), 2115. 
C,,H,,ON, 4-Benzidino-6-methoxy-2-methylquinoline (SLATER), 1213. 
C.;H,,0N w-Dimethylamino-w-benzhydrylacetophenone (STEVENS), 2115. 
C.;H,;0,N na eer tate ete tentntited mnt (Reap and Caw 
BELL), 2677. 
C.;H,.,0,N, Brucive (AsHLEY, Perkin, and Rosrnson), 382; (AcHMATOWIC?, 
FawcrTT, PERKIN, and RosBrnson), 1769. 
CrsHs,05Ns Ethyl di(hydroxymethyl)malonate diphenylearbamate (WELCH), 
259. 


C.;H,,0,N, Dihydrobrucine (Acumatowicz, Fawcett, PerKIN, and Rosrysoy), 
1770. 


C.3;H,.0,N, Dihydrobrucidine (AcnMATow1cz, Fawcett, PERKIN, and Ropis- 
son), 1771. 
C.3;H;.0,N, Hexahydrobrucine (AcumMatowicz, Fawcett, Perkin, and Ronis: 
sun), 1772. 
23 IV 
C.;3H,,0,N,As 4’-6”-Methoxy-2”-methyl-4”squinolylaminodiphenylglarsinic acid 
(SLATER), 1214. 
C., Group. 
C.4H,, 6-Phenyl-1:2-benzanthracene (Cook), 1092. 
24 II 


C,,H,,0 4-p-Phenylbenzoyl-2-methylnaphthalene (Coox), 1092. 
C.4H,;,0, 8:7:10-Trimethoxyphenanthraxanthone (Day), 264. 
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FORMULA INDEX, 24 II—25 III 


CyH»0, w-Acetoxy-3-methoxy-4:5-diphenylmethylenediox yacetophenone (BRraD- 
LEY, RoBiINson, and SCHWARZENBACB), 813. 
C,sHaSi Tetraphenylsilicane, preparation of (Krppine and SHort), 1029, 
CysHosN, 1:4-Di-2’-methy]-4’-quinolylpiperazine (KeRMAcK and Smirn), 1360. 
Cx4H39010 Trimethylphloridzin hydrate (Jonnson and Rosertson), 24. 
C.:H5.0:; Hexa-acetyl cellobial (HaAwortn, Hirst, Srreicnt, Tuomas, and 
WEBB), 2638. 6 
C.4H3,10:,. Hexa-acetyl deoxyceilulose (HaAwortH, Hirst, StrEIGHT, THoMAs, 
and WEBB), 2638. 
24 Il 


C..«H:,0,;N 2-Benzoxy-a-naphthanilide (BELL), 1986. 

C.4H,,0,N 7-Methoxy-3-pheny]-2-(6-nitro-3:4-dimethoxyphenyl)benzo-y-pyrone 
(BAKER), 263. 

Piperonylidene-dl-di-3:4-methylenedioxyphenylhydroxyethylamine (READ and 

CAMPBELL), 2680. 

C.4H..ON, Dimethyldiphenylazo-8-naphthols (MoRGAN and WALLs), 1507. 

C.,H.,0;N 7-Methoxy-3-phenyl-2-(6-amino-3:4-dimethoxypheny])benzo~y-pyrone, 
aud its salts (BAKER), 264. 

C.4H,;0,N Anisylidene-d/-di-p-methoxyphenylhydroxyethylamine (Reap and 
CAMPBELL), 2676. 

C4H,,0,N, Ethyl r-methylceyclohexyl-1-cyanoacetates (VoGEL and OomMEn), 
770. 


24 1V 
C.:H,;0,.N;S,  5:4’-Dinitro-2-di-m-nitrobenzenesulphonamidodiphenyl (BEL), 
1075. 


C.4H,,0;.N,S, Nitro-di-m-nitrobenzenesulphonamidodiphenyls (BELL), 1074. 
C..H,,0,NS 2-p-Toluenesulphonoxynaphthanilides (BELL), 1985, 
C..H;,0,N,I Dihydrobrucine methiodide (AcamATowicz, FaAwceTT, PERKIN, and 
Kosrnson), 1771. 
24 V 


C.4H,,0:,N,S,AS 1-Benzamido-m-benzamido-3:6-disulpho-8-naphthol-4’’-arsinous 
acid (GouGH and Kine), 680. 

CxsH,,0,,.N,S,AS 1-Benzamido-m-benzamido-3:6-disulpho-8-naphthol-4’’-arsinic 
acid (GouGH and KING), 681. 


C:; Group. 
C.;H,, 10-Benzyl-1:2-benzanthracene (Cook), 1094. 


25 II 
C.;H,,O0 10-Benzyloxy-1:2-benzanthracene (Cook), 1094. 
C.;H,,0 10-Hydroxy-10-benzyl-9:10-dihydro-1:2-benzanthracene (Cook), 1093. 
C.;H..0,, y-Acetylearthamidin (KuropaA), 762. 
C.;H,.N, ‘l'riphenylbenzenylamidine (CHApMAN), 2461. 
C.;H,,0,, 8-Acetylearthamidin (Kuropa), 762. 
C.;H,,N, Hexamethyltriaminotriphenylmethane (HinkeL and Duny), 1838. 
C,;H,,O, /-Menthyl dimethylmalonate (RuLE and Harrower), 2324, 


25 III 


C.;H,,N.Cl, Tri-p-chlorophenylbenzenylamidine (CHAPMAN), 2461. 
C.;HisN,Cl, | Di-p-chlorodiphenylbenzenylamidiues (CHAPMAN and PgRROTT), 
2466. 


C.;Hi,N.Cl Diphenyl-p-chlorophenylbenzenylamidines (CHAPMAN and PERROTT), 


2466. 
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25 III—27 II FORMULA INDEX. 


C.;H.,0,Cl 5-0-Benzoyl-7:3’:5’-O-trimethyldelphiaidin chloride (Brap.ey, 
RKosinson, and SCHWARZENBACH), 807. 

C.;H.,N.I 1:1’-Dimethylbenzisocyanine iodide (HaAmER), 1002. 

C.;H.;0,N, Acetyl derivative of 4-benzidino-6-methoxy-2-methylquinoline 
(SLATER), 1214. 

C.;H.,N,I Acenaphthpyridine-2-aldehyde methiodide p-dimethylaminoanil 
(HAMER), 999. 

25 1V 


C.;H,,N.CIS, 2:2’-Dimethyl-5:6:5’:6’-dibenzthiocyanine chloride (FisHeR and 
HAMER), 2509. 

C.;H:,N.BrS, 2:2’-Dimethy]-5:6:5’:6’-dibenzthiocyanine bromide (Fisuzr and 
HAMER), 2509. 

C.;5H,.N,IS,  2:2’-Dimethyl-5:6:5’:6’-dibenzthiocyanine iodide (Fisner and 
HAMER), 2509, 

C.;H,,0,N.S Dihydrobrucine methosulphate (AcumMaTowicz, Fawcett, PERKIN, 
and Rospinson), 1770. 


C., Group. 
C.sH3,0, Substance, from 1:1:3-trimethyl-A*-cyciohexene-4:6-dione and piperonal 
(Gipson, PENFOLD, and SIMONSEN), 1194. 


C.g¢H3,0, Substance, from 1:1:3-trimethyleyclohexane-4:6-dione and piperonal 
(GIBSON, PENFOLD, and SIMONSEN), 1196. 


C..H,.O Ergosterol, hydrogenation and fractionation of (Sprinc), 2666. 


26 Ill 
C.6H.».0,N, Substance, from benzeneazo-8-naphthol and f-naphthol (Hopeson 
anti ROSENBERG), 2787. 
C..H..0,S 9-Phenyl-9-fluorenyl-p-tolylsulphone (INGoLp and Jessop), 711. 
C..H.,N,I Methylethylbenzisocyanine iodide (HAmER), 1002. 
C..H,;0;,Br, Tribromopenta-acetylnorbarbaloin (Ginson and SIMONSEN), 560. 
CacH Nal 2-p-Dimethylaminostyrylacenaphthpyridine methiodide (HAmeR), 
99. 


C..H.,0,Br, Tribromobarbaloin pentamethyl] ether (Gipson and S1MoNSEN), 
559. 


C.cH.,0,N, 1:4-Di-6’-methoxy-2’-methyl-4’-quinolylpiperazine (KERMAcK and 
SMITH), 1360. 
26 V 


C..H.,0,NBr,S, Dibromo-4-di-p-toluenesulphonamidodiphenyls (BELL), 1076. 


C., Group. 


C.;H.. 10-Benzylacenaphthanthracene (Cook), 1095. 
27 Il 


C.7H.20, 5:7-Diacetoxy-4’-benzyloxy-8’-methoxyflavone (Lovecy, Ropinson, and 
SuGAsSAWA), 821. 

C.,H,N, Di-p-tolylphenylbenzenylamidines (CHAPMAN and Prrrorr), 2466. 

C.,H,0;, Benzoylquinol tetra-acetyl glucoside (ROBERTSON and WareERrs), 2732. 


C,,H5,0, Substance, from sodioacetophenone and methyl iodide in benzene 
(RUSSELL), 320. 


C.,H;,0 Triphenylmethy] /-8-octyl ether (RULE and Baty), 1899. 
C.,H;.0, Diacetylanhydrodigoxigenin (SmirH), 2480. 
C.,H,,0, Diacetyldigoxigenins (Smirn), 2479, 2481. 
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FORMULA INDEX. 27 II—28 III 


C.;H::01s Hepta-acetyl 4-galactosido-a-methylmannoside (HawortH, Hirst, 
PLANT, and REYNOLDs), 2648. 
Hepta-acetyl 4-glucosido-a-methylmannoside (HAwortH, Hrrst, STREIGHT, 
Tuomas, and Wess), 2641. 
C,;Hy0, Diacetyldihydrodigoxigenin (Smiru), 2480. 
C.;HisO, 7-Menthyl diethylmalonate (RULE and Harrower), 2325. 


27 Ill 
C,,H:,0;N, w-Cyano-w-piperonylideneacetanilide (IsHaQ and RAy), 2740. 
C,;H.;N.I y-Cyanine from 2-methylacenaphthpyridine methiodide and 2-iodo- 
quinoline (HAMER), 1000. 
isoCyanine from 2-methylacenaphthpyridine methiodide and quinoline meth- 
iodide (HAMER), 1000. 
27 IV 


C,,H..0,N,S 3-Keto-2-benzoyl-2:3-dihydrothionaphthen diphenylhydrazone 
(CoHEN and SmIves), 410. 

C,,H.,;N,CIS, 2:2’-Diethyl-5:6:5’:6’-dibenzthiocyanine chloride (Fisher and 
HaMER), 2508. 

C,,H.;N.BrS, 2:2’-Diethyl-5:6:5’:6’-dibenzthiocyanine bromide (Fisher and 
HAMER), 2508. 

C.,H,3N,IS, 2:2’-Diethy]-5:6:5’:6’-dibenzthiocyanine iodide (FisHer and Hamer), 
2509. 


C.;H,,0,N,Co Cobalt oximinopropiophenone (Hey), 21. 
C,,H.20,,N.S, Dihydrobrucidine dimethosulphate (AcuMATow1cz, Fawcett, 
PERKIN, and Ropinson), 1772. 


C., Group. 

C.sH:,0, Dibenzoylanthragallol (Cross and Perkry), 303. 

C.sH,,Cl,' 1:4-Dichloro-10-benzylidene-9:10-dihydroanthracene (BARNETT and 
GoopWAY), 1352, 

C..H..N, Tri-p-tolylbenzenylamidine (CuarmMAn), 2461. 

C,sH,,0, d-8-Octyl triphenylacetate (RULE and Bary), 1901. 

C,sH,,0,, Octa-acetyl 4-glucosido-a-mannose (HAworTH, Hirst, Srreicur, 
THomAs, and Wess), 2643. 

28 III 

C,sH,,0,S, 3-Keto-2-phenyl-2:3-dihydrothionaphthen 1:1-dioxide 2-oxide (CoHEN 
and SMILEs), 413. 

CysH,,0,N 2-8-Naphthoxy-8-naphthanilide (BELL), 1985. 

C1sH.,0;S Benzoyl derivative of iso-8-naphthol sulphide methyl ether (WARREN 
and SmILEs), 960. 

C.sH.,0;S Benzoyl derivative of iso-8-naphthol S-methylsulphone (WARREN and 
Smi.es), 961. 

C.sH.,0C] Chloro-10:10-dibenzylanthrones (BARNETT and Goopway), 1350. 

C.sH,,OCI, 1:4-Dichloro-9:10-dibenzyl-9:10-dihydroanthranol (BARNETT and 
Goopway), 1352. 

C.sH,,0,N, 6:7-Methylenedioxy-1-benzylphthalazine diphenylhydrazone (AcGAR- 
WAL, KHERA, and RAy), 2357. 

C,,H.;N,I y-Cyavine from 2-methylacenaphthpyridine methiodide and 2-iodo- 
quinoline ethiodide (HAMER), 1001. 

isoCyanine from 2-methylacenaphthpyridine methiodide and quinoline ethiodide 

(HameEk), 1000. 

CysH,,ON, 4-Methoxy-2-phenylacetylbenzaldehyde diphenylhydrazone (AcGar- 
WAL, Kugra, and Riy), 2356. 
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28 ITI—383 III FORMULA INDEX. 


C.,H,,0,,.Br, Acetyltribromobarbaloin pentamethy] ether (Ginson and Sroy. 
SEN), 560. 
C.,H;,0,N, p-8-Carbethoxy-y-phenylallylphenyldimethylethylammonium picrate 
(SuopreE), 984. 
28 IV 


C.,H,,.0,N,Co Cobalt a-benzildioxime (Brapy and Murrs), 1603. 


C., Group. 


C..H.,,0:;3 3-0-Tetra-acetyl-8-glucosidoxy-1-hydroxy-2-methylanthraquinone 
(Jongs and Rospertson), 1707. 

C.,H,,0;, 2-0-Tetra-acetyl-2-8-glucosidoxy-1-methoxyanthraquinone (RoBErt- 
son), 1139. 

C.,.H;,,0 d-Bornyl triphenylmethyl ether (RuLE and Baty), 1899. 

C.,H,,0, Ergosteny! acetates (Srrine), 2666. 


29 Ill 
C..H,,0,N, a-Laurin By-diphenylurethane (FArRBoURNE), 380. 


Cs Group. 
C,.H.,0, Benzylvanillic anhydride (Lovecy, Ronrnson, and Sucasawa), 820. 
O-Benzylisovanillic anhydride (Lovecy, Roprnson, and SuGAsAWA), 819. 
C39H 300; 3-0-Tetra-acetyl-8-glucosidoxy-1-methoxy-2-methylanthraquinone 
(Jones and Roperrson), 1708. 
30 IV 
C;,,H,0,N,Ag Tris-aa’-dipyridylargentic nitrate (MorGAN and BurstAtt), 2597, 
C,,H,,0,N,Ni Nickel O-methyl-a-benzildioxime (Brapy and Mvers), 1602. 
C3.H,.N,I,.Cu Hexapyridinocupric iodide (Kine), 2314. 
C;.H;,0,N.S, p-Toluenesulphonyl derivative of ethylenedi-py-methoxyphenyldi- 
amine (BENNETT, MossEs, and StaTHAM), 1674. 
30 V 
C,,H,,0,N,Cl,Ag Tris-aa’-dipyridylargentic chloride (MorcaNn and BurstAtt), 
2597. 


C,.H.40,N,Cl,Ag Tris-aa’-dipyridylargentic perchlorate (MoRGAN and Bvr- 
STALL), 2598. 


C;, Group. 
C3,:H;,0N  4’-Diethylamino-9:9-diphenyl-2:7-dimethylxanthen (Rem.ty and 
Drumm), 457. 
Cz. Group. 


C;.H,;0,,Br, Acetyltribromobarbaloin (Grnson and Simonsen), 559. 


32 IV 
CuH,0.Cl.Tes Bis-p-phenetyl tellurioxychloride (MorcAN and BvursTALt), 
2600. 


C;; Group. 
C;,;Hs5,0,N, Cetyl glyceryl ether diphenylurethane (Davies, HeriBron, and 
Owens), 2546. 
Cs3H,,0;N, «-Octadecyl glyceryl ether diphenylurethane (Davies, HErLprox, 
and Owens), 2546. 
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FORMULA INDEX. 33 V—50 V 


33 V 

C;3H.4,0;C1l,S;Hg, Phenacylmethylethylsulphonium —dimercuriheptachloride 
(BALFE, Kenyon, and PHILLIPs), 2570. 

C;sH4;031;S;Cd Phenacylmethylethylsulphonium cadmipentaiodides (BALFE, 
KENYON, and Paruuips), 2571. 

C;, Group. 

CHCl, 1:8-Dichloro-9-benzy]-10-benzhydrylanthracene (BARNETT and Goop- 

way), 1351. 


CssHa2O29 O-Octa-acetyl 8-m-phenyleneglucoside (RosERTsON and WATERS), 
2731. 
34 1V 
CyHs.N,S,Ni Bisdibenzylthiolethanenickel thiocyanate (BENNETT, MossEs, and 
STATHAM), 1674. 
C;; Group. 
CysH2o0, Tribenzoylanthragallol (Cross and PERKIN), 302. 
35 III 
C,sHs.0.N. pp’-Di-6’-methoxy-2’-methy]-4’-quinolyldiaminodiphenylmethane 
(SLATER), 1215. 
C;. Group. 
Cy5H 99011 3-Keto-6:3’:6’-triacetoxy-2:2’-di-p-methoxy pheny1-2:3’-dicoumarany] 
(BAKER), 1019. 


Cy Group. 
CuH,,0,, Digoxin (SmirH), 508. 
Cus Group. 


CyH.,0,. Alizarin octa-acetyl maltoside (RoBERTSON), 1141. 


C,; Group. 


Ci3H,,0.. 1:3-0-Octa-acetyl-8-diglucosidoxy-2-methylanthraquinone (JoNEs and 
RKoBERTSON), 1708. 


C,, Group. 
C,sH,,0,N,Co Cobalt O-methyl-a-benzildioxime (Brapy and Mugrs), 1601, 


C;. Group. 


CoH y0:.NioS,AgQ, Pentakis-aa’-dipyridyldiargentic persuJphate (MorcAN and 
BURSTALL), 2596. 
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2729 
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656 
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15* 
14* 
19 ) 
13* f 


9* 
20* 


3-4 
22 
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14*f 


ERRATA, 
Vot., 1927. 


For “d-dimethoxyglutaramide ” read ‘ d-dimethoxysuccin. 
amide.” 


Vot., 1929. 


after ‘‘scarlet”’ insert ‘‘sodium.” 

for ** 108’ read ** 107%.” 

for “2 : 5-dimethylphenarsazinic acid” read ‘‘2 : 6-dimethyl. 
phenarsazinic acid.” 

after *‘at 15°,” insert ‘only an impure mononitro-derivative and 
a gum were formed. With fuming nitric acid alone at 15°,”. 

for **68%”’ read “63%.” 

for “‘Muir” read “ Smith.” 


for “ TiruUvVENTAKA”’ read “‘ TIRUVENKATA.”’ 


Vot., 1930. 
for *‘ Malinya ” read “* Malviya.” 


for ** B-methylmannofuranoside”’ read ‘‘ B-methylmannopyran- 


oside,”’ 


For “ Triphenylsilicyl Chloride’? read “ Phenylsilicon Tri- 


chloride.” 
for “C,,H,,O.NS” read ** C,,H,,O,NS.” 


Sor * (CypH,N),” read “ (CyH,3N),.” 





* From bottom. 





oi cE? E.R. ol ae Mew! 


> = > 


LIST OF PHYSICO-CHEMICAL SYMBOLS, 1 


List of Physico-chemical Symbols adopted by the Chemical Society. 
[See J.C.S., 1921, 119, 502—512.,] 


1. Mathematical Symbols, 





| Usual | Alternative 
symbol. | symbol. 

Base of natural detanseeatitie Ee. pee , 
Diameter one soeee d 
succin- Radius .... panaeeae A r 
Ratio of circumference ‘to diameter | jeuceneas Ca 
Summation .. occecceccccvece = 
Variation noe ccecceccoccnccs ccs coc cce cso ccecooeee 5 
Total differential | siicnhens ct meismuanandml d 

Partial differential d 

ethyl. 2. Universal Constante. 

ve and Acceleration due to gravity... g | 
5°.” Mechanical equivalent of heat F J | 
vl Avogadro’s constant [number of molecules | 

in | gram-molecu!s vesyanabele N 
Gas constant per mole . R 
Faraday’s constant (number | of. ‘coulombs | 
per gram-equivalent of an ion) ......... FP | 
CUSED OE Btn CUSCUTON hci sce ess citsncecececccecss e 


3. General Physics and Chemistry. 


RT TR xc cen concer cos cones sencnesns cus conencsesens l | 
“ Height ..ooeseesssssssvssesseesersensessoessnnnnsseen h 
+ Tn MEE | suss:aein-iesecenhinel oaeneghieemndsiumieiminmedieniaiasdl t | 
err semiineennndi vw, V 
Density (inss per unit ‘volume) _ baainunits d | uv 
Concentration binsudentateaséupenidonnnbabieneetes c, 0 
__— | Mole fraction ....... x 
Critical constants : "pressure, volume, ‘tem- \ { De, ©, | 
perature (centigrade), temperature t 7. 
(absolute), density Svecceehbebbnasilbe J | d, 
uced quantities: pressure, volume, \ / Py, % 
temperature, density esacstblbsiitde f 4, 3,8 | 
van der Waals’s constants ... 
Fluidity sesemementeit 
Viscosity endesten-sonepnqnecnee ecquililibies | 
SITTIN <0 scnnen themnarenamnetiommednll o 


Diffusion coefficient ............+.. 
Atomic weight .......... 
Molecular weight ... qtvannguen 
Velocity coefficient of reaction merenabs 
Equilibrium constant .......sss0scccweeee Ky (Ky Ky) | 
van t Hoff coefficient ...... ‘ 
Degree of dissociation (electrolytic, thermal, 

ete.) ... cantoendvepooies oon a 


eeapreseFts 

















2 LIST OF PHYSICO-CHEMICAL SYMBOLS, 
4. Heat and Thermodynamics. 
Usual Alternative 
symbol. symbol. 
Temperature (contigrade)  ........esseseeceeeee | t C) 
Temperature (absolute) .........-seseeceeeeeeee - 
Critical temperature —.........cceceeeeeceeeeeeee | & %, 
Reduced temperature ..........seceeseseeeceecee | be, T, 
Critical solution temperature Sibi ekneetemienaicd tate 
Quantity of heat pacheteacsisvsearedennss | 
Specific heat . Lean nietiguibeiggeunneasoniaebanbinns c 
Specific heat at constant pressure contanesiene Cy 
Specific heat at constant volume ............ Cy 
Ratio of specific heats, Cy : Cy ...... 2.0 eee eee ees Y 
Molecular heat ......... biden eee C 
Molecular heat at constant pressure Reebuanes CO, 
Molecular heat at constant volume .......... CO, 
Latent heat per gram ..........ccceeeee eee eeeeee l 
Latent heat per mole ..... L 
Maximum work (diminution ‘of free energy) A 
5. Optics. 
Wave-length of light  .........ccecceceeeee eee cee A | 
Refractive index ..... n fy 
Specific refractive power ‘(Gladstone ‘and | 
Dale) ....... re rg, (ro}. | 
Specific refractive. power (Lorentz ‘and 
Lorenz) PPTTTTTTIVITT ITE Tre t te © cee cccces = (rah 
° @, by | 
Molecular refractive Power ..........0-.+ss0e0s \ [Rel (Ril | 
Angle of optical rotation ...............ce0se0ee a 
Specific rotatory power  ............seeseeeeeeee [a] 
Molecular rotatory power ..........++-+++++++- M{a] 
a magnetic rotation sevsendenGnds 
lecular magnetic rotation ...............++ M{[w] 





6. Electricity and Magnetism. 


Quantity of electricity ...........0....cecseceseee Q l 

CIE CII cose tindby cctzcnesscesacosenece 1 
Resistance ...... Gardivenbsaniberecennmamios R Ww 
Electromotive force ..... E 

Electrode potential, or discharge potential 


Electrode potential ‘referred to the normal 
hydrogen or normal calomel electrode 
respectively, the potential of which is 
CRIEOT OE BORO cco cccvsccdiccecodcesddbivdsetiics E,, E, €r, € 

Normal potential, t.e., the electrode poten- 
tial referred to the normal hydrogen or 
nermal calomel electrode respectively, 
when the solution is molecular-normal 
in respect of all participating sub- 
stances and ions of variable concentra- 


| 

| 
ofanion ... pega Ez | € 

| 

| 


GEN. ane ndennes beeecs: seccdeusivaccns consepaonnevees on, ole ofa of 
Dielectric constant a ‘ 
Conductivity (specific conductance) « enemies K 
Equivalent conductivity .. A 


Equivalent conductivity at ‘different ‘dilu- 
tions—volumes in litres containing 
1 gram oquivalent — .......00.00seesessee-ee Aros Ave Ago 




















LIST OF PHYSICO-CHEMICAL SYMBOLS, 3 
6. Electricity and Magnetism—(continued). 
tiv 
ol. . Usual Alternative 
symbol. | symbol, 
Equivalent conductivity of cation and 
of anion ...... Ag, Ag 
Equivalent conductivity ‘of specified i ions. Ax: Aq 
Molecular conductivity ..... m | 
Velocity of cation and of anion in ‘cm. / sec. 
when the potential gradient is | volt 
percm, ... be U;, U, 
Transport number of kation and of anion ... Te, Ta 
Magnetic permeability .. scoscccccccescccce | m 
Magnetic susceptibility cccccccccceccscceccocece | ” 
last of Symbols, Arranged Alphabetically. 
Symbol | Name of quantity. 
A Atomic weight; maximum work. 
a Van der Waals’s constant. 
b Van der Waals’s constant. 
CG Concentration; molecular heat. 
. c Concentration; specific heat. 
0,, C Molecular heat at constant pressure, and at constant 
volume. 
Cy, Cy Specific heat at constant pressure, and at constant volume. 
D Alternative symbol for density. 
a Diameter; total differential; density. 
d, Critical density. 
d Reduced density. 
J] Electromotive force; electrode potential. 
e Base of Napierian logarithms; charge on an electron. 
hy, H, Electrode potential referred to the normal hydrogen or the 
normal calomel electrode, respectively, the potential 
of which is taken as zero. 
Ey, oH. | Normal potential, that is, the electrode potential referred to 
/ the norma] hydrogen or the normal calomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
V variable concentration. 
F | Faraday’s constant (number of coulombs per gram-equiv- 
alent of an ion). 
g Acceleration due to gravity. 
h Height. 
l | Current. 
‘ | Van ’t Hoff’s coefficient. 
€ J | Mechanieal equivalent of heat. 
K Equilibrium constant. 
K,, K, | Equilibrium constant, when molar concentrations and 
| partial pressures respectively are employed. 
k Velocity coefficient of reaction. 
L Latent heat per mole. 
l | Length; latent heat per gram. 
of M Molecular weight. 
M[a] Molecular rotatory power. 
M[w] Molecular magnetic rotatory power. 
m Mass. 
N Avogadro’s constant (Loschmidt’s number) or number of 
molecules in 1 gram-molecule. 
n Refractive index. 








4 LIST OF PHYSICO-CHEMICAL SYMBOLS. 


List of Symbols, Arranged Alphabetically—(continued). 


Symbol, Name of quantity. 
Te, Me Transport number of cation and of anion. 
ft, Refractive index (alternative symbo)). 
Pressure. 
p Pressure. 
Pe» Pr Critica] pressure : reduced pressure. 
Q Quantity of heat; quantity of electricity. 
R Gas constant per mole; electrical resistance. 
Re, Ri | Molecular refractive power, according to Gladstone and 
Dale, and to Lorentz and Lorenz respectively. 
r | Radius. 
fo, TL | Specific refractive power according to Gladstone and Dale, 


and to Lorentz and Lorenz respectively. 
8 Entropy. 


4 | Absolute temperature. 
» | Critical temperature (on the absolute scale). 
, fA | Reduced temperature (absolute). 
,_ ie | Critical solution temperature (absolute). 
é Time; temperature (centigrade). 
t, | Critical ternperature (centigrade). 
do | Critical solution temperature (centigrade). 
| Reduced temperature (centigrade). 
U,, U, | Velocity of kation and of anion in cm./sec. when the poten- 
tial gradient is | volt per cm. 
V | Volume. 
v | Volume. 
0, , | Critical volume : reduced volume. 
Ww | Electrical resistance (alternative symbol). 
x | Mole fraction. 


a | Degree of dissociation (electrolytic, thermal, etc.); angle 
of optical rotation. 

{a] Specific rotatory power. 

x Surface tension; ratio of specific heats. 

A Diffusion coefficient. 
i) 

o 

€ 


Variation. 
| Partial differential. 
| Electrode potential (alternative symbol); dielectric con- 
stant. 
em € | Electrode potential referred to the normal hydrogen or the 
normal calomel electrode respectively, the potential of 
which is taken as zero (alternative symbols). 
Normal potential, that is, the electrode potential referred to 
the normal hydrogen or the norma] calomel electrode 
respectively, when the solution is molecular-normal in 
| respect of all participating substances and ions of 
variable concentration (alternative symbols). 
Viscosity. 
| Temperature (centigrade), (alternative symbol). ; 
* | Specific conductance (conductivity); magnetic suscepti 
bility. 

A | Equivalent conductivity. ; 
Aires Avs Aco Equivalent conductivity at different dilutions (volumes in 
litres containing 1 gram-equivalent). 

Aas No Equivalent conductivity of cation and of anion. 
A Wave-length of light. 

Molecular conductivity ; magnetic permeability. 
Ratio of circumference to diameter. 

| Summation. 

Surface tension (alternative symbol). 

| Fluidity. 

1 Specific magnetic rotation. 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 





Ordinary Scientific Meeting, Thursday, January 16th, 1930, at 
8 p.m., Professor J. F. THorPr, C.B.E., D.Sc., F.R.S., President, in 


the Chair. 


After welcoming the visitors who were present, the PRESIDENT 
stated that he had the pleasant duty to perform of calling upon 
Mr. Ayerst Henham Hooker, F.I.C., who had intimated to the 
Council his desire to present a Silver Mace to the Society to com- 
memorate his attaining his jubilee as a Fellow. 

Mr. Hooker stated that after spending nearly fifty years abroad, 
he had been surprised and gratified to receive shortly after his return 
to this country a letter from the Council congratulating him on 
completing his fiftieth year of Fellowship. He had sought some 
means by which he could manifest his appreciation of the important 
work accomplished by the Society; chancing to meet Professor 
Thorpe in his club, he had inquired of him if a Silver Mace would be 
an acceptable gift, and had been delighted to learn subsequently 
that his suggestion had been favourably received by the Council. 
In conclusion, Mr. Hooker said : ‘‘ And now, Sir, I have the honour 
to salute you and to ask you on behalf of this distinguished Society 
to accept from my hands ‘ This Mace ’ as an emblem of the authority 
you so worthily exercise in directing the activities and presiding over 
the deliberations of this great Society.” 

In expressing to Mr. Hooker the sincere thanks of the Society for 
his generous gift, the PresipENT stated that the Mace would add 
to the dignity of the Society and was an appropriate gift in this the 
ninetieth year of its existence. He mentioned that Mr. Hooker 
had spent forty-nine years in Egypt, commencing his career there 
as Chemist in the Customs Administration in 1878. In 1882, Mr. 
Hooker witnessed the bombardment of Alexandria as Correspondent 
for the New York Herald and the Morning Post and was awarded the 
Medal and Star; from 1883 to 1890 he was engaged in work of great 
national importance, especially in connexion with the cholera 
epidemic, for which he obtained the Queen’s Gold Medal for Gallantry 
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and Humanity. In 1891 Mr. Hooker was appointed Director-General 
of the Salt Monopoly, and when this monopoly was made over to the 
Egyptian Salt and Soda Company, he became its General Manager. 
Mr. Hooker left the Khedivial Government’s service in 1902, and 
from 1905 to 1923 was Consul for Norway, receiving the Ist Class 
Knighthood of St. Olaf. For his services in Egypt Mr. Hooker 
received the special thanks of Lord Cromer; was promoted to the 
2nd Class of the Order of Medjidieh and to the-2nd Class of the Order 
of Osmanieh, which carries with it the title of Pasha.”’ 

‘Emergency Hooker,” as he was called, because he was always 
available to Lord Cromer in any emergency, left Egypt in 1926. 
After his retirement from office, Mr. Hooker devoted his time and 
energies to the study and development of the country which he had 
made his home for so many years. Here he endeared himself to all 
who knew him, and left a record of which he may well be proud. 

The PrestpEnt referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
William Duncan (Edinburgh) ... Dec. 3rd, 1896. Sept. 16th, 1929. 
Francis Salsbury Earp ............ Dec. Ist, 1876. 
Mona Elizabeth Eck .........+..05- Dec. 2nd, 1926. Dec. 29th, 1929. 
Alfred Edwin Gates ...........ses+00- Dec. 5th, 1918. Oct. 15th, 1929. 
John Petty Leather ..............00++ Dec. 4th, 1902. Dec. 24th, 1929. 
William Frederick Oakfield ...... June 15th, 1899. May 19th, 1929. 


It was announced, in accordance with the Bye-Laws, that the 
Members of Council who retire at the Annual General Meeting on 
March 27th, 1930, are: 


President : Prof. J. F. THorPE. 


and the following who are not eligible for re-election to the same 
office until after the lapse of one year: 


Vice-President who has filled the Office of President : Prof. H. B. 


Drxon. 
Vice-Presidents who have not filled the Office of President : Prof. 


G. G. Henperson, Prof. A. SMITHELLS. 


Ordinary Members of Council : 


(a) Town Members : 
Mr. E. R. Borron, Prof. J. C. Drummonp, Prof. J. F. 


SPENCER. 
(6) Country Members : 
Mr. M. P. Appiesey, Prof. J. E. Coates, Dr. E. K 
RIDEAL. 
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The following vacant places fall due to be filled at the next Annual 
General Meeting, in accordance with the Bye-Laws : 


President : One vacancy. 
Vice-Presidents who have filled the office of President: Two 
vacancies. 
Vice-Presidents who have not filled the office of President : Two 
vacancies. 
Ordinary Members of Council : 
(a) Town Members (i.e. those living within a radius of 50 miles 
from Charing Cross): Three vacancies. 
(6) Country Members (i.e. those living beyond a radius of 50 
miles from Charing Cross) : Three vacancies. 


With respect to the office of President, the Council is of the opinion 
that owing to the exceptional circumstances arising from the scheme 
which is about to be launched for the provision of a Central Building 
to house the Chemical, Mining, and Metallurgical Institutions of the 
country, everything should be done to maintain uniformity and 
continuity of effort in the prosecution of the campaign. It con- 
siders, therefore, that a change in the office of President this year 
would be unwise and not in the best interests of the Society. The 
Council accordingly passed the following resolution on December 
19th, 1929, and confirmed it on January 16th, 1930: 


“That in view of the very important part which Professor 
J. F. Thorpe has, as President of the Chemical Society, been 
taking in relation to the scheme for re-housing the Society, and 
having regard (1) to the importance to the Society of his con- 
tinuing to represent the fociety in the proceedings above referred 
to with the authority att: ching to the office of President, (2) to 
the continued and probably increased responsibility that will 
fall upon the representative of the Chemical Society in the 
further development of the housing scheme, the Council is 
strongly of opinion that the continuation of Professor Thorpe 
for another term in the office of President is highly desirable.” 


The PRESIDENT consented to accept nomination if it were under- 
stood that he is at liberty to place his resignation in the hands of 
the Council after the termination of the first year of the new period 
of office. 

The PrestpENT read the following section from Bye-Law VI 
dealing with the manner of nomination for any vacancy among the 
Officers, Vice-Presidents, or Ordinary Members of Council : 


A nomination for any vacancy among the Officers, Vice- 
Presidents, or Ordinary Members of Council may be made in 
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writing signed by at least twenty Fellows, and must be received 
by the Secretaries at the Society’s Rooms not later than the 
fourteenth day of February. Every nomination must relate to 
one vacant place only and must be accompanied by a signed 
declaration by the nominee that he is willing to accept office if 
elected. Nominations may be made also by the Council. 

The following announcements were also made : 


1. The Council has resolved to award the Longstaff Medal for 
1930 to Dr. William Hobson Mills, F.R.S., of Cambridge, 
for his distinguished researches in Organic Chemistry 
especially in its relation to Stereochemistry. The 
presentation of the medal will be made at the Annual 
General Meeting on March 27th. 

2. Fellows are reminded of the special terms on which they may 
become subscribers to the Collective Index, 1923—1932, 
and are urged to send in their applications without delay. 
The prompt and extensive support of the Fellows is 
earnestly desired in order that the preparation of the 
Index may be undertaken at an early date. 


The following were formally admitted Fellows of the Chemical 
Society : D. W. Powell, H. C. Baker, H. H. Hatt, John Farquharson, 
Arthur W. Morgan, 8S. E. Boxer, C. R. Wright, E. J. Miller, and 


Fredk. T. Trustrum. 
Forms of Recommendation for Fellowship were read for the first 


time in favour of : 


Hubert Vernon Bettley-Cooke, The Hollies, Minter Street, Canterbury, 
N.S.W. 

Guy Drummond Greville, B.A., Kaye, Woodcote Lane, Purley. 

Lena Halpern, A.M., 97, Greencroft Gardens, N.W. 6. 

Frank Edward Joselin, B.Sc., A.I.C., Achimota College, P.O. Box 394, Accra, 
Gold Coast. 

Arthur Stuart Clark Lawrence, 41, Halifax Road, Cambridge. 

Albert Leonard Lovecy, B.Sc., 37, Tilton Street, Fulham, S.W. 6. 

Arthur Kelman Mills, Ph.D., Colliston Manse, Arbroath, Scotland. 

Harvey Richard Lyle Streight, M.A., 61, Selly Park Road, Selly Park, 
Birmingham. 

Michael Waloff, 214, Meadvale Road, Ealing, W. 5. 


The following Forms of Recommendation for Fellowship have been 
authorised by the Council for presentation to ballot under Bye-Law 
I (2): 

Karl Merck, Goethestrasse 44, Darmstadt, Germany. 


Narendranath Mittra, M.Sc., 90, Hewett Road, Allahabad, India 
Horace Hall Selby, 3787, California Street, San Diego, California. 
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The following papers were read : 


“ The heats of association of acetic and heptoic acids in the vapour 
state.” By Miss T. E. Fenton and W. E. Garner, 

“The variation of phenol coefficients in homologous series of 
phenols.” By C. E. Countruarp, J. Marsuauz, and F. L. 
PYMAN. 

“10-Chloro-5 : 10-dihydrophenarsazine and its derivatives. Part 
XII. Additional experiments on the synthesis of the 1- and 
3-methyl derivatives.” By C. S. Greson and J. D. A. 
JOHNSON. 

“ Properties of conjugated compounds. Part IX. The formation 
of bimolecular reduction products of butadiene acids.” By 
C. M. Cawtey, J. T. Evans, and E. H. Farmer. 

“The isomerism of the butylideneacetones.”” By E. N. Eccort and 
R. P. Linstgap. 





HUGO MULLER LECTURE. 


The Hugo Muller Lecture will be delivered by Professor G. von 
Hevesy on Wednesday, March 26th, 1930 (the day before the 
Annual General Meeting and Anniversary Dinner). The title of the 
lecture will be “The Chemistry and Geochemistry of the Titanium 
Group.” 

Further particulars will be announced later. 





THE 89TH ANNUAL GENERAL MEETING AND 
ANNIVERSARY DINNER. 


The 89th Annual General Meeting will be held on Thursday, March 


‘27th, 1930, at 4 p.m., and the Anniversary Dinner will take place 


the same evening at the Hotel Victoria, Northumberland Avenue. 
Further particulars will be circulated later. 





JOURNAL OF PHYSICAL CHEMISTRY. 


Subscription to the Journal of Physical Chemistry for 1930 should 
be sent to Mr. W. W. Buffum, The Journal of Physical Chemistry, 
654, Madison Avenue, New York City, U.S.A., instead of to the 
Baker Laboratory of Chemistry, Ithaca, New York, U.S.A. 
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AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
FIFTIETH ANNIVERSARY CELEBRATIONS. 


The celebrations of the Fiftieth Anniversary of the American 
Society of Mechanical Engineers will be held in New York City, 
Hoboken, and Washington, from April 5th to 9th, 1930. Fellows 
of the Society resident in the vicinity are invited to attend the 
meetings and those desiring to do so should notify the Secretary, 
29, West Thirty-ninth Street, New York City, U.S.A. 





List of papers, or abstracts thereof, received between December 
19th, 1929, and January 16th, 1930. (This List does not include the 
titles of papers which have been read at an Ordinary Scientific 
Meeting, or which have appeared in the Journal.) 


“Mobile anion tautomerism. Part IV. The stability of some «- 
and y-alkylallyl alcohols and their esters. 2 : 4-Dimethyl- 
cinnamy]l alcohol.” By H. Burton. 

“The properties of the chlorides of sulphur. Part III. Dielectric 
constants.”” By T. M. Lowry and G. JEssopP. 

“ The properties of the chlorides of sulphur. PartIV. Density and 
surface tension.” By T. M. Lowry and G. JEssop. 

“The 3-halogeno-6-nitro- and the 3-halogeno-6-amino-dimethyl- 
anilines.” By H. H. Hopeson and A. KersHaw. 

“* 4-Sulpho 3-hydroxybenzoic acid.” By M. 8. SHau. 

*‘ Some trinitroethylbenzenes.” By J. N. E. Day. 

“ Colloidal phenoxides. Part II. Some phenanthraxanthones.” 
By W. Baker. 

“Synthesis of alkyl naphthalenes. Part I. 1-Methyl-7-ethyl- 
naphthalenes.” By J. Harvey, I. M. HerLBron, and D. G. 
WILKINSON, and “ Part II. 1-Methyl-6-ethylnaphthalene and 
1-methyl-5-ethylnaphthalene.” By I. M. HEILBRON and D.G. 
WILKINSON. 

“ N-Acylpyrazolones as acylating agents.” By J. 8S. AGGaRwaL 
and J. N. Ray. 

“ The photochemical interaction of acetaldehyde and oxygen.” By 
E. J. Bown and E. L. Trerz. 

“‘Photomicrographic methods applied to two-component salt 
mixtures.” By W. M. Mapern. 

“The catalytic hydrogenation of different types of unsaturated 
compounds. Part V. The hydrogenation of cyclic ethylenic 
derivatives and of their mixtures.”” By S. V. Lesepev and 


M. PLatTonov. 
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“Extinction of methane flames by water vapour.” By H. F. 
CowarD and J. J. GLEADALL. 

“The polarity of acid chlorides.” By W. J. DEVERALL and H. W. 
WEBB. 

“Some chemical properties of aluminium.” By N. F. BupGEn. 

“Investigations on the bivalency of carbon. Part III. Some 
experiments on xanthhydrol, dixanthhydryl ether, and xanth- 
hydryl chloride.” By F. G. Kny-Jonzs and A. N. Warp. 

“The unsaturation and tautomeric mobility of heterocyclic deriv- 
atives. Part II. The aromatic nature of the heterocyclic 
nucleus in «-naphthathiazole and the synthesis of a derivative 
of y-naphthathiazole.” By R. F. Hunter and J. W. T. Jongs. 





FORMS OF RECOMMENDATION FOR FELLOWSHIP. THE 
BALLOT WILL BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, FEBRUARY 
20th, 1930. 


ANDERSON, JOHN Stuart, 42, Grosvenor Road, Highbury, N. 5. British. 
B.Se., A.R.C.S., D.I.C. (Imperial College of Science, London). Research 
Student. (Signed by) H. B. Baker, A. A. Eldridge, R. H. Purcell. 

BetrLey-CookEe, HuBERT VERNON, “‘ The Hollies,’’ Minter Street, Canter- 
bury, N.S.W., Australia. British. Chemist. Associate Australian Chemical 
Institute. Senior Chemist Dyes & Chemicals, Ltd., agents for I.G. Farbin- 
industrie. (Signed by) A. D. Ollé, R. Grant, R. W. Challinor. 

Brecutn, THomas Stewart, c/o Miller & Co., Chemists, Kandy, Ceylon. 
British. Dispensing Chemist. Pharmaceutical Chemist, England. Exami- 
nation passed, April 7th, 1909. Certificate No. 17534. (Signed by) Wm. H. 
Saunders, George Dalrymple, H. Humphreys Jones, J. W. Clayton. 

CHEESMAN, GEOFFREY HERBERT, 9, Compton Road, Wimbledon, S.W. 19. 
British. B.Sc. (Lond.); A.R.C.S. (Signed by) H. B. Baker, James C. 
Philip, H. L. Riley. 

CoLLIER, KATHLEEN Mary, 85, Worple Road, Wimbledon, 8.W. 19. British. 
Assistant Science Mistress at Bedford High School. At present a Post- 
graduate Student at Imperial College of Science and Technology. (Signed by) 
M. A. Whiteley, James C. Philip, H. L. Riley. 

CorDINGLEY, Haroip, Hawksworth Avenue, Guiseley, nr. Leeds. British. 
Research Student. B.Sc. (Leeds), Hons. Chem. (Signed by) C. K. Ingold, 
J. W. Baker, H. Burton. 

Costigan, Howarp AvucGustus, 280, Wellington Road North, Heaton 
Chapel, Stockport. English. Head of Department (Chemistry and Physics), 
Stockport College. B.Sc., lst Class Hons., lst Division, School of Chemistry, 
July 1922; Ph.D. (Liverpool University). Two years’ research under Prof. 
Baly, F.R.S., on “‘ Refractive Index and Chemical Constitution,” Dec. 1924. 
Hon. Scholar, Liverpool University, 1922. Teacher in Primary, Secondary, 
and Technical Schools during the past eighteen years. Now Lecturer, with 
duties of Head of Department, in Chem. and Physics, at Stockport College, 
appointed as from Sept. 1, 1927. Desirous of keeping in touch, conveniently, 
with developments in chemistry, and of availing myself of the Society’s 
facilities. (Signed by) R. A. Morton, R. O. Griffith, A. McKeown. 
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Davies, JoHN Matcotm, 33, Boverton Street, Cardiff, 8S. Wales. British. 
Acting Head, Department of Pharmaceutics, Cardiff Technical College. 
Pharmaceutical Chemist. Lecturer in Pharmacy and Pharmaceutical 
Chemistry. (Signed by) F. W. Hodges, E. A. W. Hebdon, Ernest A. Rudge. 

Dosa, MonammMap Qamrup, Doja Buildings, P.O. Bankipore, Patna, 
India. Indian. Research Student. B.A. (Cambridge); B.Sc. (Patna). 
(Signed by) W. J. Pope, W. H. Mills, R. G. W. Norrish. 

Etuis, Ceci, Purr, School for Sons of Chiefs, Bo, Protectorate of Sierra 
Leone, West Africa. British. Teaching (Colonial Civil Service). B.Sc. 
London (2nd Class Hons. Chem.); A.I.C. Science Master, Bo School, Sierra 
Leone. (Signed by) S. Sugden, George W. Ferguson, W. Solomon. 

FisHER, NELLIE Ivy, 127, Wellesley Road, Ilford, E. British. Research 
Chemist. A.R.C.S.; B.Sc., Imperial College of Science and Technology, 
South Kensington. Student at the Imperial College of Science and Tech- 
nology (one year’s research). Research Assistant to Dr. F. M. Hamer at the 
Research Laboratories of the Photographic Plates & Papers, Ltd. Riley and 
Fisher, J.C.S., 1929, 2006. (Signed by) H. L. Riley, F. M. Hamer, H. Baines. 

Fraser, Hucu Bovuvarp, 32, Lansdowne Crescent, Holland Park, London, 
W.11. British. Research Student. B.Sc. (Edinburgh). Organic Chemis- 
try Research at the Imperial College of Science and Technology, South 
Kensington. (Signed by) Jocelyn Thorpe, G. A. R. Kon, R. P. Linstead. 

Fusrya, Gucutro, Kogakubu, Tohoku Imperial University, Sendai, Japan. 
Japanese. Professor of Applied Electrochemistry, Tohoku Imperial Univer. 
sity. Publication: ‘“‘ The Common Properties of Addition Agents in Electro- 
deposition,” Trans. Amer. Electrochem. Soc., 1926; ‘‘ Addition Agents in 
Electrodeposition, II,” ibid., 1927. (Signed by) Riko Magima, Hiroshi 
Nomura, Sin-iti Kawai. 

Gappie, Rospert, “‘ Laguna,”’ Eskbank, Dalkeith, Midlothian. Scottish. 
Assistant in the Dept. of Therapeutics, University of Edinburgh. B.8c., 
Edinburgh. I am at present carrying out research and wish to keep in touch 
with the developments in chemistry. (Signed by) George Barger, C. P. Stewart, 
Edgar Stedman. 

GREVILLE, Guy Drummonp, Kaye, Woodcote Lane, Purley, Surrey. 
British. Analytical and Research Chemist, Crookes’ Laboratories. B.A. 
(Cantab.), Parts I and II, Natural Sciences Tripos (lst Class). (Signed by) 
Frank Dickens, Wilfrid Lawson, H. E. F. Notton. 

HALPERN, Lena, 97, Greencroft Gardens, N.W.6. American. Student 
(Research). A.B., Hunter College, New York City; A.M., Columbia Univer- 
sity, N.Y.C. 1926-1929, Research Assistant, N.Y. Post-Graduate Medical 
School and Hospital. (Signed by) F. G. Donnan, K. N. Menon, K. RB. 
Krishnaswami. 

Hewson, GEORGE CHRISTOPHER, Arran Street, Ballina, Co. Mayo. British. 
Pharmaceutical Chemist. L.P.S.I. (lst place honours in all subjects). 
Examiner to the Pharmaceutical Society of Ireland in Botany and Materia 
Medica. (Signed by) G. Clifford Riley, Ian C. P. Smith, P. J. Thompson. 

Hey, Leste, 11, Sholebroke Place, Chapeltown, Leeds. British. Research 
Student. B.Sc. (Chem. Hons., 2nd Class), Leeds. (Signed by) C. K. Ingold, 
H. Burton, J. W. Baker. 

Hunter, Joun, 17, Brunswick Road, Withington, Manchester. British. 
Teacher. B.Sc. (London); A.1L.C. Science Master, South Manchester 
School. Joint author of paper on “‘ The Reaction between Bromine and 
Sodium Formate in Aqueous Solution ” in School Science Review, December 
1929. At present engaged in research on Ternary Liquid Mixtures. Some 





| nll er Le «| 


SS = &@ eg 


‘itish. 
lege. 
utical 
idge. 

‘atna, 
vtna). 


Sierra 
B.Sc. 
Sierra 


earch 
logy, 
Tech- 
it, the 
y and 
aines. 
ndon, 
emnis- 
South 
id. 

apan. 
niver- 
ectro- 
its in 
iroshi 


»ttish. 
B.Sc., 
touch 
wart, 


urrey. 
B.A. 
od by) 


udent 
niver- 
edical 
K. R. 


ritish. 
jects). 
ateria 
son. 

search 
ngold, 


ritish. 
hester 
e and 
ember 
Some- 





9 


time Research Assistant and Assistant Works Chemist for Messrs. Spencer, 
Chapman & Messel, Ltd., Silvertown, E. (Signed by) J. R. Partington, 
A. Robertson, D. C. Jones, John K. Wood. 

JOsELIN, FRANK Epwarp, 86, Pendle Road, Streatham, S.W. 16. British. 
Science Master, Achimota College, Gold Coast. B.Sc., London. Associate 
of the Institute of Chemistry. Associate of the City and Guilds, Finsbury 
College. From 1925 to Dec. 31, 1929, Chemist to the British Electrical 
Federation, Ltd. (Signed by) R. Leslie Collett, George Senter, Samuel 
Sugden. 

Konpo, Herzasuro, Pharmaceutical Institute, Imperial University, 
Tokio. Japanese. Professor of Chemistry. Professor Kondo has made 
many contributions to the original literature and is distinguished as teacher 
and investigator. (Signed by) Robert Robinson, 8. Sugasawa, O. L. Brady. 

LAMONT, Francis GEORGE, 81, St. George’s Road, Victoria, S.W. 1. 
British. Research Student at Royal College of Science. B.Sc. (Hons.) and 
M.8c., Queen’s University, Belfast. (Signed by) C. 8. Gibson, John D. 
Johnson, William A. Bone. 

LAWRENCE, ARTHUR Sruart CxiarK, 41, Halifax Road, Cambridge. 
English. Chemist. Research worker, Dept. of Physical Chemistry, Cam- 
bridge. Formerly Junior Chemical Assistant at the Royal Institution to 
the late Sir James Dewar and to Sir William Bragg. Author of “‘ Soap 
Films” (Bell, 1929). Paper on ‘‘ Soap Films and Colloidal Behaviour ”’ in 
J. Phys. Chem., in press; also one on “ Separation of Soaps from Solution ” 
in Kolloid Zeitschrift, in press. (Signed by) Henry E. Armstrong, W. H. 
Bragg, Eric K. Rideal. 

Leton, Ernest,. 60, Brondesbury Park, N.W.6. British. Research 
Student. Dipléme d’Ingénieur-Chimiste, University of Lausanne, Switzer- 
land. Organic Chemistry Research at the Imperial College of Science, South 
Kensington. (Signed by) Jocelyn Thorpe, G. A. R. Kon, R. P. Linstead. 

Lovecy, ALBERT LEONARD, 37, Tilton Street, Fulham, 8.W.6. British. 
Research Chemist. B.Sc., University of London. Employed at Research 
Department, Royal Arsenal, Woolwich. Late student at University College, 
London. (Signed by) W. W. Jones, T. E. Ellison, P. W. B. Harrison. 

Mitts, ArtHUR KELMAN, Colliston Manse, Arbroath, Scotland. Scottish. 
Rockefeller Research Fellow. B.Sc., Ph.D. (St. Andrews). Carnegie 
Scholar, 1927-29. Rockefeller Research Fellow, 1929. Publications: Ber., 
1929, 62, 284, 1784. (Signed by) Alex. McKenzie, Isobel A. Smith, Robert 
Roger, John D. M. Ross. 

Mints, James Epwarp, 164, Willesden Lane, N.W. 6. British. Research 
Student at University College. M.Sc. (Queensland University). 1861 
Exhibition Research Scholarship. (Signed by) F. G. Donnan, S. Barratt, 
W. Rogie Angus. 

Morison, Cec. GraHAM Traquair, Pinsgrove, Hinksey Hill, Oxford. 
British. University Reader in Agricultural Chemistry. Student of Christ 
Church, Oxford. M.A. (Oxon.). (Signed by) N. V. Sidgwick, R. T. Lattey, 
E. Hope, Frederick M. Brewer, C. J. Virden, D. Ll. Hammick. 

Mosattam, Sayep, Sedfa, Eldwair, Egypt. Egyptian. Chemistry 
Lecturer, Egyptian University, Cairo. B.Sc. (Hons.), Manchester, 1926. 
(Signed by) R. S. Cahn, D. H. Bangham, A. I. Kahil, A. K. Wahbi. 

OpEetLt, Marsoriz WINIFRED, 67, Marlowes, Hemel Hempstead, Herts. 
British. Chemistry Mistress at Barr’s Hill School, Coventry. B.Sc. and 
A.R.C.S., Royal College of Science. (Signed by) Jocelyn Thorpe, M. A. 
Whiteley, R. P. Linstead. 
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PraaGH, GORDON VAN, 15, Langland Gardens, Hampstead, N.W. 3, 
British. Research Student, Laboratory of Physical Chemistry, Cambridge, 
B.Sc., London. Graduated University of London, Ist Class Honours, 1928, 
Session 1928-29. Engaged in Research at University College, London, and 
at present at Laboratory of Physical Chemistry, Cambridge. (Signed by) 
T. M. Lowry, Eric K. Rideal, Gwyn Williams. 

RAMSDEN, Etsie, Lyddon Hall, Virginia Road, Leeds. English. Research 
Student. B.Sc., Hons. Chemistry, Leeds. Research Student in the Univer. 
sity of Leeds. (Signed by) H. Burton, C. K. Ingold, C. W. Shoppee. 

ROBERTSON, GEORGE ALEXANDER, 146, Holland Street, Glasgow. British, 
Research Chemist. Since qualifying ten years ago, I have been employed 
mainly on research. (Signed by) R. 8. Cahill, 8. Ellingworth, Henry Worth. 

Rosinson, EpmMunp Broptg, “ Van Ryn,”’ Glencroft Terrace, Darlington, 
British. Teacher. B.Sc., Sp. (Lond.), A.I.C. Student, four years’ Honours 
Chemistry Course. Teacher, Day and Night School. Desire to keep in touch 
with the advance of Chemistry. (Signed by) G. R. Clemo, Richard Raper, 
P. L. Robinson, R. D. Haworth, L. A. Sayce. 

ScHauit, Rosa, 41, Eton Avenue, N.W.3. British. Student. A.R.CS., 
B.Sc., at Royal College of Science. To obtain the Society’s publications and 
to attend the meetings. (Signed by) Jocelyn Thorpe, M. A. Whiteley, R. P. 
Linstead. 

SHEPHERD, FLORENCE Mary ELuayine, 54, Craignair Road, Tulse Hill, 
S.W.2. British. Assistant Research Chemist. B.Sc., Chemistry Honours 
(London), Class I; M.Sec., Chemistry (London). Assistant Lecturer and 
Demonstrator in Chemistry, Royal Holloway College, 1925-28. Junior 
Assistant Chemist at H.M. Fuel Research Station, 1928-. (Signed by) A. B. 
Manning, T. 8. Moore, M. Boyle. 

StreicHT, Harvey Ricuarp Lyte, 61, Selly Park Road, Selly Park, 
Birmingham, England. Canadian (British). Student. B.A., 1927 (with 
First Class Honours); M.A., 1929; both at University of British Columbia, 
Vancouver, Canada. Investigator: ‘‘ The Electrolysis of Cyanogen Halides,” 
R. H. Clark and H. R. L. Streight, Trans. Roy. Soc. Canada, 3, XXII, 323, 
1928. Investigator and Author: ‘Cathodic Halogen—Electrolysis of 
Halogenyl Amides,” Streight and Hallonguist, J. Amer. Electro. Chem. Soc., 
1929. Investigator: ‘A Systematic Study of the Preparation of Alkyl 
Chlorides,” Clark and Streight, T'’rans. Roy. Soc. Canada, 1929. Assistant, 
Dept. of Chemistry, University of British Columbia, 1927-29 (two years 
inclusive). At present holder of an 1851 Exhibition Scholarship, representing 
Canada, at University of Birmingham. (Signed by) W. N. Haworth, S. R. 
Carter, Wm. Wardlaw, E. L. Hirst. 

Towers, ALBERT, 9, Cambridge Street, Guiseley, Leeds. British. 
Grammar School Master. M.Sc. (Leeds University). Student, Leeds Uni- 
versity, 1922-26. Assistant Chemistry Master, Urmston Grammar School, 
1928. (Signed by) C. K. Ingold, J. W. Baker, C. W. Shoppee. 

Utxian, SYED Anwar, c/o S. A. Manzar, Esq., B.A., Barrister-at-law, Patna, 
B. & O., India. Indian (British subject by birth). Student (Research). 
B.Sc. from Aligarh Muslim University, Aligarh, U.P., India. Student Demon- 
trator at Aligarh Muslim University, Aligarh, 1927-29. Research Student 
at the University College, London. (Signed by) F. G. Donnan, Bryan Topley, 
S. Barratt. 

Watorr, MicuaEt, 214, Meadvale Road, Ealing, W.5. Russian. Clerk. 
Final B.Sc, Student (Chemistry) at Birkbeck College. (Signed by) 8. Sugden, 
F. H. Burstall, George W. Ferguson. 
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Wuatitey, Harotp KENNETH, Pembroke College, Cambridge. English. 
Research Student in Physical Chemistry. B.A. (Cambridge); B.Sc. (London). 
Scholar of Pembroke College. (Signed by) Eric K. Rideal, N. P. McCleland, 
T. M. Lowry. 

Wru14Ms, ALBERT Epwarp, 38, Cavendish Road, Chorlton-cum-Hardy, 
Manchester. British. Analytical and Works Chemist. Two years as 
Assistant Chemist to The Comet Chemical Co., Ltd., Stalybridge, Cheshire. 
One year as Chemist to the British Union Lamp Works, Ltd., Huyton, Liver- 
pool. One year as Chemist to The Birmingham Starch Co., Ltd., Wellhead 
Works, Perry Barr, Birmingham. Seven years as Works Chemist to The 
Southern Oil Co., Ltd., Trafford Park, Manchester. I am also a Fellow of 
the Royal Society of Arts (London). (Signed by) J. W. Mellor, T. P. Hilditch, 
E. F. Armstrong. 

WOLFENDEN, JOHN Hutton, Exeter College, Oxford. British. Teacher 
of Chemistry. M.A. (Oxon.); M.A. (Princeton). Fellow and Tutor in 
Chemistry, Exeter College, Oxford. (Signed by) H. B. Hartley, E. J. Bowen, 
C. N. Hinshelwood. 

Wyman, Burnarp, c/o Brunner, Mond & Co., Winnington Works, North- 
wich, Cheshire. English. Librarian. B.A., Cambridge. Technical Librarian 
for Brunner, Mond & Co. (Signed by) F. Leslie Clark, W. R. H. Hurtley, 
H. M. Spittle. 


The following Forms of Recommendation for Fellowship have 
been authorised by the Council for presentation to ballot under 
Bye-Law I (2) : 


Merck, Karu, Darmstadt, Germany, Goethestrasse 44. German. Partner 
of the Chemical Works E. Merck, Darmstadt. Dr. rer. nat. at Strassburg, 
1912. Liebigs Annalen, 1918, Bd. 415, Thiele and Merck, ‘“‘ Kondensation 
von Inden mit Ketonen.” (Signed by) Jocelyn Thorpe. 

Mirrra, NARENDRANATH, 90, Hewett Road, Allahabad City, U.P., India. 
Indian. Chemist, Medical Department, East Indian Railway (State Railway). 
M.8Se., Allahabad University, Allahabad. Papers contributed: (1) “ On 
Induced Oxidations,” Mittra and Dhar, Trans. Faraday Soc., 17, 676 (1922). 
(2) “On Induced Reactions and their Analogy in Animal Bodies,” Z. Anorg. 
Chem., 122, 146 (1922). (3) ‘Induced Reactions and Diabetes from the 
Viewpoint of Induced Oxidation,” Journ. Phys. Chem., Vol. XXIX, pp. 376— 
394, April 1925. (4) “‘ Experiments on Hemolysis,” Sen and Mittra, 
J.1I.CS., V, issue 6, 1928; 6, issue 2, 1929; 6, issue 1, 1929; and Ind. 
Journ. Med. Research, 17, No. 1, July 1929. A.I.C. (Signed by) N. R. 
Dhar, K, P. Chatterjee. 

Sexpy, Horace Hat, 3787, California Street, San Diego, California, 
U.S.A. American. Chemist. Private Analytical Laboratory, 1921-24. 
Student of Chemistry, University of Wyoming, 1924-25. Chief Chemist, 
Hage’s Ice Cream Co., San Diego, 1926-. 2nd Lt., Chem. Warfare Service, 
1927~. (Signed by) William A. Bush. 
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ADDITIONS TO THE LIBRARY. 


I. Donations. 


Corman, Victor. Les colloides traités au point de vue de la 
biophysique et de la thermodynamique. Nancy 1929. pp. 87. 


ill. (Reed. 17/12/29.) From the Author 
Inp1an Lac AssocraTION FoR Resgarcu. Reports of the Com- 
mittee and of the Director . . . for the year lst April 1927 to 3lst 


March 1928, etc. Calcutta 1928+. (Reference.) 
From the Director. 
IsaBEy, JEAN. Cours de chimie. Paris 1930. pp. iv + 395. 
ill. 70 fr. (Recd. 6/1/30.) 
From the Publishers : MM. Gauthier-Villars et Cie. 
OssporN, ALBERT S. Questioned documents. 2nd _ edition. 
Albany, N.Y. 1929. pp. xxiv -+ 1028. ill. 55s. net. (Reed. 
9/1/30.) From the Author. 
PatM2R, WitH. The corrosion of metals. Part I. General 
theory. (Ingeniérsvetenskapsakademiens Handlingar No. 93.) 
Stockholm 1929. pp. 347. ill. Kr. 20. (Recd. 11/1/30.) 
Paul, WoLtFGaNne, and VaLK6é, Emericu. Elektrochemie der 
Kolloide. Wien 1929. pp. xii+ 647. ill. M. 66. (Reed. 
23/12/29.) From Mr. E. Hatschek. 
SCIENTIFIC AND INDUSTRIAL RESEARCH, Department of. Water 
Pollution Research. Summary of Current Literature. Vol. II], 
etc. London 1930+. (Reference.) From the Director. 
[SocteTe DE Cum INDUSTRIELLE.] La grande ceuvre de ls 
chimie. Paris 1929. pp. 250. ill. 35 fr. (Reed. 21/11/29.) 
S6pDERBAUM, Henrik Gustav. Jac. Berzelius. Levnadsteck- 
ning. 2vols. Uppsala 1929. pp. x + 548 + 32, viii + 540 + 14 
ill. (Recd. 30/12/29.) 
From the K. Svenska Vetenskapsakademien. 
STAMBERGER, Pauu. The colloid chemistry of rubber. London 
1929. pp. vi-+ 80. ill. 68. net. (Recd. 20/12/29.) 
From the Academic Registrar, University of London. 
Witp, A. MarTIN DE. The scientific examination of pictures: 
an investigation of the pigments used by the Dutch and Flemish 
masters. Translated from the Dutch by L. C. Jackson. London 
1929. pp. xvi+ 106. ill. 15s. net. (Reed. 30/12/29.) 


Il. By Purchase. 

ABRAHAM, HersBertT. Asphalts and allied substances: thei 
occurrence, modes of production, uses in the arts and methods of 
testing. 3rd edition. New York 1929. pp. xviii+ 891. il 
42s. net. (Recd. 23/12/29.) 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, February 6th, 1930, at 
8 p.m., Professor H. B. BAKER, C.B.E., D.Sc., F.R.S., Vice-Presi- 
dent, in the Chair. 


The CHAIRMAN referred to the loss sustained by the Society, 
through death on January 18th, of Henry Wilson Hake, who was 
elected a Fellow of the Society on January 20th, 1876. 


The following were formally admitted Fellows of the Chemical 
Society : Dorothy L. Fox, Elizabeth E. J. Marler, F. 8. H. Head, 
F. H. Curd, W. Solomon, R. Winstanley Lunt, C. E. Duce. 


Forms of Recommendation for Fellowship were read for the first 
time in favour of : 
Edmund David Patrick Barkworth, B.A., Flat 2, 4, Colville Square, W. 11. 
Reginald Henry Coysh, M.Sc., 7, Cannon Close, Raynes Park, 8.W. 20. 
Louis Robert Hickson, B.Sc., A.1.C., 19, The Cambridge Road, N. 17. 
Arthur William Middleton, B.Sc., 27, St. Bernard’s Road, East Ham, E. 6. 
Margaret Mary Murray, M.Sc., 42, Wilton Crescent, Wimbledon, S.W. 19. 
Walter Frederick Thorne, B.Sc., 4, Langley Road, Branksome, Bournemouth. 
Alfred Harold Whitaker, 131, Holmleigh Road, Stamford Hill, N. 16. 
Robert David Williams, M.Se., The Paint Research Station, Teddington, 
Middlesex. 


The following papers were read : 

“The photolysis of aqueous hydrogen peroxide solutions. Part I. 
Experimental methods.” By A. J. ALtMaAND and D. W. G. 
STYLE. 

“The photolysis of aqueous hydrogen peroxide solutions. Part IT. 
Experimental results.” By A. J. ALLMAND and D. W. G. 
STYLE. 

“The scission of diaryl ethers and related compounds by means of 
piperidine. Part III. The nitration of 2 : 4-dibromo-2’ : 4’-di- 
nitrodiphenyl ether and of 2:4-dibromophenyl p-toluene- 
sulphonate and benzoate. The chlorination and bromination 
of m-nitrophenol.” By R. V. Hentey and E, E, TurNER, 
“The action of phenyldiazonium chloride on 2-nitroethanol and 
its derivatives.” By E. C. 8S. Jones and J. Kenner. 
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Ordinary Scientific Meeting, Thursday, February 20th, 1930, at 
8 p.m., Professor J. F. Toorrsz, C.B.E., D.Se., F.R.8., President, in 
the Chair. 


The PrEsIpENT referred to the loss sustained by the Society, 
through death on February 19th, of Mr. Hugh Chester Bell, who 
was elected a Fellow on December 15th, 1921. 

Forms of Recommendation for Fellowship were read for the first 
time in favour of : 

Ivor Lloyd, 8a, Chip Street, Clapham, S.W. 4. 


William Dales Oldham, 22, Edenhall Avenue, Levenshulme, Manchester. 
William Edward Raybould, B.Sc., A.I.C., 30, Station Street, Sutton Coldfield, 


Birmingham. 
Frederic Eric Tomkinson, M.A., B.Sc., Eirianfa, St. Asaph, Flintshire. 
Eric Walton, M.Sc., Ph.D., 15, Avenue Gardens, Teddington, Middlesex. 
Eric Ernest Thomas Young, Elmhurst, Lonsdale Place, Derby. 


The following Forms of Recommendation for Fellowship have 
been authorised by the Council for presentation to ballot under 
Bye-Law I (2) : 
Paul Borg, Office of Agriculture, Malta. 

R. Chester Roberts, M.A., B.S., Colgate University, Hamilton, N.Y., U.S.A. 
Vinayak Yeshwant Shewade, B.Sc., 80, Ada Bazar, Indore, Central Incia. 

Miss Z. Kamil and Dr. E. H. Farmer were elected Scrutators, and 
a ballot for the election of Fellows was held. The following were 
subsequently declared elected as Fellows : 


John Stuart Anderson, B.Se., John Hunter, B.Sc., A.I.C. 


A.R.C.S., D.I.C. Frank Edward Joselin, B.Sc. 
Hubert Vernon Bettley-Cooke. Heizaburo Kondo. 
Thomas Stewart Brechin. Francis George Lamont, M.Sc. 
Geoffrey Herbert Cheesman, B.Sc., Arthur Stuart Clark Lawrence. 
A.R.C.S. Ernest Leton. 
Kathleen Mary Collier. ‘Albert Leonard Lovecy, B.Sc. 
Harold Cordingley, B.Sc. Karl Merck. 
Howard Augustus Costigan, B.Se., Arthur Kelman Mills, Ph.D. 
Ph.D. James Edward Mills, M.Sc. 
John Malcolm Davies. Narendranath Mittra, M.Sc. 
Mohammad Qamrud Doja, B.A., Cecil Graham Traquair Morison, M.A. 
B.Se. Sayed Mosaliam, B.Sc. 
Cecil Philip Ellis, B.Sc., A.I.C. Marjorie Winifred Odell, B.Sc. 
Nellie Ivy Fisher, B.Sc., A.R.C.S. A.R.C.S. 
Hugh Bouvard Fraser, B.Sc. Gordon van Praagh, B.Sc. 
Giichiro Fuseya. Elsie Ramsden, B.Sc. 
Robert Gaddie, B.Sc. George Alexander Robertson. 
Guy Drummond Greville, B.A. Edmund Brodie Robinson, B.Sc. 
Lena Halpern, A.M. A.L.C. 
George Christopher Hewson. Rosa Schalit, B.Sc., A.R.C.S. 


Leslie Hey, B.Sc. Horace Hall Selby. 
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Florence Mary Ellaline Shepherd, Michael Waloff. 


M.Sc. Harold Kenneth Whalley, B.A., B.Se, 
Harvey Richard Lyle Streight, M.A. Albert Edward Williams. 
Albert Towers, M.Sc. John Hulton Wolfenden, M.A. 
Syed Anwar Ullah, B.Sc. Bernard Wyman, B.A. 


The fellowing papers were read : 


“Trypanocidal action and chemical constitution. Part IX. 
Aromatic arsinic acids containing an amide group.” By 
G. A. C. GoucH and H. Kine. 

“The properties of the chlorides of sulphur. Part III. Dielectric 
constants.” By T. M. Lowry and G. Jzssop. 

“The properties of the chlorides of sulphur. Part IV. Density 
and surface tension.”” By T. M. Lowry and G. JEssop. 

“Strychnine and brucine. Part X. The degradation of dinitro- 
strycholearboxylic acid; its recognition as a derivative of 
quinoline and the consequent modification of the constitutional 
formule for the strychnos bases proposed in Part VII.” By 
K. N. Menon, (the late) W. H. Perxry, jun., and R. Rosprnson. 





THE HUGO MULLER LECTURE. 


The Hugo Miller Lecture entitled “The Chemistry and Geo- 
chemistry of the Titanium Group ”’ will be delivered by Professor 
Dr. G. von Hevesy at the Salters’ Hall, St. Swithin’s Lane, E.C. 4, 
on Wednesday, March 26th, at 5.30 p.m. (by kind permission of the 
Court of the Salters’ Company). Tickets of admission will not be 
required. 





89TH ANNUAL GENERAL MEETING. 


The Annual General Meeting will be held at Burlington House, on 
Thursday, March 27th, 1930, at 4 p.m., when the President will 
deliver his Address. 





ANNIVERSARY DINNER. 


The Anniversary Dinner of the Society will be held at the Hotel 
Victoria, Edward VII Rooms, Northumberland Avenue, W.C. 2, 
on Thursday, March 27th, 1930 (the day of the Annual General 
Meeting), at 7 for 7.30 p.m. 

The price of the tickets will be Twelve Shillings and Sixpence 
(12s. 6d.) each, including gratuities to waiters. 

Tickets can be obtained from the Assistant Secretary, Chemical 
Society, Burlington House, Piccadilly, London, W. 1, and a remit- 
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tance for the number of tickets required, made payable to Mr. 8. E. 
Carr, must accompany each application. Application should be 
made as soon as possible. 





RAILWAY FACILITIES. 


The Railway Companies have granted facilities by which those 
attending the meetings on March 26th and 27th will be able to 
travel from all parts of the country to London at the reduced rate 
of an ordinary single fare and one-third for the double journey, 
provided that noi less than 100 persons avail themselves of this privilege. 
No minimum distance is fixed, and the facilities apply to all the 
Railway Companies in Great Britain except the Metropolitan, 
Metropolitan District and London Electric Railways. Tickets will 
be available from March 25th to March 28th (inclusive). If you 
desire to take advantage of this privilege you should apply to Mr. 
8. E. Carr, Chemical Society, Burlington House, Piccadilly, London, 
W. 1, for a signed voucher, which must be surrendered at the 
Booking Office when the ticket is purchased. 





List of papers, or abstracts thereof, received between January 
16th and February 20th, 1930. (This List does not include the 
titles of papers which have been read at an Ordinary Scientific 
Meeting, or which have appeared in the Journal.) 


“ Derivatives of 3-keto-2 : 3-dihydrothionaphthen 1 : 1-dioxide.” 
By A. CoHEN and S. SMILEs. 

“* Note on the melting point of 1:3: 5-xylenoxyacetic acid.” By 
T. Love. 

‘“‘ Nitration of phenyl substituents of heterocyclic nuclei.” By 
R. Forsytu and F. L. Pyman. 

“The apparent hydration of ions. Part IV. The densities and 
viscosities of saturated solutions of silver nitrate in nitric 
acid.” By J. W. Incuam. 

“The ternary system zinc oxide—hydrochloric acid—zine chloride- 
water.” By H. C. HoLianp. 

“The interaction between alkyl Grignard reagents and antimony 
trichloride.” By W. J. C. Dyxz, W. C. Davres, and W. J. 
JONES. 

“Syntheses by means of magnesium amyl halides.” By W. C. 
Davies, R. 8. Drxon, and W. J. Jones. 

“Colour and constitution. Part V. The colours of certain azo- 
dyes from 2-chloro-3-aminoanisole and of the nitrobenz- 
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aldehyde-3-chloroanisyl-2-hydrazones.” By H. H. Hopason 
and A. KERsHAw. 

“Intramolecular rearrangement in the isomeric tetrachloro-deriv- 
atives of p-tolylhydrazones.” By F. D. CHatraway and 
A. B. ADAMSON. 

“ Passivity of metals. Part IV. The influence of acids in passivity 
and corrosion.” By U. R. Evans. 

“ The reduction of triphenylhalogenomethanes.”” By J.C. THomas, 
S. T. BowpeEn, and W. J. Jongs. 

“ The angles of floating lenses.” By C. G. Lyons. 

“A phase diagram for unimolecular films.” By C. G. Lyons and 
E. K. RipeEat. 

“ The electrical conductivities of solutions of tetramethylammonium 
iodide in benzonitrile.” By A. R. Marti. 

“Strychnine and brucine. Part IX. Preparation of some isomer- 
ides of dinitrostrychol and trinitrostrychol.” By J. N. 
ASHLEY, (the late) W. H. Perkin, and R. Rosryson. 

“The nature of the alternating effect in carbon chains. Part 
XXXII. The directive influence of 4-basic systems in aromatic 
substitution. Nitration of benzylidene-m-nitroaniline.” By 
J. W. Baker and C. K. INGotp. 

“The chemistry of the three-carbon system. Part XXIV. The 
regeneration of some esters from their sodio-derivatives.” By 
W. E. Hueu and G. A. R. Kon. 

“Primary and associated results of replacement of hydrogen 
directly attached to 4-co-ordinated carbon.” By L. CockEr, 
A. LapwortsH, and A. WALTON. 

“The nitrosation of phenols. Part VIII. Resorcinol monoethyl 
ether.’ By H. H. Hopeson and H. Cray. 

“The determination of the dissociation pressures of hydrated salts 
by a dynamical method. Part III.” By J. R. Partineton 
and R. J. WINTERTON. 

“‘y-Phenyl-«-methylpropyldimethylarsine, §-benzylbutyldimethy]- 
arsine, and some related compounds.” By A. Brews and E. E. 
TURNER. 

‘ is0-8-Naphthol sulphide.” By L. A. WARREN and S. Smizzs. 

“The partial esterification of polyhydric alcohols. Part XI. The 
differentiation between isomeric glycerides.”” By A. Farr- 
BOURNE. 

“The reactivity of halogen atoms in compounds of the pyridine 
series. Part I. The halides of 2-stilbazole.”’ By J. W. 
Boop and B. D. SHaw. 

“ A synthesis of pyrylium salts of anthocyanidin type. Part XIX. 
A synthesis of delphinidin chloride not involving a demethy]- 
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ation process together with an account of the synthesis of 
hirsutidin chloride and of delphinidin chloride 3'-methyl ether, 
possibly identical with petunidin chloride.””’ By W. BRaDLey, 
R. Ropryson, and G. SCHWARZENBACH. 

“ Digoxin, a new digitalis glucoside.” By 8. Smiru. 

“ Studies in polymorphism. Part I. A preliminary investigation 
of the polymorphism of o-nitroaniline.”’ By J. F. J. Dippy and 
N. H. HARTSHORNE. 

“A simple method for the preparation of maleic anhydride.” By 
F. A. Mason. 

‘“* The action of nitric acid on some metals.”” By E. 8. HepDGEs. 

“The ‘uniform movement’ of flame in mixtures of ethylene, 
propylene, butylene, and air.”” By E. H. M. GEoRGESON and 
F. J. HARTWELL. 

‘“‘ Further degradative experiments in the morphine group.” By 
R. 8. Cann. 

‘ Crystalline «-methylmannofuranoside (y-methylmannoside). Part 
I.” By W. N. Haworta and C. R. Porter. 

“* Crystalline «-methylmannofuranoside (y-methylmannoside). Part 
II.” By W. N. Hawortn, E. L. Hirst, and J. I. WEss. 

‘‘ Physical constants and miscibility curves of samples of n-butyric 
and isobutyric acids.”” By W. H. PatTerson. 

“The nitrosation of phenols. Part IX. Further study of the 
nitrosation of m-bromophenol.”” By H. H. Hopason and 
A. KERSHAW. 

‘“‘ Symmetrical triad prototropic systems. Part VI. The effect of 
substitution on tautomeric mobility and equilibrium in the 
wy-diphenylpropene system.” By C. W. SHOPPEE. 

“* Conductivity measurements of the comparative rates of hydrolysis 
of lactones derived from simple sugars.” By 8S. R. Carrer, 
W. N. Haworts, and R. A. Rosrnson. 

“* A synthesis of certain higher aliphatic compounds. Part III. A 
variation of the keto-acid synthesis, constituting an improved 
method for the extension of normal carbon chains.” By 
(Mrs.) G. M. Roprnson. 

‘The essential oil of Backhousia angustifolia. Part I. The 
isolation of naturally occurring 6-diketones; «- and 8-angusti- 
ones.” By C. 8. Grsson, A. R. PenFoup, and J. L. SmMonseEy. 

‘Experiments on the constitution of the aloins.”” Part II. By 
C. 8. Gipson and J. L. SIMONSEN. ‘ 

“Influence of poles and polar linkings on the course pursued by 
elimination reactions. Part VII. A generalised form of the 
olefinic degradation of sulphones.”” By G. W. FEnTon and 

C. K. INGoup. 
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“Influence of poles and polar linkings on the course pursued by 
elimination reactions. Part VIII. The methylenic and 
paraffinic degradation of sulphones.”” By C. K. Ingotp and 
J. A. JESSOP. 

“Influence of poles and polar linkings on the course pursued by 
elimination reactions. Part IX. Isolation of a substance 
believed to contain a semipolar double linking with parti- 
cipating carbon.”’ By C. K. INGoup and J. A. JEssop. 

“Oxidation of p-aminophenyltrimethylammonium methosulphate 
and some quaternary ammonium derivatives.” By A. ZaxI. 

“ Passivity of metals. Part V. The potential-time curves of some 
iron alloys.” By L. C. BANNISTER and U. R. Evans. 

“Anthoxanthins. Part XI. A synthesis of diosmetin and of 
luteolin 3’-methyl ether.” By A. Lovecy, R. Rosrnson, and 
S. SUGASAWA. 

“Anthoxanthins. Part XII. Transition from a flavylium salt to 
a flavone, illustrated by a new synthesis of scutellarein tetra- 
methyl ether.”” By R. Rosprnson and G. SCHWARZENBACH. 

“ The octammines—with special reference to tin.”” By A. J. COOPER 
and E. WaRDLAW. 





ADDITIONS TO THE LIBRARY. 
I. Donations. 


Davies, Cecm. WHITFIELD. The conductivity of solutions and 
the modern dissociation theory. London 1930. pp. viii + 204. 
ill. 158. net. (Reed. 4/2/30.) 

From the Publishers ; Messrs. Chapman & Hall. 

DessBieps, L. Bury. Exact colour matching and specifying. 
Paris [n.d.]. pp. 116. ill. 48. net. (Recd. 23/1/30.) 

From the Publishers : Technological and Industrial Service. 

Haissinsky, M. L’atomistica moderna e la chimica. Milano 
1930. pp. xvi+ 315. ill. Z.35. (Reed. 4/2/30.) 

From the Publisher : Ulrico Hoepli. 

MeENscHUTKIN, Borts NrkoLAEvitscH. Abridged chemistry for 
higher educational institutions. 2nd edition. Leningrad 1930. 
pp. 161. [In Russian.] R.2.50. (Recd.4/2/30.) From the Author. 

Société pe Biotocie. Comptes rendus. Vol. CIII, etc. Paris 
1930 +. (Reference.) From the Biochemical Society. 


Il. By Purchase. 


ANDRESEN, M. [and others]. Erzeugung und Priifung lichtemp- 
findlicher Schichten. Lichtquellen. (Handb. wiss, angew. Photo- 
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graphie. Vol. IV.). Wien 1930. pp. viii + 344. ill. M. 39, 
(Reed. 16/1/30.) 

AscHan, Ossian. Naphtenverbindungen, Terpene und Campher. 
arten inkl. Pinusharzsiuren sowie Kérper der Kautschukgruppe. 
Berlin 1929. pp. xvi + 378. M.32. (Recd. 4/2/30.) 

BeurReE, ALFRED. Chemische Laboratorien, ihre neuzeitliche Ein- 
richtung und Leitung. Leipzig 1928. pp. x + 113 + 33 plates. 
ill. M.7. (Reed. 13/12/29.) 

BermMBacH, Wiiureap. Die Akkumulatoren, ihre Theorie, 
Herstellung, Behandlung und Verwendung. Berlin 1929. pp. vi + 
214. ill. M. 9.75. (Recd. 2/1/30.) 

Bone, Wri1AM ArtHUR, Newitt, DupLEY MAURICE, and Town. 
END, DonaLD THomAs ALFRED. Gaseous combustion at high 
pressures: being mainly an account of the researches carried out 
in the high pressure gas research laboratories of the Imperial College 
of Science and Technology, London, together with the equipment 
and experimental methods employed. London 1929. pp. xiv + 
396. 42s. net. (Recd. 16/1/30.) 

Born, Max, and Jorpan, PascuaL. Vorlesungen iiber Atom- 
mechanik. Vol. II. Elementare Quantenmechanik. (Struktur 
der Materie in Einzeldarstellungen.) Berlin 1930. pp. xii + 434. 
M. 30. (Recd. 7/2/30.) 

BrRUNNER, ALBERT. Analyse der Azofarbstoffe. Berlin 1929. 
pp. vi+ 124. ill, M. 11.50. (Reed. 2/1/30.) 

BywatTers, Huspert WiiitAmM. Modern methods of cocoa and 
chocolate manufacture. London 1930. pp. xii + 316. ill. 2ls. 
net. (Recd. 21/1/30.) 

CAMPBELL, NORMAN RosBert, and Ritcurz, Dorotuy. Photo- 
electric cells : their properties, use, and applications. London 1929. 
pp. viii + 209. ill. 15s. net. (Recd. 16/1/30.) 

Conn, H. J. Biological stains. 2nd edition. Enlarged and 
revised with the assistance of W. C. Hotmss and R. W. FRENCH. 
Geneva, N.Y. 1929. pp. 224. ill. 138. 6d.net. (Recd. 21/1/30.) 

Despre, Peter. ([Editor.] Dipolmoment und _ chemische 
Struktur. Leipzig 1929. pp. viii+ 134. ill. M.9. (Reed. 
12/2/30.) 

DevuTsCHE BUNSEN GESELLSCHAFT. Messungen elektromotor- 
ische Krafte galvanischer Ketten mit wiasserigen Elektrolyten. 
Edited by Ricnarp ABrcc, FRIEDRICH AUERBACH, and ROBERT 
LutHER. Halle (Saale) 1911. pp. xii + 213. MM. 3.50. 
Erganzungsheft I. Edited by FrrepRicH AUERBACH. 
Halle (Saale) 1915. pp. xii + 60. M. 2. 

Erginzungsheft II. Edited by Cart DRUCKER. 
Berlin 1929. pp. x + 234. M. 24. (Reed. 2/12/29.) 
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EvucKEN, ARNOLD. Lehrbuch der chemischen Physik. Being 
the 3rd edition of Grundriss der physikalischen Chemie. Leipzig 
1930. pp. xvi + 1037. ill. M.56. (Recd. 12/2/30.) 

Frxcke, Heryricu. Die Kakaobutter und ihre Verfiilschungen. 
Stuttgart 1929. pp. 238. M. 20. (Reed. 2/1/30.) 

’ GERLACH, WALTHER, and SCHWEITZER, EvGEen. Die chemische 
Emissions-Spektralanalyse. Grundlagen und Methoden. Leipzig 
1930. pp. vi+ 120. ill. M.12.75. (Recd. 4/2/30.) 

GoRTNER, Ross AikEN. Outlines of biochemistry. The organic 
chemistry and the physico-chemical reactions of biologically im- 
portant compounds and systems. New York 1929. pp. xvi +- 793. 
ill. 30s. net. (Recd. 16/1/30.) 

Grin, Apotr. Analyse der Fette und Wachse. Vol. II. Berlin 
1929. pp. xvi + 806. ill. M.98. (Reed. 19/12/29.) 

Hacky, Inco Watpo Dacoserr. A chemical dictionary con- 
taining the words generally used in chemistry, and many of the 
terms used in the related sciences. Based on recent chemical liter- 
ature. [Philadelphia 1929.] pp. viii+ 790. ill. (Reference.) 
2s. net. 

HANDBUCH DER ALLGEMEINEN CHEMIE. Edited by Paun 
WaLDEN and Cart Drucker. VIII. i. Elektromotorische Krifte, 
Elektrolyse und Polarisation. By RoBert KREMANN and RoBERT 
Mitter. Leipzig 1930. pp.xvi-+ 891. ill. (Reference.) M. 85. 

Hersic, W. Die Ole und Fette in der Textilindustrie. 2nd 
edition. Stuttgart 1929. pp. viii+ 451. ill. M. 32. (Recd. 
2/1/30.) 

Kappen, Huspert. Die Bodenaziditit. Nach agrikulturchem- 
ischen Gesichtspunkten dargestellt. Berlin 1929. pp. viii + 363. 
ill. M. 39. (Recd. 2/1/30.) 

Kauscu, Oscar. Phosphor, Phosphorsiiure und Phosphate. 
Ihre Herstellung und Verwendung. Berlin 1929. pp. vi + 325. 
ill. M.42. (Recd. 12/2/30.) 

LuNnGE, GeorGE. Technical chemists’ handbook. 3rd edition. 
Revised by ALEXANDER CHARLES Cumminc. London 1929. pp. 
xvi + 262. 12s. 6d. net. (Reed. 21/1/30.) 

Martow, GrorGe StTaNLey WirHers. Law and _ industry. 
London 1929. pp. viii + 319. 17s. 6d. net. (Recd. 21/1/30.) 

Mrers, Sir HENRY ALEXANDER. Mineralogy: an introduction 
to the scientific study of minerals. 2nd edition. Revised by 
Hersert ListeR Bowman. London 1929. pp. xx + 658. ill. 
30s. net. (Recd. 16/1/30.) 

Naso, ALFRED Witt1aM and Bowen, ArtHuR Ritzy. The 
principles and practice of lubrication. London 1929. pp. xii + 
315. ill. 15s. net. (Reed. 16/1/30.) 











22 


Niet, C. B. van. The propionic acid bacteria. Haarlem 1928, 
pp. viii + 187. ill. 13s. 6d. net. (Recd. 13/2/30.) 

PIcKARD, JosePH ALLEN. Filtration and filters. With a section 
on the mathematical aspects of filtration by A. J. V. UNDERWoop. 
London 1929. pp. 488. ill. 45s. net. (Recd. 16/1/30.) 

Purntus, Carus SEecunpus. Chapters on chemical subjects. 
Part I. Edited, with translation and notes, by KENNETH CLAUDE 
BaiLey. London 1929. pp. 249. 12s. 6d. net. (Recd. 21/1/30.) 

SEDLACZEK, Erwin. Die Krackverfahren unter Anwendung von 
Druck (Druckwirmespaltung). Berlin 1929. pp. iv + 402. ill. 
M. 45. (Recd. 2/1/30.) 

Spons’ Workshop receipts for manufacturers and _ scientific 
amateurs. Supplement. London 1930. pp. viii + 458. ill. 
(Reference.) 5s. net. 

Stuckert, Lupwic. Die Emailfabrikation. Ein Lehr- und 
Handbuch fiir die Emailindustrie. Berlin 1929. pp. viii + 276. 
ill. (Reed. 2/1/30.) 

Unirep States. Department of Commerce. Bureau of Foreign 
and Domestic Commerce. Trade Promotion Series, No. 78. The 
American chemical industry. Production and foreign trade in first 
quarter of twentieth century. Washington 1929. pp. vi + 114. 
ill. 20c. (Reed. 2/1/30.) 

Weramer, Cart. Die Pflanzenstoffe. 2nd edition. Vol. IL 
Jena 1929. pp. xvi + 640. M. 47.50. (Recd. 13/12/29.) 

Wicernton, R. Coal carbonisation. London 1929. pp. x + 
287. ill. 21s. net. (Recd. 16/1/30.) 


Ill. Pamphlets. 


AUSTRALIA, COMMONWEALTH OF. Council for Scientific and 
Industrial Research. Pamphlet No. 14. The work of the Division 
of Economic Botany for the year 1928-29. By B. T. Dickson. 
Melbourne 1929. pp. 29. 

Pamphlet No. 15. The work of the Division of 
Economic Entomology for the year 1928-29. By Rosin JoHN 
TrLLyaRD. Melbourne 1929. pp. 19. 

Pamphlet No. 16. The work of the Division of Animal 
Nutrition for the year 1928-29. By THorBuRN BRAILSFoRD RoBERT- 
son. Melbourne 1929. pp. 30. 

British PHorograPpHic ReszaRcH Association. Report for the 
year 1928-29. London [1929]. pp. 15. 

Exuis, OLIVER CoLIGNy DE CHAMPFLEUR. Flame movements ii 
gaseous mixtures. (From Fuel, 1928, 7.) 

Garoia-BLtanco, J. Microdeterminacién directa del agua ei 
tejidos conectivos. (From the Arg. Seminario Est. Galegos, 1929.) 
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GaRciA-BLanco, J. Sobre la regulacién hormonal de la economia 
hidrica en el tejido celular subcuténeo. (From the Arg. Seminario 
Est. Galegos, 1929.) 

INDIAN Lac AssocriaTION FOR ResEarcH. Bulletin No. 1. 
Physical properties of shellac solutions. Part I. By M. Ranaas- 
waMI and M. VENUGOPALAN. Calcutta 1928. pp. ii + 14. 

INSTITUTE OF CHEMISTRY OF GREAT BRITAIN AND IRELAND. 
The world’s sugar industry. By Lewis Eynon. London 1929. 
pp. 20. 

Kuno, Yuru. Critical study on the enzymic decomposition of 
nicotine. (From the Bul. Sct. Fak. Terkult. Kjisu, 1929, 3.) [In 
Japanese. English summary.] 

LEFFMANN, Henry, and Prves, Cuartes C. Further notes on 
tests for acetone and aldehyde. (From the Bull. Wagner Free Inst. 
Sci. Philadelphia, 1929, 4.) 

Preliminary note on some studies of the photosensitive- 
ness of nitroprussids. (From the Bull. Wagner Free Inst. Sci. 
Philadelphia, 1929, 4.) 

MINES DEPARTMENT. Safety in Mines Research Board. Paper 
No. 56. The relative inflammability of coal dusts: a laboratory 
study. By A. L. GopBrert and RicHarD VERNON WHEELER. 
London 1929. pp. 23. ill. 

Paper No. 57. Mine rescue apparatus: the 8.M.R.B. 
gas mask. By 8. H. Karz and C. 8. W. Grice. London 1930. 
pp. 37. ill. 

PaNEBIANCO, R. Approximatione numerico neglecto ab ullos 
physico et chemico. (From Schola et Vita, 1929, 4.) 

PonpDAL, IstpRo Parca. Sobre la presencia de la pirrotina en 
Galicia. Analisis de la pirrotina de La Majioca (Santiago). (From 
the Arg. Seminario Est. Galegos, 1929.) 

—— Estudio quimico de la nontronita de Chenlo (Pontevedra). 
Mineral nuevo para Espajia. (From the Arg. Seminario Est. Galegos, 
1929.) 











El contenido en iodo de las principales algas marinas de las 
costas de Galicia. (From Datos Geoquim, Galicia, 1927.) 

PonpaL, Isrpro Parca, and VAzQuEz-GaRRiGcA, J. Contri- 
bucién al estudio de los minerales de wolframio de Galicia. I. 
Analisis de las wolframitas de la Brea, Corpifio y Carboeiro 
(Lalin, Pontevedra), (From the Arg. Seminario Est. Galegos, 
1929.) 

SCIENTIFIC AND INDUSTRIAL RESEARCH, Department of. Report 
of test . . . on the Turner retort installed at the works of the 
Comac Oil Co., Ltd., Coalburn, Lanarkshire. London 1930. pp. 
vi+ 29. ill. 
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ScIENTIFIC AND INDUSTRIAL RESEARCH, Department.of. Building 
Research. Bulletin No. 6. The prevention of corrosion of lead in 
buildings. By Frank Lawrence Brapy. London 1929. . pp. 
iv+ 4. ill. 

—— —— Special Report No. 13. The use of calcium chloride or 
sodium chloride as a protection for mortar or concrete against frost. 
By W.N. Tuomas. London 1929. pp. iv + 30. 

Technical Paper No. 8. The corrosion of lead in 

buildings. By Frank LAWRENCE Brapy. London 1929. pp. 

vi + 30. ill. 

Fuel Research. Special Report No. 5. Fires in steamship 

bunker and cargo coal. London 1929. pp. vi -+ 55. ill. 

Technical Paper No. 24. The assay of coal for carbonis- 
ation purposes. (Part iii.) Correlation with coal gas manufacture. 
By James GRIEVE Kine and L. J. Epacomsr. London 1930. pp. 
vi + 30. ill. 

Surnopa, J., Sato, S., and Kawacove, M. Neue Synthese von 
Polyoxychalkon, Polyoxyhydro-chalkon und Polyoxyflavanon. VI. 
Zur Synthese von Butein, Butin und Phloretin. (From the J. 
Pharm. Soc. Japan, 1929, 49.) [In Japanese. German summary.]} 

Sout Arrica, UNION oF. Department of Agriculture. (Division 

of Chemistry, Series No. 95.) The soil solution and its relation to 
the soil colloids. By D. J. R. van Wisk. (From the Proc. Dept. 

Conf., 1929.) 

(Division of Chemistry, Series No. 96.) Note on the 
distribution of nitrogen in some frvits. By P. D. v. p. R. CopEmay. 
(From the Proc. Dept. Conf., 1929.) 

(Division of Chemistry, Series No. 97.) Routine 

mechanical analysis of soils by the Robinson method. By J. P. vax 

Zisu. (From the Proc. Dept. Conf., 1929.) 

(Division of Chemistry, Series No. 98.) A report: of 

the findings of the “ pica survey” of 1921-1922. By J. P. vay 

Zist, H. H. Green, andB.pxC.Marcnanp. (From the Proc. Dept. 

Conf., 1929.) 



































































(Division of Chemistry, Series No. 99). Hardpans, 
concretionary layers and neo-formations of the soils. of the more 
arid parts of the Union. By J. V. Cutter. (From the Proc. Dept. 
Conf., 1929.) ‘ 
(Division of Chemistry, Series No. 100.) The fixation : 
of phosphates in soils. By C.O.Witiams. (From the Proc. Dept 
Conf., 1929.) 

Unitep States. Department of Agriculture. Technical. Bulletin 
No. 141. The spontaneous combustion of hay. By Cuar.zs A 
Browne. Washington 1929. pp. 38. ill. 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, March 6th, 1930, at 8 p.m., 
Professor J. F. THorpr, C.B.E., D.Sc., F.R.S., President, in the 
Chair. 

The PRESIDENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
William E. Bickerdike ...............0++ Dec. 7th, 1865. Feb. 26th, 1930. 
Mieate V. Oe Femlagy « cocsceccocscccooccese May 6th 1897. Feb. 21st, 1930. 


The following list of Nominations for vacant places on the 
Council was read from the Chair : 
President : J. F. THorpe. 
Vice-Presidents who have filled the office of President 
(two vacancies) : 
P. F. FRANKLAND, A. Soorrt. 
Vice-Presidents who have not filled the office of President (two 
vacancies) : 
A. Lapworts, F. L. Pyman. 


Ordinary Members of the Council : 
Town Members (i.e. those resident within a radius of fifty miles 
from Charing Cross); three vacancies : 
T. J. Draketzry, R. H. A. Pummer, C. K. Tovkuzr. 


Country Members (i.e. those resident beyond a radius of fifty 
miles from Charing Cross); three vacancies : 
H. M. Dawson (Leeds), E. Horr (Oxford), J. Kmypati 
(Edinburgh), 


The following were formally admitted Fellows of the Chemical 
Society: Edmund Langley Hirst, R. Campbell Feather, and A. 
Vasundhara. 


Forms of Recommendations were read for the first time in favour 
of : 


‘Noreh Janet Broadway, B.Sc., 16, Lodge Road, West Croydon. 


John Henry Daniels, 4, Mill Lane, Wallasey, Cheshire. 
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Wilfred Morley Morgans, B.Sc., Charman Dene, Cromwell Avenue, Cheshunt. 

Donald Price, M.A., Ph.D., 37, Grange Road, Cambridge. 

Pundi Ranga Ramanujam, B.A., 18, Gloucester Road, Kew. 

Foster Dee Snell, B.S., A.M., Ph.D., 130, Clinton Street, Brooklyn, New 
York. 

James Williamson, Ivanhoe, Bilston Road, Aigburth, Liverpool. 


The following papers were read : 

‘* Crystalline «-methylmannofuranoside (y-methylmannoside). Part 
I.” By W. N. Haworrs and C. R. Porter. 

‘* Crystalline «-methylmannofuranoside (y-methylmannoside). Part 
Il.” By W. N. Hawortn, E. L. Hirst, and J. I. Wess. 

“‘ Passivity of metals. PartIV. The influence of acids in passivity 
and corrosion.” By U. R. Evans. 

‘“‘ Influence of poles and polar linkings on the course pursued by 
elimination reactions. Part VII. A generalised form of 
the olefinic degradation of sulphones.” By G. W. FEntTon 
and C. K. INcop. 

“Influence of poles and polar linkings on the course pursued 
by elimination reactions. Part VIII. The methylenic and 
paraffinic degradations of sulphones.” By C. K. Incorp and 
J. A. JESSOP. 

“‘ Influence of poles and polar linkings on the course pursued by 
elimination reactions. Part IX. Isolation of a substance be- 
lieved to contain a semi-polar double linking with participating 
carbon.” By C. K. INcoup and J. A. JEssop. 





Ordinary Scientific Meeting, Thursday, March 20th, 1930, at 
8 p.m., the President, Professor J. F. Torrs, C.B.E., D.Sc., F.BS., 
in the Chair. 


The PRESIDENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
Kennedy J. P. Orton ......00cssceeeeeeses May 6th, 1897. March 16th, 1930. 
John Henry Taylor ...........sc000e0 May 2nd, 1918. July 15th, 1929. 
ie APUEEE. WOPEIEEE,. cndecodroccecceccsschece June 21st, 1883. March 8th, 1930. 
Allister MacLean Wright ............... Dec. 3rd, 1908. Jan. 31st, 1930. 


In referring to the death of Professor K. J. P. Orton the Presi- 
dent said : 


“‘ Professor Orton, who died on March 16th last at the age 
of 58, was Professor of Chemistry in the University College of 
N Wales, Bangor. Formerly he held the position of demon 
strator at St. Bartholomew’s Hospital. He was the author é 
numerous papers which appeared in our Journal dealing with 
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chloroamines, nitroamines, and kindred subjects. In this field 
he was a successful pioneer in the application of kinetic measure-. 
ments to the elucidation of reaction mechanism. He served 
on the Council from 1913 to 1917, and from 1926 to 1929, and was 
elected F.R.S. in 1921. Fellows will mourn his death as a loss 
not only to the Society, but to Chemistry generally. 


It was announced that the following Address of Congratulation 
had been sealed in Council that afternoon and would be presented 
to the American Society of Mechanical Engineers on the occasion 
of its 50th Anniversary Celebrations to be held in New York, 
Hoboken, and Washington from April 5th to 9th, 1930 :— 


The Chemical Society 
to the 
American Society of Mechanical Engineers. 

The meeting held at Stevens Institute of Technology in Hoboken, 
N.J., on the 7th April, 1880, was fraught with signal importance for 
the future of Mechanical and Engineering Science in the United 
States. Fifty years have elapsed since then, and during those years 
your Society has ever been prominent in developing the cultural, 
social, economic, and political life of your country on its engineer- 
ing side. Your activities have been closely linked with the work 
of the chemist, for it is certain that without the close co-operation 
between engineering and chemical science which your Society has 
fostered the great development of chemical industry in modern times 
would have been impossible. 

The Chemical Society therefore sends greetings and congratul- 
ations coupled with the hope that the American Society of Mechani- 
cal Engineers may continue with ever increasing success to further 
the objects for which it was founded. 

Signed on behalf of the Chemical Society, 

JOCELYN TuHorPE, President. 
T. SuaterR Price, T7'reasurer. 


LS. } C. S. GrBson, \ ; 
= T. S. Moorg, J ceartapee. 
F. G. Donnan, Foreign Secretary. 


Sealed in Council this Twentieth Day of March, One Thousand 
Nine Hundred and Thirty. 

Forms of Recommendation for Fellowship were read for the first 
time in favour of : 
Dorothy May Diamond, South View, Langton, Tunbridge Wells. 
Homi Ruttonji Nanji, B.Sc., 48, Penywern Road, 8.W. 5. 
Wilfred Beaumont Orr, D.Sc., Ph.D., 212, Upper Newtownards Road, Bloom- 
field, Belfast. 
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Charles Benjamin Walter Richardson, B.Sc., 133, Inverness Terrace, Bays- 
water, W. 2. 

Allan Coley Waine, B.Sc., Ellesmere, Anchorage Road, Sutton Coldfield, 
Birmingham. 

Ronald Southern Walton, B.Sc., The Ranelagh School, Athlone, I.F.S. 

The following forms of recommendation for Fellowship have been 
authorised by the Council for presentation to ballot under Bye. 
Law I (2): 

N. Danaila, Institute of Industrial Chemistry, Calea Masilor 132, Bucarest. 
Lionel Stuart Davis, Government Laboratory, Georgetown, Demerara. 
William Francis, F.I.C., Government Laboratory, Georgetown, Demerara. 
G. G. Longinescu, University of Bucarest, Bucarest. 

Samuel Marion McElvain, 2017, Adams Street, Madison, Wisc., U.S.A. 


Emil Severin, Polytechnic School, Bucarest. 
Albert Ernest Robert Westman, M.A., Ph.D., 47, Queen’s Park, Toronto. 


The following papers were read : 

“ The mechanism of and constitutional factors controlling the hydro- 
lysis of carboxylic esters. Part I. The constitutional signi- 
ficance of hydrolytic stability maxima.” By C. K. INcoxp. 

‘‘ The mechanism of and constitutional factors controlling the hydro- 
lysis of carboxylic esters. Part II. Hydrolytic stability 
maxima of some glyceric esters.” By (Miss) C. M. Groococg, 
C. K. InNcoup, and A. Jackson. 

“ On active nitrogen. Part VIII. (a) The influence of photogens 
and of surfaces upon glow phenomena in nitrogen; and (b) The 
effects of addition of other gases to luminous nitrogen.” By 
E. J. B. WILLeEy. 





FARADAY LECTURE. 


The Faraday Lecture will be delivered by Professor Dr. Niels 
Bohr, of Copenhagen, on Thursday, May 8th, 1930. The title of the 
Lecture will be “‘ Chemistry and the Quantum Theory.” 

Further particulars will be announced later. 





List of Papers, or Abstracts thereof, received between February 
20th and March 20th, 1930. (This List does not include the titles 
of papers which have been read at an Ordinary Scientific Meeting 
or which have appeared in the Journal.) 


‘ Tetrachloroiodides of the alkaloids.” By F. D. Caarraway and 
G. D. ParKEs. 

“‘ Quinoline compounds containing arsenic. Part I. Synthesis of 
6-methoxyquinoline derivatives of aminophenylarsinic acids.” 

By R. H. Suater. 
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“Cannabis Indica resin. Part I. The constitution of nitro- 
cannabinolactone (oxycannabin).” By R. S. Cann. 

“The nature of the alternating effect in carbon chains. Part 
XXXIII. The nitration of some aromatic sulphonium and 
selenonium salts.” By J. W. Baker and W. G. Morrirr. 

“ Aromatic stibinic acids containing phenyl and quinolyl radicals.” 
By G. T. Morean and J. W. Cook. 

“The rearrangement of the alkylanilines. Part II. The course 
of the rearrangement in presence of metal salts.” By W. J. 
HICKINBOTTOM, and (in part) A. C. Warne. 

“The rearrangement of the alkylanilines. Part III. The form- 
ation of p-aminoisobutylbenzene and of p-amino-tert.-butyl- 
benzene from isobutylaniline.”’ By W. J. Hickmvsorrom and 
G. H. PREsToN. 

“The preparation of secondary aryl alkylamines and their puri- 
fication.” By W. J. Hickrnsorrom. 

“ Organic derivatives of silicon. Part XLI. cycloHexyl derivatives 
of silicane and silicoethane.” By K. W. Paumer and F. S. 
KIPPING. 

“Organic derivatives of silicon. Part XLII. The formation of 
tri- and tetra-phenylsilicane by the action of sodium on tri- 
phenylsilicyl chloride.” By F. S. Krepmne and J. F. Frost. 

“ Attempts to prepare cyanine dyes from quaternary salts of 2- 
methylacenaphthpyridine and of ms-methylacridine.” By 
F. M. Hamer. 

“The addition of halogens to unsaturated acids and esters. Part 
III. The velocity of bromination.” By N. W. Hanson and 
D. M. WitiiaMs. 

“ Investigations in the diphenyl series. Part IX. Further experi- 
ments with sulphonamides.” By F. Bri. 

“The behaviour of hydrogen chloride in different solvents.” By 
W. F. K. Wynnz-Jonzs. 

“The effect of gas pressure on the colour of halogen vapours.” By 
A. SHEARER and R. Wriaar. 

“The calculation of activity coefficients from solubility measure- 
ments: thallous chloride.” By H. E. BraypEn and C. W. 
DavIEs, 

“10-Chloro-5 : 10-dihydrophenarsazine and its derivatives. Part 
XIII. Absorption spectra.” By C.S. Grsson, E. 8. Hiscoocgs, 
J. D. A. Jonnson, and J. L. Jonzs. 

“The action of fuming nitric acid on the 4-halogeno-2 : 6-dibromo- 
phenols and -anisoles. Anomalous behaviour of fluorine.” By 
H. H. Hopeson and J. Nrxon. 


“Polycyclic aromatic hydrocarbons. Part I. «- and §-Phenyl- 
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anthracene and some derivatives of 1 : 2-benzanthracene.” By 
J. W. Coox. 

“The dismutation of some disulphides.”” By E. W. MoCLELLanp 
and L. A. WARREN. 

“ Orientation effects in the diphenyl series. Part VIII. The 
nitration of 4 : 4’-difluorodiphenyl.” By R. J. W. LE Fivre 
and E. E. TURNER. 

“The validity of the interference method for the measurement of 
the specific area of a copper surface.” By F. J. WILKINS. 

“‘2-Arylcoumaranones.” By W. BAKER. 

“ A revision of the atomic weight of tantalum. Determination of 
the ratios TaBr, : 5Ag: 5AgBr and TaCl;: 5Ag:5AgCl.” By 
K. R. KRisHNaswamMI. 

“The bromination of 2-nitro- and 2-acetamido-diphenyl ether.” 
By H. McCompirz, W. G. Macmiuan, and H. A. Soar 
BOROUGH. 





FORMS OF RECOMMENDATION FOR FELLOWSHIP. THE 
BALLOT WILL BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, MAY Ist, 1930. 


BarkwortH, Epmunp Davin Parrick, Flat 2, 4, Colville Square, Notting 
Hill Gate, W.11. British. Research Chemist. B.A., Oxon. I desire to 
keep in touch with present-day developments in chemistry. (Signed by) 
A. A. W. Russell, C. N. Hinshelwood, N. V. Sidgwick. 

Broapway, Noran Janet, 16, Lodge Road, W. Croydon, Surrey. British. 
Student of Chemistry. B.Sc. (General), London, 2nd Class Hons., 1929. I 
wish to attend meetings of the Society and receive the Journal. (Signed by) 
James F’. Spencer, Ernest 8S. Hedges, Z. Kamil. 

Coysu, ReGinaLp Henry, 7, Cannon Close, Raynes Park, S.W. 20. British. 
Assistant Lecturer in Chemistry. M.Sc. (Bristol). Present position: Assist- 
ant Lecturer in Chemistry, Battersea Polytechnic. (Signed by) J. Kenyon, 
T. Heap, F. Bell. 

Dantets, JoHN Henry, 4, Mill Lane, Wallasey, Cheshire. British. 
Chemical Engineering Assistant, Wallasey Corporation, Gas and Water Dept. 
Regularly trained as a Gas and Water Engineer, including three years’ 
laboratory and control. Associate Member of the Chartered Institute of Gas 
Engineers. Higher National Certificate, Gas Engineering (Institute of Ga 
Engineers); Ordinary National Certificate (Institute of Mechanical Engiv- 
eers); School Leaving Certificate (Credits in Physics and Chemistry); Fins 
Grade Certificate, Gas Engineering (City and Guilds of London); Earl d 
Derby Prize, Engineering and Design. (Signed by) A. E. Findley, Thoms 
J. Roberts, Andrew J. Myles. 

Diamonp, Dororny Mary, “South View,’’ Langton, Tunbridge Wells, 
Kent. British. Student of Chemistry. I wish to attend the meetings 4 
the Society and to receive the Journal. (Signed by) James F. Spencer, Emmett 
8S. Hedges, Z. Kamil. 

Hickson, Louis Rosert, 19, The Cambridge Road, N.17. British 
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Chief Chemist, Messrs. Hadfields (Merton), Ltd. B.Sc. (Hons.), London 
(East London College). A.I.C. Lecturer (Nitrocellulose Lacquers), The 
Polytechnic, Regent Street. Contributor to Annual Reports on Applied 
Chemistry (1929), Cellulose Ester Varnishes and Enamels Sections. Four years’ 
laboratory and works control experience, Messrs. Hadfields (Merton), Ltd., 
Mitcham, Surrey. J.C.S., 1925, 127, 2544 (in conjunction with J. H. Car- 
rington and W. H. Patterson). (Signed by) Louis A. Jordan, J. O. Cutter, 
Herbert H. Hughes. 

Litoyp, Ivor, 8a, Chip Street, Clapham, S.W.4. British. Consulting 
Metallurgist. Managing Director of Expert Tool and Case-hardening Co., 
Ltd., specialising in the scientific treatment of steels and non-ferrous metals 
for aircraft and automobile industry. (Signed by) J. C. Crocker, F. H. Lowe, 
C. Dorée. 

MIDDLETON, ARTHUR WILLIAM, 27, St. Bernard’s Road, East Ham, E. 6. 
English. Chemist. B.Sc., Special, London (2nd Class Chemistry). Analyst, 
Messr?. Yardley & Co. Assistant Chemist (Research and Analytical), Allen 
and Hanbury’s, Ltd. (Signed by) A. M. Ward, Henry J. 8. Sand, F. G. Kny 
Jones. 

MoreGans, WILFRED Mortrey, Charman Dene, Cromwell Avenue, Cheshunt, 
Herts. British. B.Sc. (Wales). Organic Chemistry Research Student, 
University College, London. (Signed by) Robert Robinson, William Bradley, 
K. N. Menon. 

Murray, Marcaret Mary, 42, Wilton Crescent, Wimbledon, S.W. 19. 
British. Lecturer in Biochemistry. B.Sc. and M.Sc., London. Recognised 
Teacher in the University of London in Biochemistry. Papers in Biochem. 
Journal, 1924 and 1925; Journal of Physiology, 1924, 1926-27, and 1928. 
(Signed by) Eustace E. Turner, Kosalind Henley, Mary S. Lesslie. 

NanJ1, Homi Rurrons1, Modi Minar, Parel Road, Bombay, 12 ; and 48, Peny- 
wern Road, S.W.5. Parsi (Indian). Research Student. Working for the 
Ph.D. degree (London) in the Imperial College of Science. B.Sc. (First), 
University of Bombay. Holding a Research Scholarship of the University 
of Bombay. (Signed by) G. A. R. Kon, Arnold Stevenson, R. P. Linstead. 

OtpHaM, Witt1am Dates, 22, Edenhall Avenue, Levenshulme, Man- 
chester. British. Works Chemist. University of Manchester Certificate in 
Chemical Technology. Associateship of the College of Technology, Man- 
chester. Part-time Demonstrator in Bacteriology at the College of Tech- 
nology, Manchester. (Signed by) T. K. Walker, W. H. Brindley, O. Rhys 
Howell. 

Orr, WitrreD Beaumont, 212, Upper Newtownards Road, Bloomfield, 
Belfast. British. Assistant Lecturer in Chemistry, University College, Hull. 
D.Sc. (Belfast); Ph.D. (Durham). Formerly Senior Assistant in Chemistry, 
Quesn’s University, Belfast, and D.S.I.R. student. J.C.S., 1927, 740. 
(Signed by) F. G. Tryhorn, A. W. Stewart, H. Graham, J. K. Marsh. 

Price, Donatp, 37, Grange Road, Cambridge. American. Research 
Student, Cambridge University. A.B., M.A., Ph.D. (Columbia). Assistant 
in Chemistry, Columbia University, New York, 1925-28; Du Pont Fellow 
in Chemistry, 1928-29; Member American Chemical Society since 1926. 
(Signed by) T. M. Lowry, Brynmor Jones, R. C. Traill. 

RaManusaM, Punpr Ranaa, 18, Gloucester Road, Kew, Surrey. British 
Indian. Student. B.A. (Hons.), Madras University. Research Student in 
the Imperial College of Science and Technology. (Signed by) James C. Philip, 
H. J. T. Ellingham, A. Vasundhara. 

RayBoutp, Wi11am Epwarp, 30, Station Street, Sutton Coldfield, Bir- 
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mingham. British. Works Chemist. B.Sc. (Hons.), Birmingham Univer. 
sity; Associate of the Institute of Chemistry. Works Chemist, Messrs, 
Morris & Shaw, Ltd., nr. Tamworth. (Signed by) A. W. Knapp, W. N, 
Haworth, 8. _R. Carter, Wm. Wardlaw. 

RicHarpson, CHARLES BENJAMIN WALTER, 133, Inverness Terrace, Bays. 
water, W.2. British. Research Chemist. B.Sc., London. Six years with 
Messrs. Hadfields (Merton), Ltd., as Chemist. Three years at the Paint 
Research Station (Teddington). Research in paint technology. (Signed by) 
L. A. Jordan, J. O. Cutter, G. M. Hamilton, C. W. H. Story. 

Sveti, Foster Der, 130, Clinton Street, Brooklyn, N.Y. American. 
Consulting Chemist. B.8., Colgate, 1919; A.M., Columbia, 1922; Ph.D., 
Columbia, 1923. Teaching Technical Chemistry, Pratt Institute, five years 
(1923-28). Publications: Book Colorimetric Anal., 1921. Various papers 
on rayon, treatment of trade waste, and other subjects. (Signed by) M. L. 
Crossley, Arthur D. Little, Marston T. Bogert. 

THorne, WatTreR Freperickx, 4, Langley Road, Branksome, Bourne- 
mouth. British. Chemist. B.Sc., London (External), 2nd Class Honours 
Chemistry. I have been a Chemist to the Bournemouth Gas and Water 
Company for nearly six years. (Signed by) E. A. Seeley, M. A. M. Penrose, 
Philip G. G. Moon. 

TomMKINSON, FrepERIC Eric, “ Eirianfa,’’ St. Asaph, Flintshire, North 
Wales. British. Schoolmaster. B.Sc., Ist Class Honours in Chemistry, 
Liverpool University; M.A., Liverpool; Sheridan Muspratt Research Scholar. 
At present, and since February 1927, Chemistry Master at the St. Asaph 
Grammar School, North Wales. (Signed by) E. C. C. Baly, F. C. Guthrie, 
J.T. Nance, I. M. Heilbron. 

Warne, Attan Corey, Ellesmere, Anchorage Road, Sutton Coldfield, 
Birmingham. British. Research Chemist, University of Birmingham. 
B.Sc. (Hons.), Birmingham. In order to keep in touch with the latest 
developments in chemical research. (Signed by) W. N. Haworth, H. D. K. 
Drew, Wm. Wardlaw. 

Wauton, Eric, 15, Avenue Gardens, Teddington, Middlesex. British. 
Research in Chemotherapy Section, Chemical Research Laboratory, Tedding- 
ton. B.Se. (Hons. Chem.), M.Sc., Ph.D. (University of Durham). Nearly 
three years research at Armstrong College, Newcastle-on-Tyne. College 
Research Student, 1928-29. J.C.S., 1928, 723; 1929, 2368. (Signed by) 
G. R. Clemo, R. D. Haworth, G. T. Morgan. 

Watton, Ronatp SourHEern, The Ranelagh School, Athlone, I.F.8. 
English. School Science Master. Graduate (2nd Class Honours in Chemistry) 
of Durham University, and wishing to keep in touch with recent advances 
in chemistry. (Signed by) Irvine Masson, C. W. Gibby, G. H. Christie, W. A. 
Waters. 

Wurraker, ALFRED Harorp, 131, Holmleigh Road, Stamford Hill, N. 16. 
British. Chief Chemist, Dry Colour Dept., Lewis Berger. I desire to be 
considered for Fellowship in order to study all recent developments of chemical 
science. My own work has comprised original research on pigmentary dyes, 
eg. Hansa yellows, permanent red series, and on intermediates (nitro- 
toluidines, and various sulphonic acids). (Signed by) William Baird, Louis 
A. Jordan, G. M. Hamilton, J. O. Cutter. 

Wru1ams, Roserr Davip, The Paint Research Station, Teddington, 
Middlesex. British. Research Chemist. B.Sc., Hons. (2nd Class); M.8e. 
(Liverpool). I am. engaged on research under the Research Association of 
British Paint, Colour, and Varnish Manufacturers, and desire to keep it 
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touch with modern developments. (Signed by) L. A. Jordan, J. O: Cutter, 
0. W. H. Story, G. M. Hamilton. 

Wuiiamson, James, “ Ivanhoe,’ Bilston Road, Aigburth, Liverpool. 
British. Manufacturing Chemist. M.P.S., Edinburgh. I am engaged in 
analytical work and control of manufacturing process in a wholesale chemical 
laboratory, and I desire to use the Library of the Society. (Signed by) John 
Rae, H. Humphreys Jones, J. E. Whipp. 

Youne, Eric Ernest Tuomas, Elmhurst, Lonsdale Place, Derby. British. 
Student. To keep in touch with chemical progress. (Signed by) F. Stanley 
Kipping, F. C. Laxton, B. D. Shaw. 


The following Forms of Recommendation for Fellowship have 
been authorised by the Council for presentation to ballot under 
Bye-Law I (2): 


Bore, Pavut, Office of Agriculture, Malta, or 47, Marina via Misida, Sliema, 
Malta. Maltese (British subject). Plant Pathologist to the Malta Dept. of 
Agriculture. Pharmaceutical Chemist, University of Malta. Investigation 
on the wine-growing industry in Western Europe and Algeria on behalf of 
the Colonial Research Committee. (Signed by) H. W. Potts. 

Dinirtk, H. Institute of Industrial Chemistry, Calea Masilor 132, 
Bucarest 1, Roumania. Roumanian. Professor and Director of the Institute 
of Industrial Chemistry. (Signed by) F. G. Donnan. 

Davis, LIONEL Stuart, Government Analyst’s Department, Government 
Laboratory, Georgetown, Demerara, British Guiana. British. First Assis- 
tant Analyst. (Signed by) R. Robertson. 

Francis, Wit1i1amM, Government Analyst’s Department, Government 
Laboratory, Georgetown, Demerara, British Guiana. British. Government 
Analyst, B.G. F.I.C. Desires to receive the publications of the Society. 
(Signed by) G. G. Henderson. 

Loncrnescu, G. G., University of Bucarest, Str. V. A. Ureche 18, 
Bucarest 6, Roumania. Roumarfian. Professor of Inorganic Chemistry. 
(Signed by) F. G. Donnan. 

McEtvain, SamuEt Marion, 2017, Adams Street, Madison, Wisconsin, 
U.S.A. American. Assoc. Professor of Chemistry, University of Wisconsin. 
B.S., Washington University (1920); M.A. and Ph.D., University of Illinois 
(1921 and 1923). The following publications: J. Amer. Chem. Soc., 45, 
2739 (1923); 46, 1721 (1924); 48, 2179 (1926); 48, 2239 (1926); 49, 2835 
(1927); 49, 2862 (1927); 50, 3348 (1928); 51, 863 (1929); 61, 887 (1929); 
51, 922 (1929); 51, 3124 (1929); 51, 3390 (1929). (Signed by) Homer Adkins. 

Roserts, Rosert CHESTER, Colgate University, Hamilton, N.Y., U.S.A. 
American. Head, Department of Chemistry, Colgate University. B.S., 
Ottawa University, Ottawa, Kansas; M.A., University of Kansas, Lawrence, 
Kansas; Ph.D., Yale University, New Haven, Conn. Teaching Assistant, 
Yale University, 1920-21. Professor of Chemistry, Franklin College, 1915-28. 
Professor of Chemistry and Head of Department, Colgate University, 1928 
to date. ‘‘ Action of Certain Acid Reagents on the Substituted Ureas and 
Thiazole,” F. B. Dains, R. C. Roberts, and R. Q. Brewster, J. Amer. Chem. 
Soc., 38, 131-40; “‘ Preparation of Derivatives of Diphenic Acid possessing 
the Properties of Local Anesthetics,” R. C. Roberts and T. B. Johnson, 
ibid., 47, 1396-1402 (1925). (Signed by) J. F. McGregory. 

Severin, Emr, Industrial Section of the Polytechnic School, Bucarest, 
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Roumania. Roumanian. Head of the Industrial Section of the Bucaregt 
Polytechnic School, and Professor of Chemistry. (Signed by) F. G. Donnan, 

SHEWADE, VINAYAK YESHWANT, 80, Ada Bazar, Indore, Central India, 
Hindu (State subject). Chemical Engineer. B.Sc. in Chem. Eng., Univer. 
sity of Illinois, U.S.A. Contribution to 8th International Congress of Applied 
Chemistry (Vol. 25, 355); special analytical and research work in coal-gas- 
tar-ammonia with Indiana Steel Co., Gary, Ind., U.S.A.; experience in 
leather manufacture with Woelfel Leather-Morris, Ill., U.S.A.; some time 
Member Amer. Chemical Society and Amer, Leather Chemists’ Assoc.; 
Member Society of Chemical Industry; at present Chemical Engineer, Holkar 
State; experience in organising essential oil and pharmaceutical work; 
engaged in development of chemical and industrial resources of the State 
(in general); and hydrogenation of vegetable oils and its scope in the State 
(work in hand at present). (Signed by) 8. S. Deshapande. 

WESTMAN, ALBERT ERNEST ROBERTS, Ontario Research Foundation, 
47, Queen’s Park, Toronto 5, Ontario, Canada. Canadian. Director of 
Chemical Research. B.A., M.A., Ph.D. in Honour Chemistry, University 
of Toronto. Papers: TJ'rans. Amer. Electrochem. Soc., 48, 171 (1923); 4, 
137 (1923); 46, 205 (1924), etc.; Journ. Amer. Ceramic Soc., 10, 3, 133 
(1927); 11, 2, 82 (1928), etc.; Res. Assoc., Engin. Exp. Sta., Univ. of 
Illinois, 1924-28; Assoc. Prof. of Ceramics, Rutgers, 1928-29. (Signed by) 
W. Lash Miller. 





ADDITIONS TO THE LIBRARY. 


I. Donations. 


ApaM, Nem Kenstneaton. The physics and chemistry of 
surfaces. Oxford 1930. pp. x + 332. ill. 17s. 6d. net. (Reed. 
28/2/30.) From the Author. 

Bruuat, Grorces. Traité de pélarimétrie. Paris 1930.° pp. 
xvi + 447. ill. 65 fr. (Recd. 21/2/30.) 

From the Publishers : Revue d’Optique théorique et instrumentale. 

CanapAa. National Research Council. Canadian Journal of 
Research. Vol. I, etc. Ottawa 1929 +. (Reference.) 

From the Director. 

CEMENT AND CEMENT MANUFACTURE. The international cement 
journal. Vol. III, ete. London 1930+. (Reference.) 

From the Editor, 

Davipsoun, Isser. Lehrbuch der Seifenfabrikation. Berlin 
1928. pp.xxiv-+ 731. ill. M.39. (Reed. 25/2/30.) 

DennaM, Henry Gerorce. An inorganic chemistry. 2nd 
edition. London 1930. pp. viii + 688. ill. 12s. 6d. net. (Reed. 
8/3/30.) From the Publishers : Messrs. Edward Arnold & Oo. 

Durrans, THomss Haroup. Solvents. (Monographs on Applied 
Chemistry.) London 1930. pp. xvi-+ 144. 10s. 6d. net. (Reed. 
13/3/30.) From the Publishers : Messrs Chapman & Hall. 
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Fritz, Fenix. Sechzig Jahre Linoleumfabrikation. (From 
Seifenseider Zeitung, 1924.) pp. 98. ill. (Recd. 25/2/30.) 

GRAEFE, EpmunND, [and others]. Einfiihrung in die chemische 
Technologie der Brennstoffe. Dresden 1927. pp. viii+ 197. ill. 
M.10. (Recd. 25/2/30.) 

HotmyarD, Eric Joun. Inorganic chemistry: a text-book for 
schools and colleges. London [1922]. pp. xii + 560. . ill. 6s. 6d. 
net. (Recd. 3/3/30.) 

— Outlines of organic chemistry. London [1924, reprinted] 
1928. pp. xii+ 468. ill. 7s. 6d. net. (Recd. 3/3/30.) 

—— An elementary chemistry, 2nd edition. London [1927]. 
pp. viili+ 430. ill. 5s. net. (Recd. 3/3/30.) 

From the Publishers : Messrs. Edward Arnold & Co. 

InstTITUTION OF LELxorRicaL Enorrers. Journal. Vol. 
LXVIII, etc. London 1929+. (Reference.). 


From the Faraday Society. 
Istriruto Biocnemico Irariano. Archivio. Vol. I, ete. 
Milan 1929+. (Reference.) From the Biochemical Society. 


NaTIoNAL BENZOLE Association. Standard specifications for 
benzole and allied products, 1929. London 1929. pp. xiv + 145. 


ill. (Reference.). 6s. net. From the Association. 
Reta CuHEmisT,The. Vol.I,etc. London 1930+. (Reference.) 
From the Editor. 


SocreTy OF CaEmiIcaL InpDusTRY oF VicToRIA. [Proceedings.] 
Vol. XX VII, etc. Melbourne 1927 +. (Reference.) 

From the Editor. 

SPACKMAN, CHARLES. Some writers on lime and cement, from 
Cato to the present time. Cambridge 1929. pp. xviii + 287. 
(Reference.) 15s. net. 

STanIsLaus, Ianatrus VALERIUS STANLEY, and MreERrsortT, P. B. 
American soap maker’s guide. An up to date treatise on the art and 
science of the manufacture of soaps, candles and allied preparations. 
{New York 1929.] pp. xii+ 709. ill. 50s. net. (Recd. 25/2/30.) 

Surmvo, Oscar. Acido solforico e superfosfati minerali. Milano 
1930. pp. viii + 253. ill. (Recd. 25/2/30.) 

Untrep Starts. Department of Commerce. Bureau of Standards 
Technologic Paper No. 112. Standardization of the Saybolt 
universal viscosimeter. By Winstow H. Herscuen. Washington 
1918. pp, 25. (Reference.) 

—— —— —— Technologic Paper No. 170. Pyrometric practice. 
By Paux D. Foor, C.O. Farrcuitp, and T. R. Harryson. Washing- 
ton, 1921. pp. 326. ill. (Reference.) From Mr. H. M. Spiers. 
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Il. By Purchase. 


Ansontitz, Ricuarp. August Kekule. 2 vols. Berlin 1929, 
pp. xxiv + 708. xvi + 960. ill. M.120. (Reed. 19/2/30.) 

Arnot, Kurt. Technische Elektrochemie. Stuttgart 1929. 
pp. xvi-+ 708. ill. M.55. (Recd. 19/2/30.) 

CatvertT, RoseRtT. Diatomaceous earth. (American Chemical 
Society Monograph Series.) New York 1930. pp. 251. ill. 21s, 
net. (Recd. 20/2/30.) 

Dennis, Louis Monroe, and NicHois, MELVIN L. Gas analysis. 
Revised edition. New York 1929. pp. xx + 499. ill. 17s. net. 
(Recd. 20/2/30.) 

Eckirs, CLARENCE Henry, Comps, WILLES BARNES, and Macy, 
Harotp. Milk and milk products. New York 1929. pp. xii+ 
379. ill. 17s. 6d. net. (Recd. 20/2/30.) 

GrusE, Grorc. Grundziige der theoretischen und angewandten 
Elektrochemie. 2nd edition. Dresden 1930. pp. xii + 495. ill. 
M.30. (Reed. 19/2/30.) 

Haas, Artuur. Materiewellen und Quantenmechanik. 3rd 
edition. Leipzig 1930. pp. vili+ 202. ill, M. 8. (Reed. 
13/3/30.) 

Husparp,C.C. Drycleaning and redyeing handbook : including 
laboratory practice, formulas, tests and tables. Silver Spring, 
Md. 1929. pp. xii + 252. 20s. net. (Recd. 25/2/30.) 

McCotitum, ELMER VERNER, and Smmmonps, Nya. The newer 
knowledge of nutrition. 4th edition. New York 1929. pp. xiv+ 
594. ill. 2is. net. (Recd. 8/3/30.) 

Parkes, Louis Cottman, and Kenwoop, Henry Ricumonp. 
Hygiene and public health. 8th edition. Revised by H. R. 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Extra Meeting held at the Salters’ Hall, St. Swithin’s Lane, E.C.2 
on Wednesday, March 26th, 1930, at 5.30 p.m., the President, 
Professor J. F. Toorpr, C.B.E., D.Sc., F.R.S., in the Chair. 

The PRESIDENT called upon Professor Dr. G. von Hevesy to 
deliver the fifth Hugo Miiller Lecture entitled ‘‘ The Chemistry and 
Geo-chemistry of the Titanium Group.” 

At the conclusion of the lecture, a vote of thanks to Professor 
G. von Hevesy was proposed by Dr. N. V. Sidgwick, seconded by 
Professor Arthur Smithells, and carried with acclamation, Professor 
Hevesy making acknowledgment. 

The PRESIDENT expressed the thanks of the Society to the Master, 
Wardens and Court of the Salters’ Company for the privilege of 
holding the Hugo Miiller Lecture in their Hall. 





ANNIVERSARY DINNER. 


The Anniversary Dinner of the Chemical Society was held at 
the Hotel Victoria (King Edward VII Rooms) on Thursday, March 
27th, 1930, at 7 for 7.30 p.m. The President, Professor J. F. 
TuorPE, C.B.E., D.Sc., F.R.S., was in the Chair, and the following 





Fellows, with their guests, numbering 216, were present : 


Armstrong, Miss N. 
Austin, P. C. 
Austin, R. G. 


Baker, H. B., C.B.E., F.R.S., Past- 


President. 
Baker, Mrs. H. B. 
Balaban, I. E. 
Balaban, Mrs. I. E. 
Baly, E. C. C., C.B.E., F.R.S. 
Baly, Mrs. E. C. C. 
Bennett, Miss D. M. 
Bolton, E. R. 
Borns, H. 
Bowsher, R. 


Bragg, Sir William H., K.B.E., F.R.S. 


Bramley, A. 
Bramley, Mrs. A. 
Brooke, R. W. 
Bryans, Frank, 


Buckle, E. A. 

Buckle, Mrs. E. A. 

Bunker, 8S. W., D.S.O., M.C. 

Burch, W. J. N. 

Calvert, H. T., M.B.E. 

Calvert, Mrs. H. T. 

Campkin, H. T. 

Caney, J. G. 

Caney, Mrs. J. G. 

Carlton, Miss M. 

Carr, 8. E., Assistant Secretary. 

Challenger, F. 

Challenger, Mrs. ¥F. 

Chapman, A. Chaston, F.R.S. 

Chapman, Mrs. A. Chaston 

Chapman, A. W. 

Chibnall, A. C. 

Chorlton, Alan, Vice. ! resident, The 
Institution of Mechanical Engineers. 





Clayton, G. C., C.B.E., President, 
The Institute of Chemistry. 

Clemo, G. R. 

Clifford, F. W., Librarian. 

Coates, J. E., O.B.E. 

Colwyn, Right Hon. Lord, P.C, 

Corder, Rev. B. J. 

Corder, Mrs. B. J. 

Corder, Miss. 

Corsellis, D. H. 

Coste, J. H. 

Coste, Mrs. J. H. 

Coste, Miss. 

Coste, J. H., jun. 

Crowther, E. M. 

Daily Telegraph, The 

Donald, Miss G. H. 

Donald, M. B. 

Donald, Mrs. M. B. 

Donnan, F. G., 
Foreign Secretary. 

Donnan, Miss J. E. 

Drakeley, T. J. 

Drakeley, Mrs. T. J. 

Drummond, J. C. 

Dudley, H. W., O.B.E. 

Dunn, J. T., President, The Society 
of Public Analysts. 


C.B.E., F.R.S., 


Dunstan, A. E., President, The 
Institution of Petroleum Technolo- 
gists. 

Dyer, Bernard. 

Dyer, Mrs. B. 


Eastman, Cyril, President, The Society 
of Dyers and Colourists. 

Eldridge, A. A. 

Eldridge, Mrs. A. A. 

Elkington, H. Douglas. 

Ellingham, H. J. T. 

Evans, C. Lovett. 

Eyre, J. Vargas. 

Eyre, Mrs. J. V. 

Farmer, E. H. 

Farmer, R. C. 

Fisher, Miss N. I. 

Freeth, F. A., O.B.E., F.R.S. 

Garner, F. H. 

Garner, W. E. 

Gates, Percy, President, The Institute 
of Brewing. 

Gibson, C. 8., O.B.E., Secretary. 

Goldsmith, J. N. 

Gray, W. H. 
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Greenaway, A. J. 

Greeves, A. 

Gunn, A. Rugg. 

Haas, Paul. 

Hamer, F. E. 

Hamer, Miss F. M. 

Hamer, S. H. 

Hamer, Sir William, Kt. 

Harden, A., F.R.S. 

Haskew, R. 8. 

Haskew, Mrs. B. C. 

Hele, T. Shirley, Chairman of Com. 
mittee, The Biochemical Society. 

Henry, T. A., Vice-President. 

Henry, Mrs. T. A. 
Hevesy, G. von, representing the 
Deutsche Chemische Gesellschaft. 
Hill, C. A., Vice-President, The 
Association of British Chemical 
Manufacturers. 

Hinks, E., M.B.E. 

Hooker, Mrs. A. H. 

Hooper, D. 

Hope, E. 

Hopkins, Sir 
F.RS. 

Hopkins, Lady. 

Hunt, Miss. 

Ingold, C. K., F.R.S. 

James, T. C. 

Jowett, H. A. D. 

Jowett, Mrs. H. A. D. 

Keen, W. B. 

Kenner, J., F.R.S. 

King, H. 

King, Mrs. H. 

Leitch, Miss G. C. 

Le Pla, Miss M., Indezer. 

Lessing, R. 

Lessing, Mrs. R. 

Levinstein, H., President, The Society 
of Chemical Industry. 

Levinstein, Mrs. H. 

Linstead, R. P. 

Louis, Henry, President, The Iron 
and Steel Institute. 

Lowndes, J. 

Lowry, T. M., C.B.E., F.R.S., Presi 
dent, The Faraday Society. 

Lund, Kenneth F, 

McCombie, H., D.S.O., M.C. 

Maclean, H. 

Maclean, Mrs. I. S. 


F. Gowland, Kt. 
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Mallen, Miss C. E. 
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Micklethwait, Miss F. M. G., M.B.E. 

Micklethwait, R. G. 

Milne-Watson, Sir David, Kt., Presi- 
dent, The Institute of Fuel. 

Mills, W. H., F.R.S., Vice-President. 

Mitchell, A. D., Assistant Editor. 

Mitchell, Mrs. A. D. 

Moore, T. 8., Secretary. 

Moore, Mrs. T. S. 

Morris, H. J. 

Napier, O. J. W. 

Napier, Mrs. O. J. W. 

Newbery, A. D. 

Nierenstein, M. 

Osman, A. A. 

Paget, H. 

Parker, A. 

Parker, Mrs. A. 

Parry, L. Moreton, President, 
Pharmaceutical Society. 

Pentreath, Rev. G. 

Pentreath, Mrs. G. 

Perkin, A. G., F.R.S. 

Philip, J. C., O.B.E., F.R.S., Vice- 
President. 

Philip, Mrs. J. C. 

Philip, W. E. 

Plenderleith, H. J., M.C. 

Plenderleith, Mrs. H. J. 

Plimmer, R. H. A. 

Plimmer, Mrs. R. H. A. 

Pownall, Mrs. 

Price, T. Slater, 
Treasurer. 

Pyman, F. L., F.R.S., Vice-President. 

Raistrick, H. 

Raistrick, Mrs. H. 

Rawling, 8S. O. 

Reavell, J. Arthur, President, The 
Institution of Chemical Engineers. 

Rintoul, W., O.B.E. 

Robertson, A. 

Robertson, Mrs. A. 

Robertson, Sir Robert, K.B.E., 
F.R.S., Treasurer, The Royal Insti- 
tution, 

Robertson, Lady. 

Robinson, R., F.R.S. 

Robinson, Mrs. R. 
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Rowe, F. M. 

Rowe, Mrs. F. M. 

Rowlands, M. J. 

Sanderson, J. 

Scott, Alexander, F.R.S., Past-Presi- 
dent. 

Seligman, R., President, The Institute 
of Metals. 

Seligman, Mrs. R. 

Sharp, T. M. 

Sidgwick, N. V., O.B.E., F.R.S. 

Simonsen, J. L. 

Simonsen, Mrs. J. L. 

Smith, Clarence, Editor. 

Smith, F. E., C.B., C.B.E., Sec.R.S., 
Secretary, Advisory Council, De- 
partment of Scientific and Industrial 
Research. 

Smith, T. B. 

Smithells, A., C.M.G., F.R.S., Vice- 
President, The Institute of Chem- 
istry. 

Solomon, W. 

Sommerville, David. 

Spencer, J. F. 

Spielmann, P. E. 

Thomas, R. N. Garrod. 

Thorpe, J. F., C.B.E., F.R.S., Presi- 
dent. 

Thorpe, Mrs. J. F. 

The Times. 

Topley, W. W. C. 

Topley, Mrs. W. W. C. 

Turner, Miss E. G. 

Turner, G. W. 

Vernon, W. H. J. 

Voelcker, J. A., C.I.E. 

Voelcker, Miss W. 

Wargrave, Right Hon. Lord, P.C., 


Prime Warden, The Goldsmiths’ 
Company. 

Whiteley, M. A., O.B.E. 

Whitmarsh, W. 

Wiese, L. 


Wiese, Mrs. L. 

Wiese, Miss. 

Wilson, Sir Arnold T., K.C.I.E., 
C.8S.1L., C.M.G., D.S.O. 

Wilson, F. J. 

Woolcock, W. J. U., C.B.E. 

Worsley, Mrs. G. le Geyt. 

Wynne, W. P., F.R.S., Past-President. 

Young, F. G. 
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The following Toasts were proposed : 

1. The King. 

2. The Queen, the Prince of Wales, and the other Members of 
the Royal Family. 

3. “The Chemical Society,” coupled with the name of the 
President. By Sm Davin Mitnze-Wartson, Kt., M.A., LL.D., D.L., 
President of the Institute of Fuel. 


4. “‘ The Central Building,” coupled with the name of Str ArNoLp 
T. Witson, K.C.LE., C.S.L, C.M.G., D.S.0. By Dr. HErBerr 
LEVINSTEIN, M.Sc., F.I.C., President of the Society of Chemical 
Industry. 


5. “The Guests,” coupled with names of : 


(a) Professor Dr. GEORG voN HEVESy, representing the 
Deutsche Chemische Gesellschaft. 

(6) Cuartes A. Hit, Esq., B.Sc., F.LC., Vice-President of 
the Association of British Chemical Manufacturers. By 
A. CHaston CHAPMAN, Esq., F.R.S., F.LC. 


After the Loyal Toasts had been honoured, Str Davip Minyz- 
WarTsoN, in proposing the toast of “‘ The Chemical Society,” said: 


“T consider it a very great honour indeed that I have been asked 
to propose the toast of the evening, namely, that of the Chemical 
Society. I am no chemist myself. The only claim to chemistry 
that I have is that I have been, and still am, President of the Asso- 
ciation of British Chemical Manufacturers and I am also the head 
of a Company which manufactures a large number of chemicals. 

“T admit that for to-night I have no prepared speech, but I 
have found, at any rate, that the chemists amongst your members 
are very human. When I came into the room to-night I said 
to Professor Smithells, ‘I have no prepared speech,’ and he 
offered to sell me one—at a price! Well, to be serious, I am glad 
to propose this toast, for I have a very great admiration for the 
splendid record of work done by the Society, which has been 
honoured by many great names, such as Lord Playfair, Sir William 
Ramsay and the two Professors Perkin. These last names have 
had a very great interest for the industry with which I am con- 
nected. It is a great regret to think that Professor W. H. Perkin 
is no more with us to take an interest in your affairs. 

“ For your work I am full of admiration. Your Secretary provided 
me a day or two ago with some details about that work, but far 
be it from me to inflict them upon you to-night. He told me the 
exact number of words the Journal of the Chemical Society contained. 
It ran into hundreds of thousands, most of which, I believe, havé 
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been written by your worthy President. I was positively staggered. 
Then I found that you have published a number of valuable research 
abstracts. I cannot imagine any more useful work that you do 
than that of publishing those abstracts. They also ran into thou- 
sands of words, but they were obviously not all written by my 
friend Professor Thorpe. Joking apart, however, I do consider 
that the money which your Society spends in publishing these 
contributions is very well spent indeed. It is increasingly difficult 
for all who are engaged in industry and science to keep abreast of 
the times. I realise, as the head of a business such as the one I 
am connected with, how difficult it is to know what is going on in 
the world of science, and I consider that your Society is rendering 
an enormous service to us in industry and to all those who are 
engaged in technical work by these publications. My feeling about 
chemistry is that unless you are absolutely up-to-date it is no use 
at all. I have recollections of paying visits to chemical works 
where I saw white elephants in the shape of plant. You have not 
to go very far to find plants which have been erected only a year 
or two too late. Had the management had the courage to put 
them up sooner, or had they only realised earlier the advantages 
of some great discovery, they might have made a fortune, but 
a few months or a few years later there was no profit in it. 
I remember one particular chemical substance which we used to 
make and sell with great profit at four shillings a pound. Within 
a few months we were very glad to get three-halfpence a pound for 
that substance. That is what is happening in all directions in the 
chemical world. Unless you are really first in the field, and pre- 
pared to take advantage quickly of any new discovery, you prob- 
ably find that you are too late. 

“Tn an assembly of this kind it would be perfectly ridiculous 
of me to extol the merits of chemistry. You live in it, you have 
your being in it, you make your daily bread by it, and you no 
doubt regard it as the most important thing in the world. But 
as a layman in your midst I do say, without fear of contradiction, 
that there is no doubt that in chemistry lies the solution of a 
great many of the problems that face mankind. Whatever may 
happen, there is no doubt that in the future chemistry will play 
& greater part in supplying the wants of mankind. In the 
industry in which I am engaged we know that quite well, be- 


, Cause we produce many by-products. We see synthetic industries 


springing up everywhere, and so we see any chance of producing 
those by-products at a profit disappearing. It is the natural 
current of events, and mankind will benefit by the cheapening of 
products required for daily necessities. I do not think there is 
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any need for me to amplify that subject any further, or to say 
more than that I believe all of you are convinced that chemistry 
is important and that your Society is one of the greatest influences 
in this country. 

** It only remains for me to ask you to drink to the prosperity of 
the Chemical Society, coupling with the toast the name of my 
friend Professor Thorpe. He needs no words of commendation 
from me. He is one of the mainstays of the Chemical Society 
and the chemical industry generally. Those of us who know 
him are very fond of the Professor, and we are very glad to see 
him in this position to-night. We wish the Society all success and 
all prosperity in its work.” 


The PRESIDENT, in responding, said : 


*“ Before replying to the very kind speech which Sir David Milne. 
Watson has made, there are a few matters in connection with the 
affairs of the Society to which I should like to call your attention. 

* Although it is not my task to propose the toast of the guests— 
that is in other and more competent hands—I do want to express 
our thanks to certain of the guests who are with us to-night, and 
especially to Professor von Hevesy, to whose admirable lecture 
yesterday we listened with the greatest interest. Unfortunately— 
I say unfortunately advisedly—he is the one surviving member of 
a very distinguished band, because we had hoped to have with us 
at this dinner all our new German members. For one reason or 
another they were unable to come, and we therefore asked the 
German Chemical Society to send a representative who could speak 
on their behalf, and they sent Professor von Hevesy. I have here 
many letters from those foreign members explaining the reasons for 
their absence. We have with us, however, the Nobel Laureates, 
Sir F. Gowland Hopkins and Professor A. Harden, whom we are 
exceedingly glad to welcome, and we congratulate them on the 
high honour bestowed on them and bestowed also, I think we 
may justly claim, on chemistry. I would also like to welcome 
Mrs. Hooker, representing Mr. A. H. Hooker, who has recently 
given us a very valuable acquisition which for many years to come 
will be carefully guarded. I am sorry to say that Mr. Hooker 
has had to undergo an operation, and we shall all wish to 
convey to him through Mrs. Hooker our great sympathy and ou! 
best wishes for a speedy recovery. To-night we have with us 
personally a number of members of the constituent bodies who are 
combined together in the central building project. Again it is not 
my business to deal with the central house, because that is a special 
toast in itself, but I should like to say how glad we are to see them 
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here to-night and to welcome them, because we regard this as a 
great augury for the future. 

“We ourselves have to leave our premises in Burlington House 
because we have outgrown them. We cannot expand further with- 
out bursting out the walls. A change is inevitable, and we 
have to face it. In that connection I may say that I am 
Chairman of the Appeal Committee and I have to go round 
gathering what substance I can. I am in the position of 
what I think physical chemists call an electron sink. I have 
to seek some electron in order that I may combine with him or 
it and produce a compound. Unfortunately, they are usually 
unsaturated compounds, and unsaturated compounds in the 
human sense are no use for the purpose. Moreover, we are 
likely to become more unsaturated from the human point of 
view as time goes on, and probably by the middle of next month 
we shall not only have parted with all our electrons, but they 
will come and take our protons as well. Be that as it may, 
the collection of funds is likely to produce a certain amount of 
difficulty in the near future. We as chemists are very loath to 
leave our admirable quarters in Burlington House, which we have 
occupied now for fifty-five years, and to go into other quarters in 
some far-away district such as Westminster, which is inhabited, 
I understand, mainly by engineers and politicians. However, I 
do not think the chemist will do any harm to the engineer, and 
the engineer is certain to do a great deal of good to the chemist. 
Whether the politician is likely to be improved by either I cannot 
say. I have been told that organic chemistry, the subject with 
which I deal, is a dead science. I have also been told, or at least 
[have read in the newspapers, that there is only one organic chemist 
left in England. I have never seen the corpse of organic chemistry, 
and | am not prepared to swear to its identity, and I think it is 
quite possible that those people who have recorded its death would 
not be in a position to recognise organic chemistry if they saw it. 
The mind stands appalled at the contemplation of such an awful 
picture as that of the last organic chemist in England watching 
the corpse of the dead science like, shall I say, some Robinson 
Crusoe. I will leave it at that. 

“Nothing more remains for me but to thank you for the manner 
in which you have received the toast and Sir David Milne-Watson 
for the way in which he proposed it.” 


The toast of ‘The Central Building” was proposed by Dr. 
HERBERT LEVINSTEIN, who said : 


“I hope, ladies and gentlemen, that you will forgive me for 
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butting in with this toast and standing for a moment or so between 
you and Sir Arnold Wilson. It is indeed a great honour to have 
been entrusted with this toast, for which there is so much com. 
petition this evening. A central building appears to imply central 
heating, a topic that might at some time interest Chemists, and so 
the President of the Institute of Fuel would be a more suitable 
person than myself to propose it. It seems, however, a very un- 
substantial topic. The fabric, being unsubstantial at the moment, 
has no interior, and therefore I suppose its health should be good. 
Having no interior—indeed no exterior—it can have no bacteria. 
When completed it will, I am sure, have no superior. 

** Speaking as President of the Society of Chemical Industry, I 
should like, on behalf of that Society, to express our grateful thanks 
to the President of the Chemical Society for the very statesmanlike 
and constructive address which he delivered on the subject of closer 
co-operation between the various chemical societies. When I first 
knew your President he was a finished cricketer and a very promising 
organic chemist. He is now, I am sorry to say, a completely finished 
cricketer and a very finished but—as he has taken the trouble to 
tell us all to-night—a by no means completely finished organic 
chemist. I would like you to understand, ladies and gentlemen, 
that the scheme for co-operation between our great Societies is 
one on which no previous consultation between the Councils or 
the officials of the Societies took place. This is a scheme which is 
as new to me as it will be, no doubt, to all our members. But it 
is a scheme with which everyone who has the future of science 
and industry at heart will be most completely in sympathy and 
general agreement. There is no doubt whatever that a central 
building of the kind which was described to us this afternoon will 
be of vital importance both to our clients and also to the chemical 
industry. 

“JT will not take up your time by making a long speech on the 
subject, but I would like to call your attention to some aspects 
of it. In the first place, we have in the conduct and publica- 
tions of our Societies to legislate and cater not only for the needs 
of chemists in this country, but also for the needs of British chemists 
in various parts of the Empire. It is of the highest importance 
that British publications should be those which are read by British 
chemists working in foreign countries and in various parts of the 
Empire, and that they should not be compelled, owing to lack 
of co-operation or lack of funds, to rely on the publications of other 
countries, however admirable those publications may be. For 
national and imperial reasons, therefore, I think that it is vital 
that chemists should be able to come to us here in London for 








Se ae 6S.lhCUR, Oe ele Ce 


nov 
wo 
ind 
any 
rest 
fro 
of ¢ 
and 
sho} 
age 
Own 











en 
ve 


ral 


dle 


nic 
en, 
3 is 
| or 
b is 
t it 
nce 
and 
tral 
will 
ical 


the 
ects 
lica- 
eeds 
nists 
ance 
itish 
the 
lack 


yther 
For 
vital 











45 


their publications rather than go to the great Societies in other 
countries. 

“Then, ladies and gentlemen, we need here in London a meeting 
ground for chemists and industrialists from all parts of the Empire. 
The chemist or industrialist working in distant parts of the Empire 
takes his leave sooner or later and comes to London. At present 
there is no central building where he can consult with engineers 
and chemists working on lines similar to his own, although it is 
vital to him that‘he should be able to do so. From that point of 
view alone it is important that we should have a central building 
and a central library. For the chemist living and working in 
London the advantages of the scheme are obvious, but they are 
no less great to the chemists who live and work in the provinces, 
and who form the greater part, probably, of the members of the 
Society of Chemical Industry, and no doubt also of the Chemical 
Society. It is of great importance that there should be a central 
administration of our journals, leading to that reduction of costs 
and consequent reduction of subscriptions to which reference has 
been made by the President. I entirely agree with what he has 
said on that point, and its value to our members. In that con- 
nection may I say that it is with very great pleasure that I see 
Lord Colwyn not far from me. We are losing many members 
from the Society through the centralisation of factories and busi- 
nesses, because in recent years it has become the practice for the 
young research chemist to go into the Works Library and consult 
current literature in the firm’s time and at the firm’s expense. 
Speaking with experience from both sides, I think that is an utterly 
improper use of Works Libraries. The Works Library should be 
equipped with works of reference which the chemist can use in 
connection with his work, but it is the business of the young chemist 
to keep abreast of the literature of the day in his own time and 
at his own expense. I am afraid there is too much of a tendency 
now to think that when five o’clock or five-thirty comes the day’s 
work is over. Lord Colwyn and others will tell you that the chemical 
industry of this country and other countries was not built up on 
any idea of that kind. I hope, therefore, the heads of the great 
research organisations of this country will discourage chemists 
from using the Works Libraries for the purpose of reading the journals 
of the Chemical Society and of the Society of Chemical Industry, 
and encourage them to become members of those societies. I hope 
shortly there will be a joint membership, and that that will encour- 
age chemists to keep abreast of progress in their profession in their 
own time and at their own expense. 

“T have great pleasure in coupling with the toast the name of 
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Sir Arnold Wilson, the great protagonist of the scheme, though he 
only became associated with the chemical industry owing to the 
great war. Sir Arnold Wilson is one of the most interesting 
personalities in London. A soldier and a scholar—a soldier by 
profession, a scholar by instinct and inheritance—by nature a 
fighter. We are fortunate in finding him to carry through this 
scheme. I give you the toast of the ‘ Central Building,’ coupled 
with the name of Sir Arnold Wilson.” 


Str ARNOLD WILSON responded, saying : 


“May I begin by thanking Dr. Levinstein for his kindly 
personal references, and ask your permission to say a few words 
about the central building scheme ? 

** It deals with the great industries of this country—mining and 
metallurgy, chemistry, fuel, oil and rubber. Our object is to bring 
together not merely the technical societies connected with those 
great industries, but also, as tenants in the building and in the 
closest co-operation, the producing societies. We want to bring 
together not merely the chemical societies, but such organisations 
as the National Federation of Iron and Steel Manufacturers, the 
Mining Association of Great Britain and organisations of that 
character. It is my belief, speaking as a layman, that the 
economic position in this country will be facilitated by having the 
scientific and technical sides of industry more closely united with 
the manufacturing and selling sides. 

** T should like to say a word or two in defence of the young chemist. 
The truth is that the young chemist cannot afford membership of 
all these societies. I have no doubt that he is a member of one, 
but not more than one, and my hope is that when this scheme is 
developed it will not be a question of whether you can afford to be 
a member, but whether you can afford not to be a member. There 
will be a great increase in membership in the long run. 

‘“‘ This is not simply a business scheme for getting twelve societies 
together. It is much more than that. Our hope is that when 
the new building is completed science as applied to industry will 
acquire a new and improved status. You will be close to West- 
minster, in close touch with the manufacturing side and in communic- 
ation with each other. It will be no longer possible for the public 
at large to regard scientific men as a class apart. You will be far 
more closely in touch with the national life than you can be if you 
are scattered over a circuit of London almost as big as the Inner 
Circle. The effect of frequently meeting your colleagues in other 
branches of science and industry wili be of great importance. The 
fact of meeting those who have to handle the products with which 








Soe" s’ @ © = &® mM = a ht - 





1 he 
the 
ting 
by 
e @ 
this 
pled 


idly 
ords 


and 
ring 
hose 

the 
ring 
pions 
. the 
that 

the 
: the 
with 


mist. 
ip of 
one, 
ne is 
to be 
‘here 


ieties 
when 
r will 
Vest- 
unic- 
ublic 
ve far 
f you 
[nner 
other 

The 
which 











47 


you are so familiar will have a certain importance, and your proximity 
to Westminster will also have a certain importance. I hope that 
the fagade of the building will represent something of the dignity 
of science. There can be no question that, as Dr. Levinstein, 
Sir David Milne-Watson and Professor Thorpe have all said, the 
scheme will be of great value to chemistry and of great value also 
to metallurgy and the various other industries, including rubber 
and fuel, connected with the scheme. I believe the scheme will be 
of great value to the nation, because Great Britain depends as no 
other nation in the world depends upon the successful application 
of science to industry. I can say that in two or three years’ time, 
when you have this building in being, with its central library, the 
young chemist will be able to get much more for his money than 
ever before. By housing the twelve societies in one building and 
getting their libraries under one roof, it will be possible to convert 
them from reference libraries into lending libraries. That will be 
one of the benefits. Another result of co-operation and combination 
will be that the journals and abstracts will be in a form which will 
make it far easier for the young chemist, and for that matter for the 
old chemist, to find what he requires. In the new library there will 
be, I hope, a Bureau of Information, which will be able to provide 
aman with precisely what he requires in the minimum of time and 
without expense. 

“ Before I conclude my remarks, I want to thank those who have 
contributed so enormously to the initial success of this movement. 
First and foremost I should like to thank those firms and individuals 
who gave us substantial assistance and encouragement at the very 
beginning, when the whole success of the scheme hung in the balance. 
Secondly, I would say, although I should not like it to be spoken 
about outside or printed or published, that when this scheme 
began the chemists were not in it. It was not until the chemists 
came in that the scheme got a real move on. The extraordinary 
energy and enthusiasm of Professor Thorpe has resulted in the 
burden of the scheme being carried, not by me or by any individual, 
but by a little group of men who centre round Professor Thorpe. 
! am sure your imagination will be equal to evolving some 
chemical formula depicting Professor Thorpe as the embodiment of 
energy and at the same time the centre of a number of small but 
useful electrons. For all the secretarial work that has to be done, 
the hard work of getting people toyether and keeping correspond- 
ence in order is being done by your Assistant Secretary, and nobody 
else, and we owe a great debt to Mr. Carr. May I finally express my 
personal thanks, and I am sure the thanks of us all, to the news- 
papers who- have given us so much of their valuable space and so 
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much intelligence. Whenever any reference has been made to this 
scheme for a central building they have given it gratifying and 
invaluable prominence. They did it, I believe, because they 
regarded the project as one of public importance. We are not 
trying to do anything which has not been done before. The 
United States of America have had a similar scheme, and Germany 
has its own Chemistry House. France has had no difficulty in 
getting a grant of a million and a half francs for the construction 
of the Maison de Chimie. Our own Chancellor of the Exchequer, 
I am sure, would far sooner see this scheme developed and brought 
to a successful conclusion by the individual efforts of the members 
of the Societies concerned and of those firms who benefit from the 
activities of the Societies. Do not let us be beholden to anybody 
else. Let us feel that we have built the temple ourselves alone. 
When this scheme is completed I am sure you will look back on 
this day, when for the first time your President has mentioned 
it and it has appeared on the Toast List, as being a memorable 
occasion.” 


Mr. A. CHaston CHAPMAN proposed the toast of the guests. He 
said : 


“We cannot allow our guests to leave us without expressing to 
them our appreciation of the honour they have done us in accepting 
our invitation and of telling them how much they have added to 
our pleasure by their presence here to-night. I have, in a long 
experience of Dinner Committees, often heard it suggested that for 
some good reason this or that toast might be conveniently omitted, 
but never in the whole of my experience have I heard it suggested 
that the toast list should be shortened at the expense of the toast 
which it is my pleasure to present to you to-night. 

“* Much as I should like to refer individually to each of our guests, 
I feel sure you will realise that that is quite impossible, and if I 
do not, I hope that our guests will understand that this is due 
solely to pressure of time, and that we desire to extend to each 
the same friendly greeting and the same hearty welcome. 

“In the first place, I would extend to the ladies who have 
honoured us by their presence here to-night a very warm welcome. 
We hope they have enjoyed our entertainment as much as we have 
enjoyed their company. 

‘ Our list of guests is a long and very distinguished one, and it 
includes representatives of almost every branch of our science and 
of a considerable number of its more important applications. 

“In Lord Colwyn we welcome one who represents, among his 
many and varied activities, a number of industries which are either 
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entirely chemical or in which chemical science plays an all-important 
and ever-increasing part. I think it may safely be said that there 
are very few persons who are better able to appreciate all that 
chemistry means to industry than Lord Colwyn, and, I may add, 
Sir David Milne-Watson, whom we are also happy to have with us 
to-night. Unfortunately, Lord Melchett was not able to accept 
our invitation to be present. If he had been here we should have 
had an illustrious trio. 

“We have with us the reigning Presidents and other officers of 
a number of scientific and technical societies and institutions, 
many of which are constituent organisations in connection with 
our appeal for a central building devoted to chemistry. All these 
we are happy to welcome, not merely as our official guests, but 
also as our personal friends and colleagues, and I should like 
especially to refer to one of the latest of our Honorary Fellows, 
Sir William Bragg, Director of the Royal Institution, and friend of 
us all. 

“Sir Frederick Hopkins and Prof. Harden come to us with the 
Nobel laurels fresh upon their brows. We are happy that these 
fellow-countrymen and old friends of ours should have received 
this high award, and we are especially gratified that the honour 
should have been paid to the representatives of one of the youngest 
branches of our science, but which is rapidly becoming one of the 
most important. 

“The City Companies are represented by Lord Wargrave, the 
Prime Warden of the Goldsmiths’ Company, and we are happy too 
to have with us representatives of the Civil Service and of Govern- 
ment Departments, as well as some leading Captains—or perhaps 
I ought rather to say Field-Marshals---of industry. To all these 
gentlemen I desire to offer on behalf ~ the Society a very hearty 
welcome, and to tell them how greatly we appreciate their presence 
with us to-night. 

“On an occasion such as this we feel that our table is never 
complete unless we have with us one or more of our foreign col- 
leagues. To-night we are very happy to be able to welcome Prof. 
von Hevesy. Not to everyone is it given to discover a new element, 
but this and other outstanding contributions which Prof. von 
Hevesey has made to chemical science are so well known to you 
that any further reference is quite unnecessary, even if this were 
an appropriate occasion. I will content myself with saying that 
we consider ourselves very fortunate that Prof. von Hevesy, 
who is representing the Deutsche Chemische Gesellschaft, should 
have found it possible to dine with us to-night, and we desire to 
welcome him not only as a very distinguished colleague, but as one 
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who knows us well and who numbers many Englishmen among 
his personal friends. We hope he will take back with him very 
pleasant memories of his visit. 

“We welcome in Mr. C. A. Hill one who has rendered yeoman 
service to chemical industry. Mr. Hill is an old friend of most of 
us, and all who know him will agree that he combines in his person 
the qualities of a man of science with those of an outstanding 
organiser and administrator, a combination which is by no means 
very common. The fact that Mr. Hill is Vice-President of the 
Association of British Chemical Manufacturers is sufficient evidence 
of the position he occupies in the world of manufacturing chemistry, 
and I should just like to express to him the gratitude which all 
chemists must feel for the very active part he played in connection 
with the manufacture of fine chemicals. He has done, in fact, 
very much to render us to a great extent independent of foreign 
analytical and research chemicals. 

** We hope that all our guests have spent a very pleasant evening, 
and I ask you to drink to their healths.” 


PrRoFEssoR Dr. GEORG VON HEVEsy, responding, said : 


“IT want to thank you, Mr. President, and the Council of your 
Society, most warmly for your kind invitation. I have spoken to 
a number of my friends in Germany about this occasion, and they 
were all unanimous that no Society could arrange so well a festive 
gathering. Every foreign visitor comes to such a gathering as this 
with the greatest pleasure. Whenever I have asked my friends 
who have been to London what struck them most, the answer has 
always been that in London they saw the capital of Parliamentarian- 
ism. There were some who associated London with the great 
financial centre of the world, but I, in coming to London, think of 
the great British chemists. It is unnecessary to recall that the 
German Chemical Society was founded on exactly the same lines as 
your own Society, and I was asked by the President and Council of 
my Society to bring you their best greetings and their most sincere 
wishes for your future. The recent visits of Sir Ernest Rutherford 
and of your President and Senior Secretary were a source of especial 
pleasure and gratification to us. You have had great names in the 
past—Sir William Ramsay, Professor Perkin and others—but no one 
perhaps who did so much for the fundamental interest of chemistry 
as Sir Ernest Rutherford. I am sure that the Chemical Society 


will maintain its great traditions.” 
Mr. Cuarues A. Hit1, who also responded, said : 
‘“* More than one of the speakers to-night has referred to the part 
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which chemical manufacturers play in the industrial world to-day. 
I have been privileged within the past week to be present as a 
humble spectator and listener at a discussion on chemical catalytic 
reactions under high pressure, and no one who heard that dis- 
cussion could have been left in any doubt as to the essential ‘ one- 
ness’ of the problem of the fundamental nature of all chemical 
reactions. As contributors to the discussion, we had scientific pro- 
fessors recounting their work in their laboratories, chemical indus- 
trialists tackling the same problems in large-scale operations. No 
one can doubt that there is only one chemistry, and that is chemistry. 
On behalf of chemical manufacturers I would say that we under- 
stand the debt which the present generation owes, and that all 
posterity will owe, to scientific discoverers; and we also appreciate 
the part which you, Mr. President, Sir Arnold Wilson, and the 
other prime movers or lubricants or whatever they are are playing 
in the project for Central House. That project, when it is accom- 
plished, will, we trust, help to abolish the artificial barrier which 
has existed for too long between what is called ‘ pure chemistry ’ 
and what is called ‘ applied chemistry.’ May I, on behalf of the 
guests, express our deep appreciation of the hospitality which you 
have extended to us this evening and our gratitude for your kindly 
thought in welcoming us by a special toast ?”’ 





Ordinary Scientific Meeting, Thursday, April 3rd, 1930, at 8 p.m., 
the President, Professor J. F. THorrn, C.B.E., D.Sc., F.R.S., in 
the Chair. 


The PRESIDENT referred to the loss sustained by the Society, 
through death on March 26th, of Frederick William Tompson, who 
was elected a Fellow of the Society on February 26th, 1884. 

It was announced that the following Committees for 1930-1931 
had been appointed by the Council : 

Finance Committee: J. L. Baker, F. P. Dunn, C. A. Hill, E. S. 
Mond, J. C. Philip, F. L. Pyman, W. Rintoul, and the Officers 
(Treasurer as Chairman), with the Assistant Secretary as Secretary. 

House Committee : J. L. Baker, Sir Herbert Jackson, Sir William 
J. Pope, Sir Robert Robertson, Alexander Scott, J. M. Thomson, 
and the Officers, with the Assistant Secretary as Secretary. 

Library Committee: J. J. Fox, T. A. Henry, J. R. Partington 
(Chairman), S. W. Smith, J. F. Spencer, H. Terrey, and the Officers, 
together with representatives of contributing Societies, with the 
Librarian as Secretary. 
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Publication Committee: H. Bassett, G. M. Bennett, H. V. A. 
Briscoe, H. M. Dawson, A. C. G. Egerton, J. J. Fox, A. J. Greenaway, 
W.N. Haworth, T. A. Henry, J. T. Hewitt, C. N. Hinshelwood, C. K. 











Ingold, J. Kenyon, H. King, W. H. Mills, J. C. Philip, F. L. Pyman, TI 
E. K. Rideal, R. Robinson, N. V. Sidgwick (Chairman), J. L. | ® 
Simonsen, 8. Smiles, 8. Sugden, and the Officers, with the Editor as M 
Secretary. de 
Research Fund Committee: A. J. Allmand, J. E. Coates, W.N. | 

Haworth, I. M. Heilbron, G.G. Henderson,C. K. Ingold, A. Lapworth, is 

W. H. Mills, Sir Robert Robertson, N. V. Sidgwick, and the Officers, | Se 

with the Assistant Secretary as Secretary. 

th 
Forms of Recommendation for Fellowship were read for the first 
time in favour of : on 

Colin Henry Beale, B.Sc., 22, South Street, Dorchester, Dorset. th 

Frederick Howard Brain, B.A., B.Sc., 63, Maids Causeway, Cambridge. On 

Erich Clar, Dr. Ing., Via G. Colombo 81, Milan, Italy. | 

Joseph Needham Kilby, Wildfell, Morthen, Thurcroft, Rotherham. at 

Kozo Miki, University College, Gower Street, W.C.1. 

Cedric Burton Radcliffe, M.Sc., 46, Carlton Gore Road, Auckland, New | pre 
Zealand. | Co: 

The following form of recommendation for Fellowship has been 

authorised by the Council for presentation to ballot under Bye-Law | 3 

I (2): 7 

Ratilal Maneklal Gandhi, Bansda, Bombay Presidency, India. Pe 

The following papers were read : } ™ 

“The essential oil of Backhousia Angustifolia. Part II. The 
isolation of naturally occurring $-diketones; angustione and | 
dehydroangustione.”” By C. 8. Grsson, A. R. PENFOLD, and | 20t 
J. L. SIMONSEN. pay 

“ Attempts to prepare cyanine dyes from quaternary salts of 2- | wh: 
methylacenaphthpyridine and of ms-methylacridine.” By | “§ 
(Miss) F. M. Hamer. 

“The production of fog in the neutralisation of alkali with hydrogen | “T 
halides. Part II. The significance of the presence of am- 
monia.”” By R. W. Apis and J. C. Pamir. 

‘“* 10-Chloro-5 : 10-dihydrophenarsazine and its derivatives. Part | “Ty 


XII. Absorption spectra.””’ By C.S. Grsson, E. 8. H1scocks, 
J.D. A. Jonnson, and J. L. Jonzs. 
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THE FARADAY LECTURE. 


The Faraday Lecture, entitled “Chemistry and the Quantum 
Theory,” will be delivered by Professor Dr. Niels Bohr, For. Mem. 
R.S., at the Salters’ Hall, St. Swithin’s Lane, E.C.4, on Thursday, 
May 8th, 1930, at 5.30 p.m. (by kind permission of the Master, War- 
dens, and Court of the Salters’ Company). 

Admission will be by ticket only. The seating accommodation 
is limited, and Fellows should apply without delay to the Assistant 
Secretary, Chemical Society, Burlington House, Piccadilly, W.1. 
Applications for more than one ticket will be dealt with in the order 


_ they are received. 


first 


New 





RESEARCH FUND COMMITTEE. 


A meeting of the Research Fund Committee will be held in June 
next. Applications for grants, to be made on forms obtainable from 
the Assistant Secretary, must be received on or before Monday, June 
2nd, 1930. Applications from Fellows will receive prior consider- 
ation. 

All persons who received grants in June, 1929, or in June of any 
previous year, whose accounts have not been declared closed by the 


| Council, are reminded that reports must be returned by June 2nd. 
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Attention is drawn to the fact that the income arising from the 
Donation of the Worshipful Company of Goldsmiths is to be more 
or less especially devoted to the encouragement of research in In- 
organic and Metallurgical Chemistry, and that the income from the 
Perkin Memorial Fund is to be applied to investigations relating to 
problems connected with the Coal Tar and Allied Industries. 





List of Papers, or Abstracts thereof, received between March 
20th and April 3rd, 1930. (This List does not include the titles of 
papers which have been read at an Ordinary Scientific Meeting, or 
which have appeared in the Journal.) 


“Some aromatic arsenic compounds containing nuclear sub- 
stituent sulphur groups.” By H. J. BARBER. 

“The constitution of santonin. Part II. The synthesis of racemic 
desmotroposantonin.” By G. R. CLiemo, R. D. Haworrs, and 
E. WALTON. 

“The scission of diaryl ethers and related compounds by means of 
piperidine. PartIV. Elimination of halogen atoms and scission 
reactions during substitution processes.”” By D. L. Fox and 

E. E. TURNER. 
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“ Ortho- and meta-derivatives of simple alkylphenyl-ketones.” 
By L. A. Exson, C. 8. Grsson, and J. D. A. Jounson. 

“The syntheses of glucosides. Part IV. Alizarin glucoside.” 
By A. RoBERTSON. 

“* Some derivatives of m-xylene.” By E.G. Boyce, W. P. Ranking, 
and A. ROBERTSON. 

“The co-ordination compounds of oximes.” By O. L. BRapy and 
M. M. MuErs. 

“‘ The formation of phenoxazines.”” By O. L. Brapy and C. WALLER. 

‘““The mechanism of the formation of benziminazoles.”” By M. A. 
PHILLIPS. 

“The polysulphides of the alkalimetals. PartI. Sodium. PartI.” 
By T. G. Pearson and P. L. RoBInson. 

‘“‘ The preparation of some diphenyl ethers.” By R. V. HENLEY. 

“‘ Conversion of hydroaromatic into aromatic compounds. Part IV. 
The influence of the nitro-group in phenyldihydroresorcinol.” 
By L. E. Hiker and J. F. J. Dippy. 

‘‘ A general (exact) equation to the potentiometric titration curve.” 
By B. CavanacH. 

‘* Studies of electrolytic polarisation. PartIX. Complex cyanides: 
zinc, cadmium, and mercury.” By 8S. GLASSTONE. 

‘“‘ The preparation of compounds analogous in structure to sulphinic 
acids but containing p-toluenesulphonimido-groups in place of 
oxygen atoms. Phenyl and methyl p-toluenesulphonimido- 
sulphine-p-toluenesulphonylimines.” By S. G. Ciarkg, J. 
Kenyon, and H. PHiiies. 

‘‘Glucosides. Part III. The abnormal replacement of halogen in 
glucosyl halides : the formation of 6-glucosides from #-glucosyl 
chlorides.”” By W. J. HicKINBOTTOM. 

‘‘ The influence of dissolved salts on the mutual miscibility temper- 
ature of liquid systems. Part I. The systems—water with 
(a) n-butyric acid, (b) isobutyric acid, (c) phenol.” By W. H. 
PATTERSON. 

“ The solubilities of nitrophenols in aqueous ethyl-alcoholic solutions. 
Indications of aleohol-water complexes.” By J. C. Durr and 
E. J. BILLs. 





ADDITIONS TO THE LIBRARY. 
I. Donations. 


Crrcrez, Vase Tu. Recherches sur |’ether aminomalonique 
et quelques-uns de ses dérivés. Lyon 1929. pp. 173. (Reed. 
10/3/30.) From the Author. 
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CuamMoT, EmmLe Monnin, and Mason, CtypE Waiter. Hand- 
book of chemical microscopy. Vol. I. Principles and{use of micro- 
scopes and accessories. Physical methods for the study of chemical 
problems. New York 1930. pp. xiv + 474. ill. 22s. 6d. net. 
(Recd. 17/3/30.) 

From the London Publishers : Messrs. Chapman & Hall. 

CuaPLeT, A. Ou en est la chimie industrielle? Paris 1928. 
pp. viii + 288. ill. 25 fr. (Recd. 21/3/30.) 

Cottoip Symposium ANNUAL. (Formerly Colloid% Symposium 
Monograph.) Papers presented at the 7th Symposium on Colloid 
Chemistry, Johns Hopkins University, June 1929. New York 
1930. pp. viii + 300. ill. 22s. 6d. net. (Recd. 17/3/30.) 

From the London Publishers : Messrs. Chapman & Hall. 

Dupont,G. Les essences de térébenthine. Paris 1926. pp. 332. 
il. 24 fr. (Reed. 21/3/30.) 

FRIMAUDEAU,S. La soudure électrique a l’arc métallique. Paris 
[1924]. pp. vi+ 135. ill. (Recd. 21/3/30.) 

Gzeproiz, K. K. Chemische Bodenanalyse. Translated from 
the Russian by L. Fruy. Berlin 1926. pp. xii + 245. WM. 12. 
(Reed. 21/3/30.) 

MezcreR, Ropert, and Pistor, Friepricu. Die Reaktions- 
fahigkeit des Kokses. Ihre Ursachen, alte und neue Wege zu ihrer 
Bestimmung. Halle (Saale) 1927. pp. viii+88. ill. (Recd. 21/3/30.) 

MILLIs, CHARLES THomas. Technical education, its development 
and aims. London 1925. pp. viii + 183. 6s. net. (Recd. 21/3/30.) 

Mouitor, Herricn. Die Fabrikation der Soda. Leipzig 1925. 
pp. xvi-+ 231. ill. M. 11.60. (Reed. 21/3/30.) 

MuLLEeR, Ericu. Die elektrometrische Massanalyse. Dresden 
1921. pp. vili+ 110. ill. (Reed. 21/3/30.) 

OrcaNic SYNTHESES: an annual publication of satisfactory 
methods for the preparation of organic chemicals. Vol. X. New 
York 1930. pp. viii-+ 119. ill. 8s. 6d. net. (Recd. 17/3/30.) 

From the London Publishers : Messrs. Chapman & Hall. 

RipgaL, SaMuEL, and associates. The carbohydrates and 
alcohol. London 1920. pp. xvi+ 219. ill. 12s. 6d. net. (Recd. 
21/3/30.) 

Smirn, Paut I. Glue and gelatine. London 1929. pp. x + 
162. ill. 8s. 6d. net. (Recd. 21/3/30.) 

Stzmver, O. Industrie der Fette und Seifen. Dresden 1925. 
Pp. vili + 83. M.4. (Reed. 21/3/30.) 

Warez, Joun C. The chemistry of the colloidal state: a text- 
book for an introductory course. New York 1930. pp. xiv + 313. 
ill. 18s. 6d. net. (Recd. 17/3/30.) 

From the London Publishers : Messrs. Chapman & Hall. 
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Il. By Purchase. 

AupEN, Harotp ALLDEN. Suiphuric acid and its manufacture, 
London 1930. pp. viii + 231. ill. 16s. net. (Recd. 20/3/30.) 

Burstrix, Huao. Untersuchungsmethoden der Erdélindustrie 
(Erdél, Benzin, Paraffin, Schmierédl, Asphalt usw.) Berlin 1930. 
pp. xii + 300. ill, M.22. (Recd. 11/4/30.) 

DANIELS, FarRiIncTon, MatHews, J. Howarp, and WILLiaMs, 
JoHN WaRREN. Experimental physical chemistry. New York 
1929. pp. xvi + 475. ill. 17s. 6d. net. (Recd. 20/3/30.) 

DrerericH, Kart. Analyse der Harze, Balsame und Gumni- 
harze. 2ndedition. By Ericu Stock. Berlin 1930. pp. x + 456. 
ill. M.44. (Recd. 11/4/30.) 

Eprer, Joser Maria. Ausfiihrliches Handbuch der Photo. 
graphie. Vol. III. Part 4. Die Sensitometrie, photographische 
Photometrie und Spektrographie. 3rd edition. Halle (Saale) 
1930. pp. xvi+ 612. ill. M. 44.50. (Reed. 26/3/30.) 

Fréuice, Gustav, SpérreL, WALTER, and TANzzER, Ernst, 
Wollkunde. Bildung und Eigenschaften der Wolle. Berlin 1929, 
pp.x +419. ill, M. 54. (Recd. 26/3/30.) 

Preaw, Fritz. Die quantitative organische Mikroanalyse. 3rd 
edition. Berlin 1930. pp. xii+ 256. ill, M. 20. (Reed. 
11/4/30.) 

RasrnowitscH, Eveen, and Tuto, Ericu. Periodisches Sys- 
tem. Geschichte und Theorie. Stuttgart 1930. pp. xii + 302. 
ill. M.29. (Reed. 26/3/30.) 

Rioz, JamgEs. Introduction to statistical mechanics for students 
of physics and physical chemistry. London 1930. pp. x + 333. 
18s. net. (Recd. 20/3/30.) 

ScuimmMeL, ALFRED. Meta!lographie der technischen Kupfer- 
legierungen. Berlin 1930. pp. vi+ 142. ill. M. 20.50. (Reed. 
11/4/30.) 

Taurow, Wiity H. English-German and German-English 
dictionary of chemistry. Part I. English-German. Berlin 1929. 
pp. viii + 261. (Reference.) 14s. net. 

Wetrzien, WitHELM, with the collaboration of Kurt Gérzz. 
Chemische und physikalische Technologie der Kunstseiden. Leipzig 
















1930. pp. xx +521. ill. M.45. (Reed. 13/3/30.) 
WitsteNFELD, Hermann. Lehrbuch der Essigfabrikation. 
Berlin 1930. pp. xvi + 403. ill. M. 26. (Reed. 11/4/30.) 
ZAPOLEON, L. B. Inedible animal fats in the United States: 
considered with special reference to sources of animal waste, the 
rendering industry, municipal reduction, and some effects of meat 
inspection. California 1929. pp. xvi+ 353. 20s. net. (Reed 





25/2/30.) | 
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time in favour of : 


Edmund David Patrick Barkworth, 
B.A. 

Paul Borg. 

Norah Janet Broadway, B.Sc. 

Reginald Henry Coysh, M.Sc. 

Negoita Danaila. 

John Henry Daniels. 

Lionel Stuart Davis. 

Dorothy Mary Diamond. 

William Francis, F.I.C. 

Louis Robert Hickson, B.Sc., A.I.C. 





cation. 


Ivor Lloyd. 

George George Longinescu. 

Samuel Marion McElvain, 
Ph.D, 

Arthur William Middleton, B.Sc. 

Wilfred Morley Morgans, B.Sc, 

Margaret Mary Murray, M.Sc. 

Homi Ruttonji Nanji, B.Sc. 

William Dales Oldham. 

Wilfred Beaumont Orr, D.Se., Ph.D. 


M.A., 





Mar. 7th, 1872. 
Dec. 6th, 1906. 
April 17th, 1890. 


Forms of Recommendation for Fellowship were read for the first 


PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


‘ Ordinary Scientific Meeting, Thursday, May Ist, 1930, at 8 p.m., 
Professor J. F. Toorrr, C.B.E., D.Sc., F.R.S., President, in the 


The PRESIDENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
Dec. 10th, 1929. 
Feb. 6th, 1930. 


Mar. 22nd, 1930. 


Syed Zahoorul Hassan, Banwari Jola, Patigali, Patna City. 

David James Gibbs Ives, B.Sc., A.R.C.S., 80, Wildwood Road, N.W. 11. 

Frederic Samuel Kernick, Messrs. Kernick & Son, Ltd., Cardiff. 

Archibald Alexander Neil, M.A., D. és. Se., c/o Mrs. Francis, 45, Barrington 
Crescent, Yarm Lane, Stockton-on-Tees. 

Ernest Adam Wagstaff, B.Sc., 233, Woodborough Road, Nottingham. 


Dr. H. Burton and Dr. D. C. Jones were elected Scrutators and 
a ballot for the election of Fellows was held. The following were 
subsequently declared elected as Fellows. 


Donald Price, A.B., M.A., Ph.D. 

Pundi Ranga Ramanujam, B.A. 

William Edward Raybould, B.Sc., 
A.L.C. 

Charles Benjamin Walter Richard- 
son, B.Se. 

Robert Chester Roberts, M.A., Ph.D. 

Vinayak Yeshwant Shewade, B.Sc. 

Foster Dee Snell, B.S., A.M., Ph.D. 

Walter Frederick Thorne, B.Sc. 

Frederic Eric Tomkinson, B.Sc., M.A. 

Allan Coley Waine, B.Sc. 

Eric Walton, M.Sc., Ph.D. 

Ronald Southern Walton, B.Sc. 

Albert Ernest Roberts Westman, 
M.A., Ph.D. 

Alfred Harold Whitaker. 

Robert David Williams, M.Sc. 

James Williamson. 

Eric Ernest Thomas Young. 
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The following papers were read : 


“Orientation effects in the diphenyl series. Part VIII. The 
nitration of 4 : 4’-difluorodiphenyl.” By R. J. W. Le Févnrg 
and E. E. TuRNER. 

“The scission of diaryl ethers and related compounds by means of 
piperidine. Part IV. Elimination of halogen atoms and 
scission reactions duriag substitution processes.’”’ By (Miss) 
D. L. Fox and E, E. Turner. 

“ The critical solution temperature of the system methyl] alcohol- 
cyclohexane as a means of detecting and estimating water in 
methyl alcohol.”” By D. C. Jongs and 8S. AMSTELL. 

“The mechanism of, and constitutional factors controlling, the 
hydrolysis of carboxylic esters. Part III. The calculation of 
molecular dimensions from hydrolytic stability maxima.” By 
C. K. INGoup. 





Extra meeting held on Thursday, May 8th, 1930, at 5.30 p.m., at 
the Salters’ Hall, St. Swithin’s Lane, E.C. 4, Professor J. F. THorrz, 
C.B.E., D.Sc., F.R.S., President, in the Chair. 


The PREsIDENT called upon Professor Dr. Niels Bohr, of Copen- 
hagen, to deliver the fourteenth Faraday Lecture, entitled 
“Chemistry and the Quantum Theory.” At the conclusion of the 
lecture, the PRESIDENT presented the Faraday Medal to Professor 
Bohr, and then asked Sir Ernest Rutherford, P.R.S., to propose a 
vote of thanks to the Lecturer. This was seconded by Professor 
F. G. Donnan, and carried with acclamation, Professor Bohr making 


brief acknowledgment. 


The PRESIDENT expressed the thanks of the meeting to the Master, 
Wardens, and Court of the Salters’ Company for the privilege of 
holding the lecture in the Salters’ Hall. 





Ordinary Scientific Meeting, Thursday, May 15th, 1930, at 8 


p-m., Professor J. F. Taorpe, C.B.E., D.Sc., F.R.S., President, inf 


the Chair. 


The PrEsIpENT referred to the loss sustained by the Society, 
through death, of the following Fellows :— 
Elected. Died. 


Edward Greenhill Amphlett ............ March 5th, 1885. May 4th, 1930. 
Ayerst Henham Hooker ...............+++ Feb. 7th, 1878. May 6th, 1930. 
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The following were formally admitted Fellows of the Chemical 
Society : F.M. E. Shepherd, G. R. Shutt, R. H. Coysh, F. G. Lamont. 

Forms of Recommendation for Fellowship were read for the first 
time in favour of :— 


John Goldie Breckenridge, B.Sc., Emmanuel College, Cambridge. 

Robert Forsyth, M.Sc.Tech., Ph.D., 3, Epperstone Road, West Bridgford, 
Nottingham. 

Harold Livesey, B.A., Campbell College, Belfast. 

Shrinivas Gangadhar Pant, Ogalevadi, Aundh State, District Satara, Bombay 
Presidency. 


The following forms of recommendation for Fellowship have been 
authorised by the Council for presentation to ballot under 
Bye-Law I (2) :— 

Vasile Théodore Cerchez, D. és. Sc., L’Ecole Polytechnique, Bucarest. 
Albert Edison Miller, B.S., 229, Sinclair Place, Westfield, N.J., U.S.A. 


Philip Triest Sharples, A.B., Haverford, Pennsylvania, U.S.A. 
Peter Carter Speers, B.Sc., Napier Road, Lahore, India. 


The following papers were read : 


“ Adsorption by silicic acid gel in the system n-butyl alcohol- 
benzene.” By D. C. Jones and L. OurripGE. 

“On the dielectric strength of some explosive mixtures containing 
carbonic oxide.”” By B. W. Braprorp and G. I. Fincu. 

“The system cyclohexanol and water.” By N. V. Sipa@wick and 
L. E. Sutton. 

“Studies in complex salts. Part III. The effect of alkyl sub- 
stitution on the stability of the dimalonatocupriate ion.” By 
H. L. Riey. 





List of Papers, or Abstracts thereof, received between April 3rd 
and May 15th, 1930. (This List does not include the titles of papers 
which have been read at an Ordinary Scientific Meeting or which 
have appeared in the Journal.) 


“The solubility of neodymium sulphate in water and in sulphuric 
acid solutions at various temperatures. A new hydrate.” 
By J. A. N. Frrenp. 


“Investigations of the olefinic acids. Part II. Preliminary 


observations on the occurrence of spontaneous tautomeric 
change at temperatures near the boiling point.” By R. P. 
LINSTEAD. 
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‘“‘ On phenylacetaldehyde.” By J. R. Pounn. 

‘“* A note on some properties of benzaldehyde.”’ By J. R. Powunn, 

‘“* Dehydro-2-naphthol sulphone.” By L. A. Warren and §. 
SMILES. 

“‘ The lower trialkyl orthophosphates. Part I.” By D. P. Evans, 
W. C. Davigs, and W. J. Jonszs. 

“The reaction between aminophenylarsinic acids and carbon 
disulphide.” By J. G. EVERETT. 

*“‘ The synthesis of meso-alkyl and meso-aryl anthracene derivatives, 
Part VII.” By E. pe B. Barnett and N. F. Goopway. 

‘** The space-configuration of the trithioacetaldehydes.” By F. D. 
CuatTaway and E. G. KELLETT. 

* The physical identity of enantiomers.” By A. N. CAMPBELL and 
F. C. GARROW. 

‘* Determination of the reactivity of a coke to steam and carbon 
dioxide.”” By A. Kry and J. W. Coss. 

** Chrysogene.”” By A. RussELL. 

* Attempts to find new antimalarials. Part V. Some piperidino- 
and piperazino-derivatives of quinoline.”” By W. O. Ker. 
MACK and J. F. Smiru. 

“‘ Studies in the reactivity of aromatic hydroxyl groups. Part I.” 
By H. L. Bassett. 

“The sulphonation of m-chlorophenol and some new halogeno- 
phenols.” By H. H. Hopeson and A. Kersuaw. 

“Colloidal platinum. Part VII. The effect of electrolytes upon 
the cataphoretic velocity of platinum particles and its bearing 
on stability.” By S. W. Pennycvuick. 

“The dissociation constants of quinine, cinchonine, and cinchon- 
idine.” By E. B. R. PripEavux and F. T. WINFIELD. 

“‘ A simple electrically controlled thermostat.”” By J. A. CRANSTON. 

*“ The alkaloids of ergot. Part I.” ByS.Smrrx and G. M. Troms. 

“‘ The influence of a soluble fluoride on the corrosion of iron.” By 
A. W. CHAPMAN. 

“ Electrical conductivity of solutions in phenol.” By R. M. 
Do.sy and P. W. RosBertson. 

“The properties of aminophenols. Part I. The interaction of 
o-benzylideneaminophenol and acid chlorides.” By F. BEL. 

“ The nitration of substituted benzaldehydes and the stability of the 
aldehyde group.” By H. H. Hopeson and E. W. Sirs. 

“ Pyrolysis of diazoamino-p-toluene.” By G.T, Morean and L. P. 
WALLS. 


“Heterocyclic systems containing selenium. Part III. cyclo § 


Selenopropane.” By G. T. Morcan and F. H. Bursratt. 
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the formation of 4-hydroxy-1-phenyl-5-methylpyrazole.” By 
F. D. Caatraway and H. Irvine. 

“The vapour pressure of nickel carbonyl.” By J. S. ANDERSON. 

“The mechanism of cyanoacetamide and cyanoacetic ester con- 
densations. A reply.” By J. C. BarpHan. 

“Organic antimonial compounds. Part II.” By W. J. C. Dyke 
and W. J. JONEs. 

* The application of a new type of triode valve to the determination 
of hydrogen-ion concentration with glass electrodes.” By 
G. B. Harrison. 

“The constitution of some organic derivatives of thallium.” By 
N. V. Sipewick and L. E. Surron. 

“Complex formation amongst the nitrates. Part II. The ternary 
system phenol-silver nitrate—water.”” By C. R. Barry. 

“The period of induction of the reaction between ammonium 
sulphide and formaldehyde solutions.” By R. W. J. Lz FEvRE 
and (Miss) M. Macieop. 





FORMS OF RECOMMENDATION FOR FELLOWSHIP. THE 
BALLOT WILL BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, JUNE 19th, 1930. 


BEALE, Cotin Henry, 22, South Street, Dorchester, Dorset. British. 
Demonstrator in Chemistry, University College, Southampton. B.Sc. 
(Lond.), Hons. Chem. Research Student. (Signed by) D. R. Boyd, A. I. 
Vogel, H. H. Hatt. 

Brain, FREDERICK Howarp, 63, Maids Causeway, Cambridge. British. 
Research Student. B.A. Cambridge; B.Sc. London. Class I in Parts I 
and IT, Natural Sciences Tripos. Engaged in research in organic chemistry 
in University Chemical Laboratory, Cambridge. (Signed by) W. J. Pope, 
W. H. Mills, P. Maitland. 

BRECKENRIDGE, JOHN GOLDIE, Emmanuel College, Cambridge. British. 
Research Student. B.Sc., University of Toronto, Canada. Third year 
research student in organic chemistry in University Chemical Laboratory, 
Cambridge. (Signed by) Peter Maitland, F. G. Mann, R. E. D. Clark. 

Ciar, Ertcu, Via G. Colombo 81, Milan, Italy. Austrian Czecho-slovakian 
citizen. Chief Chemist of Institute of Organic Chemistry, “Istituto di 
Perfezionamento in Chimica Industriale Giuliana Ronzoni.’’ Dr.-Ing., 
Dipl.-Ing. (Dresden). Formerly assistant to Professor R. Scholl at the 
Institut fiir Organischen Chemie der Technische Hochschule, Dresden, 
Germany. Publications: Berichte, 1929, 62, 350, 940, 950, 1574, 3021; 


b 1930, 68, 112, 512. (Signed by) G. T. Morgan, J. W. Cook, E. de Barry 
t Barnett. 


Forsytu, Rosert, 3, Epperstone Road, West Bridgford, Nottingham. 
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British. Research Chemist. M.Sc. (Tech.), Manchester; Ph.D. (Vict.), 
Manchester. University Demonstrator in Applied Chemistry, College of 
Technology, Manchester, 1923-24. Research Assistant to Professor of 
Applied Chemistry, University of Manchester, 1925-27. Research Chemist, 
Messrs. Boots’ Pure Drug Co., Ltd., 1927 to present time. J.C.S., 1924, 
125, 919; 1925, 127, 1659; 1926, 800, 2502, 2912; 1930, 397. (Signed by) 
Frank Lee Pyman, Reginald Child, Reginald C. Fawcett. 

Hassan, SYED Zanoorvt, Banwari Jola, Patigali, Patna City, B. & 0,, 
India. Indian. At present a volunteer at I.G. Farbenindustrie Aktien. 
gesellschaft, Germany. (Government of India’s Scholar.) Student at the 
Government Dyeing and Printing Institute, Cawnpore, India. University of 
Patna, University of Calcutta. Student at the College of Technology, 
Manchester, as Government of India’s Scholar. Volunteer at British 
Alizarin Co., Ltd., Manchester, and I.G. Farbenindustrie A.-G., Germany. 
(Signed by) Fredk. A. Mason, John K. Wood, Arthur M. Morley. 

Ives, Davip James Gipss, 80, Wildwood Road, Golders Green, N.W. 1]. 
British. Research Student. B.Sc. (Lond.); A.R.C.S. (Signed by) Jocelyn 
Thorpe, G. A. R. Kon, H. L. Riley. 

KERNICK, FREDERIC SAMUEL, Trencrom Heoldon, Whitchurch (Glam.), 
British. Manufacturing Chemist. Twelve years’ General Analytical and 
Manufacturing experience, England and France. Ten years Director, 
Messrs. Kernick & Son, Ltd., Manufacturing Chemists and Chemical Appar. 
atus Manufacturers, Cardiff, and as Designer of that firm’s special apparatus 
used in Universities at home and abroad; it is necessary to keep in touch 
with latest chemical thought. (Signed by) J. H. Duncan, D. Owen Davies, 
Ernest A. Rudge. 

Kirtsy, JosePH NEEDHAM, “ Wildfell,’’ Morthen Thurcroft, nr. Rotherham. 
British. Chief Metallurgist and Works Manager. Papers before: Iron and 
Steel Inst., 1917, 1918 (2 papers); Sheffield Engineers and Metallurgists 
(Univ.), 1917, 1929 (2 papers); Sheffield Trades Technical Societies (Univ.), 
1928, 1929, 1930 (12 papers); Sheffield Metallurgical Assoc. (Works), 1921, 
1922, 1928, 1929 (5 papers); A.M.I.Mech.E. All above papers on steel 
manufacture, defects in, chemistry of, except four, which were on gas pro- 
ducer practice. (Signed by) W. H. Hatfield, E. H. Saniter, Cecil H. Desch. 

LivEsEY, HaroLp, Campbell College, Belfast. British. Senior Chemistry 
Master. B.A., Cantab. Three years’ experience teaching Chemistry o 
University Scholarship standard. (Signed by) W. G. Palmer, A. J. Berry, 
Harold A. Scarborough. 

Miki, Kozo, University Coilege, Chemical Department, Gower Street, 
W.C.1. Japanese. Chemical Engineer. Doctor, Tokio Imperial Univer- 
sity, Japan. (Signed by) Robert Robinson, K. N. Menon, S. Sugasawa. 

NEIL, ARCHIBALD ALEXANDER, c/o Mrs. Francis, 45, Barrington Crescent, 
Yarm Lane, Stockton-on-Tees, Co. Durham. British. Librarian (Synthetic 
Ammonia and Nitrates, Ltd., Billingham, Stockton-on-Tees). M.A., Oxford 
(College, Merton), 1898; Diploma in Technical Chemistry, Polytechnicum, 
Zurich, 1901; D.-és-Sciences, Geneva, 1906. Science Master (two and 4 
half years). One and a half years Chemist in Bleaching and Dye Works. 
Three years Gas Works Chemist. Seven years Chemical Journalism (Brunnet 
Mond & Co., Ltd.). Since July 1920 Librarian at Synthetic Ammonia and 
Nitrates, Ltd. Thesis (Geneva, 1906): ‘‘ Recherche dans la série des 
azoxines.” ‘‘On Dinaphthalene Dioxide” (J.C.S., 1906, A., i, 356, from 
Ber., 1906, 39, 1059-60). Synthesis in ‘‘ Oxazine Group” (with F. Kebr- 
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mann), J.C.S., 1915, A., i, 303 (Ber., 1914, 47, 3102-9). (Signed by) M. P. 
Applebey, G. I. Higson, W. Idris Jones. 

Pant, SHRINIVAS GANGADHAR, Ogalevadi, Aundh State, Dist. Satara, 
Bombay Presidency, India. Indian (Hindoo Brahman). Managing Pro- 
prietor of the Aundh Soap Works, Ogalevadi. Licentiate of Chemical Tech- 
nology (L.T.C.) from Victoria Jubilee Technical Institute, Bombay, with 
oils and soaps as special subjects. Theoretical and practical experience in 
the Mysore Government Soap Factory, Bangalore, and Madras Government 
Kerala Soap Institute, Calicut. I wish to take advantage of the modern 
scientific progress by reading the Chemical Society’s journal and other pub- 
lications. (Signed by) A. K. Menon, S. G. Sastry, D. K. Rao. 

RaDcLIFFE, CepRIc Burton, 46, Carlton Gore Road, Auckland, New 
Zealand. British. Research Chemist. M.Sc. (New Zealand). Student of 
Chemistry, engaged in research work for the last three years. Publications : 
“The Essential Oil of Phebalium nudum,” by C. B. Radcliffe and W. F. 
Short, J.S.C.1., 1928, #7, 3247. ‘*The Essential Oil of Melicope ternata 
(Wharangi),’’ by C. B. Radcliffe, Trans. N.Z. Institute, 1929, 60, 251. (Signed 
by) F. P. Worley, W. Frank Short, A. H. Bowell. 

Wacstarr, Ernest ADAM, 233, Woodborough Road, Nottingham. British. 
Student. B.Sc. (London, External). Research Student, University College, 
Nottingham. (Signed by) F. S. Kipping, E. B. R. Prideaux, H. H. Barber. 


The following Forms of Recommendation for Fellowship have 
been authorised by the Council for presentation to ballot under 
Bye-Law I (2) : 


CERCHEZ, VASILE TH£opoRE, Bucarest (Roumania), Laboratoire de Chimie 
Organique de l’Ecole Polytechnique, Rue Polizu. Roumanian. Assistant au 
Lab. de Chimie Organique de l’Ecole Poly. Docteur-és-Sciences Physique 
(Dipléme d’ Etat Francais), Université de Lyon. Dipléme del’Ecole Nationale 
Sup. du Petrole de Strasbourg. Travaux scientifiques publiés: ‘“‘ Recherches 
sur la chloruration dans la série du butane,” Bull. Soc. Chim. de France, 
1925, T. 37, 1131. ‘‘ Contribution a la connaissance du raffinage chimique 
des huiles minérales,”’ Bull. Soc. Chim., 1927, T. 41, 771. ‘‘ Sur l'emploi des 
aleoolates de Mg dans la prep. des ethers-oxydes,”’ Bull. Soc. Chim., 1928, 
T. 48, 762. ‘‘ Recherches sur ]’éther aminomalonique,”’ Théses, Lyon, 1929. 
(Signed by) C. S. Gibson. 

GanpuI, RaTmaL MANEKLAL, Bansda (Bombay Presidency), India. Hindu. 
Assistant Director, Commerce and Industries, Bansda State, Bansda. Prac- 
tical Manufacturing Chemist, expert in making soap, oil paints, distemper, 
sanitary water paints, varnishes, and several pharmaceutical preparations, 
ete. (Signed by) Kantilal M. Sheth. 

Miter, ALBERT Epison, 229, Sinclair Place, Westfield, New Jersey. 
U.S.A. American. Petroleum Chemist. B.S., Chemistry, The Pennsyl- 
vania State College, U.S.A. Investigator of processes and inventions for 
Sinclair Refining Co., of 45, Nassau Street, New York City, for twelve years. 
Inventor of U.S. Patents 1,311,987, 1,714,097, and 1,646,760. Author of 
numerous technical articles in American and German periodicals. (Signed 
by) J. G. Detwiler, K. G. Mackenzie. 

SHaRPLes, Puiire Triest, Haverford, Pennsylvania, U.S.A. (Business 
address: 23rd and Westmoreland Streets, Philadelphia, Pennsylvania, 
U.S.A.). American. Centrifugal Engineer. President, Sharples Specialty 
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Co., Sharples Solvents Corporation. A.B., Swarthmore College, Swarthmore, 
Pennsylvania. Developed process for commercial production of amy] alcohols 
from pentane. Developed super-centrifuge. (Signed by) Gellert Alleman, 
Walter A. Patrick. 

Speers, Peter Carter, Napier Road, Lahore. American. Professor of 
Technical Chemistry, University of the Punjab, and Head of the Department 
of Chemistry, Forman Christian College, Lahore. B.Sc. (Princeton). (Signed 
by) N. A. Yajnik, S. S. Bhatnagar. 





ADDITIONS TO THE LIBRARY. 


I. Donations. 


CHEMICAL ENGINEERING AND CHEMICAL CATALOGUE. 6th edition. 
Edited by DupLEY Maurice Newitt. London 1930. pp. 394+ 
lvi. ill. (Reference.) 15s. net. 

From the Publishers : Messrs. Leonard Hill. 

Linc, Epcar Roserts. A text-book of dairy chemistry, 
theoretical and practical, for students of agriculture and dairying. 
London 1930. pp. viii-+ 213. ill. 68. net. (Recd. 8/5/30.) 

From the Publishers : Messrs. Chapman & Hall. 

NasInI, RaFrraE.tLo. I soffioni e i lagoni della Toscana e la 
industria boracifera. Storia, studi, ricerche chimiche e chimico- 
fisiche eseguite principalmente nell’ultimo venticinquennio. Roma 
1930. pp. xii-+ 658. ill. (Reed. 15/5/30.) 

From Prince Ginori Conti and the Author. 

Oppo, GIusEPPE. Trattato di chimica organica. Palermo 1930. 
pp. xvi + 949. ill. Z£.90. (Recd. 28/4/30.) 

From the Publisher : Signor Remo Sandron. 

RipEaL, Eric Keicutitry. An introduction to surface chemistry. 
[2nd edition.] Cambridge 1930. pp. xii + 459. 21s. net. (Reed. 
3/5/30.) From the Syndics of the Cambridge University Press. 

TRILLAT, JEAN Jacques. Les applications des rayons X. 
Physique-chimie-métallurgie. (Recueil des Conférences-Rapports 
de Documentation sur Ja Physique.) Paris 1930. pp. iv + 298. 
ill. 85 fr. (Reed. 13/5/30.) 

From the Publishers : Les Presses Universitaires de France. 


Il. By Purchase. 


Buium, Witu1am, and Hocasoom, GrorcE B. Principles of 
electroplating and electroforming (electrotyping). 2nd_ edition. 
New York 1930. pp. xvi + 424. ill. 22s. net. (Recd. 15/5/30.) 

CorsE, W. M. Bearing metals and bearings. (America 
Chemical Society Monograph Series.) New York 1930. pp. 383. 
ill. 298. 6d. net. (Reed. 15/5/30.) 
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FREEMAN, BENJAMIN, and Hoppe, FREDERICK G. Electroplating 
with chromium, copper, and nickel. New York 1930. pp. x + 212. 
ill. 21s. net. (Recd. 15/5/30.) 

Frr—END, JoHN Newton. A text-book of inorganic chemistry. 
Vol. XI. Organometallic compounds. Part ii. Derivatives of 
arsenic. By ARcHIBALD Epwin Gopparp. London 1930. pp. 
xxviii + 605. (Two copies.) 42s. net. 

MacLeoD, JOHN JAMES RickaRD, [and others]. Physiology and 
biochemistry in modern medicine. 6th edition. [St. Louis] 1930. 
pp. xxxii + 1074. ill. 42s. net. (Recd. 15/5/30.) 

MicHarELIs, Leonor. Oxidation-reduction potentials. Trans- 
lated from the German manuscript by Louts B. FLEXxNER. Phila- 
delphia 1930. pp. xiv + 199. ill. 12s. 6d. net. (Recd. 8/5/30.) 

ScHAEFER, CLEMENS, and Matossi, Frank. Der Ramaneffekt. 
(Fortschritte der Chemie, Physik und physikalischen Chemie. Vol. 
XX.) Berlin 1930. pp. iv+ 52. ill. (Reference.) 

StumPER, R. Die physikalische Chemie der Kesselsteinbildung 
und ihrer Verhiitung. (Sammlung. New Series. Vol. I.) Stutt- 
gart 1930. pp. 51. ill. (Reference.) 

THEws, EpMuND RicHarp. Metallurgy of white metal scrap 
and residues. New York 1930. pp. xiv + 383. ill. 24s. net. 
(Reed. 28/4/30.) 

Usirep StarEs STEEL Corporation. Methods... for the 
sampling and analysis of coal, coke and by-products. 3rd edition. 
Pittsburgh [1929]. pp. xiv + 334. ill. 13s. 6d. net. (Recd. 
8/5/30.) 

Wiuiams, JoHN WaRREN. Molekulare Dipolmomente und ihre 
Bedeutung fiir die chemische Forschung. (Fortschritte der 
Chemie, Physik und physikalischen Chemie. Vol. XX.) Berlin 
1930. pp. iv + 66. ill. (Reference.) 


III. Pamphlets. 


AERONAUTICAL RESEARCH CoMMITTEE. Reports and Memoranda. 
No. 1244. The influence of oxygen on corrosion fatigue. By A. M. 
Binnte. London 1929. pp. 3. ill. 

No. 1253. Report on some properties of alloys of 
aluminium with thorium and silicon. By J. D. Grocan and T. H. 
Schorretp. London 1929. pp. 12. ill. 

—— No. 1266. Experiments on flame extinction in gaseous 
mixtures. By W. Hetmore. London 1930. pp. 17. ill. 

ALPHEN, JAN VAN. Inwerking van keteenen op hydrazine- 
derivaten. Leiden 1924. pp. xii + 96. 

[AustRaLIa, COMMONWEALTH OF.] Department of Defence. 


—_——. 
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Munitions Supply Board. Knocking in internal combustion engines 
and the use of anti-knock fuels. By ALFRED Ernest Dawkxnys, 
Melbourne 1929. pp. 35. ill. 

Baupet, Henri Puitipre. Vervangbaarheid van het halogeen. 
atoom in l-chloor- en 1-broom-2-cyaan-4-nitrobenzol. Leiden 
1922. pp. 75. 

British Cast IRoN ReEsEARCH AssocIATION. Research Report 
No. 72. Recommended methods for sampling and analysis of 
foundry materials. Birmingham 1929. pp. 16. 

BRUINING, WIEBRANDUS JAN. Ketazine-, phenylhydrazon- e 
semicarbazonvorming van in de kern gesubstitueerde acetophenonen. 
Leiden 1922. pp. x + 69. 

Bunt, CoRNELIS VAN DE. Trichloor- en tetrabroom-nitro-benz. 
aldehyden hexachloor- en octabroom-indigo. Leiden 1927. pp. 
xii + 87. 

CauDRI, JOHAN FERDINAND Maurits. Over de snelheid de 
hydrolyse en alcoholyse in mengsels van twee en drie oplosmiddelen, 
Leiden 1928. pp. xii + 175. 

CormMan-NIcorest!, [JULES]. Contribution a l’étude des désin- 
fectants et du mécanisme des antiseptiques. (From the Bull. Bid. 
Pharm., 1929, 4.) 

CoHEN, BARNETT, and Pxiiuies, Max. Studies on oxidation- 
reduction. XV. Potentiometric studies of the amino indophendls: 
phenol blue, m-toluylene diamine indophenol, and o0-toluidine indo- 
phenol. (U.S. Public Health Reports, 1929, Supplement No. 74.) 

ConnECTICUT AGRICULTURAL EXPERIMENT STATION. Bulletin 
312. Thomas B. Osborne. A memorial. New Haven 1930. pp. 
[vi + 114}. ill. 

Demény, LAszi6. Aryl-sulfo-alkylamiden. Leiden 1928. pp 
xii + 135. 

DERRIEN, Evcine, and Benorr, CHartes. Porphyrines de 
calculs salivaires. (From the Arch. Soc. Sci. Med. Montpellier, 1929, 
Notes et observations sur les urines et sur quelques 
organes d’une femme morte en crise de porphyrie aigué. (From the 
Arch. Soc. Sci. Med. Montpellier, 1929.) 

DIENSKE, JOANNES WILHELMUS. Constitutiebepaling dos 
verdringing van groepen uit de benzolkern. Leiden 1929. pp, 
xii + 125. 

DixsHooRN, RupoupH Pieter. Over enkele chinolinederivaten 
Leiden 1928. pp. xii + 131. 

DusskY, J. V., and Kura8, M. Contribution a |’étude analyti 
que des réactions des oximes. (Publ. Fac. Sci. Univ. Masaryk, 19%, 
No. 114.) [In Czecho-Slovakian. French summary.] 

DusskyY, J. V., and Rasas, A. Contribution a4 |’étude des com 
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s d’addition des bases organiques avec les sels des metaux 
lourds. (Publ. Fac. Sci. Univ. Masaryk, 1929, No. 112.) [In 
(zecho-Slovakian. French summary. ] 

Exion, LzonarpD. Vorming van nevenproducten bij de diazo- 
teering volgens de methode van Witt. Leiden 1922. pp. x + 83. 

Evans, W. P. The changes produced by oxidation in the pitted 
tracheids of certain New Zealand forest trees and their significance 
in the study of coals. (From the Trans. N.Z. Inst., 1929, 60.) 

FonTEIN, CORNELIA CHRISTINA JOHANNA.  Intramoleculaire 
omzettingssnelheden bij aryl-acylhalogeenaminen. Leiden 1927. 
pp. xii + 111. 

GROENEVELD, CoRNELIS. Nitratie van naphthyl-l.-en-2. amine- 
derivaten. Leiden 1930. pp. xvi + 180. 

Hice, Gustav. X-ray studies on the binary systems of iron with 
nitrogen, phosphorus, arsenic, antimony, and bismuth. (From the 
Nova Acta Soc. Sci. Upsaliensis, 1929, [iv], 7.) 

HooGEVEEN, ANTONIUS PeEtTrRus Jacosus. Intramoleculaire 
omzettingssnelheden van naphthylacetylchlooraminen. Leiden 
1929. pp. xii + 137. 

InpIAN Lac ASSOCIATION FOR RESEARCH. Bulletin No. 2. 
Physical properties of shellac solutions. Part II. By M. Ranea- 
swami and M. Venucoratan. Calcutta 1929. pp. ii+ 17. ill. 

JANSEN, Max Petrus Jozer Marta. Over enkele in de kern 
gesubstitueerde $-phenylethyl-aminen. Leiden 1930. pp. xvi + 
121. ill. 

Joint CHEMICAL CoMMITTEE. Memorandum on British patent 
law reform. [London] 1929. pp. ii + 32. 

Kam, Eetko Jacospus VAN DER. Verwangbaarheid van het 
halogeenatoom in 2.chloor-en 2.broom-1 . 6 . 8.trinitro-naphtaline. 
Leiden 1926. pp. xii + 112. 

Kerkuor, Jacosus GERARDUS. Verdringing van atomen en 
groepen uit de naphthalinekern. Leiden 1930. pp. xvi + 204. 

KitaGaAwA, MATSUNOSUKE, and Tomiyama, Tretsvo. A new 
amino-compound in the Jack bean and a corresponding new fer- 
ment. (I). (From the J. Biochem. Japan, 1929, 11.) ill. 

KyipHorst, LAMBERTUS CaSPER EVERHARD. Nitratie van 
symmetrische aryl-alkyl-urea. Leiden 1923. pp. xii + 116. 

LancE, Marte Pieter DE. Verdringing van atomen en groepen 
uit de benzolkern. Leiden 1922. pp. xii + 109. 

Ler, JoHANNES VAN DER. Nitratie van kaneelzuurderivaten. 
Leiden 1925. pp. xii + 96. 

LEFFMANN, Henry, and Pings, CHartes C. Notes on the tests 
for isopropanol. (From the Bull. Wagner Free Inst. Sci. Phila- 
delphia, 1929, 4.) 
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Lorana, HERMANUS FRANS JosEPH. Nitratie van a.4.methoxy. 
(ethoxy)phenyl-b.ethylureum. Leiden 1927. pp. xii + 99. 

MarRTIN, ARTHUR JOHN. Sewage and sewage disposal. London 
1930. pp. 62. 

MepIcaL ResEarcH Counciz. Special Report Series, No. 1i, 
The causation and prevention of tri-nitro-toluene (T.N.T.) poisoning 
[Reported by BENJAMIN Moore.] London 1918. pp. viii + 85. 
Special Report Series, No. 58. T.N.T. poisoning and the 
fate of T.N.T. in the animal body. London 1921. pp. 88. ill. 
Special Report Series, No. 69. Reports on_ biological 
standards. I. On the physiological standardization of extracts of 
the posterior lobe of the pituitary body. By Josaua Haroxp Bury 
and Henry Hauiett Date. London 1922. pp. 52._ ill. 

Special Report Series, No. 72. The acid-base equilibrium of 
the blood. By the Hemoglobin Committee. London 1923. pp. 
70. ill. 

Special Report Series, No. 119. A study of some organic 
arsenical compounds with a view to their use in certain streptococcal 
infections. By LEonaRD CoLEBROOK. London 1928. pp. 41. ill 
Special Report Series, No. 141. The tannic acid treatment 
of burns. London 1929. By Wii11am Combe Witson. pp. 34. ill. 

MENALDA, FREDERIK ARNOLD. Quantitatief onderzoek der 
reactie van Schotten-Baumann. Leiden 1929. pp. xii + 79. 

Mrnoutic, Stanko 8. Geokemija joda. (From the Ann. Rep, 
Jugoslav. Med Soc., 1929.) 

Mruistry OF HEALTH. The purification of the water of swimming 
baths. London [1929]. pp. 52. 

Ministry OF TRANSPORT. Treatment of sulphur fumes in con- 
nection with the working of the proposed electric power station of 
the London Power Company at Battersea. Interim report of the 
advisers to the London Power Company together with the interim 
report of the Committee presided over by the Government Chemist. 
London 1929. pp. 10. ill. 

MirterR, PraFUuLLA CHANDRA. Some aspects of biochemical 
synthesis. Presidential address (chemistry section) 17th Indian 
Science Congress. Allahabad 1930. pp. 19. 

Moti, Cuartes Earz. Influence du py dans les phénoménes 
de teinture. Paris 1929. pp. 84. 

Newcoms, Cuitve. A scheme for the analysis of small urinary 
calculi.. (From the Indian J. Med. Research, 1930, 17.) 

The water-content of the heart-muscle in beri-beri colum- 
barum. (From the Indian J. Med. Research, 1930, 17.) 

Salt licks. (From the Trans: F.E.A.T.M. Tth Congress, 
1927, 3.) Calcutta 1929. 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, June 5th, 1930, at 8 p.m., 
Professor H. BrERETON BakeER, C.B.E., D.Sc., F.R.S., in the Chair. 


The CHaArRMAN referred to the loss sustained by the Society, 
through death, of the following Fellows :— 


Elected. Died. 
Charles John Baker ...........éssscocscocsesssees Dec. 6th, 1883. May 15th. 
Miahert BACGOR ..00cccccccccnesccecccccesessessseee Jan. 18th, 1872. May 26th. 


The CHAIRMAN announced that a communication had been 
received from the Committee of the Van ’t Hoff Fund for the endow- 
ment of research in pure and applied chemistry. The amount 
from this fund available for distribution during 1931 is about 1200 
Dutch guilders. 

A Committee consisting of Professor A. F. Holleman (President), 
Professor F. M. Jaeger, Professor A. Smits and Professor J. P. 
Wibaut (Secretary) has been appointed to award grants. Applic- 
ations should be sent before November Ist, 1930, by registered post 
to: “ Het Bestuur der Koninklijke Akademie van Wetenschappen, 
vestemd voor de Commissie van het van *t Hoff-funds,” Trippen- 
huis, Klovenierburgwal, Amsterdam. Every applicant is requested 
to submit a detailed account of the manner in which he proposes 
to expend the grant and to state the reasons for which he makes 
his application. Papers embodying the results of the research may 
be published in any journal, but acknowledgment must be made of 
the source of the grant. Copies of papers containing the results of 
the research must be forwarded to the Committee. 

Forms of Recommendation for Fellowship were read for the first 
time in favour of :— 


Alfred William Baldwin, Ph.D., 100, Cecile Park, Crouch End, N. 8. 

William Andrew Beattie, 11, Fraser Grove, Wardie, Edinburgh. 

Thomas Lane Harris, B.Sc., 5, Hawthorne Road, King’s Norton, Birmingham. 
Douglas William Hill, Ph.D., 33, Dunlop Avenue, Lenton, Nottingham. 
Thomas John Vernon Parry, 349, Buxton Road, Great Moor, Stockport. 
Christine Mary Pilkington, B.A., B.Sc., Somerville College, Oxford. 
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The following papers were read :— 


** The influence of a soluble fluoride on the corrosion of iron.” By 
A. W. CHAPMAN. 

“The application of a new type of triode valve to the determin. 
ation of hydrogen-ion concentration with glass electrodes.” By 
G. B. Harrison. 

“Properties of conjugated compounds. Part X. Variability in 
the mode of ester-addition to butadiene esters and ketones.” 
By E. H. Farmer and T. N. Meata. 





Ordinary Scientific Meeting, Thursday, June 19th, 1930, at 8 p.m., 
Professor J. F. Toorpr, C.B.E., D.Sc., F.R.S., President, in the 
Chair. 


The PRESIDENT made the following announcements : 


1. In connection with the formation of a Central Building Trust 
for Scientific and Technical Societies and Institutions, the Council 
had that afternoon authorised him to sign the Memorandum and 
Articles of Association on behalf of the Society, which, it was 
hoped, will become one of the Constituent Organisations of the 
Trust. 

2. The attention of Fellows is drawn to a general discussion on 
Colloid Science Applied to Biology which has been arranged by the 
Colloid Committee of the Faraday Society. The meeting will be 
held in the Laboratory of Physical Chemistry, Free School Lane, 
Cambridge, from September 29th to October Ist, 1930. 

3. The first meeting of the new Session, 1930-31, will be held on 
Thursday, October 16th, 1930, when a memorial plaque of the late 
Professor W. H. Perkin will be unveiled, and that Professor 
W. N. Haworth will deliver an oration on his life and work. 
This will be the only business of the meeting. 


Forms of Recommendation for Fellowship were read for the first 
time in favour of : 


Monmohan Chandra, B.Sc., Government High School, Ma-ubin, Burma. 
Rudolph Maximilian Goepp, Junior, B.S., Queen’s College, Oxford. 
Frederick William Hampshire, Overstrand Lodge, Overstrand, Norfolk. 


The following form of recommendation for Fellowship has been 
authorised by the Council for presentation to ballot under Bye- 
Law I (2): 


Joseph Spencer Fawcett, 186, Oxford Terrace, Christchurch, New Zealand. 


































p-m., 
n the 


Trust 
yuncil 
| and 
was 
E the 


m on 
y the 
ll be 


sane, 


d on 
late 
>ssor 
ork. 


first 


een 
3ye- 











71 


The following were formally admitted Fellows of the Chemical 
Society : E. D. P. Barkworth and N. J. Broadway. 

Messrs. F. M. Brewer and G. H. Locket were elected Scrutators 
and a ballot for the election of Fellows was held. The following 
were subsequently declared elected as Fellows : 


Colin Henry Beale, B.Sc. Joseph Needham Kilby, 

Frederick Howard Brain, B.A., B.Sc. A.M.I.Mech.E. 

John Goldie Breckenridge, B.Sc. Harold Livesey, B.A. 

Vasile Théodore Cerchez, D.-és-Sc. Kozo Miki. 

Erich Clar, Dr.-Ing., Dipl.-Ing. Albert Edison Miller, B.S. 

Robert Forsyth, M.Sc., Ph.D. Archibald Alexander Neil, D.-és.-Se. 

Ratilal Maneklal Gandhi. Shrinivas Gangadhar Pant. 

Syed Zahoorul Hassan. Cedric Burton Radcliffe, M.Sc. 

David James Gibbs Ives, B.Sc., Philip Triest Sharples, A.B. 
A.R.C.S. Peter Carter Speers, B.Sc. 

Frederic Samuel Kernick. Ernest Adam Wagstaff, B.Sc. 


The following papers were read : 


“The constitution of some organic derivatives of thallium.” By 
N. V. Smewiox and L. E. Surron. 

“ Structure of isonitriles and compounds of bivalent carbon.” By 
D. L. Hammack, R. G. A. New, N. V. Srpewick, and L. E. 
SuTTon. 

“ The constitution of complex metallic salts.” By F. G. Mann. 
“The optical resolution of 2 : 4-dinitro-2’-methyldiphenyl-6-carb- 
oxylic acid.”” By (Miss) M. 8. Lessiie and E. E. TURNER. 
“The scission of diary] ethers and related compounds by means of 
piperidine. Part V. The nitration of methyl-, dimethyl-, 
and polyhalogeno-derivatives of diphenyl ether.” By (Miss) 

D. L. Fox and E. E. Turner. 


The Council has made the following Grants from the Research 
Fund : 


£ te. @ 
Isomeric change of aromatic compounds age A. W. Chap- 
man. (Sheffield Univ.) . a « Oo 
Constitution of santonin, and ‘related problenia. G. R. “Clemo. 
(Armstrong Coll.) eee . 10 0 0 
The chemistry of aconitic acid. R. D. Desai. (Imperial Coll.)... 10 0 0 


Synthetical studies of ‘“ Jaborandi” alkaloids. ° A. N. Dey. 


(Imperial Coll.) ... ove eee one ion ove a 
Studies in glucosides. F.S.H. Head. (E. Lond. Coll.)... soo: On OF @ 
Synthesis of compounds allied to the cinchona alkaloids. Miss 

R. V. Henley. (Bedford Coll.) one oes nie w, @ & ® 
Nuclear alkylation of aromatic bases. D. H. Sa (Manchester 

Univ.) ... ios Ste 8 0 0 


Syntheses of giucosides and ‘ hydroxycarbinols. “RE. T. Jones. 
(E. Lond. Coll.) ... ae a8 43 - oie aici EF DO 
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£8 d, 
Effect of cis- and trans-hexahydrohydrindene nucleus on the 
carbon tetrahedral angle. A. Kandiah. (Imperial Coll.)... 10 0 6 








Hydroxy-carbonyl compounds. F. E. King. (E. Lond. Coll.) 12 0 0 
Three-carbon tautomerism. E.Leton. (Imperial Coll.) o-, 20 86 
Addition of esters to substituted butadiene esters and ketones. 
T. N. Mehta. (Imperial Coll.) ree 10 0 0 
Velocity of reaction and reactivity of the alkyl iodides end 
guaiacol. J. A. Mitchell. (Chelsea Poly.) . aw = 5 0 6 
The glutaconic problem. H. R. Nanji. (imperial Coll.) +. ao oe 
Substituted diaryl ethers. J. Reilly. (Univ. Coll., Cork) op, ae 
Certain lichenin derivatives related to cellulose compounds. J. 
Reilly. (Univ. Coll., Cork) ee ace 7 0 0 
Diacetamide and triacetamide as polysaccharide solvents. J. 
Reilly. (Univ. Coll., Cork)... eee 6 0 0 
Study of certain mannan derivatives. J. ‘Reilly. (Univ. Coll., 
Cork) ee “ 5 0 0 
Tautomeric changes in unsaturated hydrocarbons, Miss R. 
Schalit. (Imperial Coll.) oes 10 0 0 
Chemistry and stereoisomerism of diaryl ‘ethers. Miss F. R. 
Shaw. (Bedford Coll.) . ie oon » Wes 
A cemparative study of the * wetting ”’ ‘of glasses by metals. 
F. H. Trim. (Sir John Cass Tech. Inst.) ... oo ~ 16 0 6 
Syntheses of cyclic compounds (conid.). A. I. Vogel. " (Univ. 
Coll., Southampton) _.... — = ee 
Nitration of stilbazoles and f- spheny? ethyl- pyridines. “E. A. 
Wagstaff. (Univ. Coll., Nottingham) ‘ 5 0 0 
Studies of acids and bases in non-aqueous solvents. W. F. K. 
Wynne-Jones. (Reading Univ.) aoe pon wiles —, 2 
£235 0 0 





THE LIBRARY. 


The Library will be closed for Stocktaking from Monday, August 
4th, until Saturday, August 16th (inclusive). During the following 
four weeks (August 18th to September 13th), the Library will close 
daily at 5 p.m. 





List of Papers, or Abstracts thereof, received between May 15th 
and June 19th, 1930. (This List does not include the titles of 
papers which have been read at an Ordinary Scientific Meeting, or 
which have appeared in the Journal.) 


“The action of aqueous hydrofluoric acid on silica.” By W. @. 
PALMER. 

“* Application of thallium compounds in organic chemistry. Part V. 
Thallous ethoxide.”” By R. C. MEnzizs. 

“The constitution of phenolphthalein. Part II. The fading of 
phenolphthalein in alkaline solution.”” By H. Lunn. 
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“The asymmetric photochemical decomposition of humulene 
nitrosite by circularly polarised light.” By S. MrroHE.L. 
“Investigations on the reactivity of halogens in various types of 
naphthalene derivatives. Part II.” By J. B. SHorsmrrH and 

A. MACKIE. 

“The solubilities of silver chloride, silver bromide, and silver 
iodide and the normal potentials of chlorine, bromine, and 
iodine in methyl alcohol and ethyl alcohol.” By F. K. V. 
Koon. 

“The structure of the tungstic acids. Part I. The ageing of 
tungstic acids.” By A. M. Mortey. 

“The structure of the tungstic acids. Part Il. The X-ray ex- 
amination of tungstic acids.” By A. M. Mortey and A. J. 
BRADLEY. 

“The reaction of bromine with aliphatic acids. Part IV. Suc- 
cinic acid.” By E. D. Huauss and H. B. Watson. 

“The action of freshly precipitated mercuric oxide on a suspension 
of 3:5-dinitrotoluene in aqueous sodium hydroxide.” By 
H. H. Hopeson and E. W. Smrra. 

“ The influence of the 2 : 6-dihalogeno-substituents on the reaction 
between fuming nitric acid and the 4-fluoro-2 : 6-dihalogeno- 
phenols and -anisoles. Note on the theory of methylation.” 
By H. H. Hopason and J. Nrxon. 

“The solubility of the octahydrates of the rare-earth sulphates.” 
By K. 8. Jackson and G. RIENACKER. 

“Studies in the naphthalene series. Part I. The methylation of 
«-naphthylamine.” By B. Goxsité and F. A. Mason. 

“ The orienting influence of free and bound ionic charges on attached 
simple or conjugated unsaturated systems. Part V. Nitration 
of benzyldiethylsulphonium picrate.” By A. PoLtLaRD and 
R. Roprnson, 

“The mechanism of thermal decomposition of the normal olefins.” 
By R. V. WHEELER and W. L. Woop. 

“Natural glucosides. Part II. The constitution of esculin.” By 
F. 8. H. Heap and A. RoBertson. 

“The electrical conductivity of butyric acid-water mixtures.” By 
J. Grinpuey and C. R. Bury. 

“-Naphtha-1-thioquinone and dehydro-2-naphthol 1-disulphide.” 
By H. A. Stevenson and 8. Smizzs. 

“The catalytic action of hydrogen on the carbon monoxide flame.” 
By W. E. Garner and D. A. Hatt. 

“The syntheses of glucosides. Part V. Two new syntheses of 
rubiadin, and syntheses of /-O-methylrubiadin and’ of rubiadin 
glucoside.” By E. T. Jones and A. Rosertson. 
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“The optical instability of tercovalent carbonium kations. The 
transformation of d-phenylmethylcarbiny] dl-p-toluenesulphin. 
ate into optically inactive a-phenylethyl-p-tolylsulphone.” By 
J. Kenyon and H. Pairs. 

“ Studies on hydrogen cyanide. Part Il. The compounds formed 
by the action of the hydrogen halides on hydrogen cyanide.” 
By L. E. Huoyxet and R. T. Dunn. 

“Triazole compounds. Part III. The alkylation of nitro-1 : 2 : 3. 
benztriazoles.” By O. L. Brapy and C. V. ReEYNOLDs. 

“ Strychnine and brucine. Part XI. Note on dihydrobrucine and 
some derivatives.” By O. Acumatowrcz, R. C. Fawcett, (the 
late) W. H. PERKIN, jun., and R. Rosrson. 

“The solubility of the magnesium mandelates.” By A. Fiyp.ay 
and A. N. CAMPBELL. 

“ The purification of some sensitive ketones.” By G. A. R. Koy. 

“ Studies in aromatic substitution. Part III. The action of fum- 
ing nitric acid on the 3-fluoro-2 : 4 : 6-trihalogeno-phenols and 
-anisoles.” By H. H. Hopeson and J. Nrxon. 

“Compounds of arsenious chloride and pyridine.” By C. &. 
Gipson, J. D. A. JoHNsON, and (the late) D. C. Vinina. 

“A phase-rule study of the cobalt chloride colour change.” By 
H. Bassett and (in part) H. H. CrovcHEr. 

‘{Passivity of metals. Part VI. A comparison between the 
penetrating powers of anions.” By S. C. Brirrron and U. R. 
Evans. 

“ 3-Acetamido-4-hydroxyphenylstibinic acid.” By I. E. Bauasay. 

“The photochemical reaction between oxygen and _ hydrogen 
chloride.” By A. J. ALLMAND and R. G. FRANKLIN. 

“On the spatial configuration of the single valencies of allene.” 
By C. K. Incoup and C. W. SHoPPEE. 

“ Optical activity and the polarity of substituent groups. Part 
XIV. Influence of substituent poles and dipoles on the 
rotatory power of /-menthyl acetate.” By H. G. Ruts, 
R. H. Tompson, and (in part) A. RoBERTSON. 

“ Optical activity and the polarity of substituent groups. Part 
XV. Phenyl-substituted esters and ethers of /-menthol and 
8-octanol.”” By H. G. RuxeE and J. Baw. 

‘Direct meta-substitution in the toluene nucleus.” By J. B. 
SHorsmits and J. F. MoGrcnan. ! 

“Heats of adsorption and isotherms in the system platinum- : 
hydrogen.” By E. B. MaxtTep. 

‘ The structures of the octahydrocarbazoles.” By S. G. P. PLANT. 

‘‘ Solubility of magnesium neodymium nitrate in water, nitric acid, 

and magnesium nitrate solutions.” By J. A. N. FRIEND. 
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“Stereoisomerism of disulphoxides and related substances. 
Part VI. Co-ordination compounds of some disulphides and 
diamines.”” By G. M. Brenentr, A. N. Mosszs, and F. S§. 
STRATHAM. 

“ Tetrabromodimethylquinoxaline.” By G. M. Brnnett and 
G. H. Wis. 

‘The Walden inversion. Part III.” By H. N. K. Rérpam. 





ADDITIONS TO THE LIBRARY. 


I. Donations. 


Brices, DENNIS Brook. The study of crystals. London 1930. 
pp. 137. ill. 48. net. (Reed. 13/5/30.) From the Author. 
CONSTABLE, FREDERICK Hurn. A condensed outline of modern 
physical chemistry. London 1930. pp. 157. 10s. 6d. net. (Reed. 
12/6/30.) From the Publishers: Messrs. Ernest Benn. 
HotMyarD, Eric Jonn. An introduction to organic chemistry. 
London 1930. pp. xii + 282. ill. 4s. 6d. net. (Recd. 19/5/30.) 
From the Publishers: Messrs. Edward Arnold & Co. 

Japan. National Research Council. Report. No. 1, 1922, ete. 
Tokyo 1930 +. (Reference.) From the Director. 
MENDELfEFF CONGRESS ON PURE AND APPLIED CHEMISTRY. V, 
1928. Papers, etc. 3 vols. Kasan 1928. pp. 150, 32, 32. ill. 


(Reference.) [In Russian.] From the Secretary. 
(Merck, E.] Merck’s index. 6th edition. Darmstadt 1929. pp. 
644+ 14. (Reference.) From the Publisher : Herr E. Merck. 


NaTIONAL BENZOLE ASSOCIATION and University OF LEEDs. 
Joint Benzole Research Committee. Seventh report. London 1930. 
pp. vi+ 149. ill. (Reference.) 

From the National Benzole Association. 

Reate AccapEMIA pD’Iratia. Annuario. Vol. I, 1929, etc. 
Roma 1930 +. (Reference.) From the Academy. 

Tuoms, Hermann. [Editor.] Handbuch der praktischen und 
wissenschaftlichen Pharmazie. Vol. V. Part v. Berlin 1930. 
pp. 981 to 1172. ill. M.10. (Recd. 19/5/30.) 

From the Publishers : Herren Urban & Schwarzenberg. 

Tricks oF TRADE in the adulterations of food and physic; with 
directions for their detection and counteraction. London 1856. 
pp. xvi + 19]. From Dr. John McCrae. 


II. By Purchase. 


Batcxe, Hans. Die neuzeitliche Speisewasser-Aufbereitung. 
leipzig 1930. pp. viii +138. ill. M.16. (Reed. 2/6/30.) 
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HANDBUCH DER KAUTSCHUKWISSENSCHAFT. Edited by Karr 
MEMMLER. Leipzig 1930. pp. xxiv + 766. ill. M. 60. (Reed. 
12/6/30.) 

HANDBUCH DER KOLLOIDWISSENSCHAFT IN EINZELDARSTEL.- 
LUNGEN. Edited by Wotrcane Ostwatp. Vol. IV. Die 
Globuline. By Mona Sprecet-Apotr. Dresden 1930. pp. 
xvi + 452. ill. M.35. (Recd. 12/6/30.) 

HEERMANN, Pav.  [Editor.] Enzyklopadie der textil. 
chemischen Technologie. Berlin 1930. pp. x+ 970. ill. 
(Reference.) M. 78. 

LippMANN, EpmMuNpD OskaR von. Die Geschichte des Wismuts 
zwischen 1400 und 1800. Berlin 1930. pp. 42. M. 2.80. (Reed. 
12/6/30.) 

SmmMeERSBACH, OsKAR. Grundlagen der Koks-Chemie. 3rd 
edition. By Gustav ScunemeR. Berlin 1930. pp. vi + 366. 
ill. M.29. (Recd. 12/6/30.) 

THIERFELDER, Hans, and KiENK, Ernst. Die Chemie der 
Cerebroside und Phosphatide. Berlin 1930. pp. viii + 224 
M. 21.20. (Recd. 12/6/30.) 


Ill. Pamphlets. 


AUSTRALIA, COMMONWEALTH OF. Council for Scientific and 
Industrial Research. Pamphlet No. 17. The mineral content of 
pastures. Melbourne 1930. pp. 29. ill. 

CHIKASHIGE, Masumi, and Ugno, Sa0z6. A new coinage metal: 
forgery detectable without analysis. (World Eng. Congress, 
Tokyo 1929). pp. 2. ill. 

[Inpran Lac AssocraTION FoR REesEaRcH.] A short account of 
the work of the Indian Lac Research Institute. Ranchi 1930. pp. 
23. 

Kosaka, Hrrost. Die Beziehungen zwischen den verschiedenen 
physiologischen Erscheinungen der Pflanzen und den an verschie- 
denen Vegetationsorganen in Erscheinung tretenden Farbstoffen. 
I. Ueber die Beziehungen zwischen der Anthozyanbildung und 
dem Wachstum von Abutilon avicennae. (From the J. Dept. Agric. 
Kyushu Imp. Univ., 1929, 2.) 

Mznoxié, Stanko Stankov. Kemijska analiza alkaliénih kiselica 
u Donjoj Kostrivnici. Beograd 1930. pp. 16. 


Mines DeparTMENT. Safety in Mines Research Board. Papert 


No. 59. The effect of the rate of cooling on the structure and 
constitution of steel. By J. M. Ropertson. London 1930. pp. 
57. ill. 

Morrison, Frank Ricwarp. Ambergris and how to recognise it. 
(Sydney, Technological Museum Bulletin, No. 15.) 
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Newcoms, CLIVE, and SANKARAN, GANAPATI. A note on iodine 
metabolism. (From the 7'rans. F.L.A.T'.M. 7th Congress, 1927, 3.) 
Calcutta 1929. 

Nuk, Dirk Roetor. Een vergelijkend onderzoek van kern- 
gesubstitueerde phenylphosphine- en phenylarsinezuren. Leiden 
1922. pp. x + 73. ill. 

OpinaTA, Icnts1. On the nature of eutectoid-transformation in 
relation to the mechanism of quenching and tempering of aluminium- 
bronze. (From the Mem. Ryojun Coll. Eng., 1929, 2.) ill. 

OpricaL Society or AmERIcA. The Review of Scientific Instru- 
ments. New Series, Vol. I, etc. Menasha, Wisconsin 1930 +-. 
(Reference.) 

OSBORNE, THomas Burr. See CoNNECTICUT AGRICULTURAL 
EXPERIMENT STATION. 

PenFoLp, ARTHUR Ramon, and Morrison, FRANK RICHARD. 
Australian tea trees of economic value. Part I. (Sydney Techno- 
logical Museum Bulletin, No. 14.) 1929. pp. 15. ill. 

SanDveD, Kart. An exact method for ascertaining the bi- 
molecular course of a chemical reaction. (From the Forh. Kong. 
Norske Vidensk. Selsk., 1930, 2.) 

ScuweEizeR, Cu. Ueber Mehlbleichung. (From the Mitt. Geb. 
Lebensm. Hyg., 1928, 19.) 

—— Zum Nachweis von Auslandshonigen durch bakteriologische 
Priifung. (From the Mitt. Geb. Lebensm. Hyg., 1928, 19.) 

—— Ueber das Verfahren von Boulard zur Verhinderung der 
Weitervergérung in einem beliebigen Zeitpunkt. (From the Mitt. 
Geb. Lebensm. Hyg., 1929, 20.) 

——- Versuche mit hitzegefalltem Pferdefleischeiweiss als Prazi- 
pitogen. (From the Mitt. Geb. Lebensm. Hyg., 1929, 20.) 

—— Zum Nachweis von Roggenmehl in Weizenmehl. (From the 
Mitt. Geb. Lebensm. Hyg., 1929, 20.) 

SCIENTIFIC AND INDUSTRIAL RESEARCH, Department of. Report 
of test .. . on the “ Babcock” low temperature carbonisation 
plant installed at the Dunston power station of the Newcastle- 
upon-Tyne Electric Supply Company, Ltd. London 1930. pp. 
vi+ 30. ill. 

— Building Research. Special Report No. 15. The corrosion 
of steel by breeze and clinker concretes. By Frank LAWRENCE 
Brapy. London 1930. pp.iv.+ 15. ill. 

—— Fuel Research. Physical and chemical survey of the national 
coal resources, No. 15. A survey of Scottish coking and furnace 
coals. By THomas Gray, assisted by THomas Hawkins Percy 
ge and Wituiam James Sxiuinc. London 1930. pp. vi+ 

. ill, 
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SCIENTIFIC AND INDUSTRIAL RESEARCH, Department of. Fuel 
Research. Physical and chemical survey of the national coal 
resources, No. 16. The microscopical examination of coal. By 
CLARENCE ARTHUR SEYLER, assisted by W. J. Epwarps. London 
1929. pp. vi + 67. ill. 

—— Lubrication Research. Technical Paper No.1. The analysis 
of commercial lubricating oils by physical methods. [By Sm 
Wiu1am Bate Harpy, C. JAKEMAN, and Miniticent Emma Nor. 
TAGE.] London 1930. pp. iv + 66. ill. 

SEEKLES, Laurens. Aldehyden afgeleid van cinchonine, chinine 
en hun acylderivaten. Leiden 1922. pp. viii + 120. 

Smita, Maurice I., and Etvove, Ex1as. The action of irradiated 
ergosterol in the rabbit. (From the U.S. Public Health Reports, 
1929, 44.) 

SuLtivan, Max, and Hess, W. C. Studies on the biochemistry 
of sulphur. II, II and V. (From the U.S. Public Health Reports, 
1929, 44.) 

Tasman, ABEL. Snelheidsmetingen bij ringopening van phtalied- 
derivaten. Leiden 1927. pp. xii + 132. 

TzpreMA, JAN. Laktonringopening van phtaliedderivaten door 
hydrazine. Leiden 1922. pp. xii + 81. 

TEUNISSEN, HenpRIK Preter. Snelheidsmetingen bij de 
opening van den furaanring in het oxymethylfurfurol. Leiden 
1929. pp. xii + 232. 

Taate, Herriow. Hydreering van pyridine met waterstof 
onder druk volgens de werkwijze van Bergius. Leiden 1929. pp. 
xii + 118. 

Unirep Srares. Department of Agriculture. Circular No. 4. 
Vitamins in food materials. By Sysm L. Smite. Washington 
1929. pp. 54. ill. 

—— —— Circular No. 98. The Wonderful variety of pome- 
granate: composition, commercial maturity, and by-products. By 
E. M. Cuaoz, C. G. Courcn, and H. D. Poorz. Washington 1930. 
pp. 15. ill. 

Circular No. 110. Specific gravity and Baumé gravity 
tables for turpentine. By W. C. Smirn and F. P. Vzrtcs. 
Washington 1930. pp. 9. 

Technical Bulletin No. 159. Keeping quality of 
butter made from cream of various acidities. By WHdILLIAM 
Wars, C. S. Trmerz, and H. L. Wmson. Washington 1929. 
pp. 7. ; 

—— —— Technical Bulletin No. 162. Tests of various aliphatic 
compounds as fumigants. By R. C. Roark and R. T. Corrox. 


Washington 1930. pp. 52. 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 





Special Meeting, Thursday, October 16th, 1930, at 8 p.m., Pro- 
ressor J. F. Toorpe, C.B.E., D.Sc., F.R.S., President, in the Chair. 


The PRESIDENT stated that the meeting was held for the purpose 
of unveiling and receiving a Plaque presented by subscribers to 
the Perkin Memorial Fund and for the delivery of an Oration on 
the Life and Work of the late Professor W. H. Perkin. 

Proressor Rosert Rosrnson, who was asked by the President 
to make a statement, said : 


“Since I shall have an opportunity on October 25th in the 
parallel ceremony at Oxford to make my personal tribute to the 
memory of the late Professor Perkin, my remarks on this occasion 
may be limited to a formal explanation. 

“As Perkin’s seventieth birthday approached, a number of his 
collaborators, academic and scientific, and students formed the 
idea of presenting him with his portrait as a mark of the esteem 
and affection in which they held him. The project was organised 
by a small Committee, and the response of the subscribers was 
enthusiastic. 

“The execution of the scheme was necessarily postponed by the 
illness of the subject, and in September 1929 we were shocked and 
grieved by the news of Professor Perkin’s death. 

“Tt was decided to transform the proposed compliment into a 
Memorial, but, acting on technical advice, the idea of a portrait 
was abandoned, and instead it was decided to have a Bronze Plaque. 

“We were fortunate in being able to secure the services of Mr. 
Ernest Gillick, whose distinguished work is well known to the 
Fellows of this Society through the Harrison Memorial which 
adorns our walls. 

“ You will all agree that the difficulties of posthumous portraiture 
have been overcome by Mr. Gillick in the present instance, and 
that he has provided us with a most acceptable likeness of Perkin 
as we knew him. 
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“ A great advantage of the Plaque over the portrait was that it 
could be produced in triplicate, and in fact three identical plaques 
have been made. One is already in Manchester University, the 
third will be unveiled in the Dyson Perrins laboratory, and the 
second is appropriately to be presented to-night to the Chemical 
Society, which has had the honour of publishing almost the whole 
of Perkin’s original work. 

‘“‘ Before this audience it is unnecessary to dilate on the volume 
and great scientific interest of Perkin’s output, but some of the 
dates of his other connexions with the Society may be recalled. 

** He became a Fellow in 1887, and served on the Council and 
as Vice-President for several terms. He received the Longstaff 
Medal in 1900, and was President from 1913 to 1915. Almost his 
last labour in the cause of the science he loved so well was the 
delivery of the first Pedler Lecture, and he then showed that his 
hand had lost none of its cunning. 

‘“*T now request Mr. A. J. Greenaway to unveil the Plaque.” 


Mr. GREENAWAY then unveiled the Plaque, the company present 
standing. 
PROFESSOR ROBINSON, continuing, said : 


“Mr. President, on behalf of the subscribers to the Perkin 
Memorial Fund, I invite you and the Fellows of the Society to 
accept this Plaque.”’ 


In acknowledging the gift, the PRESIDENT said : 


** Professor Robinson, on behalf of the Council and Fellows | 
have to thank you, and through you the Members of the Memorial 
Fund Committee, for this Plaque, which will be placed in a prominent 
position in our rooms and treasured as a memorial of one of our 
most distinguished Fellows. 

“ Professor William Henry Perkin showed throughout his life 
that he held in the highest esteem the aims and objects for which 
this Society was founded, and his services as Councillor, Vice- 
President, and President will be remembered as examples of his 
devotion to its work. Our Journal contains most of the large 
number of scientific communications he published, and these stand 
as a record of achievement surpassed by few. 

“It is probable that the Plaque will have only a temporary 
home in these premises, but you can be assured that when our new 
building is ready it will be placed in a prominent position among, 
I hope, a number of other memorials of our distinguished dead. 
As a Society we are singulariy lacking in these, and I hope that 
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this will be borne in mind when we occupy our new premises. It 
is indeed remarkable that we have no memorial, for example, of 
Sir William Ramsay. It is fitting that this Plaque should have 
been prepared in triplicate, and that one should be placed in Man- 
chester, another in London, and a third in Oxford, the places in 
which his greatest work was carried out.” 


Proressor W. N. Hawortn, who was then called upon by the 
President, delivered the following oration on the Life and Work of 
the late Professor Perkin :— 


An Appreciation of the Life and Work of Professor W. H. Perkin. 


“There are occasions when it is meet and wise for us to turn 
aside from our usual avocations in order to praise famous men. 

“ Professor W. H. Perkin, whom we commemorate to-day, was 
deserving of every mark of honour that his pupils and colleagues 
could bestow. His fame as a teacher and investigator surpassed 
all ordinary standards, and his memory will continue to inspire 
those whom he moulded by his influence and supported by his 
encouragement and example. 

“It had been the intention of the subscribers to make this event 
a celebration of Perkin’s seventieth birthday had not death inter- 
vened and changed an occasion of joy into a memorial. Generations 
of his students have united to show gratitude and reverence to a 
consummate master, and to express a devotion which lapse of time 
did not impair. All who knew him as a Professor in the class- 
room experienced his unique power as a teacher, while those who 
were privileged to be his research pupils were conscious of being 
laid under a debt of obligation which could never be repaid. 

“ Perkin’s span of life was co-extensive with the rise and develop- 
ment of modern structural chemistry. Born in 1860, he was a 
boy at school when Kekulé propounded his benzene formula. The 
quadrivalency of carbon had been enunciated only two years 
before. Hofmann was still Professor at the Royal College in 
Oxford Street, and Perkin, senior, had achieved early success in 
establishing the industry of synthetic dyestufis. To the son of 
such a father there never seemed to be any doubt as to his choice 
of a vocation. @ 

“Mr. Greenaway has recalled how W. H. Perkin, junior, out- 
shone all his contemporaries among the chemistry students at 
South Kensington under Sir Edward Frankland; how he speedily 
worked through the ordinary course of instruction and pro- 
ceeded beyond it; how he was provided with facilities for the 
pursuit of more advanced experiments and research. In 1880 
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there appeared in our Journal Perkin’s first paper, published 
conjointly with Dr. W. R. Hodgkinson of the Royal College, his 
first teacher (along with Mr. Greenaway) in practical chemistry, 
Eventually, under Dr. Hodgkinson’s persuasion, reinforced with 
that of Mr. Greenaway, W. H. Perkin, senior, was induced to give 
consent for his son to proceed to Germany to study under Wisi. 
cenus. Under the guidance of Wislicenus at Wirzburg Perkin 
soon won recognition, and in his Wislicenus Memorial Lecture he 
has placed on record his obligation to this great teacher: ‘The 
intellectual development of young chemists was to Wislicenus a 
study as absorbing as any of his chemical problems.’ Perkin 
graduated at Wiirzburg in 1882, and proceeding from there to 
Munich, he found, during his four years’ association with Adolf 
Baeyer, his real spiritual home. ‘There was something in Perkin 
which responded to every note struck by the older man, who became 
the object of a lifelong intellectual devotion.’ Of the excellence of 
Baeyer’s experimental methods Perkin always spoke with enthusi- 
asm. After a short time he won Baeyer’s warm approbation, and 
became in turn Privat-dozent and research assistant. It was here 
that Perkin began that series of researches, which he continued 
with such zeal and success, on the synthesis of closed carbon chains. 
The history of this early development of the chemistry of the cyclo. 
paraffins has been sketched for us in his Pedler Lecture. He 
returned to this topic again and again, nor did he leave it finally 
until he had synthesised every naturally occurring monocyclic 
terpene and investigated the constitution of camphor and its 
analogues. In recognition of this work, he received at an earlier 
age than is usual the Davy Medal of the Royal Society. 

“Tt would be a mistaken impression if it were gathered that 
Perkin during all these strenuous days was a man of one interest 
only. From early boyhood he had been imbued with a love of 
music, which had been fostered by his father and uncle throughout 
his home life. Every member of Sir William Perkin’s family played 
at least one musical instrument, and together they constituted an 
orchestra of no mean accomplishment. W. H. Perkin, junior, 
played the violin and the piano, and from the latter instrument he 
became inseparable for at least part of every day of his life. 

“As a student at Wiirzbu®~ contemporaneously with Perkin 
was another Royal College man, Thomas Purdie, later Professor of 
Chemistry at St. Andrews. Both from Purdie and Mrs. Purdie, 
who had married beforé going to Wiirzburg, I heard something of 
Perkin’s mode of life in Germany. The Purdies lived in furnished 
rooms in Wiirzburg, and Perkin often visited them in the evenings 


after a long day’s work in the laboratory, staying afterwards for [ 
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supper, and also to help in washing and drying the dishes. Purdie 
was amazed at the younger man’s vitality, for leisure from strenuous 
research did not mean to him resting, but took the form almost 
nightly of visits to the theatre or the ballroom. So much so that 
Purdie remonstrated with him, and suggested that he might under- 
mine his health. But Perkin’s answer was that he found it a 
mental relaxation, and also the best way of learning German well 
and of familiarising himself with German life and custom. There 
can be no doubt that his experiences at this time, and especially 
afterwards at Munich, expanded his outlook on many aspects of 
life and made him a shrewd and excellent judge of men. [It was 
characteristic of Perkin later in life that he was never taken in by 
bluff or guile. One swift retort silenced those who had the audacity 
to attempt it. His reminiscences of a few such occasions provided 
him with amusing anecdotes. | 

“ Returning to this country from Munich in 1886, he worked for 
a short time in Manchester at the invitation, and by the courtesy, 
of Professor H. B. Dixon, and here he began the investigation of 
the natural colouring matters, brazilin and hematoxylin. Shortly 
afterwards he was called to his first Chair at the Heriot Watt 
College, Edinburgh, which he held for six years. At Edinburgh 
he commenced the series of researches on the alkaloids berberine, 
and cryptopine; the constitution of these and of other alkal- 
oids was finally established many years later in collaboration with 
Professor Robinson, and by their synthesis. 

“On the death of Schorlemmer, Perkin was invited to the Chair 
of Organic Chemistry in Owens College, Manchester, in 1892. It 
was now possible for him to build up a great School of Research, 
and it was here that he entered upon that exceedingly productive 
period which he once spoke of to me as his ‘ golden age ’ of. research. 
Fischer once declared that it rivalled his own school at Berlin. 
The large Schorlemmer laboratory was filled by his students, and 
later there was added the Perkin private laboratory, together with 
the splendid building which had been the working home of Dr. 
Edward Schunck. The latter comprised the large, beautifully 
furnished library with Schunck’s collection of books and the 
suite of laboratories. The building was removed, brick by brick, 
from Kelsall near Manchester, and re-erected as an annexe to the 
University. In the library one combined one’s study of the chemical 
journals with the contemplation of the signs of the Zodiac which 
decorated the ceiling. This commodious series of rooms satisfied 
the needs of a large staff of research workers for many years, until 
the extension of the Morley laboratories was added. 


“There is no doubt that Perkin found his work in Manchester 
* 
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very congenial. On four mornings a week he lectured at 9.30, and 
on two of these mornings, in preparation for the general class, he 
arrived at 8.30 or a quarter to nine to superintend his assistant’s 
arrangement of the lecturé-table. It was common knowledge that 
before he appeared at the laboratory he had occupied himself from 
6 a.m. with practice at the piano or in the cultivation of his garden, 
He illustrated the more elementary lectures of the general class by 
numerous experiments, which were elaborated with meticulous 
care. Up to the moment of his entering the lecture-room he was 
preoccupied with his notes and with the sketching anew of such 
formulz as he wished to illustrate on the blackboard. He took 
his lectures very seriously, and spent much nervous energy in his 
preparation for the delivery of them. He spoke in clear tones, 
with an easy flow of words, and the precise arrangement of his 
formule and other details on the blackboard was ideally perfect. 
It is here that he excelled in the little comparisons or summaries 
of salient properties which he presented, and as a prelude to which 
he invariably announced, ‘ Let us now make a little table!’ In 
the advanced class his lectures covered, with great clearness of 
treatment, the more conspicuous researches on a selected group 
of products, and also dealt with important synthetic methods. 
He developed a habit which had the effect of impressing students 
with the intimacy between his lectures and the original papers 
themselves, and this was achieved by some such phrase as ‘ I was 
reading again Victor Meyer’s original paper on this subject last 
night.’ One’s notes on these lectures are as interesting after 
twenty-five years as on the day they were given. 

“The rest of Perkin’s day was devoted to research students and 
to experimental work at his bench until 3.30 or 4 o’clock, with 
never more than an interval of half an hour for lunch at 12.30. 
Beginning at one end of a large clear bench stocked with newly 
washed and dried apparatus (he always kept a washing-up boy 
busy), he gradually accumulated the soiled beakers and test-tubes 
at the other end, until there was little working space left, and then 
he went home. But within the space of four hours he contrived 
to get through more work than any of his collaborators could 
accomplish in twice the time. The evening was available for enter- 
tainment, orchestral music in his drawing-room with invited friends 
or musicians from the Hallé, or, in the case of most evenings, for the 
composition and writing of his original papers, which he always 
typed himself. A privilege he afforded to his senior research 
workers was to be invited to hear music at his house and to meet 
distinguished guests from other Universities or from the Continent. 
“To see Perkin at work was a mental stimulus and inspiration. 
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His skill in manipulation, combined with his judgment and observ- 
ation, filled one with wonder. He could coax a reaction into being 
and maintain it under control by what seemed very simple means, 
while, pencil in hand, and as the reaction proceeded, he would 
carefully record every change of appearance or condition. It was 
not only from the final achievement of his inquiry that he derived 
pleasure. He extracted genuine enjoyment and delight from 
witnessing a reaction and making a record of it. 

“From his long and varied experience he had acquired an insight 
into chemical behaviour which was well-nigh uncanny; and his 
quick judgment on the nature of his products was equally remark- 
able. An unwanted by-product was detected as such almost at a 
glance, whilst the important and desired product was seized upon 
with unerring certainty. By his co-workers it came to be regarded 
as sufficient and final evidence that a reaction did not ‘go’ if 
Perkin failed in his attempt of it. Visitors to his laboratory must 
often have found him in one of the characteristic attitudes which 
he assumed when at work. His personal appearance at this time 
had not undergone that transformation which occurred when he 
shaved off his full beard. Standing at his bench (he never sat 
down except to consult ‘ Beilstein’ at his table or to take a melting 
point) controlling the vacuum distillation of a frothing liquid in 
a Claisen flask by directing on to the walls of it a long ‘ stiff ’ Bunsen 
flame, and with the other hand gathering the fractions of distillate 
into the receiver attached to his ‘ Perkin triangle’; or, with filter 
funnel and fluted paper in readiness, dissolving a crude solid in a 
wide test-tube preparatory to its crystallisation; then, in brief 
minutes, the garnering of the ‘ beautiful crystals’ on his large 
platinum spatula. An envious but irreverent pupil once said of 
Perkin that he could induce any substance to crystallise for the 
reason that out of the vast number and variety of crystalline pro- 
ducts he had handled of every geometrical form he always secreted 
a suitable nucleus in his beard. 

“He often worked on the very small scale, but those who were 
associated with him well knew that such a trifle as the scarcity of 
a material never deterred him. When he had come to a decision 
to proceed with a synthesis or a breakdown process, a research 
collaborator would be invited to undertake large-scale operations 
involving the consumption of kilograms of initial reagents. The 
preparation would be carried from stage to stage, Perkin himself 
undertaking the purification of the intermediate products, until 
the desired amount of the necessary starting material was forth- 
coming for the new work which was projected. The expense was 
& secondary consideration. 













86 


** A means by which Perkin controlled the results of his co-workers 
before publication was by having all important analyses carried 
out by his assistant. In the Manchester days this duty fell to his 
private research assistant, and in my own experience of these 
duties I well remember how he presented me one day with a newly 
prepared substance, the appearance of which gave me some sur. 
prise, and Perkin noticed my hesitation. It was a lustrous black 
material resembling coal, not at all like the ‘ beautiful crystals ’ he 
was so much in the habit of describing. The analysis was carried out 
and the result handed to him, with which he seemed pleased. Then] 
learned that he had dreamt the previous night of a new reaction he 
might try with brazilin in the expectation of a new oxidation product, 
and, on his trying it out, my analysis had confirmed his dream. 

“* Perkin’s close and intimate interest in the work of his pupils, 
and the help and encouragement he gave them, resulted in an 
esprit de corps and a personal loyalty to himself which were the 
greatest incentive to good work and to the progress of research. 
Each put his best into the work of the school. Hours were long, 
but there was great concentration, and all displayed keenness to 
succeed. Seldom did the type of man remain who confessed that 
he did only a ‘sporting’ amount of work. To Perkin it seemed 
incomprehensible that any one who claimed chemistry as a pro- 
fession should fail to take an interest in original research, and such 
a one he held to be of little account. 

“In an atmosphere which was charged with Perkin’s keenness 
and zeal, scientific investigation could not do other than flourish, 
and the school grew round the man, bringing with it success and 
wide recognition. 

“With Perkin research was a ruling passion which he com- 
municated to everyone who worked with him, and it is sufficient 
to say tnat many of his pupils when placed in other environments 
found their sustaining force in Perkin’sexample. Some will recall the 
different atmosphere they encountered when they moved on and 
discovered that in some quarters original research was considered 
of little account, and even a hindrance to the fulfilment of one’s 
teaching duties. If that feeling no longer exists in the Universities 
in this country, and if the participation in the extension of the 
boundaries of knowledge has become recognised and has taken its 
place among the chief duties of a University teacher, then that 


reform is due in considerable measure to the persistence with which f 


it was advocated by Perkin and a few others who were his con- 
temporaries. Professor Meldola, in a moving appeal which he 
made in his Presidential Address to this Society in 1907, deplored 
the meagreness of the research spirit of that period in the British 
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Universities and Colleges. Professor Meldola said, ‘It is only 
necessary to call to mind the productive activity in the Continental 
Universities as compared with our own. Judged by this standard, 
there can be only one conclusion—that many of our Universities 
are distinct failures as centres of chemical research, and that the 
total output of work from University laboratories is by no means 
worthy of the great traditions of this country as a pioneering nation 
in scientific discovery.’ He went on to say, ‘ From . . . University 
laboratories we receive occasional communications, these being for 
the most part the work of the Professors. But with the exception 
of Manchester, it cannot be said that in any of our Universities has 
there been called into existence an active centre of chemical research 
in a school in the Continental sense of the term.’ This service 
Perkin rendered at a critical time in the history of chemistry in 
Britain. He founded a school which, like that of Meldola, of 
Armstrong and of a few others, won a place of honour for organic 
chemistry in this country. 

“Of Perkin’s later life and work at Oxford from 1912 to 1929 
Professor Robinson will doubtless speak in the course of the next 
few days when a similar memorial is to be unveiled in the laboratories 
there. Sufficient is it for me to say that the great work that Perkin 
did for Oxford is appreciated nowhere more than in Oxford itself. 

“To those who sought his advice about their promotion to 
better appointments Perkin invariably gave the same character- 
istic answer : ‘ If you put all your abilities into the doing of import- 
ant original work there can be not the least doubt that your merit 
will be recognised.’ He never used his great influence unduly on 
behalf of an aspirant. But whenever he was impressed by a piece 
of work which one of his former pupils had published he never 
failed to write him an appreciative and encouraging letter. 

“Tn the too early death of Perkin, Chemistry has lost one of the 
most powerful exponents of the science that this country has 
known. We shall miss from our midst his impressive, kind person- 
ality, and we shall miss, too, the continuance of the brilliant experi- 
mental papers which, over a period of fifty years, he contributed 
to our English Journal. But in our appreciation of his life and 
his achievements, the feeling which will remain dominant in our 
minds is one of gratitude for a great leader, who consecrated his 
ability and intellect to the one ideal for which this Society exists, 
the ideal embodied in the creed—‘ that original research is in itself 
and by itself the most powerful weapon that ever can be wielded 
by mankind in struggling with the great problems which nature 
offers on all sides for solution.’ ” 
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Ordinary Scientific Meeting, Thursday, October 23rd, 1930, at 
8 p.m., Professor J. F. THorpz, C.B.E., D.Sc., F.R.S., President, 
in the Chair. 


In referring to the death of Professor H. B. Dixon the PRESIDEN? 
said : 

*T have with deep regret to announce the death of Professor 
Harold Baily Dixon, of Manchester University, which occurred 
suddenly on September 18th last. 

“The Council at its meeting on October 2nd passed the following 
resolution : 


“The President, Council, and Fellows of the Chemical 
Society desire to express their deep sorrow at the death of 
Professor Harold Baily Dixon. They recall with gratitude his 
eminent services to the Society as Councillor, Vice-President, 
and President, and mourn the loss of one who, by his pioneer 
work on the nature of explosions in gases, has added notably 
to the advancement of chemical science. 

“They desire to convey their sincere sympathy to Mr. 
Dixon and family in the great loss they have sustained.” 


“ Professor Harold Baily Dixon was born on August 11th, 1852, 
and was the second son of William Hepworth Dixon, for some years 
editor of the Atheneum. He was educated at Westminster School 
and at Christ Church, Oxford, subsequently being elected to Fellow- 
ships at Trinity College (1875) and at Balliol College (1881). 

“Tt is just fifty years ago—that is, at the Swansea meeting of 
the British Association in 1880—that Dixon described his epoch- 
making discovery to the effect that carbon monoxide and oxygen 
in combining proportions cannot be ignited by the electric spark 
if the mixture has been previously subjected to prolonged drying 
over phosphoric anhydride. The importance of this discovery can 
hardly be over-estimated. It gave an impetus to research on 
gaseous explosions which was destined, during the succeeding fifty 
years, to produce a wealth of new knowledge, to the accumulation 
of which Dixon and his pupils were the main contributors. He 
quickly became the acknowledged leader in this field, to which he 
devoted his life’s work. 

‘‘ Appointed to succeed Sir Henry Roscoe at Owens College in 
1886, he rapidly established there a school of research from which 
he sent pupils to all parts of the world. He retired in 1922 at the 
age of seventy, but retained his research laboratory in the Univer- 
sity. At the time of his death he was actively engaged on 
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important research work for the Safety in Mines Research Board, 
and was, indeed, at work on the morning of the day he died. 

“ He gave this Society full measure of service. He was a Member 
of Council from 1892 to 1896 and President from 1909 to 1911. 
He served as Vice-President for no less than nineteen years.” 


The PRESIDENT also announced the death of Joseph Achille Le 
Bel (Honorary Fellow), which occurred on August 6th, 1930. He 
stated that the name of Le Bel with that of van ’t Hoff would always 
be associated with the classical researches on the tetrahedral structure 
of the carbon atom. 


The PresIpDENT then referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
Tom 8t. John Belbin ..............00s June 18th, 1891. Sept. 27th, 1930. 
pg ee May 7th, 1908. Feb. 20th, 1930. 
SD AEs DUOMO cccrccccesecvcccsenvs May 5th, 1921. Mar. 10th, 1930. 
Re We Os WROIINE  Sivis ccivcichnscksessdacs Dec. 6th, 1900. July 27th, 1930. 


The PRESIDENT announced that : 


1. The following Address of Congratulation had been sealed in 
Council on October 2nd, and had been presented to the University 
of Birmingham on the occasion of the Jubilee of the Foundation 
of Mason Science College and the 30th Anniversary of the granting 
of the Charter to the University of Birmingham on Monday, October 
13th, 1930 : ° 

THE CHEMICAL SOCIETY 
to the 


UNIVERSITY OF BIRMINGHAM. 


The President, Officers, Council, and Fellows of the Chemical 
Society offer to the Chancellor and Council of the University of 
Birmingham their sincere congratulations on the occasion of the 
JUBILEE of the Founpation of Mason Science CoLLEGcE and the 
TairRTIeETH ANNIVERSARY of the GrantTiINa of the UNIVERSITY 
CHARTER. 

The Munificent Benefaction of Sir Josiah Mason, and the devoted 
efforts of the Council and Staff of the College established in Bir- 
mingham a centre of Higher Education for the Midland Counties 
which rapidly became of national importance. The grant of the 
University Charter in 1900 was a fitting recognition of the great 
achievements of Mason Science College and gave a stimulus to the 
further development which, in twenty years, has raised the Univer- 
sity of Birmingham to a prominent place among the Universities 
of the world. 

















90 


In conveying the good wishes of the Chemical Society for the 
continued welfare and prosperity of the University of Birmingham 
in all its Faculties, the Council places on record its high appreciation 
of the fundamentally important investigations which have been 
carried out under the auspices of those who have occupied the 
Chair of Chemistry in the Mason Science College and the University. 

Signed on behalf of the Chemical Society, 
Jocet:yN THORPE, President. 


T. SuaterR Price, Treasurer. 
C. 8. GIBson, | : 
Gs.) T. S. Moors, J Secretaries. 


F. G. Donnan, Foreign Secretary. 


Sealed in Council this Second Day of October, One Thousand 
Nine Hundred and Thirty. 


BuRLINGTON House, 
Lonpon, W. 1. 


2. The death cf Professor Dixon necessitated an alteration being 
made in the delivery of the Liversidge Lecture, which he was to 
have given on November 27th. The Council has asked Professor 
W. A. Bone, D.Sc., Ph.D., F.R.S., to deliver the Third Liversidge 
Lecture, and he has agreed. He has chosen as his title “ Fifty 
Years’ Experimental Research upon the Influence of Steam on the 
Combustion of Carbonic Oxide (1880-1930).” The Lecture will be 
illustrated by experiments and lantern slides and will be delivered 
in the Lecture Theatre of the Imperial College of Science and 
Technology (by the courtesy of the Governors) on Thursday, 
December 11th, 1930, at 5.30 p.m. 


Messrs. L. A. Warren and F. Bryans were formally admitted 
Fellows of the Chemical Society. 


Forms of Recommendation for Fellowship were read for the first 
time in favour of : 


Frederick George Angell, B.Sc., 32, Pinner Road, Harrow. 

William Edward Batten, A.R.C.S., 41, Calais Gate, Myatts Park, 8.E. 5. 

Ernest George Beckett, Ph.D., F.I.C., Gilmerton, Larbert, Stirlingshire. 

Hugh Kenneth Black, B.Sc., 63, Middle Street, Brighton. 

George Frederic Bloomfield, B.Se., A.R.C.S., 27, Belmont Avenue, Totten- 
ham, N. 17. 

John Bradley, B.A., B.Sc., 25, Lamel Street, York. 

Dhirendra Nath Chakravarti, M.Se., King Edward College, piiineit, India. 

Frederick Charles Clapham, 90, The Portway, West Ham, E. 15. 

Ernest Gordon Cox, B.Sc., 352, Shirley Road, Acocks Green, Birmingham. 

Harold Albert Hadleigh Crowther, Claremont, Cedar Road, Croydon. 
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Arthur Lawrence Fox, B.A., M.S., Ph.D., 1103, Blackshire Road, Wilmington, 
Delaware, U.S.A. 

Herbert Freundlich, Prof., Ph.D., Enzianstrasse 3, Berlin-Lichterfelde, 
Germany. 

Bhawan Showkiram Gidvani, B.Sc., c/o The American Express Co., 6, Hay- 
market, 8.W. 1. 

Joseph Glassman, B.Sc., 108, Goldsmith’s Row, Hackney, E. 2. 

Evelyn Reid Lindsay Gow, B.Sc., 31, Windsor Street, Dundee. 

Arthur Neville Hambly, 15, Moubray Street, Melbourne, Australia. 

Ralph Gordon Harry, 183, Cathedral Road, Cardiff. 

Margaret Mary Healey, B.Sc., 79, Pope’s Avenue, Twickenham. 

Robert Haxwell Hicks, B.Sc., 65, Romilly Road, Cardiff. 

Cyril Gustav Bidwell Hose, A.R.C.S., 36, Vartry Road, Stamford Hill, N. 15. 

George Harold Jeffery, B.Sc., Redbourne, Lordswood Avenue, Bassett, 
Southampton. 

Matsusuke Kobayashi, Prof., D.Sc., Chemical Institute, Tohoku Imperial 
University, Sendai, Japan. 

Ralph Arthur Letch, A.R.C.S., Ebenezer Cottage, Shenley, near Barnet. 

William Byres McKay, B.Sc., 20, Dundee Road, Forfar. 

George W. G. Maclennan, M.A., B.Sc., 9, Park Walk, Chelsea, 8.W. 10. 

John Macniven, Lohat P.O., District Darbhanga, B. & N.W. Rly., India. 

Roy James Macwater, B.Sc., Anglesea, Maple Road, Ashtead, Surrey. 

Kishen Lal Malhotra, M.Sc., 52, Claremont Road, Highgate, N. 6. 

Ernest Gilbert Noble, A.R.C.S., 22, Dartmouth Park Road, N.W. 5. 

Clifford Arthur Rhodes, B.Sc., 38, Granny Lane, Mirfield, Yorks. 

Anthony Melland Robinson, B.A., The Chalet, Lindfield, Sussex. 

Chandulal Chhotalal Shah, M.Sc., East London College, Mile End Road, E. 1. 

George Basil Stafford, B.Sc., 12, The Grove, Southey Street, Nottingham. 

John Frederick Felix Trotter, B.Sc., A.R.C.S., 83, Mildred Avenue, Watford. 

Evelyn Marie Waldron, B.Sc., The Cedars, Little Marlow Road, Marlow, 
Bucks. 

Eric Mervyn Watson, B.Sc., A.I.C., c/o Agent-General for Western Australia, 
Savoy House, Strand, W.C. 2. 

Evan Clifford Williams, D.Sc., 131, Alvarado Road, Berkeley, Cal., U.S.A. 

Patrick Chisholm Young, B.A., c/o Messrs. John Heathcoat & Co., Tiverton, 
Devon. 


The following Forms of Recommendation for Fellowship have 
been authorised by the Council for presentation to ballot under 
Bye-Law I (2) : 


John Christie, 174, Eighth Avenue, Mayfair, Johannesburg. 
Harold Hinde, 135, Grey Street, Bulawayo. 
Gilbert Hayes Whiteford, 1612, S. College, Fort Collins, Col., U.S.A. 


The following papers were read : 


“Dynamic isomerism involving mobile hydrocarbon radicals. 
Part II. The intramolecular character of the amidine re- 
arrangement.” By A. W. CHAPMAN. 

“Dynamic isomerism involving mobile hydrocarbon radicals. 
Part III. Some effects of substitution on the velocity of 
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interchange and position of equilibrium of isomeric triaryl. 
benzenylamidines.” By A. W. Cuapman and C. H. Perrorr, 

“The unsaponifiable matter from the oils of elasmobranch fish, 
Part VII. The synthesis of «-glyceryl ethers and the con. 
stitution of batyl, selachyl, and chimyl alcohols.” By G. @. 
Davies, I. M. Hermsron, and W. M. Owens. 

“The unsaponifiable matter from the oils of elasmobranch fish, 
Part VIII. The structure of the naphthalene hydrocarbon 
derived from squalene.” By I. M. Hemsron and D. &, 
WILKINSON. 


THIRD LIVERSIDGE LECTURE. 


The Third Liversidge Lecture, entitled “‘ Fifty Years’ Experi- 
mental Research upon the Influence of Steam on the Combustion 
of Carbonic Oxide (1880—1930),” will be delivered by Professor 
W. A. Bone, D.Sc., F.R.S., on Thursday, December 11th, 1930, 
at 5.30 p.m., in the Lecture Theatre of the Imperial College of 
Science, South Kensington, 8.W.7 (by the kind permission of the 
Governors). 





RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in 
December next. Applications for grants, to be made on forms 
obtainable from the Assistant Secretary, must be received on or 
before Monday, December Ist, 1930. Applications from Fellows 
will receive prior consideration. 

All persons who received grants in December 1929, or in December 
of any previous year, whose accounts have not been declared closed 
by the Council, are reminded that reports must be returned by 
December Ist. 

Attention is drawn to the fact that the income arising from the 
Donation of the Worshipful Company of Goldsmiths is to be more 
or less especially devoted to the encouragement of research i 
Inorganic and Metallurgical Chemistry, and that the income from 
the Perkin Memorial Fund is to be applied to investigations relating 
to problems connected with the Coal Tar and Allied Industries. 





ANNUAL REPORTS. 


The price of the Annual Reports for 1930, Volume X XVII, will 
be 5s. 6d. to those Fellows who apply before December 31st, 1930. 
Application should be made to the Assistant Secretary, and must 
be accompanied by a remittance. 
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SPECIAL PUBLICATIONS OF THE SOCIETY. 


Fellows are reminded that the following publications can be 
obtained at the reduced prices mentioned : 


Price. 
Memorial Lectures, Vol. I (1893-1900) . . 98. post free. 
- Vol. If (1901-1913) . .) « 
Faraday Lectures (1869-1928) . er 06 Cee 
Photographs of Eminent Chemists, set of _ n° = 
. a sd each « 1a tOds',, 


There are also available a few sets of the Berichte der Deutschen 
Chemischen Gesellschaft from 1915 to 1924 (inclusive). Price £22 
the set, or £2 5s. per annum. 

The attention of Fellows engaged in teaching Chemistry is 
directed to the fact that the Volumes of Memorial Lectures and the 
Volume of Faraday Lectures are eminently suitable for presentation 
as prizes, and the Council would welcome any steps Fellows can 
take to make these volumes known. 





BRITISH CHEMICAL ABSTRACTS “A" FOR 1931. 


(Printed on one side of the page only.) 

The Abstracts “A” (Pure Chemistry) for 1931, printed on one 
side of the page only, will be issued to Fellows who make applica- 
tion by December 31st, 1930, price £1 10s. A remittance for this 
amount must accompany each application. 





PUBLICATIONS OF OTHER SOCIETIES. 


Fellows of the Chemical Society who are not members of the 
Society of Chemical Industry, the American Chemical Society, 
or the Dutch Chemical Society, may procure the publications of 
these Societies for 1931 at the following prices : 


SOCIETY OF CHEMICAL INDUSTRY. 
Price. 
(a) Abstracts in Applied Chemistry (exclusive of Index) £1 10s. post free 
(6) Annual Reports of the Progress of Applied SSE 


for 1930 ‘ ‘ 10s. i 
(c) Abstracts in Applied Chemistry (printed on one side 
of the page only) . ‘ . £2 102. $s 


Application should be made direct to the Secretary, Society of 
Chemical Industry, 46 and 47 Finsbury Square, E.C. 2, and should 
reach him by December 31st, 1930. Fellows resident abroad should 
apply by return of mail. 
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AMERICAN CHEMICAL SOCIETY 


Postage,* 

(a) Journal of the American Chemical Society . ‘ $6.25 $1.50 
(b) Chemical Abstracts. : P ; $6.25 $1.50 
(c) Industrial and Engineering Chemistry Y ; , $6.25 $1.50 
Price for all three Journals. é . - $15.00 $4.50 

Price for any two Journals. ; $ - $11.50 $3.00 

(d) Chemical Reviews : ; ‘ $4.00 $0.50 


Application should be made direct to the Secretary, American 
Chemical Society, Mills Building, Washington, D.C., U.S.A., and 
should be sent as soon as possible. 

(e) Journal of Physical Chemistry . ‘ $8.00 post free 

Application should be made to Mr. Ww. Ww. Buffum, The Journal 
of Physical Chemistry, 654 Madison Avenue, New York City, 
U.S.A. 


* One-half postage rates to Canada. No postage charges to countries in 
the Pan-American Union and Spain. 


NEDERLANDSCHE CHEMISCHE VEREENIGING 


(a) Chemisch Weekblad . ‘ ; . Fl. 10.25 post free 
(6) Recueil des travaux chimiques des Pays Bas . « PLR x 
Application to be made to Dr. A. D. Donk, Nederlandsche 
Chemische Vereeniging, Verspronckweg, 100, Haarlem, Holland. 
Note.—A remittance, made payable to the Society concerned, must accompany 
each application. 





List of Papers, or Abstracts thereof, received between June 19th 
and October 23rd, 1930. (This List does not include the titles 
of papers which have been read at an Ordinary Scientific Meeting, 
or which have appeared in the Journal.) 


“Studies in the naphthalene series. Part II. Some diaryl- and 
triaryl-methane derivatives of dimethyl-«-naphthylamine.” 
By B. Goxaté and F. A. Mason. 

“On the reaction of metals of the alkali or the alkaline-earth group 
(including magnesium) with water, acids, and alkali hydroxide 
solutions.” By I. IrraKa. 

“Phase-rule studies on metallic thiocyanates. Part I. The 
systems Ba(CNS),-NaCNS-H,O and Ba(CNS),-KCNS-H,0 at 
25°.” By V. J. OccLtEsHaw. 

“The reduction of substituted p-benzoquinones by sulphur dioxide 
alone and in the presence of alkali.” By J. W. Dopason. 

“The decomposition of diazobenzene sulphate by aliphatic 
alcohols.” By H. H. Hopeson and A. KersHaw. 

“Catalytic decomposition of some gaseous ethers.” By P. A. K. 

CLUSIUS. 
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“The complexity of phosphoric oxide.” By A. Smits. 

“The conductivity of some uni-univalent salts in ethyl alcohol.” 
By E. D. Coptzy, D. M. Murray-Rust, and Sm Haroip 
HARTLEY. 

“The mobility of the perchlorate ion in methyl alcohol.” By 
E. D. CopLtey and Sir HaroLtp HaRtTLey. 

“ Degradations in the sugar group.” By V. DEULOFEU. 

“On the original body of vitamin-B.” By B. Tanaka. 

“Trypanocidal activity and chemical constitution. Part II. 
New sulphur derivatives of aromatic organic arsenicals (con- 
tinued). Derivatives of 2-thiolbenziminazole-5-arsenic acid.” 
By J. G. EVERETT. 

“A few remarks on the paper by (Miss) Tempe M. Fenton and 
William Edward Garner entitled ‘The heats of association of 
acetic and heptoic acids in the vapour state.’”’” By H. Doxusr 
and M. DUNKEL. 

“ Aromatic acid amides. Part I. The preparation of benzamide.”’ 
By C. H. Kao and 8. Ma. 

“Stereoisomerism in substituted 1 : 2 : 3: 4-tetrahydroquinolines. 
Part II.” By 8S. G. P. Puant and R. J. Rossmr. 

“The calculation of activity coefficients from solubility measure- 
ments. Part II. Thallous iodate.” By C. W. Davizs. 

“The calculation of activity coefficients from solubility measure- 
ments. Part III. The unsymmetric valence type effect.” 
By C. W. Davtiss. 

“The correlation of certain photochemical reactions and wave- 
length. Part I.” By F. C. Hymas. 

“The interaction between alkyl Grignard reagents and arsenic 
trichloride.’ By W. J. C. Dyker and W. J. Jongs. 

“The ionisation constants of some chloro- and nitro-anilines by 
the partition method.” By G. WittiaMs and F. G. Soper. 

“Some 4-alkyl derivatives of 1-phenylcyclohexane-3 : 5-dione.”’ 
By I. H. S. Marrar, J. J. H. Hastinas, and T. K. WALKER. 

“Germanium. Part VIII. The action of ammonia on germanium 
tetrachloride-germanium imide.” By J. 8. THomas and W. 
Pueu. 

“The structure of isoanethole.” By G. D. Goopatt and R. D. 
HAWworTH. 

“On the formation of p-diphenylbenzene.” By J. E. Sisson. 

“Polycyclic aromatic hydrocarbons. Part II. Derivatives of 
1: 2:5: 6-dibenzanthracene and 1 : 2 : 7 : 8-dibenzanthracene.” 
By J. W. Coox. 

“ The potential of the iridi-iridochloride electrode.” By H, TERREY 

and H, C, Baker, 
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“‘ Studies in the sterol group. Part XI. The relationship of the 
fully saturated derivatives of ergosterol and sitosterol.” By 
F. 8. Sprina. 

“ Synthesis of alkyl naphthalenes. Part II. 1:3:5- and 1:3:8. 
Trimethylnaphthalene.” By I. M. Hemsron and D. G. 
WILKINSON. 

“Note on the parachor and valency.” By T. IREDALE. 

“‘ Metallic hydroxy-acid complexes. Part V. Neutral «-cupri- 
tartrates.” By E. E. Wark and I. W. Wark. 

“ The latent heats of evaporation of nitromethane and benzonitrile.” 
By J. C. Pump and 8. C. WaTErRTON. 

“The parachor and chemical constitution. Part XV. The con- 
stitution of sulphinium and ammonium mercuri-iodides (iodo- 
mercuriates).” By H. J. Cavett and 8. SuaGpEN. 

“The constitution of double sulphonium mercuric iodides. The 
optically active tri- and tetra-iodomercuriates and cadmium 
tetra- and penta-iodides derived from /-methylethylphenacyl- 
sulphonium iodide.” By M. P. Batre, J. Kenyon, and 
H. PHILLIes. 

‘““A labile compound of benzeneazo-$-naphthol and 8-naphthol.” 
By H. H. Hopeson and W. RosEnBERG. 

‘* A general method for the preparation of thiocyanine dyes. Some 
simple thiocarbocyanines.” By N. I. Fisher and F. M. Hamer. 

“The synthesis of ditsopropylmalonic acid and some related com- 
pounds; with some observations on the polar character of 
the isopropyl radical.” By F. C. B. MarsHatu. 

*“ Aromatic arsenic compounds containing sulphur groups attached 
to the nucleus. Part II. Thiocyano- and disulphido-groups.” 
By H. J. BARBER. 

‘* Researches in the menthone series. Part VII. The condensation 
of menthylamines with d- and /-oxymethylenecamphor.” By 
J. Reap and C. C. STEELE. 

‘“ Analogues of the diphenylhydroxyethylamines. Part I. Di- 
p-methoxyphenylhydroxyethylamine and di-3 : 4-methylene- 
dioxyphenylhydroxyethylamine.” By J. Reap and I. G. M. 
CAMPBELL. 

‘Analogues of the diphenylhydroxyethylamines. Part II. 
8-Phenyl-8-hydroxyethylamine and some derivatives.” By 
J. Reap and (Miss) I. G. M. CAMPBELL. 

“ Digitalis glucosides. Part II. Digoxigenin, the aglucone of 
digoxin.” By 8S. Smrru. 

** Stereochemical influences on aromatic substitution. Substitution 
derivatives of 5-hydroxyhydrindene.” By W. H. Mints and 
I, G. Nrxon. 
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“The photochemical union of hydrogen and chlorine. Part I. 
The effect of light intensity.” By A. J. AttmManp and E. 
BEESLEY. 

“The photochemical union of hydrogen and chlorine. Part II. 
The effect of wave-length measurements with filtered light.” 
By A. J. AttmManpD and E. BEESLEY. 

“The interaction between iodine pentoxide and nitric oxide.” By 
M. S. Saw and T. M. Oza. 

“The organic compounds of gold. Part I. Diethyl-gold bromide 
and some derivatives.” By C. 8S. Grsson and J. L. SIMONSEN. 

“ Syntheses with 68’-dichlorodiethyl ether. Part I. Some derivatives 
of tetrahydropyran.” By C. 8. Grsson and J. D. A. JOHNSON. 

“Tsolation of a new complex hydrocarbon of the probable formula 
CygHy.” By C. 8. Grsson and J. D. A. JoHNson. 

“Researches in the menthone series. Part VIII. Further char- 
acterisation of the optically active menthylamines.” By J. 
Reap and R. A. Storey. 

“The structure of carbohydrates and their optical rotatory power. 
Part I. General introduction.” By W. N. HaworrtH and 
KE. L. Hirst. 

“The structure of carbohydrates and their optical rotatory power. 
Part II. 4-Glucosido-«-mannose and its derivatives.” By 
W. N. Haworta, E. L. Hirst, H. R. L. Streient, H. A. 
THomas, and J. I. WEBB. 

“The structure of carbohydrates and their optical rotatory power. 
Part III. 4-Galactosido-«-mannose and its derivatives.” By 
W. N. Haworta, E. L. Hist, (Miss) M. M. T. Puant, and 
J. W. REeYNOLDs. 

“The structure of carbohydrates and their optical rotatory power. 
Part IV. Derivatives of «- and $-methylmannopyranoside.” 
By H. G. Bort, W. N. Haworta, and E. L. Hirst. 

“The structure of carbohydrates and their optical rotatory power. 
Part V. The optical rotatory powers of methylated lactones 
‘derived from the simple sugars.” By W. N. Haworrtn, E. L. 
Hirst, and J. A. B. Smrru. 

“The ternary system zine oxide-zine chloride-water. (Remarks 
on the paper by H. C. Holland.)” By W. Frrrknecar. 

“Quinoline compounds containing arsenic. Part II. Synthesis 
of 6-methoxyquinoline derivatives of aminophenylarsinic acids 
by the use of 4-bromo-6-methoxy-2-methylquinoline.” By 
R. H. SLATER. 

“The arsinic acids of o-aminophenol.”” By M. A. PHrLyirs. 

“On the disturbance of neutrality of solutions during electro- 
dialysis.” By M. Weizmann and J. Yorrz, 
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“* Researches on residual affinity and co-ordination. Part XXXII. 
Complex salts of bivalent silver.” By G. T. Moraan and 
F. H. BuRSTALL. 

“The vapour pressure of chlorine monoxide.” By C. F. Goopevs, 

“‘ Syntheses with $8’-dichlorodiethyl ether. Part II. Heterocyclic 
compounds containing two atoms of the oxygen group in the 
ring. 1: 4-Selenoxan and its derivatives.” By C. 8. Gresoy 
and J. D. A. JOHNSON. 





ADDITIONS TO THE LIBRARY. 
I. Donations. 


ABDERHALDEN, Emi. [Editor.] Handbuch der biologischen 
Arbeitsmethoden. Abt. I. Chemische Methoden. Teil 2, II 
Halfte, Heft v. Berlin 1930. pp. 2586 to 2878. M.16. (Reed. 
22/9/30.) From the Publishers : Herren Urban & Schwarzenberg. 

Acta UNIVERSITATIS VORONEGIENSIS. Vol. II, etc. Voroneff 
1925 +. (Reference.) From the University. 

BaRGER, GEORGE. Some applications of organic chemistry to 
biology and medicine. New York 1930. pp. viii + 186. ill 
12s. 6d. net. (Recd. 2/10/30.) From the Author. 

Brices, WILLIAM, and Stewart, RoBeRT WALLACE. Qualitative 
analysis. 2nd edition. Revised by Douaias RosEBERY SNELL- 
GRovE. London 1930. pp. xii+ 171. ill. 48. net. (Reed. 
1/7/30.) From the University Tutorial Press. 

Brisson, [MatHurtn JAcquss]. Dictionnaire raisonné de 
physique. 3 vols. Paris 1781. pp. xvi + 708, iv + 770, vi + 
plates. (Reference.) From Mr. J. A. Audley. 
Observations sur les nouvelles découvertes aérostatiques, et 
sur la probabilité de pouvoir diriger les ballons. Paris 1784. pp. 
ii+ 34. (Reference.) [Bound as supplement to “ Dictionnaire 
raisonné de physique,” Vol. 2.] 

DELANGE, RayMonp. Essences naturelles et parfums. Paris 
1930. pp. 222. 10fr.50. (Recd. 23/6/30.) 

From the Publishers : Librairie Armand Colin. 

Erupres CurMiguEs sous forme de dictionnaire. MS. 2 vols. 
[n.d.] pp. [234,255.] ill. (Reference.) From Mr. J. A. Audley. 

Ervpres Metatiureiques. MS. [n.d.] pp. 87. (Reference.) 

From Mr. J. A. Audley. 

GoDLEWSKI, Emite. Ocuvres. Vol. I. (1870-1890.) Edited by 
LapisLas VorBRoDT, Cracovie 1930. pp. viii + 599. ill. (Reed. 
15/10/30.) From the Académie Polonaise. 
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HALDANE, JOHN BuRDON SANDERSON. Enzymes. (Monographs 
on Biochemistry.) London 1930. pp. viii + 235. ill. 14s. net. 
(Recd. 7/10/30.) 
From the Pubiishers : Messrs. Longmans, Green & Co. 
HALDANE, JoHN Scott. The theory of heat-engines including the 
action of muscles. Edinburgh 1930. pp. xvi+ 120. 6s. net. 
(Reed. 18/8/30.) From the Publishers : Messrs. Oliver & Boyd. 
Huntress, Ernest Hamuin. A brief introduction to the use of 
Beilstein’s Handbuch der organischen Chemie. New York 1930. 
pp. viii + 35. (Reference.) 5s. net. 
From the London Publishers : Messrs. Chapman & Hall. 
IMPERIAL COLLEGE CHEMICAL Society. Journal. Vols. VI-IX. 
London 1927-30. (Reference.) From the Society. 
Institut Du Prin. Bulletin. Sous le controle de l'Institut des 
Recherches agronomiques et rattaché a la Faculté des Sciences de 
Bordeaux. 2nd Series. No.1,etc. Bordeaux 1930 +. (Reference.) 
From the Institute. 
Keio ImprriaL University. Acta Medicinalia in Keijo. Vols. 
XI and XII. Keijo 1928-29. 
Continued as :— 
Keijo Journal of Medicine. Vol. I, etc. Keijo 1930 +. 
(Reference.) From the University. 
Krarrt, Cart F. Spirazines: a type of chemical structure 
bearing upon the constitution of proteins and the cause of life. 
Washington 1930. pp. 54. ill. $1 net. (Recd. 16/10/30.) 
From the Author. 
LatvisaAs Universirates Raksti. Kimijas Fakultates Serija. 
Vol. I, ete. Riga 1929+. (Reference.) 
From Professor Dr. A. Petrikaln. 
Macqurr, [Prerre Josrepu.] Dictionnaire de chimie. 2nd 
edition. [4to]. 2 vols. Paris 1778. pp. lii + 687, iv + 856. 
ill. (Reference.) From Mr. John Pennell. 
MENSCHUTKIN, Boris NrkoLAEvitscH. Course of general (in- 
organic) chemistry. 3rd edition. Moscow 1930. pp. 642. ill. [In 
Russian.] (Reed. 18/8/30.) From the Author. 
Pine Instrrute or America. Abstracts. Chemical Section. 
Vol. IV, No. 7, etc. Pittsburgh 1930 +. (Reference.) [In mimeo- 
graph form.] From Dr. Henry de Laszlo. 
Russer Inrormation. A compendium of the rubber industry 
in all its branches. Edited by Harry BreNNAN CRONSHAW. 
London 1930. pp. 237. (Reference.) 10s. net. 
From the Publishers : Messrs. Leonard Hill. 
State CoLLEGE or WASHINGTON. Research Studies. Vol. I, etc. 
Pullman, Washington 1929+. (Reference.) From the Editor. 









































100 


STEPHENSON, Marsory. Bacterial metabolism. (Monographs 
on Biochemistry.) London 1930. pp. xii + 320. ill. 18s. net, 
(Reed. 7/10/30.) 

From the Publishers : Messrs. Longmans, Green & Co, 

SyDNEY, UNIVERSITY OF. Journal of the Cancer Research Com. 
mittee. Vol. I, etc. Sydney 1929+. (Reference.) 

From the Editor, 

Taussic, Rupo.tr. Die Industrie des Kalziumkarbides. (Mono- 
graph. angew. Electrochem. Vol. 51.) Halle (Saale) 1930. pp. 
xvi +519. ill. M.60. (Reed. 14/10/30.) 

From the Publisher : Herr Wilhelm Knapp. 

THoms, Hermann. [Editor.] Handbuch der praktischen und 
wissenschaftlichen Pharmazie. Vol. V, part vi. Berlin 1930. pp. 
1173 to 1348. ill. M.10. (Reed. 14/10/30.) 

From the Publishers : Herren Urban & Schwarzenberg, 

Tokyo Bunrika Daigaku. Science Reports. Section A. Vol. 
I, ete. Tokyo 1930+. (Reference.) From the Editor. 

UKRAINIAN CouncrL Socratist REPuBLIic. Scientific Magazine 
of the Chemical Cathedar of Katerynoslaw. Ukraine 1926. 
(Reference.) From the Editor. 


Il. By Purchase. 


BARCHUSEN, JOHANN ConRAD. Elementa Chemiz, quibus sub- 
juncta est Confectura Lapidis Philosophici. Lugduni Batavorum 
1718. pp. [xii] + 532 + [19]. ill. (Reference.) 

Curtis, C. A. Artificial pigments and their applications. Trans- 
lated by Ernest Fyteman. London 1930. pp. viii+ 291. 2ls. 
net. (Recd. 16/10/30.) 

Eper, Joser Marta. Ausfiihrliches Handbuch der Photo- 
graphie. 6th edition. Vol. III. Part i. Die Fabrikation der 
photographischen Platten, Filme und Papiere und ihrer maschinelle 
Verarbeitung. By Fritz WentTzeL. Halle (Saale) 1930. pp. 
xx + 595. ill. M.48.50. (Reed. 6/10/30.) 

Epwarps, Junius Davip, Frary, Francis C., and JEFFRIES, 
Zay. The aluminium industry. 2 vols. (Chemical Engineering 
Series). New York 1930. pp. xviii + 870, xii + 358. ill. 60s. 
net. (Recd.16/10/30.) 

Futmer, Ex.isI.,and WerkMan,C.H. An index to the chemical 
action of microorganisms on the non-nitrogenous organic compounds. 
[Springfield, Ill.] 1930. pp. xiv + 198. (Reference.) 20s. net. 

Herz, Watter. Physikalische Chemie als Grundlage der 
analytischen Chemie. 3rd edition. In collaboration with L. 
LorRENz. (Die chemische Analyse, Vol. III.) Stuttgart 1930. pp. 
viii + 310. ill. (Reference.) M. 19. 
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Kruyt, Hueco Rupotpx. Colloids: a textbook. Translated by 
Henry S. vAN Kiooster. 2nd edition. New York 1930. pp. 
xiv + 286. ill. 17s. 6d. net. (Recd. 16/10/30.) 

PayMAN, WriLuiaAmM, and StatHam, IRA Ceci, FRANK. Mine 
atmospheres. London 1930. pp. xii + 336. ill. 10s. 6d. net. 
(Recd. 16/10/30.) 

PoucHER, WiLLIAM ARTHUR. Perfumes, cosmetics and soaps 
with especial reference to synthetics. 3rd edition. Vol. I. London 
1930. pp. x + 394. ill. 21s. net. (Recd. 19/8/30.) 

Prect, Fritz. Quantitative organic microanalysis. 2nd 
English edition. Translated by Ernest FyLeMAN. London 1930. 
pp. xiv + 237. ill. 15s. net. (Recd. 16/10/30.) 

ScHAFFNER, ANTON. Enzyme und ihre Bedeutung zur Kon- 
stitutionsermittlung von Naturstoffen. (Fortschritte der Chemie, 
Physik und physikalischen Chemie. Vol. XX.) Berlin 1930. 

SOMMERFELD, ARNOLD. Wave-mechanics. Translated by 
Henry L. Brose. Supplementary volume to “ Atomic structure 
and spectral lines.” London 1930. pp. xii + 304. ill. 21s. net. 
(Reed. 16/10/30.) 

THAYSEN, AAGE CHRISTIAN, and GaLtLoway, L. D. The micro- 
biology of starch and sugars. London 1930. pp. viii + 336. 25s. 
net. (Recd. 16/10/30.) 

TREADWELL, FREDERICK PEARSON. Analytical chemistry. 7th 
English edition. Vol. I. Qualitative analysis. Translated and 
revised by WILLIAM THomAS Haty. New York 1930. pp. x + 610. 
ill. 23s. net. (Recd. 22/9/30.) 

Weset, A. A German-English technical and scientific dictionary. 
London 1930. pp. xii + 887. (Reference.) 36s. net. 

Zworykin, V. K., and Wixtson, E. D. Photocel’s and their 
application. New York 1930. pp. xii + 209. ill. 12s. 6d. net. 
(Recd. 16/10/30.) 


Ill. Pamphlets. 


AUSTRALIA, COMMONWEALTH OF. Council for Scientific and 
Industrial Research. Bulletin No. 44. Investigations on “ spotted 
wilt” of tomatoes. By GrorrrEy SAMUEL, J. G. Bap, and H. A. 
Pirrman. Melbourne 1930. pp. 64. ill. 

Batavia. Proefstation voor Rubber. Mededeelingen. No. 57. 
Enquete over de ondernemingsrubber in Java en Zuid-Sumatra. 
By R. Riesy. Batavia 1930. pp. 28. ill. [In Dutch. English 
summary. | 

BRAHMACHARI, UpENDRA Natu, and Gupta, JNANENDRA MoHAN 
Das. A contribution to the chemistry of certain new aromatic 
antimonials. (From the J. Proc. Asiatic Soc. Bengal, 1929, 25.) 
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Costa, Norperto P. Algunas observaciones relativas a la con. 
stitucién de cementos. (From the An. Soc. Cientifica Argentina, 
1930, 109.). ill. 

Davies, JAMES. Newfoundland cod liver oil. St. John’s 1930, 
pp. 30. ill. 

Dean, WatTER A. The nickel iron chromium system. (Rensse. 
laer Polytechnic Inst., Eng. Sci. Series, No. 26.) 1930. 

DERRIEN, Evakne. Zinc, porphyrines et cancer. (From the 
Arch. Soc. Sci. Med. Biol. Montpellier, 1929-30, 11.) 

DERRIEN, EvGENE, and CrisToL, Pau. Zincoporphyrinurie, 
(From the Arch. Soc. Sci. Med. Biol. Montpellier, 1929-30, 11.) 

Emprre Marketing Boarp. May 1929 to May 1930, ete, 
London 1930 +-. 

Evans, W. P. Microstructure of New Zealand lignites. (From 
the New Zealand J. Sci. Tech., 1930, 41.) ill. 

GRAAF, HENDRIK DE. Verband tusschen smaak en constitutie van 
dicarbonzuur-dihydraziden en derivaten. Leiden 1930. pp. xii+ 138. 

Hess, WENDELL FREDERICK. A study of the colour sensitiveness 
of various types of photo-electric cells. (Rensselaer Poly. Inst. Eng. 
Sci. Series, No. 23.) Troy 1929. pp. 27. ill. 

Hrrarpzumi, ‘TErKicuHt. Studies in menthones. (From the 
anniversary vol. dedicated to M. Chikashige, 1930.) 

Komatsu, SHiceRU. Biochemical studies on the bamboo. I. 
(From the anniversary vol. dedicated to M. Chikashige, 1930.) 

Kostine, PETER R. The nickel iron copper system. (Rensselaer 
Polytechnic Inst., Eng. Sci. Series, No. 26.) 1930. 

Mines DEPARTMENT. Safety in Mines Research Board. Paper 
No. 60. Flame-proof electrical apparatus for use in coal mines. 
Summarising report by IRA Cecrt FRANK STATHAM and RICHARD 
VERNON WHEELER. London 1930. pp. iv + 62. ill. 

Ministry oF HeattH. The Public Health (Preservative, &c., in 
Food) Regulations. (Statutory Rules and Orders, 1925, No. 775, as 
amended by 1926, No. 1557, and 1927, No. 577.) pp. 11. 

MontreR-WILLIAMS, GoRDON WickHAM. A report on the deter- 
mination of sucrose, lactose and invert sugar in sweetened condensed 
milk. (Ministry of Health Reports on Public Health and Medical 
Subjects, No. 57.) London 1930. pp. 23. 

Morton, James. Dyestuffs and textiles in Britain: 1930. 
[Edinburgh] 1930. pp. 43. . 

Nisaipa, Kirsus1, and Hasuima, Hipro. Chemische Unter- 
suchungen ueber das Glukomannan aus “ Konjak.” (From the 
J. Dept. Agric., Kyushu Imp. Univ., 1930, 2.) ill. 

Osrnata, Icutst. Studies on quenching velocities. (From the 
Mem. Ryojun Coll. Eng., 1930, 2.) ill. 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 





Ordinary Scientific Meeting, Thursday, October 30th, 1930, at 
§ p.m., Professor J. F. Toorpr, C.B.E., D.Sc., F.R.S., President, 
in the Chair. 


The PRESIDENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
Ernest Owen Courtman ............... June 21st, 1900. Oct. 20th. 
Frank Edwin Dickinson ............... Dec. 3rd, 1925. Oct. 27th. 


D. J. Ives was formally admitted a Fellow of the Chemical 
Society. 

Forms of recommendation for Fellowship were read for the first 
time in favour of : 


Victor Gallafent, B.Sc., A.R.C.S., 164, Leander Road, Brixton, S.W. 2. 

Eric Charles Edward Hunter, B.Sc., 56, Westover Road, Wandsworth, 
8.W. 18. 

Harold John Moss, B.Sc., 181, Church Road, Willesden, N.W. 10. 

William Frank Pavitt, A.I.C., 3, Bowerdean Street, Fulham, S.W. 6. 

Reginald John William Reynolds, B.Sc., 114, King Street, Fenton, Stoke- 
on-Trent. 

Maurice Stacey, B.Sc., Moreton, near Newport, Salop. 


The following papers were read : 


“ Stereochemical influences on aromatic substitution. Substitution 
derivatives of 5-hydroxyhydrindene.” By W. H. Mims and 
I. G. Nrxon. 

“ A general method for the preparation of thiocyanine dyes. Some 
simple thiocarbocyanines.” By N. I. Fisher and F. M. 
HAMER. 

“ Syntheses with 68’-dichlorodiethyl ether. Part II. Heterocyclic 
compounds containing two atoms of the oxygen group in the 
ring. 1:4-Selenoxan and its derivatives.” By C. 8S. Gipson 
and J. D. A. JoHNsON. 
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Ordinary Scientific Meeting, Thursday, November 20th, 1930, 
at 8 p.m., Professor J. F. THorps, C.B.E., D.Sc., F.R.S., President, 
in the Chair. 


The PRESIDENT referred to the loss sustained by the Society, 
through death, of the following Fellows :— 


Elected. Died. 
John Edward Purvis .................+ June 20th, 1901. Nov. Ist, 1930. 
Fred Pilkington Sargeant ............ Feb. 15th, 1900. May 20th, 1930. 


The PRESIDENT announced that delegates would represent the 
Society for the year 1931 as follows :— 


Professor C. 8S. Gibson, Mr. A. J. Greenaway, Dr. J. T. 
Hewitt, and Professor G. T. Morgan, together with the 
Treasurer (ex officio), on the Bureau of Chemical Abstracts. 

Professor C. 8. Gibson, Sir William J. Pope, and Professor 
J. F. Thorpe on the Federal Council for Chemistry. 

Professor A. J. Allmand, Professor F. G. Donnan, and Pro- 
fessor J. Kendall on the Editorial Board of the Journal of 
Physicak Chemistry. 


* Forms of Recommendation for Fellowship were read for the first 
time in favour of :— 


Herbert William Ashton, B.Sc., 37, Caversham Avenue, Palmers Green, N. 13. 

John Beach Fleuret, 47, Walsingham Road, Hove, Sussex. 

Paul Edward Gagnon, B.A., D.-és-Se., Laval University, Quebec. 

Herbert Victor Hoffman, B.Sc., 72, Wembley Park Drive, Wembley Park. 

Harry Herman Kretchmar, B.Sc., 5, Smith Street, Perth, Western Australia. 

Kuruvila Ittyerah Kuriyan, B.A., M.Sc., 112, Gower Street, W.C. 1. 

Harold Leslie Langdon, B.Sc., Alleyn, Hopcott, Minehead, Somerset. 

Arthur Reginald Lowe, B.Sc., A.R.C.S., 7, Kempsford Gardens, Earls Court, 
S.W. 5. 

Roland Rusk McLaughlin, M.A.Sc., M.A., Ph.D., 4, May Street, Toronto. 

Louis Frederic Mountfort, Claverings, Montagu Road, Edmonton, N. 9. 

Thomas Henry Hall Quibell, B.A., 51, Maids Causeway, Cambridge. 

William Frederick Sandrock, B.Sc., 61, Buxton Road, Chingford, Essex. 

Arthur Leonard Silcox, B.Sc., Eastbourne, Langland Bay, Mumbles, Swansea. 

James Clare Speakman, M.Sc., Ph.D., St. Aidan’s Vicarage, Park, Sheffield. 

James Walker, B.Sc., 3, Walker Place, Arbroath, Angus. 

George Stafford Whitby, M.Sc., Ph.D., 226, Rideau Terrace, Ottawa, Ont. 
Canada. 

James Matson Wright, B.Sc., c/o Mrs. Barnfather, 7, Kempsford Gardens, 
Earls Court, 8.W. 5. 


The following papers were read :— 
“ Piperitone. Part XI. Syntheses of optically inactive and 
active piperitylamines, piperitols, and «-phellandrenes.” By 
J. Reap and R. A. SToREy. 
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“ Researches in the menthone series. Part IX. A new optical 
resolution of dl-menthol and of dl-camphor-10-sulphonic acid.” 
By J. Reap and W. J. Gruss. 

“ Heterocyclic systems containing selenium. Part IV. cyclo- 
Selenohexane.” By G. T. Moraan and F. H. Burstatw. 

“ Bis-p-phenety] telluride and its derivatives.” By G. T. Morean 
and F. H. Burstat. 

“ Researches on residual affinity and co-ordination. Part XXXII. 
Complex salts of bivalent silver.” By G. T. Moraan and F. H. 
BURSTALL. 





THIRD LIVERSIDGE LECTURE. 


The Third Liversidge Lecture, entitled ‘‘ Fifty Years’ Experi- 
mental Research upon the Influence of Steam on the Combustion 
of Carbonic Oxide (1880-1930),”’ will be delivered by Professor 
W. A. Bone, D.Sc., F.R.S. on Thursday, December 11th, 1930, at 
5.30 p.m. in the main Chemical Lecture Theatre of the Imperial 
College of Science and Technology, 8. Kensington, 8.W.7 (by 
courtesy of the Governors). 





THE LIBRARY. 


The Library will be closed for the Christmas Holidays from 
Tuesday, December 23rd, at 1 p.m., until Monday, December 29th, 
at 10 a.m. 





ANNUAL REPORTS, VOL. XXVII. 


The price of the Annual Reports for 1930, Vol. X XVII, will be 
5s. 6d. to those Fellows who apply before December 31st, 1930. 

Application should be made to the Assistant Secretary, and must 
be accompanied by a remittance. 





List of Papers, or Abstracts thereof, received between October 
23rd and November 20th, 1930. (This List does not include the 
titles of papers which ave been read at an Ordinary Scientific 
Meeting, or which have appeared in the Journal.) 

“ Formation of sulphonium chlorides and of unsaturated substances 
by the action of water and of aqueous alcoholic potash on 
88’-dichlorodiethyl sulphide.” By A. E. Oxrorp. 

“ Note on the bromination of 4-nitro-«-methylnaphthalene and the 

preparation of some aryl methyl halides.” By J.S8. H. Davies 

and A. E. Oxrorp. 
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“The action of acids and alkalis on textile fibres. Part I. The 
action of acids and alkalis on cotton.’’ By J. C. VocEt. 

“* The reactions of the dioxides of selenium and tellurium with the 
halogen acids.”” By T. W. Parker and P. L. Rosryson. 

‘‘ Note on the action of nitrous acid on thiourea.” By T. W. J. 
TAYLOR. 

‘‘ The action of halogens on ethyldi-iodostibine. Antimony bromo. 
di-iodide.” By R. E. D. Crark. 

“The polysulphides of barium and calcium.”’ By P. L. Rosrysoy 
and W. E. Scorr. 

“ The formation of aromatic thiosulphonic acids from disulphides.” 
By E. W. McCiLe.ianp and L. A. Warren. 

“ Syntheses of glucosides. Part VI. The preparation of 8-glucosides 
of phenols.”” By A. Roprertson and R. B. Warrrs. 

* Reaction of p-anisidine and ethyl methylacetoacetate.” By W. 0, 
Kermack and J. F. Smrra. 

‘The interaction of ammonium sulphite with certain polybromo- 
paraffins.” By W. J. Pope and F. B. Kipprnc. 

‘The action of molecular nitrogen on highly purified iron.” By 
H. H. Gray and M. B. Tompson. 

‘“‘ Properties of conjugated compounds. Part XI. Addition of 
hydrogen bromide to By- and «3-dimethylbutadiene.” By E. H. 
Farmer and F. C. B. MARSHALL. 

** -Cyano-acylamines and their transformation to quinoline 
derivatives.”’ By M. IsHaq and J. N. Ray. 

“The dissociation pressures of the iron nitrides.” By H. H. 
Gray. 

“The hydrolysis of acetamide.” By T. W. J. Taytor. 

* A study of the aliphatic ethers.” By H. Hensroox. 

“The action of substituted aromatic amines on camphoric an- 
hydride. The rotatory power of some disubstituted camphor- 
anilic acids.” By M. Stneu and D. Sines. 

** Chlorination of o- and p-nitrotoluenes. 3 : 4 : 6-Trichloro-2-nitro- 
toluene and 2 : 6-dichloro-4-nitrotoluene.”” By L. F. Levy and 
H. STEPHEN. 

“A new method of reducing aromatic nitro-compounds.” By 
(Miss) T. E. pe Krewiet and H. STePHen. 

“The preparation of 4-nitrophthalimide and some of its deriv- 
atives.” By L. F. Levy and H. SrerHen. 

“‘ Note on the preparation of anhydrous chlorides.” By H. 
STEPHEN. 

‘‘ Note on 6-chlord-2-methylbenzoic acid and its conversion into 
6-chloro-«-hydroxyphthalide.” By L. F. Levy and H. 

STEPHEN. 
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“The co-ordination compounds of oximes. Part II. Nickel and 
cobalt compounds of o-hydroxybenzaldoxime.” By O. L. 
BrapDy. 

“Syntheses of glucosides. Part VII. The synthesis of 6-bromo- 
indican.”” By A. Ropertson and R. B. WarTErs. 

“ The inhibition of chemical reactions. Part IV. The site of anti- 
oxygenic action. The oxidation of sodium sulphite.” By K.C. 
BalLey and (Miss) V. H. Frrencu. 

“The action of nitric acid on polycyclic indole derivatives. Part 
IX,” By S. A. Bryant and S. G. P. Puant. 

“New derivatives of pyrrole. Part I. The synthesis of 3-keto- 
4 : 5-dihydro-di-(1 : 2)-pyrrole, and of 8-keto-5 : 6:7 : 8-tetra- 
hydropyrrocoline.”” By G. R. CLEmo and G. R. RaMaGE. 

“The formation of kojic acid from sugars by Aspergillus oryz@.” 
By F. Cuattencer, L. Kier, and T. K. WALKER. 

“ Reduction products of the hydroxyanthraquinones. Part XII.” 
By G. F. Arrres and A. G. PERKIN. 

“ Nitrogen tri-iodide.”’” By H. W. Cremer and D. R. Duncan. 





FORMS OF RECOMMENDATION FOR FELLOWSHIP. THE 
BALLOT WILL BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, DECEMBER 
4th, 1930. 


ANGELL, FREDERICK GEORGE, 32, Pinner Road, Harrow, Middlesex. 
British. Chemist. B.Sc., 2nd Class Hons. in Chemistry, Birmingham, 1928. 
Undertook research on chemistry of co-ordination compounds, 1928-1930, 
under direction of Dr. W. Wardlaw. ‘‘ Complex Bromides of Quinquevalent 
Molybdenum,” J.C.S., 1929, 2578. ‘‘ A New Interpretation of the Isomerism 
amongst Co-ordination Compounds of Platinum,” ibid., 1930, 349. (Signed 
by) W. N. Haworth, Harry W. Webb, F. W. Pinkard, H. D. K. Drew, Wm. 
Wardlaw. 

Batpwin, ALFRED WILLIAM, 100, Cecile Park, Crouch End, N. 8. British. 
Organic Chemistry Research Student. B.Sc., 2nd Class Hons. Chemistry 
(London External). Private study. Ph.D. (London External), Manchester 
University and University College, London. Employed as assistant, B. D. C. 
Blackley, 1918-26. Post-graduate research on nitration of sulphones and 
antimalarial research, viz. preparation of aminoalkylamino-6-alkoxyquinolines. 
“Attempts to Find New Antimalarials,” Part III, J.C.S., 1929, 2959. 
(Signed by) R. Robinson, R. J. W. Le Févre, W. Bradley. 

Barren, Witt1AM Epwarp, 41, Calais Gate, Myatts Park, S.E.5. British. 
Research Student. Associate of the Royal College of Science. At present 
carrying out research in organic chemistry at Imperial College of Science and 
Technology. (Signed by) Jocelyn Thorpe, M. A. Whiteley, G. A. R. Kon, 
R. P. Linstead. 

Beattie, Wii~t1aM ANDREW, 11, Fraser Grove, Wardie, Edinburgh. 
British. Chemist and Druggist. Member of the Pharmaceutical Society. 
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Laboratory Manager, Messrs. Duncan, Flockhart & Co., 104, Holyrood 
Road, Edinburgh. (Signed by) J. J. Blackie, Eric Knott, Gordon Perrins, 

BEcKETT, Ernest GEORGE, Gilmerton, Larbert, Stirlingshire. British, 
Works Manager (Scottish Dyes, Ltd., Grangemouth). Dipl. Chem. (Ziirich); 
Ph.D. (Zurich); F.I.C. Research on determination of antimony (thesis), 
“The Estimation of Nitrogen in Nitrocellulose and Inorganic Nitrates,” 
J.C.S., 1920, 220. (Signed by) John Read, W. D. Rogers, Wm. Rintoul, 
Wm. Barbour, 

Brack, HucuH Kennetu, 63, Middle Street, Brighton, Sussex. British, 
Technical Assistant. B.Sc, Special London. (Signed by) Allan Domleo, 
J. C. Everett, A. J. Butterworth. 

BLOOMFIELD, GEORGE FREDERIC, 27 Belmont Avenue, Tottenham, N, 17. 
British. Research Student, Organic Chemistry, Royal College of Science. 
B.Se. (London); A.R.C.S. (lst Class Hons.). (Signed by) Jocelyn Thorpe, 
G. A. R. Kon, E. H. Farmer. 

BRADLEY, JOHN, 25, Lamel Street, Hull Road, York. British. From 
Sept. 1, 1930, Science Master at Wallasey Grammar School. B.A., Cam- 
bridge (2nd Class Hons. Chemistry); B.Sc., London (Ist Class Hons. 
Chemistry). (Signed by) Gordon Van Praagh, J. G. A. Griffiths, H. Worth. 

CHAKRAVARTI, DHIRENDRA Natu, King Edward College, Amraoti (Berar), 
India. Hindu. Demonstrator in Chemistry. M.Sc. (Allahabad Uni- 
versity), 1925. Three years’ teaching experience. Published papers: 
(1) “‘ Fluorescence and Chemical Change,” Zeit. anorg. Chem., 1925, 142, 299; 
(2) ** Viscosity of Some Sols in Presence of Potassium Chloride,”’ ibid., 1926, 
152, 393; (3) ‘‘ Formation of Gels of Vanadium Pentoxide and Stannic 
Hydroxide Sol,’’ ibid., 1926, 152, 399; (4) “‘ Viscosity and Gel Formation of 
Ceric Hydroxide Sol,” ibid., 1927, 164, 63; (5) ‘‘ Change of Viscosity and 
Electrical Conductivity of Sols on Ageing and the Formation of Gels of 
Inorganic Substances,” ibid., 1927, 168, 209; (6) ‘‘ Ageing Phenomena in 
Viscosity and Conductivity of some Sols and Electrolytes,’’ Koll. Zeit., 1927, 
42,120; (7) “‘ Viscosity of some Hydrophobic Sols and the Effect of Addition 
of Electrolytes,” ibid., 1927, 42, 124; (8) ‘‘ Viscosity of Colloids in Presence 
of Electrolytes,” ibid., 1928, 44, 225; (9) “‘ Viscosity Measurements of some 
Sols in Presence of Electrolytes,” Jour. Phys. Chem., 1926, 30, 1646; (10) 
“* Adsorption of Ions by Sols of Aluminium Hydroxide and Vanadium Pent- 
oxide Sol,” Journ. Ind. Chem. Soc., 1928, 5, 539. (Signed by) N. R. Dhar, 
S. N. Godbole, R. N. Kayasth. 

CHANDRA, Monmouan, Senior Master, Government High School, Ma-ubin, 
Lower Burma. Bengalee. B.Sc., with distinction, of Calcutta University. 
Higher Grade Teachers’ Certificate from Burma. 1. ‘‘A Knowledge of 
Chemistry for Housewives useful in Domestic Affairs *’ (in Bengali, not yet 
published). 2. ‘‘An Improved Method of Extracting Petroleum from Crude 
Oil” (not yet published). 3. Late Assistant Chemist of the British Burma 
Petroleum Company, Burma. (Signed by) G. C. Moitra, J. R. Sanyal, Maung 
Ba San. 

CraPHAM, FREDERICK CHARLES, 90, The Portway, West Ham, E. 15. 
British. Accountant (Public Practice). Desire to receive publications, 
attend meetings, and use library. (Signed by) Evan D. Griffiths, T. S. Moore, 
C. 8. Gibson. 

Cox, Ernest Gorpon, 352, Shirley Road, Acocks Green, Birmingham. 
British. Assistant Lecturer in Chemistry. B.Sc. (Bristol). Assistant to 
the Professor of Chemistry, Royal Institution, 1927-29. Assistant Lecturer 
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in Chemistry, University of Birmingham, 1929 to date. (Signed by) W. N. 
Haworth, S. R. Carter, Wm. Wardlaw, F. W. Pinkard. 

CROWTHER, Harotp ALBERT HapteicH, “ Claremont,’”’ Cedar Road, 
Croydon, Surrey. English. Manufacturing Chemist. Student, College of 
Pharmacy of Wales. Chief Chemist, E. C. De Witt & Co., Ltd. Chief 
Chemist, Di-Miska Laboratories (Warren Pharmacal Co., Ltd.). (Signed by) 
F. C. Dyche-Teague, Ernest A. Rudge, Harold Heron. 

Fox, ArtHUR LAWRENCE, 1103, Blackshire Road, Wilmington, Delaware, 
United States. American. Chemist. B.A., M.S. University of LIllinois, 
1923; Ph.D., North-western University, 1927. J. Amer. Chem. Soc., 51, 
3363. Chemist in Dyestuff Research, Du Pont Company. (Signed by) 
James Craik, Leon Rubenstein, F. D. Miles. 

FREUNDLICH, HERBERT, Enzianstrasse 3, Berlin—Lichterfelde. German. 
Member of the Kaiser Wilhelm Institute for Physical and Electro- 
chemistry. University Professor. Ph.D. (Leipzig). Author of “ Kapillar- 
chemie.” Liversidge Lecture, 1929. (Signed by) Jocelyn Thorpe, F. G. 
Donnan, T. Slater Price, George Barger, T. S. Moore, C. 8. Gibson. 

GALLAFENT, Victor, 164, Leander Road, Brixton, S.W.2. English. 
Student. B.Sc., A.R.C.S. (Royal College of Science, London). (Signed by) 
H. F. Harwood, H. L. Riley, James C. Philip. 

GipvanI, BHawan SHOWKIRAM, c/o American Express Co., 6, Haymarket, 
8.W.1. Indian (British subject). Student. B.Sc. in Chemistry and 
Physics of the Bombay University. Research work on complex nitrites of 
potassium and lead for one year under Dr. A. N. Meldrum, and now a research 
student in organic chemistry at the Imperial College of Science and Technology 
under Prof. J. F. Thorpe. (Signed by) G. A. R. Kon, Arnold Stevenson, 
R. P. Linstead. 

GLassMAN, JOSEPH, 108, Goldsmith’s Row, Hackney, E.2. English. 
Research Student in Physical Chemistry. Ist Class Hons., B.Sc., London. 
(Signed by) J. R. Partington, W. H. Patterson, D. C. Jones, R. J. Winterton. 

Gorrr, RupotpH MaxIMIiian, jun., Queen’s College, Oxford, England. 
American. Student. B.S. in Chemistry, Lehigh University, Bethlehem, 
Pa., U.S.A. Rhodes Scholar. (Signed by) F. D. Chattaway, G. D. Parkes, 
§. G. P. Plant, D. Ll. Hammick. 

Gow, Evetyn Rerp Linpsay, 31, Windsor Street, Dundee. British. 
Carnegie Research Scholar. B.Sc. (St. Andrews) with Hons. of Ist Class in 
Chemistry. (Signed by) Alex. McKenzie, Isobel A. Smith, Pat D. Ritchie, 
Agnes G. Mitchell. 

Hamsry, ArtHuR NEVILLE, 15, Moubray Street, Albert Park, S.C. 6, 
Melbourne, Australia. British. Student. Undergraduate. Student doing 
final year for B.Sc. Honours in chemistry in training for teaching of 
chemistry. (Signed by) E. J. Hartung, W. Davies, K. N. Welch, W. J. 
Young. 

HamMPsHIRE, FREDERICK WiL11amM, Overstrand Lodge, Overstrand, Nor- 
folk. British. Managing Director of F. W. Hampshire & Co., Ltd., Manu- 
facturing Chemists, Derby. The applicant has built up the business of 
F. W. H. & Co., Ltd., from its inception, and has until recently been in 
charge of the experimental and research work in connection with our business. 
(Signed by) Howard A. Costigan, W. W. Reed, John W. Corran, George P. 
Forrester. ‘ 

Harris, Toomas Lane, 5, Hawthorne Road, King’s Norton, Birmingham. 
British. Research Chemist. B.Sc., Ist Class Hons. (Birmingham). Re- 
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search student at Birmingham University. (Signed by) Chas. E. Wood, 
H. D. K. Drew, E. L. Hirst, W. N. Haworth. 

Harry, Ratpx Gorpon, 183, Cathedral Road, Cardiff. British. Student, 
I have qualified as a Student-member of the Institute of Chemistry, and 
am studying for my F.I.C. I have spent two years at the Technical College 
and obtained my First Year Joint Diploma in Chemistry, and since then 
have spent a year in practical work at the Cardiff Laboratories under the 
City and County Analysts. (Signed by) Ernest A. Rudge, H. B. Watson, 
Thomas Graham. 

Heatey, Marcaret Mary, 79, Pope’s Avenue, Twickenham. British. 
Chemistry Research Student. B.Sc., Special, London. (Signed by) C. K. 
Ingold, A. M. Robinson, R. J. W. Le Favre. 

Hicks, Roperr HaxweELt, 65, Romilly Road, Cardiff. British. Analytical 
‘Chemist. Inter. B.Sc. (Wales); B.Sc. (Wales) with the exception of one 
subject (physics). Three and a half years as a student in the University 
College of South Wales and Monmouthshire. Seven years’ experience as an 
Analytical Chemist with Messrs. Treharne and Duncan, Analytical and Con- 
sulting Chemists, 125, Bute Street, Cardiff. (Signed by) J. H. Duncan, 
W. J. Jones, W. Cule Davies, 8S. T. Bowden. 

Hitt, DovGras Witu1aM, 33, Dunlop Avenue, Lenton, Nottingham. 
British. Research Chemist. B.Sc. (Bristol); Ph.D. (Liverpool). Assistant 
to Professor Heilbron, D.S.O., Liverpool University, 1926-27. Reseerch 
chemist to Messrs. Boots Pure Drug Co., Ltd., 1927—present. J.C.S., 1927, 
1705, 2005; 1928, 993; 1929, 2236. (Signed by) Frank Lee Pyman, Reginald 
Child, Reginald C. Fawcett. 

Hose, Crrit Gustav Brpwett, 36, Vartry Road, Stamford Hill, N. 15. 
British. Student. A.R.C.S. (London). Student engaged in research work 
in organic chemistry at Royal College of Science. (Signed by) E. H. Farmer, 
M. A. Whiteley, H. J. T. Ellingham; 

Hunter, Eritc CuHartes Epwarp, 28, Alfred Street, Swindon, Wilts. 
English. Research Student. B.Sc. (1st Class) Chemistry, London. I wish 
to attend the meetings of the Society and to contribute papers to the Journal 
concerning my research work. (Signed by) J. R. Partington, D. C. Jones, 
W. H. Patterson, R. J. Winterton. 

JEFFERY, GEORGE Haroxp, ‘‘ Redbourne,” Lordswood Avenue, Bassett, 
Southampton. English. Demonstrator, Chemistry Department, University 
College, Southampton. B.Sc. (Special) (London). Research student, 
(Signed by) D. R. Boyd, A. I. Vogel, H. H. Hatt. 

Kopayasui, MatsusukE, Chemical Institute, Faculty of Science, Tohoku 
Imperial University, Sendai, Japan. Japanese. Professor of Analytical 
Chemistry. D.Sc. (Sendai). Sakurai medallist of 1928, Chemical Society 
of Japan. Author and joint author (with F. A. Gooch and G. P. Baxter) 
of papers published in J. Chem. Soc. Japan, Amer. Journ. of Science, and 
J. Amer. Chem. Soc. (Signed by) Riko Majima, Hiroshi Nomura, Sin-iti 
Kawai. : 

Letcu, Ratepx Artuur, Ebenezer Cottage, Shenley, near Barnet, Herts. 
English. Research Student. A.R.C.S8. (Lond.). Engaged in research in 
organic chemistry at the Imperial College, London. (Signed by) R. P. Lin- 
stead, M. A. Whiteley, H. L. Riley. 

“McKay, Witt1am Byres, 20, Dundee Road, Forfar, Angus. Scottish. 
Carnegie Research Scholar. B.Sc. (St. Andrews) with Hons. of the Ist Class 
in Chemistry. (Signed by) Alex. McKenzie, John Foggie, John D. M. Ross. 
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MACLENNAN, GEORGE WILLIAM Grant, 9, Park Walk, Chelsea, S.W. 10. 
British. Student in Chemistry (Research). M.A., Aberdeen, 1926; B.Sc. 
with Ist Class Hons. in Chemistry, Aberdeen, 1929. Research experience 
in physical chemistry at Aberdeen, 1929-30. Subject: ‘‘ Iodine Ion Con- 
centration in Acetone-Water Mixtures.”’ (Signed by) Jocelyn Thorpe, G. A. R. 
Kon, Arnold Stevenson. 

MacnIvEN, Joun, Lohat P.O., District Darbhanga, B. & N.W. Rly., 
India. British. Chemist and Sugar Technologist. Studied chemistry, 
fuels and their application, bacteriology and sugar manufacture at the Royal 
Technical College. City and Guilds of London Technological Diploma in 
Sugar Technology. (Signed by) Thomas Gray, F. J. Wilson, W. M. Cumming. 

MacwaLTER, Roy James, “ Anglesea,” Maple Road, Ashtead, Surrey. 
British. Research in Chemistry. B.Sc., University College, London (lst 
Class Hons. Chemistry). Research student in chemistry at University 
College, London. (Signed by) 8. Barratt, H. de Laszlo, Henry Terrey. 

MatHoTra, Kisuen Lax, 52, Claremont Road, Highgate, N.6. Aryan. 
Lecturer in Chemistry, Government College, Lahore. M.Sc. (Physics); 
M.Sc. (Chemistry), Panjab (India). Author of: (1) ‘‘ Determination of Free 
Mercury in Commercial Products,” The Analyst, June 1927; (2) “‘ Solubility 
of Mercuric Bromide in Ethyl and Methyl Alcohols,” J. Ind. Chem. Soc., 
1928; (3) ‘“‘ Action of Substituted Aromatic Amines on Camphoric Anhydride, 
ete.,” J.C.S., Sept. 1928; (4) “Action of Bromine on Strontium Oxide 
and its Hydrates,” ibid., Dec. 1928. (Joint author of (2), (3), and (4).) 
(Signed by) C. K. Ingold, C. F. Goodeve, F. G. Donnan. 

Moss, Harotp Jonny, 181, Church Road, Willesden, N.W.10. English. 
Student. B.Sc. (Hons. Chemistry, London). Research student in physical 
chemistry at East London ‘College. (Signed by) J. R. Partington, D. C. 
Jones, W. H. Patterson. 

Noste, Ernest Gitpert, 22, Dartmouth Park Road, Highgate Road, 
N.W. 5. British. Research Student. A.R.C.S. (Lond.). At present en- 
gaged in research in organic chemistry at the Imperial College. (Signed by} 
G. A. R. Kon, M. A. Whiteley, R. P. Linstead. 

Parry, THomas JOHN VERNON, 349, Buxton Road, Great Moor, Stockport. 
British. Chemist. Member Pharmaceutical Society, London; M.I.C.O., 
London. Now Managing Director of Phenyldent Proprietaries, Ltd., Manu- 
facturing Chemists. Founder and inventor of Phenyldent Antiseptics. On 
research at present on digitalis, re chemical standardisation and stability. 
Desiring to be elected a Fellow, to get in touch with present-day researches, 
which I am convinced would be a great asset to my own analysis. (Signed 
by) Perry Barrs, John J. Laws, Harry Lucas. 

Pavitt, WiLt1AM Frank, 3, Bowerdean Street, Fulham, S.W. 6. English. 
Works Chemist, Burgoyne, Burbidges & Co., Ltd. A.I.C. (London). En- 
gaged in manufacture of fine organic chemicals. (Signed by) J. N. E. Day, 
0. L. Brady, Henry Terrey. 

Reynoips, Recinatp Jonn Wir11aM, 114, King Street, Fenton, Stoke- 
on-Trent. British. Research Student. Hons. B.Sc. (Birmingham). I 
desire to keep in touch with present-day developments in chemistry. 
Technical Assistant and Micro. Analyst, Chemical Department, University 
of Birmingham. (Signed by) W. N. Haworth, E. L. Hirst, Allan C. 
Waine. 

Ropes, CuirFrorp ARTHUR, Dorcliffe, 38, Granny Lane, Mirfield, York- 
shire. British. Assistant Chemist on Manufacturing Stafi of British Dye- 
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stuffs Corporation, Ltd. B.Se. (Special Chemistry Ext.), University of 
London, 1930. Teacher of Chemistry, Batley Technical College (Evening 
Course). Engaged in the manufacture of dyestuffs and dyestuffs inter. 
mediates since 1920. (Signed by) F. W. Richardson, James C. Harral, James 
Bruce. 

Rogsrnson, ANTHONY MELLAND, The Chilet, Lindfield, Sussex. British, 
Works Chemist. B.A., Cambridge. 2nd Class in Chemistry in Part I 
Natural Sciences Tripos, 1930. Wishing to keep in touch with modem 
advances in chemistry. (Signed by) W. H. Mills, Eric K. Rideal, F. G, 
Mann. 

SHan, CHaAnpuLAL CHHOTALAL, East London College, Mile End Road, 
E.1. British. Research Chemist. B.Sc. (Ist Class Hons. Chemistry, 
Bombay, 1926); M.Sc. (Bombay), 1929. Demonstrator in Chemistry, 
Baroda College, India. (Signed by) J. R. Partington, N. L. Anfilogoff, 
D. C. Jones. 

Snow, CuristinE Mary, Somerville College, Oxford. British. Research 
Fellow of Somerville College. B.A. in the Honours School of Natural Science, 
and B.Sc., Oxford. For library facilities and to receive publications. (Signed 
by) F. D. Chattaway, G. D. Parkes, Frederick M. Brewer. 

Sracey, Maurice, Moreton, near Newport, Shropshire. British. Research 
Student. B.Sc. (Hons.), Birmingham. Research Student and Demon. 
strator, Chemistry Department, University of Birmingham. I desire to keep 
in touch with present-day developments in chemistry. (Signed by) W. NX. 
Haworth, E. L. Hirst, 8. W. Challinor. 

Srarrorp, GEorGE Basi, 12, The Grove, Southey Street, Nottingham. 
British. The Sandoz Chemical Co. B.Sc., lst Class Hons., London Univer- 
sity. Manager of Springfield Starch Works, Nottingham. (Signed by) 
F. 8. Kipping, E. B. R. Prideaux, J. B. Firth. 

Trorrer, JOun FrepericKk Fetrx, 83, Mildred Avenue, Watford, Herts. 
English. Research Student. A.R.C.S., B.Sc. (London). Engaged in re- 
search at the Royal College of Science. (Signed by) Jocelyn Thorpe, M. A. 
Whiteley, R. P. Linstead. 

Watpron, Evetyn Marie, The Cedars, Little Marlow Road, Marlow, 
Bucks. British. Chemistry Research Student. B.Sc., Special, London. 
(Signed by) C. K. Ingold, A. M. Robinson, R. J. W. Le Févre: 

Watson, Ertc Mervyn, 144, Sinclair Road, Kensington, W. 14 (postal 
address: c/o Agent-General for Western Australia, Savoy House, Strand). 
British. Post-graduate Student. B.Se. (Hons.), University of Westem 
Australia; A.I.C. Lecturer in Chemistry in the University of Adelaide, 
University of Western Australia and Perth Technical College. (Signed by) 
N. T. M. Wilsmore, Edward S. Simpson, G. A. R. Kon. 

Wiri1ams, Evan Cuirrorp, 131, Alvarado Road, Berkeley, California, 
U.S.A. British. Director of Research. M.Sc., Manchester; D.Sc., London. 
Ramsay Professor of Chemical Engineering, University of London. Director 
of the Shell Development Company. (Signed by) James W. McBain, C. 8. 
Gibson, T. 8. Moore. 

Youne, Patrick CutsHoim, c/o Messrs. John Heathcoat & Co., Tiverton, 
Devon. British. Industrial Research Chemist. B.A., Cambridge. Part I, 
Modern Languages Tripos; Part II, Natural Sciences Tripos. (Signed by) 
W. J. Pope, W. H. Mills, Eric K. Rideal. 


The following Forms of Recommendation for Fellowship have 
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been authorised by the Council for presentation to ballot under 
Bye-Law I (2): 


CaRISTIE, JOHN, 174, Eighth Avenue, Mayfair, Johannesburg, South 
Africa. British. Chemist and Druggist. President of South African 
Pharmacy Board. Desire to receive the publications of the Society. (Signed 
by) George P. Forrester, W. Leslie Dixon. 

Fawcett, JOSEPH SPENCER, 186, Oxford Terrace, Christchurch, New 
Zealand. Briton. Manager, Steele Chemical Proprietary, Ltd. Eight 
years’ teaching, Marlborough, Otago, and Auckland. Actively associated 
industrially. (Signed by) H. G. Denham, J. Packer. 

HinpE, Haroxp, 135, Grey Street (P.O. Box 792), Bulawayo, Rhodesia, 
§.A. British. Chief Chemist, Rhodesia Railways. Chemist and Druggist 
(Great Britain); M.P.S. (Great Britain, 1920); M.P.S. (Rhodesia). I was 
in charge of Wholesale and Manufacturing Department of Wilson and Kitchins, 
Whitehaven, 1913-14. I have been Chemist to Rhodesia Railways since 
1920. (Signed by) Max Rubin, N. F. Lovasz. 

SULLIVAN, JosEPH Joun, S.J., Boston College, Chestnut Hill, Mass., U.S.A. 
American. Professor of Chemistry. A.B., M.A. [Woodstock (M.D.)]; Ph.D. 
(Johns Hopkins). (Signed by) W. A. Patrick. 

Wurrerorp, Gipert Hayes, 1612 8. College, Fort Collins, Colorado, 
U.S.A. United States. Head Department of Chemistry, Colorado Agric. 
College. B.S. Md. Agric. College; A.M., Columbia; Ph.D., Johns Hopkins; 
Professor of Chemistry, Albright College, Myerstown, Pa., 1911-15; Scholar- 
ship Johns Hopkins University, 1915-17; Associate Professor of Chemistry, 
Colorado Agric. College, 1917-18; Professor and Head of Department, 1918- 
present. (Signed by) G. Wakeham, 





ADDITIONS TO THE LIBRARY. 


I. Donations. 


ABDERHALDEN, Emi. [Editor.] Handbuch der biologischen 
Arbeitsmethoden. Abt. I. Chemische Methoden. Teil 2, Il 
Hilfte, Heft vii. Berlin 1930. pp. 2879 to 2970. M. 5. (Reed. 
24/10/30.) From the Publishers: Herren Urban & Schwarzenberg. 

Briirer, Jean. Die neueren Fortschritte der technischen 
Elektrolyse. (Ergainzungsband zum I, II, und III Teil der ‘“ Tech- 
nischen Elektrochemie.”) Halle (Saale) 1930. pp. viii + 328. 
ill. M. 20. (Reed. 1/11/30.) 

From the Publisher: Herr Wilhelm Knapp. 

Briecs, WitL1AM, and Bavusor, HaroLp Wiiu1aM. Elementary 
quantitative analysis. 2nd edition. Revised by Dovcias Ross- 
BERY SNELLGROVE. London 1930. pp. viii +125. ill. 3s. net. 
(Recd. 3/11/30.) | From the Publishers: University Tutorial Press. 

CarLos, ARTHUR SipNEY. Feeding stuffs. London 1928. pp. 
Xii+ 152. ill. 5s. net. (Recd. 23/10/30.) From the Author. 











114 


FORTSCHRITTE DER CHEMIE, PHYSIK UND PHYSIKALISCHEY 
CuemIg. Neue Folge des Physikalisch-chemischen Centralblattes, 
Vols. I-VI. Leipzig 1909-13. (Reference.) 

Generalregister. Vols. I-V. (1909-12). Leipzig 1912. 
( Reference.) From Dr. T. Slater Price, 0.B.E., F.RS. 

Frécuet, M., and Romany, R. Représentation des lois em. 
piriques par des formules approchées a l’usage des chimistes, des 
physiciens, des ingénieurs et des statisticiens. Paris 1930. pp. 
vili + 302. 35 fr. (Recd. 13/11/30.) 

From the Publishers: Librairie de l’Enseignement Technique. 

Gwospz, Joser. Kohlenwassergas. Entwicklung, Durch. 
fiihrung und Ziele der restlosen Vergasung unserer Brennstofie 
auf der Grundlage des Wassergasprozesses. Halle (Saale) 1930. 
pp. viili+ 203. ill. M.18. (Recd. 4/11/30.) 

From Mr. H. M. Spiers. 

Kavuscu, Oscar. Der Graphit. Halle (Saale) 1930. pp. vili+ 
247. ill. M. 25. (Reed. 4/11/30.) From Mr. H. M. Spiers. 

Parsons, THomas Ricwarp. The materials of life. A simple 
presentation of the science of biochemistry. London 1930. pp. 
288. ill. 10s. 6d. net. (Recd. 24/10/30.) 

From the Publishers: Messrs. George Routledge & Sons. 

PuysicaL Society and Optican Society. Photo-electric cells 
and their applications. A discussion at a joint meeting. London 
1930. pp. 236. ill. 12s. 6d. net. (Recd. 7/11/30.) 

From the Societies. 

ROSENTHALER, LEOPOLD. The chemical investigation of plants. 
Authorised translation of the 3rd German edition. By SuDHAMOY 
GHosH. (Monographs on Modern Chemistry.) London 1936. 
pp. vili+ 197. ill. 12s. 6d. net. (Recd. 17/11/40.) 

From the Publishers : Messrs. G. Bell & Sons. 

Socrktf£ FRANgAISE DE PHoTOGRAPHIE. Bulletin. 3rd series. 
Vol. XIV, ete. Paris 1927+. (Reference.) 

From Dr. T. Slater Price, O.B.E., F.RS. 

Wetss, Max. Das Trocknen der Kohle. Halle (Saale) 1930. 
pp. vili+ 196. ill, M.15. (Recd. 4/11/30.) 

From Mr. H. M. Spiers. 





Il. By Purchase. 

BaRKER, THoMas Vironp. The study of crystals: a general 
introduction. London 1930. pp. xvi-+ 137. ill. 88. 6d. net. 
(Reed. 20/11/30.) 

BaRNARD, GreorGE P. The selenium cell, its properties and 
applications. London 1930. pp. xxx+ 331. ill. 35s. net. 
(Reed. 20/11/30.) 
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BERTELSMANN, WILHELM, and Scuuster, Frirz. Einfiihrung 
in die technische Behandlung gasférmiger Stoffe. Berlin 1930. 
pp.x +411. ill. M.40. (Reed. 11/11/30.) 

Bitz, Hermnricu, and Bitz, WrmHeLM. Ausfiihrung quanti- 
tativer Analysen. Leipzig 1930. pp. xvi-+ 402. ill. M. 20. 
(Reed. 11/11/30.) 

Brickner, Horst. Katalytische Reaktionen in der organisch- 
chemischen Industrie. I. Dresden 1930. pp. viii + 168. ill. 
M.16. (Reed. 11/11/30.) 

CHEMICAL CATALOG CompaNy. The condensed chemical diction- 
ary. 2ndedition. New York 1930. pp.550. (Reference.) 42s. net. 

Cuzrc, L. P. Photography, theory and practice: being an 
English edition of “La technique photographique.” Edited by 
GzorGE Epwarp Brown. London 1930. pp. xvi + 566. ill. 
358. net. (Recd. 20/11/30.) 

CRAVERI, Cawisto. Les essences naturelles: extraction- 
caractéres-emplois. Translated by Henri Tatu. Paris 1929. 
pp. xii + 602. ill. 70 fr. (Recd. 28/10/30.) 

Deminc, Horace G. In the realm of carbon. The story of 
organic chemistry. New York 1930. pp. x + 365. ill. 15s. net. 
(Reed. 20/11/30.) 

DurvELLE, J. P. Fabrication des essences et des parfums. 
Chimie des parfums. 3rd edition. Paris 1930. pp. viii + 808. 
ill. 135 fr. (Reed. 30/10/30.) 

EuLER, Hans von. Biokatalysatoren. (Sammlung, New Series, 
Vol. I.) Stuttgart 1930. pp. 68. (Reference.) 

Evans, CHartes [Artraur] Lovarr. Recent advances in 
physiology. 4th edition. London 1930. pp. xii+ 446. ill. 
128. 6d. net. (Recd. 20/10/30.) 

Fercut, Fritz. Von Libau bis Liebig. Chemikerképfe und 
-Laboratorien. Mittenwald (Bayern) [1930]. pp. [94]. ill. M. 7. 
(Reed. 11/11/30.) 

Finpitay, ALEXANDER. The spirit of chemistry: an introduc- 
tion to chemistry for students of the liberal arts. London 1930. 
pp. xvi-+ 480. ill. 10s. 6d. net. (Recd. 20/10/30.) 

Finptay, Grorce Marsnaty. Recent advances in chemo- 
therapy. London 1930. pp. viii + 532. ill. 15s. net. (Reed. 
20/11/30.) 

Freunpuicu, Hersert. Kapillarchemie. 4th edition. In col- 
laboration with J. BrkerMAN. Vol. I. Leipzig 1930. pp. viii + 
566. ill. M.39. (Reed. 11/11/30.) 

GossELIN, ALBERT, and GosseLIn, Marcet. Constitution et 


thermochimie des molécules. Paris 1930. pp. viii + 231. ill. 
40 fr. (Reed. 28/10/30.) 
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Grant, Jutius. The measurement of hydrogen-ion concep. 
tration. London 1930. pp. viili+ 159. ill. 9s. net. (Reed, 
20/10/30.) 

HARRISON, GEOFFREY ARTHUR. Chemical methods in clinica] 
medicine. London 1930. pp. x + 534. ill. 188. net. (Reed, 
20/11/30.) 

Henrict, ArtHuR T. Molds, yeasts, and Actinomycetes, 
New York 1930. pp. x + 296. ill. 17s. 6d. net. (Reed, 
20/11/30.) 

JOHNSON, CHARLES Morris. Rapid methods for the chemical 
_analysis of special steels, steel-making alloys, their ores, graphites, 
and bearing metals. New York 1930. pp. xx -+ 729. ill. 37s. 6¢. 
net. (Recd. 20/10/30.) 

Kino, W. [and others]. Der Flachs. Part I. Berlin 1930, 
pp. x + 427. ill. M. 54. (Reed. 11/11/30.) 

KirRcHNER, JuLIuS. Die Sodafabrikation nach dem Solvay. 
Verfahren. Leipzig 1930. pp. xii+ 123. ill. M. 10.50. (Reed, 
11/11/30.) 

MetTzcerR, HéLtEnNE. Newton, Stahl, Boerhaave et la doctrine 
chimique. Paris 1930. pp. vi-+ 332. 40 fr. (Recd. 28/10/30.) 

Meyernor, Ortro. Die chemischen Vorgange im Muskel und 
ihr Zusammenhang mit Arbeitsleistung und Warmebildung. Berlin 
1930. pp. xiv + 350. ill. M. 29.80. (Reed. 11/11/30.) 

MITCHELL, CHARLES AINSWORTH. [Editor.] Recent advances 
in analytical chemistry. Vol. I. London 1930. pp. x + 421. 
ill. 12s. 6d. net. (Recd. 20/10/30.) 

NoONNENMACHER, E. Die Jute. Part I. Berlin 1930. pp. 
viii + 571. ill. M. 86. (Recd. 11/11/30.) 

Rupe, Hans. Anleitung zum Experimentieren in der Vorlesung 
iiber organische Chemie. 2nd edition. Berlin 1930. pp. viii+ 
177. ill. M.14. (Reed. 11/11/30.) 

SmiTHELLS, Cotry James. Impurities in metals, their influence 
on structure and properties. 2nd edition. London 1930. pp. 
xiv-+ 190. ill. 18s. net. (Recd. 20/11/30.) 

Stewart, ALFRED WaLTeR. Recent advances in physical and 
inorganic chemistry. 6th edition. London 1930. pp. xii + 38. 
ill. 18s. net. (Recd. 20/11/30.) 

Tate, Francis GeorGE Henry. Alcoholometry: an accoutt 
of the British method of alcoholic strength determination. With 
an historical introduction written in collaboration with GEORG 
Hue Gass. London 1930. pp. xviii+ 93. ill. 5s.net. (Reel 
20/10/30.) 

THom, CuHartes. The Penicillia. [Baltimore, Md.] 1930. pp 
xiv + 644. ill. 458. net. (Recd. 20/11/30.) 
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[Unitep States] Nationa Researca Counc. A report of 
the Committee on the construction and equipment of chemical 
laboratories. New York 1930. pp. xiv + 340. ill. 5s. net. 
(Recd. 8/11/30.) 

Wirtic, Gzorce. Stereochemie. Leipzig 1930. pp. xii + 388. 
il. M.25. (Reed. 11/11/30.) 

ZerrR, GEORG, and Riipencamp, R. Handbuch der Farben- 
fabrikation. 4th edition. Berlin [1930]. pp. xvi-+ 962. ill. 
M. 45. (Recd. 11/11/30.) 


III. Pamphlets presented by Dr. T. Slater Price, O.B.E., F.RS. 


Denninc, ARTHUR DU PR&. Ueber die Viskositét und die 
magnetische Doppelbrechung des colloidalen Eisenoxyhydrates. 
Heidelberg 1904. pp. 38. ill. 

Farmer, Ropert Crospre. Uber sogenannte Oxyazokérper 
sowie Chinonoxime und Ketoxime. Wiirzburg 1899. pp. 71. 

Goopwin, Harry MANLEY, and Katmus, HERBERT T. On the 
latent heat of fusion and the specific heat of salts in the solid and 
liquid state. (From the Phys. Rev., 1909, 28.) 

Goopwin, Harry Mantey, and Martey, R. D. On the density, 
electrical conductivity and viscosity of fused salts and their mix- 
tures. (From the Phys. Rev., 1907-8, 25-26.) 

Hutetrt, Grorce Avuaustus. Mercurous sulphate and the 
standard cells. (From the Phys. Rev., 1906, 22.) 

—— The cadmium standard cell. (From the Phys. Rev., 1906, 
23.) 

—— Mercurous sulphate, cadmium sulphate and the cadmium 
cell. (From the Phys. Rev., 1907, 25.) 

—— A standard battery. (From the Phys. Rev., 1908, 27.) 

—— Equilibria in standard cells. (From the Phys. Rev., 1908, 
27.) 

—— The cathode equilibrium in the Weston standard cell. 
(From the Phys. Rev., 1910, 30.) 

—— The construction of standard cells and a constant tem- 
perature bath. (From the Phys. Rev., 1911, 32.) 

—— The distillation of amalgams and the purification of mercury. 
(From the Phys. Rev., 1911, 33.) 

Hutett, Greorce Avueustus, and CARHART, HENRY SmrtH. A 
study of the materials used in standard cells and their preparation. 
St. Louis 1904. pp. 19. ill. 

Hutett, Georce Avueustus, and Mrncurn, Howarp D. The 
distillation of amalgams and the purification of mercury. (From 
the Phys. Rev., 1905, 21.) 
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LEHMANN, ApDOLF [Lupwic FERDINAND]. Das Diphenyl- 
dibenzoyl-crotonylen und einige seiner Reduktionsprodukte. Leipzig 
1897. pp. 39. 

LEewis, GILBERT NEwTon. Outlines of a new system of thermo. 
dynamic chemistry. (From the Proc. American Acad. Arts Sci., 
1907, 48.) 

Liuoyp, JoHN ALEXANDER. Nitraniline und Nitrosoaniline als 
Pseudobasen. Wiirzburg 1903. pp. 67. 

RoBERTSON, GEORGE. Ueber die Verseifungs- und Reduktions. 
produkte des Phenyldibenzoylglutarsaurediathylesters. Leipzig 
1899. pp. 39. 

SanpD, Henry Jutivs Satomon. Zur Kenntnis von Alphyl- 
nitrosokérpern. Ziirich 1898. pp. 78. 

SmirH, Lonariretp. Uber einige Derivate des «-Methyl-8-keto- 
pentamethenylens (Looft’s Keton). Leipzig 1898. pp. 27. 


IV. Miscellaneous Pamphlets. 


AUSTRALIA, COMMONWEALTH OF. Council for Scientific ani 
Industrial Research. Bulletin No. 45. A _ soil survey of the 
Woorinen settlement, Swan Hill irrigation district, Victoria. By 
J. K. Taytor and F. Penman. Melbourne 1930. pp. 41. ill. 

Berkuovt, P. J. Tepinc van. Determination of rest-nitrogen 
in the blood of inhabitants of the tropics. (From the Med. Dienst 
Volksgezondheid Ned.-Indie, 1930.) ill. 

BraDForRD, City OF. Conditioning house. [Regulations. 13th 
edition.] Bradford 1930. pp. iv + 80. ill. 

MonteR-WILLIAMS, GorRDON WicknaM. The effect on foods of 
fumigation with hydrogen cyanide. (Ministry of Health Reports on 
Public Health and Medical Subjects, No. 60.) London 1930. pp. 32. 

Osrnata, Icnt1. On the nature of eutectoid-transformation of 
aluminium-bronze. Part II. Effect of quenching velocity. (From 
the Mem. Ryojun Coll. Eng., 1930, 3.) ill. 

PENFOLD, ARTHUR Ramon. Eucalyptus, the essence of Aus- 
tralia. Sydney 1930. pp. 8. ill. 

ScHREINEMACHERS, HENDRIK HuBERT. Reactiesnelheden vai 
l.chloor (broom) 2.4.dinitrobenzol met aminen. Leiden 1930. 
pp. xii + 123. 

ScuvettTe, H. A., and THomas, RatpH W. The composition of 
the fat of the silver black fox. (From the 7'rans. Wisconsin Acéd. 
Sci., 1930, 25.) 

ScIENTIFIC AND INDUSTRIAL REesEARcH. Department of. Building 
Reséarch. Bulletin No.7. Hot cement. By N. Davey. London 
1930. pp.iv+9. ill. 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 





Ordinary Scientific Meeting, Thursday, December 4th, 1930, at 
8 p.m., Professor J. F. Toorpz, C.B.E., D.Sc., F.R.S., in the Chair. 


The PreEsipENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
Jolin Fraggle — ..ccccccccccccepcopeepcesccccccccccopge Dec. 5th, 1889. Nov. 29th. 
Edward William Voelcker _ ........ss..sssseeees Feb. 21st, 1884. Nov. 22nd. 
pS CO aaa eee June 16th, 1898. 


Forms of Recommendation for Fellowship were read for the first 
time in favour of : 


Maurice Brent, B.Sc., A.R.C.S., Frogmore, The Drive, Wembley Park. 

Geoffrey Frank Carter, B.Sc., A.R.C.S., 1B, Broadlands Road, Highgate, N. 6. 

Mahendra Harilal Desai, B.Sc., 24, Queensborough Terrace, Bayswater, W. 2. 

Thomas William Evans, 2, Ellesmere. Road, Pemberton, Wigan. 

Ivy Kathleen Faith, B.Sc:, Bush Lodge, Southgate, N.;14. 

John Albert Charles Flohren, B.Se:., 8, Conway Road, 'N. 15. 

Ernest William Lambert, B.A., 264, Ardgowan Road, Catford, S.E. 6. 

Phyllis Nanney, M.Se., 15, Morland Road, Didsbury, Manchester. 

Wilfred Louis Offer, B.Sc., St. Mary’s School House, Ealing Green, W. 5. 

Sydney Stewart Randall, B.Sc., 7, Whitford Gardens, Mitcham. 

Oswald Victor Richards,  B.Sc., Sherkorsie, First Avenue, Leeds ' Road, 
Wakefield. 

Hemendra Kumar Sen, M.A., D.Sc., c/o Messrs, Thomas Cook & Son, Berkeley 
Street, W. 1 

Norman Charles Wright, M.A., Ph.D., Hannah Dairy ‘Research Institute, 
Auchincruive, Ayr. 


Dr. J. G. F. Druce and Dr. D. C. Jones were elected Scrutators, 
and a ballot for the election of Fellows was held. The following were 
subsequently duly elected as Fellows : 


Frederick George Angell, B.Sc. Hugh Kenneth Black, B.Se. 

Alfred William Baldwin, B.Sc., Ph.D. George Frederic Bloomfield, -B.Sc., 
William Edward Batten, A.R.C.S. A.R.C.S. 

William Andrew Beattie. . John Bradley, B.A., B. Se. she 


Ernest George Beckett, Ph.D., F.1.C. Dhirendra Nathi Chakrav arti, M.Sc. 
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Monmohan Chandra, B.Sc. William Byres McKay, B.Sc. 

John Christie. George William Grant Maclennan, 
Frederick Charles Clapham. M.A., B.Sc. 

Ernest Gordon Cox, B.Sc. John Macniven. 

Harold Albert Hadleigh Crowther. Roy James MacWalter, B.Sc. 

Joseph Spencer Fawcett. Kishen Lal Malhotra, M.Sc. 

Arthur Lawrence Fox, B.A., M.S., Harold John Moss, B.Sc. 

Ph.D. Ernest Gilbert Noble, A.R.C.S. 
Herbert Freundlich, Prof., Ph.D. Thomas John Vernon Parry. 

Victor Gallafent, B.Sc., A.R.C.S. William Frank Pavitt, A.I.C. 
Bhawan Showkiram Gidvani, B.Sc. Reginald John William Reynolds, 
Joseph Glassman, B.Sc. B.Se. 

Rudolph Maximilian Goepp, Junr., Clifford Arthur Rhodes, B.Sc. 

BS. Anthony Melland Robinson, B.A. 
Evelyn Reid Lindsay Gow, B.Sc. Chandulal Chhotalal Shah, M.Sc. 
Arthur Neville Hambly. Christine Mary Snow, B.A., B.Sc. 
Frederick William Hampshire. Maurice Stacey, B.Sc. 

Thomas Lane Harris, B.Sc. George Basil Stafford, B.Sc. 

Ralph Gordon Harry. Joseph John Sullivan, Prof., M.A., 
Margaret Mary Healey, B.Sc. Ph.D. 

Robert Haxwell Hicks. John Frederick Felix Trotter, B.Sc., 
Douglas William Hill, B.Se., Ph.D. A.R.C.S. 

Harold Hinde. Evelyn Marie Waldron, B.Sc. 


Cyril Gustav Bidwell Hose, A.R.C.S. | Eric Mervyn Watson, B.Sc., A.I.C. 
Eric Charles Edward Hunter, B.Sc. Gilbert Hayes Whiteford, B.S., A.M., 


George Harold Jeffery, B.Sc. Ph.D. 

Matsusuke Kobayashi, Prof., D.Sc. Evan Clifford Williams, D.Sc. 

Ralph Arthur Letch, A.R.C.S. Patrick Chisholm Young, B.A. 
The following papers were read : 


“ Nitrogen tri-iodide.” By H. W. Cremer and D. R. Duncan. 

“‘ Experiments on the synthesis of anthocyanins. Part VI. The 
synthesis of chrysanthemin chloride.” By 8S. Muraxamrt, A. 
RosBERTsON, and R. Rosrnson. 

“‘ Experiments on the synthesis of anthocyanins. Part VII. The 
four isomeric {-glucosides of pelargonidin chloride.” By A. 
Lz6én, A. Ropertson, R. Roxsrnson, and T. R. SzesHaprRt. 

“‘ Experiments on the synthesis of anthocyanins. Part VIII. A 
synthesis of oenin chloride.” By F. L. Levy, T. Posternax, 
and R. RosBrnson. 





Extra Meeting held in the Chemical Lecture Theatre of the 
Imperial College of Science and Technology (by permission of the 
Governors) on Thursday, December 11th, 1930, at 5.30 p.m. 

The President, Professor J. F. Toorpr, C.B.E., D.Sc., F.RB.S., 
was in the Chair. 


The PresipEntT referred to the death of Professor H. B. Dixon, 
who had agreed to deliver the Third Liversidge Lecture on November 



















1an, 





121 


27th, and stated that Professor W. A. Bone had kindly accepted the 
invitation of the Council to give the Lecture. 

He then called upon Professor Bone to deliver the Lecture entitled 
“ Fifty Years’ Experimental Research upon the Influence of Steam 
on the Combustion of Carbonic Oxide (1880-1930).”’ 

At the conclusion of the Lecture, which was illustrated by experi- 
ments, a vote of thanks to the Lecturer, proposed by Professor 
H. E. Armstrong, and seconded by Professor J. R. Partington, was 
carried with acclamation, and acknowledged by Professor Bone. 

The PRESIDENT expressed the thanks of the Society to the Gover- 
nors of the College for the use of the Lecture Theatre. 





Ordinary Scientific Meeting, Thursday, December 18th, 1930, 
at 8 p.m., Professor J. F. Toorpr, C.B.E., D.Sc., F.R.S., President, 
in the Chair. 


The PRESIDENT referred to the loss sustained by the Society, 
through death, of the following Fellows :— 


Elected. Died. 
Meer OGG osc ceicctegusenbdestiosooens March 17th, 1881. Dec. 12th, 1930. 
Robert Charles Cowley............s+++++ Dec. 3rd, 1908. May 2nd, 1930. 


Mr. J. F. F. Trotter, Mr. W. E. Batten, and Professor F. M. Rowe 
were formally admitted Fellows of the Chemical Society. 

Forms of Recommendation for Fellowship were read for the first 
time in favour of :— 

Frederick Cecil Hymas, B.Sc., A.I.C., 15, Raleigh Road, Enfield. 

Ethel Margaret Luis, B.Sc., Taychreggan, Broughty Ferry, Angus. 

Henry Alfred Piggott, 7, Maple Avenue, Cheadle Hulme, Cheshire. 

Douglas John Cruickshank Pirie, B.Sc., 21, Park Avenue, Carnoustie, Angus. 

The following Forms of Recommendation for Fellowship have 
been authorised by the Council for presentation to ballot under 

Bye-Law I (2) :— 

Torbjorn Gaarder, D.Phil., Biochemical Laboratory, Bergen Museum, Bergen. 

Henri Goldstein, Prof., D.-és-Sc., Place du Chateau 3, Lausanne. 

Frank Clifford Whitmore, A.M., Ph.D., State College, Pennsylvania, U.S.A. 

The following papers were read :— 

“ 1-w-Halogenoalkylisoquinolines and their derivatives.” By R. 
CuILtp and F. L. Pymay. 

“ A synthesis of hydrastine. Part I.” By E. Hors, F. L. Pymay, 
F. G. P. Remrry, and R. Rosprson. 

“The mechanism of, and constitutional factors controlling, the 
hydrolysis of carboxylic esters. Part V. Influence of alkyl 
groups on hydrolytic stability maxima.” By C. M. Groocock, 
C. K, Incoxp, A. Jackson, and M. I. Ketty. 
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“The mechanism of and constitutional factors controlling the 
hydrolysis of carboxylic esters. Part VI. Speeds of con- 
secutive stages of saponification of some normal dicarboxylic 
esters.” By C. K. INGoLD. 


The Council has made the following grants from the Research 
Fund :— 


Hydrogen-ion activities of maleic and fumaric acids, and of ge. & 

certain corresponding substituted acids. H. W. Ashton. 

(East London Coll.) ... ‘el ore 13 0 0 
Derivatives of the ageing E. E. ‘Ayling. (Univ. Coll. 

Swansea) ‘ ée ‘ _ ~— 7 0 0 
Phosphorus duslsiaitinven of ‘iohoas le ocitaalin. C. H. Beale. 

(Univ. Coll., Southampton) ... ‘ ov — 10 0 0 
Additive properties of substituted butedionen. G. F. Bloom- 

field. (Imperial Coll.) .. she 810 0 
Halogenation of anilides ond phenolic others. A. E. Bradfield. 

(Univ. Coll., Bangor) ... oe 13 0 0 
Ester addition to conjugated caters and ‘estomes. N. Brent. 

(Imperial Coll.) .. _ 7 0 0 


Complexes formed in solutions ioomn organic hydroxy: ecida ond 


metallic bases. H.T.S. Britton. (Univ. Coll., Exeter) ... 8 10 0 
Cannabis Indica resin. H.S.Cahn. (Univ. Coll., Bangor)... 710 0 
Constitution of the aloins. R.S.Cahn. (Univ. Coll., Bangor) 710 0 
The chemistry of unsaturated malonic acids. G. F. Carter. 

(Imperial Coll.) .. -_ 6 0 0 
Derivatives of methyl phloroglucinol and methyl hyideoxy- 

quinol. F.H.S.Curd. (Lond. Sch. of Hygiene) ... 10 0 0 
Thiazine derivatives and allied substances. H. D. K. Drew. 

(East London Coll.) ... . wen ~ 810 0 
Compounds of platinous chloride with phosphines H. D. K. 

Drew. (East London Coll.) ... _ ne 13 0 0 
Hydroxycarbonyl compounds. J.A.C. Flohren. ( East London 

Coll.) ove ace eye — we 710 0 
Extensions of Smiles’ seaction: D.T.Gibson. (Glasgow Univ.) 5 0 0 
Constitution of carboxyglutaconic esters. B. 8. Gidvani. 

(Imperial Coll.) . ons dale 810 0 
Concentration cells of lithium halides in , choclate aleohol. J. 

Glassman. (East London Coll.) teat 810 0 


Organic compounds of phosphorus, more particularly phos- 

phorus compounds derived from og aie ramen H. H. 

Hatt. (East London Coll.) ... ob 810 0 
Dielectric constants of benzene aolutions of some dpi, 

selenium, and tellurium compounds, and of certain hetero- 

cyclic oxygen compounds. E. C. E. Hunter. (East 

London Coll.) ... , aa évé bes ae ee 13 0 0 
(a) Cytisine and related elkaloids 
(6) Quaternary ammonium bases in relation to physico-chemical 

and pharmacological ee. H.R. Ing. (Univ. Coll., 


London) .. ane re oes one 13 0 0 
Dissociation cotlatente of organic atid. G. H. Jeffrey. (Univ. 
Coll., Southampton) ‘ 13 0 0 
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Derivatives of malic acid. pitied Jones. (Combes 
Univ.) 

Mutual solubility of ae | isomeric butyl Doahete (oot). 
D.C. Jones. (East London Coll.) , 

Organic compounds of elements of group V. Ww. J. . im oad, 
(Univ. Coll., Cardiff) : ost Sees 

Addition to conjugated unsaturated wyiticindé. " (Mrs.) ms. Se 
Kelly. (Leeds Univ.) . 

Synthesis of quinoline compounds of possible anti- melarial 
activity. W.O.Kermack. (R. Coll. of Phys., Edin.) 
Tautomerism of olefinic nitriles. R.A. Letch. (Imperial Coll.) 
Optical examination of surface films. C.G. Lyons. Cambridge 

Univ.) eh ins os bie 

Three-carbon sentomanie change. G. W. G. Maclennan. 
(Imperial Coll.) . ‘ nah -_ ase 

Mutual liquid solubilities. H. J. Moss. (East London Coll.) 

Spontaneous tautomeric changes in unsaturated compounds. 
E. G. Noble. (Imperial Coll.) ase ane one 

Hydroxy-carbonyl wp DORE W. L. Offer. (East London 
Coll.) 

Stereochemistry of co- -cndination oonpeunde of ‘pletion: and 
palladium. F. W. Pinkard. (Birmingham Univ.)... 

Researches on organic metallic compounds. O. V. Richards. 
(Leeds Univ.) 

(a) Syntheses of ghioneides. 

(6) Hydroxy-carbonyl compounds. A. Robertson. (Lond. Sch. 
of Hygiene) 

Physico-chemica' studies of canplex. ocide, i in particular veandin, 
niobic, and tantalic acids. R.A. Robinson. (Univ. Coll., 
Exeter) . : 

(a) Hydroxy- carbonyl compéunie. 

(6) Constituents of the lichen Cladonia alpestris. W. F. Sand- 
rock. (Lond. Sch. of Hygiene) i add wee ese 

Investigations on pelt C. C. Shah. (East London 
Coll.) ond aie he een 

Effect of the solvent on sonable velocihy, “K, G. Soper. (Univ. 
Coll., Bangor) 

Compounds of metallic salts ‘with ‘semicarbeside ‘end its deriv. 
atives. P.C.L.Thorne and G.S8.Smith. (Woolwich Poly.) 

Cyclic unsaturated acids. J. F.¥F. Trotter. (Imperial Coll.) ... 

Cinchonoid compounds. E. E. Turner. (Bedford Coll. for 
Women) .. ‘ ase oan on 

Syntheses of Loelie éompounde tedear d. ‘% at I. Vogel. (Univ. 
Coll., Southampton) 

Stereochemistry of co-ordination comgeunda of platinuss and 
palladium (cont’d.). W. Wardlaw. (Birmingham Univ.) 

The glutaconic problem. E.M. Watson. (Imperial Coll.) 

Tautomerism of the f-alkylcinnamic acids in relation to their 
configurations. J. M. Wright. (Imperial Coll.) 





26 


10 
13 


13 


10 


13 


10 


10 


10 


10 


10 
10 


10 


10 








124 


ANNUAL REPORTS ON THE PROGRESS OF 
CHEMISTRY. 


Fellows are reminded that application for the Annual Reports for 
1930, Volume XXVII, at 5s. 6d. per copy, should be made to 
Mr. 8S. E. Carr. Application must be accompanied by a remittance 
for 5s. 6d. 





List of Papers, or abstracts thereof, received between November 
20th, 1930, and December 18th, 1930. This List does not include 
the titles of papers which have been read at an Ordinary Scientific 
Meeting, or which have appeared in the Journal. 


“An attempted preparation of methanetetrasulphonic acid.” By 
F. B. Kierra. 

“ Digitalis glucosides. Part III. Glucosides of Digitalis lanata.” 
By S. Smrru. 

“ 2. Hydroxy-4-methoxy- and 2-methoxy-4-hydroxy-benzaldehydes.” 
By (Miss) T. E. pz Krewret and H. STePHen. 

“ The chlorination of iodophenols. Part III. The chlorination of 
o-iodophenol.”” By 8. BucHan and H. McComsrz. 

“The relative strengths of bases in non-aqueous solutions. Part 
III.” By E. I. Jounson and J. R. Partimeron. 

“The action of Beckmann’s mixture on some monocyclic terpenes. 
Part II. Terpinolene and ‘origanene.’” By T. A. Henry 
and H. PaGer. 

“Some aliphatic compounds of arsenic.”” By W. J. C. Dyxgz, G. 
Davis, and W. J. JonEs. 

“ Naphthalene-1 : 5-disulphonic acid as a by-product in the mono- 
sulphonation of naphthalene.” By C. B. Rapciirrs and W. F. 
SHORT. 

“ Studies in the naphthalene series. Part III. The preparation of 
3-amino-2-naphthyl methyl ether.” By G. W. B. JamBuseER- 
waLa, 8S. Hout, and F. A. Mason. 

“* Studies in the naphthalene series. PartIV. The preparation and 
properties of 2-naphthol-3-sulphonic acid.” By S. Hout and 
F. A. Mason. 

“The mechanism of the oxidation of laudanosine.” By V. K. 
Baagwat, D. K. Moors, and F. L. Pyman. 

“The relative directive powers of groups of the forms RO and 
RR’N in aromatic substitution. Part IX. The nitration 
of p-acetoxyanisole and p-benzyloxyanisole.” By J. C. 
SMITH. 
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“ The use of the antimony-antimonous oxide electrode in the deter- 
mination of the concentration of hydrogen ions, and in potentio- 
metric titrations. The Prideaux—-Ward universal buffer mix- 
ture.” By H. T.S. Brrrron and R. A. Rospryson. 

“The polysulphides of the alkali metals. Part II. Lithium.” 
By T. G. Prarson and P. L. Ropryson. 

“ The relative strengths of weak bases in non-aqueous solutions. 
Part IV.” By J. R. Partrneton. 

“The conductivity of electrolytes in nitromethane.” By C. P. 
Wrieut, D. M. Murray-Rvst, and Sir H. Harti3y. 

“ Syntheses of antiseptic derivatives of indan-] :3-dione. Part I. 
Interaction of malonyl chloride and of alkylmalony] chlorides 
with the methyl ethers of resorcinol and 2-hydroxynaphth- 
alene.” By R. Buiacg, H. SHaw, and T. K. WALKER. 

“The propagation of flame in electric fields. Part I. Distortion 
of the flame surface.” By E. M. Guénavutr and R. V. 
WHEELER. 

“ Salt-forming characteristics of doubly and singly linked elements 
of the oxygen group. Part I. The carbonyl group in benz- 
aldehyde and acetophenone.” By J. W. BAKER. 

‘‘ Salt-forming characteristics of doubly and singly linked elements of 
the oxygen group. Part II. The nitration of benzaldehyde 
and acetophenone in sulphuric acid solution.” J. W. BAKER 
and W. G. Morrirt. 

“Some physical properties of nicotine, and some compounds of 
nicotine.” By H. Barron. 

“ 10-Chloro-5 : 10-dihydrophenarsazine and its derivatives. Part 
XIV. Chloro-derivatives.” By L. A. Exson and C. 8. Gipson. 

“‘ N-Acyl derivatives of alanine. The resolution of externally 
compensated m-nitrobenzoylalanine.” By W. M. CoLLEs and 
C. 8. Grpson. 

“The kinetics of the reduction of cuprous oxide. Part I. The 
reduction at low pressures: with an appendix giving the results 
of further experiments on the oxidation of copper at low 
pressures.” By F. J. WILKMNS. 

“ cycloTellurobutane (tetrahydrotellurophen).” By G. T. Morgan 
and F. H. BursTALu. 

“The conductivity of electrolytes in nitrobenzenes.” By D. M. 
Murray-Rvst, H. J. Hapow, and Sm H. Hart ey. 

‘The essential oil of Backhousia angustifolia. Part III. The 
constitutions of angustione and dehydroangustione.” By R.S8. 

Cann, C. 8. Gipson, A. R. PENFOLD, and J. L. SIMONSEN. 
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ADDITIONS TO THE LIBRARY. 


I. Donations. 


GATTERMANN, Lupwic. Die Praxis des organischen Chemikers. 
22nd edition. By Heryrich WIELAND. Berlin 1930. pp. xii + 
409. ill M.15. (Reed. 9/12/30.) 

From Geh. Reg.-Rat Professor Dr. H. Wieland. 

GLASSTONE, SAMUEL. The electrochemistry of solutions. Lon- 
don 1930. pp. xii + 476. ill. 21s. net. (Recd. 3/12/30.) 

j From the Publishers : Messrs. Methuen & Co. 

Prive InstituTE or America. Technical Bulletin No. 1. Rosin 
in synthetic resins. Prepared by W. B. Burnett. Jacksonville, 
Fla. 1930. pp. vi-+ 97. (Reference.) [In mimeograph form. ] 

From the Institute. 

REDGROVE, Herbert STANLEY, and Foan, Giupert A. Paint, 
powder and patches. London 1930. pp. xii+ 170. ill. 7s. 6d. 
net. (Recd. 1/12/30.) 

From the Publishers : Messrs. William Heinemann. 


II. By Purchase. 


Bopansky, Meyer. Introduction to physiological chemistry. 
2nd edition. New York 1930. pp. x + 542. ill. 20s. net. 
(Reed. 22/11/30.) 

Brunotp, CHartes. L’entropie: son role dans le développe- 
ment historique de la thermodynamique. Paris 1930. pp. vi + 
221. 30fr. (Recd. 17/11/30.) 

—— Le probléme de l’affinité chimique et l’atomistique. Paris 
1930. pp. vi+ 118. 20fr. (Recd. 8/12/30.) 

Davy, Sm Humpury. See Grecory, JOSHUA CRAVEN. 

Drews, HersBert CuirrorD. The metallurgy of bronze. London 
1930. pp. x + 147. ill. 12s. 6d. net. (Recd. 22/11/30.) 

Grecory, JosHuA CRAVEN. The scientific achievements of Sir 
Humphry Davy. London 1930. pp. viii + 144. ill. 68. net. 
(Reed. 22/11/30.) 

Haas, ARTHUR. Quantum chemistry: a short introduction in 
four non-mathematical lectures. Translated by L. W. Copp. 
London 1930. pp.x+ 177. ill. 68. net. (Recd. 22/11/30.) 

JaEGER, Frans Maurits. I. Spatial arrangements of atomic 
systems and optical activity. II. Methods, results and problems of 
precise measurements at high temperatures. III. The construction 
and structure of ultramarines. New York 1930. pp. x + 450. 
ill. 208. net. (Recd. 22/11/30.) 
























sin 
le, 
te. 
nt, 
id. 


in. 


ry. 
et. 


pe- 


ris 


ion 


Sir 
et. 


in 
»D. 
nic 
| of 
ion 








127 


Kronic, R. bE L. Band spectra and molecular structure. 
Cambridge 1930. pp. x +163. ill. 10s. 6d. net. (Reed. 
22/11/30.) 

WISSENSCHAFTLICHE ZENTRALSTELLE FUR OL- UND FerT- 
FORSCHUNG, E. V. (W1z6FF), Bertin. Einheitliche Untersuchungs- 
methoden fiir die Fett- und Wachsindustrie. Part I (2nd edition) 
bound with Part IT (Ist edition). Stuttgart 1930. pp. 241. ill. 
M. 16.50. (Reed. 2/12/30.) 


III. Pamphlets. 


BakER, JOHN WiLiaM. Direction of addition of hydrogen 
bromide to «-methyleneglutaric acid. (From the Proc. Leeds Phil. 
Soc., 1930, 2.) 

Burton, Haroxtp. Mobile anion tautomerism. Part V. 
y-Phenyl-«-p-dimethylaminophenylallyl alcohol. (Preliminary 
notice.) (From the Proc. Leeds Phil. Soc., 1930, 2.) 

InstTiITUTION OF CHEMICAL ENaINEERS. The training of a 
chemical engineer. London 1925. pp. 7. 

Norris, Dorotuy, and Bates, H. T. Notes on the establish- 
ment of Aleurites Fordii (tung oil) in the Ranchi district of Chota 
Nagpur. (From the Jndian Forester, 1930.) 

ScIENTIFIC AND INDUSTRIAL RusEaRcH, Department of. Build- 
ing Research. Bulletin No. 8. Ultra-violet window-glazing. By 
H. E. Beckett. London 1930. pp. iv + 13. ill. 

—— —~-— Bulletin No. 9. Bonding new concrete to old. By 
Norman Davey. London 1930. pp. iv+4. ill. 

Special Report No. 16. Construction joints in concrete. 
Bonding new concrete to old. By Norman Davey. London 1930. 
pp. vi+ 74. ill. 

Technical Paper No.9. The estimation of free calcium 
hydroxide in set cements. A calorimetric method. By GEORGE 
EpwarpD Brssgy. London 1930. - pp. iv + 25. 

Technical Papers Nos. 10-12. Studies in reinforced 
concrete. Parts I-III. By Wm.1am Henry GLANVILLE. London 
1930. pp. vi + 37, vi + 49, vi+ 39. ill. 

Committee on Welded Containers. Report. London 1930. 
pp.iv+ 51. ill. 

Food Investigation Board. Special Report No. 3. The 
methods used for the inspection of canned foods and their reliability 
for this purpose. Part I. Canned meat. By WiILLiam GEORGE 
SavacE. London 1920. pp. 23. — 

Special Report No. 10. The methods used for the 
inspection of canned foods. Part II. Canned marine products. 
By Witi1aM GeorGe Savace. London 1922. pp. iv + 32. 
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ScIENTIFIC AND INDUSTRIAL RESEARCH, Department of. Food 
Investigation Board. Special Report No. 38. Wastage in imported 
fruit: its nature, extent and prevention. By J. Barker. London 
1930. pp. vi-+ 62. ill. 

Special Report No. 39. The prevention of wastage in 
New Zealand apples. By J. Barker. London 1930. pp. vi + 26. 
ill. 








Fuel Research. Physical and chemical survey of the national 
coal resources, No. 17. The significance of spores in the correlation 
of coal seams. Part I—The Parkgate seam—South Yorkshire 
area. By L. Stater, Marsorre M. Evans, and Grapys E. Eppy. 
London 1930. pp. vi + 28. ill. 

Technical Paper No. 25. The reactivity of coke. 
3.—The influence of iron compounds. By Jonun HEenRy JONES, 
JAMES GRIEVE Kine and Frank Sturpy Sinnatr. London 1930. 
pp. viii + 32. ill. 

Technical Paper No. 26. The influence of size of coal 
during gas manufa:ture. London 1930. pp. vi+ 55. ill. 

—— Technical Paper No. 27. The measurement of a 
rapidly fluctuating flow of gas. By James Grieve Kine and 
B. H. Witu1ams. London 1930. pp. vi+ 18. ill. 

Technical Paper No. 28. The determination of arom- 
atic, unsaturated and naphthene hydrocarbons in light oils and 
motor spirits. By ALEXANDER BERNARD MANNING and F. M. E. 
SHEPHERD. London 1930. pp. iv+ 14. ill. 

Steel Structures Research. Verbatim proceedings of a con- 
ference . . ., 16th October 1930. London 1930. pp. iv + 38. 

SHERWOOD, R. C. Effects of wheat drying upon milling and 
baking properties. (Bulletin No. 66, State Dept. Agric., Minnesota.) 
St. Paul, Minn. 1929. pp. 36. ill. 

Sours Arrica, Unton oF. Department of Agriculture. (Division 
of Chemistry Series, No. 104.) Studies in pasture management. A 
preliminary report on the seasonal composition of certain South 
African pasture grasses in relation to their manuring and intensity 
of grazing. By R. R. Staptes and A. J. Taytor. (From the 8. 
African J. Sci., 1929, 26.). ill. 

(Division of Chemistry Series, No. 105.) Citrus by- 
products research : orange oil. (From Farming in 8. Africa, 1930.) 
(Division of Chemistry Series, No. 110.) Micro- 
chemical analysis of soils. By Jonannes LODEWIKUS STEEN- 
KAMP. (From the J. 8. African Chem. Inst., 1930.) 

(Division of Chemistry Series, No. 111.) Notes on 
the colorimetric determination of p, values in alkaline soils. By 
P. KaMERMAN. (From the J. 8. African Chem. Inst., 1930.) 
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Sout Arrica, Union or. Department of Agriculture. (Division 
of Chemistry Series, No. 112.) Certain aspects of the acid to 
sugar ratio in oranges. By D. J. R. van Wuyx. (From the J. 8. 
African Chem. Inst., 1930.) 

South Mancuuria Ratway Company. Abstracts from the 
Report of the Central Laboratory. Dairen 1929. pp. 42. ill. 

Spruyt, J. P. Een onderzoek naar een colorimetrische methode 
voor de keuring van rijst op zilvervlies- (anti-beri-beri-vitamine-) 
gehalte. (From the Med. Dienst. Volksgezond. Ned.-Indie, 1930.) 

TayLor, FRANK SHERWOOD. Asurvey of Greek alchemy. (From 
the J. Hellenic Studies, 1930, 50.) ill. 

Unirep States. Department of Agriculture. Technical Bulletin 
No. 169. The wearing quality and other properties of vegetable- 
tanned and of chrome-retanned sole leather. By R. W. Frey and 
I. D. Cranks. Washington 1930. pp. 17. ill. 

Technical Bulletin No. 170. A pipette method of 
mechanical analysis of soils based on improved dispersion procedure. 
By L. B. OtmstEeap, Lyte T. ALEXANDER, and H. E. MmppLeton. 
Washington 1930. pp. 22. ill. 

—— Technical Bulletin No. 178. Properties of soils which 
influence soil erosion. By H. E. Mippizeron. Washington 1930. 


pp. 16. 


—-—— 








Department of Commerce. Bureau of Mines. Bulletin 281. 
Precipitation of lead and copper from solution on sponge iron. By 
G. L. OLtpRieuHT [and others]. Washington 1928. pp. viii + 131. 
ill. 





Bulletin 294. Carburetion of combustible gas 
with butane and propane-butane mixtures with particular reference 
to the carburetion of water gas. [By Wm.1am W. OpELL.] Wash- 
ington 1929. pp. vi + 96. ill. 

Technical Paper 409. Spontaneous heating of 
coal. By JoszpH D. Davis and D. A. Reynotps. Washington 
1928. pp. vi+ 74. ill. 

Technical Paper 424. Thermodynamic proper- 
ties of oxygen and nitrogen. By RussELt W. MILLaR and Joun D. 
Sutiivan. Washington 1928. pp. ii + 20. ill. 

Technical Paper 446. Terminology in coal 
research. By ReErmyHaRDT THIESSEN and WitFRID FRANCIS. 
Washington 1929. pp. iv + 27. ill. 

Technical Paper 448. Coal-dust explosions in 
mines: causes, effects, and recommendations for prevention. By 
GrorceE 8. Rick. Washington 1929. pp. ii+ 24. 

Technical Paper 450. Inflammability of mixed 
gases. By G. W. Jones. Washington 1929. pp. iv + 38. _ ill. 
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Unitep Srates. Department of Commerce. Bureau of Mines. 
Technical Paper 451. Calcium sulphate retarders for Portland 
cement clinker. By Ernest E. Bercer. Washington 1929. pp. 
ii + 35. ill. 





Technical Paper 456. Classification and tabling 
of difficult ores with particular attention to fluorspar. By W. H. 
CocHILL. Washington 1929. pp. ii + 40. ill. 

Technical Paper 462. Safety at natural-gasoline 
plants. By G. B. Saga. Washington 1929. pp. vi+ 109. ill. 
—— Bureau of Standards. Domestic and industrial fuel 
oils. Commercial standard CS12-29. Washington 1929. pp. 
vi+ 10. 








Circular No. 377. Some properties of sponge 
rubber. Washington 1929. pp. 8. ill. 

Circular No. 381. Sodium oxalate as a standard 
in volumetric analysis. pp. 9. 

Circular No. 382. Bismuth. [By J.G.THompson.]} 
Washington 1930. pp. 41. 

Miscellaneous Publication No. 108. Manufacture 
and properties of a cellulose product (maizolith) from cornstalks and 
corncobs, _By C. E. Hartrorp. Washington 1930. pp. 10. 

West, CLARENCE Jay. [Compiler.] Five years of research in 
industry 1926-1930. ‘A reading list. New York 1930. pp. 91. 

Wirte,:AvoiF Antonius Maria. Nitro-benzolsulfonhydraziden. 
Leiden 1930,° pp. xii + 119. 

WOERDEN, SIMON VAN. Refractometrisch onderzoek van methyl- 
hexahydroacetophenonen. Leiden 1924. pp. viii + 84. 

Wricut, CHARLES Haroup. Correlations between the specific 
conductivities of soil extracts, nitric nitrogen and soluble calcium. 
(From the 8th Ann. Bull., Agric. Dept. Nigeria, 1929.) -ill. 

ZaPan, Mirsar. Sur la chloruration et la bromuration cata- 
lytiques des gaziriches'en hydrocarbures méthaniques. Paris 1930. 
pp. 101. ill. 
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—_ ADDITIONS TO THE LIBRARY OF THE CHEMICAL 
il. SOCIETY DURING THE YEAR 1930. 
3 
“ ABDERHALDEN, Emi. [Editor.] Handbuch der biologischen 
beitsmethoden. Abt. I. Chemische Methoden. Teil 2, II 
ge alfte, Hefte v and vii. Berlin 1930. 


Asgaa, Ricnarp. See DreutTscHE BUNSEN GESELLSCHAFT. 

sil ABRAHAM, HERBERT. Asphalts and allied substances: their 
currence, modes of production, uses in the arts and methods of 
ting. 3rd edition. New York 1929. pp. xviii + 891. ill. 
Acta MEptIcrnaiA IN Keryo. See Keto ImperraL UNIVERSITY. 
wre Acta UNIVERSITATIS VORONEGIENSIS. Vol. II, ete. Voroneff 
nd 1925 +. (Reference.) 

ApamM, Nem Kenstneron. The physics and chemistry of 
surfaces. Oxford 1930. pp. x + 332. ill. 


N.] 








in 
AERONAUTICAL RESEARCH COMMITTEE. Reports and Memoranda. 
on,  |No. 1244. The influence of oxygen on corrosion fatigue. By A. M. 
BrnnreE. London 1929. pp. 3. ill. 
yl- No. 1253. Report on some properties of alloys of 


aluminium with thorium and silicon. By J. D. Groaan and T. H. 
fic  |ScHortenp. London 1929. pp. 12. ill. 

No. 1266. Experiments on flame extinction in gaseous 
mixtures. By W. Hetmore. London 1930. pp. 17. iil. 
ALEXANDER, Lyte T. See Untrep States. Department of 
9.  jAgriculture. Technical Bulletin No. 170. 

ALPHEN, JAN VAN. Inwerking van keteenen op hydrazine- 
derivaten. Leiden 1924. pp. xii + 96. 

ANDRESEN, M. [and others]. Erzeugung und Priifung lichtemp- 
findlicher Schichten. Lichtquellen. (Handb. wiss. angew. Photo- 
graphie. Vol. IV.). Wien 1930. pp. viii + 344. ill. 

Ansoutitz, Ricuarp. August Kekulé. 2 vols. Berlin 1929. 
pp. xxiv + 708, xvi + 960. ill. 

Arnpt, Kurr. Technische Elektrochemie. Stuttgart 1929. 
pp. xvi + 708. ill. 

Ascuan, Oss1an. Naphtenverbindungen, Terpene und Campher- 
arten inkl. Pinusharzsiuren sowie Kérper der Kautschukgruppe. 
Berlin 1929, pp. xvi + 378. 


A 















| 


















2 























Avpgn, Harotp AutipeN. Sulphuric acid and its manufacture, 
London 1930. pp. viii + 231. ill. 

AUERBACH, FRIEDRICH. See DEuTSCHE BUNSEN GESELLSCHAFT, 

AUSTRALIA, COMMONWEALTH OF. Council for Scientific and 
Industrial Research. Bulletin No. 44. Investigations on “ spotted 
wilt ’” of tomatoes. By Grorrrey SAMvuEL, J. G. Bap, and H. A, 
Prrrman. Melbourne 1930. pp. 64. ill. 
Bulletin No. 45. A soil survey of the Woorinen settle. 
ment, Swan Hill irrigation district, Victoria. By J. K. TAYtor and 
F. PenMAN. Melbourne 1930. pp. 41. ill. 
Pamphlet No. 14. The work of the Division of 
Economic Botany for the year 1928-29. By B. T. Dicksoy, 
Melbourne 1929. pp. 29. 
Pamphlet No. 15. The work of the Division of 
Economic Entomology for the year 1928-29. By Rosin Jouy 
Tm.tyaRD. Melbourne 1929. pp. 19. 
Pamphlet No. 16. The work of the Division of Animal 
Nutrition for the year 1928-29. By THoRBURN BRAILSFORD ROBERT: 
son. Melbourne 1929. pp. 30. 
Pamphlet No. 17. The mineral content of pastures. f 
Melbourne 1930. pp. 29. ill. : 
Department of Defence. Munitions Supply Board. Knock. 
ing in internal combustion engines and the use of anti-knock fuels. 
By AtFrreD Ernest Dawktns. Melbourne 1929. pp. 35. ill. 

BAILEY, KENNETH CLAUDE. See Piintus, Carus SECUNDUS. 

Baker, JoHN Wriiam. Direction of addition of hydrogen 
bromide to «-methyleneglutaric acid. (From the Proc. Leeds Phil. 
Soc., 1930, 2.) 

BaLoKE, Hans. Die neuzeitliche Speisewasser-Aufbereitung. 
Leipzig 1930. pp. viii + 138. ill. | 

Bap, J. G. See Austraria, CoMMONWEALTH OF. Council fof 
Scientific and Industrial Research. 

BARCHUSEN, JOHANN ConrRAD. Elementa Chemiz, quibus sub } 
juncta est Confectura Lapidis Philosophici. Lugduni Batavorum 
1718. pp. [xii] + 532 + [19]. ill. (Reference.) 

BARGER, GEORGE. Some applications of organic chemistry t/ 
biology and medicine. New York 1930. pp. viii + 186. ill. 

BARKER, J. See SCIENTIFIC AND INDUSTRIAL REesEARCH. Foo 
Investigation. 

BaRKER, THOMAS ViponD. The study of crystals: a genera } 
introduction. London 1930. pp. xvi + 137. ill. f 

BaRNaRD, Georce P. The selenium cell, its properties an } 
applications. London 1930. pp. xxx + 331. ill. F 
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Batavia. Proefstation voor Rubber. Mededeelingen. No. 57. 
Enquete over de vulcanisatie-eigenschappen van de ondernemings- 
rubber in Java en Zuid-Sumatra. By R. Rimsy. Batavia 1930. 
pp. 28. ill. [In Dutch. English summary.] 

Bates, H.'T. See Norris, Dorotuy. 

BauDET, HENRI Pumirprz. Vervangbaarheid van het halogeen- 
atoom in l-chloor- en 1-broom-2-cyaan-4-nitrobenzol. Leiden 

1922. pp. 75. 

Bavusor, HaRoLp Witi1AM. See Briaas, WILLIAM. 

Beckett, H. FE. See Screntiric AnD INDUSTRIAL RESEARCH. 
Building Research. 

BreuReE, ALFRED. Chemische Laboratorien, ihre neuzeitliche Ein- 
richtung und Leitung. Leipzig 1928. pp. x + 113 + 33 plates. ill. 

Benoit, CHARLES. See DERRIEN, EUGENE. 

BERGER, Ernest E. See. Unitep States. Department of 
Commerce. Bureau of Mines. Technical Paper 451. 

Berxnovut, P. J. TEpING van. Determination of rest-nitrogen 
in the blood of inhabitants of the tropics. (From the Med. Dienst 

Volksgezondheid Ned.-Indie, 1930.) ill. 

BrermpacH, Winiireap. Die Akkumulatoren, ihre Theorie, 
Herstellung, Behandlung und Verwendung. Berlin 1929. pp. vi +- 
214. ill. 

BERTELSMANN, WILHELM, and ScuusterR, Frirz. LEinfiihrung 
in die technische Behandlung gasférmiger Stoffe. Berlin 1930. 
pp. x +411. ill. 

BERZELIUS, JONS JaAcos. See SODERBAUM, HENRIK GUSTAV. 

Bessey, GEORGE Epwarp. See ScrENTIFIC AND INDUSTRIAL 
ResearcH. Building Research. 

BIKERMAN, J. See FREUNDLICH, HERBERT. 

BrnuireR, JEAN. Die neueren Fortschritte der technischen 
Elektrolyse. (Ergainzungsband zum I, II, und III Teil der “ Tech- 
nischen Elektrochemie.”’) Halle (Saale) 1930. pp. viii + 328. ill. 

Brrtz, Heryricn, and Brvrz, WinHeLm. Ausfiihrung quanti- 
tativer Analysen. Leipzig 1930. pp. xvi + 402. ill. 

Bitz, WILHELM. See Brvtz, HEINRICH. 

Bryniz, A. M. See AERONAUTICAL RESEARCH COMMITTEE. 
Brum, Wi11amM, and Hoagasoom, Grorce B. Principles of 

electroplating and electroforming (electrotyping). 2nd edition. 

New York 1930. pp. xvi + 424. ill. 

Bopansky, Mryer. Introduction to physiological chemistry. 


2nd edition. New York 1930. pp. x + 542. ill. 


BorrRHAAVE, HERMANN. See MetTzGER, HELENE. 
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Bonz, Wrm1amM Artuur, Newitt, DupLEY Mavriceg, and Towy. 
END, DonaLp THomas ALFRED. Gaseous combustion at high 
pressures: being mainly an account of the researches carried out 
in the high pressure gas research laboratories >f the Imperial College 
of Science and Technology, London, together with the equipment 
and experimental methods employed. London 1929. pp. xiv + 
396. 

Born, Max, and Jorpan, Pascuan. Vorlesungen iiber Atom- 
mechanik. Vol. II. Elementare Quantenmechanik. (Struktur 
der Materie in Einzeldarstellungen.) Berlin 1930. pp. xii + 434. 

BowEN, ArTHUR Ritzy. See Nasu, ALFRED WILLIAM. 

Bowman, HERBERT ListER. See Miers, Sin HENRY ALEXANDER, 

BRADFORD, City oF. Conditioning house. [Regulations. 13th 
edition.] Bradford 1930. pp. iv + 80. ill. 

Brapy, FranK LAWRENCE. See SCIENTIFIC AND INDUSTRIAL 
ResearcH. Building Research. 

BRAHMACHARI, UPENDRA NATH, and Gupta, JNANENDRA Mona 
Das. A contribution to the chemistry of certain new aromatic 
antimonials. (From the J. Proc. Asiatic Soc. Bengal, 1929, 25.) 

Bricas, Dennis Brook. The study of crystals. London 1930. 
pp. 137. ill. 


Brices, WiLL1aM, and Bausor, Harotp WittiaM. Elementary | 


quantitative analysis. 2nd edition. Revised by Dovexas Ross. 
BERY SNELLGROVE. London 1930. pp. viii + 125. ill. 

Briees, WILLIAM, and StEwarT, ROBERT WALLACE. Qualitative 
analysis. 2nd edition. Revised by Dovatas RosEBERY SNELL 
GROVE. London 1930. pp. xii+ 171. ill. 

Brisson, [MatHurtn Jacquss]. Dictionnaire raisonné de 
physique. 3 vols. Paris 1781. pp. xvi + 708, iv + 770, vi + 
plates. (Reference.) 

—— Observations sur les nouvelles découvertes aérostatiques, ¢ 
sur la probabilité de pouvoir diriger les ballons. Paris 1784. pp. 





ii + 34. (Reference.) [Bound as supplement to “ Dictionnaire } 


raisonné de physique,”’ Vol. 2.] 

British Cast IRon Researcn AssoctaTIon. Research Report 
No. 72. Recommended methods for sampling and analysis o 
foundry materials. Birmingham 1929. pp. 16. 

BRITISH PHOTOGRAPHIC RESEARCH ASSOCIATION. Reports for the 
years 1927-29. London [1928-29]. 

BrosE, Henry L. See SoMMERFELD, ARNOLD. 

Brown, GrorGE Epwarp. See CiEro, L. P. 

Brownz, Cuartes A. See Unttep Stares. Department 9 
Agriculture. Technical Bulletin No. 141. 


I 
] 


‘OWN. 

high 
d out 
ollege 
oment 


tiv + 


Atom. 
uktur 
- 434. 


N DER, 


13th 
‘TRIAL 
[OHAN 
matic 


3.) 
1930. 


sntary 


Rossz- 


tative 
\NELL- 


ié de 
| + 9 


1es, et 





pp 


nnaire } 


Yeport 
sis of 


‘or the 


ent of 

















5 


BriicKkNER, Horst. Katalytische Reaktionen in der organisch- 
chemischen Industrie. I. Dresden 1930. pp. viii + 168. ill. 

Brunat, Grorces. Traité de polarimétrie. Paris 1930. pp. | 
xvi + 447. ill. 

Brurnina, WIEBRANDUS JAN. Ketazine-, phenylhydrazon- en 
semicarbazonvorming van in de kern gesubstitueerde acetophenonen. 
Leiden 1922. pp. x + 69. 

BrRuNNER, ALBERT. Analyse der Azofarbstoffe. Berlin 1929. 
pp. vi -+ 124. ill. 

BrunotD, CuHartEes. L’entropie: son role dans le développe- 
ment historique de la thermodynamique. Paris 1930. pp. vi + 
221. 

—— Le probléme de l’affinité chimique et l’atomistique. Paris 
1930. pp. vi + 118. 

Bunt, CORNELIS VAN DE. ‘Trichloor- en tetrabroom-nitro-benz- 
aldehyden hexachloor- en octabroom-indigo. Leiden 1927. pp. 
xii + 87. 

Burn, JosHua Haroutp. See Mepican RESEARCH COUNCIL. 
Special Report Series. 

Burnett, W. B. See Pons Institute oF AMERICA, 

Burstin, Hueco. Untersuchungsmethoden der Erdélindustrie 
(Erdél, Benzin, Paraffin, Schmierdl, Asphalt usw.) Berlin 1930. 
pp. xii + 300. ill. 

Burton, Harotp. Mobile anion tautomerism. Part V. 
y-Phenyl-«-p-dimethylaminophenylallyl alcohol. (Preliminary 
notice.) (From the Proc. Leeds Phil. Soc., 1930, 2.) 

Bywaters, Huspert Witi1aAmM. Modern methods of cocoa and 
chocolate manufacture. London 1930. pp. xii + 316. ill. 

CaLvERT, Ropert. Diatomaceous earth. (American Chemical 
Society Monograph Series.) New York 1930. pp. 251. ill. 

CAMPBELL, NorMAN Ropert, and Rironiz, Dorotrny. Photo- 
electric cells : their properties, use, and applications. London 1929. 
pp. viii + 209. ill. 

CanaDA. National Research Council. Canadian Journal of 
Research. Vol. I, etc. Ottawa 1929+. (Reference.) 

CANADIAN JOURNAL OF RESEARCH. See CanaDa. National 
Research Council. 

CaRHART, Henry Smite. See Hutetrt, GEorGE AvuGusTUs. 

Cantos, ArtHuR Sipney. Feeding stuffs. London 1928. pp. 
xii+ 152. ill. 

CaupRI, JoHAN FERDINAND Mavrits. Over de snelheid der 
hydrolyse en alcoholyse in mengsels van twee en drie oplosmiddelen. 
Leiden 1928. pp. xii + 175. 
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CEMENT AND CEMENT ManuFacTuRE. The international cement 
journal. Vol. III, ete. London 1930+. (Reference.) 

Crercuez, Vastte Tx. Recherches sur l’ether aminomalonique 
et quelques-uns de ses dérivés. Lyon 1929. pp. 173. 

Cuack, E. M. See Untrep States. Depariment of Agriculture, 
Circular No. 98. 

Cuamot, Emme Monniy, and Mason, CiypE Watrer. Hand. 
book of chemical microscopy. Vol. I. Principles and use of micro- 
scopes and accessories. Physical methods for the study of chemical 
problems. New York 1930. pp. xiv + 474. ill. 

CaapLet, A. Ou en est la chimie industrielle? Paris 1928, 
’ pp. viii + 288. ill. 

CHEMICAL CaTaLoa Company. The condensed chemical diction- 
ary. 2nd edition. New York 1930. pp.550. (Reference.) 

CHEMICAL ENGINEERING AND CHEMICAL CATALOGUE. 6th edition. 
Edited by Duptry Maurice Newitt. London 1930. pp. 394+ 
Ilvi. ill. (Reference.) 

CHIKASHIGE, Masumti, and Urno, Sxéz6. A new coinage metal: 
forgery detectable without analysis. (World Eng. Congress, 
Tokyo 1929). pp. 2. ill. 

Cuurcy, C.G. See Untrep States. Department of Agriculture. 
Circular No. 98. 

CiaRKE, L. D. See Untrxep States. Department of Agriculture. 
Technical Bulletin No. 169. 

Crero, L. P. Photography, theory and practice: being an 
English edition of “La technique photographique.” Edited by 
GEORGE EpwarpD Brown. London 1930. pp. xvi + 566. ill. 

Copp, L. W. See Haas, ArTHuR. 

Corman, Victor. Les colloides traités au point de vue de la 
biophysique et de la thermodynamique. Nancy 1929. pp. 87. 

CormaNn-Nicorgst1, [JuLEs]. Contribution a l’étude des désin- 
fectants et du mécanisme des antiseptiques. (From the Bull. Bial. 
Pharm., 1929, 4.) 

CoegHILtL, W.H. See Unirep States. Department of Commerce. 
Bureau of Mines. Technical Paper 456. ; 

CoHEN, BARNETT, and Puiirs, Max. Studies on oxidation- 
reduction. XV. Potentiometric studies of the amino indophenols: 
phenol blue, m-toluylene diamine indophenol, and o-toluidine indo- 
phenol. (U.S. Public Health Reports, 1929, Supplement No. 74.) 

CoLEBROOK, LronarD. See Mepicat ReEsEaRcH CovuNcm. 
Special Report Series. 

Cottorip Symposium AnnuaL. (Formerly Colloid Symposium 
Monograph.) Papers presented at the 7th Symposium on Colloid 
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Chemistry, Johns Hopkins University, June 1929. New York 
1930. pp. viii + 300. ill. 

Comps, W1LLES Barnzs. See EcKLES, CLARENCE HENRY. 

Conn, H. J. Biological stains. 2nd edition. Enlarged and 
revised with the assistance of W. C. Homes and R. W. FRENCH. 
Geneva, N.Y. 1929. pp. 224. ill. 

ConNECTICUT AGRICULTURAL EXPERIMENT SrTaTIonN. Bulletin 
312. Thomas B. Osborne. A memorial. New Haven 1930. pp. 
{vi -+ 114}. ill. 

CoNSTABLE, FREDERICK HurN. A condensed outline of modern 
physical chemistry. London 1930. pp. 157. 

CopEMAN, P. D. v.p. R. See Soutm Arrica, UNIon oF. Depart- 
ment of Agriculture. (Division of Chemistry, Series No. 96.) 

CorsE, W. M. Bearing metals and bearings. (American 
Chemical Society Monograph Series.) New York 1930. pp. 383. ill. 

Costa, Norsperto P. Algunas observaciones relativas a la con- 
stitucién de cementos. (From the An. Soc. Cientifica Argentina, 
1930, 109.). ill. 

Corron, R. T. See Untrep States. Department of Agriculture. 
Technical Bulletin No. 162. 

CRAVERI, Cauisto. Les essences naturelles: extraction- 
caractéres-emplois. ‘Translated by HENr«t Tatu. Paris 1929. 
pp. xii + 602. ill. 

CristoL, Paut. See DERRIEN, EUGENE. 

CRONSHAW, Harry BRENNAN. See RUBBER INFORMATION. 

CumMING, ALEXANDER CHARLES, See LunGE, GEORGE. 

Curtis,C. A. Artificial pigments and their applications. Trans- 
lated by Ernest Fyteman. London 1930. pp. viii + 291. 

Curter, J. V. See Sournm Arrica, Union or. Department of 
Agriculture. (Division of Chemistry Series, No. 99.) 

Date, Henry Hatxietrr. See Mepicat Reszarcn Councm. 
Special Report Series. 

Daniets, Farrineton, Matuews, JosepaH Howarp, and 
Witiams, JoHN WaRREN. Experimental physical chemistry. 
New York 1929, pp. xvi + 475. ill. 

Davey, Norman. See SorzenTIFIC AND INDUSTRIAL RESEARCH. 
Building Research. 

Davipsoun, Isser. Lehrbuch der Seifenfabrikation. Berlin 
1928. pp. xxiv + 731. ill. 

Davies, Cecu, WuiTrieLD. The conductivity of solutions and 
the modern dissociation theory. London 1930. pp. viii + 204. ill. 

Davies, James. Newfoundland cod liver oil. St. John’s 1930. 
pp. 30. ill. 
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Davis, JoszerH D. See Unirep States. Department of Com. 
merce. Bureau of Mines. Technical Paper 409. 

Davy, Sir Humpnry. See Grecory, JosHua CRAVEN. 

Dawktns, ALFRED ERNEST. See AUSTRALIA, COMMONWEALTH OF, 
Department of Defence. 

Dean, WattER A. The nickel iron chromium system. (Rensse. 
laer Polytechnic Inst., Eng. Sci. Series, No. 26.) 1930. 

Desye, Peter. [Editor.}] Dipolmoment und _ chemische 
Struktur. Leipzig 1929. pp. viii + 134. ill. 

DELANGE, Raymonp. Essences naturelles et parfums. Paris 


1930. pp. 222. 
Demény, LAszi6. Aryl-sulfo-alkylamiden. Leiden 1928. pp. 
xii +- 135. 


Deminc, Horace G. In the realm of carbon. The story of 
organic chemistry. New York 1930. pp. x + 365. ill. 

DenHaM, Henry Georce. An inorganic chemistry. 2nd 
edition. London 1930. pp. viii 4+- 688. ill. 

DENNING, ARTHUR DU PRE. Ueber die Viskositat und die 
magnetische Doppelbrechung des colloidalen Eisenoxyhydrates. 
Heidelberg 1904. pp. 38. ill. 

Dennis, Louris Monroe, and Nicos, Metvin L. Gas analysis. 
Revised edition. New York 1929. pp. xx + 499. ill. 

DERRIEN, Evcrne. Zinc, porphyrines et cancer. (From the 
Arch. Soc. Sci. Med. Biol. Montpellier, 1929-30, 11.) 

DERRIEN, EvGknze, and Brnorr, CHarztes. Porphyrines des 
calculs salivaires. (From the Arch. Soc. Sci. Med. Montpellier, 1929.) 
Notes et observations sur les urines et sur quelques 
organes d’une femme morte en crise de porphyrie aigué. (From the 
Arch. Soc. Sci. Med. Montpellier, 1929.) 

DERRIEN, Eveine, and Criston, Pavun. Zincoporphyrinurie. 
(From the Arch. Soc. Sci. Med. Biol. Montpellier, 1929-30, 11.) 

DessLeps, L. Burn. Exact colour matching and specifying. 
Paris [n.d.]. pp. 116. ill. 

DrutscHE BUNSEN GESELLSCHAFT. Messungen elektromotor- 
ische Krifte galvanischer Ketten mit wiisserigen Elektrolyten. 
Edited by Richarp Aspnae, FRIEDRICH AUERBACH, and RoBEe! 
LurHeER. Halle (Saale) 1911. pp. xii + 213. 

Erginzungsheft I. Edited by FrrepRicH AUERBACH. 
Halle (Saale) 1915. pp. xii + 60. 

Erginzungsheft II. Edited by Carn Druck. 
Berlin 1929. pp. x + 234. 

Dews, Herpert CuirrorD. The metallurgy of bronze, Londo 
1930. pp. x + 147. ill. 
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Dickson, B. T. See AusTRania, COMMONWEALTH OF. Council 
for Scientific and Industrial Research. 

DreNSKE, JOANNES WILHELMUS. Constitutiebepaling door 
verdringing van groepen uit de benzolkern. Leiden 1929. pp. 
xii -++ 125. 

DreteRicH, Kart. Analyse der Harze, Balsame und Gummi- 
harze. 2nd edition. By Ericu Stoox. Berlin 1930. pp. x + 
456. ill. 

DrksHOORN, RupoLpPH PIETER. Over enkele chinolinederivaten. 
Leiden 1928. pp. xii + 131. 

Drucker, Cari. See DEuTSCHE BUNSEN GESELLSCHAFT. 

—— See HANDBUCH DER ALLGEMEINEN CHEMIE. 

DusskyY, J. V., and KuraS, M. Contribution 4 |’étude analyti- 
que des réactions des oximes. (Publ. Fac. Sci. Uwiv. Masaryk, 1929, 
No. 114.) [In Czecho-Slovakian. French summary.] 

DusskY, J. V., and Rasas, A. Contribution a |’étude des com- 
posés d’addition des bases organiques avec les sels des metaux 
lourds. (Publ. Fac. Sci. Univ. Masaryk, 1929, No. 112.) [In 
Czecho-Slovakian. French summary. |] 

Duront, G. Les essences de térébenthine. Paris 1926. 
pp. 332. ill. 

Durrans, THomas HaRoLtp. Solvents. (Monographs on Applied 
Chemistry.) London 1930. pp. xvi + 144. 

DurRvELLE, J. P. Fabrication des essences et des parfums. 
Chimie des parfums. 3rd edition. Paris 1930. pp. viii -+- 808. ill. 

EckKLEs, CLARENCE HENRY, Comps, WILLES BARNES, and Macy, 
Harotp. Milk and milk products. New York 1929. pp. xii + 
379. ill. 

Fppy, Guapys E. See ScrENTIFIC AND INDUSTRIAL RESEARCH. 
Fuel Research. 

Eprer, Joser Marra. Ausfiihrliches Handbuch der Photo- 
graphie. Vol. III. Parti. Die Fabrikation der photographischen 
Platten, Filme und Papiere und ihrer maschinelle Verarbeitung. 
6th edition. By Frrrz WrentzEt. Halle (Saale) 1930. pp. xx + 
595. ill. 

— Vol. III. Partiv. Die Sensitometrie, photographische 
Photometrie und Spektrographie. 3rd edition. Halle (Saale) 1930. 
pp. xvi+ 612. ill. 

Epecomse, L. J. See Screntiric AND INDUSTRIAL RESEARCH. 
Fuel Research. 

‘Epwarps, Junius Davip, Frary, Franois C., and JErrriss, 
Zay. The aluminium industry. 2 vols. (Chemical Engineering 
Series). New York 1930. pp. xviii + 870, xii + 358. ill. 
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Epwarps, W. J. See ScirentTrIFIc AND INDUSTRIAL RESEARCH, 
Fuel Research. 

Ex1on, LEonarD. Vorming van nevenproducten bij de diazo. 
teering volgens de methode van Witt. Leiden 1922. pp. x + 83, 

ELLIs, OLIVER CoLIGNY DE CHAMPFLEUR. Flame movements in 
gaseous mixtures. (From Fuel, 1928, 7.) 

Etvove, Exias. See Surry, Mavrice I. 

EmprreE MARKETING BoAaRD. May 1929 to May 1930, ete. 
London 1930 +. 

Eruprs CumiqueEs sous forme de dictionnaire. MS. 2 vols, 
[n.d.] pp. (234, 255.] ill. (Reference.) 

Erupes Mérattureiques. MS. [n.d.] pp. 87. (Reference.) 

Evcken, ARNOLD. Lehrbuch der chemischen Physik. Being 
the 3rd edition of, Grundriss der physikalischen Chemie. Leipzig 
1930. pp. xvi + 1037. ill. 

Ever, Hans von. Biokatalysatoren. (Sammlung, New Series, 
Vol. I.) Stuttgart 1930. pp. 68. (Reference.) 

Evans, CHARLES [ARTHUR] LovaTr. Recent advances in 
physiology. 4th edition. London 1930. pp. xii + 446. ill. 

Evans, MaryorieM. See ScreEntTIFIO AND INDUSTRIAL RESEARCH. 
Fuel Research. 

Evans, W. FP. The changes produced by oxidation in the pitted 
tracheids of certain New Zealand forest trees and their significance 
in the study of coals. (From the Trans. N.Z. Inst., 1929, 60.) 
Microstructure of New Zealand lignites. (From the New 
Zealand J. Sci. Tech., 1930, 141.) ill. 

Eynon, Lewis. See INSTITUTE OF CHEMISTRY OF GREAT 
BRITAIN AND IRELAND. 

Farrouitp, C. O. See Unitep Srates. Department of Com- 
merce. Bureau of Standards. Technologic Paper No. 170. 

Farmer, Rosert Crospiz. Uber sogenannte Oxyazokérper 
sowie Chinonoxime und Ketoxime. Wiirzburg 1899. pp. 71. 

Ferout, Frrrz. Von Libau bis Liebig. Chemikerképfe und 
Laboratorien. Mittenwald (Bayern) [1930]. pp. [94]. ill. 

Fryckz, Herrice. Die Kakaobutter und ihre Verfalschungen. 
Stuttgart 1929. pp. 238. 

Frxptay, ALEXANDER. The spirit of chemistry: an introduc- 
tion to chemistry for students of the liberal arts. London 1930. 
pp. xvi + 480. iil. 

Finptay, Grorce Marsaatyt. Recent advances in chemo- 
therapy. London 1930. pp. viii + 532. ill. 

Fiexner, Lovis B. See MioHAELis, LEONOR. 
Foan, Guupert A. See Reporave, HERBERT STANLEY. 
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FonTern, CORNELIA CHRISTINA JOHANNA. Intramoleculaire 
omzettingssnelheden bij aryl-acylhalogeenaminen. Leiden 1927. 
pp. xii + 111. 

Foote, Pau D. See Untrep States. Department of Commerce. 
Bureau of Standards. Technologic Paper No. 170. 

FORTSOCHRITTE DER CHEMIE, PHYSIK UND PHYSIKALISCHEN 
CuEMIE. Neue Folge des Physikalisch-chemischen Centralblattes. 
Vols. I-VI. Leipzig 1909-13. (Reference.) 

Generalregister. Vols. I-V. (1909-12). Leipzig 1912. 
(Reference.) 

Franois, WitFrip. See Untrep States. Department of Com- 
merce. Bureau of Mines. Technical Paper 446. 

Frary, Francis C. See Epwarps, Juntus Davin. 

Fricuet, M., and Romann, R. Représentation des lois em- 
piriques par des formules approchées & l’usage des chimistes, des 
physiciens, des ingénieurs et des statisticiens. Paris 1930. pp. 
viii + 302. 

FREEMAN, BENJAMIN, and Hoprz, FREDERICK G. Electroplating 
with chromium, copper, and nickel. New York 1930. pp. x + 
212 = ill. 

Frenou, R. W. See Conn, H. J. 

FREUNDLICH, HERBERT. Kapillarchemie. 4th edition. In col- 
laboration with J. Breerman. Vol. I. Leipzig’ i930. pp. viii + 
566. ill. 

Frey, L. See Geproiz, K. K. 

Frey, R. W. See Untrep States. Department of Agriculture. 
Technical Bulletin No. 169. 

FrrenD, JoHN Newton. A text-book of inorganic chemistry. 
Vol. XI. Organometallic compounds. Part ii. Derivatives of 
arsenic. By ArcurpaLD Epwin Gopparp. London 1930. pp. 
xxviii -++ 605. (Two copies.) 

FRIMAUDEAU,S. La soudure électrique a l’arc métallique. Paris 
[1924]. pp. vi-+ 135. ill. 

Frirz, Ferrx. Sechzig Jahre Linoleumfabrikation. (From 
Seifenseider Zeitung, 1924.) pp. 98. ill. 

Frétice, Gustav, Spérrer, Water, and TANzER, ERNsT. 
Wollkunde. Bildung und Eigenschaften der Wolle. Berlin 1929, 
pp. x + 419. ill. / 

Futmer, ExuisI.,and Werkman,C.H. An index to the chemical 
action of microorganisms on the non-nitrogenous organic compounds. 
(Springfield, Ill.] 1930. pp. xiv-+ 198. (Reference.) 

Fyteman, Ernest. See Curtis, C. A. 

—— See Preau, Fritz. 
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Gass, GEORGE Hues. See Tate, Francis GEORGE HENRY. 

GaLLoway, L. D. See THAYSEN, AAGE CHRISTIAN. 

Garcia-BLanco, J. Microdeterminacién directa del agua en 
tejidos conectivos. (From the Arg. Seminario Est. Galegos, 1929.) 

—— Sobre la regulacién hormonal de la economia hidrica en el 
tejido celular subcutaneo. (From the Arg. Seminario Est. Galegos, 
1929.) 

GATTERMANN, Lupwia. Die Praxis des organischen Chemikers. 
22nd edition. By Hermricn WIELAND. Berlin 1930. pp. xii + 
409. ill. 

_ Geproiz, K. K. Chemische Bodenanalyse. Translated from 

the Russian by L. Frey. Berlin 1926. pp. xii + 245. 

GERLACH, WALTHER, and ScHwEITzER, Eucen. Die chemische 
Emissions-Spektralanalyse. Grundlagen und Methoden. Leipzig 

1930. pp. vi+ 120. ill. 

GuosH, SupHAMOoY. See ROSENTHALER, LEOPOLD. 

GLANVILLE, Wit~t1AM Henry. See ScreNTIFIC AND INDUSTRIAL 
Resgarcu. Lf “Iding Research. 

Guasstong, SamugL. The electrochemistry of solutions. Lon- 
don 1930. pp. xii + 476. ill. 

Goppert, A. L. See Mines Department. Safety in Mines 
Research Board. 

GopDARD, ARCHIBALD Epwin. See FRIEND, JoHN NEWTON. 

GODLEWSKI, Emin. Oecuvres. Vol.I. (1870-1890.) Edited by 
LADISLAS VorBRODT. Cracovie 1930. pp. viii + 599. ill. 

G6tzE, Kurt. See WeiTzren, WILHELM. 

Goopwin, Harry MANLEY, and Katmus, HERBERT T. On the 
latent heat of fusion and the specific heat of salts in the solid and 
liquid state. (From the Phys. Rev., 1909, 28.) 

Goopwin, Harry Maney, and Marry, R. D. On the density, 
electrical conductivity and viscosity of fused salts and their mix- 
tures. (From the Phys. Rev., 1907-8, 25-26.) 

' GortNER, Ross AIKEN. Outlines of biochemistry. The organic 

chemistry and the physico-chemical reactions of biologically im- 
portant compounds and systems. New York 1929. pp. xvi + 
793. ill. 

GossELIN, ALBERT, and GossELIN, Marcet. Constitution et 
thermochimie des molécules. Paris 1930. pp. viii + 231. ill. 

GossELIn, Marcen. See GossELtin, ALBERT. 

GRAAF, HENDRIK DE. Verband tusschen smaak en constitutie van 
dicarbonzuur-dihydraziden en derivaten. Leiden 1930. pp. xii-- 138. 

GRAEFE, EDMUND, [and others]. Einfiihrung in die chemische 
Technologie der Brennstoffe. Dresden 1927. pp. viii + 197. ill. 
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Grant, JuLIuS. The measurement of hydrogen-ion concen- 
tration. London 1930. pp. viii + 159. ill. 

Gray, THomas. See ScrentTiIFIc AND INDUSTRIAL RESEARCH. 
Fuel Research. 

GREEN, H. H. See Sourn Arrioa, Union or. Department of 
Agriculture. (Division of Chemistry Series, No. 98.) 

GREGORY, JOSHUA CRAVEN. The scientific achievements of Sir 
Humphry Davy. London 1930. pp. viii + 144. ill. 

Grick, C. 8S. W. See Mrnzes Department. Safety in Mines 
Research Board. 

GROENEVELD, CORNELIS. Nitratie van naphthyl-1.-en-2. amine- 
derivaten. Leiden 1930. pp. xvi + 180. 

GroGcan, J. D. See AERONAUTICAL RESEARCH COMMITTEE. 

GRUBE, GEoRG. Grundziige der theoretischen und angewandten 
Elektrochemie. 2nd edition. Dresden 1930. pp. xii + 495. ill. 

Grin, Apotr. Analyse der Fette und Wachse. Vol. Ii. Berlin 
1929. pp. xvi + 806. ill. 

Gupta, JNANENDRA MouHANn Das. See BRAHMACHARI, UPENDRA 
Natu. 

Gwospz, JosEeF. Kohlenwassergas. Entwicklung, Durch- 
fihrung und Ziele der restlosen Vergasung unserer Brennstoffe 
auf der Grundlage des Wassergasprozesses. Halle (Saale) 1930. 
pp. viii -+ 203. ill. 

Haas, ArtHur. Materiewellen und Quantenmechanik. 3rd 
edition. Leipzig 1930. pp. viii + 202. ill. 

—— Quantum chemistry: a short introduction in four non- 
mathematical lectures. Translated by L.W.Copp. London 1930. 
pp.x +177. ill. 

Hackxn, Inco Waxpo Dacossrr. A chemical dictionary con- 
taining the words generally used in chemistry, and many of the 
terms used in the related sciences. Based on recent chemical liter- 
ature. [Philadelphia 1929.] pp. viii + 790. ill. (Reference.) 

Hdae, Gustav. X-ray studies on the binary systems of iron with 
nitrogen, phosphorus, arsenic, antimony, and bismuth. (From the 
Nova Acta Soc. Sci. Upsaliensis, 1929, [iv], 7.) 

Hatsstnsky, M. L’atomistica moderna e la chimica. Milano 
1930. pp. xvi + 315. ill. 

Hatpang, JoHN Burpon SanpERSON. Enzymes. (Monographs 
on Biochemistry.) London 1930. pp. viii + 235. ill. 

Hatpang, Joun Scorr. The theory of heat-engines including the 
action of muscies. Edinburgh i930. pp. xvi + 120. 

Hay, Witt1AM THomas. See TREADWELL, FREDERICK PEARSON. 

HANDBUCH DER ALLGEMEINEN CHEMIE. Edited by Pav 
A3 
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WaLpDEN and Cart Drucker. VIII. Elektromotorische Krafte, 
Elektrolyse und Polarisation. By RoBERT KREMANN and RoBERr 
Mutter. 2 vols. Leipzig 1930. pp. xvi + 891, xii-+ 835. ill 
(Reference.) 

HANDBUCH DER KAUTSCHUKWISSENSCHAFT. Edited by Kar 
MemMLeER. Leipzig 1930. pp. xxiv + 766. ill. 

HANDBUCH DER KOLLOIDWISSENSCHAFT IN EINZELDARSTEL- 
LUNGEN. Edited by Wotreana Ostwatp. Vol. IV. Die 
Globuline. By Mona Sprecet-Aporr. Dresden 1930. pp. 
xvi + 452. ill. 

Harpy, Sm Wrixiam Bate. See ScIENTIFIC AND INDUSTRIAL 
Researcu. Lubrication Research. 

HARRISON, GEOFFREY ARTHUR. Chemical methods in clinical 
medicine. London 1930. pp. x + 534. ill. 

Harrison, T.R. See Untrep States. Department of Commerce, 
Bureau of Standards. Technologic Paper No. 170. 

Hartrorp,C. E. See Untrep States. Department of Commerce, 
Bureau of Standards. Miscellaneous Publication No. 108. 

Hasuma, Hipro. See Nisurpa, Kitsvsz1. 

HEERMANN, Pavut. ([Editor.] | Enzyklopidie der _ textil- 
chemischen Technologie. Berlin 1930. pp. x + 970. ill. 
(Reference.) 

Hewtmore, W. See AERONAUTICAL RESEARCH COMMITTEE. 

Henrici, ArtauR T. Molds, yeasts, and Actinomycetes. 
New York 1930. pp. x + 296. ill. 

Hersia, W. Die Ole und Fette in der Textilindustrie. 2nd 
edition. Stuttgart 1929. pp. viii + 451. ill. 

Heriot, THomas Hawgtns Percy. See ScrentTrFic AnD INDUS: 
TRIAL RESEARCH. Fuel Research. 

HERscHEL, Winstow H. See Unirep States. Department of 
Commerce. Bureau of Standards. Technologic Paper No. 112. 

Herz, Water. Physikalische Chemie als Grundlage der 
analytischen Chemie. 3rd edition. In collaboration with L. 
Lorenz. (Die chemische Analyse, Vol. III.) Stuttgart 1930. pp. 
viii + 310. ill. (Reference.) 

Hess, W.C. See Sutiivan, Max. 

Hess, WENDELL FREDERICK. A study of the colour sensitiveness 
of various types of photo-electric cells. (Rensselaer Poly. Inst. Eng. 
Sci. Series, No. 23.) Troy 1929. pp. 27. ill. 

Hrraipzumi, TrrKicui. Studies in menthones. (From the 
anniversary vol. dedicated to M. Chikashige, 1930.) 

Hoagasoom, Gzorce B. See BLuM, WILLIAM. 
Hotmgs, W.C. See Conn, H. J. 
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HoitmyarpD, Eric Joun. Inorganic chemistry: a text-book for 
schools and colleges. London [1922]. pp. xii + 560. ill. 

—— Outlines of organic chemistry. London [1924, reprinted] 
1928. pp. xii + 468. ill. 

—— An elementary chemistry. 2nd edition. London [1927]. 
pp. viii + 430. ill. 

An introduction to organic chemistry. London 1930. pp. 
xii + 282. ill. 

Hoo@EVEEN, ANTONIUS PeEtTRUS Jacosus. Intramoleculaire 
omzettingssnelheden van naphthylacetylchlooraminen. Leiden 
1929. pp. xii + 137. 

Hoppe, FREDERICK G. See FREEMAN, BENJAMIN. 

HvuBBARD,C.C. Drycleaning and redyeing handbook: including 
laboratory practice, formulas, tests and tables. Silver Spring, 
Md. 1929. pp. xii + 252. 

Hutett, Greorce Avuaustus. Mercurous sulphate and the 
standard cells. (From the Phys. Rev., 1906, 22.) 

—— The cadmium standard cell. (From the Phys. Rev., 1906, 23.) 

—— Mercurous sulphate, cadmium sulphate and the cadmium 
cell. (From the Phys. Rev., 1907, 25.) 

—— A standard battery. (From the Phys. Rev., 1908, 27.) 
Equilibria in standard cells. (From the Phys. Rev., 1908, 





27.) 

——- The cathode equilibrium in the Weston standard cell. 
(From the Phys. Rev., 1910, 30.) 

—— The construction of standard cells and a constant tem- 
perature bath. (From the Phys. Rev., 1911, 32.) 

—— The distillation of amalgams and the purification of mercury. 
‘From the Phys. Rev., 1911, 38.) 

Huierr, Gecraz Augustus, and CarHart, Henry Smirg. A 
study of the materials used in standard cells and their preparation. 
St. Louis 1904. pp. 19. ill. 

Huterr, Grorce Avaustus, and Mrncutn, Howarp D. The 
distillation of amalgams and the purification of mercury. (From 
the Phys. Rev., 1905, 21.) 

Huntress, Ernest Hamu. A brief introduction to the use of 
Beilstein’s Handbuch der organischen Chemie. New York i930. 
pp. viii + 35. (Reference.) 

ImprriaL CoLLeGE CuEemican Society. Journal. Vols. VI-IX. 
London 1927-30. (Reference.) 

Inpran Lac AssooraTION FOR ReszarcH. Reports of the Com- 





mittee and of the Director . . . for the year lst April 1927 to 31st 
March 1928, etc. Calcutta 1928 +. (Reference.) 
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Inp1an Lac AssocraTION FOR ReEsEARCH. Bulletin No. 1, 
Physical properties of shellac solutions. Part I. By M. Ranaas. 
wami and M. Venucoratan. Calcutta 1928. pp. ii + 14. 
Bulletin No. 2. Physical properties of shellac solutions. 
Part II. By M. Rancaswami and M. VenucopaLan. Calcutta 
1929. pp.ii+ 17. ill. 

—— A short account of the work of the Indian Lac Research 
Institute. Ranchi 1930. pp. 23. 

Institut pu Prin. Bulletin. Sous le controle de l'Institut des 
Recherches agronomiques et rattaché a la Faculté des Sciences de 
Bordeaux. 2nd Series. No.1,etc. Bordeaux 1930 +. (Reference.) 

INSTITUTE OF CHEMISTRY OF GREAT BRITAIN AND IRELAND. 
The world’s sugar industry. By Lewis Eynon. London 1929. 
pp. 20. 

INSTITUTE OF PHYSICAL AND CHEMICAL RESEARCH. Bulletin. 
Vol. VII, ete. Tokyo 1928 -+-. (Reference.) [In Japanese.] 

—-— Abstracts from Rikwagaku-Kenkji-Jo [hd. (The Bulletin 
of the Institute of Physical and Chemical Research, Vols. VII & 
VIII.) Vols. 1 & If. Tokyo 1928-29. (Reference.) 

[Then incorporated with Scientific Papers of the Institute of 
Physical and Chemical Research.] 

INSTITUTION OF CHEMICAL ENGINEERS. The training of 4 
chemical engineer. London 1925. pp. 7. 

InstituTIonN oF Etxoctrican Enermerers. Journal. Vol. 
LXVIII, ete. London 1929 -+-. (Reference.). 

IsaBEY, JEAN. Cours de chimie. Paris 1930. pp.iv + 395. ill. 

Istrruto Brocnemico IrTarimano. Archivio. Vol. I, ete. 
Milan 1929-+-. (Reference.) 

Jackson, L. C. See Wiip, A. MARTIN DE. 

JAEGER, Frans Maurits. I. Spatial arrangements of atomic 
systems and optical activity. II. Methods, results and problems of 
precise measurements at high temperatures. III. The construc- 
tion and structure of ultramarines. New York 1930. pp. x + 
450. ill. 

JAKEMAN, C. See ScrIENTIFIC AND INDUSTRIAL RESEARCH. 
Imbrication Research. 

JANSEN, Max Petrus Jozer Marra. Over enkele in de kem 
gesubstitueerde @-phenylethyl-aminen. Leiden 1930. pp. xvi+ 
121. ill. 

JAPAN. National Research Council. Report. No. 1, 1922, ete. 
Tokyo 1930 +-. (Reference.) 

JEFFRIES, ZAY. See Epwarps, Junius Davin. 

JOHNSON, CHARLES Morris. Rapid methods for the chemic#l 
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analysis of special steels, steel-making alloys, their ores, graphites, 
and bearing metals. 4th edition. New York 1930. pp. xx + 729. ill. 

Jomnt CHEMICAL CoMMITTEE. Memorandum on British patent 
law reform. [London] 1929. pp. ii + 32. 

JonES, G. W. See Unttep States. Department of Commerce. 
Bureau of Mines. Technical Paper 450. 

JoNES, JOHN Henry. See ScrenvTIFIC AND INDUSTRIAL 
ResEARcH. Fuel Research. 

JORDAN, PascuaL. See Born, Max. 

JOURNAL OF RHEOLOGY. See Society ofr RHEOLOGY. 

JOURNAL OF THE CANCER RESEARCH COMMITTEE. See SYDNEY, 
UNIVERSITY OF. 

Kaumus, Hersert T. See Goopwin, Harry MANLEY. 

Kam, EeLko Jacospus VAN DER. Verwangbaarheid van het 
halogeenatoom in 2.chloor-en 2.broom-1 . 6 . 8.trinitro-naphtaline. 
Leiden 1926. pp. xii + 112. 

KAMERMAN, P. See Sourn Arrica, Union or. Department of 
Agriculture. (Division of Chemistry Series, No. 111.) 

Kappen, Husert. Die Bodenaziditat. Nach agrikulturchem- 
ischen Gesichtspunkten dargestellt. Berlin 1929. pp. viii-+-363. ill. 

KATERYNOSLAW, CHEMICAL CATHEDAR OF. See UKRAINIAN 
CounciL SocraLisT REPUBLIC. 

Katz,8.H. See Mines DEPARTMENT. Safety in Mines Research 
Board. 

Kauscu, Oscar. Phosphor, Phosphorsiure und Phosphate. 
lhre Herstellung und Verwendung. Berlin 1929. pp. vi -+ 325. ill. 

—— Der Graphit. Halle (Saale) 1930. pp. viii 4- 247. ill. 

KawaGoyeE, M. See Surnopa, J. 

Ke1so ImperrAL University. Acta Medicinalia in Keijo. Vols. 
XI and XII. Keijo 1928-29. 

Continued as :— 

Keijo Journal of Medicine. Vol. I, etc. Keijo 1930 +-. 
(Reference.) 

Kxei1so JOURNAL OF MepIcINE. See Ketso IMPERIAL UNIVERSITY. 

Kexuté, Aveust. See Anscutttz, RicHArp. 

Kenwoop, Henry RicumMonp. See PARKES, Louis CoLTMAN. 

KerKHOoF, JACOBUS GERARDUS. Verdringing van atomen en 
groepen uit de naphthalinekern. Leiden 1930. pp. xvi + 204. 

Kerr, Haroup. See Parkes, Louis CoLTMAN. 

Kinp, W. [and others]. Der Flachs. Part I. Berlin 1930. 
pp. x + 427. ill. 

Kine, James Grizve. See SormnTIFIC AND INDUSTRIAL 
Resgarcu. Fuel Research. 
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KrrcuNeR, JuLius. Die Sodafabrikation nach dem Solvay. 
Verfahren. Leipzig 1930. pp. xii + 123. ill. 

KITAGAWA, MATSUNOSUKE, and Tomiyama, Trrsvo. A new 
amino-compound in the Jack bean and a corresponding new fer. 
ment. (I). (From the J. Biochem. Japan, 1929, 41.) ill. 

KtuEenkK, Ernst. See THIERFELDER, HANs. 

Kiooster, Henry 8. vAN. See Kruyt, Huco Rupotr. 

KnreHorst, LAMBERTUS CASPER EVERHARD. Nitratie van 
symmetrische aryl-alkyl-urea. Leiden 1923. pp. xii -- 116. 

Komatsu, SHicervu [and others]. Biochemical studies on the 
bamboo. I-VII. (From the anniversary vol. dedicated to M. 
Chikashige, 1930.) 

Kosaka, Hrrost. Die Beziehungen zwischen den verschiedenen 
physiologischen Erscheinungen der Pflanzen und den an verschie- 
denen Vegetationsorganen in Erscheinung tretenden Farbstoffen. 
I. Ueber die Beziehungen zwischen der Anthozyanbildung und 
dem Wachstum von Abutilon avicennae. (Krom the J. Dept. Agric. 
Kyushu Imp. Univ., 1929, 2.) 

Kostine, Peter R. ‘The nickel iron copper system. (Rensselaer 
Polytechnic Inst., Eng. Sci. Series, No. 26.) 1930. 

Krarrt, Cart F. Spirazines: a type of chemical structure 
bearing upon the constitution of proteins and the cause of life. 
Washington 1930. pp. 54. ill. 

KREMANN, Ropert. See HANDBUCH DER ALLGEMEINEN 
CHEMIE. 

Kronic, R. pE L. Band spectra and molecular structure. 
Cambridge 1930. pp.x -}- 163. ill. 

Kruyt, Hugo Rupotex. Colloids: a textbook. Translated by 
Henry 8. van Kiooster. 2nd edition. New York 1930. pp. 
xiv -++ 286. ill. 

Kuno, Yuru. Critical study on the enzymic decomposition of 
nicotine. (From the Bul. Sci. Fak. Terkult. Kjaisu, 1929, 3.) [In 
Japanese. English summary.] 

Kuras, M. See DusskyY, J. V. 

LANGE, Mari# PIeTeR DE. Verdringing van atomen en groepet 
uit de benzolkern. Leiden 1922. pp. xii + 109. 

Latvigas UniversirAtes Raksti. Kimijas Fakultates Serija. 
Vol. I, etc. Riga 1929+. (Reference.) 

Lez, JOHANNES VAN DER. Nitratie van kaneelzuurderivaten. 
Leiden 1925. pp. xii + 96. 

LzrrMaNN, Henry, and Prves, Cuartes C. Further notes on 
tests for acetone and aldehyde. (From the Bull. Wagner Free Inst. 
Sci. Philadelphia, 1929, 4.) 

——— Preliminary note on some studies of the photosensitive 
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ness of nitroprussids. (From the Bull. Wagner Free Inst. Sci. 
Philadelphia, 1929, 4.) 

LEFFMANN, Henry, and Pings, CHarztes C. Notes on the tests 
for isopropanol. (From the Bull. Wagner Free Inst. Sci. 
Philadelphia, 1929, 4.) 

LenMann, ApotF [Lupwic FrErpmanp]. Das Diphenyl- 
dibenzoyl-crotonylen und einige seiner Reduktionsprodukte. Leipzig 
1897. pp. 39. 

Lzewis, GILBERT NEwTon. Outlines of a new system of thermo- 
dynamic chemistry. (From the Proc. American Acad. Arts Sci., 
1907, 438.) 

Linc, Epear Roserts. A text-book of dairy chemistry, 
theoretical and practical, for students of agriculture and dairying. 
London 1930. pp. viii + 213. ill. 

LippMANN, EpmMuND Oskar von. Die Geschichte des Wismuts 
zwischen 1400 und 1800. Berlin 1930. pp. 42. 

Luoyp, JoHn ALEXANDER. Nitraniline und Nitrosoaniline als 
Pseudobasen. Wirzburg 1903. pp. 67. 

Lorana, Hermanus Frans JosEepu. Nitratie van a.4.methoxy- 
(ethoxy)phenyl-b.ethylureum. Leiden 1927. pp. xii + 99. 

Lorenz, L. See HERZ, WALTER. yas 

Lunes, Gzoree. Technical chemists’ handbook. 3rd edition. 
Revised by ALEXANDER CHARLES CumMING. London 1929. pp. 
xvi + 262. 

LutHER, Ropert. See DeuTscHE BUNSEN GESELLSCHAFT. 

McCoxitum, ELMER VERNER, and Smummonps, Nina. The newer 
knowledge of nutrition. 4th edition. New York 1929. pp. xiv + 
594. ill. 

Mac.Eop, JoHN JAMES RICKARD, [and others]. Physiology and 
biochemistry in modern medicine. 6th edition. [St. Louis] 1930. 
pp. xxxii + 1074. ill. 

Macqusrr, [PrerrRE Joseru.| Dictionnaire de chimie. 2nd 
edition. [4to]. 2 vols. Paris 1778. pp. lii + 687, iv + 856. 
ill. (Reference.) 

Macy, Harotp. See Eckites, CLARENCE HENRY. 

Maitey, R. D. See Goopwin, Harry MAnNLey. 

ManninG, ALEXANDER BERNARD. See SCIENTIFIC AND INDUS- 
TRIAL RESEARCH. Fuel Research. 

MarcHannD, B. pe C. See Sout Arrica, Union oF. Depart- 
ment of Agriculture. (Division of Chemistry Series No. 98.) 

Martow, Gzorce Srantey Wiruers. Law and industry. 
London 1929. pp. viii + 319. 

Martin, ARTHUR JoHN. Sewage and sewage disposal. London 
1930. pp. 62. 
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Mason, CiypE Water. See Cuamot, Emite Monniy. 
MaTHeEws, JosEPpH HowarRD. See DANIELS, FARRINGTON. 
MatTosst, FRANK. See SCHAEFER, CLEMENS. 

Meape, Georce P. See Spencer, Gurtrorp LAwson. 

MepicaL ResearcH Counom. Special Report Series, No. 11. 
The causation and prevention of tri-nitro-toluene (T.N.T.) poisoning 
[Reported by Benzamtn Mooru.] London 1918. pp. viii + 85. 
Special Report Series, No. 58. T.N.T. poisoning and the 
fate of T.N.T. in the animal body. London 1921. pp. 88. ill. 
Special Report Series, No. 69. Reports on _ biological 
standards. I. On the physiological standardization of extracts of 
the posterior lobe of the pituitary body. By JosHua HAaRoip Burn 
and Henry Hatrterr Date. London 1922. pp. 52. ill. 

Special Report Series, No. 72. The acid-base equilibrium of 
the blood. By the Hemoglobin Committee. London 1923. pp. 70. ill. 
Special Report Series, No. 119. A study of some organic 
arsenical compounds with a view to their use in certain streptococcal 
infections. By Lronarp CoLEBROOK. London 1928. pp.4l. ill. 
Special Report Series, No. 141. The tannic acid treatment 
of burns. London 1929. By Witt1am Compe Wison. pp. 34. ill. 

Meersott, P.B. See Srantstavs, Ianattus VALERIUS STANLEY. 

MemMuerR, Kari. See HANDBUCH DER KAUTSCHUKWISSEN- 
SCHAFT. 

MENALDA, FREDERIK ARNOLD. Quantitatief onderzoek der 
reactie van Schotten-Baumann. Leiden 1929. pp. xii + 79. 

MENDELEEFF CONGRESS ON PURE AND APPLIED CHEMISTRY. V, 
1928. Papers, etc. 3 vols. Kasan 1928. pp. 150, 32, 32. ill. 
(Reference.) [In Russian.] 

MENSCERUTKIN, Borts NIKOLAEVITsCH. Abridged chemistry for 
higher educational institutions. 2nd edition. Leningrad 1930. 
pp. 161. [In Russian.] 

Course of general (inorganic) chemistry. 3rd _ edition. 
Moscow 1930. pp. 642. ill. [In Russian.] 

[Merce, E.] Merck’s index. 6th edition. Darmstadt 1929. pp. 
644 + 14. (Reference.) 

MetzceR, Hétine. Newton, Stahl, Boerhaave et la doctrine 
chimique. Paris 1930. pp. vi + 332. 

MeryerHOF, Orto. Die chemischen Vorginge im Muskel und 
ihr Zusammenhang mit Arbeitsleistung und Warmebildung. Berlin 
1930. pp. xiv + 350. ill. 

Mezcrer, Rospert, and Pistor, Frrepricu. Die Reaktions- 
fahigkeit des Kokses. Ihre Ursachen, alte und neue Wege zu ihrer 
Bestimmung. Halle (Saale) 1927. pp. viii+ 88. ill. 
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Micuaris, Leonor. Oxidation-reduction potentials. Trans- 
lated from the German manuscript by Louis B. FLExneER. Phila- 
delphia 1930. pp. xiv + 199. ill. 

Mippteton, H. E. See Unirep States. Department of 
Agriculture. ‘Technical Bulletin Nos. 170 and 178. 

Miers, Str Henry ALEXANDER. Mineralogy: an introduction 
to the scientific study of minerals. 2nd edition. Revised by 
Hersert Lister Bowman. London 1929. pp. xx + 658. ill. 

Mrnorié, Sranxo Stankov. Geokemija joda. (From the Ann. 
Rep. Jugoslav. Med Soc., 1929.) 

—— Kemijska analiza alkaliénih kiselica u Donjoj Kostrivnici. 
Beograd 1930. pp. 16. 

Mitter, Russern W. See Unitrep Sates. Department of 
Commerce. Bureau of Mines. Technical Paper 424. 

Minus, Cuartes THomas. Technical education, its development 
and aims. London 1925. pp. viii -+- 183. 

Mincury, Howarp D. See Huterr, George Avaustus. 

Mines DeprartMENT. Safety in Mines Research Board. Paper 
No. 56. The relative inflammability of coal dusts: a laboratory 
study. By A. L. Gopperr and RicHARD VERNON WHEELER. 
London 1929. pp. 23. ill. 

Paper No. 57. Mine rescue apparatus: the 8.M.R.B. 
gas mask. By S. H. Karz and C. 8. W. Grice. London 1930. 
pp. 37. ill. 





Paper No. 59. The effect of the rate of cooling on the 
structure and constitution of steel. By J. M. Ropertson. London 
1930. pp. 57. ill. 

——- ——- Paper No. 60. Flame-proof electrical apparatus for 
use in coal mines. Summarising report by Ira Crom Frank 
StarHam and RicHARD VERNON WHEELER. London 1930. pp. 
iv + 62. ill. 

Ministry or HeautH. ‘The Public Health (Preservative, &c., in 
Food) Regulations. (Statutory Rules and Orders, 1925, No. 775, as 
amended by 1926, No. 1557, and 1927, No. 577.) pp. 11. 

—— The purification of the water of swimming baths. London 
[1929]. pp. 52. 

Ministry oF TRANSsPoRT. Treatment of sulphur fumes in con- 
nection with the working of the proposed electric power station of 
the London Power Company at Battersea. Interim report of the 
advisers to the London Power Company together with the interim 
report of the Committee presided over by the Government Chemist. 
London 1929. pp. 10. ill. 
MITCHELL, CHARLES AINSWORTH. 
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in analytical chemistry. Vol. I. London 1930. pp. x + 
421. ill. 

MiTTER, PRAFULLA CHANDRA. Some aspects of biochemical 
synthesis. Presidential address (chemistry section) 17th Indian 
Science Congress. Allahabad 1930. pp. 19. 

Mouitor, Herricw. Die Fabrikation der Soda. Leipzig 1925, 
pp. xvi + 231. ill. 

MontreR-WILLIAMS, GORDON WICKHAM. A report on the deter. 
mination of sucrose, lactose and invert sugar in sweetened condensed 
milk. (Ministry of Health Reports on Public Health and Medical 
Subjects, No. 57.) London 1930. pp. 23. 

The effect on foods of fumigation with hydrogen cyanide, 
(Ministry of Health Reports on Public Health and Medical Subjects, 
No. 60.) London 1930. pp. 32. 

Moorz, BENJAMIN. See MEDICAL ResEARCH Councin. Special 
Report Series. 

MorRIsON, FRANK RicHaRp. Ambergris and how to recognise it. 
(Sydney Technological Museum Bulletin, No. 15.) 1929. 

See PENFOLD, ARTHUR RAMON. 

Morton, James. Dyes and textiles in Britain: 1930. 
[Edinburgh] 1930. pp. 43. 

Miter, Ericu. Die elektrometrische Massanalyse. Dresden 
1921. pp. viii- 110. ill. 

Mitier, Ropserr. See HANDBUCH DER  ALLGEMEINEN 
CHEMIE. 

Moir, CHartes Earu. Influence du p, dans les phénomeénes 
de teinture. Paris 1929. pp. 84. 

Naso, ALFRED WitiiAM, and Bowrn, ArtHurR Rizey. The 
principles and practice of lubrication. London 1929. pp. xii + 
315. ill. 

Nasin1, Rarrartto. I soffioni e i lagoni della Toscana e Is 
industria boracifera. Storia, studi, ricerche chimiche e chimico- 
fisiche eseguite principalmente nell’ultimo venticinquennio. Roms 
1930. pp. xii + 658. ill. 

NationaL BenzoLe Association. Standard specifications for 
benzole and allied products, 1929. London 1929. pp. xiv + 146. f 
ill. (Reference.) 

NationaL BrenzoLte Association and UNIVERSITY OF LEEDS. | 
Joint Benzole Research Committee. Seventh report. London 1930. 
pp. vi+ 149. ill. (Reference.) 

Newcoms, Cutve. A scheme for the analysis of small urinary 
calculi. (From the Indian J. Med. Research, 1930, 17.) 

The water-content of the heart-muscle in beri-beri colum- 
barum. (From the Indian J. Med. Research, 1930, 17.) 
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Newcoms, Ciive. Salt licks. (From the Trans. F.L.A.7'.M. Tth 
Congress, 1927, 3.) Calcutta 1929. 

Newcoms, CLIVE, and SANKARAN, GANAPATI. A note on iodine 
metabolism. (From the 7'rans. F.L.A.7.M. 7th Congress, 1927, 3.) 
Calcutta 1929. 

Newitt, DupLEY Maurice. See BoNE, WILLIAM ARTHUR. 

— See CHEMICAL ENGINEERING AND CHEMICAL CATALOGUE. 

Newton, Sir Isaac. See Merzarr, HELENE. 

Nicuois, Mervin L. See Dennis, Louis Monrox. 

Niet, C. B. van. The propionic acid bacteria. Haarlem 1928. 
pp. viii 4- 187. ill. 

Nuk, Dirk Rorxtor. Een vergelijkend onderzoek van kern- 
gesubstitueerde phenylphosphine- en phenylarsinezuren. Leiden 
1922. pp. x + 73. ill. 

NisuipaA, Kirsusr, and Hasuima, Hipxo. Chemische Unter- 
suchungen ueber das Glukomannan aus “ Konjak.’’ (From the 
J. Dept. Agric., Kyushu Imp. Univ., 1930, 2.) ill. 

NONNENMACHER, E. Die Jute. Part I. Berlin 1930. pp. 
viii +- 571. ill. 

Norris, Dororuy, and Barres, H. T. Notes on the establish- 
ment of Aleurites Fordit (tung oil) in the Ranchi district of Chota 
Nagpur. (From the Indian Forester, 1930.) 

Norrace, Mruicent Emma. See ScrentTivic AND INDUSTRIAL 
Researcu. Lubrication Research. 

Oprnata, Icni1. On the nature of eutectoid-transformation in 
relation to the mechanism of quenching and tempering of aluminium- 
bronze. Partsland II. (From the Mem. Ryojun Coll. Eng., 1929- 
30, 2-3.) ill. 

—— Studies on quenching velocities. (From the Mem. Ryojun 
Coll. Eng., 1930, 2.) ill. 

Oppo, GiusEPPE. ‘Trattato di chimica organica. Palermo 1930. 
pp. xvi -+- 949. ill. 

OpEeLL, Wit1am W. See Unirep States. Department of Com- 
merce. Bureau of Mines. Bulletin 294. 

O.tpricut,G.L. See Unrrep States. Department of Commerce. 
Bureau of Mines. Bulletin 281. 

OtmsTgeaD, L. B. See Unirep Srates. Department of Agri- 
culture. Technical Bulletin No. 170. 

Optican Society. See PHysicaL Socrety. 

Opricat Socrery or AmerRIcA. The Review of Scientific Instru- 
ments. New Series, Vol. I, etc. Menasha, Wisconsin 1930 -+-. 
(Reference.) 

Organic SyNTHESES: an annual publication of satisfactory 
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methods for the preparation of organic chemicals. Vol. X. New 
York 1930. pp. viii + 119. ill. 

OsBoRN, ALBERT SS. Questioned documents. 2nd _ edition, 
Albany, N.Y. 1929. pp. xxiv +- 1028. ill. 

OsBorRNE, THomas Burr. See CoNNECTICUT AGRICULTURAL 
EXPERIMENT STATION. 

OstwaLD, WoLFGaNnG. See HANDBUCH DER KOLLOIDWISSEN. 
SCHAFT IN EINZELDARSTELLUNGEN. 

PatmMaR, WitH. The corrosion of metals. Part I. General 
theory. (Ingenidrsvetenskapsakademiens Handlingar No. 93.) 
Stockholm 1929. pp. 347. ill. 

PANEBIANCO, R. Approximatione numerico neglecto ab ullos 
physico et chemico. (From Schola et Vita, 1929, 4.) 

Parkes, Louis Cottman, and KENwoop, HENRY RicHMmonp, 
Hygiene and public health. 8th edition. Revised by H. R. 
Kenwoop and HARoLp Kerr. London 1929. pp. xii -++ 823. ill. 

Parsons, THomas Ricnuarp. The materials of life. A simple 
presentation of the science of biochemistry. London 1930. pp. 
288. ill. 

Pau, WoLFGANG, and VALKO6, Emericu. LElektrochemie der 
Kolloide. Wien 1929. pp. xii + 647. ill. 

PaAyMAN, WiLuiaAM, and StTaTHAM, IRA Ceci, FRANK. Mine 
atmospheres. London 1930. pp. xii + 336. ill. 

PrenroLp, ArtHuR Ramon. Eucalyptus, the essence of Aus- 
tralia. Sydney 1930. pp. 8. ill. 

PENFOLD, ARTHUR Ramon, and Morrison, FRANK RICHARD. 
Australian tea trees of economic value. Part I. (Sydney Techno- 
logical Museum Bulletin, No. 14.) 1929. pp. 15. ill. 

Penman, F. See AusTRALIA, COMMONWEALTH OF. Council for 
Scientific and Industrial Research. 

Purires, Max. See Conen, BARNETT. 

PuystoaL Society and Opricat Soctety. Photo-electric cells 
and their applications. A discussion at a joint meeting. London 
1930. pp. 236. ill. 

PicKARD, JoSEPH ALLEN. Filtration and filters. With a section 
on the mathematical aspects of filtration by A. J. V. UNDERWOOD. 
London 1929. pp. 488. _ ill. 

Pine Instrrute oF America. Abstracts. Chemical Section. 
Vol. IV, No. 7, etc. Pittsburgh 1930 +. (Reference.) [In mimeo- 
graph form.] 

Technical Bulletin No. 1. Rosin in synthetic resins. Pre- 
pared by W. B. Burnett. Jacksonville, Fla. 1930. pp. vi + 97. 
(Reference.) [In mimeograph form. ] 
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Pines, Coartes C. See LerrmMann, HENRY. 

Pistor, FRIEDRICH. See MrezGEeR, ROBERT. 

Prrmman, H. A. See Austratia, COMMONWEALTH OF. Council 
for Scientific and Industrial Research. 

Purntus, Carus Szcunpus. Chapters on chemical subjects. 
Part I. Edited, with translation and notes, by KENNETH CLAUDE 
Battey. London 1929. pp. 249. 

PonpaL, Istpro Parea. Sobre la presencia de la pirrotina en 
Galicia. Analisis de la pirrotina de La Majioca (Santiago). (From 
the Arg. Seminario Est. Galegos, 1929.) 

Estudio quimico de la nontronita de Chenlo (Pontevedra). 
Mineral nuevo para Espajia. (From the Arg. Seminario Est. Galegos, 
1929.) 








El contenido en iodo de las principales algas marinas de las 
costas de Galicia. (From Datos Geoquim, Galicia, 1927.) 

Ponpat, Ismpro Paraa, and VAzQquEz-Garrica, J. Contri- 
bucién al estudio de los minerales de wolframio de Galicia. I. 
Analisis de las wolframitas de la Brea, Corpifio y Carboeiro 
(Lalin, Pontevedra). (From the Arg. Seminario Est. Galegos, 
1929.) 

Poort, H. D. See Untrep States. Department of Agriculture. 
Circular No. 98. 

Povucuer, Witt1AM ARTHUR. Perfumes, cosmetics and soaps 
with especial reference to synthetics. 3rd edition. Vol. I. London 
1930. pp. x + 394. ill. 

Preat, Fritz. Die quantitative organische Mikroanalyse. 3rd 
edition. Berlin 1930. pp. xii + 256. ill. 

—— Quantitative organic microanalysis. 2nd English edition. 
Translated by Ernest FytemMan. London 1930. pp. xiv + 
237. ill. 

Rapas, A. See DusskY, J. V. 

RasinowitscH, Evarn, and Taro, Ericu. Periodisches Sys- 
tem. Geschichte und Theorie. Stuttgart 1930. pp. xii + 302. ill. 

RanGAswaMI, M. See InpIAn LAc ASSOCIATION FOR RESEARCH. 

Reate AccapEMIA p’ITarta. Annuario. Vol. I, 1929, etc. 
Roma 1930 +-. (Reference.) 

REepGROVE, HERBERT STANLEY, and Foan, Ginpert A. Paint, 
powder and patches. London 1930. pp. xii-+ 170. ill. 

Reta Cuemist,The. Vol.I,ete. London 1930-4-. (Reference.) 

REVIEW OF ScrentTiIFIC INSTRUMENTS. See OpticaL Society oF 
AMERICA. 

Reynoips, D.A. See Unrrep States. Department of Commerce. 
Bureau of Mines. ‘Technical Paper 409. 
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Rice, GrorceS. See Untrep States. Department of Commerce. 
Bureau of Mines. Technical Paper 448. 

Ricz, Jamses. Introduction to statistical mechanics for students 
of physics and physical chemistry. London 1930. pp. x + 333. 

Rmkat, Eric Kreieutiey. An introduction to surface chemistry, 
[2nd edition.] Cambridge 1930. pp. xii + 459. 

RipEAL, SAMUEL, and associates. The carbohydrates and 
alcohol. London 1920. pp. xvi + 219. ill. 

Rrest, R. See Batavia. Proefstation voor Rubber. 

Rrrouiz, Dorotuy. See CAMPBELL, NORMAN ROBERT. 

Roark, R. C. See Untrep States. Department of Agriculture. 
Technical Bulletin No. 162. 

RoBERTSON, GEorRGE. Ueber die Verseifungs- und Reduktions. 
produkte des Phenyldibenzoylglutarsdiurediathylesters. Leipzig. 
1899. pp. 39. 

Rospertson, J. M. See Mines DepartTMENT. Safety in Mines 
Research Board. 

ROBERTSON, THORBURN BRAILSFORD. See AUSTRALIA, COMMON- 
WEALTH OF. Council for Scientific and Industrial Research. 

Romann, R. See Fricuet, M. 

ROSENTHALER, LEOPOLD. The chemical investigation of plants. 
Authorised translation of the 3rd German edition. By SupHamoy 
GHosH. (Monographs on Modern Chemistry.) London 1930. 
pp. viii + 197. ill. 

RusBer InFormation. A compendium of the rubber industry 
in all its branches. Edited by Harry BRENNAN CRONSHAW. 
London 1930. pp. 237. (Reference.) 

Rispencame, R. See ZERR, GEORG. 

RueEpy, Ricnarp. Bandenspektren auf experimenteller Grund- 
lage. Braunschweig 1930. pp. vi + 124. 

Rupe, Hans. Anleitung zum Experimentieren in der Vorlesung 
iiber organische Chemie. 2nd edition. Berlin 1930. pp. viii+-177. ill. 

SamvuEL, Grorrrey. See AUSTRALIA, COMMONWEALTH OF. 
Council for Scientific and Industrial Research. 

Sanp, Henry Juxtius Satomon. Zur Kenntnis von Alphy]l- 
nitrosokérpern. Ziirich 1898. pp. 78. 

SanpDveD, Karn. An exact method for ascertaining the bi- 
molecular course of a chemical reaction. (From the Forh. Kong. 
Norske Vidensk. Selsk., 1930, 2.) 

SANKARAN, GANAPATI. See NEwcoms, CLIVE. 

Sato, S. See Surnopa, J. 

Savage, Witu1am GrorGe. See SCIENTIFIC AND INDUSTRIAL 
ResEaron. Food Investigation Board. 
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ScHAEFER, CLEMENS, and Martossi, Frank. Der Ramaneffekt. 
(Fortschritte der Chemie, Physik und physikalischen Chemie. Vol. 
XX.) Berlin 1930. pp. iv+ 52. ill. (Reference.) 

ScHAFFNER, ANTON. Enzyme und ihre Bedeutung zur Kon- 
stitutionsermittlung von Naturstoffen. (Fortschritte der Chemie, 
Physik und physikalischen Chemie. Vol. XX.) Berlin 1930. 

ScemmMEL, ALFRED. Metallographie der technischen Kupfer- 
legierungen. Berlin 1930. pp. vi+ 142. ill. 

ScHNEIDER, Gustav. See SIMMERSBACH, OSKAR. 

ScuorreLtp, T. H. See AERONAUTICAL RESEARCH COMMITTEE. 

ScHREINEMACHERS, HENDRIK HuBERT. Reactiesnelheden van 
l.chloor (broom) 2.4.dinitrobenzol met aminen. Leiden 1930. 
pp. xii + 123. 

Scuvetre, H. A., and Tuomas, KatpH W. The composition of 
the fat of the silver black fox. (From the 7'rans. Wisconsin Acad. 
Sci., 1930, 25.) 

ScuustEeR, Fritz. See BERTELSMANN, WILHELM. 

ScHWEITZER, EucEen. See GERLACH, WALTHER. 


ScuwerizEer, Cu. Ueber Mehlbleichung. (From the Mitt. Geb. 
Lebensm. Hyg., 1928, 19.) 

—— Zum Nachweis von Auslandshonigen durch bakteriologische 
Priifung. (From the Mitt. Geb. Lebensm. Hyg., 1928, 19.) 

—— Ueber das Verfahren von Boulard zur Verhinderung der 
Weitervergarung in einem beliebigen Zeitpunkt. (From the Mitt. 
Geb. Lebensm. Hyg., 1929, 20.) 

—— Versuche mit hitzegefialltem Pferdefleischeiweiss als Prazi- 
pitogen. (From the Mitt. Geb. Lebensm. Hyg., 1929, 20.) 

—— Zum Nachweis von Roggenmehl in Weizenmehl. (From the 
Mitt. Geb. Lebensm. Hyg., 1929, 20.) 

SCIENTIFIC AND INDUSTRIAL RusEaRcH, Department of. Report 
of test... on the “ Babcock” low temperature carbonisation 
plant installed at the Dunston power station of the Newcastle- 
upon-Tyne Electric Supply Company, Ltd. London 1930. pp. 
vi + 30. ill. 

Report of test . . . on the Turner retort installed at the 
works of the Comac Oil Co., Ltd., Coalburn, Lanarkshire. London 
1930. pp. vi+ 29. ill. 

~— Building Research. Bulletin No. 6. The prevention of 
corrosion of lead in buildings. By Frank LawkENCE Brapy. 
London 1929. pp.iv +4. ill. 

——- —— Bulletin No. 7. Hot cement. By Norman Davey. 
London 1930. pp. iv +9. ill. 
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ScIENTIFIO AND INDUSTRIAL ResEARCH, Department of. Build. 
ing Research. Bulletin No. 8. Ultra-violet window-glazing. By 
H. E. Beckett. London 1930. pp. iv +13. ill. 

—— Bulletin No. 9. Bonding new concrete to old. By 
NorMAN Davey. London 1930. pp. iv +4. ill. 

Special Report No. 14. The use of calcium chloride or 
sodium chloride as a protection for mortar or concrete against frost. 
By W. N. THomas. London 1929. pp. iv + 30. 


Special Report No. 15. The corrosion of steel by 
breeze and clinker concretes. By Frank LAWRENCE BRApy. 
London 1930. pp. iv + 15. ill. 

Special Report No. 16. Construction joints in concrete. 
Bonding new concrete to old. By Norman Davey. London 1930. 
pp. vi + 74. ill. 

Technical Paper No. 8. The corrosion of lead in 
buildings. By Frank LAwrencE Brapy. London 1929. pp. 
vi + 30. ill. 

Technical Paper No.9. The estimation of free calcium 
hydroxide in set cements. A calorimetric method. By GEor«GE 
EpwarpD Bessry. London 1930. pp. iv + 25. 

Technical Papers Nos. 10-12. Studies in reinforced 
concrete. Parts I-III. By Wmui1am Henry GuanvitLte. London 
1930. pp. vi + 37, vi + 49, vi+ 39. ill. 

—— Committee on Welded Containers. Report. London 1930. 
pp. iv + 51. ill. 

Food Investigation Board. Special Report No. 3. The 
methods used for the inspection of canned foods and their reliability 
for this purpose. Part I. Canned meat. By Wi11am GEORGE 
Savaae. London 1920. pp. 23. 

Special Report No. 10. The methods used for the 
inspection of canned foods. Part II. Canned marine products. 
By Witt1am Grorce Savacre. London 1922. pp. iv + 32. 

—_— —— Special Report No. 38. Wastage in imported fruit : 
its nature, extent and prevention. By J. Barker. London 1930. 
pp. vi -- 62. ill. 

—— Special Report No. 39. The prevention of wastage 
in New Zealand apples. By J. Barker. London 1930. pp. vi:; 
26. ill. 

Fuel Research. Physical and chemical survey of the national 
coal resources, No. 15. A survey of Scottish coking and furnace 
coals. By Tuomas Gray, assisted by Tuomas Hawkins PxERcY 
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Heriot and Wi1am James Sxmuine. London 1930. pp. vit § 


160. ill. 
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ScrENTIFIC AND INDUSTRIAL ResEaRcH, Department of. Fuel 
Research. Physical and chemical survey of the national coal re- 
sources, No. 16. The microscopical examination of coal. By 
CLARENCE ARTHUR SEYLER, assisted by W. J. Epwarps. London 
1929. pp. vi + 67. ill. 

—— —— Physical and chemical survey of the national coal 
resources, No. 17. The significance of spores in the correlation 
of coal seams. Part I.—The Parkgate seam—South Yorkshire 
area. By L. Suater, Marsoriz M. Evans, and Guapys E. Eppy. 
London 1930. pp. vi + 28. ill. 

Special Report No. 5. Fires in steamship bunker and 
cargo coal. London 1929. pp. vi-+ 55. ill. 

Technical Paper No. 24. The assay of coal for carbonis- 
ation purposes. (Part iii.) Correlation with coal gas manufacture. 
By James GRIEVE Kine and L. J. Epecomsr. London 1930. pp. 
vi + 30. ill. 

Technical Paper No. 25. The reactivity of coke. 
3.—The influence of iron compounds. By Joun Henry JONEs, 
JAMES GRIEVE Kine and Frank Sturpy Srynatt. London 1930. 
pp- viii + 32. ill. 

—— Technical Paper No. 26. ‘The influence of size of coal 
during gas manufacture. London 1930. pp. vi+ 55. ill. 

—— —— Technical Paper No. 27. The measurement of a 

rapidly fluctuating flow of gas. By James Grieve Kine and 
B. H. Wiu1ams. London 1930. pp. vi+ 18. ill. 
Technical Paper No. 28. The determination of arom- 
atic, unsaturated and naphthene hydrocarbons in light oils and 
motor spirits. By ALEXANDER BERNARD Manning and F. M. E. 
SHEPHERD. London 1930. pp. iv+ 14. ill. 

—— Lubrication Research. - Technical Paper No.1. The analysis 
of commercial lubricating oils by physical methods. [By Sm 
Wit1am Bate Harpy, C. JakemMAN, and Mitzicent Emma Nor- 
TAGE.| London 1930. pp. iv + 66. ill. 

—— Steel Structures Research. Verbatim proceedings of a con- 
ference . . ., 16th October 1930. London 1930. pp. iv + 38. 

—— Water Pollution Research. Summary of Current Literature. 
Vol. IIT, ete. London 1930 +. (Reference.) 

SEDLACZEK, Erwin. Die Krackverfahren unter Anwendung von 
Druck (Druckwarmespaltung). Berlin 1929. pp. iv + 402. ill. 

SEEKLES, LAURENS. Aldehyden afgeleid van cinchonine, chinine 
en hun acylderivaten. Leiden 1922. pp. viii + 120. 

Styter, Crarence Artour. See ScreNTIFIO AND INDUSTRIAL 
Reszarcu. Fuel Research. 
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Sea, G. B. See Untrep States. Department of Commerce, 
Bureau of Mines. Technical Paper 462. 

SHEPHERD, F.M.E. See Screntiric AND INDUSTRIAL RESEARCH, 
Fuel Research. 

SHEeRwoop, R. C. Effects of wheat drying upon milling and 
baking properties. (Bulletin No. 66, State Dept. Agric., Minnesota.) 
St. Paul, Minn. 1929. pp. 36. ill. " 

Suinopa, J., Sato, 8., and Kawacoyr, M. Neue Synthese von 
Polyoxychalkon, Polyoxyhydro-chalkon und Polyoxyflavanon. VI. 
Zur Synthese von Butein, Butin und Phloretin. (From the J. 
Pharm. Soc. Japan, 1929, 49.) [In Japanese. German summary] 

SrummersBacu, Oskar. Grundlagen der Koks-Chemie. 3rd 
edition. By Gustav ScHNEIDER. Berlin 1930. pp. vi + 366. ill 

Srmmmonps, Nina. See McCottum, ELMER VERNER. 

Sunnatr, Frank Sturpy. See Sorentiric AND INDUSTRIAL 
ResEARCH. Fuel Research. 

Sxinztine, Wiiu1am James. See SciENTIFIC AND INDUSTRIAL 
ReEsEaRcH. Fuel Research. 

Stater, L. See ScreNTIFIC AND INDUSTRIAL ResEARCH. Fud 
Research. 

Smiru, Lonarretp. Uber einige Derivate des «-Methyl-8-keto- 
pentamethenylens (Looft’s Keton). Leipzig 1898. pp. 27. 

Surry, Maurice I., and Etvovs, Ex1as. The action of irradiated 
ergosterol in the rabbit. (From the U.S. Public Health Reports, 
1929, 44.) 

Smirn, Pavut I. Glue and gelatine. London 1929. pp. x + 
162. ill. 

Smrru,Sysi.L. See Unirep States. Department of Agriculture. 
Circular No. 84. 

Smiro, W. C. See Unrrep Srates. Department of Agriculture. 
Circular No. 110. 

SmITHELLS, CoLin James. Impurities in metals, their influence 
on structure and properties. 2nd edition. London 1930. pp. 
xiv + 190. ill. 

SNELLGROVE, Dovatas RoseBeRy. See Bricas, WILLIAM. 

Socrét& DE Biotoaiz. Comptes rendus. Vol. CIII, etc. Paris 
1930 +-. (Reference.) 

[Socrété pz Cummie InpusTRIELLE.] La grande ceuvre de ls 
chimie. Paris 1929. pp. 250. ill. 

Soorérf FrangaIsE DE PxHoroGcRaPHIz. Bulletin. 3rd series. 
Vol. XIV, etc. Paris 1927+. (Reference.) 

Society or CuemicaL Inpustry or Victoria. [Proceedings] 
Vol. XXVII, etc. Melbourne 1927+. (Reference.) 
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Socrzsty oF RuxEoLtocy. Journal of Rheology. Vol. I, etc. 
Easton Pa., 1929 +-. (Reference.) 

SépERBAUM, HENRIK Gustav. Jac. Berzelius. Levnadsteck- 
ning. 2 vols. Uppsala 1929. pp. x + 548 +- 32, viii + 540 + 
14. . ill. 

SoMMERFELD, ARNOLD. Wave-mechanics. ‘Translated by 
Henry L. Brose. Supplementary volume to “ Atomic structure 
and spectral lines.”” London 1930. pp. xii + 304. ill. 

Soutn Arrica, Union or. Department of Agriculture. (Division 
of Chemistry, Series No. 95.) The soil solution and its relation to 
the soil colloids. By D. J. R. van Wisk. (From the Proc. Dept. 
Conf., 1929.) 


—_—_—— 





(Division of Chemistry, Series No. 96.) Note on the 
distribution of nitrogen in some fruits. By P. D. v. p. R. CopEMAN. 
(From the Proc. Dept. Conf., 1929.) 

(Division of Chemistry, Series No. 97.) Routine 
mechanical analysis of soils by the Robinson method. By J. P. vAN 
Zisu. (From the Proc. Dept. Conf., 1929.) 

(Division of Chemistry, Series No. 98.) A report of 
the findings of the “ pica survey’ of 1921-1922. By J. P. van 
Zui, H. H. Green, and B.pzC. Marcuanp. (From the Proc. Dept. 
Conf., 1929.) 





—_-— 





(Division of Chemistry, Series No. 99). Hardpans, 
concretionary layers and neo-formations of the soils of the more 
arid parts of the Union. By J. V. Cutter. (From the Proc. Dept. 
Conf., 1929.) : 


—_—— 








(Division of Chemistry, Series No. 100.) The fixation 
of phosphates in soils. By C.O.Wiut1ams. (From the Proc. Dept. 
Conf., 1929.) 

—— —— (Division of Chemistry, Series No. 104.) Studies in 
pasture management. A preliminary report on the seasonal com- 
position of certain South African pasture grasses in relation to their 
manuring and intensity of grazing. By R. R. Stapius and A. J. 
Taytor. (From the 8. African J. Sci., 1929, 26.) ill. 

—— —— (Division of Chemistry, Series No. 105.) Citrus by- 
products research : orange oil. (From Farming in S. Africa, 1930.) 
(Division of Chemistry, Series No. 110.) Micro- 
chemical analysis of soils. By JonHannes Loprewrkus STEEN- 
KAMP. (From the J. 8. African Chem. Inst., 1930.) 

(Division of Chemistry, Series No. 111.) Notes on 
the colorimetric determination of p, values in alkaline soils. By 
P. Kamerman. (From the J. 8. African Chem. Inst., 1930.) 

—— —— (Division of Chemistry, Series No. 112.) Certain 
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aspects of the acid to sugar ratio in oranges. By D. J. R. vAN Wiyx. 
(From the J. 8. African Chem. Inst., 1930.) 

SoutH Manonuria Ratway Company. Abstracts from the 
Report of the Central Laboratory. Dairen 1929. pp. 42. ill. 

SPACKMAN, CHARLES. Some writers on lime and cement, from 
Cato to the present time. Cambridge 1929. pp. xviii ++ 287. 
(Reference.) 

SPENCER, GumLFoRD Lawson. A _ handbook for cane-sugar 
manufacturers and their chemists. 7th edition. By Groraz P. 
MeaDE. New York 1929. pp. xx + 560. ill. 

Sprecet-Apotr, Mona. See HANDBUCH DER KOLLOIDWISSEN- 
SCHAFT IN EINZELDARSTELLUNGEN. 

Speérrer, WatTer. See FrOiIcH, Gustav. 

Spons’ Workshop receipts for manufacturers and _ scientific 
amateurs. Supplement. London 1930. pp. viii + 458. ill. 
(Reference.) 

Spruyt, J. P. Een onderzoek naar een colorimetrische methode 
voor de keuring van rijst op zilvervlies- (anti-beri-beri-vitamine-) 
gehalte. (From the Med. Dienst. Volksgezond. Ned.-Indie, 1930.) 

Stan., GEorcE Ernest. See Metzcer, HELENE. 

STAMBERGER, Pau. The colloid chemistry of rubber. London 
1929. pp. vi + 80. ill. 

STANDARDIZATION OF TAR PRopvucTs T'ESTs CoMMITTEE. Standard 
methods for testing tar and its products. London 1929. pp. xxx + 
295. ill. 

STANISLAUS, IonaTiuS VALERIUS STANLEY, and MEERBOTT, P. B. 
American soap maker’s guide. An up to date treatise on the art and 
science of the manufacture of soaps, candles and allied preparations. 
[New York 1929.] pp. xii + 709. ill. 

Stapies, R. R. See Soutna Arrica, UNION oF. Department of 
Agriculture. (Division of Chemistry, Series No. 104.) 

State CoLLEGE OF WASHINGTON. Research Studies. Vol. I, etc. 
Pullman, Washington 1929 +. (Reference.) 

StaTHaM, Ira Cec, Frank. See Mines DEPARTMENT. Safely 
in Mines Research Board. 

See PAYMAN, WILLIAM. 

STEENKAMP, JOHANNES LopEwIKus. See SoutH Arrica, UNION 
or. Department of Agriculture. (Division of Chemistry, Series No. f 
110.) 

Stemer, O. Industrie der Fette und Seifen. Dresden 1925. 
pp. viii + 83. 

StePHENSON, Marsory Bacterial metabolism. (Monographs 
on Biochemistry.) London 1930. pp. xii + 320. ill. 
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Stewart, ALFRED WALTER. Recent advances in physical and 
inorganic chemistry. 6th edition. London 1930. pp. xii +387. ill. 

Stewart, RopeRt WALLACE. See Briuas, WILLIAM. 

Srock, Ertcu. See DieTeRicu, KARu. 

SruckERT, Lupwic. Die Emailfabrikation. Ein Lehr- und 
Handbuch fiir die Emailindustrie. Berlin 1929. pp. viii +- 276. ill. 

StumperR, R. Die physikalische Chemie der Kesselsteinbildung 
und ihrer Verhiitung. (Sammlung. New Series. Vol. I.) Stutt- 
gart 1930. pp. 51. ill. (Reference.) 

Suttivan, Jonn D. See Untrep States. Department of Com- 
merce. Bureau of Mines. Technical Paper 424. 

SuLLIvVAN, Max, and Hess, W. C. Studies on the biochemistry 
of sulphur. II, I and V. (From the U.S. Public Health Reports, 
1929, 44.) 

Supmo, Oscar. Acido solforico e superfosfati minerali. Milano 
1930. pp. viii + 253. ill. 

Sypnry, UNIvERsITy oF. Journal of the Cancer Research Com- 
mittee. Vol. I, ete. Sydney 1929+. (Reference.) 

TANZER, Ernst. See FrOLiIcH, Gustav. 

TasMAN, ABEL. Snelheidsmetingen bij ringopening van phtalied- 
derivaten. Leiden 1927. pp. xii + 132. 

Tatr, Francois GrorceE Henry. Alcoholometry: an account 
of the British method of alcoholic strength determination. With 
an historical introduction written in collaboration with GEORGE 
Hvueu Gars. London 1930. pp. xviii+ 93. ill. 

Tatu, Henrr. See CRAVERI, CALISTO. 

Taussia, Rupotr. Die Industrie des Kalziumkarbides. (Mono- 
graph. angew. Electrochem. Vol. 51.) Halle (Saale) 1930. pp. 
xvi + 519. ill. 

Taytor, A. J. See Sour Arrica, Union or. Department of 
Agriculture. (Division of Chemistry, Series No. 104.) 

TAYLOR, FRANK SHERWOOD. A survey of Greek alchemy. (From 
the J. Hellenic Studies, 1930, 50.) ill. 

Taytor, J. K. See AUSTRALIA, COMMONWEALTH OF. Council for 
Scientific and Industrial Research. 

TzeppeMA, JAN. Laktonringopening van phtaliedderivaten door 
hydrazine. Leiden 1922. pp. xii -+ 81. 

TreunissEN, Henprrk Prerer. Snelheidsmetingen bij de 
opening van den furaanring in het oxymethylfurfurol. Leiden 
1929. pp. xii + 232. 

Tuate, Hernricn. Hydreering van pyridine met waterstof 
onder druk volgens de werkwijze van Bergius. Leiden 1929. pp. 
xii + 118. 
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THaysEN, AAGE CHRISTIAN, and GatLoway, L. D. The micro. 
biology of starch and sugars. London 1930. pp. viii + 336. 

THEws, EpmunpD RicuarD. Metallurgy of white metal scrap 
and residues. New York 1930. pp. xiv + 383. ill. 

THIERFELDER, Hans, and Kuienk, Ernst. Die Chemie der 
Cerebroside und Phosphatide. Berlin 1930. pp. viii + 224. 

THIESSEN, RemHsrptT. See UniTep States. Department of 
Commerce. Bureau of Mines. Technical Paper 446. 

Tuto, Ertcou. See Rasrinowrrscu, EvGEN. 

Tom, Coarues. The Penicillia. [Baltimore, Md.] 1930. pp. 
xiv + 644. ill. 

Tuomas, RatpH W. See Scuuette, H. A. 

THomas, W. N. See SormnTiric AND INDUSTRIAL RESEARCH, 
Building Research. 

Tompson, J.G. See Unrrep States. Department of Commerce. 
Bureau of Standards. Circular No. 382. 

THoms, Hermann. [Editor.] Handbuch der praktischen und 
wissenschaftlichen Pharmazie. Vol. V. Parts v and vi. Berlin 1930. 

THurow, Wuiy H. English-German and German-English 
dictionary of chemistry. Part I. English-German. Berlin 1929. 
pp. viii + 261. (Reference.) 

TILLYARD, Ropin JoHN. See AUSTRALIA, COMMONWEALTH OF. 
Council for Scientific and Industrial Research. 

Tokyo Bunrika Daigaku. Science Reports. Section A. Vol. 
I, ete. Tokyo 1930+. (Reference.) 

Tomriyama, Tetsuo. See Kitagawa, MATSUNOSUKE. 

TOWNEND, Donatp THomas ALFRED. See Bone, WILLIAM 
ARTHUR. 

TREADWELL, FREDERICK PEARSON. Analytical chemistry. 7th 
English edition. Vol. I. Qualitative analysis. Translated and re- 
vised by Witi1AM THoomas Haru. New York 1930. pp. x + 610. ill. 

TRICKS oF TRADE in the adulterations of food and physic; with 
directions for their detection and counteraction. London 1856. 
pp. xvi + 191. 

TRILLAT, JEAN Jacques. Les applications des rayons X. 
Physique-chimie-métallurgie. (Recueil des Conférences-Rapports 
de Documentation sur la Physique.) Paris 1930. pp. iv + 298. ill. 

TRmBLE, C.8. See UniteD States. Department of Agriculture. 
Technical Bulletin No. 159. 

Urno, SuH0z6. See CurkASHIGE, Masumt. 

Uxratntan Counci, Socratist Rerusiic. Scientific Magazine 
of the Chemical Cathedar of Katerynoslaw. Ukraine 1926. 
(Reference.) 
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UnpEerwoop, A.J. V. See PIcKARD, JOSEPH ALLEN. 

Unitep States. Department of Agriculture. Circular No. 84. 

Vitamins in food materials. By Sysm L. Smita. Washington 
1929. pp. 54. ill. 
Circular No. 98. The Wonderful variety of pome- 
granate: composition, commercial maturity, and by-products. By 
E. M. Cuaceg, C. G. Counc, and H. D. Poorz. Washington 1930. 
pp. 15. ill. 

—— ——— Circular No. 110. Specific gravity and Baumé gravity 
tables for turpentine. By W. C. SmirH and F. P. VeErrou. 
Washington 1930. pp. 9. 

——- -—— Technical Bulletin No. 141. The spontaneous com- 
bustion of hay. By Cuartzs A. BrowneE. Washington 1929. 
pp. 38. ill. 





—_—_— 


Technical Bulletin No. 159. Keeping quality of 
butter made from cream of various acidities. By WuiILLiam 
Wuitrz, C. S. Triuwsie, and H. L. Wutson. Washington 1929. 
pp. 7. 

—— —— Technical Bulletin No. 162. Tests of various aliphatic 

compounds as fumigants. By R. C. Roark and R. T. Corton. 
Washington 1930. pp. 52. 
Technical Bulletin No. 169. The wearing quality and 
other properties of vegetable-tanned and of chrome-retanned sole 
leather. By R. W. Frey and I. D. Cuarke. Washington 1930. 
pp. 17. ill. 








Technical Bulletin No. 170. A pipette method of 
mechanical analysis of soils based on improved dispersion procedure. 
By L. B. Otmstzap, Lyte T. ALExanpER, and H. E. MrppeTon. 
Washington 1930. pp. 22. ill. 

Technical Bulletin No. 178. Properties of soils which 
influence soil erosion. By H. E. Mippieron. Washington 1930. 


pp. 16. 








—_—_ 








Department of Commerce. Bureau of Foreign and Domestic 
Commerce. Trade Promotion Series, No. 78. The American 
chemical industry. Production and foreign trade in first quarter of 
twentieth century. Washington 1929. pp. vi+ 114. ill. 

—— —— Bureau of Mines. Bulletin 281. Precipitation of lead 
and copper from solution on sponge iron. By G. L. Otprieut [and 
others]. Washington 1928. pp. viii+ 131. ill. 

Bulletin 294. Carburetion of combustible gas 
with butane and propane-butane mixtures with particular reference 
to the carburetion of water gas. [By Witt1am W. OpzLL.] Wash- 
ington 1929. pp. vi + 96. ill. 
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Unitep States. Department of Commerce. Bureau of Mines, 
Technical Paper 409. Spontaneous heating of coal. By Josxpx D, 
Davis and D. A. Reynotps. Washington 1928. pp. vi+ 74. ill, 
Technical Paper 424. Thermodynamic proper. 
ties of oxygen and nitrogen. By RussEeLt W. MitiaRr and Jon DP, 
Suntiivan. Washington 1928. pp. ii -+- 20. ill. 

Technical Paper 446. Terminology in coal 
research. By Rexzmnnarpt THIESSEN and WitFRip FRaAnNocy. 
Washington 1929. pp. iv + 27. ill. 

Technical Paper 448. Coal-dust explosions in 
mines: causes, effects, and recommendations for prevention. By 
Grorae 8. Rick. Washington 1929. pp. ii+ 24. 

Technical Paper 450. Inflammability of mixed 
gases. By G. W. Jonzs. Washington 1929. pp. iv + 38. ill. 
Technical Paper 451. Calcium sulphate retarders 
for Portland cement clinker. By Ernest E. Beraer. Washington 
1929. pp. ii-+ 35. ill. 

Technical Paper 456. Classification and tabling 
of difficult ores with particular attention to fluorspar. By W. H. 
Cocuitt. Washington 1929. pp. ii + 40. ill. 

Technical Paper 462. Safety at natural-gasoline 
plants. By G. B. SHza. Washington 1929. pp. vi-+ 109. ill. 
Bureau of Standards. Domestic and industrial fuel 
oils. Commercial standard CS12-29. Washington 1929. pp. | 
vi + 10. 


























Circular No. 377. Some properties of sponge 
rubber. Washington 1929. pp. 8. ill. 
Circular No. 381. Sodium oxalate as a standard 
in volumetric analysis. pp. 9. 
Circular No. 382. Bismuth. [ByJ.G.THompson.] 
Washington 1930. pp. 41. 
Miscellaneous Publication No. 108. Manufacture 
and properties of a cellulose product (maizolith) from cornstalks and 
corncobs. By C. E. Hartrorp. Washington 1930. pp. 10. 
Technologic Paper No. 112. Standardisation of 
the Saybolt universal viscosimeter. By WinsLow H. HERSCHEL. 
Washington 1918. pp. 25. 
Technologic Paper No. 170. Pyrometric practice. f 
By Paut D. Foors, C. O. Farrcninp, and T. R. Harrison. Washing- 
ton, 1921. pp. 326. ill. 

[Unrrep Srares] Nationa, ResEarcu Councm. A report of 
the Committee on the construction and equipment of chemical 
laboratories. New York 1930. pp. xiv + 340. ill. 
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Unirep States Street Corporation. Methods ... for the 
sampling and analysis of coal, coke and by-products. 3rd edition. 
Pittsburgh [1929]. pp. xiv + 334. ill. 

University oF Legeps. See NaTIoNaL BENZOLE ASSOCIATION. 

VaLk6, Emericu. See Pauti, WOLFGANG. 

VAzQuEz-GARRIGA, J. See PonpAu, IstpRo PARGA. 

Verrou, F. P. See Untrep Statss. Department of Agriculture. 
Circular No. 110. 

VENUGOPALAN, M. See InpIAN Lac ASSOCIATION FOR RESEARCH. 

VorsroptT, Lapistas. See GODLEWSKI, EMILE. 

WaxpeEn, Paut. See HANDBUCH DER ALLGEMEINEN CHEMIE. 

Warez, JoHn C. The chemistry of the colloidal state: a text- 
book for an introductory course. New York 1930. pp. xiv+ 313. ill. 

Weset, A. A German-English technical and scientific dictionary. 
London 1930. pp. xii + 887. (Reference.) 

Weumer, Cart. Die Pflanzenstoffe. 2nd edition. Vol. I. 
Jena 1929. pp. xvi -+- 640. 

Weiss, Max. Das Trocknen der Kohle. Halle (Saale) 1930. 
pp. viii + 196. ill. 

WELTZIEN, WILHELM, with the collaboration of Kurt GO6TzE. 
Chemische und physikalische Technologie der Kunstseiden. Leipzig 
1930. pp. xx + 521. ill. 

WENTZEL, Fritz. See Ever, Joser MARIA. 

WerkMAN, C.H. See Futmer, Exxis I. 

West, CLARENCE Jay. [Compiler.] Five years of research in 
industry 1926-1930. A reading list. New York 1930. pp. 91. 

WHEELER, RicHaRD VERNON. See MINES DEPARTMENT. Safety 
in Mines Research Board. 

Wurrr, Wiiu1am. See Unirep Starss. Department of Agri- 
culture. Technical Bulletin No. 159. 

WIELAND, HEtnRIcH. See GATTERMANN, LUDWIG. 
py nat R. Coal carbonisation. London 1929. pp. x + 

. ill. 

Wux, D.J.R. van. See Soutn Arrica, Unton or. Department 
of Agriculture. (Division of Chemistry Series, Nos. 95 and 112.) 

Witp, A. Marri pe. The scientific examination of pictures : 
an investigation of the pigments used by the Dutch and Flemish 
masters. Translated from the Dutch by L. C. Jackson. London 
1929. pp. xvi + 106. ill. 

Wits, B. H. See Sorentiric AND INDUSTRIAL RESEARCH. 
Fuel Research. 

Wits, C. O. See Sourn Arrica, Union or. Department of 
Agriculture. (Division of Chemistry, Series No. 100.) 
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Wuuiams, JoHN WARREN. Molekulare Dipolmomente und ihr 
Bedeutung fiir die chemische Forschung. (Fortschritte de 
Chemie, Physik und physikalischen Chemie. Vol. XX.) Berlin 
1930. pp. iv-+ 66. ill. (Reference.) 

—— See DANIELS, FARRINGTON. 

Wuson, E.D. See Zworyxny, V. K. 

Wuson, H.L. See Unirep States. Department of Agriculture, 
Technical Bulletin No. 159. 

Witson, WiLt1aAm ComsBe. See Meproan ResearcnH Covunocit. 
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LIBRARY RULES. 





1. The Library is open for reference, and for the issue and 
return of books daily, from 10 a.m. to 9 p.m.; Saturdays, from 
10 a.m. to 5 p.m. (and on the evenings of those days on which 
the Chemical Society meets). The Library will be closed on 
Bank Holidays, the day following, and such other occasions as 
the Council may direct (see footnote, p. 40). Every person on 
entering the Library must sign his (or her) name in a book pro- 
vided, together with that of the Society, etc., of which he (or she) 
is a Member, or of the person by whom he (or she) is introduced. 


2. Borrowers are not allowed to have on loan more than six 
volumes at a time, without special permission from the Librarian. 


3. Dictionaries, Pamphlets, of which there are not duplicate 
copies, and certain early chemical and other books distinguished 
in the library catalogue by a star, belong to the Reference Library, 
and are not for general circulation. Persons desiring to borrow 
books from the Reference Library must make special application 
in writing to the Librarian, who may then, at his discretion, issue 
such volumes for a period not exceeding one month. 


4. Journals of which the Society does not possess duplicate 
copies may not be borrowed, except for one night, or from 
Saturday to Monday. Such volumes must be personally 
applied for at the usual time of closing the Library, and an 
undertaking must be signed that the volumes will be returned 
NOT LATER than one hour after the usual hour of the reopening 
of the Library on the following morning. The privilege does 
not extend to volumes of special value or rarity, and will not 
be continued to any person who does not strictly comply with 
these conditions. The special form should be filled in and 
handed to the Librarian at least ten minutes before closing 
time, duly signed by the Borrower. 


5. A book may not be taken out of the Library until one 
month after it has been received, 


6. Books must not be removed from the Library until a 
voucher for them has been signed and deposited with the 
Librarian. This voucher shall be delivered to the Borrower on 
the return of the book. 


7. Books are issued to the person desiring the loan, or to 
anyone bringing a signed order from such person. In either 
case a receipt must be given on the form provided. When a 
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person desires a book or books to be forwarded, a signed request 
must besent to the Librarian and the whole cost of the carriage 
paid. All books borrowed shall be at the risk of the Borrower 
from the moment they are issued or dispatched by the Librarian, 
and until they are returned to the Librarian. Volumes returned 
through the post must be securely packed ‘in a box, or otherwise 
protected to prevent injury. 
8. Books may not be sent out of the United Kingdom. 


9. Books which have been bespoken shall circulate in the 
order of application, but new books may not be bespoken until 
one month after receipt. 


10. Borrowers shall be at: liberty to retain a book one calendar 
month, unless, at the expiration of a fortnight, notice is received 
that the book is required by another person, in which case it 
must be returned at once. Single parts of journals may not 
be retained longer than one week. 

11. Borrowers retaining books longer than the time specified, 
or neglecting to return them when demanded, shall forfeit the 
right to borrow books from the Library until the volume or 
volumes be returned, and for such further time as the Council 
may order. 

12. Persons to whom books have been issued shall be held 
responsible for their preservation from injury; and if any book 
when returned is found to have been damaged, the Council may 
order that it be repaired or replaced at the expense of the 
Borrower. In the event of any book being lost or being 
detained after application has been made for its return, the 
Council may replace, at the cost of the Borrower, the volume 
or volumes so lost or detained. This rule shall also apply to 
single parts of current periodicals. 

13. For the purpose of revision and cleaning, the Library shall 
be closed for a fortnight in each year (see footnote), before which 
time all books must be returned, unless special permission has 
been previously obtained from the Librarian. In the event of 
any book not being returned on such occasion, the Council may 
replace it at the cost of the borrower. 

14. Persons who are neither Fellows of the Chemical Society 
nor Members of contributing Societies, may be permitted to 
consult books for a period not exceeding one week, upon the 
written introduction of a Fellow of the Chemical Society, or 
upon the production of satisfactory references or recommenda- 
tions to the Librarian. 


(Re Rules 1 and 13. The Library is usually closed for revision and cleaning 
during the first fortnight in August, and is closed daily at 5 p.m. for the 
following four weeks. ] ) 


Painrep in Great Britain By Riowarp Cuay & Sons, Limirep, 
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